2249205 KEY SCAN CI RCU T AND METHOD OF OPERATI NG THE SAME The present

I nvention relates to a key scan circuit and to a nethod of operatlng a key
scan circuit. The nethod and circuit are adapted for use 5 in’'a

m croconputer systemutilizing a-bilateral port. In a conve MCan .
circuit as disclosed in the:applicant's Korean Patent Publi 22%9

2297, signals sensed in a key matrix circkit are fed to data input ports

DO-D2 of a mi croprocessor 1 10 throuh a mJIt| Iexer 4 as shown in
Fig. 1. In Fig. BB : . 2 R ZESALI] FOcUERYr 1 are

respectively couple to i ut term naI ' and d, of de | tiplexer
Fal ling pul ses from plﬁrpetsé"r‘?ﬁ n%rg’e@tﬁ"?ﬂ &’@ﬁnﬂtﬁspl &?erazr%?% 'scan
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if?gﬁf‘i'g ' hEAESHAS | B aLPr oy AR s S PPRESTIES 0o DIRA 1 x
circult I t
-2 of mult] %ﬁ%égﬁ% ar B hekApR @éﬁ%‘?{rﬁﬂ%@%ﬁﬁ{ﬁﬁ%ﬂ Fogud Pt

m croprgcessot Ily aré(i% /o) Sﬁ\th:}f:e:.t %M%ll }ﬁi ona Ciaaﬂ:é%a{fllﬂért?he(:ks

keys by direc ' Vi ng quiring a Clrcul such as

a demul tipl exer and g, dé‘téoﬂb‘éﬁﬁionﬁﬂ.d Ke¥ [ di8in refbeute as @1@61'63&‘1

circuit including diodes to guard agai nst short circuits at the
ports, in casejhwgHy APHEikEME’ar xo&re%sﬁ%@éﬂwltmwathn No. 89-

2297, signals sensed in a key matrix circuit are fed

+

to data input ports DO0-D2 of a microprocessor 1

10 throﬁgh a multiplexer 4 as shown in Fig. 1. 1In Fig.-
1, output ports PO, P1, P2 and P3 of microprocessor 1
are resp;ctively coupled to ihput terminals a,.b,.c
and d of demultiplexer 2. Falling pulses from output
terminals O-F of demultiplexer 2 are sequentially
15 supplied to each row scan line Y0-Y15 of matrix
circuit 3. Thereafter, data from column scan lines
X0-X7 of the matrix circuit 3 is inputted to input
terminals 0-7 of multiplexer 4. The outputs Q0-Q2 of
multiplexer 4 are input to the data input ports D0-D2 C;
20 of microprocessor 1. Accordingly, the conventional
key scan circuit checks keys by directly driving
ports, requiring additional circuitry such as a
demultiplexer and a data buffer, and further requires
an additional circuit including diodes to guard
25 against short circuits at the-ports, in case two or

more keys are pressed simultaneously.
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2 Therefore it 1is an object of the present invention to provide a
kéy scan circuit and method therefor allow ng sinplified key processing.
Accordiing to a first aspect of the invention 5 there is provided a
kéypad scanning circuit for a mcroconputer system consisting of a keypad
having an m[err] n.key matrix circuit and % m croconputer for recognising
keying operation fromthe keypad,, .the keypad scanning circuit conprisi ng:
10 a first E&ﬁrQQﬂrer eckl vj H8 maPOV\P?Dﬁﬁﬁl s oy ok PReFERE vi a
row scan lines; a first, nemory sel’ectable to store the nglc val ue of .the m

‘row signals i nputlnf"Gné'-&lGIP 0 SPTRYAES oy ESVI FGRR t‘F’pW‘é’d b?%e‘“%ﬁli‘?@nt ly

t d | 15 I d, I s t
S5 eypad Vi 5 CHEHR ”%H%Sa%gé’”%&'ﬁﬁ 3 Y GRESERELES- o i'e??.ané ’
.each bit of id d t
gggondl rre(r)mr;al"sel thcggl é‘%tréi gt Ih%lol (‘3@%5,; Sg?ﬁéc rfeneg? s’trb‘f%tati'?lnsai d

 second g og a5 1 M d b Ba G4 Pegetyon,
~provided a net hogu.g:;'o%ﬁtﬁztt'e@g s%/s%@ﬁ]@cﬂ%lstlng of a keypad hav:Lng an
m * n key matrn.x c:.rcu:.t and a microcomputer for
récogn:.s:mg key:Lng operat:.on from the keypad, the
keypad scannlng c1rcu1t compr1s1ng
U | .10 ._ _ a flrst port for rece:.v:.ng m row s:.gnals from
said keypad via row s_can-.l,:_.nes, |
.a: first .memory-;selectable to store the logic
value of the m row. s:Lgnals :anut to sa:Ld fJ.rst port
loglcally multlplled by the currently stored loglc
15 __value, | | _' |
a second port for supply:.ng n column s:Lgnals to
sald keypad via column scan lines;
a data dl_rect;_on-_-r_eg:.ster for s_etté.ng each bit of.
'said 'second port as an“.input' or-an output; and
20 | | .a second memory selectable to store the logJ.c
value currently stored in sald second memory loglcally
summed _to_ the log_lc _value in sa:.d data direction
re.gister.. | | |
~According 'to a_further -aspect of the lnvention
2_5 . there is prov:.ded a method of operatz.ng a. scanning

c:.rcu:.t 1nclud:|.ng a matr:Lx keypad, flrst and second



circuit including a matri x keypad, first and second 3 ports connected to
respective row and colum scan |lines of said keypad,” first and second '
menories and a data direction register for setting each bit of said second
port to be used as an input or an output, said 5 met hod conprising the
steps of: i) i.nitialising the systembyysetting predeterm ned |ogic
values in said first and second nenories and said data direction register;

1) sequenti al I3 SANBRGeRaEd CEbUTRARE Ivd1er8l 1ha | colldif ML

keypad in accordance successi ve | ogic values stored In

direction regi 9tiglgs idf )saf@képhLs! | Hirdtdnd K6dond rﬂefﬁﬁgﬁllagdaﬁa' gm scan

| ine has been depressed, storing into said first nenory t ogl cal product

of the current 4G CAVPéE€idR registbel €dr Betdithd idadh BIP! ¥ragdilhe
current logic value stored in sard first port, and storing into sald second

nemory the- | ogiettind okt tdicbe uisedtas o CimmhticoBt O efutpusyi gagacond
menory and the current logic value stored in the data direction register;

20 5 v) emetthod axdmpuising heh& stepsnofti pl e keys have not been
depressed; and v) if no error i's detected, determ ning the value of the
key depressed. i) initialising the system by setting predetermined
logic values in said first and second memories and
said data direction register;
ii) sequentially scanning each column scan line of
10 the matrix keypad in accordance with successive logic
values stored in the data direction register;
iii) upon deté&ting that a key in a scanned column
scan line has been depressed, storing into said first
memoxry the logical product of the current logic value
15 stored in said first memory and the current logic
value stored in said first port, and storing into said
second memory the- logical sum of the current logic
value stored in said second memory and the current
logic value stored in the data direction register; ~
20 iv) error checking to check that multiple keys have
not been depressed; and
v) if no error is detected, determining the wvalue of
the key depressed.
The above objects and advantages of the invention

25 will become more apparent from the following

description of a preferred embodiment of the present



The -ghove  obj ects and advantages of the i'nvention 25 will becomne:
nore apparent from the follow ng description of a preferred enbodi nent

~of, t he' present 4 invention with reference to the attached draw ngs in
which: Fig. 1 is a schematic circuit diagramof a conventional key scan
circuit; 5 - Fig. 2 is a schematic4circuit diagramshow ng a’

‘preferred enbodi nrent of a key scan circuit according to the present

i nvention; Fig. Bnventibhowithamte fiexemster ata nche hetveched dtaepegst iien of

- the key scan circuit shown in Fig.. 2;- 10" Fig. 4 illustrates a
~rotation shift |whichRSL) operation of the data direction register shown in
Fig. 2; and Figs. 5A and 5B are schematic circuit diagrans showi ng two
further enmbodi ments oFighe bi li# eRal sphematic ciycwit| diagramy aftam
.circuit of the mcroconputer systemaccording to the present invention. A
description of acopyeREipPRaleckBYdPRBRAL céfcﬂhg?present invention follows

~with reference to the attached drawings. 20 = . Referring to Fig.
2, there 3s shown a kB¥9scani8i AcHheFRtE G SHop AAo%3m: 8RPVABEU® ng a

k .
_ ceypad preferred embodiment of a key scan circuit according

to _tlhe present invention; o |
Fig. 3 is'af_;ow -cha_tﬁ illustrating the method of
op_erat_:_iqn.of_the:' key scan circuit shown in Fig. 2;
N, w0 | Fig. 4 illustrates a rotation shift left (RSL)
operation of the d?.ta_‘ dir_ect.ibn- register: shown in Fig.
2; and . ST |
. :Figé, 5A and 5B. are schematic circuit diagrams
_ showing_ two fuftﬁér__enlbbdimeﬁts of the bilateral port
15 . used 1n the key scan circuit of the microcomputer
system 'accordirig__:_t_:_p tlj;_ie_: present im_rention.

A descripti_o.n':___‘_o__f_,___a__ préferr—ed embodiment of the
present inv_erit:'@n--__ _fqllbws_ ~with refei'ence to the
attached drawingé. "

20 o ._Referri_.-'_ng_'.;_" to Fig.: -_2,_ there is shown a key scan
circuit of a._ midroéo_mputer : syétem including a keypéd '

_ 20 having a_n. m x._'n_ key matrix circuit connected
_direct_ly to .mi____cr_ocomputgr_ _J.O:_vi..a row scan lines 50 aﬁd.

co_lunin scan l_ines 40, without additional _ci_rcﬁitry

25 suc_h_ as _demultip;e:é_g:rs 'o_ﬁ, thé_conve_ntional circuits.

A preferred embodiment of the present invention will



20 having an mx n key matrix circuit connected directly to m croconputer
10 via row scan lines 50-and colum scan |lines 40, wthout additional '
circuitry 25 such as denultiplexers of the conventional circuits. A
preferred enbodi nent of the present invention wll 5 be explained in

whi ch keypad 20 has a key matrix circuit gonposed of a4 x 4 key matri x;
that is 16 keys fromO through F. A m croconputer 10 conprises a first port

PA having 4 bi b bg Phn@& aﬂg %ifc%r ﬁegpad rfocei%gn% agi-P}i)ir'i'?E%\évﬁ[S)irgnﬁ/}o\

via row scan lines en-any Key i s pressettt on Keypad 20;

for storing th%ri'ti p'i%e\é@% ?ﬁédt B 45 bityr Qw,géég ti’,{ggut tth%c{ hfsfigst aport

PA logically nu e previously stor 0gIc Value therern;

second port 10yeys B/ Oedubht . D0 licrioneldl LA PUbbEDGed 4-bi

col um si gnal e keyp 207 vi a m scan I'ines; a data direction

regi ster DDR far sSigidd Ndof@CBALhavEhg e SHE9 N0 F%i, PB2! Qi bHPELyOr
out put node; a second nenory MB for Storing the logic value of the 15

4-bit celum sigealivintpd 4-bitersWCcsignadr iBB dowdisedd Y1 sn@Fegheht h the
| ogic val ue of each bit of a data direction register DDR Pul | -up

resi stor porti aay3keloisspppegedion kelpadnzo ;| aofirsel membeykMyper20 are
coupled to the keypad 20 and an AND gate

storing the logic value of the 4-bit row signal input
to the first port PA logically multiplied by the
previously stored logic value therein; a second port
10 PB having 4 bits b0, bl, b2, b3 for outputting a 4-bit
column signal from the keypad 20 via column scan
lines; a data di;ection register DDR for setting each
bit of the second port PB to an input or output mode;
a second memory MB for storing the logic value of the
15 4-bit column signal input to the second port PB
logically summed with the logic value of each bit of
a data direction register DDR. Pull-up resistor
portion 30 for supplying a reference logic value to
keypad 20 are coupled to the keypad 20 and an AND gate ~
20 60. The AND gate 60 provides a logical product of the
signals output from keypad 20, to be used as a control
signal for performing an automatic on/off function of
the microcomputer system or for supplying a key check

signal.
25 The operation of the above key scan circuit

according to the present invention will be described



20 .. 60. The AND gate .60 provides a |ogical product of the signals

out put from'keypad 20, to be used as a control signal for perform ng an

aut omati'c on/off function of the mcroconputer systemor for supplying a
key check signal. 25 The operation-of the above key scan circuit
according to the present invention wll be6described 6 below in detail
with reference to Fig. 3 which is a flowhart illustrating the method of
operation of a nb@l@@omﬁﬂdﬁtaskswbﬁh refergpAg too Fithe 3pwhieht is a

i nvention. 5 Referring to Fig. 3, the_m_croconputer system

i nitializes cert&LAWEBAKFerldrlys ngfﬁfo#fé%rth?— omethedk afhPPe¥abirBy off &keypad
20 has been pressed. . This is accongllshed in step S601 by setting the
first port PA tom&ﬁrPFFSH‘PuGﬁiry SRd. &KQCHH ’s"rﬂpng tPhe YA uePTFSERF

the respective bits in.the second port PB, the flrst and second nennrles VA
and MB, and the #BVEREAPBction regi ster DDR ‘as ' 0000, '1111', ' 0000 and

1111, | h b ‘he,_bil | P8
TR LT - AT R TS AN AL

data direction regég&ggﬁ%@%e § Fé%i%f—ng é’xﬁ&gi-é of t %é%attfcf al tPeOc.I}é PB

i.s in an input mb Fes correspondlng
- whether a key of keypad 20 has been pressed,_ This is

accomplished in_stepw$501;by'setting the first port PA
to an input~onlydmode_and_establishing_the.values of
o ld ' the respective bits in the‘second port PB, the first
and second memorles MA and MB, and:the_data direction
_ reglster DDR,”as '0000'. r1111’, ‘0000’ and ‘1111°’,
respectively.__Here, each bit of the bilateral port PB
is _in. an output mode ~when the value of the
is _ correspondingipit of the data:direction register DDR
is '1’, and each bit of thedbilateral port PB is in an
input mode when the value;oﬁ.tne corresponding bit of

- the data direction_registerfDDR is ’0’.
Step-ssoz represents a uSer function If the
20 user presses one or more keys in step 8602 the
’program advances to step 8603 1n order to check which
‘key is pressed. _I_n____l _st__e_p_ 5603, the data direction
register DDR is_set;tol'oobl’ to begin checking the
keys from the first_colunn.. This particular operation
25 ; means that 53’-b2-§ﬁ§ bi of'tne second port_PB are in

the input mode, and b0 is in the output mode. If any



the data direction register-DDRis '0'. Step S602 represents a user
function. If the 20 ° user presses one or nore keys in step. S602,

t he program advances to step S603 in order to check which key is pressed.
In step S603, the data direction register DDRis set to '0001' to begin
checking the keys fromthe first colum.., This particul ar operation 25
nmeans that b3, b2 and bl of the second port PB are in the input node, and

b h
p?e;:eh? Ehqu%gre ?OWI n s GBﬂvzm§§¥§ ?EEEP??QCQ},Q?“#%V%ot&%]ecked
agai nst the Vaixg e{al_léé?wﬂ' %&fgrmonfi;?rée wgrooubh %r?ﬁt he |np

| f PA mat ches determ ned t as none o

port bits are @Aiﬁ&l Ve NPaPLESSELh KLY QIS ba&éggoﬁalsur% the

program proceeds to step S606, where data direction register ears a

carry bit val ya,13 a0 Peshietdks? I@! at Qfsfpitmlaei:heQRSIa)nIpnctien ilgh order
10 to check the next colum as shown in Fig. 4. Meanwhile, if in step

S604 PA is shaiétdfmbgedt batt e ndddl'of ithéSidpher Porad bies alrd east
one key has been pressed in step S602, and processing advances to step S605

where the m crpykbedsdow,l0nd5 pressedar kegs exiistisoihogiltat ugelivees: first,
the current Then, the program proceeds to step S606, where data
direction register DDR clears a carry bit value C and
performs a rotate shift left (RSL) function in order
10 to check the next column as shown in Fig. 4.

Meanwhile, if in step S604 PA is shown to be
other than "“1111°", i£ is determined that at least one
key has been pressed in step S602, and processing
advances to step S605 where the microprocessor 10
15 carriés out two logic functions: first, the current
value of first memory MA is multiplied by the logic
value of the first port PA, then restored into MA, and
- secondly, the current value of second memory MB is
summed with the logic value of data direction register ~

20 DDR, then restored into MB. After step S605, the

carry bit is cleared and an RSL function is done by

the data direction register DDR in step S606.

In step S607 it is checked whether carry bit C

equals one. This occurs when the data direction

25 register DDR, set to "0001" in step 8603, has

completed 4 RSL functions and all columns have been



val ue.of first nenory MAis nultiplied by the logic value of the first port
PA, then restored into MA :and secondly, the current value of second nenory -
M3 is'sumred with the logic value of data direction register 20 - DDR,
t'hen restored into MB. After step S605, the carry bit is cleared and a
RSL function is done by the data direction8register DDR in step S606. In
step S607 it is checked whether carry bit C equals one.- This occurs when
the data directisnagsed. PtEgpst #604DRS60Set and S6060l1arei repstaded S603,
has conpleted 4 RSL functions and all colums have been 8 scanned.

Steps S604, - S608nt §hdCsBO6 are repeated until C=1. After key-scanning, it
is determined in steps S608 and S609 how many,  if any, keys are pressed.

If 5 C=1 in stepPBEe¥, ke¥-scanping ni A&d WhefRELTIABES FRNMALERM is
still set to "0000" in step S608. |If MB,= 0000 in step S608, processing
i s conmpl ete withS6HB8pRB s§g°Re99Wb@PH§{défeEP¥dykeMSméFSrPrﬁﬁﬁ9§~[eﬂﬁ] 0000

i t S608, J Q st S609 .to det, i 1 if t
s beon B doubl S Koy Tor PORE. §40hor S0t iR GRECFBIRES- (Phsther o secand |y o

SRR R PECN LRSI SIR e LSk
.= 0000 in step_ssoa, p;qcessing is complete with no o
pressed kefs.being_de;ecpgd, _How6ve;,'if MB X 0000 in
step Ssoa;_p:o¢essiﬁg.m§ves t§ step S609 to determine
~ 10 . lif thefe has'been'é dogpléfkey error. If more that’
one 16gic "0’s" éppgarlin first memory MA, or-if more
than.one.ngic_“l'géiagg present in second memory Mﬁ,
it is judged'iﬁ ;ﬁeb_Sﬁos;ﬁhat ﬁultiple keys have been -
'pushed;_and then précgésiﬁg advances to step S610 and
15 | _én error procgss ;is ;?¢rformed: and pfoceésing is
| completea.._“ | - “ 
| -In the meanﬁiﬁé; if'th¢ie is onlybpné "0" in MA
-ana:one “iﬂ_inwﬁs in step SGOSr_the key’'s value is
determined in step 611 with the formula: 4m+n=MV,
20 - which allows_ﬁhe kej’s.fglue-ﬁéfbe entered in step 612
| aﬁd_the procedu#e terﬁiﬁéfes,, Heré, MV_denotes the
key's vé1ﬁe,_m éor;espdgds_io_a_value of m when the
: mth.bit 6£-fi£st méﬁéry MA is a logic "d“, and n
correspoﬁds tb a value'§f n when the nth bit second.
25 memory MB iS-a_iogiq.é;";” o

For example,"if the 9th key of the keypad’'s



pushed, and then processing advances to step S610 and 15 an error
process is perfornmed and processing is conpleted. In the neantine, if
there is only one "0" in MA and one "1" in MB in step S609, the key's value
is determined in step 611 with the formula: 4mtn=M/, 20 whi ch al | ows
the key's value to be entered in step 612 _and the procedure term nates.
Here, MW denotes the key's val ue, nlcorre%ponds to a value of mwhen the
nh bit of first_ menor "0

n when the it ik n opubied 1R7sker, soodic ﬁf@;"{ FEesepfed XB,1C
; S tsygpl it-ed '?g ﬁ%eetﬁﬁég% ¥I§A. %H”géﬁhé éé,’ pgﬁsevg}ﬁgskigi‘i?o%f'nglo“
initial value (?Lfni et vkgugt 1o §@91Lets J_I ogéeegél éﬁ?%;ln’%l ![ Egggggggg val ue

1011: (the currentlTy helt I nput” va ) e=pr _
ci?gﬁl a!t stggrﬁ‘glglé%aé%ééhﬁx nﬁgx\%gﬂeﬁt@&\gg‘l' w?{lﬁg ciiﬁﬁ‘gl%i%a &édcl\)? :\/SB
set in gtep S6Qhpud tvalhe ¥al BR) ' 084Q" thehprodudntnigpie 95 PPBregand the
10 result "0010" is stored I'n the second nenory MB. Thus as mis 2
(b2) and n is L lthe ffdtS meMcaty) MAEd trBeb9alue in second memory MB
is calculated by logically summing the wvalue "0000"
(the initial value of MB set in step S601) with the
value "0010" (the current state of DDR), and the
10 result "0010" is stored in the second memory MB. Thus
as mis 2 (b2) and n is 1 (bl), MV is calculated to be
9, or the %th key in the ;atrix.
To add more, the logic values of row and column
signals which are values of the row-column signal of
1s the key are stored in each bit of the first and second
memories MA and MB by scanning keys during steps S603
to S607. The reason for setting the value of the
- data direction register DDR to "0001" in step S603 is
to scan the keypad 20 from the first column, thereby ~
20 preventing short circuits by designating bits b3, b2
and bl of the bilateral second port PB to be in an
input mode in case multiple keys are pushed at the
same time. In step S606, it is checked whether or not
a key of each column has been pushed, and in step
25 S605, a signal indicating the location of a pushed key

is stored in each of memories MA and MB. 1In step



9, or. the.o9th key in the matrix. To add nore, the |logic values of row and
colum signals which are val ues of the row colum signal of 15 t he key

are stored in each bit of the first and second nmenories MA and MB by

scanni ng keys during steps S603 to S607. The reason for setting the val ue
of the - data direction register DDR to "0001" in step S603 is to
scan the keypad 20 fromthe -first colum, thereby 20 preventing short
circuits by desi geai,nghe valh@ o2 thed dataofditectiidm tragilstesc DRR pbst PB
to be in an input nbde in case nultiple keys are pushed at the sane tine.’
In step S606, it shyftieskked chieckhtheonexnttcoluny, cindah stepn®60ds been
pushed, and in step 25 S605, a signal indicating the |ocation of a
pushed key is stdsedchackedh whekbedries WM®tand MBAXTY| nbitephas loeew0s,
the value of - the data direction register DDRjs shifted to _check the next

colum, and in sgepegatrd | €0 detieamiae vWhekBer oomoRol dAi9 ySERR hig
generated to determ ne whether or not the ,scan i

been

5 | oo
S608, it Ps checkePHEErer Iio SEEP. 8808 dit ﬁ-ﬁ"sﬁg‘&cidet H’é‘%%g&}gt’%eﬁ ]f%g step

second nenory MB_is unchanged, and step S609 deteyrpines whet her or n

than one key hashﬂée"ﬁl’eﬁigléffqﬁgt’rfe-gi‘%' es® ftpﬁesFFP m"ﬂ:&%

TE”DrFeS NA and QE ﬁ%%%a%g%%ge%nd:stgp_ssps determines whether or not
more than one key=has been pushedfif_the bit values of
the first and_secqnd.memories MA and MB have changed.

N 10 - As this time, if more than one key has been pushed, it

is determined that a "double key"_error_has occurred

‘in step 56;9';?4§f}ﬁ_§n;x one key is pushed, it is

_determined whiqh key has been.préSsed in step 611;

Which key has been pushed is determined based on

15 N the bit valueslsto;gd in the fi:st and second memories
| " MA and MB. ;nlthe example of Fig. 2, the bit value
varies,acdqrding_touthgisequence 0-»4->8-C. This is é
simplified structﬁre, showing the bit;&alue_changing

in multiples of 4. If the“bit b0 of the first memory

20 MA chénges when_ﬁhe”bi; b0 column af the second port
PB is scanned, the key value is__defiged. as "Q"
jvacgording to ihe fq;mulg MV = 4m + n. If bit bllof
~ the first memofy.MA changes at the same bit column as
| -abéve, the key_valu§ is_defined as "4". According to
25  the same method, if the bit b2 of MA and the bit bl of

. MB change, it is indicated by 4 + 2 + 1 = 9'as m + 2

nor e



10 As this time, if nore than one key has been pushed, it is
determined that a "double key" error has occurred in step S610, and if
only one key is pushed, it is determ ned which key has been pressed in-step .
611. Wi ch key has been pushed is determ ned based on 15 the bit '
values stored in the first and second megpries MA and MB. In the exanple
of Fig. 2, the bit value varies according to the sequence 0->4->8->C. This
is asinplifie t pugt &ir SEeMk b [ | | tipLes of
4 I the bi RO B “t Hofre rOMAEHcheg th LR (OERET, onal T LR 0
colum of the seroORdyPA'd PgtlBhdd, scanned, the key value is defined as
"0" according to the'formila W~ 4m+ n. |If bit bl of the first nmenory MA
changes at the sameTid @ddiFicHalb@udbodiiferntay ¢ Uscnes dedynegdcas "4".
According to 25 the sane nethod, if the bit b2 of MA and the bit bl of
MB change, it ggrtadiccadfdabymierocdonputeér 9 sgst@n accordifigh to ltRée
substituted in the fornmula, that is, the 9th key is pushed, Two additi onal
enbodi ngnt s of prasekty isv@ntior uite odhowmi LnOFAGBUL A SRl 8B ACCTDhEi Ng to
the 5 present invention are'shown in Figs. 5A and 5B. The enbodi ments
use open-col embbdimenziad umecn- dpeEnrcoldrettdmr s andspaspenedyain
positioned al ong the columm scan lines, instead of -using a bilateral port
such as transistors, respectively, positioned along the column

scan lines, instead of using a bilateral port such as
the second port PB in the microcomputer shown in
10 Figure 2, thereby obtaining the same effect as a
bilateral port.
The operation of the embod;.ments is such that if
a "high" is fed to the input port of an inverter, the
collector of the t;ransistor is open, and if a "low" is
15 _ input, the collector of the transistor goes low to
properly set the value in the data direction register,
jusi as in the bilateral port, thereby preventing
— circuit shorts.
| Further, as shown in Fig. 2, by adding an AND ~r
20 gate 60 to the output of the key scan circuit in each
embodiment of the present invention, a logical product
of the logic signals applied to each port may be used
as a control signal for automatically turning on the
system whenever a key is pushed, or for a key
25 processing function.

As described above in detail, the key scan



t he-second port PB in the mcroconputer shown in 10 .- - Figure 2, thereby
obtai ning the same effect as a bilateral port. The operation of the '
enbodiments is such that if a "high" is fed to the input port of an
irnverter, the collector of the transistor is open, and if a "low' is 15
input, the collector of the transistor goets2low to properly set the val ue
in the data direction register, just as in the bilateral port, thereby
preventing -.circlreusfoans thetmerhods theanef ok ghe omigyosampvtesh AND
20 gate 60 to the output of the key scan circuit in each enbodi nent of
the present inveRYSEAM PIRFELY .'ﬁﬁiﬁlcghéf logi¢ ogiddust gRAI tRgpidad@ t o
each port may be _ used as a control signal for autonmatically turning on the
syst em whenever €1R69tFanE§Hé§F96thUFn§_Ee&?i&tera PREEe S R PR i on.
As descri bed above_|n detail, the key scan: 12 circuit _and the nethod

t her eof of the n’i’??iﬁﬁﬁﬁﬁt eﬁ?%@ﬁ-%’op&%?i@fs PREVEBHHEIv alSkE ¥ he

data dlegton Toglols’ IRN0S Skl RSN KRRy SR T BLEC Bha
oul t.i pl e .keys areelggfgggingaggcglsismcq%qgﬁﬁce;s .ci'r.cui try.
| Thére is | f.hus 'providecll. a relatively simple key
s_cé.n : circuit : wh:.ch ~does '_n'ot._' require - d:_'.pdes for
preventing short circuits during a key scan operation.
" | "10._ _ Th_e 'ciré__:u_it prov:.des simple means for turning on the

circuit as -we’l_i as kej( ch_ec_kin_g means.



There is thus provided a relatively sinple key scan circuit which
not require

oper ati on.

10

di odes for preventing short circuits during a key sca

The circuit provides sinple t [ on
circuit as well as key checking neans. CLAI i“ﬂ“m‘““llmnm?scan
circuit for a mcroconputer system consigiing of+a &eypad havihg an
key matrix circuit and a m croconputer for recognising 5 keyi ng
operation fromdderkgypad, the keypad scanning circuit conprising: a first

port for receis-g—-+e% signals fromsaid keypad via row scan lines; a

first menory sel ect apl t O3 val ugs W
y sl ect 3Dl gebpadl GsCakiifnd Q'J.?/'c#%t forVd Eﬁlﬁ%‘&%ﬁ‘r’g‘éﬁﬁ g

signals input to said first port |ogiTal

tipll

does
n
t he -
ni ng
mXx n

stored | ogi c valypitien %%ﬁ%'i@t@.% SO aSKeYpdd dndv iRy UAR ShoRals keysgi d
or

keypad via colurn scan |ines;

a data diTection registe

setting each bidat¥i®aicd readentaf@’ b afi @FodtoRphteF ForoUtddbgnd8ing
menory selectable to store the logic value currently stored in said second

menory Isogi cal Ikeyingrespésat hen| figom the Uceypadai theldteyshd eséanning

regi ster.

10

15

20

25

circuit comprising:
a first port for receiving m row signals from
said keypad via row scan lines;

a first memory selectable to store the logic

value of the m row signals input to said first port

logically multiplied by the currently stored logic
value; ) |

a second port for supplying n column signals to
said keypad via column scan lines;

a data direction register for setting each bit of
said second port as an input or an output; and

a second memory selectable to store the logic
value currently stored in said second memory logically
summed to the logic value in said data direction
-register.
2. A keypad scanning circuit as claimed in claim 1
wherein the first memory is selected to store the
logic value stored in the first port multiplied by the

logic value currently stored in the first memory and

the second memory is selected to store the sum of the

second



2. '+A keypad scanning circuit as claimed in cIa|n11 mﬁéreln the f|
nenory, i s sélected to storé the logic value stored in trmn“ ‘!@M\“L
mul tiplied by the: Ioglc value currently stored in the fi

t'he second nmenory is selected to store theﬁs]um of the 90gic val ue.
stored in the data direction register and e Iogic_value currently stored

in the second neggésseggaggeg@gggag th& adggﬁ HQr@cﬁEéﬂnfggigkgﬁna&&?n

line has been depr scanning circ

M orocomput er sysham ag el FaRd bar%ﬁtggersebreham EheVBEEBHA fiRFlbaAW has

a key val ue correspon ng-to.the row nu mul tiplied by the nunber

colums. 4. A {BYRA@EHYEAY Cha€UA! Ke¥f fnMhCIRGMRE Soltmn sca‘hVStem
as clained in any one of the preceding clainms, wherein said mx n

matrix circuit isjifedn¥stréeyn depressedrcuit. 5. A keypad scannlng :
circuit for a mcroconputer systemas clainmed in any one of the precedi ng

- clainms, 15 further conprising an AND gate having its inputs connected
to the row scan |lines. 6. A keypad scanning-circuit as claimed in claim
-5, whereim the oat put Aofkéygad\Nﬁcgnhdangs cslmniitndfbn tshem$ czogomputiercui t
to prOV|de a key check signal and/‘or -

system as claimed 1n claim 1 or claim 2, wherein each

row has a key value corresponding"to the row number

multiplied by the number of columns.

4. A keypad scanning circuit for a ndcrocomputer
10 - system as claimed 1n any one of the preceding claims,
:wherein said mx n key matrix circuit is a 4 x 4 key

" matrix c1rcuit.

5,,_.A keypad scanning c1rcuit for a uucrocomputer
system as claimed 1n any one of the preceding claims,
15 - further compriSing an. AND ~gate haVing its inputs

connected to the row scan lines

6. A keypad scanning-circuit as claimed in claim S,
.wherein the output of the AND gate is supplied to the
_scanning Circuit to prov1de a key check signal and/or

20 an on/off function_signal.

7. A keypad scanning circuit, K for a microcomputer



/20 an on/off function signal. 7. A keypadscanni ng Tircuit for a .
m croconput er 15 systemas clainmed in any one nﬂmm“ cl ai s,
wherein said second port is forned of open-coll ecﬂ m

transi stors. 8. A keypad scanning circuit for a m ctoconfutér 5
systemas clained in any one of clains 1ias0 6, wherein said second port is
formed of open-drain type MOS transistors. 9. A keypad scanning circuit

as clained in aystemr 28 claimedrimeahygonel af nehei preécddigg eraims, for 10
determ ning the key val ue based on the values stored in said first and
second menori ewhekfein\ say@dadesondnpogtciisc fidrierd of nopencaspleetoryst em
as clainmed in any one of the preceding clains including pull-up resistors
connect ed bet wayrpes dipobar stxansiseerand a reference voltage. 11. A nethod
of operating a scanning circuit including a matrix keypad, first and second
ports connected to r.espective row and columm scan |lines of said keypad,
first and second nenories and a data 20 direction register for setting
each bit of saift sedbnkeypra tFIRNIRGJCiFCHIti npOX & Whcrocpmputeai d

met hod conpr|3|ng t he Stcﬁ? of :
system as claimed in any one of claims 1 to 6, wherein

said second port is formed of open-drain type MOS

transistors.

9. A keypad scanning circuit as claimed in any one
of the preceding claims including means for
10 determining the key value based on the values stored

in said first and second memories.

10. A keypad scanning circuit for a microcomputer
system as claimed in any one of the preceding claims
including pull-up resistors connected between said row

15 scan lines and a reference voltage.

11. A method of operating a scanning circuit
including a matrix keypad, first and second ports
connected to respective row and column scan lines of
said keypad, first and second memories and a data
20 direction register for setting each bit of said second
port to be ﬁsed as an input or an output, said method

" comprising the steps of:



" error checking t%#t

——

16 i"y, initialising the system by setting predet er mi ned 1 0gi ¢ values—nm—

said first and second menoiies and said data_directiOnErtﬂnl" Tl
sequentiral |y scanning each columm scan line of 5 th Huﬂ("‘u’ ’mn
accordance wi th successive-logic values stored in the datd dfreeti®ons '«

register; iii) upon detecting that -a key ik a scanned col um scan |ine has

been depressed, storing,into said first nenory the |ogical product of the

current |ogic valtle 1dBitialigdngithe sysgem byt spsfdng predeterminesht

| ogic value stored in sai.d first port, and storing into sai.d second nmenory

t he | ogi cal swﬂf#g%ﬁeWﬁ$4%§n1Foﬁﬁéinﬂ%kﬁ%tGP@dSQFQRQcﬂ%@@§h€smﬂﬁﬂy and

the current Iogic.Vﬁlae staned In the data direction register; 15 V)
eBREBNIELTRAFLPH FeREFESTdve not been depressed: and v)

i noerror b detpet gl dekediyl B s el uece! cLUe ey dopr pragt, 2. A
Stored i dabg GAEELLORLERNLE' ok SoMANER! ELY Bl RSV 2T
~wherein scanning, a0l NEeSretth tHE B3ELYalkcllidi gAY, ection
) iii).upon detecting that_a_key'in.a scanned column
scan line has béénudepréssed, storing into séid first'
| memory the.logigal}prbducﬁ of the currént logic value
— 10 . _store_d ' :Ln said first memory and the current logic
.value stofed in said“first'poxt, and storing_into said
second.memofy the  logical suﬁ of ;he current logic
value stored i#;saiﬁfsecond.memory and the current
logic.value s;éredaiq ;h§;data directioﬁ_fegister;
15 | iv) _error_checkigg;tpléheck that multiple keys have
not been depreé5é§; énd“u
v) if no erid:mié;dgtected,-determining the value of

the key depressed. . .. . - -

12. A method as claimed in claim 11 wherein the 1ogic
20 . value initially'stofed in the data direction register
is seqguentially.shifted until. all column scan lines

have been scanned.

13. A method as claimed in claim 12 wherein scanning

. continues until the carry bit of the data direction



/eglster is "1". 14. A method as clainmed in claimany one of clainms 11 to.
/13 wherein error checking conpri ses checking whether the nunber of . | ogi c

‘0's in said first memory 5 is greater than H“‘Im“‘ﬁ“l& l)m“llnunber of .
logic 1's in said second menory is greater than s clainmed ..
in any one of clainms 11 to 14 wherein theinitial i*safi oh process I ncl udes
the step of designating said first port as an input only port. 10 16.
A nmet hod as cl aregdsiteranys " .of clains 11 to 15 wherein the key value is
determ ned using the logic values stored in the first and second nenories.
17. A method as clained in any one of clains 11 to 16 wherein key yalue W
I's determ ned in accordance with 15 the formula W - 4R + C, where R
is the row nunbdf.and methodhascolaimeduibeclais. any rendimf asladms med in
any one of claims 11 to 17 wherein the predetermned |ogic value stored in

said first menof9 i33"1vhereime egroget heickiag ogomprises 2@hecking or ed

in said second nennry is "Q000" _and  the predetern ned |ogic value
stored in sai d ¥aekher the number of logic 0’s in said first memory

5 is greater than 1 or whether the number of logic 1's

in said second memory is greater than 1.

15. A method as claimed in any one of claims 11 to 14
wherein the initialisation pfocess includes the step had
of designating said first port as an input only port.

10 16. A method as claimed in any one of claims 11 to 15
wherein the key value is determined using the logic

values stored in the first and second memories.

17. A method as claimed in any one of claims 11 to 16
wherein key value MV is determined in accordance with
15 the formula MV = 4R + C, where R is the row number and ~
C is the column number.
- 18. A method as claimed in any one of claims 11_to 17
-wherein the predetermined logic value stored in said
first memory is "1111", the predetermined logic value
20 stored in said second memory is "0000" and the

predetermined 1logic value stored in said data



direction register is "0001". 19. A key scan method in a mcroconputer
i ncl udi ng a-keypad having an mx n key matrix circuit, ;first and second .
parts for processing mx n.row and colum 5  signal s,—afi+st—rerory and

a-second nenory for storing the |ogic values correspondin | ' i
and second ports, and a data direction regi&ter for setil!nmmﬁmﬁnmﬂ)m‘
said second port so as to be as an input or an output, ¢ s x
conprising the sddggctdon regdstaniis al90081fg - said nicroconputer system.
by presetting said second port, first and second nenories, and .
data direction ' register wth.predeterm ned |ogic values; 15
~scanning each bit of said data direction register when a key of said matrix
keypad is pushedl?:ded dfie¥gSHi: ﬁ?ttg’t?fi 8t 3t R CTRFPERULER) dpaidinDh R sai d
first port matches said. predeterm ned | agic value stored.in the first
menory. and, i f KRY¥PRGr HAYANS) 3R W X KeYomerEix, ferFBiFe Satss and
performng a shift function to the bit valu of said data directi.on _
regi ster or, if BRECE r%?lft.’?'/al-ft?édeggcﬁﬁlﬁét ch thét 58?”-0 X u&olé"tng’r-i ng

in said first ne he Logie. DL o ' cyrr gi e Qf the
.rr'%ry 25 g?.&‘a%%d t%eg%lt%é_r){ent -c?gr%z: '_%gﬁuegofgé;%?%&f i“%s“i/oqa}lortf%r '

first nme
storing the lbgic_values _corresponding to said first

and second ports, and a data direction rég:i_.st_er for
setti_ng each bit of said seﬂcl:bnq'_po_rt so as to be as an
N2 input or an output, S_ai_d me.tho_d._ comprising the steps
10 __of: |
initialisin_g- _ sa_:f:L_d: . _mic_roc_omput_:er_ 's.yst';em by
pres_eﬁting, Isaild' : s'e_cqp_d port, first' and second
memories, and data dire_cti.on register - .with
_.p,red_e__t;ermi_ned_ ipgic values; |
15, scanning 'eégh b’it:_ of said data direction regiéter
- when a key._o.f : s_a__i_d:_ matr:Lx keypad is _;.pushed.; B
deciding__:_'wh___el_tl_;erﬂ_ or r__16t the current input value - -
- of said first poi't matches said predetermined logic
value stored in the first memory, and, if the current
' 20 i value fnatches 'thel logic -\}alue,- performing a shift .
funct_ion t"o_.-.' _the-__b_it' values of said data_:'directi'on
regiéter ozj_,_."- 1f the current value does not match the
logic Qélue_, s_tor_i_n_g:i_.l_'l____:sa_id..fir'st' memory, the logic
product of the current logi_c value of the first memory

25 ~and the current logic -value of. said first port,



19 storing in said second nenory, the |ogical sumof thé current fogic

val ue of the second nenory and the current |ogic ' a '
direction register, and then performng a shift fnmmwmmmnmt val ues
5 of said data direction register, and sequentitllly mepeatrng said
processes until the carry bit of said datggdirection register becones "1";

and determ ni ng whether or not_the current |ogic value of the second nenory

mat ches sai d pr ey Ml sbid secdilnencbye OGL 165108 | Gk B ShEP vhen

the carry bit beconmes "1", and if matched, conpletin operation, and if

not, determ ni ngusiRinter 1egigotvalve nwibethe! §eéskd! mertirs afid" thkor ed

in said first nenory is greater than one, or whether or not" the nunper of

15 current curgient’ légi¢ wdhiedof Nsadld daeeod r&iEiich i Segigabe! than
one, thereby checking if nore than one key has been pushed, conpleting the

operation by eramd phereperfgrmingna shilbtt Buateiefnetsd sSthécbit Ugalaad if
both statenents are fal se, determning the key's val ue 20 according to
a predet 6rni nedoffor said. data Airectdorasregisted,i nandaisedfenvb&ltiyn t he
key value is determ ned on the basis of the values stored in the first and
second nenori esrepeatingtanidl prenesaes | uptil hbeecabriobd tdestrsakd

data direction register becomes "1"; and
determining whether or not the current 1logic
value of the second memory matches said predetermined
10 logic value set in the initial step when the carry bit
becomes "1", and if matched, completing the operation,
and if not, détermining whether or not the number of
current logic "0's" stored in said first memory is
greater than one, or whether or not the number of
15 current logic "1’'s" stored in said second memory is
greater than one, thereby checking if more than one
key has been pushed, completing the operation by error -
processing if one or both statements are true, and if
both séatements are false, determining the key’s value ~
20 according to a predetermined formula.
B 20. A method as claimed in claim 19, wherein the key

value is determined on the basis of the values stored

in the first and second memories.

21. A method substantially as hereinbefore described



20.wirth reference to Figures 2 to 4 or 3 to 5A or 3, 4—-and-5Bof the . .
acconpanyi ng draw ngs. .22. © A keypad scanning circui as
her ei nbef ore described with reference to Fi gures 2 to- Sj\ll‘i‘mﬂ&)m “m) ml
3," 4 and 5B of the acconpanyi ng dr awi ngs. .,

with reference _"'t_:o Figu_re's 2 to 4 or 3 to 5A or 3, 4

and 5B of the afccompanYing drawings.

22. A keypad . sc_anning_ circuit substantially as
hereinbefore described with reference to Figures 2 to
. 5 4 or 3 to 5A . or 3, 4 ‘and 5B of the accompanying

drawings . |




