Digital: Timer 5 This invention relates to'a digital tiners%%&f%é%ﬁ%&égﬁly
to such tinmers for use in mcroprocessors. Al though the term m croprocessor
is used herein i't wi*ll be appreciated that the termis intended to cover
not 10 only g1cnoproceSSors per se but alsondiniaturised processing devices
generéTIy, such as microconputers, mcrocontrollers, etc. Adigital timer
for uS¥ in a nmicroprocessor is conventionally provided in the formof a
counter which is 15 clocked at a prepisggital Methente to count (usually
down) froma predeterm ned starting value until a predeterm ned count is
reached, at which tinme an overflow (or, nore usually, underflow) signal is
produced. 8Known timers of this kind typically use an 8-bit or 16-bit

counter, depending qd. hfm?é};tfv\ﬂ'@%ﬁéénw 4 it iesh thRErs OfRg

appllcatlons an 8-bit counter sufficient,; whereas for other
appl i cati ons Pé%%%h@dﬁrﬁ%ﬁ%#ﬁ%?%q@ﬁ? dise TN ShEEr P FRTeS P hese
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all eviated. I'n accor e present invention a digital tinmer for
use in a m cr®Socessor conprises: an N-bit counter having a clock input
for receiving cl'ocka pigitaRneiner fornis@din na rebeeoprotésset oiand for 35

producing a Jtele ol AR TpE GPRRMS o1k A D e SPNNEE " SGHELY Bnidh L

pr edet er m ne
o/ 15 clocked at a predetermined rate to count (usually down) from

a predetermined starting value until a predetermined count
is reached, at which time an overflow (or, more usually,
underfch) signal is produced. Known timers of this kind
typically use an 8-bit or 16-bit counter, depending on the
20 counting range required. For some applications an 8-bit
counter will be sufficient, whereas for other appllcatlons a
- 16-bit counter will be required.
To enable both of these requirements to be optimally
satisfied in a single microprocessor has required counters
25 of both kinds to be present in the microprocessor. This is
clearly wasteful, especially where more than one timer must
be provided. _
_ It is an object of the presentﬁ@ﬁééﬁ-f'
~digital timer wherein the above dlsadfﬁn '%f= be
30- overcome, or at least alleviated.; zﬁﬁk 1;% .
. - In accordance with the present Ihggnt (& digital
timer for use in a mlcroprocessor ngpr sés.i§
an N-bit counter having a c16¢5%»» K EHr receiving
clock pulses and for counting in response thereto and for
35 producing a first signal in response to the counter ‘reaching
- a first predetermined count; - '

gto provide a




-2- an Mbit counter having a clock inplut for receiving clock pul ses and
for counting in response thereto; 5 bi st abl e nmeans having a set

i nput coupled to receive the first signal of the N-bit counter’, a reset R
i nput and an out put; an AND gate having @ # rst input coupled. to { he out put
of the bistable neans, a second input coupled to the clock 10 input of fhe
N-bit counter and an output coupled to the clock input of the Mbit co er
and to the resetann¥ubibf cohatbh:'shalsrliagnaalaﬂ.omdnmgdmmdmmg ecei ve
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response to t counter havin SECO re ern1ded count when
the fir3t signal bF-§tBPé&uE‘SGnSV\HéF’éW Fhéeé?eéém’ﬂ%lmlq% tohdtesaive of an

(MeN) -bi t €RenEibstngigaached. theekebiltl vounter, Eirdgddd UFRRETRAS LPUP! ed
to 20 rece|v€ t@e second signal and for prodUC|ng athird signal in

response tBHERBSR bit counter haV|ng a non-zero count when the second
- signal is producad, ANDegahier hasru.ggala lfe.msg: amlpmiteabdupltém tee e ioytputof
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25 arranged to_ count ecrenen Second P ned
count s1@r einBuk o€ She N-hi ﬁrép ﬁsoemmtmtemhedc&m@e and the

M bi t counégécﬁrﬂngathoﬁ khe SoBAtetdunited’ anadits idhe YeBit igutdes an R
gate havin ?% gg %ﬁ%i i nput COUﬁ|ed to receive the third signal, a second
i nput coupted SuPBEPSSf e AND gate and an output coupl ed to the

reset input of tineahssbahpéede&nsraéee.ﬁrer hley fiirestt |signalndﬂ1d:e& fN-IhsIt and
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whereby the second signal is . indlcative of an
(M+N) -bit count being reached. - . .
Preferably, the timer includes means coupled to
20 receive the second signal and for producing a third signal
in response to the N-bit counter having a non-zero count
when the second signal is produced; the third signal being
coupled to the reset input of the bistable means.
- Preferably the N-bit counter and the M=-hit counter are
25 arranged to count decrementally and the first and second -
predetermined counts are both zero.
In a preferred embodiment the N-bit counter and the
" M=bit counter are both 8-bit counters. - o
Preferably the timer includes an OR gate hav1ng a
30 first input coupled to receive the third signal, a second
input coupled.to the output of the AND gate and an output
coupled to the reset input of the bistable means.
‘Preferably the timer includes first and second modulus
latches associated:respectiVeiy,with-the N-bit and M=-bit
35 counters and arfanged to load their respective associated
.counters with predetermined N-bit and M-bit digital values
respectively in response to the second signal.



- 3- ,.'[hus it will be appreciated that in a typical application of the
invention, two 8-bit tiners may be 5 "concatenated" to produce a fully
faunctional 16-bit timer. A mcroprocessor including a digital timer in
accordance withsthe invention will now be-desctribed, by way of exanple
only, with reference to the acconpanyifig draw ngs, in which: 10

Figure 1 shows a block schematic diagramof the digital tinmer within the

m croprocessor; “andigube Wil hrRe ARPRAFIated thRgiANM BYPIGREOUs signal s
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connect ed t o ehee}ampie oPnly ; Withprefereneet o cthehacgempaaYingut of AND

gate 6 is conqienipthd O 18GPAYEnS he same clock pulses as are applied to the

cl ock input of the counter_ 2. The output. of AND gate.6 i d to the .
clock 251Q nput of ELERERNY %%V?,a&ﬁ%‘i’égﬁcé%%?’gﬁ%ﬁ?%ﬂ'gi'eﬁﬁﬁ?g?ﬁg. T(r)\e ©

OU:E put of ANQigpitad timet swithimethednicreprocessont andOR gate 10, whose
05 Bnd 14 are assod LOBET A 3§ BibuCtih i qldated Se YREKGHS [0 ches
| oadi ng- tHe rekgnals and cconnter wevels coecuringcdihint thel tdmerel d in the
latches. -The under fpove i Rt ndY; tHCFLguREeL, 2ai idtkepree8886ednkbouaes a
'”Qﬂﬂ‘orf%t‘%E&{¥§§'éY££93h§v%§g ;hgirst 8=bit, clocked, decrementing
counter 2 with its clock input coupled to receive clock
pulses. The "underflow" output of the counter 2 (which is
generated when the counter has a count of zero) is connected
. to the SET input of a flip-flop device 4. The non-inverting
20 output of the flip~flop 4 is connected to one input of a
two-input AND gate 6. The second input of AND gate 6 is
connected to receive the same clock pulses as are applied to
the clock input of the counter 2.
_ -The output of AND gate 6 is connected to the clock
25 input of a second 8-bit, clocked,_decremeﬁting.counter 8.
The output ofIAND-gate 6 is also connected to an input of an
_ . OR gate 10, whose output is connected to the RESET input of
— the flip-flop 4. . . _
' 'Modulus latches 12 and 14 are associated respectively
30 . with the counters 2 and 8 for loading the respective
counters with predetermined 8-bit values held in the
- latches.. . ' o s
- The underflow output of the couptefvlz(¥gralso
..connected to one input of a two-inp,ifﬁﬁ?ﬁg e f?%:The
35 . second input of the AND gate lslisééﬁup& @%ojthéﬁéounter 8
- whereby a signal is applied to the 'second. _;;;,ﬁgut of ‘the AND
. gate 16 when the count of the-countgggg ;sﬁﬁéiq,g
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. 35 second input of the AND gate 16 is coupled to the counter 8 whereby a,
signal is applied to the second i nput of the AND gate 16 when the count of
t@e counter 8 is zero. - 4 - The outgut of the AND gate 12 is applied to ;
arfirst input of a two-input AND.gate 18. The second ihput of thg AND gate
18 is coupled to the nDdqus | atch 12 mhereby a signal is applied to th
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reset state.
15 ‘With each clock pulse. (see F1gure 3(a)) received
at its clock input the counter 2 is decremented until its
count reaches zero. At this point the counter produces its
underflow signal (UNFA - see Figures 2{c) and 3(b}) ‘which
sets the flip-flop 4. The setting of the flip-flop 4
20 produces a signal at the output Q of the flip-flop (see
Figure 3(c)) which is applied to the AND gate 6. At the next
clock pulse to the counter 2 the AND gate 6 produces a signal
(see Figures 2(d) and 3(d)) at its output. This signal
serves to reset the flip-flop 4 and also to "clock" the
25 counter 8 so as to cause its count to be decremented. The a
count of counter 2 reverts to a hexadecimal value of FF and g
continues to' be decremented with each clock pulse.
In this way the counter 2 is decremented and
repeatedly produces its underflow signal which causes the
30 counter 8 to be decremented. When the count of the counter 8
becomes zero (after five decrements in the present example) a
signal is applied to the first input of the AND gate 16. The
count of the counter 2 again reverts to hexadecimal FF and
continues to be decremented, and when now it reaches zero its
35 underflow*signa]Iapp1Ted to the AND gate 16 causes the AND



30 «couhter 8 to be decrenented. Wien thé count of the counter 8 becones
zero (after five decrenents in the present exanple) a signal is applied to
the first input of the AND gate 16. The <<dunt of the counter 2 again
reverts to hexadeci mal ' FF and continues to be decrenented, and when now it
reachgs zero its 35 underflow signal applied to the AND gate 16 causes the
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AND gat e 18. 3PRREC d BAp&rTer Mightngcsare s fiod lawimeedhe rnrdustdians
latch 1218ndo#- ai UNALGI SignRli etet @ounterscaede iluip 197 ridivaded and
counting were allowing to proceed, since on the next clock
pulse to the counter 2 following the UNF16 signal and
-reloading the AND gate 16 would produce its output, resetting
- the flip-flop but also decrementing the counter 8. Cléarly,
~:20 - such automatic decrementing of the count of the counter 8
would not be required unless the "starting" value for the
counter 2 were zero. _
S In-order to prevent such automatic decrementing
of the counter 8 except when requiréd, the UNF16 signal is
25 also applied to the first input of the AND gate 18. The
— second input of the AND gate 18 is coupled to the modulus
latch 12 and a signal is applied to the second input of the
AND gate 18 when the value held in the modulus latch 12 is
non-zero. Thus, when a UNF16 signal is produced the AND gate
30 18 produces its output signal if the modulus latch 12 holds a
non-zero value. .
The output signal produced by the AND gate 18

35




AND gate 18 when the value held in the nodulus latch 12 is non-zero. Thus,
when a UNF16 signal is produced t he ANE>gate 30 18 produces its output
skgnal if the nodulus latch 12 holds a n®n=zero val ue. The output si gnal
produced by the AND gate 18 thus resets the flip-flop 4 in onky those cases
(i.e. non-zero "starting" values held in nmodulus latch 12 for 35 countgr

2) Wne[ed atsttcarr&tﬂncg'deﬁartmerﬁem 1rpfmmfnt§r1%cﬁleﬁzrfbﬁdca@msrﬁwt be
prevente

I d dul
e 150 e Ot o decAiiéinin g ot FERUMEER 8 “BHSEBR: 81 Bwior be
allowed to ‘Iioak‘.ﬂk[ﬂ epdeacm) rmltq:thtpwt sidnat s opiveduic & bhethelDANDL gat8,
leaving thggdli AHd 16 fP{§°¥‘é99s aPe %ﬁoﬁtﬁﬁah and

al | owi ng aut’ona 1I%t cremen% %RS fhe count er 0 OccC next
cl ock pdél s&N&IB |séc9ntad taned oburmetw ambomt%@tdwremestb@e aefobhes shown

particul arlesdndv GaP otér agt(déh@rt?e)@ée&w@kv\bu??etbﬁpi%h 0 thenes

show pul se shapes as they occur when the AND gate 18 produces its output
si gnal and GO t8dt t%d | i nes " show pul se shapes as they occur when no out put
signal is produced by ttme ANF @t cofiSthi$ opérabeomppseshowed that the
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counters_cpuld ®. conblped t{ﬁ be appreciated that the above described \—/

15 timer functions .as a fully-operational 16-bit timer while
providing the flexibiltiy of parallel 8-bit operation (not
shown) if desired by clocking each counter independently.

o It will ‘also be appreciated that although the

. above timer was described as using two:-8-bit timers, any two

20 counters of any desired number of bits may be used to provide
a fully-functional timer having as its effective number of
bits the total number of bits of the individual counters, or
that if desired more than two counters could be combined in
this way. ' ' ' '



this way. -7- CLAIMB 5 1. Adigital timer for use in a

m croprocessor conprising: an N-bit counter having a clock input for

recei ving cl ock™pul ses and for counting in response thereto and for
producing a first signal in response to the7counter reaching 10 a first
predet®rmi ned count; an Mbit counter having a clock input for receiving
clock\ﬁulses and for counting in response thereto bi st abl e nmeans having a
set input coupled to receive the first siHfeiMDf the N-bit counter, a reset
i nput and an 15 output; an AND gate having a first input coupled to t he

out put of the_bistapl e, nmeans, secgnd input_cou ock input of
the N-bit %ou%ter Zﬁdgéﬁ;gﬁipﬁimsﬁugPﬁdqu ﬁﬂ 3 ﬁ&%goﬁﬁﬁgﬁgsﬁkthe M bit
counter and tcompeisdngt i nput of 20 the bistable neans; and neans coupl ed

toreceive the f1rshnshdidt BbubBEr hBYInGOUNLEbcR dn kg& Rb2dYelRd va pecond

signal in response Cou Ing a seco g;; etern1ne count
when the firsclechnphleespandufor, cosnti ng lnwﬁéﬁ@ﬁysﬁh§ 9T i s

i ndi cative of fla at by hl 3 EQE“EiBﬁhﬂ!the%EQ96ns& to, tﬁedbﬁhh%brt ir@iching
according to % a|n11 ncl u gg ans cog to receive the second signa
and for ptBdudi AETEEIDTEARPLETRLIPRY CPHY esponse to the N-bit counter having

a3 -8 an M-bit counter having a clock input for receiving
‘clock pulses and for counting:in response thereto;
bistable means having a set input coupled to receive
the first signal of the N-bit counter, a reset input and an
\_/ 15 output;
an AND gate having a f£irst input coupled to the output
of the bistable means, a second input coupled to the clock
- input of the N-bit counter and an output coupled to the
clock input of the M-bit counter and to the reset input of
20 the bistable means; and
means coupled to receive the first signal of the N-bit
counter and: for producing a second signal in response to the
M=-bit counter having a second predetermined count when the
first signal is produced, , : :
25 ‘whereby the second signal is indlcative of an
(M+N) -bit count being reached.

A 2. A digital timer according to claim 1 including means

coupled to receive the second signal and for producing a
30 third signal in response to the N-bit counter having a

35
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nog-zero count when the second signal is produced, ‘the third signal being,
coupled to the reset input of the bistable 5 neans. 3. A digital timer
according to claim1 or 2 wherein the NNbit counter-and the, Mhjt counter:
are arranged to count decrenentally and- téhe-first and second predgtern1ned
counts 10 are both zero. 4. . A digital tiner according to claiml1, Zﬂgf 3
wherein the N-bit counter and the Mbit counter are both 8-bit countersT 15
5. A di gPRaregorsouRtc sihamFhe saaand signalidisprederdattheidling a
first Inpuslgﬁual P ing (RAPIG e tHd <t idHput? SEaHY B ivsgpoupl ed to .
the output _of the AND gate and an out put coupled to the reset 1nput of the
bi stabl 8 28%A881s. 6. = A’ digital tinmer according to any preceding claim

including first and second nodul us | at ches associ ated respectively with the-

hssoci af ed CBLEt %?@ﬁ%lﬁﬁﬁé%ﬁ%%ﬁ S o Om R e

respect i veNy ity agunpter axe arrangeqd tho Qounh for
use in-a nuae%m&aqr %&@h&fé il |a>h<§‘~°sél?cfrﬁ PR U e PR d |

referen eto tg 6@? anylng draw ngs. 8. A nmi"croprocessor nc ng a
dlgltaF t|ﬁ§F © '

10 any precedlng cIa|n1 35

4. A digital timer according'to c1aim-1, 2 or 3 wherein
the N-bit counter and the M-bit counter are both 8~bit
counters.

15 NG
- 5, ‘A digital timer according to'claim 2 including an OR
gate having a first input coupled to receive the third
signal, a second input coupled to the output of the AND gate
and an output coupled to the reset 1nput of the blstable
20 means.

6. A digital timer according to any preceding claim
including first and second modulus latches associated
respectively with the N~-bit and M-bit counters and arranged

25 to load their respective associated: counters with
predetermined N-bit and M-bit digital values respectively in
response to the second signal.

7. A digital timer for use in a microprocessor
30 substantially as hereinbefore described with reference to
the accompanying drawings.

8. A miérbprodessor including a digital timer according
to any preceding claim. _
35 -
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