2176353 D/ A CONVERTER This invention feldates to DJA converters and nore 5
particularly.to DA converters of the type in which the digital signal is
used to provide a pul se ,w dt'h nodul at ed ﬁp w. m) signal vvhich S
subseqtiently filtered to produce the ara

ogue waveform IS an s
t he present invention to produce the p.wm signal in a sr npl e ng$2%és]g

exi sting parts of conventional ssors. Accordingly, the
i nvention provides a DA converter PZ)R %Qggéfﬁﬁia m croprocessor conprising

first and second tinmers, first and second nodul us | atches associ at ed
respectively wth said first and second timers for hol di ng respective
digital values, the tiners being 15 arranged to produce first and second
respective overfl ow sThjsainveatior eetatesnitodyAccanvestenshandimoreai d second
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digital Val I'n 'sard respective |a
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response tosﬁgsover f rm;émri&%arxgeh%aamagueawswﬂ level in response

to said secon ow Si wher e

e pul produced for m a pul se
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said r1espectp| wemﬂs(jgr}iﬂ iﬁaé erptflmdnmer usiny rextpEinyi p’ag*ﬂsabﬁ:iceaven'lﬁ‘lenal
conver ica ornms part of a mcroprocessor and 25 usually further
i ncl ude‘jb “ﬁFf&? °%§ﬁ%9¥5as a capacitor, for filtering the p.w.m signal to

produce an anal ogue mmi'dingly]'hthedrlgverta;ﬁowameisdGSeBoDﬁAncomrﬁadLﬂ%lsuse
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val ues and tsecprddode I{%éﬁtcheésp%iﬂd@EEQ)VEWQCG\TW%WgH&t% sahe Firskiandcount
reétdbes Zer Gecond timers for holding respective digital values, the timers being
15 arranged to produce first and second respective overflow signals at
predetermined counts, wherein said second overflow signal causes said
first and second timers to be reset to the digital values held in said
respective latches, and bistable means for receiving said overflow
signals and producing an output at a first level in response to said
20 first overflow signal and at a second level in response to said second
overflow S1gna1, whereby the pulses so produced form a pulse width
modulated signal whose duty cycle is representative of the ratio of
said respective digital, values held in said reSpective latches.
The converter typically forms part of a microprocessor and
25 usually further includes a filter, such as a capacitor, for filtering
. the p.w.m. signal to produce an analogue waveform.
— The digital values held in the modulus latches are
conveniently set by a microprocessing unit.
Preferably, the timers are also'arranged to count down from
30 the respective digital values and to produce their respective overflow
signals when their count reaches zero. |
. In a preferred embodiment, said bistab1e means comprises a
flip-flop which is toggled by said overf1ow signals. The bistable
means may also comprise logic gate means for enabling the overflow
35 signais ‘to be passed to the flip-flop. The logic gate means
preferably comprises two AND-gates, each gate having one input



In a preferred enbodi ment, said bistable neans conprises a flip-flop whi ch

is toggled by said overflow signals. The bistable neans may al so conprise

| ogi c gate neans for enabling the overhl gw 35 si‘gnal,s to be passed to the -
flip-flop. The logic gate means preferably conprises ‘two AND-gates, edch
gate having one input -2-. connected to receive an Enabl e si gnal and™the
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of a 15 Inventdoeiwidli now (bﬁnmf@ fully describedyby wayofr exampl@hwith as shown

i n Fi gur e ppfefenicBetdltaw mwi,@gsmoermrcﬂcessor 9 includes m croprocessing
unit 1 which is us r 1 t.al values to each of two nodul us
| at ches 2A and 2B.. ISHE?\F}i ch%ebiﬂC'grﬁi‘agﬁ“l Of Ratteet dhetRy A corvgrderiine tiner

3A and 3Ba fieropadcessor2Aandnd 2B 15  are used to reset the ti neré Bﬁ\ ?nd
3B to the digital I V] \by..the m croproce ac I mer
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2A and 2B to reset thelr respective I ners val ues
stored in9 Hel Méspéaerwqcasemsurait dhehich is used to provide digital

values to each of two modulus Tatches 2A and 2B. Each latch 2A and 2B
is connected to a respective timer 3A and 3B. The latches 2A and 2B

15 are used to reset the timers 3A and 3B to the digital values provided
by the micrOprocessing unit 1.

Each timer counts down from the reset value and provides an
overflow signal, designated 4A and 4B respectively, when its count
reaches zero. The overflow signal 4B from the timer 3B is used to

20 cause both the latches 2A and 2B to reset their respective timers 3A
and 3B to the digital values stored in the respective 1atches at that
time. _

Each of the overflow signals 4A and 48 is passed to an
input of a respective AND-gate 5A and 5B. The other inputs of the

25 AND-gates are connected in common to the microprocessing unit 1 which
provides an Enable signa1 E to the gates. _

The outputs from the gates 5A and 5B are then passed to the L/
inputs R and S of a f1ip-flop 6 and are used to toggle the f1ip-flop
to produce a pulse width moduiated output at Q. This is then filtered

30 bya 1ow-pass filter in the form of a capacitor 7 to provide an
analogue waveform at the output 8. _

The operation of the D/A converter will now be more fully
explained. | |

| The digital value passed to the latch 2B hy the
35 microprocessing unit 1 is representative of the period of the desired



time. Each of the overflow signals 4A and 4B is passed to an input of a
respecti ve AND-gate 5A and 5B. The other inputs of the 25 AND- gates are
connected in common to the mcroprocessing unit 1 which provides an Enable
signal~E to tihe gates. The outputs from the gates 5A and 5B are then passed
to thésinputs Rand S of a flip-flop 6 and are used to toggle the flip-flop
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into a | ow dutiptie.a high cutput apd theoatkerd overfilowssignal stoggles the
| flip-flop 6 into a Tow output. The output so produced is thus a train
of pulses which is then filtered by the capacitor 7. '
\ The invention thus utilises existing components of a
15 microprocessor 9 to produce the p.w.m. signal.

It will be apparent that although in this embodiment a
flip-flop has been used to provide the pulses, various other bistable
devices could be used equally well.

For example, as shown in Figure 2, two D-type flip-flops

20 may be used as will be further described below. In this case the
overflow signals 4A and 4B are again passed to respective AND-gates 5A
and 5B, but in this embodiment the Enable signal E is passed to a
first D-type flip-flop 10 which is clocked by the overflow signal 4B
from the time 3B. The enable signal is also passed to the second
25 input of AND-gate 58, but AND-gate 5A has the output from the
flip-flop 10 as its second input.

N The outputs from the two AND/gates 5A and 5B are passed to
an OR-gate 11 whose output provides the clock for a second D-type
flip-flop 12. This flip-flop 12 provides the pulse width modulated

30 signal at its output Q, which is then filtered by a low-pass filter in
the form of a capacitor 7 to provide an analogue waveform at the
output 8. In this embodiment, the inverse.output Q of the second
£11p-flop 12 1s connected to the D JiEne-sF the )
each time the f1ip-flop 12 s clogked by / 3 the OR-gate 11,




of pulses which is then filtered by the tapacitor 7. The invention thus
utilises existing conponents of a 15 m croprocessor 9 to produce the
p.w.m signal. It will be apparent thaj although i'n this enbodi ment a
flip-flop has been used to provide the pul ses, various other bistable - .
devi ces coul d be used equally well. For exanple, as shown in Figure 2, w&wo
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5 the first D-type flip-flop 10, and to the AND-gate 5B, and by using the
overflow signal- 4B to clock the D-type flip-flop 10, the circuit is
arranged so that the.first signal to be passed to the OR-gate 11 fromthe
AND- gate after the Enabl'e signal is swit®hed on, is the-overflow signal 4B
and tfe last signal to be passed to the OR-gate 10 after the Enable
signal is switched off, is the overflow signal 4A It wll, of course, be
appreci ated that the pulse width nodul dttdd §ignal fromthe outputs of
either of the flip-flops 6 or 12 can be passed directly to, for exanple, a
DC notor w thout the need for additional filtering. -5- CLAI M5 1.

A D/ A converter for use in a microprocessor, conprising 5 first and
second tinerk, first ArQyAseonvedrtemdiorussd dbchanicroprocesdory camppisingvel vy
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said respective digital values in :
in response to said second overflow signal, whereby the pulses so
\_/. produced form a pulse width modulated signal whose duty cycle is
15 representative of the ratio-of said respective digital values held in

said respective latches.

2. A D/A converter according to claim 1 further including a
microprocessing unit for setting said respective digital values in
20  said first and second modulus latches.

3. A D/A converter according to either claim 1 or claim 2

wherein said timers are arranged to count down from the respective

digital values and to produce their respective overflow signals when
25 their count reaches zero. '

— 4. A D/A converter according to any preceding claim wherein
said bistable means comprises a flip-flop whose output is toggled in
response to said overflow signals.
30
5. - A D/A converter according to claim 4 wherein said bistable
means further comprises logic gate means for enabling the overflow
signals to be passed to the flip-flop.
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20 said first and second nodul us 1atches. 3. A D/ A converter
according to either claim1 or claim2 wherein said tinmers are arranged to
count down fromthe respective digital values and to, produce their ¢
respective overflow signals when 25- 6§ heir count reaches zero.--4.
A DA converter according to any preceding cl ai mwherein said bi st ablivet’
means conprises a flip-flop whose output is toggled in response to said
overfl ovPssi gnal s. A:J.!)’ABconverter acsotdiagc toncdaimrs wbereidi sgid dog'lo]::u m 4 N
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whoss output is the p.w m signal, each AND-gate havi ng one input connected

to af Enable signal. 5 7. A D/ A converter according to any one of
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8. - A D/A converter according to claim 7 wherein said -logic

gate means comprises two AND-gates whose outputs are passed to an - o

_OR-gate which’ provides the c1ock input to said first D-type ) \/
15 flip-flop. - :

the

9. A D/A converter according to claim-8 further comprising a -
second D-type fl1ip-flop whose input is an Enable signal and which is
clocked by said second overflow signal, the output of the second

20 D-type f1 ip-f10p being passed to input of the same AND-gate as the
first overflow signal, and the Enable signal also being passed to the
input of the same AND-gate as the second overflow signal.-

10. A D/A converter a‘ct:ording' to any preceding c¢laim further -
25 including means for filtering said p.w m. signal so as to produce an
analogue waveform. o
_ ~
11. A D/A converter according to claim 10 vmerefn safd |
filtering means comprises a capacitor.
30
12. A microprocessor incorporating a D/A converter according to
any one of claims 1 to 10.

13. A D/A converter substantially as hereinbefore described -
35 with reference to either Figure 1 or Figure 2 of the drawings.
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9. A D/ A converter according to claim8 further- conprising a second
D-type flip-flop whose input is an Enable signal and which is cl ocked by

sai d second overflow signal, the output of the second 20 D-type flip-flop-
bei ng :passed-4 0 i nput of the sane AND-gatg as the first overflow signal,
and, t e Enabl e signal al so -being passed 1d the input of the sane AND-gate
as the second overflow signal.- 10. A D/ A converter according to any

preceding clgymfurthgr L ncl.udi r..fil i aj, d ..
signal so asil%'o pr Odugemgﬁ‘ogﬁg oégg %&M?igﬁ ﬁéﬁe%!:&%r%/é\edsggh%ﬂ er
accor di ng t oWwttmiraferengactaehthen Bigunet tram§iguren? afortheidrawingscapaci t or.

-- 30 12. A m croprocessor ‘incorporating a D/A converter according
to any one of clainms 1 to _10. 13 _ A D/ A converter substantially as
her ei nbefore described 35 wth reference to either Figure 1 or Figure 2
of the--draw ngs. -7- 14, A nrcroprocessor substantially as

her ei nbef ore described with reference to either Figure 1 or Figure 2 of the
dr awi ngs.
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