he -

1 .+ ' . DEMODULATOR FOR A PULSE W DTH MODULATED S| GNAL ﬁb {;ﬁ, [
The” |nvent|on relates to a denodul ator for a pul se wi dt h d
~~7Signal and, in particular, to such a 5 denodul at or for neaggﬁgp

"~ pul se mﬁdth of a signal of vari abl e pul se frequency.

transm ssion of information using pulse wdth nodul ation at a
constant pul se frequency is well known. . I'n such systens a signa
conprises a series of PEMOREATGR RPR A PHLEBNYIBTE MORUJAFRD, STGNAL' hi gh" or
"on" period of the pul se; and hence the mnd}h prOV|d|Pg %Rfornatlon
for exanmpl e the | ed | i tude of an anal ogue_ si gna e

i nf or mati on cgﬁ be reﬂﬁgyp gﬁ%ﬁ 0 H& aBﬁ?ytPa?laémgﬂ%&ator foy & tpielsatio
of the "on" perimddﬁht¢nﬁmﬂdt&dtsighelsamﬂ151n pﬁrﬁi&hldﬁ} per isadhang the
coffr periad.  Thanddlidcd ®or measur My l‘?\{p w@ﬁ;:bogf %}.?nafonét ant
period of the . si.gnal . urther nown" t

information may PRTESRIE Sylse freqPﬁnﬁYvarlable frequency pul se wi dth

nodul at ed signal, 20 The tthinsnfissiar ©f hnfred ol Jdiigsigiale | w10k
const ant . 4# éﬂﬂ%.ﬁ.ha been ngde to arr¥ out neasprenents, of such
al ogue f

si gnal s using an €e§ PRk R paeency is Wehl knowy
pass-filter, qunRﬂ|$uﬂheSaﬁﬁeageaDélgnala@pmprlses ias serdenr ofl. pubsed at

Systens nagessar ig Yod@stide ﬁ&%}déﬁc@ﬁ *}ﬁ 2 BN 3 | {nds
special calibratio It i's an Obj the irnventionto
provi de a pulse, and hence the width, prov1d1ng information, for

example the sampled amplitude of an analogue signal. The
information can be represented by the "duty ratio®" that
is the ratio of the "on" period of the pulse to the sum

15 of the "on" period and the "off" period. The sum of the
"on" and "off" periods is the constant period of the
signal. ' '

It is further known that information may be cénveyed

in a variable frequéncy pulse width modulated signal,
20 that is, where the period of the signal is not constant.

-Attempts have been made to carry out measurements of such

signals using analogue techniques, for example those

using a low pass-filter, wherein the average DC voltage

is measured. Such systemé necessarily require costly
25 analogue components as well as special calibration.

It is an object of the invention to provide a
demodulator capable of demodulating a pulse width
modulated signal using digital components.

According to. the invention there is provided a

30 demodulator for a pulse width modulated (PWM) signal
which alternates between first and second states, the
demodulator comprising: a up/down counter having a PWM
signal input and a set input for a signal indicétive of

an event in the PWM signal period to which the counter is



denodul at or capabl e of denodul ating a pul se width nodul at ed si gnal
using digital conponents. According to the invention there is
provi ded a 30 denodul ator for a pulse width nodulated (PWW signal

whi ch alternates between first and second siates, the denodul at or
conprising: a up/down counter having a PWJ signal input and a set

I nput for a signal indicative of , an_event in the PWM signal period
to which the coumésponsive to set a predetermined first value tlerein;

responsive 1o sep.g,predel ey gt fn{efa%s ‘f@ﬁ%ei:h?ﬁ&' 8 count r&&INBf e

setting means for setting a count counter to count from
the predeterni neGORRESE Yol Rt fﬁo‘“ the W@@SF@FWH@G ELEBhVa D \er
the PWM si gnal p@ﬁsbaéteémmedt BacoRd dowlueowReer thei IFWM esipansl serindne of

the first nd st ates of, the PV\MSI nal

count in ofe di rgg‘F BH%?‘S% TREESET Reing esgoc?%l% & {jﬂg 8 ?hgv@ﬂ&lo
responsi ve to thendt seconf shatés raf tahﬂj PWM signedond that é%léerﬁ@'—PWVI
signal to count iJguhke theénéo dirdb¢ £51 | GhowS UeRet hﬁtirgﬂ OVA Db (Hndhe

up/ down counter is -a value representatjve of th i 0, of t
P signal thereafter, TREPOMFIIR: Fof bRV i‘? ‘U‘gnﬁ\éﬁl Zilﬁlstt h%t?
count s in sekpnd st atiese Gif CllitSefBWMt bﬂghafghtand:olunw dar ttshef ot ter PWM

end ofSIt%g' PVWI ;r%gﬁfe:cré%lgrl olaH %lﬁe equ ngt{bguf ﬁ%uﬁb'/ﬁgwﬁt counter 14
a value representatlve of the duty ratio of the PWM
signal.

The invention provides a demodulator that counts in
opposite directions for the high and low parts of the PWM
15 signal. The final value of the up and down counting at
the end of the PWM signal period is the equivalent of the
duty ratio of the PWM signal.

The invention can be arranged to demodulate PWM
signals in which the period, and therefore the frequency,
20 is variable. This is achieved by linking the rate of
' the count to the prevailing PWM signal period. By this
correlation the count rate will be adjusted to the PWM
signal period, such that the rate will be higher when the

period is short and lower for a longer period.
25 Preferably, the demodulator includes a frequency
multiplier, having a system clock input, an up counter,
a latch arranged to latch on each PWM signal rising edge,
a programﬁable divider, and a fixed ratio divider
arranged to divide by the counting range value, wherein
30 the up counter is arranged to count up at the system
clock rate divided by the fixed ratio divider and output
a maximum up count value to the latch and the
programmable divider is arranged to receive the up count
value from the 1latch and divide the system clock



>

duty ratio of the PWMsignal. The invention can be arranged to
‘denodul at e PWM signals in which the period, and therefore the
frequency, 20 is variable. This is achieved by linking the rate of
the count to the prevailing PW signal periaod. By this correlation
the count rate will be adjusted to the PW signal period, such that
the rate will be_hi gher when the perivod is short and Iovver for a

| onger period. 25requency by ethe alatched o qovsdulvadse i ncMheesoantiaguency

nul tiplier, havi pgngesyaia@ Gﬂa@Ckbé r@éﬁerxﬁméao wuaéﬁivmg the tihdhah
arranged to | atch 0 eacF PWM si ranmabl e

ng
di vider, and a f& e} aPlF o8 \‘flob‘ 8' of' 2he PPa%&gHtFB df’wt&& eaency
counting range vablipiphbereiwitddn at hEnipurousperifiiedir PAMgaektiodotnt up

at the sysgem achie¢bOgKabaiged] ¥_+_—98£’ @xlﬁge f‘rﬁﬁd ggééﬁ diyi dgls2nd

out put a nmaxifum up count value to t
progr ammabl e di vFEBFigUred  toRRe%A S withie andespred miiror tolerggicge from

the latch and divi de The &amddilatoictay be arranged to output a "no-PWM"

?ange val uef ngugggée?grﬁrﬁeﬁedﬁby% %%dj‘?r]r%lcy/%hﬁ?%n?ef Fod" rrl?g: £igf up

counts of the upvééum er The wpe douagesnof the fregulencyl medtipfhien amay
mi ni mum speci fi ednBYWheehi plelift Srmined Gl BN u(pe%Ju‘fl‘t rlﬁ'é V%Inﬁeth efhe

system can t hus he configured to operate wth eS|re error
tglerance Qemodulator may be arrangéa to output a "no PWM" signal

when the maximum up count value is exceeded.
The present invention can be put into practice in
various ways some of which will now be described by way

15 of example with reference to the accompanying drawings in
whlch
Fig. 1 illustrates the operatlon of a basic up/down
counter;

Fig. 2 is a block diagram of a demodulator according

20 to one embodiment of the present invention;

Fig. 3 shows the operation of an up/down counter
with the introduction of an error factor; and

Fig. 4 shows the quantisation effects of a frequency
multiplier.

25 A pulse width modulated waveform to be measured is
generated from an external source, for example from
sampling an analogue waveform. The analysing system of -
the present invention is preferably incorporated in an
application specific integrated circuit (ASIC) and the

30 waveform is input to the ASIC. = The system is also
suitable for incorporation in a Field Programmable Gate
Array.

The demodulation of the signal is described firstly
with reference to Fig. 1. A sample PWM signal is shown



The denodul ator nmay be arranged to output a "no- PWM si gnal when the
PWM frequency drops below a specified val ue. The up counter of the
frequency nultiplier nmay 10 i nclude a predeterm ned nmaxi mum up count
val ue, and the denodul at or may be arganged to output a "no- P\M

si gnal when the maxi mum up count value is exceeded. The
present invention can be put into practice_in various ways sone of
which wi |l now batdéder botdioly ofaythEb figuref, wariplge avililyhr efaanencerder t he
acconpanyi ng dr aghg9s '].Bw value WhLega | A measuremgljltg cgiélllltys” ALef.d he
operation of a basic }) count e £ ock
di agram of a denBBul%R d?o"ﬁbcﬁP’E}PH@rZGiapablteo @ﬁeC@Nﬁﬁdnﬁ‘em\fﬁm ahegngssent
i nventi on; | between]IC:I fers %IMNfSat f‘éémlﬂféﬁ | gppet atumbdyxown &Qlﬁfﬁh%r "
WlththEI trodu an error cto shows t he
quanti sat i gn eff%%égﬂn?ng PF of’ tﬁﬂu?WpFr‘@Palzghe %"unterA’ﬁll se
wi dt h nodul at ed headedr mitd l@e vnnJasaJrzyd the centregpodznateaf fitemmmge .
external source, yhbAr t®%ATHNME 11.’;%515}[7‘ is hlghsa{mla' %guﬁp_eén‘?: gﬂﬂg Vel m
The anal ysi ng system of resent invention Is

incorporated in ¥Aen it is,lgp; Ehe; Sﬁ“%ﬁ%%l??@?%twfa{ edrféﬁ rQ,QHI'{te(rASJSC)
and the 30 waeef eomebantnaut at @atéesﬂ&zcthatT:’Jﬁ tSHétmlélg'ﬂaSLO were

The. donmatPati onisR, Bk R bt Besdal kAT ATIRGS NS reagn 168 bibiamce
to Fig. 1. A sanﬁﬂ@lp\/\iw-sﬁgnup te Jg,(}ﬂi/hexactly at the end of the signal
period.

An N-bit counter is used having upper limit 2" and a

50% (start) value of 2%/2 = 2¥!. Accordingly, in order

15 for the counter to fill to its maximum count value, it

must be. capable of makin§ 2" counts within the peridd.

Accordingly the actual frequency at which the counter

counts will be a function of the number of. counts

required in a PWM period (which is in turn dependent on

20 the number of bits utilized in the counter). 1In fact,

the count frequency is achieved by multiplying the PWM
frequency by 2%, or:

fooowr = Epy x 2¥1 (1)

25 .

For example, with .an 10-bit up/down counter, the

input fi‘equency of the PWM is multiplied by 512 and that

frequency is used as the clock enable to the counter.

This method is satisfactory for those situations where

30 the input frequency of the PWM waveform is known in

advance to be either constant or to have very small
variations around a constant value.

As an example of such a system in operation, Fig. 1

shows the count rate, given by gradient G, of the counter



4 - at the bottom of the figure, having a high value "one"

and a | ow val ue "zero". A measurenent circuit includes an up/ down
counter capabl e of counting over a range between zero and a

sel ect ed upper nunber. At the 5 beg nning of a cycle of the PW
signal the counter is | oaded with a value at the centre point of its
range. When the PWM input is high, fhe counter counts up and

when it is |ow t#echothaerifolihtecountvad Upheaouiiteereritire PWM peetiotio itount
at a rate such tlgh1af rblienPIWbS] OnatndeiSurdir méyeqlenft%r oifal §elti o

t he counter woul?d_ iCh its upper 8 exactly at
the end of the st§hg 50% lgngy the llne & OAnaﬁ-blrcth:o%ﬁlt hej $Wsed

havi ng upper |imsigRherris ahilgh. Once S50%e( SwM t piyahle g@feSZ[Bcvar] | ne

count val ue, 11 co¥ncbf BelEbadice av 85 LATIRISLE crpfecomnes ‘aibRna he

peri od. AgEaddeng| yGt heTQGt eafl frugbetbgnapraNidhst he measnrrer of

counts will be athanpiiOguey éﬁeléﬁum%& e&aﬁﬁyét Sfor a pulSAWdnHiiging PYWM
period (which is_in tur ntglmgendent on e nunber  of bits util | zed in

the counter). | PAREC at t‘f?é'u@o&ngoﬁ'@ﬂﬁgn?lﬁ ? slopghiteinisy afy value

mul tiplying the wathe counterquilhl yorly A mtrdmermd by a small number of
flerr] iblerr]g r 0

exanpl e, WIBth an %EES 5118/ 58\% ggﬁﬁ menttﬁg bt )la%gernnblf"bfefeqtfenc(?fn&fs t he
PWM i s nultlpl|eH°U?rQ12h§n@eFﬁaF°unt Ferquenuyse s compiaingh80&| etk

enable to the cowal@e. 1, the citter®tiNgdihsrénbhel 264 Udctdfedth L the
situations where
same number and restore to its 50% level. For a pulse
with a long time at value 1, the counter will increment
15 further towards its upper limit and than it decrements
toward its lower limit.

Mathematically, the system can be described as shown
below and with reference to Fig. 1. The desired gradient
is shown as G in Fig. 1, and the numbers of counts are

20 expressed simply as percentages (i.e. they are normalised
to the maximum count of the counter).

Let: G = gradient of ramp

t, = PWM signal high time

25 _ t, = PWM signal period
8 = value of up/down counter after t,, has elapsed
8 = value of up/down counter after t, has elapsed .

30

w

S0 + Gt,

8 -G (t, - t,)

50 + Gt; - G (t, - t,)
50 + G (2t, - t,)

but G = 50
35 ok,



30 the input frequency of the PW waveformis known in advance to
‘be either constant or to have very snall variations around a
constant val ue. As an exanple of such a systemin operation,
Fig. 1 shows the count rate, given lgy gradient G of the counter

5 such that if it counted up for the entire PWM period it

woul d reach 100% The counter increnents fJroma start I evel of 50%
along the line G for as # &gy +a$ & HRtPVW t;) signal is high. Once the
PWM signal goes low, the 5 t; counter decrenents at an equival ent rate,
i.e. along a gradient -G The end count then provides a neasure of
the PWM duty cycle. For &x@hpl 0% & a Ul se conprising a short tine
at value " followed by a | ong timetat val ue 0, the counter will only
i ncrement by a small nunber of 10 counts and then decrenent by a |arger
nunber of counts - rd the zerg count . For a pul se conprising 50%
at val ue 1, the ‘courger mAII'TncRenent and decrenent by the '
same’ nunbgg and restore.tn its 50% | evel. For a pul se with a | ong
time at value 1, the counter will increment 15 further towards its

upper limt and than it decrenents ~ toward its lower limt.

Mat hemati cal |y, the syst eancae bgedfsehebedons Thatn with thel ay/addanwi th

reference to Figco&nté¥*%éﬁﬁ%{ﬁ§jéy%?%keggsired rate (i.e. slope or ramp
" 15 of gradient @), the end value obtained by the counter
will give a value that represents the PWM duty ratio.

It will be realised that the counter could equally
well count downwards for the PWM signal being high and
upwards for the PWM signal being low.

20 If the frequéncy of the PWM signal varies
significantly, the system described above will not

-produce the correct result, because the rate at which the

counter operates no longer matches the period of the
input waveform. This_difficulty is overcome by locking

25 the count frequency to the frequency of the PWM waveform.
This is done by having the clock enable input of the
up/down counter driven from a circuit which is responsive
to the frequehcy of the PWM waveform.

Fig. 2 is a block diagram showing the components of

30 such a PWM signal demodulator. The principal components
are a PWM input 1, an up/down counter 2 and a frequency
multiplier 3. The PWM input 1 is fed both to the up/down
counter 2 and the frequency multiplier 3.

Turning first to the frequency. multiplier 3, the

35 subsystem includes a rising edge detector 4, an M-bit up
counter 5, an M-bit 1latch 6, an M-bit programmable
divider 7 and a fixed ratio divider 8. The system clock
inputs to the frequency multiplier 3 at 9.



Is shown as Gin Fig. 1, and the nunbers of counts are 20 expressed

Sinply as percentages (i.e. they are nornmalised to the maxi num count
of the counter). Let: G = gradient of ranp tlerr]=
PWM si gnal high tine 25 t[err]= PWM signal period

[err]= val ue of up/down counter after t[err], has el apsed s =
val ue of up/down counter after t2 has elapsed 30 [err] =50 +
GJlerr] 8 seridserof pulsés| gemlerateferby )the rising edge =

S50 + Gferr] Gd@EE@EBL - 4t [ eranli) corresponding to SQ:hiGM [ & dnan

tlerr
6[ 1) §req§8nQY501§2§?g}+?d tQ[QHQfFﬁset 1nput of the M-bit ug err]
= 50 + 100 t[errkounb@r55. The clock input of tHHeeMJbit up counter is

5 coupled to the system clock 9 through the fixed ratio
divider 8 with its division ratio defining the
multiplication factor of the frequency multiplier. In

operation, the up counter 5 is reset each time a.rising
edge of the PWM signal occurs and then counts up in
10 response to the divided system clock to provide a count
output inversely proportional to the PWM frequency. For
example if the PWM frequency is low, the counter 5 will
be reset relatively infrequently and thus the maximum
count will be relatively high. If the PWM input is a
15 high frequency,-the up counter 5 will be reset on a more
frequent basis and thus the maximum output of the counter

5 would be relatively low. _
The digital output from the up counter 5 is applied
to a control input of the M-bit programmable divider 7
20 via the M-bit latch &6. The programmable divider 7
receives at its clock input the system clock 9. The
programmable divider 7 is of standard construction that
will be familiar to those skilled in the art. The
programmable divider 7 provides an output clock signal

25 that has a frequency that is substantially the PWM input
' frequency multiplied by the division ratio of the fixed
divider 8. This implements equation 1. This equation

can be derived as follows:

30 f.yse = the frequency of the system clock signal 9.
2%! = the division ratio of the fixed divider 8.
fww = PWM input frequency.

m = up-counter (5) count at the end of the PWM
cycle.



= 100 t[err] - (2) t[err] 10 It can be
sSeen therefore that, with the up/down counter counting at the
desired rate (i.e. slope or ranp 15 of gradient G, the end val ue

obt ai ned by the counter will give agvalue that represents the PWM
duty ratio. It wll be realised that the counter could equally
wel | count downwards for the PWM signal bejrpg high and upwar ds for
the PWM signal being |fuswr 20 programmablie diikédetfreguputyfrafueridye PWV
signal wvaries significantly, the system described above will not
produce the correct ré%u*t,—b&%ail,f&f&t.t_he_r_aie at which the counter
operates ng |onger matches t he? pefimed of the I nput waveform This
difficulty is overconﬁfgx?lgqglng 25 t he count frequency to the
frequency of the PWMwaveform —n This is done by having the clock
enabl e i nput of the up/ down counter driven froma circuit which is
responsi ve t o tHigukreqiehoy fgf, t he PWM wavef orm : Fig. 2
is a bl ockOdi agram showi ng the conponents of 30 such a PWM si gnal
denodul ator. The princi pal conponents are a P\Winput 1, an up/down

counter 2 and a frequeasNing to tr{aﬂut | Al céuntTQE PV L& Bt Jsﬂg%afleqsbot h
to the up/ down nter e fre yrruitl | ier

Turning first toc?ﬁﬁe?F%guEﬂcf IQR QWY ?9 3Ehput 95b§9§t&ﬂ4@%ﬁhdes
a rising edge deteunverg, and b urthpr risingcedgtedebec8drMbi isl alleh 6,

an Mbit EEOgranHB'thcte?s to dt%édgarglagi alc;%({egf)ﬁ@}bg q.[n%bxg_erog t]’-)ge

system cl ock requency
up/down counter 2 to load 1t at 50% at the beginning of
each pulse from an N-bit store (not shown). The up/down

counter then counts at the rate determined by the
frequency of the sighal from the frequency multiplier 3
g 20 .applied to the clock enable input 11. An N-bit latch 12
is latched by the rising edge detector to provide an N-
bit word representing the dﬁty ratio of the PWM signal.
While the embodiment shown in Fig. 2 shows two
rising edge detectors it will be apparent to the skilled
25 person that a single rising edge detector could be used
for both the up/down counter 2 -and the frequency
multiplier 3.
This embodiment of the invention provides a system
in which the count rate of the up/down counter 21 is.
30 locked to the frequency of the incoming PWM waveform such
that, in the steady state, it always counts frdm 50% to
100% of its range in the PWM signal period if the PWM

signal is high. Thus the circuit automatically
compensates for variations in frequency of the incoming
35 PWM waveform.

The system variables M and N and the system clock

frequency define the frequency range and accuracy of the
demodulator.



7 A series of pulses generated by the rising edge

det ect or 4, and corresponding to the PWM si gnal frequency, is applied
to the reset input of the Mbit up counter 5. The clock input of the
Mbit up counter is 5 coupled to the systemclock 9 through the fixed
ratio divider 8 wwth its division ratio defining the

mul tiplication factor of the frequency multi,plier. In operati on,

the up counter 5 is resetwikachet iappreciatiedg that thedgecofadheoP\Wihdisgnal

ocours and then SPUBLP: YBebdhdd naimlPSROBRE Loubler 4 et B AUeaCk to

nvers propor 'ona equency
For exanpthe;] ¢OI¥‘%CtPWHﬁer eqﬁm@? the ICdWth raabbaniepus ig [driven

be reset relati vg&ythgf nge\M@tgy f{@?ué 1er 3, iGOWH11WWd Dbe
relatively _high. _If ut s

a ,hl g re uency the u
counter 5 Will bb FESEPeoﬁcﬁuﬁ% ¥ of the ¢ix ‘P rﬁ%Ct
maxi mum out put ototiheinguofethe M-bitS5ceankdrbs. rel'ra:ulsveiqarﬂtew glVeS a

The digital out py; h oupt e t
i nput of the M bi %m%%gm?gm%g 8%86%\81 d%?gséi%ﬁt?ﬂ{% t t?ee]i\h%dltt ﬂIa tq% el
The programabl esdgﬂﬁélerbﬂt will dgesespidd¥ Kavet §ncl1’(§'§|@rtﬁ|59f—yt ré §ys‘trbm

cl ock 9. The the P4ADEE arg@bine di Wisle 7the Oﬁmtaﬂdﬁi’ad. caast ralctlicwn
t hat be  famliar fo.t.hos k{lledlnthe EZ_ 7
progr am*raBPe d| vﬁagﬂu?nﬁyov'f‘d’e% hd'ﬁ?"o % S IIRPTAGL QT 5Be © O%ﬁ L

frequency that |81gnhisaﬁbra¢bwn¢¢E32“Nﬂqumﬂequently high. However, at
the upper end of the input signal frequency range, the
performance of the system will be limited by the
frequency multiplier quantisation effects causing the
15 slope G to have an error (see Fig. 3). The variation of
this error is explained in Fig. 4. If, for example, the
value of N=16 is used in the up/down counter 2 then the
half-range 2%! will be 32768. The divider 8 will also
divide by that factor. For this example, the system

20 clock will be chosen to run at 10MHz.
These system parameters define the points in time at
which the M-bit counter will change count. These points
can be laid out on a frequency axis as shown in Fig. 4.
It is seen that m=1 over the frequency range from 305Hz
25 (given by 10MHz/32768) down to 152Hz. At this point it
changes to value 2 and holds that value until the
frequency reaches approximately 101Hz, whereupon it
changes to value 3. At the frequencies where the value
of m changes, there is no quantization error and k=1. As
30 the frequency reduces from, say 152Hz with m=2, thg error
rises to a maximum as the counter is about to change
value. This is plotted in Fig. 4 as the solid, saw-tooth

shaped curve. The peaks of this curve lie on the dashed
line given by:



frequency nultiplied by the division ratio of the fixed di vi der 8.

This inplenments equation 1. This equation can be derived as

fol | ows: 30 f[err] = the frequency of the system clock signal
9. 2[err] = the division ratiggf the fixed divider 8. :
flerr] = PWMinput frequency. - m = up-counter (5) count at th
end of the PWV cycle. o

8 flerr] = prograkmablwe+d) v/ der ofl&)put frequency.

m= [err] 5 flerr] = [err] flerr] = 2[err] x
flerr] 10 Turning to the up/down counter 2, the PWMsignal is

connected to t he¥i§F8ofh ¥R olntegex - of Thue df/ adiwd be seercdibsttertheand a
further rising edggig@incetrebrl8ctsradl 80 around 152Hz for this example.

5 The error k causes the up/down counter 2 to count at
the wrong rate. For example, while the PWM signal is
high, the up/down counter 2 increments at a higher rate,
and when the PWM signal goes low it also decrements at
the higher rate giving rise to an error in the final

10 count. It will be seen that, dependent on the actual
error and the duty cycle of the input signal, the up/down
counter 2 may saturate at 100% if k is greater than 1 and
the duty cycle is greater than 50% or saturate at 0% if
k is greater than 1 and the duty cycle is less than S0%.

15 By using standard design techniques, values of N and
M can be chosen for the counters 2 and 5 for a given
system clock ffequency. Appropriate choices will ensure
that, at the highest expected frequency of the input
signal, the value m of the counter 5 will be high (say

20 greater than 10) and hence the error k will not introduce
a significant error in the final count. '

It is further desired for the system to indicate

that, at the lower end of the frequency specification, no

PWM signal is present. Accordingly a "no-PWM' signal is

25 arranged to become high so as to select an analogue
' demand system at a predetermined lower frequency
threshold. As the number of up counts of the up counter

5 is proportional to the PWM period, the "no-PWM" signal

can be set high if the up counter reaches a maximum

30 value, known as the "terminal count". This is shown on
Fig. 2 where tﬁe output TC goes high when the terminal
count is reached and provides a signal on line 13. This
signals to other parts of the ASIC (not shown) that the
Anput signal is analogue rather than digital in nature.



15 connected to the parallel |load control input of the up/ down
counter 2 to load it at 50% at the begi nning of each pul se from an
N-bit store (not shown). The up/down counter then counts at the rate
determ ned by the frequency of the signal fromthe frequency

mul tiplier 3 20 applied to the clock enable input 11. An N-bit latch 12
is latched by the rising edge detector to pgovide an N bit word
representing the dutyItawibl dfe wiealPgkdsbyridiose skilled in Vhelarufuhat

enbodi ment shownghB FighridughoVisi M8 ¢ St egdgs.get ggt or,
be apparent to the skil Irélduz per son t m‘? sl{%gl e §YISI nggedg%ddlet ector

coul d be used °°mP°f18PtBoFﬁnth% ﬁ?)?%l%%?ficcﬁﬂ‘ﬁb@(r A0y helfe 9% ddudiasE
mul tiplier 3. by analogud ft!dnmiwd:lsrrenFoﬁfe:tahQJ]Jd]Vthl ﬁﬁ/@d&@fildﬁmu’tr

system o I Nl anubNEeGonLa i) ST theCe! JRenocaRL el 20l A0

| ocked to the frequency comng ef0
t he steady stat eprﬁﬁeaah/&%1@o@ntma:1‘trm1m%m1ementatm@% ofSimislamlnge |n |

the PWM signal pghtigd ithd handd8ment of StHBAlinvestiBhils sg%%}fkgﬁ%}?

circuit automati cal I o ensat es _for variations in
the inconming 35 E%F&/ab%f’a? ion to the de‘f‘ﬁ@“i?%?ﬁn’?%h‘i‘ﬁ’ SErEeMeshd N
and the system cbocl rising fedgpiemtythef PHE bhgnéleqiendys reafagalqnd:he
gccuracy 9b the cage thggnpﬂglé§f§ger could occur on any other repeating
stable event in the PWM period. For example, the event
could be a moment a predetermined duration after the
start of each PWM cycle which could be a rising or
falling edge, depending on the arrangement of the PWM
15 signél. ‘

While the invention is susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
have been described in detail. It should be understood,

20 however, that this is not intended to limit the invention
-to the particular forms disclosed. On the contrary, the
invention covers all modifications, equivalents and
alternatives falling within the scope of the invention as
defined the appended claims.

25



It wll be appreciated that the accuracy of this circuit depends
fainly on the counter 2 being clocked at the correct rate. Since the
cl ock enable input is driven by the out put of the frequency

multiplier 3, it follows 5 that the acgar acﬁﬂlﬂlﬂm]mmmmwepends on
the correct counting of the Mbit counter gi ves a

nunber of counts; g representl ng the period of the ‘Wt " S signal, but
will generally funcertainty of 1 in the value of m Wher e
the PMWM signal has a |ow 10 frequency, m i s hi gh and the accuracy of’

t he cl ock enabl e, als, for ount er co quent
However, at "t He upgga éﬁ& 5f e ?n@h’ﬁ 'B‘dﬁ‘éi%%ﬁ‘?ar{ﬁgmt he
per f or mance of t #toryL twim oh |41 tsernatest bdatbszenhélrst and feeagpm@nGyates,

mul tiplierg quanttﬁéta&ﬁbgﬁ;[@ggls S r1%;he 15 slope Gto have an error
(see Fig. 3). The varlatlono this error is explained in Fig. 4.

If, for exanple, the @ up/doym geuptex-havirg @cBWMnsignalpiopwh andneer 2
fj_he_ndt hg ) fd;iatfimpmtgefd’xf@r_rdlgudﬂ 1&1@133%5% Jb&az@llé&}éiﬁ;r 181 \Mh|e| ﬁllvxlsob
Ivide by that L t X t he .syst.em_2 W e
chosen to run atgg%%ﬁ% peffda'th S ﬁl%n%%és Ja: ésaﬁ?tsé’roé‘sd‘gﬁ 58 BRE

points in tine at Predeteymined tfHesw bnatlueouheeelmll change count. These

points 10 can be ¢@usk %&t&%e%t&h@%é&'ﬁé’ £y %e%%lﬁ 0&’%66}15 ' te of
It is seen thatmglzl over the f requenc%t_o_range from3 gl v by

10MHz/ 32768) dowh™To 989REST AtCt HfUHoi ntrq the fléﬁ&ngé@ltl@ V&Pueaz and
hol ds t hat val uepnedeﬂ:erdmmed secorid egatueyoveACHRE 2RI @ighaleleriodhz,

wher eupon it ﬂ@gfﬂié§n EeEBSn%EE uggz§§sdﬁp?ﬁf the %alue'

of . m changes, there ‘?@ no - qua I zation €error
frequency reduce%n‘?r%ﬁﬁO%;BtlaS@& ofi tthhenPWM shgnalrat the said ﬁtht toa

maxi mum asst he C@u@ﬁer i &h&éﬂ diGedtao@e from tN&l ULirsdhi SditieP! Qhlged in
Fig. 4 as the so oS W- t oot sha pechurve The peaks _of this curve

lie on the dashe er, respons1ve to t other of the first and
second states of the PWM signal to count in the other
direction, such that an output of the up/down counter is

an output value representative of the duty ratio of the

20 PWM signal.
2. A demodulator as claimed in claim 1 in which the
second value is the maximum registrable value of the
counter.

25
3. A demodulator as claimed in claim .2 in which the

counter is responsive to the said input to be loaded with
a value of half the maximum registrable value of the
counter as the first. value.

4. A demodulator as claimed in any of claims 1 to 3 in
which the counter includes an N-bit digital register.



i ne given by:

k =(mtl) /m (3 where mis an integer. mmmm lm”m een
that the maxi mum error occurs at around 152Hz ﬂ"s

The error k causes the up/down counter 2 tgscount ‘at “tHe Wrong rate.
For exanple, while the PWM signal is “hi gh, the up/down counter 2
I ncrements at a higher rate, and when,the PWM signal goes low it also

decrenents at S. the Hegbéulatade Casi nglainsel t Airan elaiod i thetdHeral 10
count. It will 198138?9 té}’f‘t bqftﬁ?tg.qgﬂt cgﬁhé&e@%ﬂ% tpe Olét Erc% t%xrl:d the

duty cycle of the mE Saturate
at 100%if k is- GPHBEEF tam a A mgnalt@é@@@t ydewt'eon sagreaged tean

I50% 0{ hsat uB a/t elehaﬁifel the latchK tioS c@fcgﬁftgrtéiéﬁ%ﬂlt@r%ﬁﬁ&éﬂﬁahﬁwlﬁ } SN
ess than b r i gn techni ques, values o
and gM canng gﬁﬁgeﬁagb‘? ?ﬁq: f}"r’r{"é ajmd 5 for a given

system cl ock frequency. Appropriate choices will ensure that, at the

hi ghest expectedgfr .eqﬁle?%\aﬁoag%E\ESr' QRut 1a1 ?O tglel}{auﬁqc@ chhé he

counter 5 will be hl% eat er t hence the error
will not introdug¥en deteatermfa ceking re&gel ﬁlefceetprnm count .

0 - 7. A demodulator as claimed in any of claims 1 to 6,
including count rate setting means arranged to receive a
signal indicative of the PWM signal frequency and to lock
the count rate to the PWM signal frequency.

15 8. A demodulator as claimed in claim 7 in which the
count rate setting means include:
a second counter arranged to count at a fixed rate
~and output a maximum second count-value;
a latch arranged'to receive the maximum second count
20 value and to latch on each rising edge of the PWM signal;
and .
a programmable divider arranged to receive the
second count value from the latch and to divide a fixed

frequency by the latched second count value to derive the
25 count rate. '

9. A demodulator as claimed in claim 8, including a
fixed ratio divider arranged to divide a system clock

frequency by a predetermined factor to derive the fixed
30 frequency. ' '

10. A demodulator as claimed in claim 9 in which the

predetermined factor is half the maximum count value of
the up/down counter.



It is further desired for the systemto indicate | ower
end of the frequency specification, no PVWM sr resent
Accordingly a "no-PWVM signal is 25 arranged to ﬂﬁﬂ ’m’

sel ect an anal ogue demand system at s pr edetie ency
threshol d. As the number of up counts of the up count er

proportional to the PWM period, the "no-PWM, signal can be set hi gh

if the up countenlr eadhedemodubdtam 38 claialede, nknawp @ﬁeﬁéﬂlhber@la(m

count” This is ;g ere the o t .TC goe when
the term nal * @i‘(}lﬁlﬂg mearngacfll“:u pxzo f):rlél i fed'%S Lbi'&;r?aﬁg“@sr I“T%r?é’ € Thi s
signal s to ot her P £d98R1t ﬁeeﬁee@cynzas kebow)a tredetiegmined valunput si gnal
is anal ogue rather than digital in nature. It will be

realised b)éthos Skl||§d |g ihe ar at - the various circuit
conponent s >shown 145 dfyPERpdu c"’tﬁrﬁgﬂﬁ“éﬁ‘fag ALY ddi awhen derendent,
whol e or in part on claimb§, ahabroduis danphhent she Em—maﬁﬁbﬁaltheam@/m

counter 5 . £291ke ﬁﬁ:{) n an 90N J.fi that were
preferable in a Elg‘rétlcul a?’ldla cﬂYcé’P‘ ﬁl GLQQEE k”ﬂgﬁ ma’zlm\k}rttnl e‘f%%d
embodi ment of t hEURFeNRLlYR 18 §i§€§¢¢¢@al ly descrl bed in relation to
t he denodul ator being triggered on a rising edge of the PWM signal,

epeating e ” ' "333p1 2 SrRRETRBE. BRIy (PR A St g et
including a frequency multiplier having a flrst variable
frequency input and a second system clock input and an

output frequency equal to the product of the first input
frequency and a predetermined multiplying factor, the

15 frequency multiplier further including an up counter, a
latch arranged to latch on each PWM signal rising edge,

a programmable divider and a fixed ratio divider set to

divide by the predetermined multiplication' factor,
wherein the up counter is arranged to count up at the

20 system clock frequency divided by the predetermined
multiplication factor, and to output the value to the

latch, and wherein the programmable divider is arranged

to divide the syétem clock frequency by the latched up
count value.

14. A method of demodulating a pulse width (PWM) signal
which alternates between first and second states, the
method comprising: providing a signal indicative of an
event in the PWM signal period to an up/down counter such
30 that a predetermined first value is set in the counter;

setting a count rate of the counter to count from
.the first wvalue to a predetermined second value over the
PWM signal period, the up/down counter responding to one
of the first and second states of the PWM signal at the



could be a nonent a predeterm ned duration after the start of gach

PWM cycl e which could be a rising or falling gdge
arrangenent of the PWM 15 si gnal . Vhlle ”

susceptible to various modi fi cati ons ghd alternatlve onnsn Spec
enbodi nent s have been shown by way of éexanple in the draw ngs and
have been described in detail. It should be ,understood, 20 however, that

this is not intemsddd evehtntd ¢dumt ri\tEBhIeOdlrectlontﬁl‘d{d”'%hléafﬁ.tﬁfw@é]t.li@r s
di sclosed. On th n nvent i covers no i cat.i pns,
equi val ents and i Eh@%&ngg [Ves oqéln R o??ﬁf é? 53 glfﬁﬁ nd
i nvention as secQﬂ%|ﬁRﬁFQQu9ﬁﬂﬁhmdéﬂMcBagnel 26 count in the other

12 CLAI Mdirection, khe AowtgRdubat ehef Ql'b/@.o%ll ouedth H&qﬂj aér?d
(PVW) ' S|gnal mhlch 3IgeEﬂg£es bet ween flrst and second states,

the dempdufator COWFHSs 18 YeRregs V@b&ﬁtépehQVFMgr%tFﬂmﬂf_
signal i nput andt@e PWM sdgnaillnput for a signal indicative of an event in
t he PWMV signal period to which the counter is responsive to set

a predeterm ned first val ue therein;
P 15. A method as claimed in claim 14 in which the second

value is the maximum registrable value of the counter.

10
16. A method as claimed in claim 15 in which the counter
responds to the said input to be loaded with a value of
half the maximum registrable value of the counter as the
first value.

15

17. A method as claimed in any of claims 14 to 16 in
which the counter has an N-bit digital register.

18. A method as claimed in claim 17 further including
20 latching the output of the counter and enabling the latch
at the said event to output the output value.

19. A method as claimed in claim 18 in which the event
is a rising edge on the PWM signal.

25
20. A method as claimed in any of claims 14 to 19,
including setting an account rate on receipt of a signal
indicative of the PWM signal frequency and locking the
count rate to the PWM signal frequency.

30 :

21. A method as claimed in claim 20, including:

. counting at a fixed rate and outputting a second
count value;

latching the second count value on each rising edge



10 count rate setting neans for setting a_count rate of t he
counter to count fromthe first value to a predeterm ned second val ue

over the PWM signal period, t he up/ down coun m Htm‘uLve to
one of the first and second states ofig he Pva/mugml“' m

event to 15 count in one direction from the* fifrst Vallie® and,
thereafter, responsive to the other of the_ f,irst and second st ates of
the PWM signal t efcdnet b shgnsiheand direction, such that an out put

of the up/down count elagpd. m thB _oyg@gﬁeaalé&-dﬁpr @sﬁm;at ivamuef tbe guty

(r:?;: 21 ifl E\h\ilngh H’??Z\Mms“{a qsee(fjdﬁ’d'dx?&] q d’t‘ﬁéiemdu egl sf %b%?g{/al%e of

t he count erthe23 atched sacond demntiuvalwe tas derdivieedhencetntnraten
whi ch t he counter is responsive to the said input to be | oaded with
a val ue of -5nalf t he maxi num r egi strabl e val ue, of the uat er .as the

first.value. 30 22. A methedj@sogdrimef 38 ¢laimed H-“éﬂy‘r‘d&flgc Widingio 3

in whi ch theggapaheelbr! Feguancht by ailgré@étéﬂ@irﬁ@rfactor to
13

derive the fixed frequency.

10 23. A method as claimed in claim 22 in which the factor
is half the maximum count value of the up/down counter.

24. A method as claimed in any of claims 14 to 23,
including pfoducihg a no-PWM signal when the PWM signal
15 frequency is below a predetermined value.

25. A method as claimed in claim 24 in which the no-PWM .
signal is produced when the maximum second count value is

exceeded.



5. A denodulator as clained in claim 4 further | i ncl udi ng an
N-bit latch connected with the output of the counter and a PW
signal event detector arranged to enable the latch to output the

val ue representative of 5 the duty ratixz of the PWM signal. 6.
A denodul ator as clainmed in claim5 in which the event detector is a
ri si ng edge detector. 10 7. A denodyl ator as clainmed in any of
claims 1 to 6, i ncl udi ng count rARSERAGY ng neans arranged to

receive a Si gNOEMODULAFOR WOROR Pot.sEVMIsirangbpir.aee Nsyed to | ock
the count rate to the PWM si gnal frequency. 15 8. A denodul at or as

claimed in claim7 in which the count rate setting nmeans incl ude:
a second counter arranged to count at a fixed rate and output a

maxi mum segpnd count vl §€nodulator for & g%tgé a&f&ﬂ'geﬂo&?lé@&&' e %AQQ
maxi mum second count 20 value and to | on each ri1sing edge g

PWM si gnal ; comppjses a counter; FFIAIGHEHP eCORRT JER apﬁaﬁgeacttbon
recei ve the wheaecehe CPWMt sizjnad f Eem thisgH 'at ahdanint ctKB Vbgpoaitexed

frequency by the d n al derl,, e t,,h count
Aﬂﬁ%ei%n ) {3‘ al,s%f%n;? \ Ei:o ar :Lve aat a.

rate. or-as ¢ ' clhai m nclu
fixed ratio divi deoundy rmmﬁetrttaﬁlmed@fa @mtamqycd@ As af requbhcyaby a

predetermiyed facifiud GpidsethRevhi ¥80cR9 duty MFRIUSHEY the PWM signal
can be obtained from the up/down counter. In a further
embodiment, the up/down counter is clocked by the output
of a frequency multiplier, the output of the frequency
multiplier having a frequency determined by the pulse
15 width modulated signal frequency multiplied by a
predetermined factor. The value of the duty ratio of the
PWM signal can then be found regardless of the frequency
of the PWM signal.

” 20 FIGURE 2



10. A denodul ator as clainmed in claim9 in which the . pr edet er m ned
factor is half the maxi mum count val ue of t he up/ down counter.
14 11. A denodul ator as clainmed in any preceding claim
i ncludi ng means for producing a no- PWM si gnal when the PWM si gnal
frequency is below a predeterm ned val ye. 5 12. A denodul ator as
claimed in claim11l, when dependent 174 on.claimy8, 9 or 10, in which the
no- PM\M si gnal neans are operabl e to produce an output when the
maxi mum second goﬁﬁimval ue i s exceeded. 10 13. A denodul at or
as claimed in an l1to 7, including g frequency nultiplier
having a first variable . ; frequency i nput and a gecond system cl ock
i nput  and 0° out put_fraquency equal_to the product of the first
i nput . Of/@ _______ %factor, the 15
frequency nul tiplii er further i:ncl udi ng an up coufter, ja | at ch
arranged to Iatc+ on each PWM;si gnGI ri sipg'e'dge,
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a programmaebl e divider and a fixed ratio divider set to
the predeterm ned nmultiplication factor,
arranged to count up at the 20 system cl ock frequency divided by the
pr edet er m ned mul tiplication factor, and to output the value to the
| at ch, and wherein the programrmabl e divider is arranged to divide
the systemclock frequency by the |atches/qip, count val ue. 25

14. A method of denodul ating a pul se width (ﬁNW@ si gnal . which
alternates between first and second states, the met hod conpri si ng:
providing a signal indicative of an © event in the PWM signal period
to an up/-down counter such 30 thgt, a predetermned first value is set
in the counter; setting ount rate of the counter to count
from t he fi{st vﬁLue to a Tmed secon varl ue ovel the

PWM si gnal pe Vﬂﬂ, : othqj

[/ down nt er bﬁsgo
first.and second st&Tes of the YP oL BOWH ¢ |
& the first Jval ue

15 - . sald event to count i SHENIER; act

and, thereafted, PMesponding to the¢ oth&M]oﬁﬁﬂhe first andNABLE second
states of the PWM signal to count Tn the-otfnher - dire:ti@g, t he out put
of the up/downjcounter being an 5 o tpLF\waue that isjrephggentative

of the duty ratli o of ‘O"\ t he PWM si gphal .

di vi de by
wherein the up counter is
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15. A nmethod as clainmed in claim14 in which the second value is the
maxi mum r egi strabl e value of the counter. 10 16. A nethod as cl ai ned
in claim15 in which the counter responds to the said input to be

| oaded with a val ue of : hal f the maxi numregi strable val ue of the
counter as the first value. 15 17. A nmethod as clainmed in any
of clains 14 to 16 in which the coypger has an N-bit digital

regi ster. 18. A nmethod as clained rn claim17 further including 20
| at chi ng t he out put Qﬁuhﬁﬁacounter and enabling the latch at the said
event to output t al ue 19. A method as clained in claim
18 in which the qunt p ri sing edge on the waisignal. 25

20. A nethoqgﬁi/; ai med in any pf claims 14 to 19, t including setting
an account oy recerpt— oF'aFS|gnér'_“""'“Tﬁd'catlvE “of the PWM si gnal
frequency and | ockji ng the ! count rate to the melﬁlgnal frequency. 30
21. A nmethod as cljained in claim20, including: I counting at a
fixed rate and outjputting a segRnd count val ue; | | at chi ng
t he second count val ue qdjea ing ediﬁi :
- |
I
|
|
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16 of the PWM signal; and applying the | atched second
count value to a programmabl e di vider and dividing a fixed frequency
by the | atched second count value to derive the count rate. 5

22. A nmethod as clained in claim2l1, including dividing a system
clock frequency by a predeterm ned factor to derive the fixed
frequency 10 23. A nmethod as cl aiqpes |n claim 22 in which the factor
is half the nmaxi nrum count value of the up/domm counter. 24. A
method as clained in any of clains 14 to 23, i ncl udi ng producing a
no- PMM si gnal when the PWM signal 15 frequency is bel ow a predetermn ned
val ue. 25. eﬁrqgthd@ as claimed in claim24 in which the no- P\M

signal is produced when the maxi mum second count value is exceeded.
20
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