2030745 "INPRCMED DI G TAL FREQUENCY QUADRUPLER' The invention relates to a
met hod for inproving the operating range of a frequency multi- plier and t

#gi tal frequency quadrupler for use in inproving resolution, duty cycle |
range, and 5 nBX|nun1frequency range where the input signal |s frequency
vari able. I n applications where the incom ng frequency of a 5| %ts be
cougfed ands i mredi atel y process- ed, the resolution of the count nay
sevefely 10 reduced if the input fr quency range includes frequencies
which are too |ow. One nethod of increasing the nunber of counting sanples
per unit of time without reducing the resolution is to provide frequency
mul tiplication. Traditionally 15 this has been done with conpl ex

phase- | ocked | oops or sipple edg ct oy ﬂf£§§¢é2§¥p%$yhe probl ens
with traditi-onal edge' ﬁ%ggkg“ 1128 2 frequency
I ncreases, the doubler may fail within the frequency range of 20 interest. ’
Such a failure in autonotiyve speed control be hi ghl desi rabl e,
since it would probably Ig§8 ﬁﬁqu i%goﬁ 8n&|FP%ﬁ§ﬁl¥Lr

- .imprdving the operating range of a frequency multi-

plier and %o a'digital frequency quadrupler for use
in improving resolutiocn, duty cycle range, and

5 maximum freqguency range whefe the input signal
is frequency variable.

In applications where the incoming frequency
of a signal must be counted and immediately process-
ed, the resolution of the count may be severely

10 reduced if the input frequency range includes
frequencies which are too low. One method of
increasing the number of counting samples per unit
of time without reducing the resolution is to
provide frequency multiplication. Traditionally

15 this has. been done with'complex phase-locked loops
or simple edge detecting doublers. One of the
problems with traditional edge detection doublers

. is that as the input frequency increases, the

doubler may fail within the frequency range of

[}
Q

interest., Such a failure in automotive speed
controls would be kighly undesirable, since i%

would probably lead to a runaway speed condition.



2 These and ot her problens associated with the prior art have been ovgrcone
sin the instant invention by the use of a digital quadrupler multipkier

{cd\N i Mproves resolution by a factor of 4 to 1 and, prevents 5 frequency~J
dropj of f at the . upper end of the range by2inserting extra pulses in the
o=put as a function of sensing coincident pulses within the nultlpller
The ‘ci-rcuit provides a pseudo nultiplying of the input frequency by four by
usi ng the edge detection method 10 and additionally sensing CO|nC|dent'\/
pul ses within the nultiplier. The inproved quadrupler has a saturation

detector to extend R@ldxd gﬁb Iﬁﬁ@ H¥sd éfhf&d(Wf%ﬁetHéflatlons in
e before ti

i nput frequency duty cycl plication failure.

Therefore, it pr§od a?d) Helvedlbeeit dvitRitne® e OtHE OMiditared mﬂ:@uﬁéh

resolution in a frequency counting system It is another object of the

i nvention to ibycraRs udehofmxidigl e Qiddpy Fnyan tipI sepadiidly an i nput
20 signal frequency. According to one aspect of the invention there is

provi ded a netimpiovers mesdlpitiion tha ffaxtomof o to s1 goad ,prevemtsi ng the
steps of detecting the incom ng signal, delaying the incomng signal in a

plurality of FFequeneyi da'omonqﬂfe@tslﬁta( upper @ndoficthe rdangerby to

-produce a plurality of delayed signals, sensing coincidence
inserting extra pulses in the output as a function of

sensing coincident pulses within the multiplier. The
circuit provides a pseudo multiplying of the input |
frequency by four by using the edge detection method

10 and additionally sensing coincident pulses within the

| multiplier. The improved quadrupler has a saturation
detector to extend both the frequency range and the
‘allowable variations in input frequency duty cycle
before multiplication failure.

15 Therefore, it is an object of the invention to
provide an improved resolution in a frequency counting
system.

It is another object pf the invention to 1hcrease
the maximum operating range with respect to an input

20  signal frequency. | .

According to one aspect of the inwentiop there is
provided a method for multiplying the frequency of a
signal, comprising the steﬁs of detecting the incoming
signal, delaying the incoming signal in a plurality of

25  series coupled clock controlled delay elements to produce
a plurality of delayed signals, sensing.coincidence
between at least two of said delayed signals and
providing a plurélity of pulses when coincidence is



between at | east two of said delayed signals and providing a plurality of
pul'ses when coincidence is =~ 3 sensed, generating an internediate sigpa
indircative of a predetermined relationship of said plurality of pul se
generating an output responsive to the coincidence sensing step and the
internediate signal, 5 t he out put haging a frequency substantially equal
to.,or lesssthan the clock frequency. ACcording to another aspect of the

inOéﬁtion there is provided a nethod for nultiplying the frequency of an
i ncom ng signal for inproving the resolution and range of 10 a frequency

Compr i ng the §PB5eds( BRBNERLLPEGSH LBREFBRGSaER0 S EDRG IHAR e Of

[requency i gher, L1akbenihdieshakbatuehey Wl 1ald Biyraidsyod 00T 10
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i ntermedi age Siﬂﬂé'ohﬂﬂh%ahh¥&n&faaiﬁéﬁﬁ@bﬁvmémﬂiﬂdﬂﬁ¥d1§9s@dﬁdﬂ tRidk
less than the clock frequency.

According to énother aspect of the inwention there
is provided a method for multiplying the frequency of an
incoming signal for improving the resolution and range of

10 a frequency counter where such incoming signal varies over
a range of frequencies, comprising the steps of generating
a referehce clock signal having a frequency higher than
the highest frequency ﬁithin the range of ihcoming signal
frequencies, conwerting the incoming signal to a two

15 state, binary form, delaying the converted incoming signal -
by means of a plurality of delay devices, sensing
coincidence of said binary states of a plurality of
pairs of said delay devices and said clock pulse,
producing a plurality of pulsgs responsive to said

20 " coincidence sensing step,-generating an intermediate
signai indicative of a predetermined relatiocnship of said
plurality of puises, sehsing the intermgdiate signal and |
the plurality of pulses, and generéting an output signal
substantially.equal to or 1e§s than the frequency of the

25 clock pulse, the frequency counter being responsive to

the output signal.



plurality of pulses, sensing the internedi ate signal and the plurallty of

pul ses, and generating an output signal substantially equal toor |ess' than
't he guency of the 25 cl ock pul se, the frequency counter being (R
re lve to the output signal. 4 of exanple only with particul ar

ref erénce to the acconpanying drawing wherein :- Figure 1 is a logic
diagran1of the preferred enbodi nent of the invention; 5 * Figure 2.
is’a diagrammatic representation of the latch circuits of Figure 1 as N~
i npl'enented in CMOS technol ogy, and Figure 3 is a timng diagramof the
logic circuit of Figure 1. 10 y Referring to Figure 1, the basic

| ogic of the invention is shown. | nput signal 8, having a broad frequency .
range, is fed into buffer 10 whose output feeds a series chain of Dtype

| at ches 12, 14, 16, 18, 20, 22, 24. The construction of 15 |latches 12-24
I's shown in Flgure 2 dlagrannatlcally and represents the preferred

enbodi ment i n cfOexamplR LWRLY WithPg@WQG&lanuraﬁarﬁmcprtberabIy has a
o A e ccompanying drawing wherein -
Figure 1 is a logic diagram of the
preferred embodiment of the invention;
5. Figure 2 is a diagrammatic representation
of the latech circuits of ?iguré 1 as implemented
in CMOS technology, and
Figure 3 is a timing diagram of the
logic circuit of Figure 1.
10 | Referring to Figure 1, the basic logiec
of the invertion is shown. Input signal 8, having
8 broad frequency range, is fed into buffer 10 whose
oﬁtput feeds a series chain of D-type latches 12,
14, 16, 18, 20, 22, 24, The construction of
15 latches 12-24 is shown ir Figure 2 diagrammatically
and represents the preferred embodiment in CMOS
structure. In Figure 2 inverter 82 preferably
has a lower amplification factor than inverter 80.
whenever the L input is HIGH and the I input is
20 LOW, the level at %the D input will actpear inverted
at the O output. If the stass of the L aad T inputs

-

invert, the svate oI the T inzut at ths time of

]

transition is retairned izvertad at the § cutout.



Wheneversthe L [nput is HGH and the [err] input is 20 LOW the level at
the:Dinput will appear inverted at the 0 output. If the state of the L
and<ferr] inputs invert, the state of the D input at the tinme of transRxNoOn
is retained inverted at the Q output. The L and [err] inputs are /o
by a c¢lock signal at input terminal 26 having a frequency P. [Invert 23

I syused to:generate an out of phase clock. On alternate stages of latches
_ 12}24.the data input D5 S enablﬁf on alternate phases of clock signal
26. The resulting waveforns for |latcth chain 12-24 are shown in Figure 3.
Primed reference nunerals at the left. of Figure 3 correspond to the
unprinmed reference nunerals in Figure 1, that is, reference 10 nuner al

30" at the left side of Figure 3 indicates that the wave-formto the right
of that reference nuneral gorresponds to_the waveform which woul d be
expected at circhihe borrd Zoimputisyare driverubyve mbRek si@nalsd is fed
fromlatch chain 15 .circuit points 32 and 34, the Q outputs of D flip-
flop 14, 16, resdecipputyernmipal K& LaxiosisciFeqyeney %éd1ﬁﬂﬂﬁ¥ﬁ?%uit
points 36, 38, t Q outpuyts of D flip-flops 18 and, 20, respectivel

Excl usi ve NORcﬂggui? BBeﬂstPeGQQQﬁﬁégr%%i?uBO?EtEhﬁéea ock. = of

alternate stages of latches 12-24 the data input D

5 is enabled on alternate phases of clock signal 26.
The resultiﬁg waveforms for.latch chain 12-24 are
shown in Figur; 3. Primed reference numerals at
the left of Figure 3 correspond to the unprimed
reference numerals in Figure 1, that is, reference

10  numeral 30' at the left side of Figure 3 indicates
that the wave—form to the right of that reference
numeral corresponds to the waveform which would
be ekpected at circuft point 30 in Figure 1.
Exclusive NOR circuit 54 is fed from latch chain

15  circuit points 32 and 34, the Q outputs of D flip-

| " flop 14, 16, respectively. Exclusive ROR circuit
56 is fed from circuit points 36, 38, the Q outputs
of D flip-flops 13 and 20, respéctively. iZxclusive
KOR circuit 58 is fed from circuit points 40 and

20.' 42, the & outputs of_b flip-flops 22 and 24, res-
pectivély. Qutput 44 of exciusive NOR circuit 54

is fed tarough buffer 42 %5 the I input of D



20 42, the Qoutputs of D flip-flops 22 and 24, res- pectively. CQutput 44
of exclusive NOR circuit 54 is fed through buffer 62 to the [err] input of .,
D G~lip-flop 60. Qut put 44 of exclusive NOR circuit 54 is also fed t&w/
t he put of D flip-flop 60 and to one of the inputs to NOR gate 70.

NOR gte/ 64 is fed fromoutputs 46 and 48 of exclusive 5 NOR circuits 56
and &8, respectively. Qut put 46 of exclusive NOR gate 56 is also fed to . -
one.of the inputs of NAND gate 66. The out put of NOR gate 64 is fed to -
the Dinput of Dflip-flop 60. The 6 output of Dflip-flop 60 is fed via
connection 10 50 to another input of NAND gate 66. The out put of NAND

gate 66 is fed to inverter 68. The output of inverter 68 is fed to

anot her of the inputs of NOR gate 70. . The output of NOR circuit 58 is fed.
to still another i-put of NOR gate 70. 15 The output of NOR gate 70 is
inverted by i nv£tiprfI2pa®d.t hi Qutput t44 efgezblaphver NOR alimened tout put
termnal 52. This conpletes the circuit description of Figure 1. The.

operation of tHe4ciscalsoofed dir ethe 20 inpuy 0EsD K3 iprddrop @O i n
conjunction\Mtghgi grgng'of the inputs to NOR gate 70. NOR
gate 64 is fed from outputs 46 and 48 of exclusive
5 NOR circuits 56 and 58, respectively. Output 46
of exclusive NOR gate 56 is also fed to one of Gthe -
inputs of NAND gate 66. _The output of.NOR gate
64 is fed to the D input of D flip-flop 60. The
Q output of D flip-flop GQ is fed via connection
10 50 to another input of NAND gate 66. The output
of NAND gate 66 is fed to inverter 68. The
output of inve:ter 68 is fed to another of the
inputs of NOR gate 70. The output of NOR circuit
58 is fed to still another irput of NCR gate 70.
15 The output of NOR gate 70 is inverted by inverter
72 anéd this inverted signal avpears on signal
. output terminal 52. This cdmpletes the circuit
| description of Figure 1.
The operation of the circuit of Fizure 1
20 may best be understood in conjunction with Figure 3.
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ader snould note that the waveforms of
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%3 represent the ovpsraticn of the circuit

of Figure 1 over a range c¢f frsguencies, which



The reader should note that:the waveforns of Figure 3 represent the
operation of the circuit of Figure | over a range of frequencies, which
7\are noted at the top of .the Figure. Si gnal frequency 8 nay be seen to
- occur at the rate of one full cycle for each six cycles of clock 26' and.

over that range Figure 3 is suitably 5 mar ked in the brackete rea
as, 1/6f. sIn the bracketed area marked 1/5f it will be noted that

co%ﬁ]ete cycle of signal 8 occurs during the period of five cycles

clock signal 26'. Simlar rel ationshifs are shown at bracketed areas 10
1/4f and 1/2f and finally, f of Figure 3. Although Figure 3 shows

coi nci dence between the | eading edges of signal 8 and clock signal 26

over nost of the waveform shown, this is not always the case. First D-latch
" 12 is used to account for input 15 signal 8 being in either of the

binary states. g9 ®6YEd et ithéhtopragkehed Migtaralmr kesignahe two signals
are out of phase. Thi s out of phase condition may and wl | occur

anywher e, since frau¥iRie 8tlmdyobehspeaf toheocthnrlatsi gl ratd the 20
i nput signal are not synchronized. The signals .

of one full cycle for each six cycles of cloc
26' and over that range Figure 3 is suitably

5 . marked in the bracketed area as 1/6f. In the
bracketed area marked 1/5f it will be noted that
one complete.cycle of signal 8' occurs during the
period of five cycles of clock signal 26'.
Similar relationships are shown at bracketed areas

10 1/4¢ and 1/2f and finally, f of Figure 3. Although
Figure 3 shows coincidence between the leading
edges of signal 8' and clock signal 26' over most
of the waveform shown,'fhis is not alwa&s the case.
First D-latch 42 is used to account for input

15 signal 8' being in either of the binary states.
For.example; in the bracketed area marked f the
two signals are out of phase. This out of phase
condition may and will occur anywhere, since the
-phase relationship of tvhe clock signal and the

20 input signal are not syanchkronized. The signals
shown in Figure 3 as 30', 32', 43', 3&', 38', 40t
and_42' represeat those siznais atv points 30, 32,

34, 36, 33, 40 and 42, resrectively, in the circuit



Si | s at points 30, 32, 34, 36, 38, 40 and 42, respectively, in the -
Ci it 8 di agram of Figure 1. These are the output signals from N/
| atches 12, 14, 16, 18, 20, 22 and 24, respect- ively. = Exclusive NOR gate
54 conpares signals 32' and 34' and output signal 42' represents coinci- 5

sWsﬁg i'n Figure 3 as 30", 32', 43, 36', 38', 40' and 42' represent those

deneé& bet ween input signals 32' and 34'. \Wen signals 32' and 43' are the ,
sang,” that is: both signals are either high or low, signal 44" will be hi

as shown. When signals 32' and 34'8are different, that is, one is high
and one is |low, 10 signal 44" is |ow Simlarly signal 46" which is

.generated at output 46 of exclusive NOR gate 56 represents the coincidence
of inputs 36' and 38 to exclusive NOR gate 56.  Wen signals 36' and 38

are both high or both |ow, output 46" is 15 hi gh. When signals 36'
and 38" are difieagpam bFatFiiguree) OnBhegehnde AMd Virpwt | HYgnaignal 46’
will be | ow Signal 48" represents the signal at output 48 of  excl usive

NOR gate 58 (sefrb&iglatches 12004, 16¢n189pR0S 22 andl 242 réSp8Lt-
excl usive NOR gate 58 are both highor both | ow, '
ively. Exclusive NOR gate 54 compares signals
32' and 34' and output signal 42' represents coinci-
5 dence between input signals 32' and 34'.  When
signals 32' and 43' are the same, that is: both
signals are either high or low, signal 44' will
be high as shown. When signals 32' and 34" are
- different, that is, one is high and one is low,
10 | signal 44' is low. Similarly signal 46' which
is generated at output 46 of exclusive NOR gate
56 represents the coincidence of inputs 36' and
38' to exclusive NOR gate 56. When signals 36'
and 38' are both high or both low, output 46' is
15 high. When signals 36' and 38' are different,
that is, when one is high and one is low, signal
46' will be low. Signal 48' represents the signal
at output 48 of exclusive NOR gate 58 (see
Figure 1). Again, wnen inputs 40' and 42' %o
20 ekclusiVe NOR gate 52 are both highor both low,
signal 48' at output 42 will be high. *hen signals
s

40' and 42' are diffsrent; that is, where one is



I

si gnal 48 at out put 48 will be hi gh. When signals 40' and 42' are .
dlfferent that is, where one is =~ 9 high and the other is |ow, output
skgnal 48' from excl usi ve. NOR gate 58 will be low as shown. Figure 2 shows

in diagrammatic forma typical |atchsuch as 12, 16, 18, 20 or 24. )
characteristics of such a latch are as follows: (1) if the L input gh,

then the Q output is equal to D. (2) if the L input is |ow then the\Q
output is equal to the last [err] at the time of the high to low transition
.of L.7 10 It will be understoogl, then, that Qfollows [err] as |ong
as L is high and Qlatches to the [err] level at the tinme when L goes |ow.
Again, referring to Figure 3, it will be seen that output signal 52' is
hi gh when signal 15 44' or 48 is high so long as the input signal -
frequency is 1/6f ar |ower. Thi s provi des an output signal 52" with four

out put pul ses for each full cycle of input sugnal 8', may be seen from
Figure 3, in theigheandaithed cdhegs ci®e 10W200TRRYE 6@6&?{1 gﬁ'lﬁ/ TR cur when

SXeI sV R O e usive NOR gats 58 wi1D°Be*16¥ 38 sHown.* "
Figure 2 shows in diagrammatic form a
‘typical latchsuch as 12, 16, 18, 20 or 24.  The

5 characteristics of such a latch are as follows:
(1) if the L input is high, then the Q output is
equal to D. (2) if the L input is low then the
Q output is equal to the last D at the time of
the high to low transition of L.

10 It will béunderstood then, that g follows
D as long as L is high and § latches to the D level
at the time when L goes low. | _

Again, referring to Figure 3, it will be
seen that output signal 52' is high when signal

15 44 or 48' is high so lorg as the input signal
frequency is 1/6f or lower. This provides an
output signal 52' with four output pulses for
each full cycle oflinput signal 8', as may be
seen from Figure 3, in thé area marked as cycle 1.

20 These output pulses occur wnsn exclas1ve HOR gates
54 and 58 (Figure 1) sense coincidsnce beTween

sigpals 32', 34' and 4C', 42', restectively.



spgRal s .32', 34" and 40', 42' , respectively. 10 Wien input frequency 8
dgodg)as high as 1/5f (see Figure 3, cycle 2), the first output pulse is *. .
gevetr ated by the coincidence of signals 32' and 34' as in the 1/6f case. \J/
The second 5 out put pul se is generated by exclusivé NOR gate 54 '
(Figure 1) and iscoincident with the corres- ponding pul se of signal 44',

as was the case in the cycle 1 area (1/6f). The second output 'pulse is . -
al so coincident with signal 48'. The 10 third output pulse incycl e-'®™

i's generated by exclusive NOR gate 56 and is coincident with the
correspondi ng pul se of signal 46'. 10This third pulse is inserted because
output of D flip-flop 60 is high. The fourth cycle 2 output pulse is 15
agai n generated by exclusive NOR gate 58 and is coincident with the
correspondi ng pul se of signal 48 . As the frequency of input signal 8
increases to 1/4f and 1/2f it may be seen that 20 out put signal 52

R ARl S p RN
1/5f (see Figure 3, cycle 2),'the first output
pulse is generated by the.coincidence of signals
32' and 34' as in the 1/6f case. The second

5 output pulse is generated oy exciusive.NOR gate
54 (Figure 1) and iscoincident #ith the corres-
ponding pulse of signal 44', as was the case in
the cycle 1 area (1/6f). The second output
pulse is also coincident with signal 48°'. The

10 third output pulse incycle 2 is generated by
exclusive NOR gate 56 and is coincident with.the
corresponding pulse of signal 46°'. This third
pulse is inserted because output of D flip-flop
60 is high. The fourth cycle 2 output pulse is

15 again generated by exclusive NOR gate 58 and is
coincident with the corresponding pulse of signal
48", o

As the frequency of irput signal 8'
increases to 1/4f and 1/2f it may be seei that

.20' output signal 5é' finally saturates and is iimite&
to clock frequency 26' as sﬁdwﬁ at the »ight end

of 52' in the cycle 3 and 4 area.



11 It wdl be clear, then, that if the clock frequency is chosen to exceed
thé expected HBX|nun1|nput frequency by a factor of at
t he“ out put signal pulses will occur 5 four times for each full input
signal cycle. [If the input frequency shoul d exceed one-fourth of the clock
t he output pul ses saturate at the repetition rate of the
the output pulse rate increases at four 10 tinmes the

but is limted to the clock pul se frequency. Thi s means

si gnal frequengy,

cl qck~ That is,
i npat'.frequency

that there is no total breakdown of 44e input/output frequency

rel ati onshi p, but that the output pulses increase at a rate four tines the
I nput signal frequency 15 until they saturate at a constant frequency

equal to the clock pulse rate. Wien the invention is used in a systemfor

sensing a signa

tolimt or saturate 20 It wOED bBecleRd, In¥ Hpehes gnbrequency equal
as shown in the cycle 3 and 4 area of Figure 3.

etween 1/4 and bidoM fhegueheyensechbeeh fTewitreed the sxpéesegdat urates

to 1/4 the clock frequency,

10

15

20

| east four to one,

:

proportional to vehicle speed, the output frequency begins

maximum input fréquency by a factor of at least
four to one, the output signal pulses will occur
four times for each full input signal cycle. If
the input frequency shoﬁld exceed one-fourth of
the clock signai Irequency,'the output pulses
saturate at the repetitioﬁ rate of the c¢lock.
That is, the output pulse rate increases at four
times the input frequency but is limited to the
clock pulse frequency. <This means that there is
no total breakdown of the input/output frequency
relationship, but that the output pulses increase
at a rate four times the input signal frequency
until they Saturate at a constant frequency equal
fo the clockepulse.rate.

When the invention is used in a system for
sens ing a signal DrOﬂortlonal to vehlcle speed,

the outout frequency beg:ns to limit or saturate.

when the input signal rsaches a fraguency equal to

1/4 the clo»k requency, a2s shown in the cycle 3

and 4 area of Figure 3. Between 1/4 and 1/2 of

the reference clock freguency, the system saturates



12 and the output is constant at the reference frequency. Wiaen the ipput
wency exceeds 1/2 the clock reference frequency, the output may finaldy .
re unst abl e. This condition may 5 be avoided by sinply providing aw

C k which is at |least twice the highest expected input signal frequency

and conplete linearity of output versus input may be obtained if the clock

.. frequéncy is chosen to be at |least four times the highest 10 expected  .--

i nput-~ frequency. The duty cycle of the input signal is |linmted only in t haw

the high or |ow portion of the input siqgnal may not be of |ess duration:

than the period of one reference clock cycle. The 15 input signal
frequency at which the output frequency saturates is greater than the
correspondi ng i nput frequency in an unconpensated version of an edge
detection quadrupler and, in an unconpenstated system the output fails

ol ogether | Nt Ay HhaZBu it YoORARERLE. o Lo nSARGH , SPoe)
frequency reversabrdihhByl e RHAC i Wbt FleflBEEySeiEeddy s ™ | ead
1/2 the clock reference frequency, the output
may finally become unstable. This condition may
5 be avoided by simply providing a clock which is
at least twice the highest expected input signal
frequency and complete linearity of output versus
inpput may be obtained if the c¢clock frequency is
~ chosen to be at least four times the highest
10 expected input frequency.
The duty cycle of the input signal is
limited only in that the high or low portion of
the input signal may not be of less duration than
the period of one reference clock cycle. The
15 input Signal frequency at which the output frequency
saturates is greater than the corresponding input
frequency in an uncompensated version of an edge
detection gquadrupler and, in an uncompenstated
system, the output fails zitogether, that is, it
2C may dron TO zero. In a.vehicular-Speed conirol

system it is importarnt to zresvent an outout sigznsz

’._l

failure or frequency reversal within the expected

orerating range since this may lead to unsafe or

e e e x|



13 even_dangerous operation of the vehicle. In the present systemit is
possi-bl e to set the reference clock frequency high enough so that o
guadrupl er failure can only occur beyond the operating range requirene tZg-ji
of "'the system The range of the systemis extended by sensing signal
coi nci dence which woul d cause output signal failure in a conventional prior
art .edge detect- ion. This sensing detection of the potential failure
triggers insertion of an extra pulse or pulses to maintain the desired
fixed ratio of output pulses for each input cycle over the design operating
range, thereby preventing failure by &Rtending the range. 14 CLAIMS 1. A
met hod for multiplying the frequency of a signal, conprising the steps of
detecting the incomng signal, delaying the incomng signal in a plurality
of "series coupled clock controlled del ay elenents to produce

even dangerous operatioh of the vehicle. 1In

the present system it is possible to set the

reference clock fregquency high enough so that

quadrupler failure can only occur beyond the

| operating range requirements of the system. The

range of the system is extended by sensing signal

coincidence which would cause output signal

failure in a conventional prior art edge detect-

jon. This sensing detection of the potential

failure triggers insertion of an extra pulse or

pulses to maintain the desired fixed ratio of

output pulses for each input cycle over the

design operating range, thereby preventing failure

by extending the range.



5 a plurality of delayed signals, sensing coincidence between at |east two
o] | d del ayed-—signals and providing a plurality of pul ses when Y

c ?ﬁk_dence S ating an internedi ate signal indicative of a -ﬂ;)
pAedeht er ni ned Jm@ﬂu!ﬁﬁﬂﬂ ﬂlmal d plurality of pulses, 10 and generat.i ng
an out put respoRsi Y : nci dence sensing step and the internediate
signal, the output having a frequency sypstantially equal to or 1ess than __
the clock frequency. 2. A nethod for nmultiplying the frequency of an 15
i ncom ng signal for inproving the resolution and range of a frequency -
counter where such incom ng signal varies over a range of frequencies,
conprising the steps of generating a IC3AdMshce cl ock signal having a
frequency higher than the highest fredquency within the range of 20 incom ng.
signal frequencies, converting the incomng signal to a two state, binary
form delaying the converted incom ng signal by neans of a plurality of

del ay devices, sensing cd methedc £oaf muaitipliying thetfreqiencyplaf ity of
pairs of said delay devices and said 15 cl ock pul se, producing a
plurality of psigaal,ecompiiising the stensafidetecing fhetincomingrati ng

an internediate signal jndicative of a predetermned
signal, delaying the incoming signal in a plurality of

series coupled clock controlled delay elements to prbduce

5 a plurality of delayed signals, sensing coincidence
between at least two of said delayed signals and
providing a plﬁrality of pulses when coincidence is
sensed, generating an intermediate signal indicative of
a predetermined relationship of said plurality of pulses,

10 ahd generating an output responsive to the coincidence

sensing step and the intermediate signal, the output having
a frequency substantially equal to or less than the

clock freguency.

2. A method for multiplying the freduehcy of an
15 incoming signal for improving the resolution and range
of a frequency counter where such incoming signal varies
over a range of frequencies, comprising the steps of
generating a reference ciock signal having a frequency
higher than the highest frequency within the range of
20 incoming signal frequencies, converting the incoming
signal to a two state, binary form, delaying the
converted incoming‘gignal by means of a plurality of
delay devices, sensing coincidence of said binary states

of a plurality of pairs of said delay devices and said



“———

~relationship of said pl ' pul ses, sensing 5 the internediate N
signal and the pmum Iﬁ“ i |MEE“B , and generating an output signal égg»
sypstantially eq auvlac "tNan the frequency of the clock pul se, tke/

frequency counter being responsive to1he output signal. 3. A nethod as
claimed in claim?2, wherein said 10 sensing step is responsive to four
of~ sai d del ay ‘devi ces, each of said delay devices providing-a serial delay

equal to one cledeck mulsec\preducing o pluraiisycoinpuilisplsi eespanisigea

first input nmeans for_ receiving an input signal having a first 15
frequency to b&anfaid|ceincidence ssenstngngteprncanneratingcanii ng a cl ock
-signal having ? second, frequency,_said frequency nultiplier conprising a

plurality of flinkemmadiate signal indicative g daspradstesmdnedput neans
Gener ot ng o pROHANISpUaS I BheraTt by o8 aulel R sebgtogar oo
Fesponsi vé to 44 drivddudiate Fienth ol the miRFdLT" o mudger,d™ = 1
output §17p 11 G SRR on Wb PP Enfl | Glibbeae1a RN, 27
coupled to sai gl Addd tHlan Othé FrRéGEerAey 82 €neUbRBbx’ pulse, the
frequency counter being responsive to the output signal.

3. A method as claimed in claim 2, wherein said
10 sensing step is responsive to four of said delay devices,
each of said delay devices providihg a serial delay

equal to one clock frequency period.’

4. A frequency multiplier having a first input
means for receiving an input signal having a first

15 frequency to be multiplied, and a second input means for
recelving a clock signal having a second frequency, said
ffequency multiplier comprising a plurality of flip-flops
coupled to said first and said second input means and

- responsive to said input signal and said clock signal,

20 for generafing a plurality of delayed signals; a plurality
of logic gates coupled to said plurality of flip-flops
wherein each of said logic gates is respohsive fo #t

 least two of said delayed sigﬁals,'said logic gates
generating a coincident signal; and a logic circuit

25 .comprising an output flip flop coupled to said |
plurality of logic gates and a logic means coupled _
to said plurality of logic gates and said output flip-



16 flop, said logi.c circuit generating an output S|gnal having a third.

frequ€ representatlve of and a multiple of said input signal, the tﬁ1rd1,
frego bei ng substantially equal to or 5 | ess than the second )
freqb y. 5. Adigital frequency quadrupler mul tiplier ‘substantially as
het ei Nbéf ore described with reference to and as shown in the acconpanying

drawi ngs. The text of the specification has been reproduced by phot ocopyi ng~
the applicants original typescript. It rnﬂﬁcontaln a few anendrments whi chw#
are difficult to read. The original typescript containing these anendnents
may be inspected on the prem ses of the Patent Ofice

flop, said logic circuit'generating an output
signal héving a third freQuency.représentative
of and a multiple of said input signal, the
third frequency being substantially eqnal to or

5 less than the second frequency.

5. A digital frequency quadrupler
multiplier substantially as hereinbefore
described with reference to and as shown in
the accompanying drawings.
The text of the specification has been reproduced by photocopying the applicants original -

typescript. It may contain a few amendments which are difficult to read. The original
typescript contauung these amendments may be inspected on the premises of the Patent Office
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