
US 20020110190A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0110190 A1 

Walker (43) Pub. Date: Aug. 15, 2002 

(54) 

(76) 

(21) 

(22) 

(60) 

(51) 
(52) 

DIGITAL MODULATION DEVICE IN A 
SYSTEM AND METHOD OF USING THE 
SAME 

Inventor: Harold Walker, Edison, NJ (US) 

Correspondence Address: 

Daniel L. Dawes 
Myers, Dawes & Andras LLP 
19900 MacArthur Blvd, Ste 1150 
Irvine, CA 92612 (US) 

Appl. No.: 10/062,030 

Filed: Jan. 31, 2002 

Related US. Application Data 

Provisional application No. 60/267,951, ?led on Feb. 
9, 2001. 

Publication Classi?cation 

Int. Cl.7 ..................................................... .. H03K 7/04 

..... .. 375/239 US. Cl. .. 

(57) ABSTRACT 

A Wireless digital transmission and receiving method com 
bines phase reversal keying With pulse position modulation. 
Modulation of a transmitted signal implements pulses that 
are of extremely short duration to indicate ones and zeros. 
These pulses can be as narroW as one cycle of the carrier 
frequency. As such, they often appear as missing cycles or 
pulses in a sequence of carrier cycles. The method synthe 
sizes a sideband With no carrier or other sidebands from the 
carrier of an input signal. This synthesized sideband is 
represented by a broad sinX/X spectrum With a principal 
poWer peak at the modulated frequency and numerous 
Weaker peaks of varying frequencies and peak levels. The 
time duration of these smaller peaks is such that they have 
negligible mean poWer levels. Thus, the synthesized signal 
can Withstand the degradation caused by multipath interfer 
ence and fading. The Weaker peaks also do not cause 
measurable interference With other communications 
devices. The smaller peaks can have amplitudes far beloW 
the noise level of the system. Hence, the smaller peaks are 
not a necessary or an important component of the signal. The 
result is a strong signal in the form of a synthesized single 
sideband With all the useful modulation in the brief phase 
reversal period With a constant signal in the remainder of the 
bit period that can be used to establish a reference to create 
uniform time rise and amplitude. 
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DIGITAL MODULATION DEVICE IN A SYSTEM 
AND METHOD OF USING THE SAME 

[0001] This application is a continuation of provisional 
application serial No. 60/267951, ?led Feb. 9, 2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The ?eld of endeavor of the present invention is an 
apparatus and method for the transmission of digital data 
utilizing a carrier having the characteristics of a sideband 
With a very narroW bandWidth so as to reduce the bandWidth 
of the principal energy bearing portion of the transmitted 
radio frequency spectrum. 

[0004] 2. Description of the Prior Art 

[0005] Single sideband transmission of information With 
out a carrier is Well knoWn. For the transmission of digital 
data utiliZing a single sideband, some form of baseband data 
encoding is generally required to reduce the bandWidth. The 
encoded data is then applied to a single sideband rnodulating 
device, Which suppresses the carrier and removes one of the 
sidebands by a ?ltering or phasing method. 

[0006] US. Pat. Nos. 4,742,532, 5,185,765 and 5,930,303, 
issued to the present inventor are representative of the prior 
art. A ‘PCT’ application published as WO 99/23754 (US 
98/23140) is an international ?ling of the ’303 patent. US. 
patent application 09/612,520 is directed to a method related 
to the ’303 patent. 

[0007] The method described in the ?rst and second of the 
above patents results in some frequency spread in the 
transmitted spectrum. The latter patent describes a method 
knoWn as VMSK that results in a single frequency spectral 
line With phase changes so slight that they are not visible on 
spectrurn analyZers. The VMSK rnethod results in a very 
high spectral efficiency that enables very high data rates to 
be transmitted in a very narroW bandWidth. It Was also found 
that it is not necessary to restore the suppressed carrier to 
detect the signal. 

[0008] Since the modulation and ?ltering produce a spec 
trurn of a single frequency, special very narroW band ?lters 
are required to pass the narroWest bandWidth possible to 
remove undesirable spectral components in the transmitter 
and to reduce the noise bandWidth in the receiver. In the ’303 
patent, phase reversals of the carrier are utiliZed together 
With a balanced rnodulator to remove the carrier. The phase 
reversal periods are made as nearly even as possible in order 
to reduce undesirable spectral components. When only one 
sideband is transmitted, after passing through the narroW 
bandWidth ?lter, the observed signal on the oscilloscope 
does not shoW the phase reversals at nearly equal time 
periods. Instead, the signal shoWs a complete phase rotation 
through 360 degrees at the transition periods of the phase 
reversing signals. The duration of this phase rotation is three 
to four cycles of the sideband frequency, which normally has 
60 to 90 cycles per bit period. For the remainder of the bit 
period, the sideband frequency is constant in frequency and 
phase. 
[0009] All of the useful modulation is contained in the 
brief phase rotation period. For the remainder of the bit 
period there is a constant signal that can be used to establish 
a reference. In the prior art, the data clock and the RF 
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frequency are not necessarily nurnerically related so that 
there is a phase craWl or difference among the various 
crossings periods. This results in an inconsistent detected 
output, Which varies in rise time and amplitude. 

[0010] There is a need for a modulation method that Will 
synthesiZe the sideband of the prior art by itself, With brief 
phase reversals at tirned intervals representing digital ones 
or Zeros. There is a need for a modulation method of this 
kind, and that does not require the use of a carrier similar to 
What has been done; yet Without the customary single 
sideband processing With its draWbacks. That is, phase craWl 
or difference among the various crossings periods needs to 
be reduced or eliminated. This Would ?ll an end goal or need 
for a method that results in a consistent detected pattern in 
rise time and amplitude. 

[0011] Several cornplernentary objects of the present 
invention involve elements in a system that comprises the 
invention. Hence, one object of the invention is to provide 
a detection means that Will detect the simulated sideband of 
the invention Without the restoration of a carrier separated in 
frequency from the sideband by 1/zthe data rate. Another 
object of the invention is to provide a signal processing 
means that Will result in no apparent loss of signal poWer. 
Still another object of the invention is to provide a signal that 
can Withstand the degradation caused by rnultipath interfer 
ence and fading. 

[0012] The present invention ?lls these needs as can be 
seen in the further description beloW. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The Wireless digital transmission and receiving 
method of the present invention cornbines phase reversal 
keying With pulse position modulation. The invention irnple 
rnents pulses that are of extremely short duration to indicate 
ones and Zeros. These pulses can be as narroW as one cycle 

of the carrier frequency. As such, they often appear as 
missing cycles or pulses in a sequence of carrier cycles. The 
method creates a broad sinX/X spectrum with a principal 
poWer peak at the modulated frequency and numerous 
Weaker peaks of varying frequencies and peak levels. The 
time duration of these smaller peaks is such that they have 
negligible mean power levels. The Weaker peaks also do not 
cause rneasurable interference With other communications 
devices. Also, the smaller peaks can have arnplitudes far 
beloW the noise level of the system. Hence, the smaller 
peaks are not an important component of the signal. 

[0014] It is Well knoWn to those skilled in the art that all 
rnodulation energy is concentrated in the sidebands. It can be 
shoWn that the spectrum of the present invention represents 
a sideband only and not a carrier With tWo sidebands. It can 
also be shoWn that this sideband is comprised of a single 
frequency that does not change in frequency or phase for 
most of the bit period. The modulation occurs as a phase 
reversal of one cycle, or as the absence of one cycle in a 
series of cycles. The resulting “rnissing pulses” or “missing 
cycles” are detected to indicate digital ones and Zeros in a 
signal of ?Xed frequency. It is possible to detect these 
“rnissing pulses” or “missing cycles” at preset time periods. 

[0015] The method is extremely resistant to rnultipath 
interference, since the Weaker path is a signal at the same 
single frequency as the stronger path, but of different phase. 
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The phasors of the tWo paths add to produce large detected 
outputs for the principal path and Weak outputs at a different 
time for the re?ected path. Thus, this Weak response can be 
time gated out of the resulting signal. 

[0016] In a practical ?rst embodiment of the invention, a 
circuit is used to create very narroW pulses utiliZing pulse 
position modulation to distinguish ones and Zeros. The 
narroW pulses are used in a phase reversing device, such as 
an XOR gate or balanced miXer, to cause the reversal of one 
cycle out of a stream of many cycles. The resulting spectrum 
has a principal peak at the modulated frequency and many 
minor peaks spread at bit rate intervals. The minor peaks 
have poWer levels proportional to the time duration of the 
pulses of each phase. The mean poWer of the minor peaks is 
loW. Therefore, it is not normally required to provide band 
pass ?ltering at the transmitter. 

[0017] In a second embodiment, an AND gate is used to 
remove one cycle from the modulated frequency so that 
“missing cycle” modulation results. The result is the same as 
that for phase reversal. 

[0018] In all embodiments, the timing of the narroW pulse 
and the start of the cycles of the modulated frequency can be 
made to coincide With each other so that the detected output 
has a uniform rise time and amplitude. 

[0019] The present invention may be used in conjunction 
With any number of elements in a system. For eXample, in 
a system, the receiving apparatus is made to correspond With 
the method and device of the present invention. The receiv 
ing apparatus is comprised of a special very narroW band 
Width ?lter, having almost Zero group delay, in combination 
With a limiter, synchronous detector, and pulse position 
decoder. The synchronous detector is locked in frequency 
and phase to the pulse modulated frequency. 

[0020] In such a system, the pulse position decoder recov 
ers the data clock and includes gating circuitry to turn the 
circuit off eXcept at the eXpected time of a phase change 
arrival. 

[0021] In particular, the invention is de?ned as a method 
of transmitting and receiving digital data in a Wireless 
communications system. In transmitting the method com 
prises the steps of phase reversal keying a carrier frequency 
of a signal used for transmitting and/or receiving digital 
data, and pulse position modulating the signal by generating 
tWo pulses having opposite phases, namely generating a 
primary pulse of the tWo pulses taking a majority fraction of 
a bit period, and generating a secondary pulse of the tWo 
pulses having a minority fraction of a bit period. The time 
position of the secondary pulse carrying modulation infor 
mation. 

[0022] The step of generating the secondary pulse gener 
ates a pulse having a duration equal to or less than 3 to 4 
cycles of the carrier frequency. In a preferred embodiment 
the step of generating the secondary pulse generates a pulse 
having a duration equal to one cycle of the carrier frequency. 

[0023] The step of phase reversal keying a carrier fre 
quency of a signal comprises reversing the phase of the 
signal beginning at a data clock boundary, and continuing 
for 1 to 3 cycles to represent a digital one. Again in the 
preferred embodiment the step of phase reversal keying a 
carrier frequency of a signal comprises reversing the phase 
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of the signal beginning after a short delay folloWing a data 
clock boundary to represent a digital Zero. 

[0024] In another embodiment the step of phase reversal 
keying a carrier frequency of a signal comprises reversing 
the phase of the signal beginning at a data clock boundary 
to represent a digital Zero and reversing the phase of the 
signal after a short delay after a data clock boundary to 
represent a digital one. 

[0025] In a preferred embodiment the step of phase rever 
sal keying a carrier frequency of a signal comprises provid 
ing a maXimum acceptable duration betWeen the phase 
reversals by maintaining the phase of the carrier in a 
undisturbed state for substantially the duration of the num 
ber of carrier frequency cycles left in the bit period after the 
brief reversal. For eXample the step of pulse position modu 
lating the signal comprises maintaining the frequency and 
phase of the ?rst primary pulse for at least 95% of the bit 
period to provide the maXimum acceptable undisturbed 
duration. 

[0026] The step of pulse position modulating the signal 
results in a spectrum containing a multiplicity of sinX/X 
frequency peaks. The spectrum has a single maXimal fre 
quency peak at the carrier frequency and numerous minor 
loW level frequency peaks of differing amplitudes separated 
from the maXimal frequency peak at intervals equal to the bit 
rate. In the preferred embodiment the step of pulse position 
modulating the signal comprises creating the maXimal fre 
quency peak to contain approximately 99% of the total 
radiated poWer of the spectrum. Alternatively, the step of 
pulse position modulating the signal comprises creating the 
loWer level frequency peaks spread such that the individual 
mean poWer of the loWer level frequency peaks is less than 
one millionth of the maXimal frequency peak at the carrier 
frequency. 
[0027] The step of phase reversal keying a carrier fre 
quency of a signal comprises representing a single RF cycle 
phase reversal as a missing pulse While retaining pulses for 
all other RF cycles of the bit period. 

[0028] The step of pulse position modulating the signal 
comprises creating a spectrum With a main energy peak 
characteristics of a single sideband related to a phantom 
carrier in Which the main energy peak is synthesiZed into a 
single side band, such that the signal no longer has other 
sidebands relative to the main energy peak. The step of pulse 
position modulating the signal comprises creating the minor 
frequency peaks With a short duration much less than one bit 
period, so that the minor frequency peaks thus do not pass 
through a conventional ?lter, and so that the maXimal 
frequency peak passes the conventional ?lter as a single 
frequency Without indication of modulation. 

[0029] In receiving the method further comprises the step 
of demodulating the signal in Which a maXimal frequency 
peak is modulated by received signals from a principal 
transmission path and at least one echo path during a time 
interval Which is much less than a bit period, so that the 
principal transmission path and the echo path are detected as 
having separable phase reversal transition times, thereby 
reducing multipath interference. 
[0030] In receiving the method further comprises the step 
of demodulating the signal in Which the minor frequencies 
peaks are either loWer in amplitude than the system noise or 
are removed by ?ltering. 
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[0031] The invention is also de?ned as a communications 
system for transmitting digital data comprising: encoding 
means for phase reversal keying a carrier frequency of a 
signal used for transmitting and/or receiving digital data; 
and modulating means for pulse position modulating the 
signal by generating tWo pulses having opposite phases, 
namely for generating a primary pulse of the tWo pulses 
occupying a majority fraction of a bit period, and for 
generating a secondary pulse of the tWo pulses occupying a 
minority fraction of a bit period, the position of the second 
ary pulse carrying the modulation information. 

[0032] The system includes a system clock and the encod 
ing means comprises a narroW pulse Width generator respon 
sive to a data input by creating a pulse having no delay 
relative to a clock to represent a digital one, and the pulse 
Width generator responsive to a data input by creating a 
pulse having a short delay after the relative to the clock to 
represent a digital Zero. 

[0033] In one embodiment only pulses representing a 
digital one are transmitted or encoded by the encoding 
means. 

[0034] The modulating means comprises a balanced 
modulator, Wherein the balanced modulator causes phase 
reversals, but does not suppress a carrier. The modulating 
means may be an XOR gate or other commonly used 
balanced modulator. 

[0035] The system also receives the signal and further 
comprises ?ltering means. The ?ltering means comprises a 
monopole crystal With a high Q. The monopole crystal is 
caused to continuously resonate at the carrier frequency, 
such that the ?ltering means cannot reverse a resonant phase 
in the short time period of the narroW pulse Width, so that the 
?ltering means passes a modulated signal Without folloWing 
the phase change of the secondary pulse, and so that the 
?ltering means rejects signals Which have a frequency Which 
differs from the carrier frequency. 

[0036] In receiving the system further comprises a detect 
ing means. The detecting means comprises a synchronous 
detector locked to the single transmitted frequency. The 
detecting means generates a spiked output only during a 
time of the pulse generated by the narroW pulse Width 
generator. The detecting means typically comprises an XOR 
gate. The XOR gate responds to phase reversals or to 
missing pulses in the signal. 

[0037] As a receiver the system further comprises a decod 
ing means, a receiver data clock, and an output circuit. The 
decoding means produces a spiked output at the time of a 
digital one. The spiked output resets the receiver data clock 
and sets the output device to indicating that a digital one has 
been received. 

[0038] The invention noW having been brie?y summa 
riZed, its various features and embodiments may be visual 
iZed in the folloWing draWings and illustrations, Where like 
elements are referenced by like numbers. 

[0039] While the apparatus and method has or Will be 
described for the sake of grammatical ?uidity With func 
tional explanations, it is to be eXpressly understood that the 
claims, unless eXpressly formulated under 35 USC 112, are 
not to be construed as necessarily limited in any Way by the 
construction of “means” or “steps” limitations, but are to be 
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accorded the full scope of the meaning and equivalents of 
the de?nition provided by the claims under the judicial 
doctrine of equivalents, and in the case Where the claims are 
eXpressly formulated under 35 USC 112 are to be accorded 
full statutory equivalents under 35 USC 112. The invention 
can be better visualiZed by turning noW to the folloWing 
draWings Wherein like elements are referenced by like 
numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a graph depicting phase reversal and the 
pulses caused by phase reversal in the prior art. 

[0041] FIG. 2 is a schematic of a pulse position modulator 
With phase reversal of the present invention. 

[0042] FIG. 3 is a graph of a spectrum With pulse position 
modulation and phase reversal of the pulse ‘Off’ time in 
accordance With the present invention 

[0043] FIG. 4 is a schematic of a narroW bandWidth ?lter 
having very loW group delay for pulse modulation. 

[0044] FIG. 5 is a schematic vieW of a detector for pulse 
position modulation. 

[0045] FIG. 6 is a schematic vieW of a decoder for pulse 
position modulation. 

[0046] FIG. 7 is a graph depicting the effects of a ?lter on 
phase reversals. 

[0047] FIG. 8 is a diagram shoWing multipath effects of a 
signal on RF transmission in accordance With the present 
invention. 

[0048] FIG. 9 is a schematic vieW of a synchroniZer for 
pulse and RF cycles. 

[0049] The invention and its various embodiments can 
noW be better understood by turning to the folloWing 
detailed description of the preferred embodiments Which are 
presented as illustrated eXamples of the invention de?ned in 
the claims. It is eXpressly understood that the invention as 
de?ned by the claims may be broader than the illustrated 
embodiments described beloW. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0050] FIG. 1, shoWs the effect of phase reversal keying 
on pulses of nearly the same time duration using the prior 
art. When only one sideband is present, the phase does not 
shift from +90-degrees to —90-degrees as might be expected, 
but undergoes a phase rotation of 360 degrees. This is the 
equivalent of going from O-degrees through 180-degrees and 
back to O-degrees. This phase rotation occurs at the transi 
tion time and lasts only a feW cycles of the carrier frequency. 

[0051] FIG. 1, line (B) shoWs the phase reversal time. 
Line (C) shoWs the observed phase rotational change. Line 
(D) shoWs the output of a synchronous detector, Which can 
detect either amplitude or phase. The output has a narroW 
spike during the phase rotation. This spike may have a 
variation in its rise time and peak amplitude because the Zero 
crossing time of the data clock in line (A) and the start of the 
RF cycle in the transmitted signal are not coordinated. 

[0052] It is the object of the present invention to arti? 
cially create this phase change in a more ef?cient manner 
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and thereby reduce or eliminate as much undesirable radia 
tion as possible. The undesirable radiation is caused by 
phase craWl or difference among the various crossings 
periods. This results in an inconsistent detected output, 
Which varies in rise time and amplitude. As set forth above, 
this is because the data clock and the RF frequency are not 
numerically made to correspond to each other. 

[0053] To solve this problem, the present invention uti 
liZes a method for generating pulse position modulation 
including phase reversal keying. The generation of pulse 
position modulation involving phase reversal keying accord 
ing to the present invention includes the creation of tWo 
pulses having opposite phases. The primary pulse is very 
broad, occupying 97% or more of the bit period. The pulse 
of the opposite phase is very narroW, ordinarily occupying 
3% or less of the bit period. The narroW pulse carries the 
modulation information. The broad pulse corresponding to a 
much longer time period can be considered an ‘Off’ time 
during Which a reference signal is being transmitted. 

[0054] Adevice to achieve this is shoWn in FIG. 2. In this 
device, digital data consisting of the ones and Zeros is 
applied to tWo AND gates (21) and (24). The data applied to 
gate (24) is inverted by the inverter (23). A data clock is 
applied to the gates With a very slight delay to gate (21) and 
a longer delay to gate (24). The delay time is adjustable by 
the resistor (28). When a digital one is present, gate (21) 
passes the clock to the OR gate (22). When a digital Zero is 
present, gate (24) is activated. The output of the only slightly 
delayed ones or the longer delayed Zero clock is used to 
drive a one shot circuit (25) to produce a very narroW pulse, 
having a duration of one cycle. In this Way, pulse position 
modulation is created. 

[0055] As for the phase reversal, the narroW pulses drive 
a phase reversing device, such as the XOR gate (26), Which 
causes the phase reversal of the carrier. It can be shoWn that 
the resulting output does not have the characteristics of a 
carrier, but advantageously that of a sideband. Alternately, 
an AND gate (27) can be used to cause a missing cycle 
instead of a reversed cycle. 

[0056] In a system, one element may be a decoding means. 
Such a decoding means may incorporate a decoding circuit. 
A decoding circuit does not use the longer delayed pulses 
passing vbia gate (24), so the longer delayed pulses are not 
necessary. Ones only that pass via gate (21) need be trans 
mitted. Therefore, the present invention implemented With 
only a decoding means permits the use of a ones-only 
embodiment. In the ones only embodiment, the RC delay 
circuit (28) and gates (22), (23) and (24) can be omitted from 
the device of FIG. 2. 

[0057] FIG. 3 shoWs the spectrum resulting from the pulse 
position modulation With phase reversal of the present 
invention. The main peak (34) has the characteristics of the 
side band and is shoWn at the center. As such, the main peak 
(34) contains all of the necessary modulation energy. The 
minor peaks 36 typically have measured mean poWer levels 
betWeen —70 and —80 dB beloW the major peak. The peak 
poWer of the minor peaks 36 is higher, but the FCC 
regulations only requires mean poWer measurements. 
Expressing the difference of the poWer levels of the minor 
peaks to the main peak in another Way is that the mean 
poWer of the minor pulses spread over a Wide frequency 
range, taken individually, is less than one millionth of the 
mean poWer of the main pulse at carrier frequency. 

Aug. 15, 2002 

[0058] It can be seen from FIG. 3 that the spectrum 
consists primarily of a single frequency, Which has the 
characteristics of a sideband instead of a carrier. The minor 
peaks (36), as shoWn in FIG. 3, have peak poWers of at least 
—50 dB beloW the main peak (34). Therefore, the minor 
peaks (36) can be submerged or buried beloW Gaussian 
noise Without ill effect. 

[0059] The function and performance of the XOR gate 26 
in the device of the present invention is of particular interest. 
Normally, the XOR gate 26 functions as, (and is Well knoWn 
as), a balanced miXer. When driven by a rectangular Wave 
form on its input 26a it produces an upper and a loWer 
sideband starting at frequencies 1/zthe bit rate aWay from the 
carrier, While suppressing the carrier. HoWever, these side 
bands do not appear in the spectrum shoWn in FIG. 3. That 
is, they are absent in the spectrum produced by the device of 
FIG. 2. The carrier is not suppressed, but is the basis for the 
central peak although it noW has the spectral position and 
characteristics of a sideband. 

[0060] A ?lter may be used in a system implementing the 
device and method of the present invention in one or more 
of the system elements. As such, it is important to consider 
the effect that such a ?lter may have on the narroW pulses of 
the present invention. It is Well knoWn to those skilled in the 
art that a conventional ?lter, such as the ‘Ideal Filter’ or the 
‘“Nyquist Filter’ has a group delay Which is determined by 
the ?lter bandWidth and the phase change across that band 
Width. The narroWer the ?lter bandWidth, the greater the 
group delay. 

[0061] Also, the greater the phase change across the ?lter, 
the greater the group delay. In order to pass a very narroW 
pulse through these conventional ?lters, the ?lter bandWidth 
must be approximately equal to 1/t, Where ‘t’ is the pulse 
Width. 

[0062] HoWever, the pulses of the present invention are 
much narroWer than permitted by conventional ?lters. 
Therefore, it is an object of the present invention to pass a 
very narroW pulse of the present invention through a ?lter. 
This can be accomplished by using a monopole crystal ?lter 
as shoWn in FIG. 4. The signal to be passed comprises a 
single frequency With very brief phase reversals, or even 
missing cycles. The monopole crystal (41) is caused to 
resonate at this single frequency. Under normal circum 
stances, the monopole crystal ?lter has a very large group 
delay and cannot change phase abruptly. HoWever, When 
faced With a sudden very brief phase reversal, it behaves as 
if it Were a pure resistance and passes the phase reversal, or 
missing cycle, unaltered. On the other hand, for noise 
outside the resonant peak, the normal group delay applies 
and the crystal acts as a normal crystal ?lter. 

[0063] FIG. 4 shoWs the monopole crystal ?lter circuit 
With accompanying circuit items as used in a practical 
embodiment. The crystal (42) is caused to resonate With a 
large group delay at the transmitted single frequency. This 
large group delay also implies that large build up and decay 
periods are necessary. The build up period is for the crystal 
to reach peak resonance, and the decay period is for the 
crystal to stop resonating at a certain frequency. Due to the 
large decay period required, the crystal (42) cannot folloW 
an abrupt frequency phase change. Instead, abrupt changes 
are passed as if the crystal Were an open Wire, or an in?nite 
impedance at its parallel resonant frequency. The unique 
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feature of this circuit is that it appears to have tWo group 
delay responses. The response at the peak frequency is very 
short, While the response to frequencies off resonance is very 
long. 

[0064] FIG. 4 further shoWs a tuning capacitor (43). 
Tuning capacitor (43) enables the crystal resonance fre 
quency to be trimmed to the eXact signal frequency. The 
ampli?er (46) presents a resistive load (45). This load is 
shunted by an internal circuit capacitor (44) so that the load 
is a complex impedance, Which should be kept as close to 
purely resistive as possible to reduce the RC effects. 

[0065] In practice in a system, no ?lter is needed at the 
transmitter, since the minor peaks have very loW mean 
poWer levels. A ?lter is needed at the receiver to reduce the 
noise bandWidth and reject adjacent channels. Since the 
method is a phase reversal rather than an amplitude modu 
lation method, limiting can be used folloWing the bandpass 
?lter. 

[0066] In a system utiliZing the method of the present 
invention a detector, generally denoted by reference numeral 
31, as shoWn in FIG. 5, may be used. Detecting may be 
implemented after the ?ltering and limiting set forth above. 
To this end, a ‘synchronous’ or ‘autodyne’ type detector may 
be used to detect phase reversals or missing pulses (cycles). 
FIG. 5 shoWs a typical synchronous phase detector. The 
single frequency signal from the limiter is passed though a 
bandWidth ?ltering circuit comprising circuit 51 to ampli 
?ers (52), (53) and (54). These ampli?ers are integrated 
circuits having Zero hysteresis, such as the types 74AC04 or 
74HC04. In this circuit they each have a feed back resistor. 
Thus, the ampli?ers (52), (53) and (54) function as analog 
ampli?ers. 
[0067] In the loWer path of the circuit (31) shoWn in FIG. 
5, a crystal controlled oscillator (55) is locked to the 
incoming signal to provide a phase reference Without phase 
changes. The output of this phase reference is passed to a 
phase detector (56), Where it is compared With the incoming 
signal having phase changes to yield an output during the 
phase change. The phase change period can be varied by the 
pulse delay time provided by element 28 of the circuit in 
FIG. 2. Optimum operation uses only one cycle at the 
modulated frequency, since this results in the minor peaks 
having the loWest possible poWer level. 

[0068] The XOR gate 56 as it is applied as a phase detector 
in the detector circuit of FIG. 5, has no output When the tWo 
inputs are of the same phase, but has a maXimum output 
When they are opposite in phase. Thus, the response is the 
same as if one of the cycles Were missing. 

[0069] FIG. 6 shoWs a decoding means comprising a 
decoding circuit for use in a system implementing the 
present invention. As such, the circuit of FIG. 6 is a decoder 
for decoding a pulse position modulated signal. This circuit 
utiliZes the only-slightly-delayed pulses to indicate the pres 
ence of a digital one. The digital-one (early) pulses reset the 
data clock and close a gate circuit. In order to block out 
unWanted signals, a gating circuit (63) opens just prior to the 
eXpected arrival time of the ones pulse. Once the pulse is 
received, the gate is closed until the neXt opening period. 

[0070] The very narroW pulses from the phase change 
detector (31) are expanded in Width by the pulse stretcher 
(61). The stretched pulses are passed to the data detector (62) 
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and to the clock resetting pulse generators (64) and (65). The 
D input of the data detector (62) is held high until the clock 
reads the data and passes it to the output of (62) as a high or 
one output. A delayed pulse sets the D input loW after the 
clock rise. Therefore, the data detector (62) clocks out a loW 
or digital Zero. 

[0071] The leading edge of the stretched pulse causes a 
delay pulse to be generated by the pulse generator (64). The 
back side (inverted) pulse delays the pulse driving the spike 
generator (65). The spike generator (65) creates a very 
narroW spike, Which resets the divider (66) to cause the data 
clock to rise at the reset time. A crystal controlled oscillator 
(67) operating at a multiple of the data clock, (usually 32 or 
64 times the clock rate), has its output divided doWn by the 
frequency divider (66). A gating circuit (63) is used to open 
the circuits to the incoming pulses for a brief period of time 
just ahead of the eXpected arrival time of the desired signal 
representing a digital one. The gate closes When the clock 
has been reset. This prevents an unWanted resetting of the 
data clock by noise or multipath echoes. 

[0072] FIG. 7 shoWs the effects of ?ltering on the phase 
reversal. The normal RF cycles, Which are present for more 
than 95% of the time, are shoWn as having a peak at (a). A 
phase reversal occurs at (b) With a negative peak 180 degrees 
out of phase at (c) and (e). On the third cycle, the phase is 
reversed and the peaks occur at (h) and With the normal 
phase as shoWn on line (1) of FIG. 7. 

[0073] When only one cycle is involved, the pattern 
shoWn in FIG. 7, line (2) occurs. The frequency for that brief 
period of time is doubled. The ?lter cannot pass a frequency 
at tWice or half the normal and rejects it, resulting in the 

appearance of a missing cycle as shoWn in FIG. 7, line This missing cycle Will be seen any time the frequency is 

doubled or halved. Considering each cycle as a pulse, the 
missing cycle can be considered a missing pulse. Missing 
pulses can alternatively be created directly by the use of an 
AND gate in lieu of the XOR gate as indicated in FIG. 2. 

[0074] FIG. 8 shoWs the measured effect of a multipath 
signal on the present pulse position modulated signal at the 
detector (31) output. The desired main path has a strong 
phasor (a). The re?ected or echo path has a Weaker phasor 
(b). The phasor sum (c) remains ?Xed for most of the bit 
period. When a phase reversal of the Weaker echo path 
occurs, the phasor sum is momentarily changed to (c‘), then 
reverts to the position at 

[0075] The detected outputs are shoWn for the Weak path 
at (d) and for the strong path at (e). The stronger signal can 
be clipped at a level just above (d) to remove the Weaker 
signal The gate 63 in FIG. 6 can be set to accept only 
the stronger pulses (e) and reject noise betWeen pulses. 
[0076] It has been shoWn that second path signals 
approaching —3 dB can be tolerated Without the use of error 
correction for an acceptable digital voice quality With the 
present invention. This is an improvement of about 12 dB 
better than the tolerance level for other methods. 

[0077] The improvement in multipath reception is a result 
of a very narroW pulse time period for the desired and the 
re?ected path. This period is much less than the full bit 
period. If the tWo paths do not overlap there is almost no 
interference. Other modulation methods occupy the full bit 
period, hence the interference from the second path is much 
greater. 
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[0078] FIG. 9 shows a simple means for optimizing 
(synchronizing) the relationship between the pulse and the 
RF frequency. The output of the OR gate (22) in FIG. 2 is 
applied to the D input of the coordinating D ?ip ?op (81). 
The RF frequency is applied through a phase shifter to cause 
the output of D ?ip ?op (81) to occur at the most effective 
time to cause a phase reversal in the XOR gate (26). This 
keeps the poWer level of the detected signal substantially 
uniform. Even though there is a slight variation in timing, 
this variation is of substantially no consequence to the 
decoder. 

[0079] Many alterations and modi?cations may be made 
by those having ordinary skill in the art Without departing 
from the spirit and scope of the invention. Therefore, it must 
be understood that the illustrated embodiment has been set 
forth only for the purposes of example and that it should not 
be taken as limiting the invention as de?ned by the folloWing 
claims. For example, notWithstanding the fact that the ele 
ments of a claim are set forth beloW in a certain combination, 
it must be expressly understood that the invention includes 
other combinations of feWer, more or different elements, 
Which are disclosed in above even When not initially claimed 
in such combinations. 

[0080] The Words used in this speci?cation to describe the 
invention and its various embodiments are to be understood 
not only in the sense of their commonly de?ned meanings, 
but to include by special de?nition in this speci?cation 
structure, material or acts beyond the scope of the commonly 
de?ned meanings. Thus if an element can be understood in 
the context of this speci?cation as including more than one 
meaning, then its use in a claim must be understood as being 
generic to all possible meanings supported by the speci? 
cation and by the Word itself. 

[0081] The de?nitions of the Words or elements of the 
folloWing claims are, therefore, de?ned in this speci?cation 
to include not only the combination of elements Which are 
literally set forth, but all equivalent structure, material or 
acts for performing substantially the same function in sub 
stantially the same Way to obtain substantially the same 
result. In this sense it is therefore contemplated that an 
equivalent substitution of tWo or more elements may be 
made for any one of the elements in the claims beloW or that 
a single element may be substituted for tWo or more ele 
ments in a claim. Although elements may be described 
above as acting in certain combinations and even initially 
claimed as such, it is to be expressly understood that one or 
more elements from a claimed combination can in some 

cases be excised from the combination and that the claimed 
combination may be directed to a subcombination or varia 
tion of a subcombination. 

[0082] Insubstantial changes from the claimed subject 
matter as vieWed by a person With ordinary skill in the art, 
noW knoWn or later devised, are expressly contemplated as 
being equivalently Within the scope of the claims. Therefore, 
obvious substitutions noW or later knoWn to one With 
ordinary skill in the art are de?ned to be Within the scope of 
the de?ned elements. 

[0083] The claims are thus to be understood to include 
What is speci?cally illustrated and described above, What is 
conceptionally equivalent, What can be obviously substi 
tuted and also What essentially incorporates the essential 
idea of the invention. 
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I claim: 
1. A method of transmitting digital data in a Wireless 

communications system, the method comprising: 

phase reversal keying a carrier frequency of a signal used 
for transmitting and/or receiving digital data, and 

pulse position modulating the signal by generating tWo 
pulses having opposite phases, namely generating a 
primary pulse of the tWo pulses taking a majority 
fraction of a bit period, and generating a secondary 
pulse of the tWo pulses having a minority fraction of a 
bit period, the secondary pulse being position modu 
lated to carry the modulation information. 

2. The method of claim 1 Wherein generating the second 
ary pulse generates a secondary pulse having a duration 
equal to or less than 3 to 4 cycles of the carrier frequency. 

3. The method of claim 2 Wherein generating the second 
ary pulse generates a secondary pulse having a duration 
equal to one cycle of the carrier frequency. 

4. The method of claim 1 Where phase reversal keying a 
carrier frequency of a signal comprises reversing the phase 
of the signal beginning at a data clock boundary, and 
continuing for 1 to 3 cycles to represent a digital one. 

5. The method of claim 1 Where phase reversal keying a 
carrier frequency of a signal comprises reversing the phase 
of the signal beginning after a short delay folloWing a data 
clock boundary to represent a digital Zero. 

6. The method of claim 1 Where phase reversal keying a 
carrier frequency of a signal comprises reversing the phase 
of the signal beginning at a data clock boundary to represent 
a digital Zero and reversing the phase of the signal after a 
short delay after a data clock boundary to represent a digital 
one. 

7. The method of claim 1 Where phase reversal keying a 
carrier frequency of a signal comprises providing a maxi 
mum acceptable duration betWeen the phase reversals by 
maintaining the phase of the carrier in an undisturbed state 
for substantially the duration of the number of carrier 
frequency cycles left in the bit period after reversal. 

8. The method of claim 7, Where pulse position modulat 
ing the signal comprises maintaining the frequency and 
phase of the ?rst primary pulse for at least 95% of the bit 
period to provide the maximum acceptable duration. 

9. The method of claim 1 Where pulse position modulating 
the signal comprises creating a spectrum containing a mul 
tiplicity of sinx/x frequency peaks, the spectrum having a 
single maximal frequency peak at the carrier frequency and 
numerous minor loW level frequency peaks of differing 
amplitudes separated from the maximal frequency peak at 
intervals equal to the bit rate. 

10. The method of claim 9 Where pulse position modu 
lating the signal comprises creating the maximal frequency 
peak to contain approximately 99% of the total radiated 
poWer of the spectrum. 

11. The method of claim 9 Where pulse position modu 
lating the signal comprises creating the loWer level Wide 
spread frequency peaks so that the mean poWer of the 
individual loWer level frequency peaks is less than one 
millionth of the maximal frequency peak at the carrier 
frequency. 

12. The method of claim 1 Where phase reversal keying a 
carrier frequency of a signal comprises representing a single 
RF cycle phase reversal as a missing pulse While retaining 
pulses for all other RF cycles of the bit period. 
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13. The method of claim 1 wherein pulse position modu 
lating the signal comprises creating a spectrum With a main 
energy peak characteristic of a single sideband related to a 
phantom carrier in Which the main energy peak is synthe 
siZed into a single side band, such that the signal no longer 
has other signi?cant sidebands relative to the main energy 
peak. 

14. The method of claim 9 Where pulse position modu 
lating the signal comprises creating the minor frequency 
peaks With a short duration much less than one bit period, so 
that the minor frequency peaks thus do not pass through a 
conventional ?lter due to the long group delay, and so that 
the maXimal frequency peak passes the conventional ?lter, 
Which has normal group delay as a single frequency Without 
indication of modulation. 

15. The method of claim 9 further comprising demodu 
lating the signal in Which a maXimal frequency peak is 
modulated by received signals from a principal transmission 
path and at least one echo path during a time interval Which 
is much less than a bit period, so that the principal trans 
mission path and the echo path are detected as having 
separable phase reversal transition times, thereby reducing 
multipath interference. 

16. The method of claim 9 further comprising demodu 
lating the signal in Which the minor frequency peaks are 
either loWer in amplitude than the system noise or are 
removed by ?ltering. 

17. A communications system for transmitting digital data 
comprising: 

encoding means for phase reversal keying a carrier fre 
quency of a signal used for transmitting and/or receiv 
ing digital data; and 

modulating means for pulse position modulating the sig 
nal by generating tWo pulses having opposite phases, 
namely for generating a primary pulse of the tWo pulses 
occupying a majority fraction of a bit period, and for 
generating a secondary pulse of the tWo pulses occu 
pying a minority fraction of a bit period, the secondary 
pulse position carrying the modulation information. 

18. The system of claim 17 in combination With a system 
clock Wherein the encoding means comprises a narroW pulse 
Width generator responsive to a data input by creating a 
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pulse having no delay relative to a clock to represent a 
digital one, and the pulse Width generator responsive to a 
data input by creating a pulse having a short delay after the 
relative to the clock to represent a digital Zero. 

19. The system of claim 18 in Which only pulses encoded 
by the encoding means to represent a digital one are trans 
mitted. 

20. The system of claim 17 in Which the modulating 
means comprises a balanced modulator, Wherein the bal 
anced modulator causes phase reversals, but does not sup 
press a carrier. 

21. The system of claim 17 in Which the modulating 
means comprises an XOR gate. 

22. The system of claim 17 Where the system also receives 
the signal and further comprises ?ltering means Which in 
turn comprises a monopole crystal With a high Q, Wherein 
the monopole crystal is caused to continuously resonate at 
the carrier frequency, such that the ?ltering means cannot 
reverse a resonant phase in the short time period of the 
narroW pulse Width, so that the ?ltering means passes a 
modulated signal Without folloWing the phase change of the 
secondary pulse, and so that the ?ltering means rejects 
signals Which have a frequency Which differs from the 
carrier frequency. 

23. The system of claim 18 Where the system also receives 
the signal and further comprises detecting means Which in 
turn comprises a synchronous detector locked to a single 
transmitted frequency, the detecting means for generating a 
spiked output only during a time of the pulse generated by 
the narroW pulse Width generator. 

24. The system of claim 23 in Which the detecting means 
comprises an XOR gate, Wherein the XOR gate responds to 
phase reversals or to missing pulses in the signal. 

25. The system of claim 17 Where the system also receives 
the signal and further comprises decoding means, a receiver 
data clock, and an output circuit, the decoding means for 
producing a spiked output at the time of a digital one, the 
spiked output resetting the receiver data clock and setting 
the output device to indicating that a digital one has been 
received. 


