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5 ' Field of the Invention

This invention generally relates to radio receivers and
more specifically to phase compensation in a demodulator
using a non-ideal voltage limiter.

10 ' :
Background of the Invention

In a conventional radio system utilizing a digital or analog

phase modulation scheme, the phase of the received signal can

15 be extracted using zero-crossing information. Specifically, the
received signal at an intermediate frequency (IF) is applied as
an input to a voltage limiter. Next, the system transforms the
output of the voltage limiter into digitally encoded phase
information. One way to digitize the limited received signal is

20 to sample the signal at the zero-crossing levels. Typically, the
system samples the voltage limited received signal at either
the positive or the negative zero-crossings levels. FIG. 6
illustrates a received signal 701 and a voltage limited signal
705. A voltage limiter has an internal voltage threshold Vi 703.

25 The output signal of the voltage limiter is specified by the
following input-output characteristic

Vh if Vi > Vi
Vout =
30 Vi if Vi < V¢

where Vi and Vj, are the high and low logic levels,
respectively. For an ideal imiter Vt is equal to zero.
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705. A voltage linmter has an internal voltage threshold Vt 703. 25 The
out put signal of the voltage limter is specified by the follow ng

i nput -out put characteristic [err] where [err] and [err] are the high and

|l ow | ogic | evels, respectively. For an ideal limter Vt is equal to zero.

2 However, ideal voltage limters are difficult to manufacture in |arge

vol umes due to differences in make tol ergnce and the variation of the part
over tenperature. Wien the voltage threshold Vt is not equal to zero, the
positive and negative zero- 5 crossings will not be exactly 180 degrees
out of phase, and the limter output signal becones asymetric. The
asymetry causes a di screpancy in the phase at the positive zero- crossings

relative to the phegcedfer! fifedlSitdgtlinfitdrs drdSdifiéft to manufacture in
large volumes due to differences in make tolerance and the
variation of the part over temperature. When the voltage
threshold V¢ is not equal to zero, the positive and negative zero-
5 crossings will not be exactly 180 degrees out of phase, and the
limiter output signal becomes asymmetric. The asymmetry
causes a discrepancy in the phase at the positive zero-
crossings relative to the phase at the negative zero-crossings.
As illustrated in FIG. 6, the time T1 707 is less than time T2
10 709. In a system using positive and negative zero-crossings to
sample the phase of the received signal, the difference in time
results in distorted phase information. Most conventional
systems resolve this problem by sampling only at the positive
zero-crossings of the voltage limited signal. However, it is a
15 desirable feature of a phase demodulating system to be able to
sample at both the positive and negative zero-crossings. By
doing so, the phase quantization portion of the system can
operate at one-half the frequency typically required to extract
phase information.

20 To quantify the discrepancy in phases at the positive and
negative zero-crossings, the received intermediate frequency
signal can be represented as

s(t)=A(t) sin [2xfi t + 6(1)]

25

where 6(t) is the phase modulation to be recovered. At the IF
zero-crossings s(t) will be zero, and the phase signal 6(t) can be
represented as

30 04+(t) = [-2x fit) + asin(Vi/A(t))Imod 2 at positive zero-crossings
0—(t) = [-2=x fitk + = - asin(Vi/A(t))Imod 2r at negative zero-crossings.



As illustrated in FIG 6, the tinme Tl 707 is less than time T2 1 0 709.
I'n a systemusing positive and negative zero-crossings to sanple the phase
of the received signal, the difference in tinme results in distorted phase
i nformati on. Most conventional systens resolve this problemby sanpling
only at the positive zero-crossings of the voltage limted signal. However,
it isalbs desirable feature of a phase denodul ating systemto be able
to sanple at both the positive and negat Bve zero-crossings. By doing so,

t he phase quanti zation portion of the system can operate at one-half the
frequency typically required to extract phase information. 20 To
quantify the discrepancy in phases at the positive and negative
zero-crossings, the received internedi ate frequency signal can be

represented as 25 When the phgser mpodulation i constant; 6e(tp andb-fbhishenldon to

be recovered. Al t mﬁéfb%eéx%pﬁgoe 3hithe5 bolveVlk,! a WnZf ekt Ne Phase

~stgnal [err] can b%lnr'es%ro ii?t Sesuifs in an average phase error term equal to

e=E {64(t) - 6-(t) +x}
5 = 2 agin [V /A(D)]
To compensate for the deleterious effects of asymmetric
limiting, this phase error term must be removed.
The implementation of phase demodulator systems which

sample at both positive and negative zero-crossings allows a

10 reduction of the intermediate and reference oscillator
frequencies by one-half. The result is a decrease in current
drain, which translates into extended battery life in a portable
product. Therefore, it would be advantageous to develop a
method of digitally compensating for voltage limiter

15 asymmetries.
Summary of the Invention

The present invention encompasses a method of

20 compensating for distortion of the phase of a received signal,
allowing sampling of the phase at both the positive and '
negative zero-crossings. The distortion is caused by the
asymmetrical characteristics of a voltage limiter. First, the
phase of the received signal is sampled at the positive and

25 negative zero-crossings, forming a corresponding positive-
crossing and a negative-crossing phase value for the received
signal. Second, the negative-crossing and positive-crossing
phase values are combined, forming a first difference signal.
Third, an estimated error signal is formed using the first

30 difference signal. Fourth, the estimated error signal is
combined with the positive or negative zero-crossing phase
signals, substantially eliminating the asymmetrical
distortion.



[err] 3 When the phase nodul ation is constant, [err] and [err] should
differ by exactly [err] radians; however, a non-zero limter threshold WVt
results in an average phase error termequal to To conpensate for the

del eterious effects of asymetric limting, this phase error term nust be
renoved. The inplenentation of phase denodul ator systens which sanple at
both positive and negative zero-crossingsgallows a 1 0 reduction of the
intermedi ate and reference oscillator frequencies by one-half. The result
is a decrease in current drain, which translates into extended battery life
in a portable product. Therefore, it would be advantageous to devel op a

nmet hod of digitally conpensating for voltage limter 1 5 asymetri es.

Brief Description of the Drawings

FIG. 1 is a block diagram of a radiotelephone system in
5 accordance with the present invention.
FIG. 2 is a block diagram of a phase demodulator in
accordance with the present invention. '
FIG. 3 is a block diagram of a phase compensation circuit
in accordance with the present invention.
10 FIG. 4 is an alternative embodiment of the phase
compensation unit in accordance with the present invention.
FIG. 5 is a graph illustrating the performance of the
system employing the present invention.
FIG. 6 is a graph of a received signal and the output of a
15 non-ideal voltage limiter.



Surrmary of the Invention The present
corrpensatl ng for distortion of the phase of a received signal,
sanpling of the phase at both the positive and negative zero- crossi ngs.

distortion is caused by the asymmetrical characteristics of a voltage
limter. First,
negative zero-crossings, form+hg a correspondi ng positive-
crossing and a negative-crossi ng phase value for the received signal.
Second, the negative-crossing and positive-crossing phase val ues are
formng a first difference signal. Third, an estimated error
signal is fornmed using the first 3 0 difference signal. Fourth, the
estimated error signal is combined with the positive or negative

and 2 5

conbi ned,

zero-crossing phase signals, wgﬁbﬁwﬁum%@q.}wgdﬁﬂ@n@symmtrl cal

di stortion.
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The preferred embodiment encompasses a phase
compensation circuit which corrects for the asymmetry
caused by a non-ideal voltage limiter. This phase
compensation circuit allows a phase demodulating system to
sample the phase at both the positive and negative zero-
crossings of a received data signal, reducing the required
frequency of the reference oscillator by a factor of two. The
result is a significant reduction in the power consumption of a
radio receiver.

FIG. 1 is a block diagram of a radiotelephone system
which may employ the present invention. In the
radiotelephone system, the fixed site transceiver 103 sends and
receives radio frequency (RF) signals to and from mobile and
portable radiotelephones contained within a fixed geographic
area served by the fixed site transceiver 103. The
radiotelephone 101 is one such radiotelephone served by the
fixed site transceiver 103.

While receiving signals from the fixed site transceiver 103,
the radiotelephone 101 uses the antenna 105 to couple the RF
signal and convert the RF signal into an electrical RF signal.
The radio receiver 111 receives the electrical RF signal, for use
within the radiotelephone 101. The receiver 111 generates the
intermediate frequency (IF) signal 115. This signal is input
into the phase demodulator 119. The phase demodulator 119
outputs a symbol signal 123 for use by the processor 121.
Processor 121 formats the symbol signal 123 into voice or data
for the user interface 125. The user interface 125 contains a
microphone, a speaker and a keypad.

Upon the transmission of RF signals from the portable
radiotelephone 101 to the fixed site transceiver 103, the

i nvention enconpasses a nethod of 2 0
al | owi ng

The

t he phase of the received signal is sanpled at the positive



4 Brief Description of the Drawings FIG 1 is a bl ock diagramof a

radi ot el ephone systemin 5 accordance wth the present invention. FIG 2
is a block diagramof a phase denodul ator in accordance with the present
invention. FIG& 3 is a block diagram of a phase conpensation circuit in
accordance with the present invention. 6 FIG 4 is an alternative
enbodi ment of the phase conpensation unit”in accordance with the present
invention. FIG 5 is a graph illuatrating the performance of the system
enpl oying the present invention. FIG 6 is a graph of a received signal and
t he out put of a 15 non-ideal voltage limter.

processor 121 formats the voice and/or data signals from the
user interface. The formatted signals are input into the
transmitter 109. The transmitter 109 converts the data into
electrical RF signals. The antenna 105 receives the electrical

5 RF signals and outputs these signals as RF signals. The fixed
site transceiver 103 receives the RF signals.

FIG. 2 is a block diagram of the phase demodulator 119 as
illustrated in FIG. 1. The phase demodulator 119 includes the
limiter 301, the direct phase digitizer 308, the phase

10 compensation circuit 304, the phase processing circuit 305,
and the symbol slicer 319. The limiter 301 receives the IF
signal 115 and limits the voltage of the IF signal 115 to two
voltage levels corresponding to a logic level 0 and a logic level 1.
The limiter 301 outputs a limited received signal 309. The

15 direct phase digitizer 303 uses both the negative and positive
zero-crossings of the limited received sxgnal 309 to quantize the
phase of the received waveform into the N-bit digitized phase
signal 307 (6(t) + ¢). The digitized phase signal 307 is applied
as an input to the phase compensation circuit 304. The phase

20 compensation circuit 304 digitally compensates for
asymmetrics caused by the limiter 301 to produce the
compensated phase signal [6c(t+¢c] 311. The phase
processing unit 305 receives the compensated phase signal 311.
The phase processing unit 305 removes the constant phase

25 offset (¢c). The phase processing unit 305 may contain either a
coherent phase processor or a differentially coherent phase
processor. The preferred embodiment employs a differentially
coherent phase processor to remove the constant phase offset
(¢c). The resulting digital phase signal (0'(t)) 313 is input to

30 the symbol slicer 319. The symbol slicer 319 outputs the symbol
decisions 123 which correspond to the detected phase signal
313. '



5 Description of a Preferred Enbodi nent The preferred enbodi nent
enconpasses a phase 5 conpensation circuit which corrects for the
asynmetry caused by a non-ideal voltage limter. This phase conpensation
circuit allows a phase denodul ating systemto sanple the phase at both the
positive and negative zero- crossings of a received data signal, reducing
the required 1 0O frequency of the refefdence oscillator by a factor of
two. The result is a significant reduction in the power consunption of a
radio receiver. FIG 1 is a block diagramof a radi otel ephone system which
may enploy the present invention. Inthe 1 5 radi ot el ephone system the.
fixed site transceiver 103 sends and receives radio frequency (RF) signals
to and from nobil e and KIG.t3is & detailed bloekidingeamofithierphise t hin a fi xed

R e
compensation circuit es tes the phase error £(t) and then
adds this term to the negative zero-crossing phase values. An

5 equally sufficient system may be developed which would add
an estimated error to the positive zero-crossing phase values
without affecting performance. This alternative embodiment
remains within the scope of the disclosed invention.

The output of the direct phase digitizer 303 includes two N-
10 bit signals. The first output signal (84(t)) 401 contains the

phase values sampled at the positive zero-crossings of the
received signal. The second output signal (6_(t)) 407 contains
the corresponding phase values from the negative zero-
crossings of the received signal. First, the combiner 421 shifts
15 0—(t) 407 by = radians, producing the phase-shifted signal (6.
(t)+n) 403. This phase shifting, which is required because
positive and negative zero-crossing information differs in
phase by 180 degrees, brings 6-(t) 407 into the same quadrant
as 04(t) 401. Next, the combiner 436 subtracts the phase shifted
20 signal (8-(t)+x) 403 from 6.4(t), forming a phase difference
signal 409. The sign extraction unit 425 determines the sign of
the difference signal 409. The sign signal 411 is input into an
up/down counter 427. In the preferred embodiment at
initialization, the up/down counter 427 is preset to a value of
25 zero. If the phase signal 6+(t) 401 is greater than the phase
shifted signal (8-(t)+x) 403, then the sign signal 411 causes the
counter 427 to be incremented. On the other hand, if the phase
signal 6+(t) 401 is less than the phase shifted signal (0-(t)+x)
403, the sign signal 411 causes the counter 427 to be
30 decremented.
The output signal 413 of the up/down counter 427 is equal to
the current value of the counter 427. The comparator 429
compares the up/down counter output signal 413 to a positive



2.0 fixed site transceiver 103. Wile receiving signals fromthe fixed
site transceiver 103, the radiotel ephone 101 uses the antenna 105 to couple
the RF signal and convert the RF signal into an electrical RF signal. The
radi o receiver 111 receives the electrical RF signal, for use 2 5 wi thin
t he radi ot el ephone 101. The receiver 111 generates the internedi ate
frequency (1F) signal 115. This signal i$ input into the phase denodul ator
119. The phase denodul ator 119 outputs a synbol signal 123 for use by the
processor 121. Processor 121 formats the symbol signal 123 into voice or
data 3 0 for the user interface 125. The user interface 125 contains a

m crophone, a speaker and a keypad. Upon the transm ssion of RF signals

fromthe portabl e rthiteshalde3domnd sld a neghtive itheeshwld 4381 Addjustingrthk03, t he
6 thresholds of the comparator 429 changes the effective
' bandwidth of the compensation circuit. Increasing the
magnitudes of the threshold values 433 and 434 reduces the
5 bandwidth of the compensation circuit. As a result, the circuit
responds more slowly to instantaneous phase errors.
Conversely, smaller threshold values correspond to an
increase in the bandwidth of the compensation circuit.
If the value of counter output signal 413 is greater than the
10 positive threshold 434, then the comparator output signal 415
causes the N-bit up/down counter 431 to be incremented. If, on
the other hand, the value of the counter output signal 413 is
less than the negative threshold 433, then the comparator
output signal 415 causes the N-bit up/down counter 431 to be
15 decremented. In the preferred embodiment, the initial value
of the up/down counter 431 is zero. The N-bit up/down counter
output signal 417 is the estimated error signal, which is equal
to the current value of the up/down counter 431. The estimated
error signal 417 is combined with 6_(t) 407 resulting in a
20 corrected phase value signal 405. The corrected phase shifted
signal 403 and 64(t) 401 are combined in the 2-to-1 multiplexer
423. The positive zero-crossing indicator 435 from the direct
phase digitizer 303 is used to select the phase signal 6+(t) 401;
the negative zero-crossing indicator is used to select the
25 corrected, phase shifted signal 403. This results in the
digitally compensated phase signal 311. Thus, this processing
circuitry 304 effectively removes the phase error e(t) caused by
the asymmetric qualities of the voltage limiter 301. _
FIG. 4 is an alternative embodiment of the phase
30 compensation circuitry 304. This technique cancels the error
signal &(t) and is somewhat simpler to implement than the
method illustrated in FIG. 3. The circuit produces the
modulo-2r average of the two signals 502, 503 to compensate for



processor 121 formats the voice and/or data signals fromthe user

interface. The fornmatted signals are input into the transmtter 109. The
transmtter 109 converts the data into electrical RF signals. The antenna
105 receives the electrical 5 RF signals and outputs these signals as RF
signals. The fixed site transceiver 103 receives the RF signals. FIG 2 is
a bl ock diagram of the phase denodul ator gl19 as illustrated in FIG 1. The
phase denodul ator 119 includes the Iimtér 301, the direct phase digitizer
303, the phase 10 conpensation circuirt 304, the phase processing circuit
305, and the synbol slicer 319. The limter 301 receives the IF signal 115
and limts the voltage of the IF signal 115 to two voltage | evels

UL put s a | it od BSOS apmiisge apmiitiess Hirety thecombanar 804,11 zer
303 uses both the mshifisié-{t)501 by tadiang,cproducirgstheyphase-shiftéd m t ed
Nbitdigrt zed phaséﬂﬁﬁgﬁgﬁ@e@?e?“fb’iﬁﬁg%é%ﬂé@?%@%ﬁé ggﬁf‘?%%%". 5
appl i ed because positive and negative zero-crossing phase values diff:

5 by 180 degrees. The phase compensation circuit 304 then
subtracts signal 502 from 0.4(t) 503 at combiner 505. Next, the
resulting signal 507 is divided by 2 at divider 509. Finally,
signal 502 is added to the resulting signal 511 to produce the
digitally compensated phase signal 311.

10 Bit error rate (BER) simulations have been completed to
evaluate the performance of the two proposed limiter
compensation techniques discussed herein and illustrated in
FIG. 3 and FIG. 4. The system utilizes 384 Kbps n/4 QPSK
modulation at an intermediate frequency of 480 Khz. The

15 results, which are represented in FIG. 5, plot the Eb/No
required at a 1% BER as a function of imiter symmeitry for
four different detector structures. First, curve 601 corresponds
to a detector using only positive zero-crossings. A second
curve 603 corresponds to a detector using both zero-crossings

20 without the limiter compensation disclosed herein. A third
curve 605 corresponds to a detector using both zero-cmssings
with the adaptive limiter compensation loop illustrated in FIG.
3. A fourth curve 605 corresponds to a detector using both zero-
crossings with the phase averaging circuit illustrated in FIG.

25 4. For the results of FIG. 5, a limiter output duty factor defines
the limiter asymmetry. A 50% duty factor corresponds to an
ideal voltage limiter.

As the simulation results demonstrate, a detector with a
limiter having a 50% duty factor provides improved time

30 resolution when both zero-crossings are used. The detector
using both zero-crossings exhibited 1.25 dB of BER
improvement over a single zero-crossing detector. However,
without compensation the performance of the detector using




as an input to the phase conpensation circuit 304. The phase 2 0
conpensation circuit 304 digitally conpensates for asymretri es caused by
the limter 301 to produce the conpensated phase signal [err] 311. The
phase processing unit 305 receives the conpensated phase signal 311. The
phase processing unit 305 renobves the constant phase 2 5 offset [err].
The phase processing unit 305 may contaipgeither a coherent phase processor
or a differentially coherent phase processor. The preferred enbodi nent
enploys a differentially coherent phase processor to renove the constant
phase offset [err]. The resulting digital phase signal (0" (t)) 313 is input
to 30 the synbol slicer 319. The synbol slicer 319 outputs the synbo

deci si ons 123 whi chpg@ E&W@Rﬂsf&stm ﬁ%k?&&@ﬁum%alyg%h ﬂ&easmg

limiter asymmetry. Both limiter compensation techniques are
highly effective in alleviating this problem. FIG. 5 shows the
adaptive limiter compensation loop performing about 0.25 dB

5 - better than the phase averaging circuit at 1% BER. However,
improvements in the performance of the phase averaging
method are realized by increasing the precision of the
averaging circuitry. With this improved precision, the
performance of the phase averaging method is nearly identical

10 to that of the adaptive loop illustrated by curve 602 of FIG. 5.

What is claimed is:



FIG 3 is a detailed block di agram of the phase conpensation circuit 304 as

illustrated in FIG 2. This phase conpensation circuit estl ase
error [err] and then adds this termto the negative z hase
val ues. An 5 equal ly sufficient system may be deve @ini ﬂml add
an estimated error to the positive zero-crossing phase*v

affecting performance. This alternativg gnbodi nent remains wthin t hé scope
of the disclosed invention. The output of the direct phase digitizer 303

i ncludes two N 10 bit signals. The first output signal [err] 401
contains the phase val ues sanpled at the positive zero-crossings of the
recei ved signal. The second output signal (L(t)) 407 contains the

Ceceived si gral Firstr é“%% M%W%ﬁ%“q?w?&z%y ferr]

radi ans, produci ndherrecgivedes haying pasitivecapgd HegativeApro-crpfsinghase
shifting, which i sadPaYiHed, Iesee«uééiv@&%igﬂMQn a¢ inewatvoltgediiter 0Ssi ng
i nformation dlffer5|n hase b w9£ rlnsLerr 407 into the sane
quadr ant cau asymmeétri on of the d negative
5 zero-crossings of the received signal, the method comprising
the steps of:

sampling the phase of the received signal at the positive
and negative zero-crossings, forming a corresponding positive-
crossing and a negative-crossing phase value;
10 combining said negative-crossing phase value and said
' positive-crossing phase value, forming a first difference signal
having a magnitude and a sign selected from the group
consisting of a positive sign and a negative sign;
forming an estimated error signal responsive to said first
15 difference signal; and
combining said estimated error signal with said sampled
phase selected from the group consisting of said negative zero-
crossings and said positive zero-crossings, substantially
eliminating said asymmetrical distortion.

Sheet Has Been RTIlaced
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as [err] 401. Next, the combiner 436 subtracts the phase shifted—2—6

signal [err] 403 from[err], form ng a phase differeng ' e
sign extraction unit 425 determ nes the sign of the dig‘m’%ﬂﬁ [ & 09.
The sign signal 411 is input into an up/down counter 44/7.clh worred

enbodi nent at initialization, the up/down counter 427 is preset to a val ue
of 25 - zero. If the phase signal [err] 401 is greater than the phase
shifted signal [err] 403, then the signgignal 411 causes the counter 427
to be incremented. On the other hand, if the phase signal [err] 401 is |ess
t han the phase shifted signal [err] 403, the sign signal 411 causes the
counter 427 to be 3 0 decrenented. The out put signal 413 of the up/down
counter 427 is equal to the current value of the counter 427. The

conpar at or 429 conpargs £ %%%’d%&“&ﬁﬁﬁex?ﬁtmﬁ lﬁlagg‘ﬁldaﬁ:g vBﬂ:ha positive
claim 1 wherein said step of forming said estimated error
signal is further responsive to said sign and magnitude of said
first difference signal.

5 3. A method of phase compensation in accordance with
claim 1 wherein said step of forming said estimated error
signal is further responsive only to said sign of said first
difference signal.

4. A method of phase compensation in accordance with

10 claim 1 wherein said step of forming an estimated error signal
comprises the steps of:

incrementing, responsive to a positive sign of said first
difference signal, a first value of a first counter;

comparing said first value to a first positive threshold

15 value; and

generating, responsive to said step of comparing, an
estimated error signal. '

5. A method of phase compensation in accordance with
claim 1 wherein said step of forming an estimated error signal

20 comprises the steps of: .
decrementing, responsive to a negative sign of said first
difference signal, a first value of a first counter;

comparing gaid first value to a first negative threshold
value; and ' _

25 generating, responsive to said step of comparing, an
estimated error signal.

6. A method of phase compensation in accordance with
claim 4 wherein said step of generating an estimated error
signal comprises the step of incrementing, responsive to said

30 first value exceeding said first positive threshold value, a
second value of a second counter, an output signal of said
second counter being said estimated error signal.

This Sheet Has Been Reﬂlaced




8 threshol d 434 and also a negative threshold 433. Adjusting the thresholds
of the conpar at or 429 changes the effective bandw dth

circuit. Increasing the magnitudes of the threshold valu and 434
reduces the 5 bandw dt h of the conpensation circuit. CBB, ,HE'IJ, m
circuit responds nore slowy to instantaneous phase err

snmal l er threshold val ues correspond to gy increase in the bandmﬁdth of the
conpensation circuit. If the value of counter output signal 413 is greater
than the 1 0 positive threshold 434, then the conparator output signal
415 causes the N-bit up/down counter 431 to be increnented. If, on the

ot her hand, the value of the counter output signal 413 is |ess than the

s t he
negative thr ool d 433, AGBideee ?m%q%‘éﬁ‘#’e%e% i & H80raddce GAHSC
enbodi nent, he i ni claim pavherein said step @b \zﬁnemuam@mgtedzuemofrhe N- bi t
up/ down count er OUbfpiial dogii}irtisekl the Btép 6f deélemértEng, Fédpotkiiedto syl Ch 1S
equal first value exceeding said first negative threshold value, a

5 second value of a second counter, an output signal of said
second counter being said estimated error signal.

8. A method of phase compensation in accordance with
claim 1 wherein said step of forming an estimated error signal
comprises the steps of:

10 incrementing, responsive to a positive sign of said first
difference signal, a first value of a first counter;

decrementing, responsive to a negative sign of said first
difference signal, said first value of said first counter;

comparing said first value to a first positive threshold

15 value and a first negative threshold value; and

generating, responsive to said step of comparing, an
estimated error signal.

9. A method of phase compensation in accordance with
claim 8 wherein said step of generating an estimated error

20 signal comprises the stéps of: :

' decrementing, responsive to said step of comparing
revealing said first value exceeds said first negative threshold
value, a second value of a second counter; :

incrementing, responsive to said step of comparing
revealing said first value exceeds said first positive threshold
value, said second value of said second counter; and

generating said estimated error signal, said.estimated
error signal having a value equal to said second value of said
second counter.

30 10. A method of phase compensation in accordance with
claim 9 wherein said step of generating an estimated error
signal further comprises the step of setting, responsive to said
first value exceeding a value selected from the group

o
th
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to the current value of the up/down counter 431. The_estimated error signal
417 is conbined with [err] 407 resulting in a2 0 corrected phase val ue

signal 405. The corrected phase shifted signal 403 andmmm"umn”ﬂmmll
conbined in the 2-to-1 multiplexer 423. The positive z

i ndi cator 435 fromthe direct phase digitizer 303 is uséd Yo ‘'selfecf the
phase signal [err] 401; the negative zero-crossing indicator is used to
select the 2 5 corrected, phase shiftkd signal 403. This results in the
digitally conpensated phase signal 311. Thus, this processing circuitry 304
effectively renpbves the phase error e(t) caused by the asymmetric qualities
of the voltage limter 301. FIG 4 is an alternative enbodi nent of the
phase 3 0 conpensation circuitry 304. This technique cancels the error

signal e(t) and is vt of said frst poditiveahesihold aalid andaidi@dirst

illustrated in FIG The Circui oduc h er,r] ,avera of the, two
signal s 502, 503 t Onfcﬁargp%eng%egngé vBIOE Yafd £rif u{untel' to a predetermined
value.
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9.the limters asymmetric qualities. First, the conbiner

501 by [err] radians, producing the phase-shifted signal Thi s
phase-shifting operation is required because positive an m" ﬂg@iﬁ””’l””",
zero-crossi ng phase values differ 5 by 180 degrees. The p

conpensation circuit 304 then subtracts signal 502 from[err] 503 at

conbi ner 505. Next, the resulting signdl5507 is divided by 2 at divider
509. Finally, signal 502 is added to the resulting signal 511 to produce

the digitally conmpensated phase signal 311. 10 Bit error rate (BER
si mul ati ons have been conpleted to evaluate the performance of the two
proposed |imter conpensation techni ques discussed herein and illustrated

in FIG 3 and FIG 4.1Tha nyahemoﬁﬂﬂd@aﬁ:a&hm aQ@8téveddsigmdl, on at an
LT 5, eI iyl b B0 e At o
limiter symmetry famd a phase, the received signal is input into a voltage limiter
causing asymmetrical distortion of the positive and negative
5 zero-crossings in the received signal, the method comprising
the steps of:
sampling the phase of the received signal at the positive
and negative zero-crossings, forming a corresponding positive-
crossing and negative-crossing phase value; and
10 averaging the positive and the negative-crossing phase
values, substantially eliminating the asymmetrical distortion
in a resulting average phase signal.
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four different detector structures. First, curve 601 corresponds to a
detector using only positive zero-crossings. A second curve 603 corresponds
to a detector using both zero-crossings 2 0 wi t hout

conpensation di scl osed herein. A third curve 605 corre {mmmlmg Ill l“ or
usi ng both zero-crossings with the adaptive limter conpensattont|
illustrated in FIG 3. A fourth curve 605 _corresponds to a detector u5| ng
both zero- crossings with the phase aver]agl ng circuit illustrated in FIG 2
5 4. For the results of FIG 5, alimter output duty factor defines the

limter asymmetry. A 50% duty factor corresponds to an ideal voltage
limter. As the sinulation results denonstrate, a detector with a limter

having a 50% duty factor pro roved time 3,0 , resqlution when both
zer o- crossings are usedé Qfg\"ac‘i Jphagg eompensation i aceardange vakhi bi t ed

1.25 dB of BER i rrprauﬂmem wh&mxﬁséidlﬂie@ M@rﬁgﬁfgsmpﬁgé@m@meﬂwver
W t hout conpensati on th%t%ac&ngmng%egamv@agg&%%t M s &%e from said
positive-crossing phase value, forming a first output signal;
5 dividing said first output signal by 2, forming a second
output signal; and
adding said negative-crossing phase value to said second
output value, forming said average phase signal.
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10 both zero-crossings will degrade quite rapidly wth ' I er
asymmetry. Both |[imter conpensation techniques are hlﬂmﬂlmnmﬂﬂ,mmﬂ
alleviating this problem FIG 5 shows the adaptive |imter aonmpensa n

| oop perform ng about 0.25 dB 5 better than the phase averaging circuit

at 1% BER. However, inprovenents in the performance of the phase averagi ng

met hod are realized by increasing the prjegision of the averaging circuitry.
Wth this inproved precision, the performance of the phase averagi ng net hod
is nearly identical 10 to that of the adaptive loop illustrated by curve

602 of FIG 5. Wiat is clained is: C ai ns

13. A phase compensation apparatus for a received signal,
the received signal having positive and negative zero-crossings
and a phase, the received signal input into a voltage limiter
causing asymmetrical distortion of the positive and negative

5 zero-crossings of the received signal, the apparatus
comprising:

means for sampling the phase of the received signal at the
positive and negative zero-crossings, forming a corresponding
positive-crossing and a negative-crossing phase value;

10 means for combining said negative-crossing phase value
and said positive-crossing phase value, forming a first
difference signal having a magnitude and a sign selected from
the group consisting of a positive sign and a negative sign;

means for forming an estimated error signal responsive to

15 said first difference signal; and .

means for combining said estimated error signal with said
sampled phase selected from the group consisting of said
negative zero-crossings and said positive zero-crossings,
substantially eliminating said asymmetrical distortion.

_
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1. " A nethod of phase conpensation of a received signal,

signal having positive and negat.i ve zero-crossings and a ph t he
received signal input into a voltage limter causing asy m L" IM I
distortion of the positive and negative zero-crossings of I"I

signal, the nethod conprising the steps of: sanpling the phase of the s
received signal at the positive and negg I ve zero-crossings, formng a
correspondi ng positive-crossing and a 1 negati ve-crossi ng phase val ue;
conbi ni ng sai d negative-crossing phase val ue and said positive- crossing
phase value, formng a first difference signal having a magni tude and a
sign selected formthe group consisting of a positive sign and a negative

sign; 15 formnp sti rrated error signal responsi to the sign of
said first differencel 21 g&é? ‘Hbaggi”c? t’i“nﬁ‘f"@él‘\i%??%m tgnal -

with said sanpled cihmelse#haieed saidmédies frofopming Said ietintitedoétoregat i ve
£oT G O 0251105, AR A5l 3B 43 e e AR Ay 4" O
first difference signal;

5 15. A phase compensation apparatus in accordance with
claim 13 wherein said means for forming said estimated error
signal is further responsive only to said sign of said first
difference signal.

16. A phase compensation apparatus in accordance with

10 claim 13 wherein said means for forming said estimated error
signal comprises:

means for incrementing, responsive to said first difference
signal having a positive sign, a first value of a first counter;

means for comparing said first value to a first positive

15 threshold value; and
| means for generating, responsive to said means for
comparing, an estimated error signal.

17. A phase compensation apparatus in accordance with
claim 13 wherein said means for forming an estimated error

20 signal comprises:

means for decrementing, responsive to said first difference
signal having a negative sign, a first value of a first counter;

means for comparing said first value to a first negative
threshold value; and '

25 means for generating, responsive to said means for
comparing, an estimated error signal.

18. A phase compensation apparatus in accordance with
claim 16 wherein said means for generating said estimated
error signal comprises means for incrementing, responsive to

30 said first value exceeding said first positive threshold value, a
second value of a second counter, an output signal of said

second counter being said estimated error signal.
—_—
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2. " A nmethod of phase conpensation in accordance V\nm
said step of formng an estimated error signal conpri s M'Mﬂ,

i ncrementing, responsive to a positive sign of said fi Imm ["
signal, a first value of a first counter; conparing said firdt ¢

first positive threshold val ue; and generatlng, responsive to said step of
conparing, an estimated error signal. gt e: 12 3. A net hod of phase
conpensation in accordance with claim1 wherein said step of form ng an
estimated error signal conprises the steps of: decrenenting, responsive to

a negative sign of said first difference 5 signal, a first value of a
first counter;

19. A phase compensation apparatus in accordance with
claim 17 wherein said means for generating an estimated
error signal comprises means for decrementing, responsive to
said first value exceeding said first negative threshold value, a

5 second value of a second counter, an output signal of said
second counter being said estimated error signal.

20. A phase compensation apparatus in accordance with
claim 13 wherein said means for forming an estimated error
signal comprises:

10 means for incrementing, responsive to said first difference
signal having a positive sign, a first value of a first counter;

means for decrementing, responsive to said first difference
signal having a negative sign, said first value of said first
counter;

15 means for comparing said first value to a first positive
threshold value and a first negative threshold value; and

means for generating, responsive to said means for
comparing, an estimated error signal.

21. A phase compensation apparatus in accordance with

20 claim 20 wherein said means for generating an estimated
error signal comprises:

means for decrementing, responsive to said first value
exceeds said first negative threshold value, a second value of a
second counter;

25 means for incrementing, responsive to said first value
exceeds said first positive threshold value, said second value of
said second counter; and

means for generating said estimated error signal, said
estimated error signal having a value equal to said second

30 value of said second counter.

22. A phase compensation apparatus in accordance with
claim 21 wherein said means for generating an estimated
error signal further comprises means for setting, responsive
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conparing said first value to a first negative thresho

generating, responsive to said step of conparing, an es @MW’
signal. 10 4, A net hod of phase, conpensation if acc '
claim2 wherein said step of generating an estinmated error signal conpflses
the step of increnenting, responsive to said first val ue exceedi ng said
positive threshold val ue, a second val ue of a second counter, an out put
signal of said second counter being sai 8Gstinmated error S|gnal 15 5. A
met hod of phase conpensation in accordance with claim3 wherein said step
of generating an estimated error signal conprises the step of decrenenting,
responsive to said first val ue exceeding said first negative threshold

val ue, a second val ue of a second counter, an output 20 signal of said
second counter bei rtg said firet value exreeding asiajue pelegted fromnthégroug phase

cot| mat ed error ac%ﬁf;?ﬁ" O $id b btV LRV Gl b DAY o0
responsive to a po %ﬁ g?sl s%ﬁ(iﬂ F‘&?tg’athHP&’Fc@ a predetermined

'wﬂue

—_—
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signal, a first value of a first counter; decrenenting, Tesponsi

negative sign of said first difference signal, said first '
first counter; conparing said first value to a first posiH ma E ,"L
value and a 30 first negative threshold val ue; and generati fid, o

L
to said step of conparing, an estimated error signal. -13 - 7. A
net hod of phase conpensation in accordqfqe with claim6 wherein said step
of generating an estinmated error signal“Conprises the steps of: 5
decrenenti ng, responsive to said step of conparing revealing said first
val ue exceeds said first negative threshold value, a second value of a
second counter; increnenting, responsive to said step of conparing

reveal ing said 23. A phase compensation apparatus for a received signal,

the received signal having positive and negative zero-crossings
and a phase, the received signal is input into a voltage limiter
causing asymmetrical distortion of the positive and negative
5 zero-crossings in the received signal, the apparatus
comprising:
means for sampling the phase of the received signal at the

positive-crossings and negative zero-crossings, forming a
corresponding positive and negative-croseing phase value; and

10 means for averaging the positive and the negative-crossing
phase value, substantially eliminating the asymmetrical
distortion in a resulting average phase signal.
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first ‘'val ue exceeds said first positive threshold value, said second val ue
10 of said second counter; and generating said estinateT j '
said estimated error signal having a value equal to said lm“mm,mﬂummm
sai d second counter. 8. A nmet hod of phase conpensation i*n &ccerdance Wt h
claim15 7 wherein said step of generating an estinmated error signal
further conprises the step of setting, responsive to said first val ue
exceeding a val ue selected fromthe groug consisting of said first positive
threshol d value and said first negative ﬁreshold val ue, said first counter
to a predeterm ned value. 20 9. A met hod of phase conpensating a received

signal, the received signal having positive and negative zero-crossings and
a phase, the received signal is input into a voltage limter causing

Fovelved 20 signal 1 heAneRRRPRR IFPERHI BPUREHUS IR SCCRTIRRRS TR phase
of the received si gokima3twhepeini s¢didemaans fex)averagingreomprises:ngs, f or mi ng
a corresponding posi ti ygsf{OfH fth3bting said negative-crossing phase value

from said positive-crossing phase value, forming a first output

5 signal; _
' means for dividing said first output signal by 2, forming a
second output signal; and
means for adding said negative-crossing phase value to
said second output value, forming said average phase signal.
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nqgatfve-crossing phase val ue; and nodulo [err] averaging
t he negative-crossing phase 30 val ues, substantially eI|m

t he
asymetrical distortion in a resulting average phase sign em,ﬁ , Hm,
nmet hod of phase conpensation in accordance with claim9 wh (Mﬂ”
of averaging conprises the steps of : subtracting said negative- cr055|n
phase value fromsaid positive- cross?ﬂg phase value, formng a first
out put signal; dividing said flrst out pu ignal by 2, formng a second
out put signal; and addi ng said negative-crossi ng phase value to said second

out put value, form ng said average phase signal. 10 11. A phase
conpensati on apparatus for a received signal, the

25. A radiotelephone including a voltage limiter, a phase
digitizer, a phase compensation circuit, and receiving a first
signal, the radiotelephone comprising:

means for voltage limiting the first signal, outputting a

5 first limited signal having asymmetrical phase errors;

means for sampling said first limited signal within the
phase digitizer at the positive and negative zero-crossings of
said first limited signal, forming a corresponding positive-
crossing and a negative-crossing phase value;

10 means for combining said negative-crossing phase value
and said positive-crossing phase value, forming a first
difference signal having a magnitude and a sign selected from
the group consisting of a positive sign and a negative sign;

means for forming an estimated error signal responsive to

15 said first difference signal; and

means for combining said estimated error signsal with said
sampled phase selected from the group consisting of said
negative zero-crossings and said positive zero-crossings,
substantially eliminating said asymmetrical distortion.

-
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recei‘ved si gnal

having positive and negative zero- cr055|ngs an

the received signal input into a voltage Iimter causi n cal
distortion of the positive and negative zero-crossi ngs l 5
signal, the apparatus conprising: neans for sanpling the pliase

. recei ved si gnal

at the positive and negative zero-crossings, form ng

correspondi ng positive-crossing and a megative-crossing phase val ue;
for conbining said negative-crossing phase val ue and said 20

positive-crossing phase value, formng a first difference signal hav
magni tude and a sign selected fromthe group consisting of a positive sign
and a negative sign; means for formng an estimted error signal res

to the sign of said f26stA daafwélepasnéuﬂrﬁbormte%thdmmmmré r

conbi ning said esti ted error si gnal wi,t h_ sai | ed
the group consi stlsf‘?d £‘b‘é’%%“z‘8‘r%?tb‘?8 % Egéfl anl
smmpanmwaluoysmdlsugmamdmgmmwmmdrﬁmmﬁ'emmt ion. 30

Zer o- Cr ossi ngs,

12. A phase corrpegigﬁtal.on apparatus in accordance with claim

5

10

15

20

25

30

27. A radiotelephone in accordance with claim 25 wherein
said means for forming said estimated error signal is further
responsive only to said sign of said first difference signal.

28. A radiotelephone in accordance with claim 25 wherein
said means for forming an estimated error signal comprises:

means for incrementing, responsive to said first difference
signal having a positive sign, a first value of a first counter;

means for decrementing, responsive to said first difference
signal having a negative sign, said first value of said first
counter;

means for comparing said first value to a first positive
threshold value and a first negative threshold value; and

means for generating, responsive to said means for
comparing, an estimated error signal.

29. A radiotelephone in accordance with claim 28 wherein
said means for generating an estimated error signal
comprises:

means for decrementing, responsive to said first value
exceeding said first negative threshold value, a second value of
a second counter;

means for incrementing, responsive to said first value
exceeding said first positive threshold value, said second value
of said second counter; and

means for generating said estimated error signal, said
estimated error signal having a value equal to said second
value of said second counter.

30. A radiotelephone in accordance with claim 29 wherein
said means for generating said estimated error signal further
comprises means for setting, responsive to said first value
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11 wherein said neans for formng said estimated error signal ri se
~neans for increnenting, responsive to said first differenc i“ﬂ EE@HHN““’

positive sign, a first value of first counter; neans for c

first value to a first positive threshold value; and 5 nmeans
generating, responsive to said neans for conparing, an estimated error
signal. 13. A phase conpensation apparafus in accordance with claim 11
wherein said neans for formng an estimated error signal conprises: 10
means for decrementing, responsive to said first difference signal having a

negative sign, a first value of a first counter; neans for conparing said
first value to a first negative threshold val ue; and neans for generating,

responsi ve to sai dexeeeding arvalasmeldcted fivin the groupravn@ibtiig of saignal .
first positive threshold value and said first negative threshold
value, said first counter to a predetermined value.

——————,——'——_—_——__’—
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14. °A phase conpensati on apparatus in accordance with claim 12 wherein

said neans for generating said estinmated error si_gnaJ——eeﬁaﬁﬁ—serrTE’ﬁs for

i ncrementing, responsive to said first 20 val ue exceedin
positive threshold value, a second value of a secg\mmg‘l E“BMM“ tput
signal of said second counter being said estinmate

phase conpensation apparatus in accordance with 25 cIa|n113 wherei n sald
nmeans for generating an estinated error %ﬁgnal conpri ses neans for
decrenenti ng, responsive to said value exceeding said first negative

t hreshol d val ue, a second value of a second counter, an output signal of
sai d second counter being said estimated error signal. 30 16. A phase
conpensation apparatus_in accordance with claim1l mhereln said neans for
formng an esti mated edlorA sadintelephopeiinelnding a voltage limiter, a phase

digitizer, a phase compensation circuit, and receiving a first
signal, the radiotelephone comprising:
means for voltage limiting the first signal, outputting a
5 first imited signal having asymmetrical phase errors;
means for sampling the phase of the received signal
within the phase digitizer at the positive and negative zero-
crossings, forming a corresponding positive-crossing and
negative-crossing phase value; and
10 means for averaging the positive-crossing and the
negative-crossing phase values, substantially eliminating the
asymmetrical distortion in a resulting average phase signal.
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means ‘for incrementi ng, responsive to said first differenree-signal having a

positive sign, a first value of a first counter; neans for decrenenting,

responsive to said first difference signal having a nega’;uummuﬂ]u"mﬂ
first value of said first counter; 5 means for co r,m
value to a first positive threshol d value and a first negatlve threshol ¢
val ue; and neans for generating, respongiye to said neans for conparing, an
estimated error signal. 10 17. A phase conpensation apparatus in
accordance with claim 16 wherein said neans for generating an estimated
error signal conprises: neans for decrenenting, responsive to said first
val ue exceeds said first negative threshold val ue, a second val ue of a

d t 15 first
second counter; st pOSItItEIQPEbHQ'iﬁ'H?Eé% thee sal Me&fgvhe?hgx L rs

val ue exceeds said fi.r reshol second va
sai d second count ersmﬁrﬁeﬁﬁﬁrfngPrW‘éﬂngmS&i d estimated error si gnal :

said estimated error siganh foRsubgrattity) bEidoAeEAtive cholistng pHARE vahse Of
sai d second from said positive-crossing phase value, forming a first output
5 signal;
means for dividing said first output signal by 2, forming a
second output signal; and
means for adding said negative-crossing phase value to
said second output value, forming said average phase signal.

T



20 counter. 18. A phase conpensation apparatus in accordance with claim
17 wherein said neans for generating an estimted error signal further
conprises neans for setting, responsive to said first value exceeding a 25
val ue selected fromthe group consisting of said first positive threshold
val ue and said first negative threshold value, said first counter to a
predeterm ned value. 19. A phase conpensggi on apparatus for a received
signal, the 30 received signal having positive and negative zero-crossings
and a phase, the received signal is input into a voltage |limter causing
asymetri cal - 17- distortion of the positive and negative
zero-crossings in the received signal, the apparatus conprising: neans for

sanpling the phase of__the received signal _at the positive-crossings and
negative zero-crossi a%&mmee&&aﬁlp@sﬁ&mé and Apparatus

5 Abstract of the Disclosure

The present disclosure includes a discussion of a method of

compensating for distortion of a received signal's phase. The

10 distortion is caused by the asymmetrical characteristics of a voltage
limiter (301). This compensation allows the received signal (115) to
be sampled at the positive and negative zero-crossings reducing the
requirements of a local oscillator in a radiotelephone system. First,
the phase of the received signal is sampled at the positive and

15 negative zero-crossings, forming a corresponding positive-crossing
(401) and a negative-crossing (407) phase value for the received
signal. Second, the negative-crossing and positive-crossing phase
values are combine_d,.forming a first difference signal (409). Third,
an estimated error signal (417) is formed using the first difference

20 signal. Fourth, the estimated error signal is combined (419) with
the positive or negative zero-crossing phase signais, substantially

eliminating the asymmetrical distortion.

Fig. 2 accompanies this abstract.



5 positive and negative crossing phase value; and nmeans for nodulo [err]
averagi ng the positive and the negative-- crossing phase val ue,
substantially elimnating the asymmetrical distortion in a resulting

aver age phase signal. 10 20. A phase conpensation apparatus in
accordance with claim19 wherein said neans for averagi ng conprises: neans
for subtracting said negative-crossing phase value fromsaid
positive-crossing phase value, formng a first output signal; neans for
dividing said first output signal by 2, form ng a second 15 out put signal;
and neans for adding said negative-crossing phase value to said second

out put val ue, forming said average phase si§nal3 21. A radiotel ephone
including a voltage limter, a phase 20 digitizer, a phase conpensati on
circuit, and receiving radio frequency (RF) signals, the radiotel ephone
conprising: neans for voltage limting the RF signals, outputting a first
limted signal having asymetrical phase errors; neans for sanpling said
first limted signal within the phase
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25 digitizer at the positive and negative zero-crossings of said first
Iimted signal, forming a correspondi ng positive-crossing and a

negati ve-crossi ng phase val ue; neans for conbining said negative-crossing
phase val ue and sai d positive-crossing phase value, formng a first

di fference signal having a 30 magnitude and a sign selected fromthe group
consisting of a positive sign and a negative sign; - 18- neans for
formng an estimated error signal responsive to the sign of said first

di fference signal; and neans for conbining said estimted error signal with
sai d sanpl ed phase selected fromthe group cpn hsting of said negative
zero-crossings 5 and said positive zero-crossings, substantially
elimnating said asymretrical distortion. 22. A radi ot el ephone in
accordance with claim 21 wherein said
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means for formng an estimated error signal conprises: 10 means for
incrementing, responsive to said first difference signal having a positive
sign, a first value of a first counter; neans for decrenenting, responsive
to said first difference signal having a negative sign, said first val ue of
said first counter; means for conparing said first value to a first
positive threshold 15 value and a first negative threshold val ue; and neans
for generating, responsive to said neans for conparing, an estinated error
signal. 23. A radiotel ephone in accordance with claim 22 wherein said 20
means for generating an estinmated error S|gpql conprises: means for
decrenenting, responsive to said first val ue exceedlng said first negative
t hreshol d val ue, a second val ue of a second counter; neans for _
incrementing, responsive to said first val ue exceeding said first positive
t hreshol d val ue, said second value of said second 25 counter; and neans for
generating said estimated error signal, said estimated error signal having

a value equal to said second val ue of sai d second 600
3B4kbps x/QPSK;480kHz IF;STATIC CHANNEL ——
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counter. 30 24. A radi ot el ephone in accordance w th cl apem2Tos
wherein said neans for generating said estimted errar_signal further
conprises neans for setting, responsive to said fi rsmﬁmﬁ‘ﬁg—r
val ue -19 - selected fromthe group cqQngi.sting of fmmm

threshol d value and said first negative threshold val mr" mﬂ"‘m“ter
to a predeterm ned value. 5 25. A radiotel ephone i‘ncltudrngs a «
voltage |imter, a phase digitizer, a pl@agmgonpensation circuit, and

receiving radi o frequency (RF) signals, the radiotel ephone corrprisi ng: -
means for voltage limting the RF signals outputting afirst limted

ohase of 1o r oot vEd si BEIEN T PIEE sEensntign et teoeited Rl T ana
negative zer O'ﬁéﬁ@d“ﬁgnaf Ravingdpdsitive and negative zero-crossings and a phase,
5 the received signal input into a voltage limiter causing asymmetrical
distortion of the positive and negative zero-cfossings of the received
‘signal, the method comprising the steps of:
sampling the phase of the received signal at the positive and
negative zero-crossings, forming a corresponding positive-crossing and a
10 negative-crossing phase value;
combining said negative-crossing phase value and said positive-
crossing phase value, forming a first difference signal having a
magnitude and a sign selected form the group consisting of a positive
sign and a negative sign;
15 forming an estimated error signal responsive to the sign of said
first difference signal; and
combining said estimated error signal with said sampled phase -
selected from the group consisting of said negative zero-crossings and
said positive zero-crossings, substantially eliminating said asymmetrical
20 distortion. |

2. A method of phase compensation in accordance with claim
1 wherein said step of forming an estimated error signal comprises the
steps of:
25 incrementing, responsive to a positive sign of said first difference
signal, a first value of a first counter; |
comparing said first value to a first posmve threshold value; and
generating, responsive to said step of comparing, an estimated
error signal.
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carrespondi ng positive-crossing and negative-crossing phase val ue; and
means for nodulo [err] averaging the positive-crossing and the

negat i ve- cr ossi ng phase values, substantially elim ' Hllﬁl |m$
asymmetrical distortion in a resulting ave_rl%%e phase sﬂlﬂ“““lﬂ““

r adi ot el ephone in accordance w th clai m 25 Wtherei n sai d*meand f8r &vefagi ng
conprises: neans for subtracting said negative-crossing phase value from
sai d 20 positive-crgssing pagssd i se%ﬁﬁ%éi%gﬁo%ﬂﬁ%c&f&&ﬂéewi Haim
means for dividing said first output signal "y 2, Tormng a second output
si gnal ; and neabwhereiraddidhstepaofdforagngi ame-estinssted gerpbm signal | comprisesatlite
second out put val ue, .form ng said average phase signal. 25 27. A nethod of
phase conpensat$8RS8F a received signal, the received signal having
positive and negativ 5 wm ggl%? t I SFCR HEH Laput
into a voltage Iim tg?&?gﬁéslﬁln‘%igg nmet ri E‘g | ?loivret%lglr} of lehgﬂ?)%gg%gbé;nd

negative zer®- csigaal, mgfirshfvalieof edirst/enirttér; si gnal, the nethod conprising
the steps of:

comparing said first value to a first negative threshold value; and
generating, responsive to said step of comparing, an estimated

error signal.

10 4, A method of phase, compensation in accordance with claim
2 wherein said step of generating an estimated error signal comprises the
step of incrementing, responsive to said first value exceeding said
positive threshold value, a se_cond value of a second counter, an output
signal of said second counter being said estimated error signal.

15 | |

5. A method of phase compensation in accordance with claim
3 wherein said step of generating an estimated error signal comprises the
step of decrementing, responsive to said first value exceeding said first
negative threshold value, a second value of a second counter, an output

20 signal of said second counter being said estimated error signal.

6. A method of phase compensation in accordance with claim
1 wherein said step of forming an estimated error signal comprises the
steps of:
25 incrementing, responsive to a positive sign of said first difference
signal, a first value of a first counter; |
decrementing, responsive to a negative sign of said first difference
signal, said first value of said first counter;
comparing said first value to a first positive threshold value and a
30 first negative threshold value; and |
generating, responsive to said step of comparing, an estimated

error signal.
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-20 - sanpllng the phase of the received signal at the positive and
negative zero-crossing, forming a corresponding positive- cr035|ng and a
negati ve-crossing phase val ue; conbining said negative- ﬂ E

val ues and said positive- 5 crossing phaselé/al ue, form m ', lmu"mﬂmum
di fference signal having a naegnitude and a"sign selected*fr6n1fhe"grbup
consisting of a positive sign and a negative sign: formng an esti mated
error signal responsive to said first difference signal conprising the
steps of: 10 i ncrenmenting, responsive to a positive sign of
said first di fferend’e si dnahethadf of phaseacompehsation rintaacordnm:e withnplaiinng

said first vaI oaflrt ositive threshold value,
gener ati ng, h E (ﬁ ganerating an sstimated egpor 81gna1 comprises the

steps of:

5 decrementing, responsive to said step of comparing revealing said
first value exceeds said first negative threshold value, a second value of a
second counter;

incrementing, responsive to said step of comparing revealing said
first value exceeds said first positive threshold value, said second value

10  of said second counter; and |

generating said estimated error signal, said estimated error signal

having a value equal to said second value of said second counter.

8. A method of phase compensation in accordance with claim
15 7 wherein said step of generating an estimated error signal further
comprises the step of setting, responsive to said first value exceeding a
value selected from the group consisting of said first positive threshold
value and said first negative threshold value, said first counter to a
predetermined value.
20
9. A method of phase compensating a received signal, the
received signal having positive and negative zero-crossings and a phase,
the received signal is input into a vbltage limiter causing asymmetrical
distortion of the positive and negative zero-crossings in the received
25 signal, the method comprising the steps of :
sampling the phase of the received signal at the positive and
negative zero-crossings, forming a corresponding positive-crossing and

negative-crossing phase value; and

modulo 2x averaging the positive and the negative-crossing phase

30 wvalues, substantially eliminating the asymmetrical distortion in a
resulting average phase signal.
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15 “estimated error si gnal ; and conbining said estinated-error signal with
sai d sanpl ed phase selected fromthe group consisting of said negative

zero-crossings and said positive zero- cr055|ngs subst i ng
said asymretrical distortion. 20 28. ngt hod of phJM“ﬂM’mewm
accordance with claim 27 wherein said step of generating dn &stfmated error
signal further conprises the step of increnenting, responsive to said first
val ue exceeding said first positive threshold value, a second value of a
second 25 counter, an output signal of said second counter being said .
estimted error siga8i. 2”9methndﬁmwompaeﬁtmmﬂdwncefwuhrcdannved
signal, the regel havi n asitive and t|v _zer o-crossings and
a phase, 30 th Wéﬁ%ﬂl{}églc&tﬁﬁﬁfai"%ﬁ{)ﬁmgﬁpgl%rﬁltﬂﬁgg fter causi ng

asymetrical di stor gyBfraéling ReidRES atﬁveec@ggm Rase/eam%r frond QaRrl pesitife-t he
received signal, the netho conpr|5|ng eps of
crossing phase value, forming a ﬁrst output signal;

dividing said first output signal by 2, forming a second output
signal; and
adding said negative-crossing phase value to said second output
| value, forming said average phase signal.
10 |
11. A 'phase compensation apparatus for a received signal, the
received signal having positive and negative zero-croésings and a phase,
the received signal input into a voltage limiter causing asymmetrical
distortion of the positive and negative zero-cro.;;sings of the received
15 signal, the apparatus comprising: .
means for sampling the phase of the received signal at the positive
and negative zero-crossings, forming a corresponding positive-crossing
and a negative-crossing phase value;
means for combining said negative-crossing phase value and said
20 positive-crossing phase value, forming a first difference signal having a
magnitude and a sign selected from the group consisting of a positive
sign and a negative sign; _
means for forming an estimated error signal responsive to the sign
of said first difference signal; and
25 means for combining said estimated error signal with said sampled
phase selected from the group consisting of said negative zero-crossings
and said positive zero-crossings, substantially eliminating said
asymmetrical distortion.

30 12, A phase compensation apparatus in accordance with claim
11 wherein said means for forming said estimated error signal comprises:
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-, 21 - sanpling the phase of the received signal at the H+ve and
negative zero-crossings, formng a correspondi ng positive-crossi “m
negati ve-crossi ng phase val ue; conbining said negati ve- ‘\\ﬁ{ m kY ue
and said positive- 5 crossing phase valygg.formng a flc\Rm f'emenée
signal having a magnitude and a sign selected fromthe gr‘o_ub consi sting of
a positive sign and a negative sign; formng an estimted error signal
responsive to said fricaph forfiheredhatting Jfaponsiver ic said fiket sifRpen&d sighal
decrenmenting, responsive to a negative sign of said first difference
signal, a firshavingue pesitiversign: a fisstyalue of figsheountesaid first value to a

first negative thre hg %gl&&%% %ﬁgfhﬁ%ln uert%sgcmg{ ﬁ%sit%resﬁi\fies%to(w of

conparing an 15 estinated err
value; and
5 means for generating, responsive to said means for comparing, an

estimated error signal.

13. A phase compensation apparatus in accordance with claim
11 wherein said means for forming an estimated error signal comprises:
10 means for decrementing, responsive to said first difference signal
having a negative sign, a first value of a first counter;
means for comparing said first value to a first negative threshold
value; and
means for generating, responsive to said means for comparing, an

15 estimated error signal.

- 14. A phase compensation apparatus in accordance with
claim 12 wherein said means for generating said estimated error
signal comprises means for incrementing, responsive to said first

20 value exceeding said first positive threshold value, a second |
value of a second counter, an output signal of said second counter

being said estimated error signal.

15. A phase compensation apparatus in accordance with
25 claim 13 wherein said means for generating an estimated error
signal comprises means for decrementing, responsive to said value
exceeding said first negative threshold value, a second value of a second
counter, an output signal of said second counter being said estimated
error signal.
30
16. A phase compensation épparatus in accordance with claim
11 wherein said means for forming an estimated error signal comprises:
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conbi'ni ng said estimated error signal with said sanpl ed phase selected from

the group consisting of said negative zero-crossings and ' Hﬁmlmmﬁulu
zero-crossings, substantially elinnating said asymetri Hml “ i1l 0
30. A method of phase conpensation in acg%cjance with clains 29 wer éi n

said step of generating an estimted error Signal conprises the step of
decrenenting, responsive to said first value exceeding said first negative

threshold val ue, a smephs fyRinGefierdinge GRBHOASVER said FirdP diffetdhite a’gﬂgﬁ'
of said second counter being said estimated error signal. 31. A nmetHod of

phase conpensathasingfa posiiveisign asfitptatalue péarfisbcowntesi gnal having
"nto & vol tage It m tRPARE et RESRARATE wapBIENE, « S GRE dherencloRenal L
and negative zehidvifig@snegiiveddigh)éaid Fast vaRieSoisad firkhéouretod conpri sing
the steps Of5: ‘means for comparing said first value to a first positive threshold
value and a first negative threshold value; and

means for generating, responsive to said means for comparing, an

estimated error signal.

10 17. A phase compensation apparatus in accordance with claim
16 wherein said means for generating an estimated etror signal
comprises:

means for decrementing, responsive to said first value exceeds said
first negative threshold value, a second value of a second counter;

15 means for incrementing, responsive to said first value exceeds said
first positive threshold value, said second value of said second counter;
and | N : -

means for generating said estimated error signal, said estimated
error signal having a value equal to said second value of said second

20 counter.

18. A phase compensation apparatus in accordance with claim

17 wherein said means for generating an estimated error sighal further
comprises means for setting, responsive to said first value exceeding a

25 value selected from the group consisting of said first positive threshold
value and said first negative threshold value, said first counter to a

predetermined value.

19. A phase compensation apparatus for a received signal, the
30 received signal having positive and negative zero-crossings and a phase,
the received signal is input into a voltage limiter causing asymmetrical
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-22- sanpling the phase of the received signal at the positive and negative
zero-crossings, formng a correspondi ng positive-crossi m :
negati ve- crossi ng phase val ue; conbining said negati ve-”ﬂum ”imwmmmii ue

*

and said positive- 5 crossing-phase valugqzformng a first ‘di tfetence »
si gnal having a magnitude and a sign selected fromthe group consisting of
a positive sign and a negative sign; formng an estinmated error signal

responsi ve to gigiodtibh! 6f tHé fPENiARE Carkd HEFativeBédoSérodsings Bl ehe Riceivid
i ncrenmenting, responsive to a positive sign of said firSt difference

signal, a firsignall the apparatus compoisingsr, decrenenting, responsive to a
negative sign of said first differen si gnal , | d first value.of said
first counter, compaftify fz’é{i aa‘PPf‘é‘s \iﬁ?u ﬂ?%e a"f-?%%trﬁ?&‘ﬁdi fég??}régh@}ed _
val ue 15 anngo%iti\l'é-éiquﬁ{g%t anc nk@ﬁﬁﬁ@Cﬂe@olé%ééﬁ}gs?rflérﬂ%r@%ﬂ‘éspéﬁéﬁ@s' ve

to said step conparing,” an estrmated error signal;
5 positive and negative crossing phase value; and

means for modulo 2r averaging the positive and the negative-

crossing phase value, substantially eliminating the asymmetrical
distortion in a resulting average phase signal.

10 20. A phase compensation apparatus in accordance with claim
19 wherein said means for averaging coi_r_tprises:
means for subtracting said negative-crossing phase value from said
positive-crossing phase value, forming a first output signal;
means for dividing said first output signal by 2, forming a second
15 output signal; and |
* means for adding said negative-crossing phase value to said second

output value, forming said average phase signal.

21. A radiotelephone including a voltage limiter, a phase
20 -digitizer, a phase compensation circuit, and receiving radio frequéncy
(RF) signals, the radiotelephone comprising:
means for voltage limiting the RF signals, outputting a first
limited signal having asymmetrical phase errors;
means for sampling said first limited signal within the phase
25 digitizer at the positive and negative zero-crossings of said first limited
signal, forming a corresponding positive-crossing and a negative-crossing
phase value;
means for combining said negative-crossing phase value and said
positive-crossing phase value, forming a first difference signal having a
30 magnitude and a sign selected from the group consisting of a positive
sign and a negative sign; -
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canbining said estinmated error signal with said sanpl ed—phase-selected. from
the group consisting of said negative zero-crossings and 20 said positive

zero-crossings, substantially elimnating said asymret rlﬂmuﬁlmmll”umumlz
A nmet hod of phase conpensation in accordancg, with claim i
step of generating an estimated error signaf® conprises 25 the'sté&ps®of?
decrenenting, responsive to said step of conparing revealing said first

val ue exceeds said fiheind@dbohiting BCabaed Uit iEniPRAPSrARUS Bl Agn

second counter; increnmenting, respdnsive to sal onpari ng
reveal ing sai d ®f said fisdt differemcesigreadsarshi d first positive threshold val ue,

sai d second val ue of said second .count.er,;, and -23- generating . said
estimated error si gndneans;for combining. said estimated error s‘%ngleWIé‘ said sampled
phase selected from the group consisting of said negative zero-crossings
5 and said positive zero-crossings, substantially eliminating said

asymmetrical distortion.

22, A radiotelephone in accordance with claim 21 wherein said
means for forming an estimated error signal comprises:
10 . means for incrementing, responsive to said first difference signal
having a positive sign, a first value of a first cou;_t_fer;
means for decrementing, responsive to said first difference signal
having a negative sign, said first value of said first counter;
means for comparing said first value to a first positive threshold
15 value and a first negative threshold value; and
' means for generating, responsive to said means for comparing, an

estimated error signal.

23. A radiotelephone in accordance with claim 22 wherein said
20 means for generating an estimated error signal comprises:
means for decrementing, responsive to said first value exceeding
said first negative threshold value, a second value of a second counter;
means for incrementing, responsive to said first value exceeding
said first positive threshold value, said second value of said second
25 counter; and
‘means for generating said estimated error signal, said estimated
error signal having a value equal to said second value of said second

counter.

30 24. A radiotelephone in accordance with claim 23 wherein said
means for generating said estimated error signal further comprises
means for setting, responsive to said first value exceeding a value
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havi ng a val ue equal to said second value of said second counter. 33. A
net hod of phase conpensation in accordance with claim SWU”' mmmmmn
step of generating an estimated error signal further co f
setting, responsive to said first value exggeding a value se ected frfonm't he

group consisting of said first positive threshold value and said first
negative threshold value, said first counter to a predeterm ned val ue. 10

34. A method géleple@sfrofid tRE p¥8iip tOnBistiRgeh S4ld Sk Positive thishiold v sl@nal
havi ng positive and negative zero-cross;imis and a phase, the received

si gnal is inpuandntsaid fisst: mpgativei tthwesholdi paluey rsaid r fissti epunter ¢ iton aof
the positive and &&%at l.veszenrQ-crossings in the received 15 signal, the
nmet hod conpri sipr]iﬁ gng{l%%sV%}K_é- sanpling the phase of the received signal
at the positive and negative zero-crossings, formng a correspondi ng
positive-crossing and negative-crossing phase val ue; and averaging the
positive an® the nedativeé crastiotelephons cincluding, aovoltagestlimiten| |3/ phase

elimnating t h%i&iﬁé@ﬁ?&rﬂﬁaas'e 961%1&3%5t?&n' Br&ig,egﬂclltlje@giving radio frequency
(RF) signals, the radiotelephone comprising: _
means for voltage limiting the RF signals, outputting a first
limited signal having asymmetrical phase errors;
10 means for sampling the phase_ of the received signal within the
phase digitizer at the positive and negative zero-crossings, forming a

corresponding positive-crossing and negative-crossing phase value; and
means for modulo 2r averaging the positive-crossing and the

negative-crossing phase values, substantially eliminating the

15 asymmetrical distortion in a resulting average phase signal.

26. A radiotelephohe in accordance with claim 25 wherein said
means for averaging comprises:
means for subtracting said negative-crossing phase value from said
20 positive-crossing phase value, forming a first output signal;
means for dividing said first output signal by 2, forming a second
output signal; and
means for adding said negative-crossing phase value to said second

output value, forming said average phase signal.

27. A method of phase compensation of a received signal, the
received signal having positive and negative zero-crossings and a phase,
the received signal input into a voltage limiter causing asymmetrical
distortion of the positive and negative zero-crossings of the received

30 signal, the method comprising the steps of:
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average phase signal wherein said step of averaging conprises the steps of:
subtracting said negative-crossing phase value fromsaid ﬂl g
phase value, formng a first output signal, 25 _ ”iﬂﬂb l&m"ﬂm ﬂ
first output signal by 2. formng a seconngu_t put signal, '« ddimng ssak
negati ve-crossing phase value to said second output value, formng said
aver age phase signal. 30 35. A phase conpensation apparatus for a
received signal, thesamplingethe iphiasé dFMereBdved | MBndl bt @RAHokRive and
zero-crossings and a phase, the received signal is i"nput into~a voltage
limter causi ngnegativegere-erossing, farming ateorrésponding ipesitive-tiossingndnd a

negative zero-c ._‘Lkgg I celyved signal, the apparatus conprising:
means for sarrplfnr!g&i e [ﬁ?glggﬁ}fé%e%gélx’%(:el ved signal at the

combining said negative-crossing phase values and said positive-

5 crossing phase value, forming a first difference signal having a
magnitude and a sign selected from the group consisting of a positive
sign and a negative sign:

forming an estimated error signal responsive to said first
difference signal comprising the steps of: |
10 incrementing, responsive to a positive sign of said first
difference signal, a first value of a first counter, )
Eomparing said first value to a first positive threshold value,
and
generating, responsive to said step of comparing, an
15  estimated error signal; and |
combining said estimated error signal with said sampled phase
selected from the group consisting of said negative zero-crossings and
said positive zero-crossings, sibstantially eliminating said asymmetrical
distortion.
20
28. A method of phase compensation in accordance with claim
27 wherein said step of generating an estimated error signal further
- comprises the step of incrementing, responsive to said first value
exceeding said first positive threshold value, a second value of a second
25 counter, an output signal of said second counter being said estimated
error signal.

29. A method of phase compensation of a received signal, the

received signal having positive and negative zero-crossings and a phase,

30  the received signal input into a voltage limiter causing asymmetrical

distortion of the positive and negative zero-crossings of the received
signal, the method comprising the steps of:
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positive-crossings and negative zero-crossings, formng a correspondin
positive and negative-crossing phase val ue; and neans Lullmmmmﬁ)m ﬂ

positive and the negative-crossing phase value, substa ng
the asymmetrical distortion in a resulti ng,fverage phasé sf gnal wher ei n

said neans for averaging conprises: 10 means for subtractlng
sai d negative-crossi'ng phase value fromsaid positive- cr055|ng phase val ue,

Lor g st Ut B e PRAGS of dheriidl 0%332 ke Gt S

form ng a secon o.ltﬁ neans
negative-cr ossnnegaﬁhes&wairussmgs dotrlirid a cortespd d@tposwweuerosﬁmgmnd said
average phase signal . 36. radl tel ephone [ ncI uding a voltage limter,
a phase digiti Z‘@gatlé{erﬂﬁﬁ%séng VAH®N circuit, and receiving a first

signal, the radiotel lﬁgg sge?] Sef 2 6195'8 _
limting the first si gna ut put Qve—%?(l)srssllrttg pha SI gnaﬁ1 %w ngltlve
asynmmetri cab phkiessingrp hase nmealoe, ffmrmmgolangmaldiffereme | sigmale chasiipgal a

wthin the phasnelagmtude and a sign selected from the group consisting of a positive
sign and a negative sign; |
forming an estimated error signal responsive to said first
difference signal comprising the steps of:
10 decrementing, responsive to a negafive sign of said first
difference signal, a first value of a first counter,
comparing said first value to a first negative threshold
value, and ]
generating, responsive to said step of comparing an
15 estimated error signal; and -
combining said estimated error signal with said sampled phase
selected from the group consisting of said negative zero-crossings and
said positive zero-crossings, substantially eliminating said asymmetrical
distortion.
20
30. A method of phase compensation in accordance with claim
29 wherein said step of generating an estimated error signal comprises
the step of decrementing, responsive to said first value exceeding said
first negative threshold value, a second value of a second counter, an

25 output signal of said second counter being said estimated error signal.

31. A method of phase compensation of a received signal, the
received signal having positive and negative zero-crossings and a phase,
the received signal input into a voltage limiter causing asymmetrical

30 distortion of the positive and negative zero-crossings of the received

signal, the method comprising the steps of:
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di gitizer at the positive and negative zero-crossings of said first limted

signal, formng a corresponding positive-crossing and Blmﬁ mﬂ”ﬂmﬁﬂlng
25 phase val ue; neans for conbining said negative-cros dland
sai d positive-crossing phase value, formmg_a first difference Jighal

havi ng a magni tude and a sign selected fromthe group consisting of a
positive sign and a negative sign; 30 nmeans for form ng an

estimated error si ggah liﬁgpqli@i s& ofS ghél rebéivbd dbighal Qﬁcﬂle_sgﬂi%_ﬁ'ive and
conpri ses; -25- means Tor jincrenenting, responsive to said first
di ff erence si gnegatire Eexp-erossings; formingra cerrespanding| pesitive-grossing andumt er

nmeans for decrenentin responsive {0 said first difference signal having a
negative si gn,ng%#}avq-?rFossﬁu}épﬁgs%ya rd first counter, 5

means for conpari ngcémbihiig’ siidvabgitivedcioséingSphawsvalueeand said positive-
5 crossing-phase value, forming a first difference signal having a
magnitude and a sign selected from the group consisting of a positive
sign and a negative sign; |
forming an estimated error signal responsive to said first
difference signal comprising the steps of:
10 _incrementing, responsive to a positive sign of said first
difference signal, a first value of a first counter, .
decrementing, responsiw;e to a negative sign of .said first
difference _s@gnal, said first value of said first counter,
comparing said first value to a first positive threshold value
15 and a first négative threshold value, and
generating, responsive to.said step of comparing, an
estimated error signal; and
combining said estimated error signal with said sampled phase
selected from the group consisting of said negative zero-crossings and -
20 said positive zero-crossings, substantially eliminating éaid_ asymmetrical
distortion. '

32. A method of phase compensation in accordance with claim
31 wherein said step of generating an estimated error signal comprises
25 the steps of:
“decrementing, responsive to said step of comparing revealing said
first value exceeds said first negative threshold value, a second value of a
second counter; |
incrementing, responsive to said step of comparing revealing said
30 first value exceeds said first positive threshold value, said second value
of said second counter; and
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signal; -and neans for conbining said estimted error sigral ®w th %ai
sanpl ed 10 phase selected fromthe grouppgonsisting of said negative
zero-crossings and said positive zero-crossing, substantially elimnating
said asymmetrical distortion. 37. A radi ot el ephone in accordance with
clai m 36 wherein sajchetRting iRl SimAGREbAlor gRdl, 8aid BRimaLR] worssigi\al _
conprises: nmeans for decrenenting, responsive to said first val ue eXceeding
sai d first nedw@ving a valueregual o said sesondcvalue wéisaisl sgcondsemuer.count er ;
means for increnenting, responsive to said first val ue exceeding said first
positive threshold value, said second val ue of said second 20 counter;

and neans for gener3d.i ngAsaethab of phiagél cohipinsatiofiain aérdaréed Wit ethiai r or
signal having a val ue equal to said second val ue_ of said second counter. 25

38. A r&di ciemdnreine said |step ©f genasntingean; estimated; egroys signal further

comprises the step of setting, responsive to said first value exceeding a

g

Lhréshold value and a first negative threshold va{ué, a
generating, responsive to said neans for conparing, an 3 mnm mml
h

value selected from the group consisting of said first positive threshold
value and said first negative threshold value, said first counter to a
predetermined value.
10
34. A method of phase compensating a received signal, the
received signal having positive and negative zero-crossings and a phase,
the received signal is input into a voltage limiter causing asymmetrical
distortion of the positive and negative zero-crossings in the received
15 signal, the method comprising the steps of:
sampling the phase of the received signal at the positive and
negative zero-crossings, forming a corresponding positive-crossing.and -
negative-crossing phase value; and
averaging the positive and the negative-crossing phase values,
20 substantially eliminating the asymmetrical distortion in a resulting
average phase signal wherein said step of averaging comprises the steps
of:
subtracting said negative-crossing phase value from said
positive-crossing phase value, forming a first output signal,
25 dividing said first output signal by 2. forming a second
output signal, and
adding said negative-crossing phase value to said second

output value, forming said average phase signal.

30 35. A phase compensation apparatus for a received signal, the
received signal having positive and negative zero-crossings and a phase,

the received signal is input into a voltage limiter causing asymmetrical
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digftizer, a phase conpensation circuit, and receiving a Tirst signal, the

radi ot el ephone conprising: neans for voltage |limting thefg '
outputting a first limted signal having asymetri cal phas”“l!ﬂlﬂﬂ'“"ﬁ“l”“l
means for sanpling the phase of the recei ygg_si gnal withinsthe phase s =
digitizer at the positive and negative zero-crossings, formng a

correspondi ng positive-crossing and negative-crossi ng phase val ue; and

-26 - neans fordigieetiafll 68 th@@ﬁ;@éiﬁ{ré | ed %e%ﬁﬁkr@%&@ﬂcﬁb@ﬁn@@%t e rebeieldnd
phase val ues, substantially elimnating tfie asymetrical “distortion in a

resul ting aver signaglhtheappapatis Cmising_:sai d means for averaging conprises:
From sai d posi t]ve. SRBRR Pt RARDIG e PRART ' The | REBIEE, R, e
means for di vi Pdastiteicfossiright i nRhtive Heab-chssthgs) Fofinity & corresponding
5 positive and negative-crossing phase value; and
means for averaging the positive and the negative-crossing phase
value, substantially eliminating the asymmetrical distortion in a
resulting average phase signal, wherein said means for averaging
comprises: |
10 means for subtracting said negative-crossing phase value
from said positive-crossing phase value, forming a first output signal.
means for dividing said first output signal by 2, forming a
second output signal, and |
means for adding said r-tegativeecrossing phase value to said

15 second output value, forming said avérage phase signal.

36. A radiotelephone including a voltage limiter, a phase
digitizer, a phase compensation circuit, and receiving a first signal, the
radiotelephone comprising:

20 means for voltage limiting the first signal, outputting a first
limited signal having asymmetrical phase errors;

means for sampling said first limited signal within the phase
digitizer at the positive and negative zero-crossings of said first limited
signal, forming a corresponding positive-crossing and a negative-crossing

25 phase value;

‘means for combining said negative-crossing phase value and said
positive;crossing phase value, forming a first difference signal having a
magnitude and a sign selected from the group consistihg of a positive
sign and a negative sign;-

30 means for forming an estimated error signal responsive to said
first difference signal comprises;
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secdnd out put signal, and neans for adding said negativé crossing phase
value to said 10 second output value, formng said avermﬁmml
15 20 27 32. A radiotel ephone in accordance with clai Em WEE'

means for averagi ng conprises: neans for tracting sai d*nefatt vet crsossi ng
phase val ue from said positive-crossing pHase value, formng a first output
5 signal; means for dividing said first output signal by 2, formng a

second out put signal; an %%aﬁ)ufﬁc =Yoo TN cTe) S%%,&%@@é AYCH &%ﬁ:%ff@%c%

val ue to said second outpu Torm ng sal'd average p ase signa
signal having a positive sign, a first value of a first counter,

means for decrementing, responsiVe to said first difference
signal having a negative sign, said first value of said first counter,
5 means for comparing said first value to a first positive
threshold value and a first negative threshold value, and
means for generating, responsive to said means for
comparing, an estimated error signal; and
means for combining said estimated error signal with said sampled
10 - phase selected from the group consisting of said negative zero-crossings
- and said positive zero-crossing, substantially eliminating said

asymmetrical distortion.

37. A radiotelephone in accordance with claim 36 wherein said
15 means for generating an estimated error signal comprises: |
means for decrementing, responsive to said first value exceeding
said first negative threshold value, a second value of a second counter;
means for incrementing, responsive to said first value exceeding
said first posiﬁve threshold value, said second value of said second
20 = counter; and _
means for generating said estimated error signal, said estimated
error signal having a value equal to said second value of said second
counter. ' |

25 38. A radiotelephone including a voltage limiter, a phase
digitizer, a phase compensation circuit, and receiving a first signal, the
radiotelephone comprising:

means for voltage limiting the first signal, outputting a first
limited signal having asymmetrical phase errors;

30 means for sampling the phase of the received signal within the
phase digitizer at the positive and negative zero-crossings, forming a

corresponding positive-crossing and negative-crossing phase value; and
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means for averaging the pdsitive-cro's'sing and the negative
crossing phase values, substantially eliminating the asymmetrical
distortion in a resulting average phase signal, wherein said means for
averéging comprises:
5 means for subtracting said negative-crossing phase value
from said positive-crossing phase value, forming a first output signal.
means for dividing said first output signal by 2, forming a
second output signal, and
means for adding said negative-crossing phase value to said
10  second output value, forming said average phase signal.

15
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