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Fi.el d&®of the Invention 10 This invention generally relatées'to r'adio
receivers and nore specifically to an apparatus and nmethod for gifgsti zi ng

t he phase of an internediate frequency (I F) signal. Backgiound of the

I nvention 15 Generally, within a radio receiver, a phase detector is used
to recover the phase information fromthe r edei ved signal . IGEAZAAR em
utilizing a digital phase nodul ati on schene, a synbol slicer determ nes the
synbol that is represented by the recovered 20 phase i nformation. Several
met hods of detecting the phase of a received signal are avail able. One

nmet hod of detecting the phase of a received signal is direct phase
digitizing wwth an apparatus as illustrated in FIG 1. Using this method,
the direct phase digitizing apparatus accepts a vol tage 25 limted IF
signal 101. A reference oscillator 103 generates a reference oscillator
signal 107.5The r eDIRECT PHASE DIGTRZING ARPARATUS AND METHOQD-r
counter and cl ocks a zero-crossing detector 105. The phase sector counter
generates an estimted phase map 109. The zero-crossing detector 105

i ndi cates when the limted IF

Field of the Invention

10 This invention generally relates o radio receivers and more
specifically to an apparatus and method for digitizing the phase of
an intermediate frequency (IF) signal.

Background of the Invention

Generally, within a radio receiver, a phase detector is used to
recover the phase information from the received signal. In a
system utilizing a digital phase modulation scheme, a symbol
slicer determines the symbol that is represented by the recovered

20 phase information. Several methods of detecting the phase of a
received signal are available.

One method of detecting the phase of a received signal is direct
phase-digitizing with an apparatus as illustrated in FIG. 1. Using
this method, the direct phase digitizing apparatus accepts a voltage

25 limited IF signal 101. A reference oscillator 103 generates a
' reference oscillator signal 107. The reference oscillator signal 107
drives a phase sector counter and clocks a zero-crossing detector
105. The phase sector counter generates an estimated phase map
109. The zero-crossing detector 105 indicates when the limited IF
{\; 30 input signal 101 crosses a predetermined voltage level. The
3 estimated phase map is then sampled at each occurrence of a zero-
; crossing of the limited IF input signal 101 using an N-bit latch 113,
forming a digital phase signal 111.
. Using this method, the resolution of the digital phase signal
85 . 111 is directly dependent upon the frequency of the reference
oscillator according to the following equation: fyef = 2Nfj, where N



30 i nput signal 101 crosses a predeterm ned voltage |evel. The estinated
phase map is then sanpled at each occurrence. of a zero- crossing of the
limted IF input signal 101 using an N-bit latch 113, form ng a digital
phase signal 111. Using this nethod, the resolution of the digital phase
signal 35 111 is directly dependent upon the frequency of the reference
oscillator according to the follow ng equatien: [err] where N 2 is the
nunber of bits desired in the phase word, fi is the input frequency of the
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resolution and using a lower frequency reference oscillator would

be advantageous. A lower frequency reference oscillator reduces

the size, cost and power consumption required by the phase

10 demodulator. Size, cost and power consumption are important
criteria used to evaluate the performance of a radio receiver.

Brief description of the drawings

15 FIG. 1 is a block diagram illustrating a prior art direct phase
digitizer.
FIG. 2 is an illustration of a timing diagram in accordance
with the prior art of FIG. 1.
FIG. 3 is a block diagram illustrating a radio telephone system
20 in accordance with the present invention.
FIG. 4 is a block diagram illustrating a phase demodulator in
accordance with the present invention. -
FIG. 5 is a block diagram illustrating a direct phase digitizer
in accordance with the present invention.
25 FIG. 6 is an illustration of a timing diagram in accordance
with the present invention.
FIG. 7 is an illustration of a four bit phase sector map in
accordance with the present invention.



Brief descri ption of the draw ngs 15 FIG 1 is a block diagram

illustrating a prior art direct phase digitizer. FIG 2 is an illustration
of a tinming diagramin accordance with the prior art of FIG 1. FIG 3 is a
block diagramillustrating a radio tel ephone system 20 I n accordance with

the present invention. FIG 4 is a block diggramillustrating a phase
denodul ator in accordance with the present invention. FIG 5 is a block
diagramillustrating a direct phase digitizer in accordance with the
present invention. 25 FIG 6 is an illustration of a timng diagram

in accordance with the preggggnctéﬁ&g%g-iaopmfé d EnhlSodithért ustration of a

four bit phase sector map 1n a ance wth the present invention. 3
Description of a Preferred Enbodi nent A radi o communi cation system

illustrated in Fl Cir%dlo EbimunifeationSsyfstenpihestrated if FIGe@ eFiGdiTnent. A
receiver of the radio

encompasses a preferred embodiment. A receiver of the radio

communication system directly digitizes the phase of the

intermediate frequency (IF) signal. The frequency of the reference

oscillator, in the preferred embodiment, is half the frequency of the

prior art reference oscillator discussed in the background of the

10 invention. However, the effective resolution of the direct phase

digitizing apparatus, in the preferred embodiment, is equal to the

direct phase digitizing apparatus in the prior art. :

The reduction in the reference oscillator frequency is
accomplished by differentiating between IF zero-crossings that

15 occur during the first half of a reference oscillator cycle and zero-
crossings which occur during the second half of the reference
oscillator cycle. An implementation of the preferred embodiment
utilizes 2 zero-crossing detectors. The first zero-crossing detector
is driven by a positive edge of the reference oscillator signal, and

20 the second zero-crossing detector is driven by a negative edge of the
reference oscillator signal. Depending upon the alignment of the
negative edge zero-crossing indicator and the positive edge zero-
crossing indicator, the N-bit phase signal is modified or shifted by
one-half a phase sector. This results in the modification of the

25 relationship between the input frequency and the reference
frequency such that fref = 9N-1f; In the case where the reference
oscillator frequency is not a power-of-two multiple (i.e. 2X) of the
input frequency, the frequency offset circuitry as described in U.S.
Patent Application No. 806,511, filed December 13, 1991 and

30 assigned to the same assignee may be utilized.

FIG. 38 is an illustration of a block diagram of a radiotelephone
system employing the present invention. In the radiotelephone
system, a fixed site transceiver 303 sends and receives radio
frequency (RF) signals to and from mobile and portable

35 radiotelephones contained within a fixed geographic area served by



comuni cation systemdirectly digitizes the phase of the internedi ate
frequency (IF) signal. The frequency of the reference oscillator, in the
preferred enbodinent, is half the frequency of the prior art reference
oscillator discussed in the background of the 10 invention. However, the
effective resolution of the direct phase digtizing apparatus, in the
preferred enbodinent, is equal to the direct phase digitizing apparatus in
the prior art. The reduction in the reference oscillator frequency is
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phase digitizer 403 illustrated in FIG. 4. Here, the limited IF
signal 409 is input into a positive edge zero-crossing detector 503
and a negative edge zero-crossing detector 505. In the preferred
embodiment, both zero-crossing detectors 503, 505 indicate zero-
15 crossings at both the positive and negative crossings of the limited
. IF input signal 409. Such a zero-crossing detector is illustrated in
FIG. 1 as zero-crossing detector 105. The present invention is not
dependent upon the specific zero-crossing detectors. Other zero-
crossing detectors may be used such as those which indicate only
20 positive edge zero-volt level crossings of the limited IF signal or
those indicating only negative edge zero-volt level crossings of the
limited IF signal. Additionally, any other predetermined voltage
level-crossing detector may be used.
The reference oscillator 501 generates a reference oscillator
25 signal 517. The reference oscillator signal 517 drives the N-1 bit
phase sector counter 507 and the positive edge zero-crossing
detector 503 with its positive edge and drives the negative edge zero-
crossing detector 505 with its negative edge. In the preferred
embodiment, the N-1 bit phase sector counter 507 is a 4-bit digital
30 counting device. A N-1 bit counter can generate 2N-1 phase sectors;
thus, a 4-bit counter generates 16 phase sectors as illustrated in
FIG. 7. The resolution, M, is defined as the number of phase
sectors available. Here, the resolution would be 16. The least
significant bit (LSB) or BIT 0 can either be tied to an electrical
3  ground, pulled to a predetermined voltage or, as indicated in the
preferred embodiment, may be created by the frequency offset



I nput frequency, the frequency offset circuitry as described in U S Patent
Application No. 806,511, filed Decenber 13, 1991 and 30 assigned to the
sane assignee may be utilized. FIG 3 is an illustration of a bl ock diagram
of a radiotel ephone system enpl oying the present invention. 1n the

radi ot-el ephone system a fixed site transceiger 303 sends and receives
radio frequency (RF) signals to and from nobil e and portable 35
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FIG 5 is an illnaiietin &0 8hsignd@tsithehabhe aksignes! ARSN-1 Mtslbatsit
from the N-1 bit phase sector counter 507 and the LSB are input into
a N-bit latch 511. The N-bit latch 511 is latched with the negative
10 edge zero-crossing indicator signal 521. The output of the latch 511
is a digital phase signal 531.
' The lead/lag detector 513 is used to modify the digital phase
signal 531, effectively increasing the resolution of the digital phase
signal 531. The positive edge zero-crossing indicator signal 519 and
15 the negative edge zero-crossing indicator signal 521 are input into
the lead/lag detector 513. The lead/lag detector 513 generates a
modify-enable signal 523 when the negative edge zero-crossing
indicator signal 521 is active before the positive edge zero-crossing
indicator signal 519 is active. The modify-enable signal 523 is input
20 into the subtracter 515. Subtracter 515 subtracts one least
significant bit when the modify-enable signal is active. This
- effectively shifts the digital phase signal 531 by one half a phase
sector, resulting in the direct phase digitizing apparatus 403
having an effective resolution, M', equal to 32 phase sectors, as
P53 indicated in FIG. 6. The effective 32 phase sector resolution is
equal in resolution to a typical 5-bit estimated phase map of the
prior art. No subtraction is required when a zero-crossing occurs
in the first half of the reference oscillator period. This situation is
recognized when the positive edge zero-crossing indicator 519 is
30  active before the negative edge zero-crossing indicator signal 521;
the modify-enable signal 523 is then forced low and no modification
of the digital phase signal 5§31 occurs. Other equally sufficient
implementations of a one-half phase sector shifter may be
implemented, such as a device which subtracts a value greater
35 than the value of the least significant bit of the digital phase signal
531.
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phase digitizer 403 illustrated in FIG 4. Here, the limted IF signal 409
isinput into a positive edge zero-crossing detector 503 and a negative
edge zero-crossing detector 505. In the preferred enbodi nent, both
zero-crossing detectors 503, 505 indicate zero- 15 crossings at both the
posi tive and negative crossings of the limtegd IF input signal 409. Such a
zero-crossing detector is illustrated in FIG 1 as zero-crossing detector
105. The present invention is not dependent upon the specific zero-crossing
detectors. O her zeF3G.& dlustratesdhectiminginjacsordante withthe pratersedhi ch
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counting devi ce. refemnmosmﬂamn@clmaﬁommgé"mdtpm % dbegperiod hus a
4-bit counter ge &h?%m ti8 hdlf e
resolution, M Bfgﬁél ned as e nunbe %bfﬁef 21 the EenZ)d of"
'10 the reference oscillator s1gnal 601 of FIG 6. The resulting phase
sector counter output 203 of FIG. 2 is equal to that of the effective
phase sector counter output 605 of FIG. 6. Thus, the present
embodiment provides a direct phase digitizing apparatus having
equal resolution and reduced reference oscillator requirements.
15 Reducing the oscillator requirements effectively reduces the cost,
power consumption and size of the radio receiver.

What is claimed is:



sectors available. Here, the resolution would be 16. The |east significant

?Lf;ft??ée?reagl\mllm\\ﬁﬂlml, "as i ndi cated i n the prefered onbodi et

may be created by the Yrequency of fset 6 conpensation {FOC) circuitry
509. ‘The FOC circuitry 509 is useful when t ref erence oscillator 501 does
not generate a reference frequency (fref) ch is a power-of-two nmultiple

of the internediate frequency (fi). Details concerning the FOC circuitry 5
509 nay be found i \AdirdestplaseAligitiziag appasatusGecéptingfan ed Decenber 13,

1991 entitled "£r, | od's d assigned to
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511 is |l atched &?ﬁrﬁﬂ egative 10 edge zero-crossing indicator signal
of "t he

521. The out put atch 511 js a digital phagse signal,Z 531, The
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positive edge zer o o 0% tor beneratiag An Sbtlithted phase map dependent upon
said second predetermined frequency and having a first
predetermined resolution of M phase sectors;

10 first means, responsive to said positive edges of said reference
oscillator signal, for detecting predetermined-voltage level
crossings of the intermediate frequency signal, forming a positive-
crossing signal;

second means, responsive o said negative edges of said

15 reference oscillator signal, for detecting predetermined-voltage
level crossings of the intermediate frequency signal, forming a
negative-crossing signal;

means, responsive to said first means, for sampling said
estimated phase map and forming a digital phase signal; and

20 means, responsive to said first and said second means, for
modifying said digital phase signal, such that the digital phase
signal has an effective resolution, M', greater than the first
predetermined resolution, M.




_
15 t he negative edge zero-crossing indicator signal 521 are input into
the | ead/ | ag Hmm | ead/ 1 ag detector 513 generates a

nodi fy- enabl e Hml‘mmt he negative edge zero-crossing indicator
signal 521 is actfveé bdfofe the positive edge zero- crossi ng i ndi cator
signat 519 is active. The nodify-enable signgl 523 is input 20 into the
subtracter 515. Subtracter 515 subtracts one | east significant bit when the

nodi fy-enabl e signal is _active. This effectively shifts the digj taI phase
signal 531 by one el A dirpetaphase digitizing epperatps in egeordanset
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the prior art. ' i's required when a zero-crossing occurs in
the first | f of t he reference oscillator period. This situation is
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4. A direct phase digitizing apparatus in accordance with
claim 1 wherein said first and said second means detect positive
and negative predetermined-voltage level crossings of the
intermediate frequency signal.

15
5. A direct phase digitizing apparatus in accordance with
claim 1 wherein said means for generating said estimated phase
map further comprises a digital counting device.
20 6. A direct phase digitizing apparatus in accordance with

claim 1 wherein said means for modlfymg said digital phase
signal further comprises:

means for monitoring the positive-crossing and negative-
crossing signals;

25 ~ means for generating a modify-enable signal when the
negative-crossing signal is actlve before the positive-crossing
signal is active;

means, responsive to the modify-enable signal, for shifting the
digital phase signal by one half of a phase sector.

7. A direct phase digitizing apparatus in accordance with
claim 1 wherein the means for sampling said estimated phase
map is responsive to said second means.



7 FIG 6 illustrates the timng in accordance with the preferred erbodi nent
i'llustrated in FIG 5. Waveform 601 is an illustration of the reference

oscill ator si grﬁwﬂﬂ UHMMHUMGOS is an illustration of signal 525, which
is the NN1 bit A ter 5 output with theleast significant
bit Supplied by the FOC &irduitry 5009. Wavejorm 605 illustrates the _

i nproved resol ution obtained by subtracting one LSB from signal 525 during

the second half of the reference oscillator cycle. Conparing FIG 6 to FIG
2, the period of @héﬁ&eﬁ@%@ée@amag&ppﬁrg ageeptngANG. 2 is half the

period of 10 ihteeniefigtecfiequency p]gi%énﬁl Bavind A pledseafd Hfirdthe esul ting

phase sector counter output, 203 0 2 i.s.,equal, tqQ that of the gffective
phase sector cgﬁﬁ(ﬁ%erﬁ’&{lgilﬁ'%@n&" g:dippct e digatizing. apparaivsdi nent

provi des a di r eompxisiarg:di gi ti zi ng apparatus having equal resolution and
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the radi o r ecehawing ppgitivesand negative edges and a second predetermined
frequency;

a counting device generating an estimated phase map
dependent upon said second predetermined frequency and having

10 a predetermined resolution of M phase sectors;
a first zero-crossing detector, responsive to said positive edges
of said reference oscillator signal, detecting zero-crossings of the
- IF signal, forming a positive edge zero-crossing indicator signal;
a second zero-crossing detector, responsive to said negative
15 edges of said reference oscillator signal, detecting zero-crossings of
the IF signal, forming a negative edge zero-crossing indicator
signal; '

a latching device, responsive to the negative edge zero-crossing

indicator signal, sampling said estimated phase map, forming a
20 digital phase signal;

a detecting device for detecting when the negative edge zero-
crossing indicator signal leads the positive edge zero-crossing
indicator signal and generating a modify-enable signal responsive
thereto; and

25 a subtracting device, responsive to the modify-enable signal, for
subtracting one-half a phase sector from said digital phase signal.




8 1. A direct phase digitizing apparatus accepting an internediate
frequency signal having a phase and a first predeterm ned frequency, the

di rect phase giaglis ingi ratus conprising: 5 - mmeans for generating
a reference oﬁ'ﬂmmﬂuﬁﬂ;mghavi ng positive and negative edges and a
secohd predetermae rme ; means for gdnerating an estinmated phase map
dependent upon said second predeterm ned frequency and having a first
predet erm ned resol ution of M phase sectors; 10 first neans,
responsive to said positive edges of said reference oscillator signal, for

det ecti ng predet el9i Aerhdiorecaiver receivingos firsty sadio frequemeye(RE)i at e

frequency sign (o] 1! [t LVve: I.0hg signal; second neans,
responsi ve to gi n?g{é[}% ggg%&é%?og@:rgﬁﬁgn reference oscillator signal,
for detecting predeeansforeebnmertingdhedfirzst RF ®ignalto an intermediateedi at e

said 111t moanteayeley (IF) B Hevifiy o PRALSGnd St pREAVErpiiBRR ) o0 C 1O
di gital phase é‘%—bﬁl}cﬁmd
a phase demodulating apparatus comprising:
means for limiting the voltage range of the IF signal
forming a limited IF signal;

10 means for generating a reference oscillator signal
having positive and negative edges and a second
predetermined frequency,

means for generating an estimated phase map
dependent upon said second predetermined frequency and

15 having a first predetermined resolution,

first means, responsive to said positive edges of said
reference oscillator signal, for detecting predetermined-
voltage level crossings of the limited IF signal, forming a

| positive-crossing signal,

20 second means, responsive to said negative edges of said
reference oscillator signal, for detecting predetermined-
voltage level crossings of the limited IF signal, forming a
negative-crossing signal,

means, responsive to said first means for detecting, for

25 sampling said estimated phase map, forming a digital phase

signal,

means, responsive to said first and said second means
for detecting, for modifying said digital phase signal, such
that the digital phase signal has an effective resolution

30 greater than the first predetermined resolution of the
estimated phase map, and | _

means, responsive to the modified digital phase signal,
for generating symbol decisions.



20 means, responsive to said first and said second neans, for

nodi fyi ng sai”lllm ] i gnal, such that the digital phase signal has
an effective ﬂllﬂ u" ””“E)reater than the first '

resolution, M* ¢ 9L2 M Asdirect phase digitizing app H0e BEENrjce
with tlaim1 wherein said first and second npans det’e : PR 1

predet er mi ned-vol tage | evel crossings of the internediate frequenc

5 3. Adirect phase _digitizin, paratus in.,accQrdance with claim1l wher ei n
said first and seciﬂd &ﬁﬂé’“{ﬁﬁ’g regh pirage Jigitizdng compasingned- vol t age

| evel crossings of a&é@ﬁﬁéﬁh”ﬁﬁéﬁh@dﬁﬁ@%@@&éfn«? Sigdlal hkvidg o pHaEECt phase
digitizing appar a@us I n, accordance th claim1 wherein sard Tirst and said
second means defBfia frstPp tm@gmwnﬁyedet erm ned-vol t age | evel

crossings of the i rgeneratingt ® réfergnes oycitiagonkignal having positive and
5 negative edges and a second predetermined frequency;
generating an estimated phase map dependent upon the
second predetermined frequency and having a first predetermined
resolution of M phase sectors;
detecting predetermined-voltage level crossings of the
10 intermediate frequency signal responsive to the positive edges of
the reference oscillator signal and forming a positive-crossing
signal;
detecting predetermined-voltage level crossings of the
intermediate frequency signal responsive to the negative edges of
15 the reference oscillator signal and forming a negative-crossing
signal;
sampling the estimated phase map responsive fo the second
step of detecting and forming a digital phase signal; and
modifying the digital phase signal responsive to the first and
20 the second step of detecting. '
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15 5. A direct phase digitizing apparatus in accordance with claim1
wherein said neans for generating Said estinated phase map further
conprises a digital counting device. 20 6. A direct phase digitizing
apparatus in accordance with claim1 wherein said means for nodifying said
di gital phase signal further conprises: neagg for nonitoring the
positive-crossing and negative- crossing signals; 25 means for
generating a nodify-enabl e signal when the negative-crossing signal is
active before the positive-crossing signal is active; neans, responsive to

the modi fy- enabl e PIREET PHASEDIGITIZING APPARATUS ANDMEIHOD one hal f

of a phase sector. 30 7. A direct phase digitizing apparatus in accordance
with claiml wherein the nmeans for sanpling said estimted phase map is
responsive to sai d second neans Abstrddt of the Disclosure

5

A radio receiver directly digitizes the phase of an intermediate
frequency (IF) signal with a desired resolution. The frequency of
the reference oscillator (503) in the direct phase digitizer (403) is
reduced when compared to the frequency previously required for

10 the same resolution. The reduction in the reference oscillator
frequency is accomplished by differentiating between IF zero-
crossings that occur during the first half of a reference oscillator
cycle and zero-crossings which occur during the second half of the
reference oscillator cycle. The apparatus utilizes 2 zero-crossing

15 detectors (503, 505), the first zero-crossing detector (503) is driven by
a positive edge of the reference oscillator signal and the second
zero-crossing detector (505) is driven by a negative edge of the
reference oscillator signal. Depending upon the alignment of the
negative edge zero-crossing indicator and the positive edge zero-

20 crossing indicator, the N-bit phase signal is modified or shifted by
one-half a phase sector.

FIG. 5 accompanies this abstract.



8 A direct phase digitizing. apparatus acceptl ng an intermedi ate frequency
(1P signal having a phase and a f«irst predetiernmi ned frequency, the direct
phase digitizing apparatus conprising: 5 . a reference.oscillator
génerating a reference oscillator signal having positive and negative edges
and .a second predeterm ned. frequency; i ng device generating an

esti mat ed phase nap dependent upon sai dlszug‘nd predeterm ned frequency and
havi ng 10 a predeterm ned resol ution ofg M phase sectors; a first
zero-crossing detector, responsive to said] positive edges of said reference
oscillator si.gnal, detecting zero-crdsth of the IF signal, formng a
positive edge zero-crossing indi cator°°§ ; a second zero-crossing
detector, responsive to said negati ve=Fe €dges of said reference
oscillator signal, detecting zero-crossi @Q of the IF signal, formng a
negati ve edge zer o@es-si—ng-+nd4—eat—o+-si—g-aa+=—-a-l—a{-eh+ Ag—aew €es ar esponsi ve
to the negative e@el zer o- Crossi ng. nar ca g saild

esti mated phase map,l formng a 20% | digi taI det dcting
device for detectind when the negat{ve edge zer
| eads the positive ddge zero-crosg hg

se si gnal ;
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iI'ndi cat or signal and generating a nodify-enable signal responsive thereto;
and 25 a subtracting device, responsive to the nodify-enabl e signal,
“for subtracting one-half a phase sector from said digital. phase signal.

11 9. Aradio receiver receiving a first radio frequency (RF) signal, the
radi o receiver conprising: nmeans for converting the first RF signal to an
I nternmedi ate 5 frequency (1F) signal2hag ng a phase and a first
predet erm ned frequency; a phase denodul ati ng apparatus conprising: neans
for limting the voltage range of the IF signal formng alimted IF
signal; 10 means for generating a reference oscillator signa
havi ng positive and negative edges and a second predeterm ned frequency,
means for generating an estinmated phase map dependent upon said second

- predeterm ned frequency and 15 having a first predeterm ned

resol ution,
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first neans, responsive to said positive edges of said reference oscillator
.signal, for detecting predetermned- voltage |evel crossings of the limted
| F S|gnal form ng a positive-crossing signal, 20 ] second neans,
responsive to said negative edges of said reference oscill'at or signal, for
detecting predeterm ned- voltage |evel ﬁgysglngs of the limted IF 5|gnal,
formng a negative-crossing signal, esponsive to said first neans
for detecting, for 25 sanpllng said estimated phase map, formng a
di gital phase signal, neans, responsive to said first and said second nmeans
for detecting, for nodifying said digital phase signal, such that the
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di gital phase signa as ffective resolution 30 greater than
the first predeterniyed reSorutrtromof—t+he i mat ed phase nap, and neans,
responsive to the no |f|/303m gital phas Ajnal , for generating synbol
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10. A nethod of direct phase digitizing conprising: accepting an

internmedi ate frequency signal having a phase and a first predet er m ned
frequency; generating a reference oscillator signal having positive and 5
négative edges and a second predetermni ned frequency; generating an
esti-mat ed phase map dependent upon the s gnq predet erm ned frequency and
having a first predeterm ned resol ution of M phase sectors; detecting
predet erm ned-voltage |level crossings of the 10 internediate frequency
signal responsive to the positive edges of the.ngfefhence oscillator signal
and formng a positive-crossing signal; detectEﬁch edet er m ned-vol t age

| evel crossings of.., the internediate frequen-é;&s: anl responsive to the
negati ve edges of thg~xeference oscill ator signal H‘ formng a
negative-crossing si gnghe ed phase map
responsi ve to the secdnd step di gital phase
signal; and nodifying |t hesdkgi t e tothe first and
t he second step; of detecﬁﬁg. f direct phase

di gitizing in accordarce &hth ﬁneaﬁtgp of nodifying the

di gital phase signal flurtBdn c Big T2 Positi ve-crossing
and negati ve- crossing |si gn '
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generatin i fv-enabl e signal when the ‘negative crossiaP nal is
active beﬂﬂ“ﬁj u 'H-crosm ng signal is active; shif (ﬁ ﬁf‘ digital
phase sig \ f a phase sector responsive to theﬂbg'l fy-enabl e
signal . -12-

10. A method of direct phase digitizing comprising:
accepting an intermediate frequency signal having a phase and a
first predetermined frequency;
generating a reference oscillator signal having positive and
5 negative edges and a second predetermined frequency;
generating an estimated phase map dependent upon the second
predetermined frequency and having a first predetermined resolution of
M phase sectors;
detecting predetermmed—voltage level crossings of the
10 intermediate frequency s1gnal responsive to the positive edges of the
reference oscillator signal and forming a positive-crossing signal;
detecting predétermined—voltage level crossings of the
intermediate frequency signal responsive to the negative edges of the
reference oscillator signal and forming a negative-croséing signal;
15 sampling the estimated phase map responsive to the second step of
detecting and forming a digital phase signal; and
modifying the digital phase signal responsive to the first and the
second step; of detecting.

20 11. A method of direct phase digitizing in accordance with
claim 10 wherein the step of modifying the digital phase signal further
1 comprises:
monitoring the positive-crossing and negative-crossing signals;
generating a modify-enable signal when the negative crossing
25 signal is active before the positive-crossing signal is active;
shifting the digital phase signal by one half of a phase sector
responsive to the modify-enable signal.
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