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DATA SAMPLING CIRCUIT AND PORTABLE RADIO TERMINAL DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a data sampling
circuit which deals with a radio signal, and to a portable
radio terminal device such as a pager which incorporates
the data sampling circuit. In particular, the presént
invention relates to a data sampling circuit for a
decoder of a pager which receives a radio signal and
detects a user specific number contained therein to
initiate a given processing procedure.

A radio paging operation takes place with respect
to a small size radio receiver such as a pager carried
by a person who is off his or her office or desk to let
him or her know the occurrence of a need of communication:
by a calling tone, a vibration or a displayed message.

A radio paging system in the pager includes_POCSAG
(Post Office Code Standardization Advisory Group)

A code word used in the POCSAG coding
scheme has four types including a synchronization (sync)

coding scheme.

code word, an address code word, a message code word and

an idle code word, each consisting of 32 bit data.
In general, a conventional data sampling circuit

includes a 32 bit shift régister, a shift

register having 32 stages, and an output from each stage

namely,

is connected to a preamble detector and a sync code word
When a thirty second bit data
is sampled by the shift register in accordance with a

detector, respectively.

receiving timing of the address code word or the message
code word which consists of 32 bit data, the 32 bit data
contained in the shift register is transferred in a
serial manner to the error correction unit in

synchronization with a system clock before the sampling
of a next 32 bit data is started.
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initiate a given processing procedure. A radi o pagi ng operation takes
pl-ace with respect to a small size radio receiver such as a pager carried
by a person who is off his or her office or desk to |l et himor her know the
occurrence of a need of communication by a calling tone, a vi brEk3%R8 or a
di spl ayed nessage. A radi o paging systemin the pager includes POCSAG
(Post O fice Code Standardi zati on Advi sory G oup) coding schene. A code
word used in the POCSAG codi ng schene has four types including a

synchroni zati on fswenyerdwivith dthan adubivesmesditonedd cenveaddgenadde word

and an idle code d_ e I.Sstj.nq 3 i t ral, a
conventioﬂatadgtaé“\,\é)%ﬁBpi ﬁgggﬁ’%ﬁﬁi {llggldﬁ%gsga iglgtlagﬁrfttabr]é%irksét;g?‘,a
nanel y, aaltalﬁniina&gkimeicéavﬂ.lfg 13e ssygdem antiogk dapHud2f cdaaashost age i s
connected.to a preanbl or . cqod e
respecti v&lefs ngg tiﬁ"lig?e%lsgecc?r??%le?p a alllqg ggv\rr%r (Cahdéiﬁé gtﬁg{%ﬁlf?f
regi ster ansdagiedtt oftthe raddiovisdgnaki nthef samp latingesf acrexkord or
the mMessage pit data will begin before the reception of the 32

bit data is completed. With the result that, there is

a problem of a misalignment occurring in the data

sampling in unit of 32 bits.

SUMMARY OF THE INVENTION

It is an object of the present invention to provi_de
a data sampling circuit which enables an accurate data
sampling operation in unit of a given number of bits
without involving a misalignment in the sampling data,
and a portable radio terminal device which incorporates
this data sampling circuit.

According to the present invention, a data
sampling circuit has a first shift register for sampling
bit by bit a radib'signal data which is constructed in
unit of a given number of bits, thereby holding and
shifting a sampling data: a data holding section for
holding the sampling data; and a processor for receiving
bit by bit the sampling data from the data holding section,
thereby processing the samp'ling data in accordance with
a given processing procedure. The data holding section
completes a reception of the sampling data corresponding
to the radio signal data of the given number of bits from
the first shift register at least béfore a time when a
sampling of a first bit data in a next radio signal data
which is constructed in unit of a given number of bits
subsequent to the radio signal data is initiated by the
first shift register.

I ———

—_

heet Has Been Reﬁaced

+ TN



code word which consists of 32 bit data, the 32 bit data contained in the
shift register is transferred in a serial manner to the error correction
unit in synchronization with a systemclock before the sanpling of a next
32 bit data is started. 2 T1552

However, with the above-nentioned conventional data sanpling circuit as

used in a digital portable radio term nal device, if the systemclock has
32 cl ocks or

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not
limitative of the present invention, and wherein:

Fig. 1 is a block diagram showing a construction
of a data sampling circuit and a portable radio terminal
device according to one embddiment of the present
invention;

Fig. 2 shows a series of timing charts
illustrating the operation of the data sampling circuit
of Fig. 1; and .

Fig. 3 shows a seriles of timing charts enlarging
a portion indicated in Fig. 2 which is delineated between

broken lines.

DETAILED DESCRIPTION OF THE INVENTION

A preferred embodiment of the present invention
will be described with reference to the accompanying
drawings. '

Referring to Fig. 1, a data sampling circuit 1
according to the present invention may be incorporated
in a digital portable radio terminal device 2 such as
a pager.

The data sampling circuit 1 includes a preamble
pattern and sync code word detector 10, a 32 bit shift
register 11 (hereinafter referred to as "shift register
11") for sampling a radio signal data, a data loadable
32 bit shift register 12 (hereinafter referred to as
“datdloadableshiftregisterlZ")forreceivingthedata
sampled by the shift register 11, thereby holding-and
shifting the data sampled by the shift register 11, and

an error correction unit 13 for receiving and processing
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less in an interval corresponding to a data length of a single bit of the
radi d signal, the sanpling of a next 32 bit data will begin before the
reception of the 32 bit data is conpleted. Wth the result that, there is a
probl em of a m salignment occurring in the data sanpling in uniTi86232
bits. SUMVARY OF THE | NVENTI ON It is an object of the present

I nvention to provide a data sanpling circuit which enables an accurate data

sanpling operation inunit of a given nunber of bits w thout

i nvolving a

\%sal | gnmegtie idlathehaa.lu)Itiy'lg:mwatanljoad;xblabéhifa:d'u:teg:'estrbnrall2dd.\n' ce

I ch incorporates this a sa I|n |ng to the
present i RAEGPFERNGe dgflg:?‘sa%g g‘?% %sr?ajsn% P52 rs‘fg&ﬁE register for
sanpling bit by lIHe apredmbls qrmttdmxaa\niﬂ aync codst woatdkde teafior of a
grven num%% 8£tgé€§ thSEg@ﬁbf kB%fM%Lich is used to achieve a

bit synchronization between a transmitting system and

a receiving system, and a sync code word (UW) which is

used to distinguish between physical slots in a data

train delivered from a modem, and then delivers the

preamble and the sync code word to a controller (not

shown).

The shift register 11 has 32 stages and performs

a data sampling for a radio signal data A which is

constructed in unit of 32 bits in synchronization with

a sampling clock signal B.

As mentioned previously, a code word according

to the POCSAG coding scheme is of four types inclﬁding

a sync code word, an address code word, a message code

word and an idle code word, each consisting of 32 bit
data. The shift register 11 samples data of each bit
in synchronization with a sampling clock signal B (see

Fig. 2), and delivers the sampling data corresponding

to each bit to the preamble pattern and sync code word
detector 10, and the data loadable shift register 12.

The data loadable shift register 12 is used for
a data transfer from the shift register 11 to the error
correction unit 13. When the thirty second bit data in
the 32 bit radio signal data is sampled by the shift
register 11, the da_ta contained in each stage of the shift

register 11l is directly loaded into a corresponding stage
of the data loadable shift register 12. The data
loadable shift register 12 completes a:reception of the

sampling data corresponding to the 32 bit radio signal

data from the shift register 11 at least before a time
when a sampling of a first bit data in a next 32 bit radio
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shifting a sanpling data; a data hol ding section for holding the sanpling
data;* and a processor for receiving bit by bit the sanpling data fromthe
data hol ding section, thereby processing the sanpling data in accordance
with a given processing procedure. The data hol ding section conplees a
reception of the sanpling data corresponding to the radio -signal data of
t he given nunber of bits fromthe first shift register at |east before a
time when a sanpling of a first bit data in a next radio signal data which

| s constructedahnguiid élibée@hd@:m Nggbeh 0B Dig St SPREEHUAgA L1t Batiardi O
signal data T1s |n|t|ated e first shift register.
is initiated by the shift register 11. 1In this
embodiment, the data loadable shift register 12 holds
the 32 bit data from the shift regiSter 11 for delivery
to the error correction unit 13 at least until the
sampling of the next 32 bit radio signal data is started
by the shift register 11l.

Thus, it will be seen that even when the next
sampling of the code word is started by the shift register
11, the data loadable shift register 12 holds a previous
set of 32 bit data for the purpose of data transfer to
the error correction unit 13. _

The above-mentioned error correction unit 13
.performs an error check of an output from the data
loadable shift register 12 according to CRC (cyclic
redundancy check) code, which is capable of detecting.
not only a random code, but also a burst error, and also
enables a correction of an error.

_ In Fig. 1, various signals appearing at selected
parts of the data sampling circuit are shown by
characters A to I. A signal designated by A represents
a radio signal data which is input to the shift register
11, a signal B represents a sampling clock signal which
is used to sample the radio signal data by the shift
registef 11, a signal C represents a reset signal which-
resets the both the shift register 11 and the data
loadable shift register 12, and signals D and E represent
outputs from the individual stages of the 32 bit shift
register 11. It will be noted that thirty two outputs
are connected to both a data load input of the preamble
pattern and sync code word detector 10 and a data load
input of the data loadable shift register 12.

A signal F represents a data input to a flipfiop
which forms the first stage of the data loadable shift
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3 BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention will
becone nore fully understood fromthe detail ed description given

her ei nbel ow and the acconpanyi ng drawi ngs which are given by way of
illustration only, and thus are not limtative of the present ITV8A2i on,

and wher ei n: Fig. 1 is a block diagram showi ng a construction of a
data sanpling circuit and a portable radio term nal device according to one
enbodi ment of the present invention; Fig. 2 shows a series of timng

charts il resjiaterglehewhistatvialt aget he naramaddnplfiigedi toua tgméufidg. 1;

D cat el ot pBre Sip il A faBifvaE T B gnT g 0"
represents a system clock signal used in the data
loadable shift register 12, and a signal H represents
a data load enable signal of the data loadable shift
register 12. A signal I represents an output from a
flipflop which 1s the final stage of the data loadable
shift register 12, and is connected to the error
correction unit 13.

As described above, the shift register 11 is
devoted for the sampling of the radio signal data A, while
the data loadable shift register 12 is devoted for data
transfer to the error correction unit 13. .

The operation of the data sampling circuit 1 in
the portable radio terminal device 2 constructed in the
manner mentioned above will now be described.

Fig. 2 is a timing chart illustrating the
operation of the data sampling circuit of Fig. 1, and
Fig. 3 is an enlarged view of a portion indicated in Fig.
2 which is delineated between broken lines. It is to
be understood that a number appearing in the row of signal
indicates a bit number of the data.

In synchronization with the sampling clock signal
B, the radio signal data A which is constructed in unit
of 32 bits is sampled bit by bit into the shift register
11. When the thirty second bit data, i.e., final bit
data in the 32 bit radio signal data is sampled by the
shift register 11, the data load enable signal H becomes
active, as shown in Figs. 2 and 3. The data loadable
shift register 12 therefore receives the sampling data
which is constructed in unit of 32 bits between a time
when a thirty second bit data in the 32 bit radio signal
data is sampled by the shift register 11 and a time when
a sampling of a first bit in a next 32 bit radio signal
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broken i nes. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A preferred
enbodi nent of the present invention will be described with reference to the
acconpanyi ng draw ngs. Referring to Fig. 1, a data sanpling circuit 1
according to the present invention may be incorporated in a didgri1ab2
portable radi o term nal device 2 such as a pager. The data sanpling
circuit 1 includes a preanble pattern and sync code word detector 10, a 32
bit shift register 11 (hereinafter referred to as "shift register 11") for
sanpl i ng @d#4di subsghedat & o atHet 32 opdablradRobisigrhalt desia sier 12

Fecei vi ng 10HEt BRES G aE| 40y P RAE ts 99T PESILLE -1 thereby hol di ng and

shifting the datSﬂﬁ%@h%@dﬁﬂ?hedﬂﬁéksrGmaﬁeruébdztd transfer 32
bit data (output I) which are now stored in the data
loadable shift register 12 to the error correction unit
13.

As described above, the radio signal data A 1is
sampled into the shift register 11 using the sampling
clock B. After the thirty second bit data in the radio
signal data A is sampled, outputs from the respective
stages of the shift register 11 is loaded into the
corresponding stages of the data loadable shift register
12. Subsequently, before the shift register 11 begihs
to sample the next 32 bit radio signal data, the data
loadable shift register 12 outputs the sampling data for
data transfer held therein to the error correction unit
13.

The data loadable shift register 12 hold the 32
bit data which has been loaded thereinto from the shift
register 11, even if the next sampling of code word is
initiated in the shift register 11. Accordingly, even
if there are 32 clocks or less in an interval
corresponding to the data length of a single bit of the
radio signal data (A in Fig. 2 or 3), a data sampling
in unit of 32 bits can take place in an accurate manner.

Accordingly, when the data sampling circuit which
exhibits an excellent feature is incorporated into a
portable radio terminal device such as the pager which
is destined to receive radio signal in order to detect
a user specific number contained therein to initiate a
given processing procedure, a reliable operation of the
portable radio terminal device can be assured.

As described above, the data sampling cilrcuit of
this embodiment can be applied to a radio paging device
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an error correction unit 13 for receiving and processing

4, thHe data held by the data | oadable shift register 12 in accordance wth
a given processing procedure. The preanble pattern and sync code word
detector 10 detects a preanble (PR) which is used to achieve a®™l552
synchroni zati on between a transmtting systemand a receiving system and a
sync code word (UW which is used to distinguish between physical slots in
a data train delivered froma nodem and then delivers the

such as the pager, but the application of the data
sampling circuit is not limited thereto. The data
sampling circuit.of this embodiment is equally
applicable to any arrangement in which a data sampling
is made.

In the above-mentioned embodiment, the data
loadable shift register 12 is used for transferring data
to the error correction unit 13, but ,instead of the use
of the data loadable shift register 12, a RAM, for example,
may be used for transferring data to the error correction
unit 13.

_ In the above-mentioned embodiment, an example of
theprocessoris1llustratedastheerrorcorrectionunit
13, but it should be understood that any other processing
procedure may be applied to data output from the data
loadable shift register 13.

In addition, it should also be understood thét
the type of registers or the number of bits used to
construct the data sampling circuit 1 are not limited
to the specific example disclosed in the above-mentioned
embodiment.
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preanbl e and the sync code word to a controller (not shown). The
shift register 11 has 32 stages and perforns a data sanpling for a radio
signal data A which is constructed in unit of 32 bits in synchronization
with a sanpling clock signal B. As nentioned previously, B188& word
according to the POCSAG codi ng scheme is of four types including a sync
code word, an address code word, a nessage code word and-an-idle code word,
~each consisting of 32 bit data. The shift register 11: sa | es data of each

bit in synchronization with WHARPLENGIAMEDsiIfhal B ( Hmjl II :ﬂr’"'

delivers the sanpling data corresponding to each bit t
pattern and sync code word detector 10, and the data | oadabl e "shi'ft
regi ster 12 A dhéadaanpbad@I@isbuﬁit reginprdrs ivgics used for a data

ey Soond Ly, S €L el d e Sa0 a0 RGO ey Ve
the shift bit a radio signal data which is constructed in unit of
a given number of bits, thereby holding and shifting a
sampling data;
a data holding section (12) for holding said
sampling data; and
a processor (13) for receiving bit by bit said
sampling data from said data holding section (12),
thereby processing salid sampling data in accordance with
a given processing procedure; .
wherein said data holding section (12) completes
a reception of said sampling data corresponding to said
radio signal data of said given number of bits from said
first shift register at least before a time when a
sampling of a first bit data in a next radio signai data
which is constrﬁcted in unit of a given number of bits
subsequent to said radio signal data is initiated by said
first shift register (1l1).

2, A data sampling circuit of Claim 1, wherein said
reception by said data holding section (12) is performed
between a time when a final bit data in said radio signal
data is sampled by said first shift register (11) and
a time when said sampling of said first bit data in said
next radio signal data is initiated by said first shift
register (11).

3. A data sampling circuit of Claim 1, wherein said
data holding section (12) holds said sampling data when
sald sampling of said first bit data in said next radio
signal data is initiated by said first shift register
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register 11, the data contained in each stage of the shift register 11 is
directly Ioaded into a correspondi ng stage of the data | oadable shift

regi ster 12. The data | oadabl e shlfr“regrs%eﬁ—$24yyqﬂiﬂes a reception of

the sanpling data corresponding to th | |gnal dat aTfrsB2 t he
shift register 11 at |east before a t 1' ng of a first bit
s

data in a next 32 bit radio 5 signal
data subsequent to the 32 bit radio S|gnal data

(11).

4. A data sampling circuit of Claim 1, wherein said
data holding section (12) includes a second shift

register.

5. A data sampling circuit of Claim 1, wherein said
first shift register (11) sampled said radio signal data
in synchronization with a sampling clock signal which
includes said given number of clocks in an interval

corresponding to a length of said radio signal data.

6. A data sampling circuit of Claim 1,

wherein said data holding section (12) receives said
sampling data in synchronization with a data load enable
signal which is generated between the time when said
final bit data in said radio signal data is sampled by
said first shift register (11) and the time when said
sampling of said first bit data in said next radio signal
data is initiated by said first shift register (11).

7. A data sampling circuit of Claim 1, wherein
processor (13) receives said sampling data fromsaid data
holding section (12) in synchronization with a system
clock signal which includes said given number of clocks
or less in an interval corresponding to a length of a
single bit of said radio signal data.

8. A data sampling circuit of Claim 1, wherein said
given number of bits is 32 bits.

9. A data sampling circuit of Claim 1, wherein said
processor (13) includes an error detecting unit for
detecting presence or absence of an error in said
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is initiated by the shift register 11. In this enbodinent, the data

| padabl e shift register 12 holds the 32 bit data fromthe shift register 11
for delivery to the error correction mm" |IBIw|||Lt&MLuntl | the sanpling of
the next 32 bit radio signal data is ift regi sTa@552.

Thus, it will be seen that even when the “next sanpling of the code word is
started by the shift register 11, the data | oadable shift register 12 hol ds
a previous set of 32 bit data for the purpose of data transfer to the error
correcti orsamipllihy data thhensietrere@nthexssitetror correction unit 13
perfornms an error check of an output fromthe data | oadable shift register
12 according to CRC (cyclic redundancy check) code, which is capabl e of

detecting n@t only d@atandamphee.ciwtuilitsoB Gladm €y owhearalinl saisghabl es
a correction_of an.e

. I i Q. | '
sel ect ed fAr¥8Tof réﬁi{flg A i%%Eélgltcsuﬁnvge:%gél%oaﬂg%%isd PERBL1 W
data according to a cyclic redundancy check code

contained in said sampling data.

11. . A portable radio terminal device which receives
a radio signal data and detects a user specific number
contained therein to perform a given processing
procedure, comprising a data sampling circuit;

-said data sampling circuit comprising: _

a first shift register (11) for sampling bit by
bit a radio signal data which is constructed in unit of
a given number of bits, thereby holding and shifting a
sampling data;

a data holding section (12) for holding said
sampling data; and

a processor (13) for receiving bit by bit said
sampling data from said data holding section (12),
thereby processing said sampling data in accordance with
a given processing procedure;

wherein said data holding section (12) completes
a reception of said sampling data corresponding to said
radio signal data of said given number of bits from said
first shift register at least before a time when a
sampling of a £first bit data in a next radio signal data
which is constructed in unit of a given number of bits
subsequent to said radio signal data is initiated by said
first shift register (11).

12. A portable radio terminal device of Claim 11,
wherein said reception by sald data holding section (12)
is performed between a time when a final bit data in said
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characters Ato I. A signal de5|gnated by A represents a radi o signal data
which is input to the shift register Il —a srgnal—B—Tepresents a sanpling
clock signal which is used to sanple| _ ata by the shift
register 11, a signal C represents a E l] ﬂ “@ !vmu resets TR&S®th the
shift reglster 11 and the data Ioadabl 12, and signals D
and E represent outputs fromthe individual stages of the 32 bit shift

register 11. It will be noted that thirty two outputs are connected to both
a data |06}.€hdﬂﬁt§ighd1hﬂapia9arﬁ)hanmﬂté®rby aadds;eums:bcsmiz\ﬂtcreigisd:t@ 10

and a data J put e dat a,loadabl S
si gnal Fir%bfgs%ﬂ Qhﬁﬂu? E@PE%MR§§3 ékﬁ%$gﬁ'#§%ﬁé?Ph Pir§? st age
of the datgn |s&tﬂdbi@x8htéﬁio signal data is initiated by said first

shift register (1l1).

13. A portable radio terminal device of Claim 11,
wherein said data holding section (12) holds said
sampling data when said sampling of said first bit data
in said next radio signal data is initiated by said first
shift register (11).

14. A portable radio terminal device of Claim li,
wherein said data holding section (12) includes a second

shift register.

15. A portable radio terminal device of Claim 11,
whereinsaidfirstshiftregister(11)sampledsaidradio
signal data in synchronization with a sampling clock
signal which includes said given number of clocks in an
interval corresponding to a length of said radio signal
data.

16. A portable radio terminal device of Claim 11,

wherein said data holding section (12) receives said
sampling data in synchronization with a data load enable
signal which is generated between the time when said
final bit data in said radio signal data is sampled by
said first shift register (11) and the time when said
sampling of said first bit data in said next radio signal
data is initiated by said first shift register (11).

17. A portable radio terminal device of Claim 11,

wherein processor (13) receives sald sampling data from
-
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6 register 12, which voltage is normally fixed to a ground |evel or a
power supply voltage level. A sigﬁaT‘T?_TﬂnﬂﬁﬁHﬂHs_a_systen1cIock si gnal

used in the data | oadabl e shift regl signal Hrepresents a
data | oad enabl e signal of the data %HM«"@W ﬂ" gi ster 12. TA5&Zjnal |
represents an output froma flipf Iop I'C nal stage of the data
| oadabl e shift register 12, and is connected to the error correction unit
13. As descri bed above, the shift register 11 is devoted for the

sanpling(ﬁaiuedaaﬁ<haigmnb'éanxibnMMEQQ uMEskﬂchtowiﬂﬁbishﬂﬁiﬁmgister
12 1s devoé esfiyl;-%r datlaoé{{ani f%ﬁféheﬁ. &fééeggﬁ(&n dir’s}énlﬁumber

of clocks or less in an interval corresponding toa length

of a single bit of said radio signal data.

18. A portable radio terminal device of Claim 11,
wherein said given number of bits is 32 bits.

19. A portable radio terminal device of Claim 11,
wherein sald processor (13) includes an error detecting
unit for detecting presence or absence of an error in

salid sampling data transferred thereto.

20. A portable radio terminal device of Claim 19,
wherein said error detecting unit detects an error in
sald sampling data according toacyclic redundancy check
code contained in said sampling data.
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The operation of the data sanpling circuit 1 in the portable radio term nal
device 2 constructed in the nanner nmentioned above wi ||l now be descri bed.
Fig. 2 is atimng chart illustrating the operation of the data sanpling
circuit of Fig. 1, and Fig. 3 is an enlarged view of a portion FAd&&ated in
Fig. 2 which is delineated between broken lines. It is to be understood
that a nunber appearing in the row of signal indicates a bit nunber of the
dat a. I'n synchroni zation with the sanpling clock signal B, the radio
signal data Awhich is c&BSTRACAH OF WHE DISGRASURE| s sanpled bit by bit
into the shift register 11. Wen the thirty second bit data, i.e., final
bit data in the 32 bit radio signal data is sanpled by the shift register
11, the data | oadh elmbhessampiling bdcowst dresve, shd fdhawgistemLoRr and

data whi cresnpddtey, Bt Py BEE ¥ Hadfo WAGHENAEER WA INTLETP I,

second bitcoas&rnucted In anitadiH 32ghdits, thereby holding and
shifting a sampling data; a data loadable shift register
for holding the sampling data; and a error correction
unit for receiving bit by bit the sampling data from the
data loadable shift register. The data loadable shift
register completes a reception of the sampling data
corresponding to the radio signal data of the given
number of bits from the shift register at least before
a time when a sampling of a £first bit data in a next rad'io
signal datawhich is constructed in unit of a given number
of bits subsequent to the radio signal data is initiated

by the shift register.

14



data is sanpled by the shift register 11 and a tine when a sanpling of a
first bit in a next 32 bit radio signal

7 data subsequent to the 32 bit radio signal data is initiated by the

shift register 11. Subsequently, clocks G are used to transfer 32 bit
data (output 1) which are now stored iquQe data | oadabl e shift register 12
to the error correction unit 13. descri bed above, the radio signa
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sanpled into the shift register 11 using the sanpling clock B. After the
thirfy second bit data in the radio signal data A is sanpled, outputs from
the respective stages of the shift register 11 is |oaded into the
correspondi ng stages of the data | oadable shift register 12. Subsequently,
before the shift register 11 begins to %gqyle the next 32 bit radio signal
data, the data | oadable shift register T2 outputs the sanpling data for

data transfer held therein to|the efror|corfedtion unit 13. The data
| oadabl e shift register 12 holdlthe}32 bit datlajwhi ch has been | oaded
thereinto fromthe shift regi r 13, eyen jf |the next sanpling of code

word is initiated in the shif edi ster|11.] Aqcgrdingly, even if there are
32 clocks or less in an interyal clorres ond‘ng jo the data length of a
single bit of the radio signall ¢gatp. (Aijn Hg.] 2 or 3), a data sanpling in
unit of 32 bits can take plac n fan acg¢ur af e jngnner . Accordingly,
when the data sanpling circui \hi ch
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exhi bits an excellent feature is i ncorporated into a portable radio _
devi ce such as the pager which is destined to receive radio signa
in order to detect a user specific nunber contained therein to initiate a

t er m nal

gi ven processing procedure,

t er m nal

a reliable operation of the portable radio

devi ce can be assur ed. descri bed above, the data sanpling
circuit of this enbodinent can be applied to a radi o pagi ng device
8 such as_the er, but the %%Pllcation of the data

DATA A PLING CIRCUIT AND PORTABLE RADIO TERMINAL DEVICE
BACKGROUND OF THE INVENTION

The present invention relates to a data sampling
circuit which deals with e radio signal, and to a portable
radio terminal device such as a pager which incorporates
the data sampling circuit. In particular, the present

" invention relates to a data sampling circuit for a

decoder of a pager which receives a radio signal and
detects a user specific number contained therein to
initiate a given processing procedure.

A radio paging operation takes place with respect
to a small size radio receiver such as a pager carried
by a person who is off his or her office or desk to let
him or her know the occurrence of a need of communication
by a calling tone, a vibration or a displayed message.

A radio peging system in the pager includes POCSAG
(Post Office Code Standardization Advisory Group)
coding.scheme, A code word used in the POCSAG coding
scheme has four types including a synchronization (sync)
code word, an address code word, a message code word and

~an idle code word, each consisting of 32 bit data.

‘In general, a conventional data sampling circuit
includes a 32 bit shift register, namely, a shift
register having 32 stages, and an output from each stage
1s connected to a preamble detector and a sync code word
detector, respectively. When a thirty second bit data
is sampled by the shift register in accordance with a
receiving timin'g of the address code word or the message
code word which consists of 32 bit data, the 32 bit data
contained in the shift register is transferred in e
serial -manner to the error correction unit in
synchronization with a system clock before the sémpling
of a next 32 bit data is started.
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sanpling circuit is not limted thereto. The data sanpling circuit of this
enbodi nent is equally applicable to any arrangenent in which a data
sanpling is nade. In the above-nentioned enbodi nent, the data

| oadabl e shift register 12 is used for transferring data to the error
correction unit 13, but instead of the uge of the data | oadable shift
register 12, a RAM for exanple, nmay be fised for transferring data to the
error correction unit 13. In the above-nentioned enbodi nent, an
exanpl e of the pr#doxsveri.s withsthe aabayvermentioneshreesvieat lonall3,

but it shoy Q@éﬁ%ﬂ_ﬁ ﬂﬂﬂ ¢ ' NeTetIeTh e
applied to cig:ia out put yr)g%t e Eg{%u%?z}g%brﬁoéqgﬁﬁﬂt%%e ioster {%f@&il& I n
addi tion, texmbopd feoige .uddertheocdysianttdocipdras Badgicdiarksoprt he
nunber of Ridegs URIahO 1GPPSERG! dIPrdebd @Rl G & r& 0
limted to the specia?‘i c exg I'e cfl'tscfos?g”?-n the gqbg%/e(?#r%%t %‘c?%{e%tﬂ bt

a single bit of the radio signal, the sampling of a next

32 bit data will begin before the reception of the 32

bit data is completed. With the result that, there is

a problem of a misalignment occurring in the data

sampling in unit of 32 bits.

SUMMARY OF THE INVENTION )

Ii_: is an object of the present invention to provide
a data sampling'circﬁit which enables an accurate data
sampling operation in unit of a given number of bits
without involving a misalignment in the sampling data,
and a portable radio terminal device which incorporates
this data sampling circuit.

According to the pfesent invention, a data
sampling circuit has a first shift register for sampling
bit by bit a radio signal data which is constructed in
unit of a given number of bits, thereby holding and
shifting a sampling data; a data holding section for
holding the sampling data; and a processor for receiving
bit by bit the sampling data from the dataholding section,
thereby processing the sampling data in accordance with
a given processing procedure. The data holding section
completes a reception of the sampling data corresponding
to the radio signal data of the given number of bits from
the first shift regiéter at least before a time when a
sampling of a first bit data in a next radio signal data
which is constructed in unit of a given number of bits
subsequent to the radio signal data is initiated by the
first shift register.
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enbodi nent . VWHAT IS CLAI MED | S: 1. A dat a
sanpling circuit conprising: a first shift register (11) for sanpling
bit by bit a radio signal data which is constructed in unit of a given
nunber of bits, thereby holding and shifting a : '

3

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not
limitati?e of the present invention, and wherein:

Fig. 1 is a block diagram showing a construction
of a data sampling circuit and a portable radio terminal
device according to one embodiment of the present
invention;

Fig. 2 shows a series of timing charts
illustrating the operation of the data sampling circuit
of Fig. 1; and

Fig. 3 shows a series of timing charts enlarging
a portion indicated in Fig. 2 which is delineated between
broken_lines. '

DETAILED DESCRIPTION OF THE INVENTION

A preferred embodiment of the present invention
will be described with reference to the accompanying
drawings.

Referring to Fig. 1, a data sampling circuit 1
according to the present invention may be incorporated
in a digital portable radio terminal device 2 such as
a pager.

The data sampling circuit 1 includes a preamble
pattern and sync code word detector 10, a 32 bit shift
register 11 (hereinafter referred to as "shift register
11") for sampling a radio signal data, a data loadable
32 bit shift register 12 (hereinafter referred to as
"data loadable shift register 12”") for receiving the data
sampled by the shift register 11, thereby holding and
shifting the data sampled by the shift register 11, and
an error correction unit 13 for receiving and processing
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sanpl i ng dat a; a data hol ding section (12) for holding said sanpling

data; and a processor (13) for receiving bit by bit said sanpling
data fromsaid data hol ding section (12), thereby processing said sanpling
data in accordance with a given processing procedure; wherein said

data hol ding section (12) conpletes a regeption of said sanpling data
corresponding to said radio signal data of said given nunber of bits from

said first ghif egi s at | eas efore a. tjne when a s ing_of .a first
bit data itBe ﬁi&fa?faa?t? b¥ykhe diﬁgamﬁ?éﬂﬁ%i%o%%%%&cff&@af%ﬁﬁi £ 200,

gi ven nunbercadriancesudithuentgioenipioodisainmgnprotaddure.initiated by
said first shift | ster

wherein said recepti orP’f)?/a'&'éiizf &’aﬁ%tﬁﬁf‘déﬁgﬁ%@&s‘?o@é%%g‘}'gyfglgqgéﬁgaal m
10 detects a preamble (PR) which is used to achieve a
bit synchronization between a transmitting system and
a receiving system, and a sync code word (UW) which is
used to distinguish between physical slots in a data
train delivered from a modem, and then delivers the
preamble and the sync code word to a controller (not
shown).

The shift register 11 has 32 stages and performs
a data sampling for a radio signal data A which is
constructed in unit of 32 bits in synchfonizatidn with
a sampling clock signal B.

As mentioned previously, a code word according
to the-POCSAG coding scheme is of four types inclﬁding
a sync code word, an address code word, a message code
word and an idle code word, each consisting of 32 bit
data. The shift register 11 samples data of each bit
in synchronization with a sampling clock signal B (see
Fig. 2), and delivers the sampling data corresponding
to each bit to the preamble pattern and sync code word
detector 10, and the data loadable shift register 12.

The data loadable shift register 12 is used for
a data transfer from the shift register 11 to the error
correction unit 13. When the thirty second bit data in
the 32 bit radio signal data is sampled by the shift
register 11, the data contaihed in eaéh stage of the shift
register 1l is directly loaded into acorresponding stage
of the data loadable shift register 12. The data
loadable shift register 12 completes a reception of the
sampling data corresponding to the 32 bit radio signal
data from the shift register 11 at least before a time
when a sampling of a first bit data in a next 32 bit radio
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between a tine when a final bit data in said radio signal data is sanpled
by said first shift register (11) and a tinme when said sanpling of said
first bit data in said next radio signal data is initiated by said first
shift register (11). 3. A data sanpling circuit of daim1l, wherein
sai d data hol ding section (12) holds saig sanpling data when said sanpling
of said first bit data in said next radio signal data is initiated by said

first Shlf%fgﬁgftggta subsequent to the 32 bit radio signal data

is initiated by the shift register 11. 1In this
embodiment, the data loadable shift register 12 holds
the 32 bit data from the shift register 11 for delivery
to the error correction unit 13 at least until the
sampling of the next 32 bit radio signal data is started
by the shift register 1l1.

Thus, it will be seen that even when the next
sampling of the code word is started by the shift register
11, the data loadable shift register 12 holds a previous
set of 32 bit data for the purpose of data transfer to
the error correction unit 13.

The above-mentioned error correction unit 13
performs an error check of an output from the data
loadable shift register 12 according to CRC (cyclic
redundancy check) code, which is capable of detecting
not only a random code, but also a burst error, and also
enables a correction of an error.

In Fig. 1, various signals appearing at selected
parts of the data sampling circuit are shown by
characters A to I. A signal designated by A represents
a radio signal data which is input to the shift register
11, a signal B represents a sampling clock signal which
is used to sample the radio signal data by the shift
register 11, a signal C represents a reset signal which
resets the both the shift register 11 and the data
loadable shift register 12, and signals D and E represent
outputs from the individual stages of the 32 bit shift
register 11. It will be noted that thirty two outputs
are connected to both a data load input of the preamble
pattern and sync code word detector 10 and a data load
input of the data loadable shift register 12.

- A signal F represents a data input to a flipflop
which forms the first stage of the data loadable shift
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10 4. A data sanpling circuit of Cdaim1l1, wherein said data hol ding
section (12) includes a second shift register. 5. A data sanpling
circuit of daiml, wherein said first shift register (11) sanpled said
radi o signal data in synchronization with a sanpling clock signal which
I ncl udes said given nunber of clocks in an interval corresponding to a
| ength of said radio signal data. 6. © A data sanpling circuit of Claim
1, wherein said data hol ding section (12) receives said

register 12, which voltage is normally fixed to a ground

level or a power supply voltage level. A éignal G
represents a system clock signal used in the data
loadable shift register 12, and a signal H represents
a data load enable signal of the data loadable shift
register 12. A signal I represents an output from a
flipflop which is the final stage of the data lcadable
shift register 12,'and is connected to the error
correction unit 13.

As described above, the shift register 11 is
devoted for the sampling of the radio signal data A, while
the data loadable shift register 12 is devoted for data
transfer to the error correction unit 13.

The operation of the data sampling circuit 1 in
the portable radio terminal device 2 constructed in the
manner mentioned above ﬁill now be described.

Fig. 2 is a timing chart illustrating the
operation of the data sampling circuit of Fig. 1, and
Fig. 3 is an enlarged view of a portion indicated in Fig.
2 which is delineated between broken lines. It is to
be understood that a number appearing in the row of signal
indicates a bit number of the data.

In synchronization with the sampling clock signal
B, the radio signal data A which is constructed in unit
of 32 bits is sampled bit by bit into the shift register
11. When the thirty second bit data, i.e., final bit
data in the 32 bit radio signal data is sampled by the
shift register 11, the data load enable signal H becomes
active, as shown in'Figs. 2 and 3. The data loadable
shift register 12 therefore receives the sampling data
which is constructed in unit of 32 bits between a time
when a thirty second bit data in the 32 bit radio signal
data is sampled by the shift register 11 and a time when
a sampling of a first bit in a next 32 bit radio signal
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sanpling data in synchronization with a data | oad enable signal which is
generated between the time when said final bit data in said radio signa
data is sanpled by said first shift register (11) and the tine when said
sampling of said first bit data in said next radio signal data is initiated
by said first shift register (11). 7. o Adata sanpling circuit of Caim
1, wherein processor (13) receives said sanpling data fromsaid data

hol di ng section (12) in synchronization with a system cl ock signal which
i ncl udgs sgiaot%iwgigi?stm%%toft%lﬁeﬁs%ﬂ Pi&s 5afda skanahl d@dd ekBondi ng

to a lengt init Ratied® BybithedfsisfEed G Ostlegnalidata. 8.° A data
sampling cireult g3 dqtently s S165%s ‘e¥are d8es td toanster 32 >
bit data (output I) which are now stored in the data
loadable shift register 12 to the error correction unit
13.

As described above, the radio signal data A is
sampled into the shift register 11 using the sampling
clock B. After the thirty second bit data in the radio
signal data A is sampled, outputs from the respective
stages of the shift register 11 is loaded into the
corresponding stages of the data loadable shift register
12. Subsequently, before the shift register 11 begins
to sample the next 32 bit radio signal data, the data
loadable shift register 12 outputs the sampling data for
data transfer held therein to the error correction unit
13.

The data loadable shift register 12 hold the 32
bit data which has been loaded thereinto from the shift
register 11, even if the next sampling of code word is
initiated in the shift register 11. Accordingly, even
if there are 32 clocks or less in an interval
corresponding to the data length of a single bit of the
radio signal data (A in Fig. 2 or 3), a data sampling
in unit of 32 bits can take place in an accurate manner.

Accordingly, when the data sampling circuit which
exhibits an excellent feature is incorporated into a
portable radio terminal device such as the pager which
is destined to receive radio signal in order to defect
a user specific number contained therein to initiate a
given processing procedure, a reliable operation of the
portable radio terminal device can be assured.

As described above, the data sampling circuit of
this embodiment can be applied to a radio paging device
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9. A data sanpling circuit of Caim1, wherein said processor (13)

I ncl udes an error detecting unit for detecting presence or absence of an
error in said 11 sanpling data
transferred thereto. 10. A data sanmple circuit of laim9, wherein said
error detecting unit detects an error ingsaid sanpling

such as the pagér, but the application of the data
sampling circuit is not limited thereto. The data
sampling circuit of this embodiment is equally
applicable to any arrangement in which a data sampling
is made.

In the above-mentioned embodiment, the data
loadable shift register 12 is used for transferring data
to the error correction unit 13, but ,instead of the use
of the data loadable shift register 12, a RAM, for example,
may be used for transferring data to the error correction
unit 13.

In the above-mentioned embodiment, an example of
the processor is illustrated as the error correctionunit
13, but it should be understood that any other processing
procedure may be applied to data output from the data
loadable shift register 13.

in addition, it should also be understood that
the type of registers or the number of bits used to
construct the data sampling circuit 1 are not limited
to the specific example disclosed in the above-mentioned
embodiment.
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dat a accordlng to a cyclic redundancy check code contained in said sanpling
dat a. 11. A portable radio term nal device which quxu4u¥;4%44%¥%}———
signal data and detects a user specific nunber contained therei

a given processing procedure, conprising a data sanpli m‘lﬂ” IIi ‘uml j!l[
said data sanpling circuit conprising: afirst s
for sanpling bit by bit a radio signal &%ta which is constructed in unit of
a given nunber of bits, ther ﬁAH ## ngggHﬁE %%lng a sanpling data;
a data hol ding section (12) f I'i ng data; and a
processor (13) for receiving bit by bit said sanpllng data from said data
e h9 e o Rk AR 581 £ CIBLu g @ 1 accordance
a first shift register (11) for'sampling bit by
bit a radio signal data which is constructed in unit of
a given number of bits, thereby holding and shifting a
sampling data;
a data holding section (12) for holding said
sampling data; and
a processor (13) for receiving bit by bit said
sampling data from said data holding section (12),
thereby processing s'aid sampling data in accordance with |
a given processing procedure;
wherein said data holding section (12) completes
a reception of said sampling data corrésponding to said
radio signal data of said given number of bits from said
first shift register at least before a time when a
sampling of a f£first bit data in a next radio signal data
which is constructed in unit of a given number of bits
subsequent to said radio signal data is initiated by said
first shift register (11).

2. A data sampling circuit of Claim 1, wherein said
reception by said data holding section (12) is performed
between a time when a £final bit data in said radio signal
data is sampled by said first shift register (11) and
a time when said sampling of said first bit data in said
next radio signal data is initiated by said first shift
register (11).

3. A data sampling circuit of Claim 1, wherein said
data holding section (12) holds said sampling data when
said sampling of said first bit data in said next radio
signal data is initiated by said first shift register
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mhere{n sai d data holding section (12) conpletes a reception of said
sanpling data corresponding to said radio signal data of said given nunber

of bits fr

omsaid first shift register at |east before a tine when a

sanpling of a first bit data in a next radio signal data
constructed in unit of a given nunber ofgbits subsequent to said hﬂg
n y said

si gnal dat
portable r
dat a hol di
in said

aisinitiated by said first Shlft regi st ul ‘ﬂu“ﬂ
i p,term nal device of Caim1l, wherej r‘\m ﬂmj H

?fgiJgECtlon (12) is performed between a tlrr'e vihert a final bit data

4. A data sampling circuit of Claim 1, wherein said
data holding section (12) includes a second shift
register.

5. A data sampling circuit of Claim 1, wherein said
first shift register (11) sampled said radio signal data
in synchronization with a sampling clock signal which
includes said given number of clocks in an interval

corresponding to a length of said radio signal data.

6. A data sampling circuit of Claim 1,

wherein said data holding section (12) receives said
sampling data in synchronization with a data load enable
signal_which is generated between the time when said
final bit data in said radio signal data is sampled by
said first shift register (11) and the time when said
sampling of said first bit data in said next radio signal
data is initiated by said fifst shift register (11).

7. A data sampling circuit of Claim 1, wherein
processor (13) receives said sampling data fromsaid data
holding section (12) in synchronization with a system
clock signaliwhich includes said given number of clocks
or less in an interval corresponding to a length of a
single bit of said radio signal data.

8. A data sampling circuit of Claim 1, wherein said
given number of bits is 32 bits.

9. A data sampling circuit of Claim 1, wherein said
processor (13) inclpdes an error detecting unit for

detecting presence or absence of an error in said
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12 rédio signal data is sanpled by said first shift register (11) and a

time when said sanpling of said first bit data in said next
data is initiated by said first shift register (11).

hol ds sai d sanpling data when sai d sanplyi;ng of said fir

radi o sigha
bIe

radio term nal device of Claim1ll, wherein said data ho’Mﬂ section

next radio signal data is initiated by said first shiff
14. A portable radio term nal device of Claimi1l, !

Iilllﬁillm Iﬂf' "

sampling data transferred thereto.

10. A data sample circuit of Claim 9, wherein said
error detecting unit detects an error in said sampling
data according to a cyclic redundancy check code
contained in said sampling data.

11. A portable radio terminal device which receives
a radio signal data and detects a user specific number
contained therein to perform a given processing-
procedure, comprising a data sampling circuit;

said data sampling circuit comprising:

a first shift register (11) for sampling bit by
bit a radio signal data which is constructed in unit of
a given number of bits, thereby holding and shifting a
sampling data:

a data holding section (12) for holding said
sampling data; and

a processor (13) for receiving bit by bit said
sampling data from said data holding section (12),
thereby processing said sampling data in accordance with
a given processing procedure;

wherein said data holding section (12) completes
a reception of said sampling data corresponding to said
radio signal data of said given number of bits from said
first shift register at least before a time when a
sampling of a first bit data in a next radio signal data
which is constructed in unit of a given number of bits
subsequent to said radio signal data is initiated by said
first shift register (11).

12. A portable radio'terminal device of Claim 11,
wherein said reception by said data holding section (12)
is performed between a time when a final bit data in said
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mhere{n sai d data holding section (12) includes a secand shift register.
15. A portable radio termnal device of aim11l, wherein said first

A I L R A S:aanmézrllnmmm‘kmr%lll[ﬂllgr“

interval corresponding to a length of sghd radio signal §at@. * _
portable radio term nal device of Claim1ll, wherein said data hol di ng

ti 1 | aj appl i ata.in_synchroni.zati.on with a data
Toad enabl £33 8 HErA ot R 4 AR AL P YA B ER A Bkt Eaeit F R b
data in saild¥hdinds grale ddieni satdnpamg Ung @i fl Sd 1 tE Shsttbieodater (11) _
and the ti % Wadl 5 YHRL b1 §hat?hd e 13" 1Rl 40 8o By S fla BE L 10 ©

J shift register (11).

13. A portable radio terminal device of Claim 11,
wherein said data holding section (12) holds said
sampling data when said sémpling of said first bit data
in said next radio signal data is initiated by said first
shift register (11).

14, A portable radio terminal device of Claim 11,
wherein said data holding section (12) includes a second
shift register.

15. A portable radio terminal device of Claim 11,
wherein said first shift register (11) sampled said radio
signal data in synchronization with a sampling clock
signal which includes said given number of clocks in an
interval corresponding to a length of said radio signal
data.

16. A portable radio terminal device of Claim 11,

wherein said data holding section (12) receives said
sampling data in synchronization with a data load enable
signal which is generated between the time when said
final bit data in said radio signal data is sampled by
said first shift register (11) and the time when said
sampling of said first bit data in said next radio signal
data is initiated by said first shift register (11).

17. . A portable radio terminal device of Claim 11,
wherein processor (13) receives said sampling data from
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data is initiated by said first shift register (11). ortabl e
radio term nal device of Caim11l, wherein processor f recei ves sai

L e o

section (12) in synchronization with a system cl ock i 'S
sai d gi ven nunber of clocks or less in qaf interval corresponbln
| ength of a single bit of said radio signal data.

said data holding section (12) in synchronization with
a system clock signal which includes said given number
of clocks or less in an interval corresponding toa length
of a single bit of said radio signal data.

18. A portable radio terminal device of Claim 11,
wherein said given number of bits is 32 bits.

19. A portabie radio terminal device of Claim 11,
wherein said processor (13) includes an error detecting
unit for detecting presence or absence of an error in
said sampling data transferred thereto.

20. A portable radio terminal device of Claim 19,
wherein said error detecting unit detects an error in
saidsapplingdataaccording1x>acyclicredundancycheck
code contained in said sampling data.
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18. A portable radio term nal device of Claim1l, wherein said given
nunmber of bits is 32 bits. 19. A portable radio termnal device of
Claim 11, wherein said processor (13) includes an error detecting unit for
detecting presence or absence of an error in said sanpling data transferred
t hereto. 20. A portable radio term pgl device of Caim 19, wherein said
error detecting unit detects an error in said sanpling data according to a
cyclic redundancy check code contained in said sanpling data.
ABSTRACT OF THE DISCLOSURE
DATA SAMPLING CIRCUIT AND PORTABLE RADIO TERMINAL DEVICEr

A data sampling circuit has a shift register for
sampling bit by bit a radio signal data which is
constructed in unit of 32 bits, thereby holding and

shifting a sampling data; a data loadable shift register
for holding the sampling data; and a error correction
unit for receiving bit by bit the sampling data from the
data loadable shift register. The data loadable shift
register completes a réeception of the sampling data
corresponding to the radio signal data of the given
number of bits from the shift register at least before
a time when a sampling of a first bit data in a next radio
signal data which is constructed in unit of a given number
of bits subsequent to the radio signal data is initiated
by the.shift register.

Figure 1
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