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Abstract 0 This paper presents a CSIC (Customer Specificat-
ion Integrated Circuit) implementation, which includes a
512/1200/2400 bps POCSAG decoder, PDI2400 and MC68HC-
05 changed by PANTECH.

It can receive all the data with the rate of 512/1200/2400
bps of a singleclock of 76.8 KHz. It is desighed to have maxi-
mum 2 ownframes for service enhancement. To improvesce-
iver quality, a preamble detection considering frequency toler-
ance and a SCW (Synchronization Code Word) detection at
every 4bit is suggestedAlso we consider an error correction
of address and message up to 2 bits. Furthermore, it is
possible with proposed PF (Preamble Frequency) error to
achieve a battery life increase due to the turn-off of RF
circuits when the preamble signal is detected with noises. The
chip is designed using VHDL code from PDI2400 micro-
architecture level. It is verified with VHDL simulation
software of PowerView™. Its logic diagrams aresynthesized
with VHDL synthesis software of PowerView".

Proposed decoder and MC68HC05 CPU of MOTOROLA
are integrated with about 88000 transistors by using 1.0um
HCMOS process and named MC68HCO5PD6. It igproved
that the wrong detection numbers of preamble of noises are
significantly reduced in the pager system that uses our chip
through the real field test. Thesystem receiving performance
is improved by 20% of average, compared with other existing
systems.

|. INTRODUCTION

There are two kinds of portable communicaygatems.
That is,one is possible to sermghdreceivesignals and the
other isonly possible to receivihem. Pager belongs to the
later and is still @rowing marketvery rapidly in thewhole
world because ofits conveniencand low co8t. The
number of subscribers up to 1994 is 6.5 millaordwill be
increased by 10 million in 1995 for the Korea market.

Figure 1 shows pagerblock diagram with three major
blocks.The first one is RF input circuithat can transform
RF signal from thebasestation into digital signal. The
POCSAG (Post Office CodestandardizationAdvisory
Groupy decoder analyzethis digital signal andcompares
it with own address. The last one is MCU (Micro Controller
Unit) circuits that notify subscriber othe information and
control the system.
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Fig. 1. Block diagram of pager

In this paper, aew POCSAG decoder is suggedteat
can minimize both its sizend power dissipation with
improved receiver sensitivity. Currently, most obm-
mercial decoders providbe data rate of 512/1200 bps. On
contrast, 2400 bps rate system is highly required to meet the
increasing number of subscribekowever, a cloclgener-
ator that is Zimes fastethanexisting decoder of 512/1200
bpsrate should bemployed toincrease the rate by 2400
bps. Since most of decoders have only one own frame, addi-
tional own address is necessary @ving supplementary
public service such as weather forecastl stock inform-
ation. In addition, while the error correction of the address
is performed up to 2 bits, the error correctiomafssage is
done up to 1 bitThat isone of the reason wause the
receiver sensitivity to be reduced.

Thesuggested decoder is designed with simdpek of
76.8KHz to receivall the data transmitted with 512/1200/
2400 bps. Moreovethe design of thdecoder allowed two
own frames to be assigned in ortleait various public serv-
icesare available. On the othkand, toimprove receiver
quality, a preamble detection considering frequency tolera-
nceand aSCW (Synchronization Code Word) detection at
every 4-bit is suggested. Also we consider emor corr-
ection of addresandmessage up to 2 bits. Furthermore, it
is possible with proposed PF (Preamble Frequestyy to
achieve a battery life increase duethe turn-off of RF
circuits when the preamble signal is detected with noises.

In this paper, the desigmoceduresre shown in figure
2. In order toverify the precise operaticand receiving



quality of decoder, it is implemented with 1 FPGA using
FLEX81188GC232-3 of ALTERA compafly The FPGA
decoder employs tomplement a pager. Thesefulness of
this paper is proved through the shiebdm testandfield
test of the pager. Th#ecoder is implemented with a single
chip that use 1.0undouble poly/singlemetal process,
combining thecommercially available MC68HC05 CPU
core.

This paper is organized dsllows. In section I,
POCSAGsignal rulesand operation modesgre described,
followed by the suggestion of thdecoder configurations
and functions. Then its hardware implementation and
performance evaluation are dissed. FinallyMCU and
POCSAG decodeare implemented with CSIC (Customer
Specification Integrated Circuit).
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Fig. 2. Design flow of the POCSAG decoder

Il. PocsaG Cobe FORMATH

TheP POCSAGsignalingsystem isthe most popular for
paging signal and the standard defined by CCIR

recommendation 584-1. The structure is illustrated in figure

3. ThePOCSAGsignal consists of a preamifidlowed by

one or more batches. A batch is composed of SCW of 32

bits and 8 frames. Each framecmmposed of 2 code words.
One code word is composed of 32 bits.

Batch1| Batchd Batch
\ CE
18 codewordsl7 codewords
SCW] FrameO [ Framel [ [ Frame7
cwijcw2

Fig. 3. POCSAG signal forntat

The data receiving of pager begins with receiving of
preamble signals mordan 576 bitsthat arecomposed of
"1010 ..." such as replica of "1ffom a basestation. Once
preamble signal is detected, it wdits receiving SCWhat
is used to synchronize 8 frames faming control. After
receiving SCW, it compares a receivddta from own
frame with own addressnformation. Then ifthey are
matched, it interprets the awived data in consecutive
frames as message informatidrhe code words of batch
are divided into 3types.The first one iSCW of hexa-
decimal 7CD215D8 that is déned to synchronize
beginning. The s®nd one is ICW (Idle Code Word) of
hexa-decimal 7A89C197hat is defined to designate the
end of receiving process. Finallthe thirdone is acode
wordsthat present address or messagea and ishown in
figure 4.

Bit No. 31 30-13 12-11 10-1 0
Address Address Address Function BCH Check Even
codeword Flag=0 Bits Bits Bits parity
Message Message Message BCH Check Even
codeword Flag=1 Bits Bits parity

Fig. 4. Code word forméit

Addressand messageadata aredefined to perform the
error correction withBCH (31,21) algorithm. Thehigh
level 21 bits of eacbode words ieddress or message data
and the remaining 1®its is redundancy foBCH error
correction. Considering this receivirgocess, we define
the operation of the PDI2400 as 4 modes.

I1l. ARCHITECTUREAND FUNCTION OF PDI12400
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Fig. 5. The architecture of the PDI2400




The internal architecture &fDI12400 is defined as in of syndrome becomes 4. That is S(X)&(%,S,).
figure 5 considering theoncepibn of operatiormodes,

BCH error correction, interface withiCU, and thegenera-
tion of control signals fotow power.The functions and
hardware designs of each block in figure 5 are as follows.

‘ count<=0 ‘

A. Detection of Preamble Signal and SCW ¢
| receive data |

Synchronization timingor batchdata is determined
based upon advance received preamigeals. Further, the
synchronization timing of beginning of the frame is de-
termined by the detection of SCW.

Detecting with consecutive bitgput of "101010...", the
PDI2400 considers as esfighing preamble signal. To
improve the receiving quality, wok accountnto duty
factor of preamblgattern andrequency tolerance of prea-
mble on designThe value of tolerance fiequency is dete-
rmined through a number of test.flequency tolerance of
preamble is large, the ratio of preamble detection is
improvedand the ratio ohoise detection ikigh. Then, we
chose frequency tolerance ©%6. Figure 6 presents the
signal detection method considering thleove 2 factors.
Third, although thepreamble signal isdetectedunder
WAIT or RECEIVE mode, if the PF error occurs in the pre-
amble data patterrthat detected in PREAMBLE mode, it
transits to WAITmode regardless dfie received preamble
signal. The PF error is defined as the occurrence of 3
consecutiveerrors of 1 error that idefined as theasethat
data with 2 or more times mofeequencythan preamble ‘ ‘ \ \
frequencyduring "10" pattern time areeceived. Figure 7 o“gmamreambq ‘ ‘ ‘ ‘ T
shows an example of PF error.

In order to detect SCWhe inputted 32 bits data is p,eamblewnhppqm, jﬂ ﬂ Hj ﬂ ﬂ ﬂj ﬂ ’—‘ f

data="10" and
freq < tolerance

‘ count<=count+1 ‘

Preamble

Detection

Fig. 6. The preamble detection method

divided into 4 bitsunit. Then, comparing thieits with the Ao
SCW defined with 7CD215D&he numbers of errors are ‘ perer ‘
counted within 4 bitaunit. It is definedthat theSCW is ) )
detected if thereare within 3 errorsNote that ICW Fig. 7. Detection of PF error
detection methods are designed with the same methods as ) )
SCW detection methods. Justtwo elements of sland s3which are remainders of
divided by m ( X) and my(X) respectivelyare usedError
B. BCH (31,21) Decod&f’ location equation after obtaining tegndrome is calculated
as in expression (4).
The message codeworand theaddress codeword are 0(X) =0,(X)+0,(X+..40,(X) (4)

defined in ﬁgure 4. Therefore it is necessary to deSigl’l aThe root ofO'(X) can be acquired using expression (5),

decoder \,Nith BCH (31,21) a]gorithm as in figure 8. and Chiens circuit was used for hardware implementation.
The first step talecode is calculatde syndrome s(x)

defined as 0 (x) =1+ gx+( §2 + (i))XZ (5)
(X=(3 3.8)= (¥ H (1) 3

, Where r(x) is including errors through a chanmeti can  Sincea(x)=1 for s=5=0, there are no errorslowever, it

be expressed as (2). means there is onerer if $£0,5=S° Further, it means
r(x)=c(x)+€& X (2)  there are errors more than 2.i#8,s#s? Notethat theroot
The syndrome is defined as (3). of error polynomial equation designates the error location.
r(x)=q(x)*nf 3 + 6 Xx ©) In PDI2400,BCH encoder is embedded fowo error
In (3), m(x) is MX)=1+X*X5, my(X)=1+X>+X3+X*+ corrections. Herethe decoded 2linformation bits are

X5, The q(x) is quotient and s(x) is remainder. Error correc-encodedand theegenerated parity bits are compared with
ting capability, t of BCH(31,21,2) is equal to 2, so number receiveddata includdessthantwo errors. Errorcorrected



21 bits are divided bgolynomial 1+X+x5+x5+x3+x°+x'° and
the remainder is compared with 10 bit-long parity.
patterns are same, it meathat lessthan 2bits errors is
corrected successfully.

the signal is held as “1” duringwn frame. Advance time
If two starting as “1” isdifferently defined based on each bps.
That is, itwas defined in PDI2400 as "to havaximum 2
own frame for 1 batch." Irthis case, assuming the own

frames are assigned asafid 5, the generation BSA on

Coefficent Calculation
N<=1

Error Function
S(x)=0

Error Function
S(x)=0

Correct Digit

Fig. 8. Flowchart of BCH decoding
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Fig 9. Block diagram of BCH decoder
C. Generation of Battery Saving Signal

To reduce power dissipation die pager, a control
signal that turns on or turnsff RF circuits is generated
from POCSAG decoder. PDI2400 generdtesBSA and
the BSB adhattery saving signal®SA is used fogeneral
purposes, buBSB is asignalfor PLL-type widearea pager
for the future usage. There is difference excepthat the
signal width of BSB idarger than that oBSA. The genera-
tion of BSA depends othe operatioomodes.The "0"
signal is generatedr PROGRAM modeThat is,since RF
circuits do not need teeceivethe data, it might b&urn-off.

On contrast, since the RF circuits on WAIT mode should be

turn-on every batch time in order to detethe preamble
signal existence, such a signal as shown in figure 10 i
generated.

A generated signal oBRREAMBLE mode is always “1”
because¢he SCW must be detected. On RECEIVE mode,
only data receiving happens during tbein frame.Thus,

RECEIVE mode becomes as in figure 11.

i

32 bits 1 batch

< ».
< >

=

codeword

Fig. 11. BSA timing on WAIT mode

‘ Frame O‘ Frame IL Frame 2| Frame 3‘ Frame‘4Frame 5‘ Frame 6‘ Frame 7‘ SCW‘

Fig. 12. Battery saving timing when self-frames are 1 and 5.
D. Generation of Internal Clock

In PDI2400, thenternalclock is generated to meet the
required operation speeds frawternalclock of 76.8KHz.
It can be implemented with counter circuits. According to X
valuethat can beyielded form(6), internalBclock of one
hundredfifty clocks with a period of 76.8KHz for 512bps is
generated.
X = 76.8KHz

" datarate

Furthermore Bclock is designed to have sixty-foalocks
for 1200bps and thirty-two clocks for 2400bps, respectively.

(6)

E. Internal Controller Module

The design oFSM (Finite State Machine) requires to
provide 4 operation mod&ansitions. Further, the FSM
should meet the transition beten each states involving 17
code words of 1 batch to be a state.

IV. HARDWARE IMPLEMENTATION AND
PERFORMANCE EVALUATION

S
A. FPGA Emulation

Micro-architecture circuits of eachlock defined in
chapter 3were configured.Then they are described with



VHDL®™, Their verification is performed with simulation ated LCD driver, 51dytesRAM, 16K bytesROM, eight 8

sofwaré”? of PowerView™. To verify PDI2400hardware  bits portsand 8/16bits timer, watchdog timer, and serial

systems, FPGA is implementedhe logic circuits for communication interface.

verified VHDL codeare generated by usimpwerView" It is fabricated by usinlOTOROLA process technol-

logic synthesis softwdfe Single ALTERA® FLEX81188- ogy that is supporting 1.0umHCMOS double poly and

GC232-3 is employed for FPGAhe placemeraind the single metal. Its die size is 292mil x 342rthiat includes

routing with MAX+PLUS Il result in the usage rate of 98%. 88,000 transistors. The PDI2400 size is 158mil x 48mil
Integrating the PDI240And thd®P-X03 RF circuits, a with about 14,000 transistor§he employed packagt/pe

pager is implemented in PANTECH company. For perform-is TQFP with 80 pins of 12mm x 12mm. It is named as

ance evaluation, shield room test is carriedamgcompar- MC68HCO5PD6. Figure 13 showike layout diagram of

ed with other PP-X03 with NP@ecodé€f. Shield room test MC68HCO5PD6.

results in the sinfér sensitivity as shown in figure 13, but

its numbers of recognition as preamble for noises are | s £ i 2 e o T |

significantly reduced as in table 1. Thus, iteipected t0  TH| " jo — & el —— T |

increase thebattery life time. Moreoverthe field testing E e gl [ T =

was performed with PDI2400’s, domestic products and &
foreign products. According to the result of testing,
PDI2400's one received 77 callstbie total 84 calls. The

receiving ratio of PDI2400's onwas 91.7%. In case of |
domestic products, those received 280 calls of 420 calls 2

=

That of those was66.7%. Foreign products received 128

—STerEeT
e
i =

L]
calls of 164 callsThat ofthose was76.2%. As the results, Tl
PDI2400's one showed more 20% receiviatjio than that ,}E
of other companies. (m=|[

Hr e

T

TABLE 1 'E _
The number of preamble detection with noises for 200sec. ﬂ:ﬂ
£3
512bps 1200bps 2400bps 1
PP-X03 12 35 Not supported il
PDI2400 4 24 74

Fig. 13. The layout design of MC68HCO5PD6

Considering such performance evaluation,ubefulness
of the PDI2400POCSAG decodéhat isimplemented with
the method of this paper is proved. V. CONCLUSION

In this paper, It was shown that POCSAG decdeBt;
2400, whichwere fabricated on aingle CSIC chip with
MOTOROLA 68HCO05 CPU core was designadd its
performance evaluation was performed.

PDI2400 receiveall the data transmitted with the rate
of 512/1200/2400 bpssing singleclock of 76.8KHz. The
system including two own frames was designed to be
provided with various public services such as weather
forecast or stock informationf-urthermore, in order to
improve receiver sensitivity, the error correction up to 2 bits
for both addressand message information was done.
Preamble signalwas detected considerifigquency
toleranceand SCW was detected evenbits. Furthermore,
it was possible with proposed PF (Preamble Frequency)
. . error toachieve a battery life increase dudhe turn-off of
with FPGA, and performance evaluations were performed. Rg circuits when the preamble signal is detected with noises.

In addition, to realize more less siaad more less VHDL modeling was performed fdnardware design
power dissipation than the commercially used pagers, singl&;ith VHDL softwares of PowerVieW.

chip CSICwas implemented. Fdhe CPU core of CSIC, To evaluate the precise operatiand performance of
MC68HC05 CPU of MOTOROLA is used@ihe chip integr- e suggested decoder, it was implemented VRPGA

Fig. 12. The results of sensitivity test in shield room
B. CSIC Implementation

The designediecoder of PDI2400 was implemented



using one FLEX81188GC232-3. The pager with
implemented decoder was tested boththia shieldroom
and in thefield. It was shown fronthe test resultthat its
performance was about 20% bettkan thecommercially
available pagers.

The suggested decoder was fabricated in a single chip
with integration of MOTOROLA MC68HC05 CPU core.
Theemployed process technology the fabrication is Mo-
torola HCMOS double poly/single metal process technology.
The chip integrated about 88,000 transistor and is named as
MC68HCO5PD6.
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