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ABTRACT

This thesis presents a project of stolen car control system by pager. This project
consists of a pager receiver and 7 segments display system. The pager receiver will receive
and decode POCSAG signal. Then pager will send it to micro-controller which controls
petrol distributing system and shows a warning signal. The 7 segments display system is used
to display security code. When the car was stolen, the car owener will phone to the operator
in order to stop an operation of petrol distributing system and show warning signal. This

project can constrain the car-robbery by controlling the petrol distributing system and

showing a warning signal.
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1. 1Y FSK %30 Frequency Shift Keying

2. WUY PSK %30 Phase Shift Keying

3. 1Yy QAM L) Quadrature Amplitude Modulation
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fs—

Fb
6kHz — 8kHz

2kHz

2.4 MM9BAIATAYYIM POCSAG (PCF 5001)

2.4.1 UKUAIM 19U PCF 5001

Di

RE ¢

X1

310 2.11 uHUAINTHIIIUYDA PCF 5001

Vss Voo DO 03
I l a F 3
IRE; E]__? 26 27
§ | DIGITAL INPUT DATA OUTPUT
FULTER SERIAL DATA PROCESSOR R CONTROL
F Y y
‘ {
CLOCK EEPROM
RECOVERY DECODER AND MEMORY
% ERROR CORRECTION
CONTROL I
7 &
EEPROM *
CONTROL 8
14 | PRECEIVER SYNC J e
B D, controL [ conTROL 2]
15]
ALERT 25{
CLOCK 13]
10 | OSCILLATOR [ GENERATION | =l
VOLYAGE POWER-ON TEST STATUS BATTERY LOW
CONVERTER RESET CONTROL CONTROL CONTROL
- 3 F 3
a3 |2 |1 28 |1t 18 21|20]22 |19 24 |6
v v r
CP ON Vyef FL T8 1T SR SK ON IE BL B8S

2R23%%
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1. annsaldaulussiuusein I 1.5 84 6 Taad

2. funszue Wi 60 adusuus

3. gunsaidensasmssudeyadu 512 n5e 1,200 aneuiii 14

4. 29AVY CCIR radio paging code NO.1

5. mmsmﬁam‘gau%?ryuqvwmst?ann’i’w

6. Tmiawanus1 EEPROM noly iefusiadszsunses uasiaddums
RUANE

7. fidmsussauusaan Ifae ludn

8. idnudoudeny lulnsneuInsames ludnuuzeynsy

242 N159A719919849 PCF 5001

Ve |1 U 281 FL
CN |2 27| DS
CP |3 26 | DO
Voo {4 ] 25 | OR -
DI |5 24 | BL
BS |6 23] Al
PD |7 22| ON
es [¥ PCFSOOIT [
Xl]o 20 | SK
X2 Lo 19| IE
TS [11] 18] TT
AH[12 17] Vg
o1 [13 [16] oM

T RE[14 15| AL

31 2.12 M5AWNUWIVER PCF 5001
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ps ifluwndunaldiauduu pD e TUsunsu EEPROM n1elu PCF 5001

X1 iuvduyaldlumsasasansa (CRYSTAL OSCILLATOR)

x2  Wuvuerwnnlflumsdensanea (CRYSTAL OSCILLATOR)

RE Huvnevinalfdmsvaiuguamsiaueesniniu

vss  iiundredausedulvay

y

po ifluvuewinalddmiultdyaadoyasenain pcr so01 Tudnymy

v o @
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DS iHuvuerinalfdmiuiidyanauiimsuw po
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SR WuvdunalddimsumsSida (RESET) msvhamuvedn

BL ifuvuerdnnlflumstwenteannzienunmes tuseiu TWidi

2.43 Iruansi1auves PCF 5001
M51HIUYeR PCF 5001 9:iimsiinnuey 2 Tnua fis Tnuamsifioustiadon
4 .. &
(Alert only pager) az IMuAUAAING (Display pager) Faaunsafiinualdlas SPFo1 &4
U - 1 dy
srnateae 1UH
A v P} ° n=y ~ J Cs A
Tnuamsieusdudes msiau Inuaiisziinsaegnssintouenlagunn e

* < A ° P | Y a o
ruihumaeesmaidenaninznsiau ON, OFF, SILENT aunsaidenidlneldasng
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1 ] b4 1Y )
Tnuamsuaaina FuiuTvuan ¥ lulasemd msinuiuTnuail o219
Y & o s ° o Y ] &~
waun lulasneuInsamesiuiniugumsing wazudeyatinas Tavdled
o 1 4 s as o o
msfudeyardwesimsdadeyan IdsueenTumevenludnuazeynsy uazduily
o o A 4 4 4 e v o A
NesdfuseAuus e Nz annsafeuneny lulnsaouInsames 14 usnomiuiiie
P w Y 9 =] v o A o o« ] '
imsiudeyadn sslimsdadygraudon liduedyandeg u AH, AL, OL
Dudu wazmoluIn PCF 5001 Timuaoaus1 EEPROM w1 114 1n ifleifiusie
[ 3 A ar o 3 \J
Uszsun3ea 4 ga iuswanisy 2 ga uazdugluuudnyazmsiemueieg ©113e
MIIABNANIZMTIINUN ON, OFF, SILENT aunsaidenldlasmsimuadoiush

BUNA ON Az SK AT 1N 2.2

15190 2.2 ﬂ‘lilﬁﬂﬂTﬁUﬂﬂ'ﬁﬁ’l\ﬂU‘UﬂQ PCF 5001

ON INPUT SKINPUT OPERATING STATUS
(] 0 OFF
0 1 OFF (EEPROM transfer mode; note 1)
1 0 ON
1 1 SILENT

2.4.4 MIaddyaNateyAYea PCF 5001

PCF 5001 szvhmsasndyapaeanunang iWumsdeulumsuaasaniiz

° ! s 4 dy
MININUAY fane Tail

M3t 2.3 dnvazmsadndgyaaudoulunsdidieg ves PCF 5001

OUTPUT ACTIVE()
ALERT FUNCTION

AL AH oL oM OR BL
Start-up (yes) - yes yes - -
Status indication yes - - - - -
Call reception (yes) {yes) yes SPF11 - -
Repeat mode (SPF16) (SPF16) SPF16 - - -
Out-of-range - - SPFi15 - yes -
Battery-low (ves) {yes) - - - yes
Alarm input {ves) (yss) yes - - -
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245 msawhudeyasyninues PCF 5001
WenmuamsyiinuldegluTnuanisuaamaudeclimssudoyafimardun
b 4

o o [ U { o T as A
nawniuezimsdadeyaiignasasiaudwiueemmanidyana DO uas DS &l

AnyaIzALLN 2.13

etart condition addrass word 1et massage word

£
A0A1A2A3MA5A6A7|'

Jlll v *
'l.f LX)

MESSAGE TRANSFER
massage word N-1 tmessage word N messagie word N+1

-
.

Do 'A MO | Mn1 | Mn2 | Mn3 | Mn4 | MnS { M08 | Mn7

END OF TRANSFER
last message word termination word stop condition

no iy TO T1|T2 |73 T4 15 76|77

2.13 jidanumsddayasynsuued PCF 5001

=ha.

51

msdedoyaszisududatoyausnasd (Address word) udavamudiodeya
. 1 4
91907 (Message word) unszimuadeya uazlavudlodoyaduga (Termination

word) 1Ay518az188AUBIUAMIY YBIdoyafiaeonINfInIgIaN 2.4
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M990 2.4 SWAzIBUAYBITBYAR UMY

FUNCTION CODE CALL ADDRESS BIT 4 SYNC STATUS | DUPLEX CALL BIT 7
BITO(LSB) | BIT1(MSB) | BIT2 | BIT3 | RIC BITS BIT6
Bit 21 of bit 20 of 0 0 A 1 0 =Data 1 = Duplax Call 0
address address 0 1 B Receive; time-out active
codeword codeword 1 ) C 1=Data {ail
1 1 D

MINT 2.5 SwaziBvavesdoyatinms

BITO BIT 1 BIT2 J BIT3 BIT 4 BITS BIT8 BIT 7(1
LS8 message bits MSB error flag

. L4
MM 2.6 TwazBoavesdoyaduga

BITO BIT1 BIT 2 BIT3 BIT 4 BITS BIT6 BIT 70
0 0 1 0 0 0 0 eror flag

24.6 msimuagduuumsiudeyaves PCF 5001
PCF 5001 veyihmsudasdoyatnasisudn hilwaiuduay nieddnys
o Y [ ey A o y
Wil lannasguvessiauead (ascir)y Tnosaludi Fagluuumssudeyaiiex

; LY ° {& = 4' = [ v e T Y &
VHBYNUNIINIUUA SPF13 tazandua WBUMITUYATUAA U UAUVIN ‘Nllf‘lﬂﬂﬁ’

ARNN519N 2.7
MmN 2.7 Mmstmuagduuumssudeya
FUNCTION BITS .
SPFi13 MESSAGE FORMATY
BIT 20 (MSB) BIT 21 (LSB)
0 x{n Xt numeric
1 0 0 numeric
4 X 1 alphanumeric
1 1 X alphanumeric
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MmN 2.8 JUnuumsuasdeyaduavamusia Asc

4-BIT BLOCK 7-8IT BLOCK
CHARACTER
LSB MsB LS8 MsB
0 0 0 0 ‘¢ 0 0 0 0 1 1 0
1 0 0 0 1 1 0 0 0 1 1 0
0 1 0 0 2 0 1 0 0 1 1 0
1 1 0 0 3 1 1 0 0 1 1 0
0 0 1 0 4 0 0 1 0 1 1 0
1 0 1 0 5 1 0 1 0 1 1 0
0 1 1 0 ‘6 0 1 1 0 1 1 0
1 1 1 0 7 1 1 1 0 1 1 0
0 0 0 1 k3 0 0 0 1 1 1 0
1 0 0 1 ‘9 1 0 0 1 1 1 0
0 1 0 1 < 0 1 0 1 0 1 0
1 1 0 1 v 1 0 1 0 1 0 1
0 0 1 1 il 0 0 0 0 0 1 0
1 0 1 1 it 1 0 1 1 0 1 0
0 1 1 1 T 1 0 1 1 1 0 1
1 i 1 1 T 1 1 0 1 1 0 0

2.4.7 ¥i28A1N81 EEPROM melu PCF 5001

muludoeasadyaia POCSAG (PCF 5001) v:iimiaunus1 EEPROM
amy 114 T Fufumizsmuswlsaaniideyas: hinsudonly danozlid
IWi3oefian Samulu EEPROM VANUSHAVOW 1S (User address) 4 g sHaivsy
(Frame number) 2 9@ iazildsums g 18114 (SPF1 fia sPF32) Taumssalase
aumiasanusimely BEPROM 1iu sxutiesnidhu 3 01958 sudazersisdosiiu
doya1d 38 Un (BITO 84 BIT37)

Tva ‘U'El\wﬂ‘l’f' n5osHals z%’uﬂ?m (Receiver identification code ; RIC) lsznou
fv 21 din 9:14a 3 Inawga (Least significant bit) (Jududonsiamsufiazyinms
ansaduidelmsSenmarthundumia A uaz B oz 1dswamisume mnsausuEe)
fiu (FR 10, FR11, FR12) uoaasd C uaz D 19sviamsuantu (FR20 , FR21 , FR22)

A ar ' o L d’
Fuanmstalasaadrianyieanudinolu EEPROM fagilii 2.14
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EEPROM ARRAY 1
BIT18 | BIT17 | BIT16 | BITI5 | BIT14 | BIT13 | BOY12 | 84711 BIT10 | BIT9 | BIT8 | BIT7 | BIT6 | BIYS | B4 | BIY3 | &iv2 | &y | 8o

A7 [ A6 | A5 | A14 | A13 | A12 | AT | AI0 | ACD | A0S | AD7 | A0 | ADS | AC4 | A03 | AG2 | AD1 | A0O | ENA

BIT37 | BIT36 | BIT35 | BIT34 ]| BIT33 | BIT32 | BIT31 | BIT30 | BIV29 | BIT28 | BIT27 | BIT26 | BIT25 | BIT24 | 81723 | BIT22 | BIT2¢ | *IT20 | BIT19

Bi7 | Bi6 | B15 | Bi4 | 813 | B12 | 811 | B10 | BO9 | BOS | BO7 | Bo8 | BOS | BO4 | BO3 | 802 | BOt | BOO | ENB

EEPROM ARRAY 2
BIT18 | BITI7 [BITI6 | BITI5 | BIT14 BT13 | 812 | BT11 |BT10 | BITO | B8 | BIT7 | BIT6 | 6175 | 874 | 873 | Bit2 | Bi71 | BITO

Ciz |[Ci6|Ci1s|Cl4|Cis | c12jcit]Cro]cos jcos|cor|cos | cos|cos | cos|cor!| cot | cool|ENC

BIT37 | BIT36 | BIT3S | BIT34| BIT33 | 8IT32 | BIT31 | BIT30 | BIT29 | BIT28 | BIT27 | BIT26 | BIT25 | BIT24 | BIT22 | BIT22 | BT21 | BIT20 | BIT19

017 { D16 | D15 | DI4 D13 | D12 | D11 | D10 | D09 | 008 | DOT | DO6 | DOS | D04 | DOS | DO2 | DOY | DOO END

EEPROM ARRAY 3
BIT18 | BIT17 | BIT16 | BIT15 | 8714 | BIT13 | BIT12 | 8171 |@T10 | 8T8 | 8T8 | ©177 | B0 | BAS | BT4 | BA3 | T2 | BTY | BrTO

SPF13|8PF12[SPF11 1SPF10| SPFOS| SPFO8| SPFO7| SPFOB{SPFO5 | SPFO4 |SPFO3|SPFOR|SPFO1| FR20 | FR21 | FR22 | FR10 | FR11 | FR12

BYT37 | BITI6 | 8ITI5 | BIT34 | BITI3 | BITI2 | BIT31 | BIT30 | BIT29 | BIT28 | BIT27 | BIT2S | BIT2S | 31724 | BIT23 | B1T22 | BIT21 | BIT20 | BIT19

SPF32[SPF31|SPF30| SPF20| SPF28| SPF27| SPF26| SPF25S| SPF24| SPF23|SPF22 | SPF21 | SPF20| SPF10|SPF18 [SPF17| SPF16| SPFIs| spFi4

111 2.14 msTanemiaenus1 EEPROM mulu PCF 5001

HMEILHE)
A00 11y MSB w84 RIC A ax Boo 11y MSB ¥4 RIC B
FR10 (i MSB veansufi 1 (dm$ RICs A uas B)
FR20 (54 MSB wounlsufi 2 (dm$1 RICs C iaz D)
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address decimal value
(example: RIC A)
RICA=12468 ,

binary equivatent (18 + 3 bit available)
000000011000010110100

EEPROM Allocation

AOC | AO1 [ AD2 | AO3 | AG4 | ADS | ADB | AD7 | A0B | A0B | A10 | A1t | A12 | A13 | A14| A15 | A16 | A17

FR10| FR11|FR12

' Gy
U7 2.15 mahudoyasiarlszsunsoamolu EEPROM w84 PCF 5001

2.4.8 M38 M Uzl uteyany EEPROM mely PCF 5001
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] 14
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PORT_A EQU 8000H

PORT_B EQU 8001H

PORT_C EQU 8002H

PORT_CO EQU 8003H
ORG 0000H
AJMP START
ORG 0003H
AJMP INTER

START: MOV RS, #05H

LOOP: MOV R6,#00H

LOOP1: MOV R7,#00H
DINZ R7,$
DINZ R6,LOOP1
DINZ R5,LO0P
MOV Pl, #00H ;CLEAR PORT 1
MOV DPTR, #PORT_CO ;INITIAL 8255
MOV A, #80H
MOVX @DPTRA

; SET INTERUP
MOV IE, #85H ;SET INTERUP
SETB ITO
CLR PSW.1
MOV TMOD, #1H
MOV THO, #00H
MOV TLO, #00H
MOV RO, #090H
MOV RI1, #20H ;REGISTER KEEP DATA INPUT
MOV R2, #3FH ;REGISTER DISPLAY SEG-1=0
MOV R3, #3FH ;REGISTER DISPLAY SEG-2=0
MOV R4, #80H ;REGISTER CONTROL OUTPUT PORT
MOV R5, #00H ;REGISTER DELAY
MOV R7, #00H ;REGISTER COUNTER DATA 8 BIT
MOV R6, #00H ;REGISTER KEEP DATA FORM I/P
CLR C ;CLEAR CARY FLAC
SETB. TRO

; DISPLAY SEGMENT 0000

DISP: MOV DPTR, #PORT_A  ;DISPALY SEGMENT 3, 4
MOV A, #3FH
MOVX @DPTRA
CLR Pi.2
CLR P13
SETB P14
SETB P1.5
LCALL DELAY
MOV A,R3 ;DISPLAY SEGMENT 2
MOVX @DPTRA
SETB Pl1.2
SETB P13
CLR Pl1.4
LCALL DELAY
MOV A, R2 ;DISPLAY SEGMENT 1
MOVX @DPTR, A
SETB P14
CLR P15
LCALL DELAY
MOV A, R4 ;CONTROL PORT OUTPUT
MOV DPTR, #PORT_C

;““‘#*‘t“".‘#‘*“““t“*l“#‘#tt*tt“*““‘*“
JNB ACC.0, SIREN
SIMP SOUND

SIREN: JNB ACC.1,GO
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. EEEEREREREREE SEXRERREERRERARERKER
jprenene ALARM SIREN

JNB TF0, GO
CLR TFO
CLR TRO
DINZ RO, LOOP
MOV A R4
CLR ACC.1
SETB ACC.0
MOV R4, A
MOV RO, #82H
SETB TRO
SIMP GO
;#tt‘tttt#l#“#itt ALARM SOUND EhEREERERREREEENERNEK
SOUND: JNB TF0, GO
CLR TFO
CLR TRO
DINZ RO, LOOP
MOV A R4
SETB ACC.1
CLR ACC.0
MOV R4, A
SETB TRO
MOV RO, #79H
SIMP GO
LOOP: MOV THO, #00H
MOV TLO, #00H
SETB TRO
GO: JNB PSW.1, DISP ;WAIT INTERUP TO RECIEVE DATA
LCALL COMPARE
CLR PSW.1
CLR C
MOV R1,#20H
LIMP DISP
K COMPARE
COMPARE: MOV A,25H ;COMPARE DATA *
CINE A, #00101010B, TES! ;IF DATA ADD. 25="*' PASS
TESI: MOV A25H
CINE A,#00101101B,EN
MOV A,2lH ;CHECK DATA ADD.21=0"?
CINE A, #0'EN ;0
MOV A, 22H ;CHECK DATA ADD.22='0"?
CINE A, #0.EN 0
; COMPARE COMPARE_1
MOV A, 23H
CINE A, #1'°"COM_2 ;COMPARE DATA ASKY 1
MOV A, 24H
CINE A#1'C1O ;SET CONTROL PORT 1
MOV R2, #06H ;REGISTER DISPLAY SEG-1=1
MOV R3, #06H ;REGISTER DISPLAY SEG-2=1
MOV A, #00000100B
ORL A, R4
MOV R4, A
EN: RET
C1_O CINE A, #0',DIS1 0
MOV R2, #3FH ;REGISTER DISPLAY SEG-1=0
MOV R3, #06H ;REGISTER DISPLAY SEG-2=1
MOV A, #11111011B JRESET CONTROL PORT 1
ANL A, R4
MOV R4, A
DIS1: RET
; COMPARE COMPARE_2
COM_2: MOV A, 23H
CINE A, #2',COM_3
MOV A, 24H
CINE A #1,C2 0
MOV R2, #06H ;REGISTER DISPLAY SEG-1=1
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MOV R3, #5BH
MOV A, #00001000B

ORL A, R4
MOV R4, A
RET

C2_0: CINE A, #0',DIS2

MOV R2, #3FH
MOV R3, #5BH
MOV A,#11110111B

ANL  AR4
MOV  R4,A

DIS2: RET

; COMPARE COMPARE_3

COM_3: MOV A 23H
CINE A #3,COM_4
MOV  A,24H

CINE A#1,C30
MOV  R2, #06H
MOV  R3, #4FH
MOV A, #00010000B

ORL A R4
MOV R4, A
RET

C3_0: CINE A, #0',DIS3

MOV R2, #3FH
MOV R3, #4FH
MoV A, #11101111B

ANL  AR4
MOV R4,A

DIS3: RET

; COMPARE COMPARE_4

COM_4: MOV A, 23H
CINE A, #4,COM_5
MOV A, 24H

CINE A, #1,C4. 0
MOV R2, #06H
MoV R3, #66H
MOV A, #00100000B

ORL A, R4
MOV R4, A
RET
C4_O: CINE A, #0', DIS4

MOV R2, #3FH
MOV R3, #66H
MOV A, #11011111B

ANL  A,R4
MOV R4, A
DIS4: RET
: COMPARE COMPARE_S
COM_5: MOV  A,23H
CINE A, #5,COM_6
MOV  A,24H

CINE  A,#1,C5.0
MOV  R2,#06H

MOV  R3,#6DH
MOV A, #01000000B

ORL A, R4
MOV R4, A
RET
C5_0: CINE A, #0', DISS

MOV R2, #3FH
MOV R3, #6DH
MOV A, #10111111B

ANL A R4
MOV R4, A
DISS: RET

:===———mm=—————— COMPARE CO _6
COM_6: MOV A, 23H

90

;REGISTER DISPLAY SEG-2=2

;REGISTER DISPLAY SEG-1=0
;REGISTER DISPLAY SEG-2=2

;REGISTER DISPLAY SEG-1=I1
;REGISTER DISPLAY SEG-2=3

;REGISTER DISPLAY SEG-1=0
;REGISTER DISPLAY SEG-2=3

;REGISTER DISPLAY SEG-1=1
;REGISTER DISPLAY SEG-2=4

;REGISTER DISPLAY SEG-1=0
;REGISTER DISPLAY SEG-2=4

;CHECK DATA §

;1
;REGISTER DISPLAY SEG-1=1]
;REGISTER DISPLAY SEG-2=5

;REGISTER DISPLAY SEG-1=0
;REGISTER DISPLAY SEG-2=5
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CINE A, #6', COM_7
MOV A, 24H
CINE A #1,C6 0
MOV R2, #06H ;REGISTER DISPLAY SEG-1=1
MOV R3, #7DH :REGISTER DISPLAY SEG-2=6
MOV A, #10000000B
ORL A, R4
MOV R4, A
RET
C6_0: CINE A, #0', DIS6
MOV R2, #3FH :REGISTER DISPLAY SEG-1=0
MOV R3, #7DH :REGISTER DISPLAY SEG-2=6
MOV A, #01111111B
ANL A, R4
MOV R4, A
DIS6: RET
; COMPARE CO_7
COM_T: MOV A, 23H
CINE A, #7',COM_8
MOV A, 24H
CINE A #1,C10
MOV R2, #06H ;:REGISTER DISPLAY SEG-1=1
MOV R3, #07H ;REGISTER DISPLAY SEG-2=7
MOV A, #00000001B
ORL A, R4 4
MOV R4, A
RET
C7_0: CINE A, #0', DIS7
MOV R2, #3FH ;REGISTER DISPLAY SEG-1=0
MOV R3, #07H ;REGISTER DISPLAY SEG-2=7
MOV A, #11111100B
ANL A, R4
MOV R4, A
DIS7: RET
; COMPARE CO_8
COM_8: MOV A, 23H
CINE A, #8,CL
MOV A, 24H
CINE A #1,C8_0O
MOV R2, #06H ;REGISTER DISPLAY SEG-1=1
MOV R3, #7FH ;REGISTER DISPLAY SEG-2=8
MOV A, #11111111B
ORL A, R4
MOV R4, A
RET
C8_O: CINE A, #0,CL
MOV R2, #3FH ;REGISTER DISPLAY SEG-1=0
MOV R3, #7FH ;REGISTER DISPLAY SEG-2=8
MOV A, #00000000B
ANL A, R4
MOV R4, A
CL: RET X
; DELAY <
DELAY: MOV RS, #00H
DINZ R5, $
RET
; INTERUP
INTER: MOV C,PLO
MOV A, R6
RRC A
MOV R6, A
INC R7
; COMPARE AND DISPLAY DATA —=————====—x=
AGAIN: CINE R7,#08H, AGA :CHECK DATA 8 BIT
MOV R7, #00H
MOV  A,R§
MOV @RI, A
INC RI



T e

AGA:

CINE
SETB
MOV
RETI
END

A, #04H, AGA
PSW.1
R1, #20H

92

;CHECK TERMINATE DATA
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1 FEATURES » Serial microcontroller interface for display pager
applications

» Wide operating supply volta'ge range (1.5t0 6.0 V)

Optional visual indication of received call data using a

* Exned emperatr e 40495 C Lot od is2a2 ot
to1.8V) « Level shifted microcontroller interface signals
« Very low supply current (60 pA typ. with * Alert on low battery
76.8 kHz crystal) + Optional out-of-range indication.
. ‘C&‘IR radio paging Code No 7" (POCSAG) compatible
» Programmable call termination conditions ' 2 APPLICATIONS

» 512 and 1200 bits/s data rates (2400 bits/s with some « Alert-only pagers, display pagers
restrictions), see Section 7.4 N

» Improved ACCESS® synchronization algorithm

» Supports 4 user addresses (RICs) in two independent -
frames

. Eigpt different alert cadences
» Directly drives magnetic or piezo ceramic beeper

* Telepoint
» Telemetry/data receivers.

3 GENERAL DESCRIPTION

The PCF5001 is a fully integrated low-powér decoder and
. . i ; pager controller. It decodes the CCIR radio paging Code
» High level alert requires only a single external transistor ' (POCSAG-Code) at 512 and 1200 bits/s data rates.
o Optional vibrator type alerting The PCF5001 is fabricated in SACMOS technology to

« Silent call storage, up to eight different calls ensure low power consumption at low supply voltages.
¢ Repeat alarm facility
+ Programmable duplicate call suppression
+ Interfaces directly to UAA2050T, UAA2080 and
UAA2082 digital paging receivers
« Programmable receiver power control for battery
economy
* On-chip non-volatile EEPROM storage
= On-chip voltage converter with improved drive capability .

4 ORDERING INFORMATION

PACKAGE
TYPE NUMBER F -
NAME ~ DESCRIPTION VERSION
PCF5001T 8028 plastic small outline package; 28 leads; body width 7.5 mm SOT13€e-1
PCF5001H LQFP32(" | plastic low profile quad fiat package; 32 leads; body 7 x 7 x 1.4 mm | SOT358-1

Note.

1. When using IR reflow soldering it is recommended that the Drypack instructions in the “Quality Reference Handbook”
(6rder number 9397 750 00192) are followed.
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5 BLOCK DIAGRAMS
J Vss Voo Do oS
] ' l » A
i 17 ‘_l_? 2 27
S__,| DIGITAL INPUT "1 DATA OUTPUT
DI o L TER SERIAL DATA PROCESSOR X CONTROL
; ! I
CLOCK EEPROM
RECOVERY DECODER AND MEMORY
ERROR CORRECTION
CONTROL I
7 re
. I I EEPROM | > PO
. ONTR!
RECE;VER i X\ PS
t 14 SYNC TIMING
RE + ENABLE l+—)
CONTROL CONTROL CONTROL : :z -
i [ ALERT 25 AL
9 PCF5001T GENERATION 16 » OR
p X . CLOCK CONTROL Bl oM
t . |10 | OSCILATOR ™% GENERATION | _ = ot
« T Al
VOLTAGE POWER-ON TEST STATUS BATTERY LOW
CONVERTER RESET CONTROL CONTROL CONTROL
» p 3 » >~ & FY -
t 3 2 1 28 11 18 21 |20 |22 |19 24 16
v v 4 MCDU54
CP CN Vi L TS 1T SR SK ON [E BL 8BS
Fig.1 Block diagram (SO28; SOT136-1).
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17_ | oiiTAL iNpUT *|  DpATA ouTPUT
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28 SYNC TIMING
RE + ENABLE >
{ e CONTROL CONTROL 261 |
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- l' v v
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P Fig.2 Block diagram (LQFP32; SOT358-1).
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6 PINNING

[

SYMBOL

E

PIN

PCF5001T
(SOT136-1)

PCF5001H
(SOT358-1)

DESCRIPTION

Vief

1

13

Microcontroller interface reference voltage input/output. The LOW level of
pins FL, DS, DO, OR, BL, Al, ON, SK, SR and IE is related to the voltage
on V. May be driven from an extemal negative voltage source or must
be connected to Vgg, if pins CN and CP are left open-circuit. When the
on-chip voltage converter is used, this pin provides a doubled negative
output voitage.

CN:

14

Voltage converter external shunt capacitance, negative side. Connect the
negative side of the shunt capacitor to this pin, if the on-chip voltage
converter function is used.

cp!

15

Voltage converter external shunt capacitor, positive side. Connect the
positive side of the shunt capacitor to this pin, if the on-chip voltage
converter function is used. '

VDQ

16

Main positive power supply. This pin is common to all supply voltages and
is referred to as 0 V (common).

DI

17

Serial data input (POCSAG code). The serial data signal train applied to
this pin is processed by the decoder. Pulled LOW by an on-chip pull-down
when the receiver is disabled (RE = LOW).

BS:

18

Battery-low indication input. The decoder samples this input during
synchronization scan, when it is in ON or SILENT status and the receiver
is enabled (RE = HIGH). A battery-low condition is assumed, if the
decoder detects four consecutive samples HIGH. An audible battery-low
indication is made by the decoder, when operating in ON status. Normally
LOW by the operation of an on-chip pull-down.

PDi

19

EEPROM programming data input and output. Normally HIGH by the
operation of an on-chip pull-up. During programming of the on-chip
EEPROM, PD is a bidirectional data and control signal.

PS,

EEPROM programming strobe input. Normally LOW by the operation of
an on-chip puil-down. During programming of the on-chip EEPROM, PSis
a unidirectional control input.

X1

23

Crystal oscillator input. Connect a 32768 Hz or 76800 Hz crystal and a
biasing resistor between this pin and X2. In addition, provide a load
capacitance to Vpp, which may also be used for frequency tuning.

10

24

Crystal oscillator output. Return connection for the external crystal and
resistor at X1. .

TS

11

25

Scan test mode enable input. Always LOW by operation of an on-chip
puil-down.

>
S

12

Alert HIGH-level output. This output can directly drive an external bipolar
transistor to control HIGH-level alerting in conjunction with AL, by means
of an alerter or beeper.

)
S

=

13

27

LED indication output. This output can directly drive an external bipolar
transistor to control the visual alert function by means of an LED. It may
also be used for visual indication of received call data during call
reception.
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PIN
SYMBOL PCF5001T | PCF5001H DESCRIPTION
(SOT136-1) | (SOT358-1)
RE 14 28 Receiver enable output. May be used to control the paging receiver power

control input, to minimize power consumption. The decoder provides a
HIGH-level at ihis pin, when receiver operation is requested. Each time
the decoder does not require any input data at DI the receiver enable
output is LOW.

AL 15 29 Alert LOW-level output. Open drain alert output in anti-phase tp AH, to
' provide LOW-level alerting. HIGH-level alerting is generated in conjunction

with AH.

OM 16 4 30 Vibrator output. This output can directly drive an extemnal bipolar transistor
to control a vibrator type alerter.

Vss 17 31 Main negative supply voltage.

T . 18 32 Test mode enable input. Always LOW by operation of an on-chip
pull-down. ’

IE 19 1 Interface enable input. While the interface enable input is active HIGH,

operation of the ON, SK, SR, Al, BL and OR inputs and outputs is
possible. When IE is LOW the inputs do not respond to applied signals
and the outputs are made high-impedance. In alert-only pager mode the
interface enable input does not have any effect on the operation of inputs
' ON, SK and SR, but IE must be referenced to LOW or HIGH.

SK 20 3 SILENT state control input. The SILENT control input selects the decoder
ON status (LOW-level) or SILENT status (HIGH-level), if the ON input is

! active HIGH. An on-chip pull-up is provided, if the decoder has been
programmed for ‘alert-only pager’ mode, whereby the pull-up is disabled
for display pager mode. In ‘display pager’ mode status change is
possible if the interface enable input (IE) is HIGH and the status is latched
on the falling edge of IE.

SR 21 4 Status request and reset input. A HIGH-going pulse on this input causes
(a) status indication cadence to be generated, if the decoder is not alerting
or (b) resetting of.a call alert, repeated call alert or battery-low alert, if
active or (c) triggers the call store re-alert facility, if repeat mode is active.
In ‘display pager’ mode operation of SR is possible only if the interface
control input is active. Normally LOW by the operation of an on-chip

pull-down.
ON 22 ’ 5 On/off control input. The on/off control input selects the decoder ON status
> (HIGH-fevel) or OFF status (LOW-level). An on-chip pull-up resistor is

provided, if the decoder has been programmed for ‘alert-only pager' mode,
but the pull-up resistor is disabled for ‘display péger’ mode. In

I ‘display pager’ mode, status change is possible if the interface enable
input (IE) is HIGH and the status is latched on the falling edge of IE.

Al 23 6 | Alarminput. A HIGH-level on this input causes generation of a continuous
HIGH-level alert via AH and AL outputs, if the decoder operates in ON
status or OFF status. In addition, the LED output is active independent
from the decoder status, but in accordance with Al. Pulsing the input may
/| be used to modulate the alert and LED indication. Normally LOW in
‘alert-only pager’ mode by operation of an on-chip pull-down.




Philips Semiconductors

116

' Product specification

POCSAG Paging Decoder

PCF5001

SYMBOL

PIN

PCF5001T
(SOT136-1)

PCF5001H
(SOT358-1)

DESCRIPTION

BL

24

8

Battery-low indication output. If the decoder encounters a battery-low
condition a battery-low output latch is set HIGH. The battery-low output
latch may be tested for a battery-low condition, whenever the interface
enable input (IE) is active (HIGH), otherwise the battery-low output is
made high-impedance. The battery-low output latch is reset only, by
switching the decoder to OFF status.

ORt

25

Out-of-range indication output. Whenever the decoder detects an
out-of-range condition an out-of-range output latch is set HIGH after expiry
of the programmed out-of-range hold-off time selected by means of
special programming (SPF06 and SPF07) of the EEPROM. The
out-of-range latch may be tested for an out-of-range condition, whenever
the interface enabie input (IE) is active (HIGH), otherwise the out-of-range
output is made high-impedance. The out-of- range output is reset by
detection of a valid data transmission or by switching the decoder to OFF
status.

DQ

e

26

10

Serial interface data output. During normal decoder operation, accepted
calls and possibly subsequent message data are serially output via this pin
in conjunction with the data strobe output (DS). This pin is also used to
output the EEPROM contents upon special command, if the decoder is
programmed for display pager.

DS

27

11

Senal interface data strobe output. Provides a clock signal for the received
call data and EEPROM data appearing at the data output (DO). Each time
this output is LOW the data at DO is valid. Additional start and stop
conditions allow easy identification of data sequence start and end.

28

12

Frequency reference output. When programmed for ‘display pager’ mode,
this output provides a clock reference with 16384 or 32768 Hz per
second, selected by SPF32. See Chapter 7.

2,7,20, 21

Not connected.
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Veet E U E FL
N [2 27] os
ce 3 26] 0o
' Voo [4] 25] oR
o1 5] [24] BL
' 8s [& 23] Al
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x1 (9 20] sk
' x2 [10 [19] &
E s {11 18] TT
. AH 12 [17] Vss
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!
Fig.3 Pin configuration PCF5001T (SOT136-1).
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MLBOSS
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oo [i9]

os [T

12

E

N [14

cp [is]

Voo [18]

v

Fig.4 Pin configuration PCF5001H (SOT358-1).

7 FUNCTIONAL DESCRIPTION

The PCF5001 is a very low power Decoder and Pager
Controller specifically designed for use in new generation
radio pagers. The architecture of the PCF5001 allows for

fiexible application in a wide variety of radio pager designs.

The PCF5001 is fully compatible with “CC/A radio paging
dee Number 17 (also known as the POCSAG code)
operating at the originally specified 512 bits/s data rate,
and also at the newly specified 1200 bits/s data rate
{2400 bits/s operation is also possible). The PCF5001 also
offers features which extend the basic flexibility and
efficiency of this code standard.

7-1  The PCF5001 supports two basic modes of
operation

In alert-only pager mode only a minimum number of
external components are required to build a complete
tone-only pager. Selestion of operating states ON, OFF or
SILENT is achieved using a slider switch interface.

In display pager mode the state input logic is switched to
a bus interface structure. Received calls and messages
are transferred o an external microcontroller via the serial
microcontroller interface. A built-in voltage converter with
increased drive capabilities can supply doubled supply
voltage output, and appropriate. logic level shifting on
microcontroller interface signals is provided.

Upon reception of valid calls one of eight different call
cadences is generated; upon status interrogation status
indication tones make the current status of the decoder
available to the user.

On-chip non-volatile 114-bit EEPROM storage is provided -
to hold up to four user addresses, two frame numbers and
the programmed decoder configuration.

Synchronization to the input data stream is achieved using
the imoroved ACCESS® algorithm, which allows for data
sync -anization and re-synchronization without preamble
dete-. son while minimizing battery power consumption by
receiver power control. One of four error correction
algorithms is applied to the received data to optimize the
call success rate.
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7.2

A transmission using the “CC/R Radlio paging Code No. 1
(POCSAG code) is constructed in accordance with the
following rules (see Fig.5).

The POCSAG paging code

The transmission is started by sending.a preambie,
consisting of at least 576 continuously alternating bits
(10101010...). The preamble is followed by an arbitrary
number of batch blocks. Only complete batches are
transmitted.

Each batch comprises 17 codewords of 32 bits each.
Thae first codeword is a synchronization codeword with a
fixed pattern. The sync word is followed by 8 frames

(] to 7) of 2 codewords each, containing message
information. A codeword in a frame can either be an
address, message or idle codeword.

idié codewords also have a fixed pattern and are used to
fill empty frames or to separate messages.

Address codewords are identified by an MSB at logic 0
and are coded as shown in Fig.5. A user address or RIC
consists of 21 bits. Only the upper 18 bits are encoded in
the address codeword (bits 2 to 19). The lower 3 bits
designate the frame number (0 to 7) in which the address
is fransmitted.

Four different call types (‘numeric’, ‘alphanumeric’ and two
‘alert only’ types) can be distinguished. The call type is
determined by two function bits in the address codeword
(bits 20 and 21).

Alert-only calls consist only of a single address codeword.
Numeric and alphanumeric calls have message
codewords following the address. A message causes the
frame structure to be temporarily suspended. Message
codewords are sent until the message is completed, with
only the sync words being transmitted in their expected
positions.

Message codewords are identified by an MSB at logic 1
and are coded as shown in Fig.5. The message
information is stored in a 20-bit field (bits 2 to 21).

The standard data format is determined by the call type: 4
bits per digit for numeric messages and 7 bits per (ASCl!)
character for alphanumeric messages.

Each codeword is protected against transmission errors by
10 CRC check bits (bits 22 to 31) and an even-parity bit
{bit 32). This permits cofrection of a maximum of 2 random
errors or up to 3 errors in a burst of 4 bits (a 4-bit burst
error) per codeword.

3
[ O ~o - T TN = T RaY FFy A
: PREAMBLE : BATCH 1 } BATCH 2 } BATCH 3 } oo o {LAST BATCH |
F————— —————— Ty Fm—————— P A ——————
f / \ X N
/ \ v N
/ \ / N
’ \
’ \
7/ N
. ’ \
SYNCICWCWICWCW [ ..... | CWCW
FRAMEO FRAME1 FRAME 7
B ]
Address code-word ( OT 18-bit address 2 function bits 10 CRC bits |P I
Message code-word I 1I20-bit message 10 CRC bits IP ]
MCO455
i
i .
i Fig.5 POCSAG code structure.
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7.3 Modes and states of the decoder

The PCF5001 supports two basic operating modes:
» ‘Alert-only pager’ mode
» ‘Display pager’ mode.

Two further modes, the programming mode-and the test
mode, are implemented to program and verify the
EEPROM contents and to support pager production and
approval tests, respectively.

In ‘alert-only pager’ mode no external microcontroller is
required, see Fig.22. A three position slider switch
intarface is provided to select the internal state of the
decoder. The decoder performs regular scanning of the
switch inputs to detect a status change. A push-button
interface is provided on the SR input, which is used as
input for user acknowledgment actions and status
interrogation. Upon reception of valid calls, tone alert
cadences are generated. A call storage is provided to store
calls received while operating in SILENT status and to
recall cadences upon ‘repeat’ mode operation.

The voltage doubler and the frequency reference output
are disabled in this mode.

In ‘display pager’ mode the PCF5001 operates as decoder
and'pager controller in combination with an external
microcontroller (see Fig.23). The internal states of the
decoder are determined by appropriate logic levels on the
status inputs. A bus type interface structure is used to
interface the decoder to the microcontroller. The decoder's
on-chip voltage converter provides doubled supply voltage
output to provide a higher supply voltage to the
microcontroller and any additional hardware. The logic
levels of the interface's input and output signals are level
shifted to allow for direct coupling between microcontrolier

Table 1 Truth table for decoder operating status

and the decoder. Upon detection of a valid call, address
and message information are transferred to the extemal
microcontroller using the serial microcontroller interface.
In addition, appropriate call alert cadences are generated.

If the decoder is in one of the two operating modes, it is
always in one of the following three intemal states:

o OFF status. This is the power saving, inactive status of
the PCF5001. The paging receiver is disabled, no
decoding of input data takes place. However, the crystal
oscillator is kept running to ensure that scanning of the
status inputs/status switch is maintained to allow
changing into one of the following two active states.

+ ON status. This is the normal active status of the
decoder. .Incoming calls are:compared with the user
addresses stored in the internal EEPROM. Upon
detection of valid calls, alert cadences and LED
indication are generated and data is shifted out at the
serial microcontroller interface.

* SILENT status. The SILENT status is the same as the
ON status with the exception that valid calls no longer
cause generation of call alert cadences. Instead, if
programmed as ‘alert-only pager’, the decoder stores up
to eight different calls and generates appropriate alert
cadences after the decoder has been put back into the
ON status. However, special SILENT override calls wili
cause generation of alert cadences, if enabled.

The decoder operating status is selected as indicated in
Table 1.

When programmed for ‘alert-only pager’ a switch
debounce period is applied to the status inputs. For status
change and status interrogation in ‘display pager mode,
see Figs 6 and 7.

. ONINPUT SK INPUT OPERATING STATUS
0 0 OFF
0] 1 OFF (EEPROM transfer mode; note 1)
1 0 ON
1 1 SILENT
Note

1./ The EEPROM transfser mode applies to ‘display pager mode only.

Ea ]
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Fig.6 Status change in display pager mode.
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Fig.7 Status interrogation in display pager mode.
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7.4  Decoding of the POCSAG data stream

The POCSAG coded input data stream s first noise filtered
by a digital filter. From the fiitered data a sampling clock
synchronous to the dala rate is derived. The PCF5001
slpports 512 bits/s and 1200 bits/s data rates. This results
ina 512 Hz or 1200 Hz sampling clock frequency,
respactively. Synchronization on the POCSAG code
structure is performed using the improved Philips
ACCESS® algorithm, which employs a state machine with
ix internal states. i

A data rate of 2400 bits/s is possible if an extemnal clock
generator of 153.6 kHz is connected to X1. The minimum
supply voltage is then-1.8 V.

The receiver enable output is activated a period equal to
taxon before the input data is actually needed. The
decoder has first to achieve bit and word synchronization
before it can receive calls. The algorithm searches first for
the preamble and then for synchronization codeword
pattems.
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This is carried out for the duration of 3 batches in
power-on mode or 1 batch (=preamble duration) in
preamble receive mode. Error correction algorithms are
applied to the data before it is compared with preamble
and synchronization codeword pattems.

The synchronization process is terminated and thus

data receive mode is entered as soon as synchronization
codewords are seen at the beginning of each batch.

The decoder handles loss of synchronization in three
steps:

1.

if the decoder fails to detect the synchronization
pattern at the beginning of the current batch it
continues data reception as normal. This data fail
mode is signalled in the message output when an
address codeword was received, as shown in Table 4.

Jf also at the beginning of the next batch no
synchronization codeword can be detected, the
algorithm assumes a small bit shift in the

fade recovery mode and performs more

'synchronization codeword checks around the

expected position for the followmg 15 batches. Call
reception is suspended.

If it fails to re-synchronize in the ‘fade recovery’ mode,
the carrier off mode is selected, in which the decoder
attempts to regain synchronization.by bit-wise shifting
its synchronization scan window. Using this technique
re-synchronization is obtained within a continuous
data stream of at least 18 batches without preamble
detection.

Table 2 Call termination on error

In ‘data receive’ mode, the input data stream is sampled at
the synchronization codeword position and the
programmed frame positions. The received codewords are
error corrected and then, if address codewords, compared
with the stored user addresses related to that frame.

On detection of a valid call, the decoder performs the
following three operations:

1. Setastore for call alert cadence generation according
to the combination of the function bits in the accepted
address codeword. The call alert cadence will not be
generated before the call has been terminated.

2. Keep the receiver enable output (RE) active and
receive subsequent message codewords, until any of
the call termination criteria are fulfilled.

3. Trigger the serial message transfer by sending a start
condition and transfer deformatted message
codewords as attached to the address codeword via
the serial microcontroller interface to an external
microcontroller, followed by a stop condition.

Normally call termination is assumed, when a valid idle or
address codeword is received. On reception of
uncorrectable codewords, call termination takes place in
accordance with conditions shown in Table 2.

" SPF12 SPF13 CALL TERMINATION EVENT
0 XM Any two consecutive codewords or the codeword directly following the address
codeword uncorrectable.
1 0 Any single codeword uncorrectable.
1 1 Any two consecutive codewords uncorrectable.
Note

1.; X = don't care.
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75 Generation of output signals

The PCF5001 provides output indications for call alert,
repeat mode alert, out of range alert, battery-low aler,
status indication alert and start-up alert. Some of the alert
functions may be freely configured by programming of

SPF bits within the EEPROM.

Table 3 Output signals

Table 3 shows the outputs which-are used for special
output indications, if the decoder operates in ON status.

Remark: reception of special SILENT override calls
causes the decoder to generate call alert indication via AL
and AH even if it operates in SILENT status.

OQUTPUT ACTIVE(M
ALERT FUNCTION

AL AH oL oM OR BL
Start-up (ves) - yes yes - -
Status indication yes - - - - -
Call reception ' (yes) (yes) yes SPF11 - -
Repeat mode (SPF18) (SPF16) SPF16 - L -
Out-of-range - - SPF15 - yes -
Battery-low (yes) (yes) - - - yes
Alarm input (yes) (yes) yes - - -

Note

1. Entries in parenthesis are not valid, if the decoder operates in SILENT status.

7.6: Alerter

The PCF5001 provides the AL and AH outputs for
acoustical LOW-level and HIGH-level signalling.
LOW-level alerting is provided by the AL output only.

For HIGH-level alerting both, AL and AH are active in
anti-phase. The square-wave output signals produce tone
alert cadences by means of a magnetic or piezo ceramic
beeper. The alert frequency, 2048 Hz or 2731 Hz
square-wave, is selected by programming of SPF31.

When valid calls are received while operating in ON status,
the PCF5001 generates call alert cadences. The first four
seconds are generated at LOW-level, a further twelve
seconds are generated at HIGH-level. Alert tone
generation and LED indication automatically terminate
after sixteen seconds unless terminated by pulsing the
status request and reset input (SR). Call alert generation
is inhibited until completion of message codeworg
reception and the termination word is sent by the decoder.
Call alert generation commences after an alert delay
period, ta p, at the earliest, see Fig.8. Call alert deletion is
possible during the alert delay period.

The call alert cadence is modulated according to the two
function bits (FC) in the received address codeword,
see Fig.S.

Valid calls received on RIC B or RIC D cause the alerter
frequency to be warbled by means of an additional 16 Hz
and 1024 Hz signal (respective 1365 Hz for SPF31 = 1)
as opposed to RIC A and RIC C where no alert frequency
warble takes place. Thus, eight different call cadences are
distinguishable.

ON status interrogation by the status request and reset
input (SR) the PCF5001 generates a status cadence at
LOW-level, in accordance with the present internal
decoder status (see Fig.10).

When detecting a battery-low condition the PCF5001
provides a battery-low indication. Operating in ON status
causes generation of a battery-low alert at HIGH-level for
sixteen seconds or until terminated by pulsing SR.
Operating in SILENT status or ‘repeat’ mode the
battery-low alert is stored and inhibited until switching to
ON status.
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Fig.9 Call alert cadences.
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Fig.10 Status indication cadences.

7.7  Silent call storage and repeat mode

When programmed for alert only pager the PCF5001
provides a call alert storage for storing of call alerts
rec{aived during SILENT status or for call alerts which
caused the decoder to enter repeat mode. Call alert is not
stored, when call indication is terminated by action of the
stafus request and reset input (SR).

Allowing the call indication to time-out by expiration of a
sixteen second alert operation causes the ‘repeat’ mode to
be entered, whilé operating in ON status or SILENT status.
Such call alerts are stored for later repeated call alert on
interrogation by the user. When ‘repeat’ mode has been
entered and the decoder operates in ON status, the repeat
call store is interrogated by pulsing the status request and
reset input (SR) or.on switching to ON status if the decoder
operates in SILENT status. When SILENT override calls
are' received, which entered the ‘repeat’ mode,
interrogation of repeat call store operates as in decoder
ON status. After interrogation of repeat call store and
subsequent generation of all stored cali alerts the call store
is cleared and the ‘repeat’ mode is terminated.

When programmed by means of SPF16, a repeat alert
cadence is generated periodically, whenever ‘repeat’
mode has been entered. Operating in ON status causes
the repeat alert cadence to be generated at HIGH-level
and warbled by means of an additional 16 Hz and 1024 Hz
sighal (respective 1365 Hz for SPF31 = 1) as shown in
Fig.11. The LED output indicates the same alert cadence
ard alert warble. In SILENT status only the LED output is
active.

No cali alert storage occurs when the decoder is
programmed for ‘display pager’ mode.

7.8  Duplicate Call Suppression

The PCF5001 provides a Duplicate Call Suppression with
time-out facility, to identify duplicate call reception. When
selected by programming of SPF14, the PCF5001 inhibits
any duplicate call alert in ‘alert-only pager’ mode.

In ‘display pager’ mode, duplicate call indication is
achieved only via the serial microcontroller interface. A call
is assumed to be duplicate if its address and function bit
setting is equal to the latest received call, which initialized
the call address and function bit reference. The Duplicate
Call Suppression time-out is selectable by programming of
SPF06 and SPFO7.

7.9 LED indicator

The PCF5001 provides for visual signalling using a LED
via output OL.

Call alert indication is provided by the LED with the same
cadence and warble modulation as for the alerter outputs
AL and AH. Call alert indication occurs in ON and SILENT
status and automatically terminates after sixteen seconds
time-out unless terminated by pulsing the status request
and reset input (SR).

When detecting an dut-of-range condition and enzbled by
programming of SPF15, the LED output provides an
out-of-range indication as shown in Fig.12.
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The LED output can be made to provide message data by
programming SPF17. Alert signals are inhibited during
message data transfer.

K

When changing from OFF to SILENT status, the start-up
alert will be indicated on the LED output and the vibrator
output OM. '

taer tapT

Fig.11 Repeat alert cadence.

t MCD454
SUA

Fig.13 Start-up alert.

ORD

Fig.12 Out-of-range indication.

7.10 Vibrator output

The PCF5001 provides the OM output for activating a
vibrator-type alerter for call alert indication. The vibrator
output is enabled by programming of SPF11.-

Calls received while operating in SILENT status cause
activation of the vibrator output for the normal call alert
cadence or until terminated by operation of the status
request and reset input (SR). SILENT override calls, calls
raceived in decoder ON status and repeated call alerts are
alerted normally by the AL and AH outputs.

7.11 Start-up alert

To indicate the establishment of operational condition
whenever the decoder status has been changed from OFF
to ON or SILENT status, the PCF5001 provides a start-up
alert indication. Switching from OFF to ON status causes
generation of a start-up alert cadence at LOW-level and on
the LED output OL (see Fig.13).

7.12 Serial communication interface

To transmit any call message data received to an external
microcontroller for post-processing, a serial
communication interface has been provided by a serial
data output signal DO and a data strobe signal DS as
shown in Fig.14.

Upon interrogation the PCFS001 is also able to transfer
EEPROM contents via the serial communication interface,
see Section 7.21.

7.13 Message data transfer

The transfer of message data via DO and DS is organized
in 8-bit words providing additional start and stop conditions
as shown in Fig.15.

On reception of a valid call address the PCF5001
generates a start condition and outputs an address word
as shown in Fig.15a.

The address word indicates call address, function bit
setting and decoder flags as shown in Table 4.

Message codewords received and concatenated to a valid
call address are transferred after completion of the
address word. The message bits received in the message
codewords are split into blocks and are converted to obtain
the message words. The message words comprise an
error flag to indicate message words, which are derived
from uncorrectable message codewords as shown in
Table 5.

Message data is output at a rate of 2048 bits/s with a
minimum delay of 2 bits between consecutive message
words.
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Termination of call reception causes a termination wordto  Serial data transfer for a received call ends with a stop
be transferred, which indicates successful orunsuccessful  condition as shown in Fig.15¢c.

call termination as shown in Table 6.

>

E START OF TRANSFER
stast congition address word 1st message word

. 00 /. AD | A1 | A2 [ A3 | A4 | A5 | A6 A7| h
' 4
» — ‘ =hillle
! DS
E

MESSAGE TRANSFER

message word N-1 message word N message word N+1
if

0o - Mn0 { M1 |Mn2 {Mn3 [Mn4 IMnS Mné Mn7 |
1
E Ds e e
E

END OF TRANSFER
I last message word termination word stop condition

I.‘I:

. DO " TO TI|T2}T3 T4 TE TE |T7 ..
.
) DS IH||| " Illlllllllllll”
1 MEA254 - 1
i .
¥ 4
i
' Fig.14 Call data transfer on the serial communication interface.

= o
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a. Start condition.
b. Data bit.
¢. Stop condition.

Fig.15 Serial communication interface timing.
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7.14 Call Data output on LED

When enabled by programmiﬁg of SPF17 = 1, message

data will appear on the LED output OL. The data format

anid timing are equal to the signal on DO, except that the
sthr/stop conditions are replaced with start/stop bits

(respectively 1 and 0). The data format is shown in Fig.16.
No alert signals will appear on OL during message data
transfer. Consecutive message words have a minimum
separation of 1 start bit and 1 stop bit.

} START OF TRANSFER
. address word 1st message word
i
oL A0 | A1 | A2 | A3 | A4 | AS | A6 | A7 ' I A
s
i -] b= 3
F g ]
@ @ 3
MESSAGE TRANSFER
E
message word N-1 message word N message word N+
3
{ oL | . MnO | Mn1 |Mn2 |Mn3 {Mn4 [MnS [Mn6 #Mn7
“,‘/‘
2 B 3 35
. § 5 S 5
[} “ [ "
3 ~
END OF TRANSFER
' last message word termination word
oL TO T1|T2(T3 T4 15 T6 |T7 I
8 35 3 MEAZS5 - 1
: & E g
i 7] @ [
Fig.16 Call data transfer on the LED output.
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7.15 Serial communication call data format
Table 4 Address word format
FUNCTION CODE ’ CALL ADDRESS BIT4 SYNC STATUS | DUPLEX CALL BIT7
BITO(LSB) | BIT1 (MSB) | BIT2 | BIT3 RIC BITS5 BIT 6
Bit 21 of bit 20 of 0 0 A 1 0 = Data 1 = Duplex Call 0
address address 0 1 B Receive; time-out active
codeword codeword 1 = Data fail
1 0 193
1 1 D
Table 5 Message word format
BITO BIT 1 BIT 2 BIT3 BIT 4 BIT 5 BIT 6 BIT 79
, LsB message bits MSB error flag
Note
1r Bit 7 = 1, if message codeword could not be corrected.
Table 6 Termination word format
BITO BIT 1 BiT2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 700
¢] 0 1 . 0 0 0 0 error flag
Note

1: Bit 7 =1, if call termination on error.

7,16 Data conversion

The PCF5001 automatically converts message codewords
réceived in numeric or alphanumeric format into ASCII
format. Depending on SPF13 and the function bit setting in
the received address codeword a conversion takes place
as shown in Table 7.

When a conversion from alphanumeric format to ASCl|
takes place, the received message codewords are split

Table 7 Message data conversion

into message blocks, seven bits in length. After adding the
error flag they are transferred as message words.

When a conversion from numeric format to ASCII takes
place, the received message codewords are split into

blocks, four bits in length. Each four bit block is converted
to a seven bit block as shown in Table 8. After adding the
error flag they are transferred as message words.

FUNCTION BITS ]
SPF13 MESSAGE FORMAT
BIT 20 (MSB) BIT 21 (LSB)
0 XM X numeric
1 0 o numeric
1 XM 1 alphanumeric
1 1 XM alphanumeric

¥

Note
1. X =don't care.
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Ta:ble 8 Numeric format to ASCII conversion

; 4-BIT BLOCK 7-BIT BLOCK
CHARACTER
LSB MsSB LSB MSB
0 0 0 0 ‘0’ 0 0 0 0 1 1 0
1 0 0 0 “q 1 0 0 0 1 1 0
0 1 0 0 2 0 1 0 0 1 1 0
1 1 0 0 > 1 1 0 0 1 1 0
.0 0 1 0 ‘4 0 0 1 0 1 1 0
1 0 1 0 '5' 1 0 1 0 1 1 0
0 1 1 0 ‘6’ 0 1 1 0 1 1 0
1 1 1 0 7 1 1 1 0 1 1 0
0 0 0 1 ‘g 0 0 0 1 1 1 0
1 0 0 1 ‘9" 1 0 0 1 1 1 0
.0 1 0 1 0 1 0 1 0 1 0
" 1 0 1 ‘v 1 0 1 0 1 0 1
0 0 1 1 o 0 0 0 0 0 1 0
1 0 1 1 = 1 0 1 1 0 1 0
i 0 1 1 1 T 1 0 1 1 1 0 1
" q 1 1 1 '\ 1 1 0 1 1 0 0

737 Memory Organization

The PCF5001 POCSAG decoder contains non-volatile
EEPROM memory to store four user addresses, two frame
numbers and specially programmed function bits (SPF01
to SPF32) for decoder application configuration.

Tbe EEPROM is organized as three arrays of 38 bits each
as shown in Fig.17.

A user address (or RIC) in POCSAG code comgrises of

21 bits, but the three least significant bits are coded in the

frame number and therefore not explicitly transmitted. In

the PCF5001, addresses A/B and C/D must share the

same frame number: addresses A and B reside in frame

FR1 (FR10, FR11 and FR12), addresses C and D reside

inframe FR2 (FR20, FR21 and FR22). Figure 18 shows an -
example of decimal address to EEPROM content :
conversion. Each address must be explicitly enabled by

resetting of the associated enable bit.
B

o mwm s
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EEPROM ARRAY 1

BIT18{ BIT17| BIT16| BIT1S| BIT14] BIT13 AB‘Tld BiT1y BITid B9l BITel BTy BMTg BITY BT4 BT3 BT BT BIT

g

A17 | a6 | A15 | A1a ] A13 | A12| At1| A10]| AO9| A0B| AG7| AO6| AOS{ AO04| AO03| A02| A01] A0Q

B8IT37 | BIT36| BIT3s| BIi34| BIT33 BIT321 BIT31| BIT3q BIT29 Bﬂ’ZJ BIT2% BITZ& BITZL BIT2!$ BITZL BITZL BITJI BITZ0 BITJQ

817 | B16 | B1s | B14 | Bi3 | B12| B11 ] B10| BOS| BOB| BO7| BOS| BOS] Bo4| BO3| B02| €01 BOO| ENB

EEPROM ARRAY 2

4 BIT18{ BIT17{ BIT16| BIT15] BIT14] BIT1Y BIT13 BIT1Y BT BITY BITBI 87 BITJ BIT§ BIT4 8IT] BITY BIT] Bm

c17| c6) c1s | c1a} c13| ci12f cti| c10] coo] cos{ coz| cos| cof cod . cod coz] co{” cog ENC

BIT37 | BIT36| BIT35| BIT34| BIT33 81732] BIT31 BIT3q BIT29 BITZJ 81721 BITZ* B!T2£ BIT2L BIT2 8172% BITZ1 BITJO BIT‘JS

¥ D17 | D16 | D18 | D14 | D3| O12| O11| D10| DOs| ODo8] DO7| DOS§|

oo%omoo:oo{omooce?o

EEPROM ARRAY 3

BIT18| BIT17| BIT16| BIT15{ BIT14 BIT131 BIT13 B8M1Y BIT1 BIT9 BITBI 87| BIT§ BT 8IT4 BTy BIT3 BIT{ BITG

SPF13]| SPF12| SPF11| SPF10| SPF01 SPF01 SPFO? SPFO§ SPFO3 SPFO4 SPFO} SPFOR SPFOL FRZT FR2) FR2R FRIp FRY1 FR{2

BIT37 | BIT36{ BIT3S| BIT34{ BIT33 Bm BIT31 B8IT3q BITZJ Bszq BIT21 BITZ* BlT2£ 8iT28 BlTZP BITZL Bﬂ'ﬂ! BIT* BITIS

SPFi4

SPF32| SPF31| SPF3y SPF24 SPF21 SPF27 SPF21 SPFZT SPf2 SPFZ} SPFZ} SPFZ} SPF2D SPFT SPF+ SPF17 SPF16PF15

MCD4sg

AO0O represents the MSB of RIC A, BOO is the MS3 of RIC C, etc.
FR10 represents the MSB of Frame 1 (valid for RICs A and B), FR20 Is the MSB of Frame 2 (RICs C and D).

Fig.17 EEPROM memory organization.
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address decimal value
(example: RIC A)
RICA=12468

binary equivalent (18 + 3 bit available)
d 000000011000010110100

4
EEPROM Allocation

ACO | AO1 | AD2 | AO3 | AO4 | AD5 | AD6 |AO7 |[AOB JA09 [A10 (A1l [A12 |A13 |A14 JAI5 |A16 JA17

0 0 0 0 0 0 ] 1 1 0 0 0 0 1 0 1 1 0

FR10 | FR11 [FR12

MCD470

o Y

A00 is the MSB of RIC A, FR10 is the MSB of Frame 1.

Fig.18 Decimal address to memory contents conversion example.

7.18 Description of the Speciél Programmed Function (SPF) bits

The following features can be selected by appropriate programming of the special programmed function bits as shown
in Table 9.

Table 9 Special Programmed Function (SPF) bits

SPF BIT FUNCTION
SPFO1 0 Alert-only pager mode.
1 Display pager mode. |
SPFO2 0 512 bits/s data rate.
1 1200 bits/s data rate, possible with 76.8 kHz crystal only.
SPF03 0 32768 Hz crystal configuration.
. 1. | 76800 Hz crystal configuration.

SPF04, SPF0O5S Receiver establishment time (depending on data rate).
00 |7.8 ms/512 bits/s; 53.3 ms/1200 bits/s.

01 15.6 ms/512 bits/s; 6.7 ms/1200 bits/s.

10 | 31.3 ms/512 bits/s; 13.3 ms/1200 bits/s.

11 62.5 ms/512 bits/s; 26.7 ms/1200 bits/s.




133

Philips Semiconductors Product specification
POCSAG Paging Decoder ' PCF5001
SPF .BIT FUNCTION
SPF06, SPFO7 Duplicate call suppression time-out and dut-of-range hold-off time-out.
00 |30s.
01 |60s.
10 120 s.
11 |240s.
SPF08 0 Voltage converter disabled, if SPFO1 = 1 (‘display pager’ mode).
1 Voltage converter enabled, if SPF01 = 1 ('display pager’ mode).
SPF09 0 SILENT override on address C disabled.
1 SILENT override on address C enabled.
SPF10 "0 SILENT override on address D disabled.
1 SILENT override on address D enabled.
SPF11 0 Vibrator output disabled.
1 Vibrator output enabled.
SPF12 0 Call termination criteria combination method (note 1).
1 Call termination criteria defined by SPF13. i
SPF13 0 Numeric data deformatting, call termination on first uncorrectable codeword.
1 Numeric data deformatting on function code 00 only, call termination on two
uncorrectable codewords.
SPF14 0 Duplicate call suppression disabled.
1 Duplicate call suppression enabled.
SPF15 0 Out of range indication at OL output disabled, hold-off period is zero regardless
of SPF06 and SPF07 setting.
1 Out of range indication at OL output enabled, hold-off period is according to
SPF06 and SPF07 setting.
SPF16 0 Repeat alert disabled.
g 1 Repeat alert enabled.
SPF17 0 Call data output on OL disabled.
1 Call data outbut on OL enabled.
SPF18 - Spare.
SPF19 - Program always 0.
SPF20 to SPF30 - Spares.
SPF31 0 |Alerter frequercy 2048 Hz. »
1 Alerter frequency 2731 Hz.
SPF32 0 Frequency reference output 16384 Hz if SPF01 = 1 ('display pager’ mode).
) 1 Frequency reference output 32768 Hz if SPFO1 = 1 (‘display pager’ mode).
Note

1 Call termination on:

a) First codeword immediately fcllowing address codeword uncorrectable.

b) Two consecutive codewords uncorrectable.
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7.19 EEPROM Write operation

Thé program mode is entered in OFF status by setting the
PD input LOW and the PS input HIGH at any time.

The ‘program’ mode is left and normal operation resumed
by either removing the power supply or-setting the PD
input HIGH after the 38t data bit while continuing to clock
the PS input. The three EEPROM arrays can be
programmed in any order. Selection of array is made
during the second and third pulse on the PS input.

The ‘program’ mode has to be left after programming of

each array.

After entering the ‘program’ mode, keeping input PD LOW
during the first pulse on PS selects Memory Write
operation. After selection of the current array an erase
cycle of duration tpew has to be carried out, during which
the supply voltage at Vgg input must be at least Vpg.
Program data for the selected array is entered bit by bit
using PD as data input and the rising edge on PS as data
strobe pulse. See Fig.19 for timing during an EEPROM
write operation.

After the last bit a special write cycle of duration tpgw has
to be carried out again, during which the supply voltage at
Vgg input must be Vpg. During conditions when the supply
voltage is increased to Vpg the maximum DC ratings at Vet
must not be exceeded. When the on-chip voltage
converter is enabled a voltage regulator diode or a
damping resistor of sufficiently low impedance has to be
connected between V¢ and Vgg to limit the voltage level
at V¢ during program operation.

7.20 EEPROM Read operation

After entrance to the ‘program’ mode, keeping input PD
HIGH during the first pulse on PS selects Memory Read
operation. After selection of the current array the
programmed data is output bit-by-bit using PD as data
output. A positive edge on PS input switches to the nexf
bit. See Fig.19 for timing during an EEPROM read
operation.

-~

7.21 Read-back operation via Microcontroller

Interface

In ‘display pager’ mode, the PCF5001 is capable of
delivering the EEPROM contents to an extemnal’
microcontroller using the serial interface outputs DO and
DS. The EEPROM data transfer mode is selected by
applying a LOW to input ON and a HIGH to input SK while
pulsing the SR input, and the interface is enabled (IE is
HIGH). The data transfer is started by a logic HIGH level
on SR. The HIGH level on SR must be removed before the
end of the tenth output byte, otherwise the transfer is
aborted and restarted. The minimum puise duration
corresponds with tgeg in the status interrogation timing
(see Fig.7). The transfer is organized as 15-byte transfers.
The contents of each array are extended to 40 bits by
trailing zeros. The EEPROM data transfer starts with array
1, bit 0. A valid data bit at DO is indicated by a LOW-level
on DS as shown in Fig.20.

During EEPROM Read-back operation, the PCF5001
configuration and the outputs FL, OL are undefined.
After completion of the Read-Back operation, the
PCF5001 will re-enter the programmed configuration.

7.22 Voltage converter

The PCF5001 contains a switched capacitor-type on-chip
voltage converter, which can provide doubled supply
voltage to the external microcontroller and display control
devices. The microcontroller interface signals are level
shifted accordingly.

A capacitor of 100 nF (Cg) must be connected between
pins CP and CN while a load capacitor of 10 pF is
connected to Vi as shown in Fig.23. The voltage
converter operates in ‘display pager mode only, when
enabled by programming SPF08 (see Table 9).
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Fig.20 EEPROM data transfer to microcontroller timing.

7.23 Test modes of the decoder

The decoder supports two test modes, which are intended
for use during pager production and type approval tests.

7.2:%.1 BOARD TEST MODE

‘Board test’ mode is selected by setting the PD input LOW

at any time. In this test mode the following features are

proyided:

1. Receiver enable output is set constantly HIGH

2. Output AL is activated by a LOW-level on ON'input

3. Output AH is activated by a HIGH-level on SR input

4. Outputs OL and OM are activated by a HIGH-level on
SK input.

Exit from *board test’ mode is achieved by setting input PD
HIGH.

]

7.23.2 PAGER TEST MODE (TYPE APPROVAL MODE)

‘Pager test’ mode is entered by reception of a valid call
while ‘board test’ mode is activé, see above. in ‘pager test’
mode:

1. Call alert cadences are terminated after 2 seconds

2. Duplicate call suppression is disabled.

Exit from ‘pager test’ mode is achieved by disconnecting
the power supply from the decoder.
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8 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. {1 MAX UNIT
Vss supply voltage note 1 +0.5 -8.0 Vv
Ve programming supply voltage -55 - \'4
Vo voltage on pins FL, DS, DO, OR, BL, +0.8 Vet =08 |V

Al, ON, SK, SR and IE |

Var , input voltage on any other pin : +0.8 Vgs-08 |V
Piot ! total power dissipation - 250 mW
Po I power dissipation per output - 100 mw
ligmax) maximum input current (any input) - 10 mA
logmax) maximum output current

any output except AL - 20 mA

output AL = 70 mA
Tamb operating ambient temperature —40 +85 °C
Tstg storage temperature -55 +126 °C

Note

‘ 1. Vpp is connected to the substrate (see Fig.1), and is referred to as common, 0 V.

9 DC CHARACTERISTICS

Voo =0V; Vgg = 2.7 V; Vet = 2.7 V; Tamp = 25 °C; unless otherwise specified.
Quartz crystal parameters: f = 76800 Hz; Rg(max) = 40 kQ; C. =12 pF.
Decoder Mode programmed as Alert-only (SPF01 = 0).

SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
Supply
Vés supply voltage voitage converter disabled,;
all outputs open-circuit
Tamp =—10 to +85 °C -15 |-27 |[-60 |V
Tamp = —40 to +85 °C -1.8 -2.7 -6.0 Y
Iss supply current | note 1 - —60 -100 pA
Vpg programming supply voltage note 2 —4.5 -5.0 -5.5 A
lpe programming supply current ) - -500 - A
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SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Inputs
Vit LOW level input voltage 0.7Vgs |- - \
PD, PS, DI, BS, TS, TT-and X1
Vie, LOW level input voltage Al, ON, 0.7Vier |- - \Y
SR, SKand IE
ViH1 HIGH level input voltage - - 0.3Vgs |V
, PD, PS, D1, BS, TS, TT and X1
Virz HIGH level input voltage - - 0.3Viet |V
Al, ON, SR, SKand IE
l. input current
BS, PS, TSand TT Vi=Vpp 7.0 - 20.0 LA
PD V= Vss -9.0 - -240 |pA
DI . Vi=Vpp; RE=0 7.0 - 20.0 pA
DI Vi = Vpp; RE=1 0 - 0.5 pA
ON and SK V)= Vsgg -0.5 -0.8 -1.1 A
Al and SR V| = VDD 7.0 = 20.0 p.A
G input capacitance BS, Di, PD, 2 - - pF
PS, TS, TT, Al, ON, SR, SK, IE
and X1
Ot;:tputs
lot LOW level output current
OL, OM and AH VoL=-1.35V 100 - - pA
DO, DS, BL, FL and OR VoL=-1.35V 100 - - BA
AL VoL=-1.5 \ 17.5 - - mA
. RE VoL=22V 200 - - RA
loH HIGH level output current
OL, OM and AH Von=-1.35V -0.8 - -1.8 mA
DO,DS,BL FLandOR  [Vou=-1.35V -100 |- - pA
AL AL high-impedance - - -02 |[pA
RE Vou=-05V -1.0 - - mA
Oscillator
Cxo output capacitance X2 . - 40 - pF
Om oscillator transconductance Vgg=-1.5V 15 29 43 usS
Vss =-6.0V 25 39 55 p.S
Vpy power-up reset threshold - -12 |- v
1 voltage
Notes

1|E All inputs = Vgg; voltage converter off; all outputs open-circuit.
2 See Section 7.19 and Chapter 8 for limitations of Vet Wwhen programming while the voltage converter is enabled.
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10 DG CHARACTERISTICS (WITH VOLTAGE CONVERTER)
Vop =0 V; Vg =-3.0V; Vit = 6.0 V; Ty = 25 °C.
Quartz crystal parameters: f = 76800 Hz; Rg(max) = 40 kQ; C =12 pF.
Decoder Mode programmed as Display Pager (SPFO1 = 1).
Violtage converter enabled (SPF08 = 1); €5 = 100 nF.
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Su»ppiy
Vgs supply voltage ] -1.5 | - [ -3.0 I \
Volitage converter .
Vret(0) output voltage; no load Vgs=-3.0V -5.8 - -6.0 \
Vet output voltage Vgg = -2.0 V; ket = 250 pA -30 |-35 |- '
leet ¢ output current Vgg=-20V, Vig=-27V 400 600 - HA
Vgg=-3.0V; V=45V 600 900 - wA
Inputs
h input current
i Al, ON, SR and SK Vi = Viet - 0 05 |pA
' ON and SK V) = Vpo - 0 +0.5 pA
. SR Vi=Vpp; Vet =60V - 17 - HA
11 AC CHARACTERISTICS
Voo =0V, Vgg=-27V,; Tamp, =25 °C..
Quartz crystal parameters: f = 32768 or 76800 Hz; Rs(max) =40 kQ; C =12 pF.
Decoder Mode programmed as Display or Alert-only Pager (SPFO1 =1 or 0).
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Aleri frequency
far alert frequency SPF31=0 - 2048 |- Hz
fawk! high alert warble frequency - 1024 |- Hz
fav low alert warble frequency - 16 - Hz
faL alert frequency . SPF31 =1 - 2731 |- Hz
fawe high alert warble frequency - 1365 |- Hz
fawe, low alert warble frequency - 16 - Hz
feL output frequency reference at FL SPF32=0 - 16384 |- Hz
SPF32 =1 - 32768 |- Hz
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SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Call alert duration
tar time-out period - 16 - s
tans alert time LOW (AL output only) - 4 - s
tan,  |alerttime HIGH (AH and AL outputs) - 12 - s
tarc call alert cycle time see Fig.9 - 1 - s
tN_p' call alert pulse duration see Fig.9 - 125 - ms
tao call alert hold off period see Fig.8 52 - - ms
trer repeat alert duration see Fig.11 - - 4
tach repeat alert recurrence time see Fig.11 - - 15
tacs repeat alert cycle time - - 500 ms
taeo repeat alert pulse duration ¢ - - 250 ms
tsToN status alert time see Fig.10 - - 62.5 ms
tstor | status alert delay see Fig.10 - - 62.5 ms
‘su;{ start-up alert time SPF02 = 0; see Fig.13 - - . 1500 ms

. SPF02 = 1; see Fig.13 - - 453 ms
torA out-of-range alert pulse width see Fig.12 - - 62.5 ms
toro out-of-range alert time see Fig.12 - - 2 s
tetAL battery LOW-level alert time - - 16
Receiver control
trxT RE transition time CL=5pF - - 100 ns
taxon RE establishment time SPF04 = 0; SPF05 =1 - 7.8 62.5 ms
Data output
foo data output rate - 2048 |- bits/s
toso strobé period call data see Fig.15 480 - 495 us
tose strobe period EEPROM data see Fig.20 200 488 1150 |ps
tosrw data strobe pulse width see Fig.15 230 - 250 us
troo data output transition time C. = 10 pF; see Fig.15 - - 100 ns
toos data output set-up time -|see Fig.15 - - 135 us
tooH data output hold time see Fig.15 115 - - us
tayp consecutive byte delay 1210 |- 1225 |pus
tewn inter~-codeword delay 1200 bits/s numeric message |3420 |- = us
tsy start condition set-up time see Fig.15 4750 |- - us
tsp stop condition set-up time see Fig.15 585 - 615 us
tsL start bit period OL output 480 - 495 ps
tshL stop bit period OL output 480 488 495 us

tsop SPF output delay see Fig.20 1 - 10 ms
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12 TIMING CHARACTERISTICS
Voo = ov; Vss =27V, Tanb =25 °C.
Quartz crystal parameters: f = 32768 or 76800 Hz; Rsimax) = 40 k&; C = 12 pF.
Dacoder Mode programmed as Display or Alert-only Pager (SPF01 = 1 or 0). )
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Operating frequency dependent
fosc oscillator frequency SPF03 =0 - 32768 |- Hz
. SPF03 =1 - 76800 |- Hz
trot ’ data input transition time see Fig.21 - - 100 ps
tor ‘data input logic 1 see Fig.21 tarr - oo
tow data input logic 0 see Fig.21 tair - )
for data input rate SPF02=0 - 512 - bits/s
toir bit period - 1.9531 |- ms
tew codeword duration - 625 |- ms
toa preamble duration 1125 |- - ms
tear batch duration - 1062.5 |- ms
fou data input rate SPF02 = 1; foec = 76800 Hz - 1200 |- bits/s
terr | bit period - 8333 |- ms
tcw codeword duration - 26.7 - ms
tra preamble duration 480 - - ms
taat batch duration - 4533 |- ms
Alert only mode (SPF01 = 0)
tspg * | switch debounce period |~ 625 |- | ms
Display pager mode (SPF01 = 1); see Figs 6 and 7
tsTP. status set-up time fosc = 32768 Hz 35 - - us
tsto ’ status change delay - - 35 us
theH interface enable hold time 35 - - s
tsTH status hold time 35 - - us
tspp status pulse duration 35 - - us
tstp status set-up time "1 fosc = 76800 Hz 15 - - ps
tsTo’ status change delay - - 15 us
tem interface enabie hold time - 15 - - ps
tsThy status hold time 15 - - us
ispo status puise duration 15 - - us
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Fig.21 Data input timing.

13 PROGRAMMING CHARACTERISTICS 4

Vpp =0V, Vgg = Vpg = 5.0 V {see notes 1, 2 and 3); Vet = Vsg; pins 2 and 3 open-circuit; Tamp = 25 °C.
QuartZ crystal parameters: f = 32768 Hz; Rgmay = 40 kQ; C, = 12 pF.

Decoder in OFF status.

SYMBOL | PARAMETER CONDITIONS MIN. TYP. /| MAX. | UNIT
Progtamming; see Fig.19 '

taes power-up reset pulse width note 4 35 - - us
teew erase/write time ' 10 - - ms
few , erase/write frequency 1.0 1.5 2.0 MHz
tew , |erase/write cycles 1000 |10000 |- -

tor data retention time Tamp =85 °C 10 - - years
trcH data clock HIGH time note 4 ) 65 - - us
tecL data clock LOW time note 4 65 - - us
teps read set-up time note 4 o - 35 us
tpsi data set-up time on input note 4 35 - - us
teso data set-up time on output note 4 - - 35 ps
teoH data hold time note 4 ) 35 - - us
Notes'

1. Vss = Vpg only required during erase/write {tegw in Fig.19), otherwise Vssmig =—1.5V.

2. Maximum voltage for programming (Veg) is -5.5 V.

3. See Section 7.19 and Chapter 8 for limitations of Ve when programming while the voltage converter is enabled.
4

E%PHOM programming is also possible at higher frequencies (76.8 kHz or 153.6 kHz). The timings shown then
become proportionally smaller.

-
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15 PACKAGE OUTLINES
S$028: plastic small outline package; 28 leads; body width 7.5 mm SOT136-1
F
. D E {a]
1 4~ X
= 1 <k
ilnlsinizizisinizisinizinln .
\ | v |
—_— T OO I -y e SUD gy SO R GHR gy [ ofmment | N
[} i l ~_ . I
Oy He =] v @A
—>‘Z
28 15
10AAAAARAAARAA
} Y
' T N e
N . 3 o) & - Az
9 l A1 + (AS) A
. { 1oy
pin 1 index —
f [
- == Lp F._ f
TUEUUUHEEEEIRE /4
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1 3 L L 1 i Bt " n . J
scale
DIMZNSIONS (inch dimensions are derived from the original mm dimensions)
UNIT m:x. Ay | Az | A3 I by | ¢ | OM| M| o | He L L | @ v w y |z e
M 0.30 | 245 049 | 032 { 181 | 76 10.65 1.1 | 11 0.9
mm | 285 1 o710 | 225 | 925 | 036 | 023 | 177 | 74 | "7 [1000| ™ | o4 | 10 [ 95|05 | 01 | o4 | o
L (]
o 0.012 | 0.096 0.019 {0013} 0.7t | 0.30 0.42 0.043 | 0.043 0035 0
inches 1 010 1 5604 | 0.083 | %07 | 0.014 { 0.009 | 0.69 | 0.20 | 9959 | g.3g | 9055 | o016 | 0039 | 001 | 001 |0.004 | e
k
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC E1AJ PROJECTION
SOT136-1 075E06 MS-013AE == @ ALY
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3

L@FPSZ: plastic low profile quad flat package; 32 leads; body 7 x 7 x 1.4 mm

S0T358-1
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A
UNIT | o | Av [ A2 [ As [ bp [ ¢ |[DVTEM| e [ Ho [He| L | Lp| Q@ | v | w ]y 20 zeM| o
0.20 | 1.45 04 |018 | 7.1 | 71 9.15 | 9.15 0.75 | 0.69 09 [ 09 | 7°
mm 160 | o5 | 135 | %25 | 03 [012| 69 | 69 | %8 |88s {885 | 'O |oas|ose| 2 [025) 01 155 | 05| o°
lNote
3 1. Plastic or metal protrusions of 0.25 mm maximum per side are not inciuded.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION 1EC JEDEC ElAd PROJECTION
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16! SOLDERING
16.1

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface'mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

Introduction

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in

our /C Package Databook”(order code 9398 652 90011).

16.2 Reflow soldering

Reflow soldering tecﬁniques are suitable for all LQFP and
SO packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the paste and evaporate
the binding agent. Preheating duration: 45 minutes at
45°C.

16.3 Wave soldering
16.3.1 LQFP

Wave soldering is not recommended for LQFP packages.
This is because of the likelihood of solder bridging due to
closely-spaced leads and the possibility of incomplete
solder penetratnon in multi-lead devices.

If wave soldering cannot be avoided, the followmg
condmons must be observed:

+ A double-wave (a turbuient wave with high upward
pressure followed by a smooth laminar wave)
soldering technique shouid be used.

» The footprint must be at an angle of 45° to the board
direction and must incorporate solder thieves
downstream and at the side corners.

E+ *n with these conditions, do not consider wave
sc Jering LQFP packages LQFP48 (SOT313-2),
L..FP64 (S0T314-2) or LQFP80 (SCT315-1).

I

16.3.2 SO

Wave soldering techniques can be used for all SO
packages if the following conditions are observed:

¢ A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

« The longitudinal axis of the package footprint must be
parallel to the solder flow.

+ The package footprint must incorporate solder thieves at
the downstream end.

16.3.3 MeTHOD (LQFP aND SO)

During placement and before soidering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible solder temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A mildly-activated flux will eliminate the need for removai
of corrosive residues in most applications.

16.4 Repairing soldered joints

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
one operation within 2 to 5 seconds between

270 and 320 °C.
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17 DEFINITIONS

Data sheet status

" | Objective specification

This data sheet contains target or goal specifications for product development.

Preliminary specification

This data sheet contains preliminary data; supplementary data may be published later.

Product specification

This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may. cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

18 LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such

improper use or sale.

am orm e
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South Amer_ica: Rua do_F!ocio 220, 5th floor, Suite 51,

04552-903 S3o Paulo, SAQ PAULO - SP, Brazil,

Tel. +55 11 821 2333, Fax. +55 11 829 1849

Spain: Balmes 22, 08007 BARCELONA,

Tel. +34 3 301 6312, Fax. +34 3 301 4107
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Tel. +46 8 632 2000, Fax. +46 8 632 2745
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Tel. +41 1 488 2686, Fax. +41 1 481 7730

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +886 2 2134 2870, Fax. +886 2 2134 2874
Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,
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Tel. +66 2 745 4090, Fax. +66 2 398 0793
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MIDDLESEX UB3 5BX, Tei. +44 181 730 5000, Fax. +44 181 754 8421
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Tel. +1 800 234 7381
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Vietnam: see Singapore
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