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Abstract,

This thesis 1is about. Nationwide Paging System that
transmitt signal by mixing subcarrier with audio signal of
Broadcast Amplitude Modulate radio station. So Amplitude Modulate
radio station can broadcast over long distant that we can use
this Paging system in wide area. This system consist of:

1. Data Reciever Circuit using for reciever D.T.M.F. (Dual
Tone Multi Frequency) signal from telephone line and convert it
to parallel data. It éan recieve data from .8 telephone lines
simultaneously.

2. Personal Computer using for record and rearrange data and
tide of tranamission.

3. Subcatrier Modulator Circuit using for convert parallel
data from personal -computgr toserial data mad modulate with
subcarrier by using frequency modulation.

4. Reciever and display circuit using for recieve signal ,

demodulate, convert data from serial to paraliel and display.
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extern int ttx;
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inlpagel{framellil = inportb(RXIPORT) ;.

— IR
}while (inlpagelframelli] != 62::):
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max = i3
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inJpagelframellil=0;
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{
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char chs
int n; .
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extern wy, .
int. handle, status, hour,minute;

FILE #fps
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o 2ver fime 0w,

getdate (&t.oday) 3 Q&H}fwc (BMow ) ~
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{

extern CALL calling;

extern int. ttxs

exlern areallen, telllens

int. i, datal101,codellen,n,ms

int.  high, low;

for(i = 131 <= ttx 3i++)

It

{

datar1l = callinglil.pager/256;
s

datal21 = callinglil,pager%256;
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MOV A,R3 4
ADD A, #OEBH
RET

ZERO JMP RB2

Lﬁﬂl1Wﬁﬁmqﬁﬁﬁiﬂfl'l'iﬁﬂﬁﬂl‘l'aLﬁ’)ﬁﬂ 800 BUAD w3a A1L787
na\uwiasﬁnﬁagmﬁu 1666 uS vt 2 haman laungs RDBIT Wlunrsmlia
:‘J.ausias'ﬂnuz’fu Awmia Bildtenm 20%-60% 1p9a L2 meastn Tun1sdmauda
Vit ltsunan Wl svandnsuniacs il

1981 = 2.5uS X ( 6n+10 ) sn= 'Swwmﬂ’?\ﬂuﬂ'rm"mﬁﬂga
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2.2.1.2 TounsumpvauasdutaasFuionomen sz iTuung
.éaﬂﬁwuﬁwﬁtm?uuw%auﬁww%ﬂéwuﬁaga Faitrrmas L BeaE
INTT SEL RBO
MOV R5,A
SEL, RB1
MOV - R5, #IC4
DELAY2 DJINZ R5,DELAY2
MOV A, #ICT
MOV T,A
SIRT T
CALL RDBIT
JC  RETURN
MOV  R5, #08H
DIS 1
SEL. RBO
MOV A,R5
REIR
RETURN STOP TCNT
SEL. RBO
Hov; A1, -
T RFI’i{ R .
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2.2.1.2 Tunnmmanmuadueadfuiannieasiiu ssiemiitaaeas
{hfiuL2ataTu i666us 1111 8048 ﬁ'mﬁaﬂmﬁm'\w‘i\aﬁn wiaAuliaya U lud3a
teafmaTudan lud '~zwn&ﬁm’i'ﬁiaﬁm"fwnm's'zwﬁauﬁuﬁﬂ'mniudna DECODE 1
i’mﬂga?‘lgf\ﬁm Seizitmian F1 Wdhoile (el lumnaumauangwnsentas
qaulian 1ﬁ¥uﬁa§at'§nu%azxu§'m‘%'a\1ﬁ
TCNTI MOV R7,A
STOP TCNT
MOV A, 4TCT
MOV T, A
MOV R3,#1C3
TDELAY DJNZ R3, TDELAY
SIRT T
CALL RDBIT !
MOV A,R2
RLC A
MOV R2Z,A
N7 RS, OUT1
MOV  @&RO, A
INE A
JZ 0Ur3a
INC RO
DJINZ R8,0UT
CALL DECODE
oUT3 MOV RS, #03
MOV RO, #BUFF3

CPL F1
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MOV A,R2
SEI. RBO
MOV R2,A
outT STOP TCNT
our2 JNI our2
EN I
ouT1 SEL. RBO
MOV A,R7
REI'R .
Tudrunas Tumnaumarsuasduiaafiuh [z ifiuifiaiulmaeadii
?wﬂwqﬁwuumdwﬁauuzLnéﬂﬁt#ﬂqﬁaqﬁuﬁmfwnﬂidqﬁnga vthu Tc3, Tca, Ter il

ar 3 g o 1
Hu adands e En s liansunasae

TCT = #rimmifiunas 1/ (RATE x 80uS) .

TC3 = [Cuewi RN TCT x 32)-111/2

TCA = [ (80000/RATE)~111/2

Tunanaaadt Awmadiasnisdeiihs 600 BUAD HihSedmTanaia

Wk LA L

TCT = 1/(600 x 80uS) = 20.833  tantawieiwmbuas 18 Ter
= 2(')

TC3 = [(.8333 x 32)-111/2 = 7.833  faswtifudwoutfuaetd TC3
=8

TC4 = [(80000/600)~111/2 = 61.16 imiihdwmids=18  TCa
= 61

L2 1 o d 4 vu
2.2.1.4 Tusunsudas DECODE nwwﬁﬂnmxawdauﬁaﬂandﬂuﬁiwnuﬁﬂu

Y ) o v v < o P Y TS
A% 1ﬁ1mna§angnmaqna§azmaq ToaandawinntsiFau Nausia anudasinge
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uiﬂqﬁagaawu1un Eintiuntiania L vilauiugasingu L nwzﬁaiﬂﬁagantuﬁauﬁuuu

o
Lﬁuﬁagangnﬁaq

DECODE MOV RO, #BUFF3
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MOV A,@RO .
MOV R2,A
INC RO
MOV A,@RO
MOV RG,A
XRL A,R2
INC RO
ANL A,@RO
MOV -~ R5,A
MOV A,R2
ANL A,R6
ORL A,R5
MOV R2,A
RET"
2.2.2 Tﬂiuniuuamawaﬁaga AFIIRAUING
whintmnna < lisunsusngl ud nsasaasemin F1 Iiitiayat i
uwin L ,nﬁ1m11ﬁaaua3nﬁﬁﬂdaa§ﬁnnw T0 uar T1 4nrmedintuiald e
ﬁnﬁinmaﬁnﬁﬁwsﬁwﬁagaquwﬁaﬂn11»511ﬂuﬁnvuanu 7 SEGMENT LED DISPLAY
w10 win Ton limEnnsiiad o uind uasLﬁa§1¥ﬂdaaﬁawwnagnﬁu§1 T
unguaEEIaedn L A M sudRaaan [WEndsenm 3 Juam
TﬂsuniuﬁﬁwwﬁwﬂLnéwﬁqsasﬂ1snauﬁaﬂTﬂﬁunuénaﬂdW¢ﬂﬁqﬁ
2.2.2.i Tusunsun DISP LﬁdTﬂ1un1uﬁﬁ1§a§aa1nuﬁdaﬂku511ﬂ
WdagHANTY 7 SEGMENT LED DISPLAY Tazliwinnasifadiudndinan i &

Tulungy DISP At fuial

DISP MOV RO, #BUFF149
LOOP MOV RS, #I0AH
LOOP2 MOV  A,@RO

MOVP3 A,RA
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OUTL P1,A
MOV A,RB
DEC A
SWAP A
OUTL P2,A
MOV A, #2011
DELAY JF1 END
DEC A
JNZ DELAY
DEC RO
DJINZ R6,LO0P2
END CLR A
OUTL P1,A
RET
Andmende JF1 ﬁmﬁﬁ'}mwﬁaui'\ﬁ’ﬁaﬂmb’wu'm?a“lu' Hwmniltiaya
| Franfieaanann Tusunsndamin
l.1wawuqsnﬁwmum|.m'xanaemhﬂmwu’-?ﬁ‘nﬁuﬁaga‘lﬁ Toatwa 3
L33 1m8% RO lﬂmﬂa&:lﬂnmﬁnﬂ#m TO ‘Tﬂ'mn'mﬁ’qsudm’ﬁaga?‘mg'"lmmmLmﬁ
BUFF1 usi_ﬁwmnil:lﬁnma"mﬁ%m T1 'Tﬂ-mn-mﬁwu,a‘aq'ﬁaga?’mé‘h&nmLmﬁ BUFF2
umi Tnalddwaniasanas BUFF2 asludddiaad RO
Aile MOvP3 A,ea 1 Thdnduhatiaiatan i lenneThniagaaid
TusunTuwagn Liﬁla‘lm&' tiusdigna st n it lun sudaswananun
2.2.2.2 Tihun WAITCH fimiifiasadamdan F1 iwﬁﬁagm’ﬁﬂ
awdali Bwoniitiaya o ﬁwﬁwﬁaﬂa&u‘lﬂt AulThuaaduia aaf waziadnd

S ' ' S N
uwan Fi !,ﬁanmﬁmﬂ'\‘lﬁa'luﬁaﬂa‘lﬂuﬁfa NI IRNAN ATy WAITCH 1)

uoithmnﬂq\lﬂﬁﬁnga‘lnﬂﬁasmamaum1nmﬁnﬁ Ewniinsnasing
' ‘e & » ar o ' o
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t':mm‘mfd'awa‘lﬁc’a"msiﬂlﬁnmuﬁismm 3 Jun
Swnbiitnmnesindias  Tusmsnfiasiaundy linvradomvan 1
ﬁmuaéLﬂummm'maﬂmwﬂﬂmmu WAITCH 1§ aun'hwﬁﬁmgm‘n’wm
#aTumingn WATTCH ae1 fhuifenl
WAITCH JF1 DATAIN
SEL RB1
MOV A,@R1
JNZ  NTDLO
INC Ri1
MOV A,@R1
JNZ  NTDHI
DEC R1

NTDHI INC @R1

DEC R1
NTDLO INC @R1

MOV A, #TD1

XRL A,R1

SEL RBO

JZ DISPB1

JNZ DISPB2
we JNTO KEY

JT1 WALTCH

SEL. RB1

MOV R1,#TD2+1

JMP SETCK
DISPB2 MOV RO, #BUFF2+9



CALL
JMP
KEY | SEL
MOV
SETCK MOV
DEC

MOV

JMD
DISPB1 CALL

JMP
DATAIN » MOV

CLR

RET

2.2.2.3 ° lisunsu PUTBF ﬁﬁuﬁ'lﬁﬁwﬁﬂgaﬁ%’m’ﬁwm Farthaan
giianglan wlamnaanTnatutt T fv 13 huenisaaarsh Tmmx"amanﬁaga?‘rzh
it lufiis - aant fhisia oo amiing Seran wingadave L anin fian
0-9 wiald B bildfuaaeirniinstiouaes
Irsahndaa 18 Gavsnt anfiayatiome wia m?ﬂuﬁu%’uiv’agmgm'lnﬁ

G2 Tiunss PUTBE Aefhui il

PUTBF CLR

o i -

AGAIN CALL

INC

e - - 9%,

MOV

SWAP
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LOOP

WATTCH
RB1
R1,#1D1+1
@R1, #HITD
R1

@R1, #LOTD
RBO
WAITCH
DISP
WAITCH
A,R2

F1

2
[

3

FO

WAITCH

A
BACK
A,R2
A

¥ -1
'ﬁaga ’ﬁagamr{mu‘lﬁm
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ANL A, #OFH
MOV R6,A
ADD A, #OF6H
JC  NDIGIT
MOV A, #OFH
ANL. A,R2
MOV R2,A

- ADD A, #OF6H
JC  NDIGIT
MOV  A,R8 .
MOV @R1,A
INC R1

DJNZ R3,NZERO

NZERO MOV  A,RZ2
MOV @R1,A
INC R1

DJNZ R3,AGAIN

BACK CPL FO
RET,

NDIGIT MOV R2,#OFEH
RET

Iunsirdintawaaiioty  amaeidinad R2 awianiu FE Tus
) .
ungminth Jan WenTunnsdon PUTBF Sasdnwmtrada il Sdiend r2 fau
- 2.2.3 Tumnvsmin asﬂununﬂ1ﬁwqwunaeqaa1d1uﬂssu1awa uay
D AR, A Tamaeada Tusunsudasareniina i lusa
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SdufunainemmasToaunamin axidhelune Frowcrart s lisd
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¥ Taiuliayatiiie lu ﬁwnwnﬁagaﬁm1nu5«1ﬁ1ﬂ7ﬁﬂ30191ﬁaﬁuaﬂoiﬂtﬁuuuwﬂ
tanwatwand Tﬂ:unsuﬁasﬁwﬁaLanﬁ1ﬂtﬂ?an;ﬁanﬁuuuﬁﬂLaunaqmu Lﬂauuﬂa
tanmﬁqﬁuﬁas:a?uﬁagaﬂLﬁunuwaLanTnsﬁwﬁdﬂ1ﬂ qut§a1ﬁ¥nﬁagan1uuﬁuﬁqsﬁa
danran Gaulf 1H Qqﬂaﬁuw1n@ﬁa§a161@ﬂn11nma3nﬁﬂn1 To i fimn T1
TusunmmEnas i Snuus o
MAIN MOV RO, #BUFF1
MOV  R1,#BUFF2
MOV  R7,HREADY .
MOV R3, #0AH .
NEXT MOV A,R7
MOVP A,8A
MOV @RO,A
MOV @R1,A
INC RO
INC Ri .
INC R7
DJINZ R3,NEXT
MOV R2,#TC1

NEXT2 MOV R3, #TCZ

1 f'*a& e o
! { léﬁ%é

DJNZ RZ2,NEXT2
CLEAR CLR A
° OUIL P1,A
CLR F1



MAIN3

MAIN2

SYNCIN

PAGER

EN

MOV
MOV
DEC
MOV
MOV

MOV

CLR
CALL
JFO

INC

CPL
JMP
INC
JZ
MOV
XRL
JZ
CALL
JMP
CALL
XRL
JNZ

CALL

10t

I

CNTI

RB1
R1,#TD1+1

@R1, #HITD

‘R1

@R1, #LOTD
RS, #03H
RO, #BUFF3
RBO

FO
WAITCH

SYNCIN

MAINZ2

FO

MAIN2

A

MAIN
AyR2

A, #HIBYTE
PAGER
WAITCH
MAIN3
WAITCH

A, #LOBYTE
MAIN3

WAITCH



INC
JZ
MOV

SWAP

MOV
MOV

MOV

MOV
ADD
ADD
JC
MOV
CALL
MOV
INC
JZ
INC
JZ
MOV
MOV
INC
JFO
MOV
MoV
INC
DEC
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A
MAINZ
A,R2

A

A, #OFH
R3, A
R3, A
A,R2

A, $OFH
RA, A
A,R3

A, #OF6H
MAIN3
R1, $BUFF4
PUTBF
A,R2

A

TSET1

A

MAINZ
A, #HIFEN
@R1,A
R1

SKIP
A,R2
@R1,A
R1
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SKIP MOV A,RA
MOV R3,A
CALL, PULBF
MOV A,R2
INC A
TEST1 CIR FO
JINZ TEST2
CPL FO
JMD MATNZ2
ING A
JZ  MAIN3
EMPTY MOV A, #BUFF4+10
XRL  A,R1
JZ  FINISH
MOV A, #BLANK
MOV @R1,A
INC Rl
JMP  FMPTY
FINISH ORL  P1,#80H
MOV RO, #BUFF1
MOV R1,#BUFF2
MOV RS, HOAH
MOVE1 MOV A,@RO
MOV @R1,A
INC RO
INC R1
DJINZ R6,MNOVEL

MOV RO, #BUFF1



MOVEZ2

104

MOV R1,#UFF4

MOV Rs, H#0AH

MOV A,@R1
MOV @RO,A
INC RO

INC R1

DJINZ RE,MOVE2Z

JMP  MAIN3
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FOR I =1 TO 10
READ A

FOR J=1 TO 3
OUT &H300,A

IF INP(&H303)<128 THEN 43

PRINT A;

NEXT J

PRINT

NEXT I

DATA &hff,&hff,&h10,&h59,8&h27,&h02,&h28,&h20,&h70,&h46
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1. 3708z Jgenns 103 TLOT2, TLOTA

¢ .
LINEAR TYPES TLO70, TLOTO0A, TLO71, TLO71A, TLO718, |
INTEGRATED TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLOTS5 i‘
CIRCUITS LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS i

02393, SEPTEMBER 1978 REVISED SEPTEMBER 1983

19 DEVICES COVER COMMERCIAL, INDUSTRIAL, AND MILITARY TEMPERATURE RANGES

Low Power Consumption . ‘e Low Notse . . . Vn = 18 nVy/ Hz Typ
Wide Comnion-Mode snd Ditferentlal Voitage ® High Ir{put Impedance . . . JFET-Input Btage
Ranges Internal Frequency Compensation (Except
® Low Input Bias and Offset Currents TLO70, TLO70A)
Output Short-Circult Protection ® Latch-Up-Free Operation
® Low Total Harmonlc Distortlon @ High Slew Rate .. . 13 V/us Typ
0.003% Typ :
description

-
The JFET-Input operational amplifiets on the TLO7 . serles are designed as low-noise versions of the TLOS_ series
amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low nolse make
the TLO7 . series Ideally suited as amplifters for high-fidelity and audio preamplifier applications. Each amplifier features
JFET-inputs (for high input Impedance} coupled with bipolar output stages all Integrated on a single monofithic chip,

, Device types with an **M"’ suffix are characterized for operation over the full military temperature range of ~55°C
10 125 °C, those with an **I”” suffix are characterized for operation from - 26°C to 86°C, and those with a *‘C’* suffix
are charactetized for operation from 0°C to 70°C.

"
'
2
[ ey
TLO70, TLO70A TLO71. TLOZ1A, TLOZ718 TLO72, TLOT2A, TLO72B =
0, JG. OR P DUAL-IN-LINE PACKAGE D, JG, OR P DUAL-IN-LINE PACKAGE D. JG, OR P DUAL-IN-LINE PACKAGE .
(TOP VIEW) ] {TOP VIEW} (TOP VIEW) E
Nicome [ U sl comp N1/oFrseT [Tr Ue ] Ne out (i UseD vees —
: AMPL ©
IN- [z I Vee+ IN-[]2 1} Vee+ L IN- (J2- 200 ourt AMPL  C
N+ [Ja 6[) out IN+ []3 s[] out IN+ (] sfJIN- "2 o
vee- (Je 5[] OFFSET N2 vee= [Qe 5[] OFFSET N2 vee - [Je 5[} IN+ -
. o .
o
Q
o
TLO74, TLO74A, TLO74B TLO76
D, J, OR N DUAL-IN-LINE N DUAL-IN-LINE PACKAGE
OR W FLAT PACKAGE (TOP VIEW)
TOP VIEW) z
out [y UwJour IN- [Ty UralTiIn- R
AMP
AMPL Y IN_ 2 1aJin- § AMPL “L{IN+ 2 )N+ A':':L
PN+ s 12Iine f#3 ouT s naom
Vee+ [Jo n[Jvec- ampL FOUTOe  n[JVees
ampr fIN+ [ 10[JIN+ Y apmpg g2 § N+ [Os 0[] OUTY 4pep
g2 SIN-(s of)IN- P IN- (e of] IN+ pred
out[j7  sfJour vee- 7 e[ IN-

NC-—No Internel connsction

Copyright ¢ 1883 by Texas instruments incoiporated
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TYPES TLO70, TLO70A, TLO71, TLOT1A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

TLO71 TLO072 TLO74
FH OR FK CHIP-CARRIER PACKAGE FH OR FK CHIP-CARRIER PACKAGE FH OR FK CHIP-CARRIER PACKAGE
ITOP VIEW) (TOP VIEW) (TOP VIEW]

IN—
NC
IN+
NC

NC—No intama! connaction

schematic (each amplifier)

5 Vees R o -
1]
-
o
ot
Q
3 A
)]
—— NONINVERTING
> INPUT : .
3 INVERTING [ “un
3 INPUT : 1eg ouTPUT
= . d un
) OFFSET NULL/COMP (N1) —— —f—m e e — — —d
by # Ao
@ \ by 1§
TLO70 ONLY. OFFSET NULL (N2) — — —4 c1 i
Hd .
COMP = | e Ed s te
| _{4 3
,—q a ¥
r- !
| ]
| 10800 ¢ 2icse f s
|
Vee- ! > d g >t
OFFSET ) OFFSET
NuLL NULL €1 18pF ON TLO?1, TLDT2, TLOZI, TLO74, AND TLO?6 ONLY.
{” " (Nz’l COMPONENT VALUES SHOWN ARE NOMINAL
A4
YLO71 ONLY
.
H
N i
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TYPES TLO70, TLO7OA, TLO71, TLO71A, TLO71B,
. TLO72, TLOT2A, TLO728, TLO74; TLO74A, TLO74B, TLO7S
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

symbols
TLO70
Nt/cComp

TLO7t TLO72 (EACH AMPLIFIER)
comp N1 TLO74 (EACH AMPLIFIER)

ING e + IN+ =1 + : IN+ —— 4

our ouT our
IN- /- IN~ —-T - IN——ﬁ -
N2 N2

DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES

TLO70 TLO71 TLO72 TLO74 TLO78
TLO7_M . FH, FK, JG FH, FK, JG FH, FK, J, W .
TLO7 1 D.JG.P D, JG.P D, JG P D, J. N .
TLO7.C D, JG,P .D.JG.P D, JG, P D, JN
TLWO7_AC D,JG, P D,JG.P D,JG,P D,J. N .
TLO7__BC . D,JG.P D, JG, P D, J.N .

N *Thase comblistions ara not defined by this dats shast,

sbsolute maximum ratings over operating free-air temperature range (unless otherwise nated)

TLO7_C
TLO7_M TLOT Y TLO7_AC uNIr
§ ' : TLO7..8BC
Supply voltage, Voo 4+ (see Note 1) 18 18 18 v
Supply voltage, Vo - (see Nots 1) . ’ -18 -18 To-18 v
Difterentlal input voltage (sea Note 2) =30 230 x30 v
Input voltage (see Notos't and 3) *16 £16 +16 \
Duration of output short circuit (ses Note 4) unlimited unlimited unfimited
Continuous total dissipation at {or below) 26 °C fras-sir temperaturs (see Note §6) 680 680 680 mw
Oporating free-sir temperature range . ~55t0 126 | ~26 to 85 Ot 70 °C
Storuge tomperature range -85 10 160 § ~85 to 160 | -85 to 160| °C
Lead tumperature 1,8 mm {1/18 inch) J, JG. JH, FK, or W package 200 300 * 200 oc
from cese for 860 seconds
Lead toinperature 1,8 mm (1/16 inch) D. N, or P package 260 280 oc
from case for 10 seconds
NOTES:

V. Al voltage values, sxcept ditferential voitagas, are with respect to the midpoint batween Ve 4 and Vee ..
2. Ditf, ftages ore at the i ting Input inal with reapsct to the invarting Input tarminal.
3. The magnitude of the ingut voltage must never excead the magnitude of the supply voltsge or 16 volts,
4. The qutput may be shorted to ground or 1o either

is not excesded.

6. For operation sbove 26°C fres-alr P tefor to Dissipation Datating Curves, Section 2. In the J and JG packagas, TLO7 M chips sre
alloy-mounted; YLO7__I. TLO7_C, TLO7_AC, and TLO7 _BC chips sre glass mounted.

whichever is fass. .
supply. Temperature and/of supply voltages must ba fimited to ensure that the dissipation rating
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TYPES TLO71M, TLO72M, TLO74M
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS .

o'lectrlcal characteristics,Vcc+ = + 15 V {unless otherwise noted)

TLO71M, TLO72M TL.074M
RAMET NSt
i PA ETER TEST CONDITION o WP MAX P v MAX UNIT
. Vo =0, Ta = 28°C 3 8 3 L)
4 Vio Input offeet voltage mv
Rg = 6001 TA = ~656°C to 126°C ] 18
Temperst: v
emparatury Vo =0, Rg = 50,
ayvio cosfficlent of input 10 10 aVI*C
Tp = ~65°10 126°C
! offset voltage
.
TA = 26°C [} 100 5 100 A
ho Input offset current® Vo =0 A B
TA = ~65°Cto 126°C 20 20 | nA
% Ta = 26°C 30 200 30 200 ) pA
T:) Input blas cufrent Vo =0
Ta = =656°C to 126°C 50 20 | nA
Common-mode
vica Ta ~ 26°C 213 12 =1 212 v
Input voltage range
Ta = 26°C, A = 10k0 +12 %13.6 12 £13.6
Maximum paak
Vom R*= 10 k0 12 . +12 v
output voltage swing Ta = =86°Cto 125°C
AL = 2k0 £10 212 210 12
Vo= 210V, Ry = 2k0,
SR 4 L - 200 s 200
Large-signal differentiat | T = 26°C
Avp VimV
voltags smplification Vo = 210V, R = 21, | 15
(@) Ta = -66°C 10 126°C
, g [ Unity-galn bandwidth | Ta = 26°C 3 3 MHz
‘..‘; 1 input resiatance Ta = 26°C 1012 1012 0
1 Common-mod Vic = V¥ in, Vo =0
= lcmar Am LWL A L 80 oo .| s se 8
o rejection ratio ] Rg = BO (), Ta = 26°C
2 Supply voltage Voo = 16V o 28V, Vg = 0,
Y ksyr  tejectlon ratio 80 a8 80 88 o8
— Rg = 6001, Ta = 26°C b
> (aVee s /aVip)
Supply current No foad, Vo = 0,
= I I e 1.4 28 14 25 mA
- {per smplifier) Ta = 25°C
o2 Vo1/Vg2 Crosstalk attenuation | Ayp = 100, Ta = 26°C F 120 120 d8
=ty
a' LAl ch lstice ere d under open-oop with 2610 de Input voltage unless otherwise specified.
- $input blse currents of a FET-input opatstional ampiilier are nosmal § lon reverse , which ars itive a8 shown in Figure 18. Pulse
© techniques must be used that will malntain the junction temperstures as closs to the s b
!
v .
| hJ
[N .
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TYPES TL070, TLO70A, TLO71, TLO71A, TLO71B,

TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO74B, TLO75
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Vg =

£15V, Ta = 25°C

FIGURE 1-UNITY-GAIN AMPLIFIER

FIGURE 2-GAIN-OF-10 INVERTING AMPLIFIER

FIGURE 3-FEED-FORWARD

COMPENSATION

TLO7..M ALL OTHERS
PARAMETE TEST CONDITIONS IN{
N METER MIN TYP  MAX MIN  TYP MAX unir
Vi =10V, RL = 2 k0, .
SR 8 1 i i 13 13 )"/
ew rate 8t unity gain CL = 100 pF, See Figure 1 10 a . Ins
t Rise time , Vi = 20 mv, Ry = 2k, 0.1 0.1 1S
Qvershoot factor Cp = 100 pF, See Figure 1 10 10 %
Vi Equivalent input Rg = 1000 = 1 kHz 18 18 nV// Hz
noise voltage f = 10 Hz to 10 kHz 4 4 #v
ival i
oy Cauivalent input Rg = 1000, = 1kiz 0.01 0.01 PANTE
nolsae current
Total harmonic Voums; = 10V, Rg 5 1k,
THD 0.003 0.003 %
distortion Ry = 2k, f = 1kHz
PARAMETER MEASUREMENT INFORMATION
100 kQ
C2| (
O 10‘k‘ﬂ 1 [
o } c1| 600 pF
(‘_D‘ 1k§2
Lo | L= ) s fov
o ! 100pF | RL- A a
(o] L..l(.; < 2k e
3 Cc = 18 pF 3 P <
=18p = Tmo pF
2‘ for TLO70 c = | =z Ttoz0
> snd TLOTOA & L
D, -
=
[0}
-
0

INPUT OFFSET VOLTAGE NULL CIRCUITS

vee+
1MQ TLOTY
N2
1.5 k{2
vee-
FIGURE 6
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TYPES TLO70, TLO70A, TLOT1, TLO71A, TLO71B,
TLO72, TLO72A, TLO72B, TLO74, TLO74A, TLO748, TLOT5 -
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

!
'|
‘.
l
i

TYPICAL CHARACTERISTICS?

MAXIMUM PEAK QUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE

v

MAXIMUM PEAK OUTPUT VOLTAGE

[
FREQUENCY

L]
s . FREQUENCY FREQUENCY
" ‘ 18 : i 118 T
3 :: : ;:‘::“ 3 r{ lm T”ml-” Ii‘l > veer = ti1sv
\Z 216 v |(f Ta=25° AL =240
§"“ guu L HHillvee: = i _*nu |—1 Ta " 25°C See Figurs 2
: s TR T TN i :
110 110 | | l! ul | . 1o
et N Wi
i |
118 5 ers [ 1 A 2 as I 1]
! s - [ I 'li i £ i
i % E s |44 i i M R A= 126°C
H Il
# § 11 m M ;
! 125 i é 126 | [; [‘j e 'S 228 " L
] | H f
> N , U f >
] N_1TH ol !l 4 Wyl 0 =S4l
WO 1k 1ok 100k 1M 10M 10 1k 10k 100Kk IM oM 10k 40K 100k 400K 1M ‘4M oM
- Froauency-Hy t~Frequency~Hz t-Fraquency —Hz
FIGURE 6 FIGURE 7 FIGURE 8
'
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAX OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
v w v
FREE-AIA TEMPERATURE LOAD RESISTANCE SUPPLY VOLTAGE [7,]
1% - 18 —y I3l 7 | &4
> Ry = 1061} >. Vegs =~ 115V > R = 10K{2 m
Ta=25°C 41 Ta=26'C Frend
g‘m.s fu-2s0 | JLETY oot boos S
jism— = 5 1 £ =
> > L -3 A Q,
110 110 H E 10 e ]
} i g s 2 €
V1 . 2 / <
1 178 } 2175 F— 74 H ] 228 4— 4 ,
—
16 E 15 ~f -4 18 ©
H
i 3 1 5
125 § 12 3 2 4 R
3 Ve = 115V 2 8 =
> Ses Figurs 2 > o ©
+ 0
S5 80 ~26 0 78 60 75 100.175 61 02 04 07V 2 4 10 9 2 4 @6 @8 10 12 14 18 a';
TA-Frae Alt Tempetaturs-*C R ~Losd Reslstence--kf1 VECi-Supply Voltsge-v Q.
FIGURE ® FIGURE 10 FIGURE 11 o
TOTAL POWER DISSIPATED SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
L] e Ai]
FREE-AIR TEMPEAATURE FREE AIR TEMPERATURE " SUPPLY YOLTAGE
20
0 veer = 116V A Veep = tis v TA'- 5%
228 Nowgnal L8 No signat 181 po sionnt
g 200 b3 No load O No tosd 1.8 |- Mo toeat
<« M ¥
s ~ I § e ™ ? 14
[~~~y _TLO74, TLOIS E nt
150 3 12 12
j 126 1.0 10
100 § 08 '§ 08
f—
] __rio2 ! /]
in N 0 &4 08
- f )
é b0 JiL070, TLOTY = 04 ~ 04
% 3 0.2, 02
[ ° d v 0
-76 -50 =25 0 26 60 78 100 128 -6 ~56 -6 0 28 50 75 100 125 0 4 6 012 14 e

' Data st high and low tamperatures ere applicable only within the rated opersting frae-

Ta~Freo-Air Tampersture-"C

FIGURE 12

cupscitor is used with TLO70 and TLO70A.

Ta-Free-Air Tomperaturs—"¢

FIGURE 13

Vecst-Suppty Voltage -V

FIGURE 14

olr temperature ranges of the varlous devices. A 18-pF compensstion
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2. “J'lﬂa:ﬂ;’jﬂﬂﬁﬂﬂ\lﬂ%

4046

<

SCL4046B
SCL44468B

CMOS PHASE-LOCKED LOGPS

FEATURES

¢ Very low power consumption — 70 pW (typ)
@ fo = 10kHz, 5Vdc

Operating frequency range {no offset) —

Up to 3MHz (typ) @ 10Vdc (SCL4046B)
Up to 4MHz (typ) @ 10Vdc {SCL44468)

]

* e ¢ o -

$ Low fraquency drift — 0.04%/°C (typ) @ 10Vdc
# Choice of two phase comparators:. .
1. Exclusive-OR network
2. Edge-controlled mamory network with
phase-pulse output for lock indication -
VCO Inhibit control for ON-OFF keying and
uitra-low standby power consumption
High VCO lindarity 1% (typ)
Source-follower output of VCO control input
{Damodulator Output}
Zener Diode to assist Supply Regulation
Balanced Output Drive Current Specifications

-APPLICATIONS

FM demodulator and modulator

Froequency synthasis and multoplicahon
requency discriminator -

Data syrichronization ==

Voltagc-to-frequency conversion

Tom decoding

FSK-Modems

Signal conditioning

000.00’060-

DESCRIPTION

The SCL4046B and SCL44468 phase-locked
ioops contain two phasé cdrﬁparato'ri, a voltage-
controlled oscillator (VCO), sourcé follower, and
zenar diode. The comparators have two’' common
mputs The Signal Input can be’ used directly
coupled to large voltage stgnals ‘or indirectly
coupled {with & series capacitor} to small voltage *
signals. The self-bias circuit adjusts smati voltage
signals in the linear region of the amplifier. Phase
comparator I (an exclusive-OR gate) provides a
digital error signal PCIgy¢, and maintains 90° phase
shift at the certer frequency between Signal and
Comparator inputs (both at 50% duty cycle). Phase
comparator IT {with leading edge sensing fogic) pro.’
vides digital error signals PCIl,,,, and Phase Pulsés,
and maintains a 0° phase shift between input
signals (duty cycle is immaterial). The linear VCO
produces an output signal VCOqy¢ whose frequency
is determined by the voltage of input VCO;, and
the capacitor and resistors connected to pins Cla.
C1g, R1, and R2. The source follower output,
Demed Out, with an external resistor is used where
the VCOj, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables
the VCO and source follower to minimize standby
power consumption. The zener diode can be used
to assist in power supply regulation.

CONNECTION DIAGRAM
{all packages)
ZENER DEMOD OUT
P vCcO
Voo Sk 65¢ A2 R1 IN
1 l | | | |
16 15 14 13 12 11 10 9
SCL4046B SCL34468
J 2 3 &4 5 6. 7- 8
Pol::I ch:o H\IIH c'1 t;]1 vl
oUT | ouT (m) (8) S
PHASE  cCOMP
PULSES IN
Add suffix for package:
C  16-pin Cerdip
D 16-pin Ceramic
E  16-pin Epoxy
F _ 16-pin Flat -
H  Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Vonage . Vpp-Vss

Operating Temperature Ta
C.D,F, HDevsce .
E Devn‘.e

Jto 15
5510 +125 ©C
40to +85 OC

PN

BLOCK DIAGRAM

smli::l. @ Voo
]

HASE
counnnon 1

PHASE
coununon

comraaaTon PHASE COMR 3 OUT

——-—

PrASE coMP I OUT

-fprase puLses

rass
e
n2 69 ouT
Vss @
Og Rs
st N

b
Ve @ @uu:n V:S

Fig. 1
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s

= & SCLA046B, SCLAB46E, ,
l "{‘ .
Vito skcilon™ SRR L

The VCO requires one external capacitor {C1}
and one to two external resistors {(R1 or R1 and
A2). Resistor R1 and capacitor C1 determine the
trequency range of the VCO and resistor R2 en-
ables the VCO to have a lrequency offset if re-
auired. The high input impedance (10'2§2) of the
VCO simplifies the design of low-pass filters by
permitting the designer a wide choice of resistor-to-
capacitor ratios, In order not to Ioad the low-pess
filter, a source-follower output of the VCQ input,
voltage is provided &t termmal 10 (DEMODULA-

R

4 TOR OUTPUT).

if this terminal is Gsed, a toad
resistor (Rg) of 50k§2 or more should be connected
from this terminal to Vgg. If unused, this terminal
should be left open. The VCO can be connected
directly or through frequency dividers to the com-
psrator input of the phase comparators, A full:
CMOS logic swing is avsilable at the output of the:
VCO. A logic 0 on the INHIBIT input “enables”.

the VCO and the source follower, while a logic 1
“turns off* both to mmimize stand-by power
consumpuon . }

PHASE COMPARATORS - .

The phase-comparator signal input (terminal 14)
can be direct-coupled provided the signal swing is
within CMOS logic levels[ logic “0" < 30% (VDD-

'Vssl, logic “1" 2 70% (Vpp-Vgs)]. For Snaller

swings the signal must be capacrtivelchoup]ed to
the self-biasing amphfler at the sugnal input.

Phase comparator I is an-exclusive- OF netwr)rk -

it operates analogously to an over-dnven balanced
mixer. To maximize the lock range the s:gnai and
comparator-input freqliencies must have a 50%
duty cycle. With no signal or noise on the signa!
input, this phase comparastor has an everege output
voltage equal to Vpp/2. The lowpass filter ton-
nected to the output of phase coﬂparator I supplies
the averaged voltage to the VCO input, #nd causes
the VCO to oscillate at the center frequency {f,}.

The frequency range of input signals on which
thé PLL will I6cK, If it was initially out of 49ck;
is defined as the frequency capture range (21 .

The frequency rangé of input signals on which
the loop will stay locked if it was initially in lock i$
defined as the frequency lock range (2f;). The
capture range can not exceed the lock range.

With phase comparator 1, the range of frequen-
cies over which the PLL tan acquire lock {capture
range) is dependent bn the Iow-pass filter character-
istics, and can be made as large as the lock range.
Phase-comparator I enables a PLL system to remain
in lock in spite of high amounts of noise in the in-
put signal.

One characteristic of this type of phase com-.
parator is that it may lock onto input frequenciés}
that are close to harmonics of the VCO center-

| frequency ‘A second charactenstnc |3 that the phese‘. .

angle betweeh the srgnel érid the comparator input:
* varies between 0° and 180" #nd is 90° at the center. *
frequency. Figure 2 $hows. the [typical) mengulaﬁ".
phase-to- output. response characterisﬂc of phase—-;-
comparator I. Typical waveforms for e CMOS ..
phase-locked-loop employing’ phasé comparatér T
in focked Fondition is shown in Figure 3.

AVERAGE OUTPUT
VOLYAGE . ..

. Voo}-

Vpors2

AVERAGE OUTPUT VOLTAGE —V

1
BO*®
SIGNAL-TO~ COMPARATOR
INPUTS PHASE DIF FERENCE
’

| 1
(o] g0°*

Jow-pass filtér olitput.

M

PHASE COMPARATOR I

Input State

X x

Y

Sig Comp
in n

SIGNAL INPUT (TERM. l4lm
vCO OUTPUT {TERM.41)» ﬁ I"——‘
COMPARATOR INPUT

(TERM 3}
PHASE COMPARATOR I
OUTPUT (TERM, 2}

VCO INPUT (TERM, 9)«

PCIOut

LOW-PASS FILTER
oUTPUT

Fig. 3 — Typical waveforms employing phase comparator I in locked condition
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S B . .. ., OUTPUT LTERM.13}

SCL40468, SCLA44468

PHASE COMPARATORIT
lnput State
»
Sig Comp
in In
3State
PCIL Out 0 Output Disconnected- '
Phase Pulses : 9.° ¥ ~ °

SIGNAL INPUT (TERM. 14}

VCO OUTPUT (TERM 4} ¢
COMPARATOR INPUT
(TERM 3)

PHASE COMPARAYOR XI

‘VCO INPUT {TERM. 9+

awE W -
. LOW-PASS FILTER '
) _.OUTPUT -
ws PHASE PULSE (TERAM. I} -
NQTE! DASHED LINE 1S AN OPEN CIRCUI'I’ COND“I ﬂ' K

[

. Phase-comparator II is an edgecontrolled digital
mémory network. It consists of several flip-flop
stages, control gating, and & thfee state output;
gircuit comprising p-. and n-type drivers having a
common outpiit node. When the p-MOS or n-MOS.
drivers are ON, they pull the output up to Vpp or’
down o Vss, respectuvsly This' type of phade com-
parator acts only on the positive edges of the signal
and comparator inputs. The duty cycles” of the
signal and comparator inputs aré not important
since positive transmons control the PLL system
tilizing this type of comparator. 1f the signal lags
the comparator input in phase, the n-type output
driver i§. maintained ON for a time corresponding
to the phase: difference. If the-comparator input
|ags the sighal in phase, the p-type output driver is
maintained ON-for 8 time corresponding " Ho the
phase difference. Subsequently, thc}céﬁacné‘f voit-
age of the Iow-pass Filter, connetted iﬁ. thl(phﬁse
tomparator is adyusted unul the dignal aid com-

parator inputs are equal in both phase and frequen--

cy. At this stable point, both p- and n-type output

Fig. 4 — Typical waveforms employing phase compérptor 1T in locked tondition.

s, . s P

- % E ]

driver¢ remain, OFF Thus, the phasa comparator
output becomes an Open ‘circuit 4nd holds the voit-
age on the capacitqr of the Iow-pasé filtef constant
Moreovar tha §lgnal at the phase pulses “output is
a. high level whuch can be used for indicating 2
tocked condmon Thus for phase comparator II,
no phase dufferencé exists between sugnal and com-
parator input over the full VCO frequéncy range.
Moreover, thé. power dissipation due to (he low-
pass filter is reducéd when this type of phase com-
parator is used because both thd p- and n-type
output_drivers . are . OFF for _most -of the signal
input cycle. ’

It should bd noted that the PLL lock range for
this type bf phase comparator is equal to the cap-
ture range, mdependent of the low-pass filter. With
no signal presem at the.signal input, the VCO is
adjusted to* hs lowest frequency for phase com-
perator II. Flgure 4 shows typlcal waveforms for
34 CMOS PLL émploying phase comparator IODina
locked condition,



DESIGN INFORMATION . _ -

This information is a guide for approximating

the values

of externa!

components for the

SCL40468 and SCL44468B in a Phase-Locked Loop

system. THe selected external components must be

" T SCLA0AGE; SCLA4468

.

R1, R2 22k, Rg = 10k§2
C1215pF

In addition to the given design information refer
to Figure 5 for R1, R2, and C1 component selec-

H'Q{“‘

. ”4» ¢-C 4"

within the following ranges: tions.
USING PHASE COMPARATOR L USING PHASE COMPARATOA IT
v t T
CHARACTERISTICS veo mr:zo::: OFFSET VCO WITH OFFSET veow Lr;o_u: OFFSET VCO WITH OFFSE

VCO Frequency

Yoo’2 Voo Voo?

vCO INPUT VOLTAGE

Voo
VCO INPUT YOLTAGE

o
tartl = =
=T o
o -1-

]
1
Yho’/2 VDD
VvCO INPUT VOLTAGE

%

vpo’2
VCO INPUTY VOLYAGE

Voo

- .
1oy =,

g 10

s

I T
(/7,“ ’

'@}4'9./\’&'

For No Signsl tnput

v

** VCO in PLL system will adjust

Frequency Lock Range, 21

VCO in PLL system will adjust to center fraquency, iy

2 fi_~ tult VCO
2L = fraax~tmin

to {owest opersting frequency, fmin

frequency rarige - §

i

Frequency Capture
Range, 2i¢c

Loop Filier
Component
Selection

a3 oyr

y 1 ’mL
B iy

IN

_rl *RICZ Icz

For 2 ¢, see Ref.

R1

Fig.5¢ 10 determine
ratio R2/R1 to obtsin

" 90° gt conter #r (1), ximating C° and
Phase Angle between by ey o), sppr Always 02 in lock
Signat and Comparastor 1807 st ends of tock range (21 )
Locks on Hermonics of Yy s ,
Center Frequency ys 9
Signs! Input Noise " %
_ Rejection High 8 Low
~ Given: f, ~ Given: {_ snd ff_ — Given: {an ~ Given: tin & frnax
— Use {, with Fig.5s to — Catculate fm. . from —~ Calculste 14 from ‘= Use fmin with Fig.5b
determine R1 and C1 the equstion : the equition to determine A2andC1
fmin = fo = f_ (- fmax frmax
— Use Imin withFig. 5b ° 2 — Calculnte Toon
. to determine R2and C1|  _ (45 fo with Fig.5s to o
fmax determine R1 snd C1 - Use T 2%
vco - Calculate 5 Use Tmin 8 Frg.Sc
)
Comp?n-m from the equation to determine
Seteciion ' 1e1 ratio R2Z/R1 to
max ot 7L
obtain AY -
fmin fo =L
'mnx
- Use T with
min

*

REF. G, S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
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SCL4046B, SCLA346B

ELECTRICAL CHARACTERISTICS '

? @ 2
PARAMETER Voo | conDITIONS Tiow *5C TuicH Units
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE oo
CURRENT 5 {Inhibit = Vpp - 5 ~ | 0.05 5 - 150 jpAdc
10 |{Signal Input = - 10 - {00 10 - 300
* 15 Voo = 20 - 102 20 - | 600
TOTAL POWERDISSIPATION {P¢ Inh = Vgg.
VCO,,= Yoo
i 1, = 10kHz/
5 | Cu =150F - | - ~foo7} -1} - - w
10 | R1=1MQ, -1 - - 108 B e e
15 R2=Rg = 4 - - |24 - - -
'NOTES: ' Remaining Slanc Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
! Tiow -55 C for C, D, F, H device.
= -40° C for E device.
Trign = +125°C for C, O, F, H device.
= + B5°C for E device.
¥ VCO output {pin 4) and Phase Comparator Outputs {pins 2 and 13} have been designed ior
balanced output drive current specifications. Consult Family Spec:hcanons &
PARAMETER CONbITIONS Vv AL UNIT
20 Min. | Typ. . | Max.
VCO SECTION ¥
MAXIMUM OPERATING| f.u
FREQUENCY !
SCL40468 R C1
R2=oo 10k SOpF 5 0.5 0.8 - MHz
MCOw = Voo 10 1.0 1.5 -
15 1.3 1.9 -
"5k 5OpF 5 0.6 1.0 - MHz
, : 10 1.4 2:1 -
: 16 1.8 2.7 - .
. - 2k 50pF 5 = 13 L) L= L | MHz
i 10 - 29 -
‘ 15 = 38 v “ -
SCL44468 R2=o0 R1 C1t .
VCO = Vpp | 10k 50pF 5 0.7 1.0 - .MHz
. : -10 1.3 20 -
15 1.9 28 -
5k 50pF 5 .4 09 1.3 - MHz
10 1.9 29 -
. . 15 2.6 3.9 -
. 2k, 50pF .5 - 1.8 - MHz
10 - 39 -
15 - 5.4 —-
LINEARITY R2aoce
VCO = 2.5:0.3V, 5 - 1 - %
R12>10k82 i
VCOpi=.5.04 .6 10 - 1 -
Ri>d00
' VCOy = 7.5¢5.00 15 - ! -
R1>1MQ v
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ELECTRICAL CHARACTERISTICS (Continued)

A

.~z

- ‘ 1257 UNIT
PARAMETER CONDITIONS Voo Min T Tye. | Max.
VCO SECTION {(Continued) .
TEMPERATURE-
FREQUENCY .
STABILITY Lo A
No Offset R2=co 5 - 0.12024 | — %/°C
10 - 0.04-0,08 -
) 15 - 0.015-003 | -
With Offset JR2< 10X Rt 5 - | 0.06-0.12 - %/°c
. 10 - 0.05-0.1 -
18 -~ 0.03-0.06 -
INPUT RESISTANCE Rin
{(VCO,) 510,15 | ~-  {10% . =, (M
OUTPUT DUTY Al valid input combin- h - I
CYCLE . ations and voltages | - 50 — %
OUTPUT TRANSITION f . ¢ i ' o
TIME TeRTTHY ¢y = BOpF 5 - 100 200 |ns
- 10 = 50 - 100§
15 = 40 80
PHASE COMPARATORS -
INPUT RESISTANCE | . 4
Signal Input | Ry 5 1 3 - MQ
’ 10 0.2 0.7 .
: 15 « | 0.4 03 -
Comparator Rin 5, 10, 16 o 100 7 - MQ
Input ) . )
AC-COUPLED INPUT  {Viy Y B
SENSITIVITY - . . /i - -
- Signal Input +5 - 200 400 | mv
. . 10 = 400 "800
15 ‘= 700 1400°
OUTPUT TRANSITION
TIME
PC1, PCIX tFLH, trie 5 - 100’ 200 ns
Outputs C_ = 50pF 10 - 50 100
16 - 40 80
Phase Pulses trin. true 5 = 130 260 ns
Output 10 - 65 130
15 - 50 100
DEMODULATOR OUTPUT
OFFSET VOLTAGE VCO - \
Voem | Rg> 50k 82 5 - 14 22 | Vde
10 - 1.6 2.2
15 - 1.8 2.2
LINEARITY Rg>50k N
VCOn =2.510.3V 5 - 0.1 - %
VCOy = 5.0¢2.5V 10 - 0.6 -
VCOjy = 7.5¢5.0V 15 - 0.8 -
ZENER DIODE
ZENER VOLTAGE Vz 1z = 50A - 6.3 7.0 77 |V
DYNAMIC Ry Iz = ImA - - 100 - (4]
RESISTANCE ] .
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Fig. 6 (a) - Typical VCO power dissipation
at center frequency vs R1.
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Fig. 6 (c) - Typical source follower
power dissipation vs Rg.

NOTE: To obtain spproximate total
power dissipation of PLL system

. for no-signal input
PD {Total) = PD “O) + PD "MlN) + PD (Rs’
— Phase Comparator |

PD (Total) = RD “M'N’
— Phase Comparator {1
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Features

Applications

Description

The MTB870 is a complete DTMF. receiver in-
tegrating both the bandsplit filter and digita! de-
coder functions, fabricated in Mitel's double-poly
1ISO*-CMOS™ technology. The filter section uses
switched capacitor techniques for high- and low-
" group filters ard dial-tone rejection; the decoder

3. 7898z L Daawav Lol 8870

ISO*.-CMOS™ MT8876A
Integrated DTMF Receiver

Preliminary Information

o

APRIL 1983

Full receiver in single 18-pin package
.Central Office quality

Low power consumption

Adjustable acquisilion and reléase times

v

PABX

Central Office
Key Systems
Mobile Radio
Remote Control

*CONNECT 10 Vg5

Pin Connections

<

e 18> vpp

w-Cl2 v[Sse
sy 16[_IESt,
VReF 4 1580
w s 1H>n
e 1o
[HAlen ] 120,
osc2}e N[>0y
vss<j9 10108

Remote Data Entry

Ordering Information
MT8870AC 18-PIN CERDIP

i

uses digital counting techniques to detect and de- .
code all 16 DTMF tone-pairs into a 4-bit code.
External component count is minimized by on-chip
provision of a differential input amplifier, clock os-
‘cillator and latched 3-state bus interface. ’

voo vss VRgr
[ 1731
CiRCt
‘ cHIP !
REF
CHIP tHip
n HIGH .
POWE Bias GRouP T 1o O
FILTER coot
' DIGITAL . 2 -
.o ’ v 2t80 BETECTION R — o
ow | CROSSING |, ALGORITHM e
- o - frea DETECTOAS [, 0
ow
€S o ——  crour b o M
FILTER .
Ly t ;
CHIP CLOCKS st STEERING
XY N --{ ! L0GIC
| ! i
6 . 3 6 )
osC 1 osc2 $17G1 €St s 16¢

x

Fig. 1 Functional Block Diagram
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MT8870A ' - Preliminary Information

Absolute Maximum Ratings'’

Parameters Min, Max. Units
Power Supply Voltage Vpp ~ Vgs . . € ' v
Voitage on any pin ! Vgs ~0.3 V.. -0.3 \Y
Current atb any pin 1e " mA
Operatiné temperature -40 +E5 °C
Storage temperature -65 T +150 °C
Package power dissipation? ] 1020 mwW

' Exceeding thése ratings may cause permanent damage. Functional operation under these conditions is not

implied.
* Derate above 75°C. @, 16 mW/<C. All leads soldered to board.

DC Eléctrical Characteristics

Characteristics .| Symboi | Min. | Typ. | Max. | Units Test
: Conditionst
K ‘
{ 11 y | Operating Supply Voltage Voo 4.75 5.25 \
P .
2 | p | Operating Supply Current too 3.0 7 mA
L . .
3| y | Power Consumption P 15 35 mW | §="3578 MHz; Vg = 5V
4 Low Level Input Voltage Vo 1.5 v
5 | High Level Input Voltage Vi 3.5 v
6 s Input Leakage Current Wb 0.1 uA V.= Vgg OF Vpp
7 '_‘rJ Pull Up (Source) Current Iso TOE (Pin 10)=0 V
g|S Input iImpedance | Signal R 10 | Meg 1 3 1kHz
' Inputs 1,2
9 Steering Threshold Voltage Vis 2.45 v
10 Low Level Output Voltage Va 0.03 \Y No Load
11 | O | High Leve! Output Voltage Vo 497 \ No Load
— U
12 | T | Output Low (Sink) Current for 1.0 25 mA « V..=04V
— P
13 | U | Output High (Soutce) Current lon 0.4 0.8 mA V-:1=46V
— 7
14| S | Output Voltage v ] Ve 24 27 | v No Load
- REF
» .
15 Outpul Resistance |. Ron 10 K

I Vo =5V V., =0V T.=25C



Preliminary Information

Operating Characteristics

Gain Setting Amplifier

MT8870A

Typ.

Units

Characteristics Symbol | Min. Max. Test
' : ) Conditions t
'1 tnput Leakage Current ™ 1100 nA Vgs < Vi < Voo
2 { Input Resistance R . 10 MQ
3 | Input Offset Voltage Vos to5 mv
.4 | Power Supply Rejection PSRR 860 . dB 1kHZ
5 | Common Mode Rejectidn CMRR: 60 dB ~3.0V <Vy < 3.0V
6 | DC Open Loop. Voltage Gain Avor 65 dB
7 |.Open Loop Unity Gain Bandwidth 1. L 15 MHz
8 | Output Voltage Swing Vo 45 Voo R, 2 100 kQlto Vgs
8 Tolerable capacitive load (GS) C, 100 pF
10 | Tolerable rgslstiVe load (GS) R, 50 KQ
11 | common Mode Range Vem 3.0 Ve No Load
{ Vop=5V.Ves=0V, T,=25C ¢
AC Characteristics
Characteristics Symbol Min. Typ. | Meax. | Units Notes
’ \
S -
1 . -21 dBm 1,2.345.8
G
N Valid Input MIN
A | Signal Levels
L (each tone 69.1 mVaus 1.2.3.4.5.8
of composite
c signal) ]
o +1 dBm -
N MAX 123458
D : 883 MVans
.:. N Positive 10 dB
' Twist Accept Limit 2,348
o Negative 10 dB
N -
s Freq. Deviation Accept Limil *25% | Nom. 2,358
Freq. Deviation Reject Limit }a5% Nom, 235

g

L e e



MT8870A

AC Characteristics

Preliminary Information

Characteristics Symbol Min. Typ. | Max. | Units Notes
Third Tone Tolerance -16 dB 234589
Noise Tolerance R -12 - dB 2,345689
Dial Tone Tolerance -~ 18 ds 23457389
Tone Present Detection Time tor [ 11 14 mS Refer to
) Fig. 4
T | Tone Absent Detection Time toa 1 4 8 mS
I
Tone Duration Accept t 40 mS
h:‘ ’ P — ' (User Adjustable)
g ° Times shown are
' ln.terdigit Pause Accept to 40 mS c?rt::;'tnﬁ‘d;:vg'fhz
o Propagation Delay (St to Q) - teo 8 11 uS
‘TJ Propagation Delay (St to StD) N 12 uS TOE = Voo
LPJ Output Data Set Up (Q to Std) losio 3.4 uS
T Propagation Delay ENABLE tore 50 nS R =10 k!
S, (TOE to Q) C, = 50pt
DISABLE tero 300 nS
o]
L | Crystal/Clock Frequency fein 3.5759 |3.5795| 3.581 MHz
(o]
c Clock Output Capacitive Cio 30 pf -
K {OSC2) Load

t Unless noted Vgp = 5V. T, = 25°C, fc.« = 3.579545 MHz,

NOTES

1

v e WwN

. dBm = decibels above of below & relerence
‘power of 1 mW into a 600 ohm load.

. Digit sequence consists of all 16 DTMF tones.

. Tone duration = 40 mS. Tone pause = 40 mS.
. Nominal DTMF frequencies are used.

. Both tones in the composite signa! have an

equal amplitude.

using test circult of Fig, 2.

. Bandwidth limited (0 to 3 kHz) Gausian Noise.
. The precise dial tone frequenties are {350 Hz

and 440 Hz) +2%.

. For an error rate o1 bétter than 1 in 10.000.
. Referenced 1o lowest level frequency component

in DTMF signal.



MT8870A

Preliminary Information .
sV
Fiw |Fuon | [KEY|TOE|| @, [ @, | Q, | q,
oy /|0 697 | 1209 1| H oo |o {1
100 o E‘é"“ Yoo L 697 (1336 [{ 2 [ v |l o o] 1o
N - SuGT[} . .
100 k1! 300 ki
—{J6s €5t }— 697 | 1477 3 |H o |o 1 1
i — L 50 [}—4—O . '
e o.0——0 770 | 1209 4 {H|[o0o]a]oOo]oO
| P I op—1—0 770 [1336 || 5 | W [l o |1 ]0o |1
P e—{Josc 1 o, F—4—0O
=]
T—{TJosc2 o.[F—1+—0 770 1477 6 H 0 1 L ]
Ve T0€ :}—J '
/J 852 | 1209 7 H 0| 1 1 1
7 ALL RESISTORS ARE 1% TOLERANCE, 852 11336 8 H 1 0 0 0
ALL CAPACITORS ARE <«5°% TOLERANCE. \
852 | 1477 9 | H 1 0 0 1
Fig. 2,Single Ended input Configuration 941 11336 0 |H 110110
941 {1209 || * | H 1o | 1]+
Functional Description
) 941 | 1477 # H 1 1 0 0
The MT8870 monolithic DTMF receiver offers
small size, low power consumption and high peripr- 697 1633 A H '1’ 1 0 1
mance. Its architecture consists of a bandsplit filter
section, which separates the high and low tones of 770 1633 8 H 1 PR I 0
a receiver pair, followed by a digital counting sec- : :
tion which verifies the frequency and duration of 852 1633 c H 1 1 1 1
the received tones before passing the correspond- : ’
ing code to the output bus, 941 1633 D H 0 0 0 0

Filter Section

Separation of the low-group a:d high-group
tones is achieved by applying the dual-tone signal
fo the inputs of two ninth-order switched-capacitor
bandpass filters. the bandwidths of which corre-
spond 1o the bands enclosing the low-group and
high-group tones (see Fig. 5). The filter section also
incorporates noilches at 350 Hz and 440 Hz for
exceptional dial-tone rejection. Each filter output is
followed by a single-order swilched-capacitor sec-
ton which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators
which are provided with hysteresis to preven! de-
tection of unwanted low-level signals ant! noise: the
outputs of the comparators provide full-rail logic
swings at the frequencies of the-incoming tones.

Decoder Section

The decode: uses digital counting techniques to
determine the frequencies of the limited tones and

ANY{ L z |z |z ]| Z

L = LOGIC LOW, H = LOGIC HIGH. Z = HIGH
IMPEDANCE "

DRSS

Fig. 3 Functional Decode Table

lo verily that they correspond to standard DTMF
frequencies. A complex "averaging algorithm pro-
fects against tone simulation by extraneous signals,
such as voice, while providing tolerance to small
frequency deviations and variations. This averaging

algorithm has been developed. to ensure an opti-

mum combination of immunity to “talk-off* and
tolerance to the presence of interléring signals
(““third tones™) and noise. When the detector recog-
nizes the simultanequs presence of two valid tones
(referred to as “'signal condition™, in some industry
specilications). it raises the “early steering” tiag
(ESt).. Any subsequent loss of signal-condition will
cause ESt to fall.

e
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MT8870A

EvenTs| A | ' t jet E ! P ¢ :
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w_ LI A e M el
| | wn
- r
P s I~ us
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Q104" | )
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0 ‘ X Y A\
outPul | -
omef fo—tpTE __..ie.__m,,
10¢

A} SHOPT JONE BURSYS . OETECTED, TOME DURATION IS INVALID,

C) END OF TONE # n IS DETECTED AND YALIDATED.
0} 3 STATE QUTPUTS DISABLED (HIGH SMPEDANCE).

8) TOXE # a IS OETECTED, TONE DURATION IS VALID DECCDED TO OUTPUTS.

DOES NOT RECISTER AT CUTPUTS,

6) END OF TONE # n+1 1S DETECTED ANO VALIDATED,

r

E) TONE # 6+ 1 1S DETECTEC, TONE DURATION 1S VALID, DECODED 1O OUTPUTS.
F) TRISTATE QUTPUTS ANE ENASLED. ACCEPTABLE DROP DUT 07 TONE # et

Fig. 4 Timing Diagram
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Fig. 5 Typical Filter Characteristic
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INSTRUCTION SET SUMMARY 87 ‘
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Tedle 431 45-Berive Mnstruction Set Summary H
. . na0s
MMEMONIC FUNCTION DESCAPTION cYcLES  OYTES CACPY Pl
ACCUMULATOA
ADD A. sasta (M —tAreame  © - Addlsmediate the ipecified Ona to i I T e
- * the Accmulator.- ‘.
. s N . T % .t [
ADD A Rr {A) = {A) + (A1} . "Add contents of designaied hegis'er 10 1 “ e,
torg = Q-7 s the Accumuiator, )
ADO'A @ Rr (A} = {A) - (LA} Add Indiract the conients 1w data mémory ' t e
fores0-1 locetion 10 the Accumulator R
ADOC A, #dats (A} = (A} (C) ¢ dsta . Add tinmediale with carry the specihed H 2 e
' * gatk to the Accumuiaior, <
! ADOC A, Rr (A} = (A} * (€} + IR Ad with catry (he canlents of the desig- ] y e d
| _ torre8-7 i Aated register 10 the Accumuiatar ’
i aobcA. @ Ar Ay = A1 = (€1 + (A} AGQ Indhrect wih carry the Coments ot 57Ty el
i ‘ torer Q-1 ., Outa mamory locancn 10 ihe Ascumusator., .
I ANL A, sgsta [A) = (A} AND dats . Logictl AND specrlied lumecisie Dsta AL B S
! *wir Accysdator, - et :

" Logeat AND conténts of Jerigraisd

(A) = (&) AND (w0}
N

1
Xt o
3
A
2
“E ‘
t ]
i
1
R
Laa
PR
i
i
o Tooe B, :
(PCOT) = dade A0 - Jumg 10 specified sddress ¥ sccumutator .
PC)— (PCYSANA =D 4 ronrers.. ) s,
i
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INTI SEL  RB1
MOV  R7,A
MOV RO, #30

NEXTLN MOV  A,@RO

XRL A,#11
JNZ NOTRDY
CALL INITPT

MOV  R1,A
NEXTCH MOVX A,@R1
CALL OUTIBM
WAITI JNI  CONT
\ JMP  WAITI
CONT INC Rl

XRL A,#16
JNZ NEXTCH
MOV @RrRo0, #00

NOTRDY INC RO
MOV A, #38
XRL A, RO
JNZ NEXTLN
DIS I

MOV A, #FF
CALL OUTIBM

MOV A,R7
RETR
TCNTI NDINZ R6,ENDCTI
MOV R4, A
MOV A,R2

JB7 QUIET
ORL A, #80
MOV R2, A
MOV R6,#TC2
CALL CLOCK
CALL OUTP1

MOV  A,R4 ' ¢
RETR ‘
QUIET MOV A, #40
CALL OUTP]
INC® @RO )
MOV  R2,#FF '
STOP T
MOV  A,RA4
RETR
MAIN MOV A, #0COH
OUTL PL,A
& MOV A, #OF8H
! OUTL P2,A

MOV R2, #FF
MOV RO, #37
MOV R7,#08



>type bict2

A>

LOOP

MAINZ
MAINZ

OFFSET

PASS

STATO

ENDSO

CLR

MOV
CALL

. CALL

DEC
DJINZ
DIS
EN

MOV
MOV
RL
RL
ADD
JMPP
CALL
JIMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
CALL
JMP
INC
MOV
XRL
INZ
Jz

MOV
CALL
JNTO
INC
RET

A

/@RO)A

INITPT
INMTIME
RO

R7, LOOP
I

TCNTI

RO, #30
A,@RO
A

A
A,#OFFSET
2A
STATO
PASS
STATI1
PASS
STATZ
PASS
STAT3
PASS
STAT4
PASS
STAT3
PASS
STAT4
PASS
STAT3
PASS
STAT4
PASS
STATO
PASS
STAT10
PASS
STAT11
PASS
STAT12
PASS
RO

A, RO
A,#38
MAINZ
MAINZ2

A,#COH
OUTP1
ENDSO
@Ro



type bictd
STATI1

ENDS1
STAT2

STAT3

STORE

MOV .
CALL
JTO
MOV
INC
JNZ
MOV
CALL
INC
MOV
ANL
MOV
MOV
CALL
RET

RET

MOV
CALL
JNT1
CALL
ORL
IN
SWAP
ANL
MOV
XRL
JZ
MOV
XRL
Jz
INC
CALL
MOV
MOVX
MOV
ANT,
XRL
Jz
RET
MOV
ANL
RL
MOV
INC
MOV
INZ
INC
INC
MOV
JNZ

A,#COH
OUTP1
ENDS1
A,R2

A
ENDS1
A, #40H
OUTP1.
8RO

A, RO
A,#07
R2,A
R6,#TC1
CLOCK

A,#40H
OUTP1
WAIT
INTIME
P2,#F0
A, P2

A

A,#OF
R3, A
A,#RESET
RESTART
A,R3

A, #ENTER
SKIP
@RO
INCPT
A,R3
BR1, A
A, #1F
A,R]
A,#12
OUTRNG

A, RO
A, #1F
A

R1,A
@R1
A,@RL .
ENDS‘SL ‘;
R1

@Rl
A,@R1
ENDS3



ype b:ct8

OUTRNG

ENDS3
RESTART

SKIP

STAT4

ENDS4

STAT10

ENDS10
STAT11

OUTP1

CLOCK

"MOV

ADD
JNC
MOV
JMP
CLR
MOV
CALL
RET
CALL
MOV
RET
MOV
ADD
MOV
INC
INC
INC
JMP

MOV
CALL
JT1
MOV
DEC
MOV
RET

MOV
CALL
JT1
MOV
CALL
CALL
INC
MOV
CALL
EN
RET

RET

ORL
ANL
OUTL
RET

STOP
CLR
MOV
STRT
RET

A, @RO
A, #FR
OUTRNG
@RO, #07
SKIP

A
@RO, A
INITPT

INITPT
@RO, #04

A,@R0O
A, #OF
R3,A
8RO
@RO
@R0O
STORE

A,#40
OUTP1
ENDS4

~A,@R0

A
@RO, A

A, #40

OUTP1

ENDS10

A, #CO

OUTP1 \
INITPT

@RO

A, #FE

OUTIBM |,

I

A, RO oARY GV

A, #C7
P1l,A

=3 > 5

A, 0



ype b:cth
INITPT

OUTIBM

INTIME

INCPT

MOV

" ORL

MOV
ORL
MOVP
MOV
RET

ANL
MOVX
ORL
RET

MOV
ANL
RL

MOV
CLR
MOV
INC

MOV

RET

MOV

‘ORL

MOV
MOV
INC
MOV
RET

A, RO
A,#08
R1,A
A, #F0
A, @A
@R1, A

P2, #F7
@R1, A
P2,#08

A,RQ
A,#1TF
A
R1,A
A
@R1,A
R1
@R1, A

A, RO

© A,#08

R1,A
A,@RI
@Rl
R1,A



TCNTI

\ TDELAY

OUT3

ouT
ouT2

OUT1

INTI

DELAY2

RETURN

MOV
STOP
MOV
MOV
MOV
DJINZ
STRT
CALL
MOV
RLC
MOV
DINZ
MOV
INC
JZ
INC
DJINZ
CALL
MOV
MOV
CPL
MOV
SEL
MOV
STOP
JNI
EN
SEL
MOV
RETR

SEL
MOV
SEL
MOV
DJNZ
MOV
MOV
STRT
CALL
JC
MOV
DIS
SEL
MOV
RETR
STOP
SEL
MOV
RETR

R7,A
TCNT
A,#TCT
T,A
R3,#TC3
R3, TDELAY
T

RDBIT
A,R2

A

R2, A
R5,0UT1

.@RO, A

A

- ouT3

RO
R6,0UT
DECODE
R6,#03
RO, #BUFF3
F1
A,R2
RBO
R2,A
TCNT
oUT2

I

RBO

A, R7

RBO
R5, A
RB1

R5, #TC4
R5,DELAY2
A,#TCT
T,A

T

RDBIT
RETURN
R5, #08H

I

RBO

A,R5

b

TCNT
RBO
A,R5

- j 74
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TIMER/COUNTER INTERUPT
SERVICE ROUTINE '

EXTERNAL INTERUPT
SERVICE ROUTINE



type b:pr2
MAIN

NEXT

NEXT?2
NEXT3

CLEAR

MAIN3
MAIN2

SYNCIN

PAGER

MOV
MOV
MOV
MOV
MOV
MOVP
MOV
MOV
INC
INC
INC
DJNZ
MOV
MOV
CALL
DJNZ
DJINZ
CLR
OUTL
CLR
EN
EN
SEL
MOV
MOV
DEC
MOV
MOV
MoV
SEL

CLR
CALL
JFO
INC
JNZ
CPL
JMP
INC
Jz
MOV
XRL
JZ
CALL
JMP
CALL
XRL
JNZ
CALL
INC
JZ
MOV

/

RO, #BUFF1
R1,#BUFF2
R7,#READY
R3, #0AH
A, R7

A, @A
@RO, A
@Rr1,A

RO

R1

R7
R3,NEXT
R2,#TC1
R3,#TC2
D1ISP
R3,NEXT3
R2,NEXT2
A

P1,A

Fl

I

CNTI

RB1
R1,#TD1+1
@R1,#HITD
R1
@R1,#LOTD
R6, #03H
RO, #BUFF3
RBO

FO
WAITCH
SYNCIN

A

MATNZ

FO

MAIN2

A

MAIN

A,R2

A, #HIBYTE
PAGER
WAITCH
MAIN3
WAITCH

A, #LOBYTE
MAIN3 -
WAITCH

A

MAIN2

A, R2

MAIN PROGRAM
START UP

RESTART POINT .

DETECT FOR SYNC

COMPARE WITH THE
PAGER NUMBER



type b:pra

SWAP A
ANL A, #0FH
MOV R3,A
MOV R3,A
MOV  A,R2

- ANL A, #OFH
MOV R4, A
ADD A,R3
ADD A, #0F6H
JC  MAIN3

MOV  R1,#BUFF4
CALL PUTBF

f MOV A, R2
INC A
\ JZ  TSET1
INC A
JZ  MAIN3 :
MOV A, #HIFEN
MOV @R1,A ’
INC Rl
JFO  SKIP'
MOV A, R2
MOV @R1,A
INC R1
DEC R4
SKIP MOV A, R4
MOV R3,A
CALL PUTBF
MOV  A,R2
INC A
TEST1 CLR FO
JNZ TEST2
CPL FO
JMP. MAINZ
INC A
JZ  MAIN3
EMPTY MOV A, #BUFF4+10  FILL THE BUFFER
XRL A,RI WITH BLANK

JZ  FINISH
MOV A, #BLANK

MOV @Rl,A
INC R1
JMP EMPTY
FINISH ORL P1,#80H * BEEP THE SPEAKER

MOV RO, #BUFF1
- MOV  R1,#BUFF2
MOV  R6, #0AH

MOVE1l MOV A, @RO
MOV @R1,A
INC RO
INC R1

DJN7 R6,MOVE1l



type b:pra@
MOV RO, #BUFF1 )
MOV R1,#UFF4
MOV R6,#0AH

MOVE2 MOV A, @R1
MOV @RO, A
INC RO
INC R1
DINZ R6,MOVE2
JMP  MAIN3
DISP MOV RO, #BUFF1+9  DISPLAY THE CONTENTS'
LOOP MOV R6,#0AH IN MEMORY
LOOP2 MOV A,@RO
MOVP3 A, @A
OUTL P1,A
MOV A,R6
DEC A
SWAP A
~OUTL FP2,A
MOV A, #20H
DELAY JF1  END IF THERE IS NEW DATA
DEC A WILL JUMP TO END
JNZ DELAY
DEC RO
DJNZ R6,LOOP2
END CLR A
OUTL P1,A
RET
WAITCH JF1 DATAIN WAIT FOR NEW DATA
SEL RBI1 TEST THE KEY PRESSED
'MOV A, @RI AND DISPLAY DATA
INZ  NTDLO
INC Rl
MOV  A,@R1
JNZ NTDHI
DEC Rl
SEL RBO
JMP W2
NTDHI INC @Rl
o DEC Rl
NTDLO INC @Rl
MOV A, #TD1
XRL A,RI1
SEL RBO

JZ DISPB1
JNZ DISPB2

w2 JNTO KEY
JT1 WAITCH
SEL RB1
MOV R1,#TD2+1 ..

JMP SETCK



type bi:pr8

DISPB2 MOV RO, #BUFF2+9
CALL LOOP
. JMP WAITCH
KEY SEL RB1
) MOV R1,#TD1+1
SETCK MOV  @R1,#HITD .
DEC R1
MOV @R1,#LOTD
SEL RBO
JMP WAITCH
DISPB1 CALL DISP
JMP WAITCH
DATAIN MOV A,R2
CLR F1
RET
PUTBF CLR FO PUT DATA INTO
MOV A,R3 THE BUFFER
: JZ BACK
AGAIN CALL WAITCH
INC A
JZ BACK
MOV A,R2
SWAP A
ANL A, #0FH g
MOV. R6,A

ADD  A,#0F6H ).
JC NDIGIT
MOV  A,#O0FH
ANL A,R2
MOV R2,A
«  ADD A, #O0F6H
JC NDIGIT

MOV A,R6
MOV  @R1,A
INC Rl °
DJNZ R3,NZERO
RET
NZERO MOV  A,R2
MOV @R1,A
INC R1
DINZ R3,AGAIN
BACK CPL FO
RET :
NDIGIT MOV R2,#0FEH
RET
RDBIT MOV R3,#00 READ SERIAL DATA
MOV R7,#29H FROM INT LINE
RB1 JNI ZERO
INC R3

NOP



A>

type b:prb
RB2

ZERO

DECODE

DJNZ R7,RB1

MOV
ADD
RET
JMP

MOV
MOV
MOV
INC
MOV
MOV
XRL,
INC
ANT,
MOV
MOV
AN,
ORL
MOV
RET

A,R3
A, #OEBH

RB2

RO, #BUFF3 GET THE CORRECT DATA
A,@RO

R2, A

RO

A, @RO .
R6, A
A,R2
RO
A,@RO
R5, A
A,R2
A,R6
A, RS
R2,A
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A>type b:pl

#include <conio.h>
#include <dos.h)
#include <fcntl.h)
#include <{screen.c}
#include <call8048.c>
#include <o_port.c>

#include <recorde.c) @m“é
/
#define HOUR_PORT Ox2c4
#define MIN_PORT 0x2c3
#define SEC_PORT 0x2c2
#define RESET_PORT 0x302
#define TX_PORT 0x300
#define STAT_TX 0x303
#define RX_PORT 0x300
#define STAT_RX 0x301

struct USER({
char name{20];
char surname([20];
char address[40];
char tel([10];
char number[5];
Juser;

struct CALL({

. int pager;

char tel[10]:

char time([9];

char date[9];

}calling[100];

int ttx = 0; /% times of transmission x/

main()
{
int choice_number = 0;
int stop = 0;
int loop = 1; - et
inportb (RESET_PORT)7 reseh énhr [
while (loop !'= stop) vwp $ ¢

. ré)
_ ﬂr;J) ?fwwﬂﬁf

choice_number = menu();

loop = call(choice_number); ¢
}}

FUNCTION RECIEVE KBD AND RETURN CHOICE
choic columnlimit,width,space,ylimit,yspace,cOy,cOx)

int ch,cxx,cyy,cxstop,choiceno;

int ch2 = 0;
int column =1

int row = 1:
int select = 13;



A>type b:p2
= cO0x;

CXx = ufdﬁ;a&

cyy = cOy;
fpoke (cyy,cxx{width,l);'
do
{
ch2=0; _ i 0
while(kbhit() == 0) /% CHECK KEYBOARD HIT b 94
import8048(); '
ch=getch();
/* Erase old reverse block %/

if(ch==0)
ch2=getch();

fpoke(cyy,cxx,width,0);
switch(ch2)
case 'H’ :if(row > 1)
{ Y
cyy —-= (l+yspace);
row—-—,
} <
break; .
case P’ tif(row < ylimit) /% Move down X/
{
cyy +=
;owiij

else
{ cyy = cOy;
row = 1;}
/* Move to right %/

break;
tif(column < columnlimit)

&
/% Move up %/

(l+yspace);

case 'M?
£
cxx += (width + space);

column++; .

}
else

{

cxx =c0x;
column 1,
}
- >
Move to left x/

break;
case 'K’ :if(column > 1) /%
' {
cxx —= (width + space);
column—-—;
} L AE
pod

break;

}
fpoke (cyy,cxx,width,1);
/¥ERASE OLD BLOCK%/

} while (ch !'= select);
fpoke (cyy,cxx,width,0);
choiceno = (row-1)*columnlimit + column:
return choiceno;

}



A>type b:p3
/X FUNCTION SHOW MAIN MENU

/% CALL - menu()

{

clsr();
printf{("\n");
printf("\n");
printf("\n");
printf(" MAIN MENU \n");
printf("\n");
printf("\n");

printf (" 1)Call user with his name 2)List ¢
record with user name\n");

printf("\n"); .

printf("\n");

printf (" 3)Call user with his number 4)List ¢

record with user number\n");

printf("\n");

printf("\n");

printf (" 5)Input new user data 6) 4
Delete user record\n"); P

printf("\n");

printf("\n"); !

printf (" 7)Set clock 8)
Exit\n"); :

flame(7,1,79,17); /% Draw flame x/
draw(8,5,78,5,196);

pokeb (0xb000,co_xy(7,5)-1,199);

pokeb (0xb000,co_xy(79,5)~-1,182);

draw(43,6,43,16,179);

pokeb(0xb000,co_xy(43,5)-1,194); »
pokeb (0xb000,co_xy(43,17)-1,207);

gotoxy(9,16);

return choice(2,30,7,4,2,6,10);

} o
/% FUNTION ¢ALL OTHER FUNCTION FROM CHOICE X/
//L*’“ CALL - call(choice_number) X/
: i:i;ﬂchoicemno)
loop = 1;
int n;

int line = 5;
int buf_no = 1;
int equal = 1;
int select;

gotoxy(9,16);
switch(choice_no)
{
case 1 .
printf(" Get user name and search \n");
break;



A>type b:p8
case 2 .
printf(" Get user name and list records \n");
break; ' '
case 3 .
printf(" Get pager number and transmitt \n");
get_num();
gotoxy(10,24); .
printf("Transmitt %s",calling.pager);
'Y break;
case 4 ,
printf(" Get pager number and list records\n");
break;
case 5
printf(" Get user Data\n");
break;
case 6
printf(" Get user name and delete\n");
break;
case 7 :
setclock();
break;
case 8 :
loop = 03
fdclose(fp);
printf ("™ EXIT !'");
break;

}

for(n=1;n<100;n++)

{
gotoxy(65,16);
printf(" working ");

3
return loop; /
}
/% FUNCTION SET CLOCK
/% CALL - setclock()
setclock()
{ ;
int i
clsr();

gotoxy(35,7);

flame(33,4,59,14);
printf("enter HOUR (0-24) ");
gotoxy(56,7); PR
scanf ("%x",&i) ; S
outportb(HOUR_PORT,i) ;
gotoxy(35,8);
printf("enter MINUTE (0-59) ") ;
scanf ("%x",&i) ;
outportb(MIN_PORT,i) ;
gotoxy(35,9);

printf("enter SECOND (0-59) ") ;
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scanf("%x",&i) ;
outportb(SEC_PORT, i) ;
gotoxy(35,10);
printf("time is alreddy set") ;
}
get_num()
{

A}

clsr();

gotoxy(8,3);

printf("Input user number ");

f_edit(3,32,20,calling.pager);
}

/X PROGRAM SCREEN TOOL %/
/% FUNCTION FOR CONVERT COORDINATE(X,Y) TO ADDRESS OF ATTRIBUTE */
/% CALL - co _xy(cordinate_x,cordinate_y)
co_xy(cx,cy)

{

int displace,xy;

displace = 2%(cy*80+cx);

Xy = 0x0001 + displace;

return(xy);

/% FUNCTION POKE IF CODE=1 ATTRIBUTE=REVERSE x/
/% IF CODE=2 ATTRIBUTE=BLINGING x/
/% IF CODE=0 ATTRIBUTE=NORMAL X/

/ Call - fpoke(row,column,width,code) */
4@ (row,column,width, code)

int attribute,n;

int reverse = 0x70;
int blinging= 0Oxfo0;
int normal 0x07;
int vdo_seg 0xb000;
int start,stop;

Hon

start = co_xy(column,row);
stop = co xy(column+w1dth,row),
.sw1tch(code)
case 0
attribute = normal;
break;
case 1 @
attribute = reverse;
break;
case 2 @
attribute = blinging;
break;
}
for (n = start ; n <= stop ; n += 2)

pokeb(vdo_seg,n,attribute);

}
/% FUNCTION DRAW TWIN LINE FRAME x/
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/ CALL - flame(xstart,ystart,xstop,ystop) %/
lamg(xstart,ystart,xstop,ystop) :
{ - - -

int x,y; mf,jm,;r el chan vale

- - \
pokeb (0xb000,co_xy{xstart,ystart)-1 ,201)7 ghose bule alue
pokeb(0xb000,co_xy(xstop,ystart)-1 3 187);
pokeb(0xb000,co_xy(xstart,ystop)-1 »200)
pokeb(0xb000,co_xy(xstop,ystop)-1 ,188);
for(x=xstart+l ; x ¢= xstop-1 jx++)

{ .
pokeb (0xb000,co_xy(x,ystart)-1,205);
pokeb (0xb000, co_xy(x,ystop)-1 ,205);

for(y=ystart+l ; y <= ystop-1 ;y++)
{

Pokeb (0xb000,co_xy(xstart,y)-1 ,186);
pokeb(0xb000,co_xy(xstop,y)-1 ,186);
}
}
/% FUNCTION DRAW A LINE */
/% CALL - draw(xstart,ystart,xstop,ystop,ascii) *x/
draw xstart,ystart,xstop,ystop,ascii)

¢

int x,y;

if (xstart == xstop)
{ ‘
for(y = ystart ; y (= ystop ;y++)
pokeb(0xb000,co_xy(xstart,y)-1 ,ascii);
}

else
{
if (ystart == ystop)
{
for(x = xstart ; x<= xstop s X++)
pokeb(OxbOOO,co_xy(x,ystart)—l,ascii);
}
else
printf(" Invalid coordinate in function draw "y,
}
}
/X FUNCTION FIELD EDIT s */
/% CALL - f_edit(int row, int column,int width,char i[]) %/

#define MAX_STRINGS 80 ~ " ' o
f_edit(int row,int column,int width,char i[])
{

int n= 0;

char ch,ch2;

width—-; .
fpoke(row,column!width,1);‘ g
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gotoxy(column, row);

do
{
ch = getch();
if (ch == 0)
{
ch2 = getch ();
switch (ch2)
{
case K’ : if(n>0)
i
n--;
break;
}
case M’ : if(n<width)
{
nt++;
break;
}
case *H’ : {
fpoke(row,column,width,0);
return (-1);
case 'P’ : {
fpoke(row,column,width,0);
return (1);
case 13 : { '
fpoke(row,column,width);
return (1);
default :{
i{n] = 0;
putch(ch);
iln+1] = ch2:
putch(ch2);
n += 2;
}
}
Y.
else
{
if (ch == 13)
{
for (;n <= width;n++)
i[n] = ;
} .
if (ch != 13 && ch !=8 ) /% 13 is select code %/
{
i{n] = ch;
putch(ch);
n++;
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gotoxy(column+n, row);
} while (n <(= width && ch != 13);
if (ch == 13 ! n> width)
{
fpoke(row,column,width,0);
return (1);

}
}
/% FUNCTION GOTO COORDINATE X - Y
/% CALL - gotoxy(x,y)
gotoxy(x,y)
{
union REGS regs;
int VIDEO = 0x10; »
regs.h.ah = 2;
regs.h.dh = y;
regs.h.dl = x;
regs.h.bh = 0;
int86(VIDEO, &regs, &regs) ;
} .
/% FUNCTION CLEAR SCREEN
/% CALL - clsr()
clsr()
{

union REGS regs;
int VIDEO = 0x10;

regs.h.ah = 15;
int86(VIDEQO,&regs, &regs);
tregs.h.ah = 0;
int86(VIDEO, &regs,&regs);

regs.h.ah = 0x06;

regs.h.al = 0; !

regs.h.ch = 0;

regs.h.cl = 0;

regs.h.dh = 0x18;

regs.h.dl = 0x4f;

regs.h.bh = 7;

int86(VIDEO, &regs, &regs) ;

regs.h.ah = 2;

regs.h.dh = 0;

regs.h.dl = 0;

regs.h.bh = 0;

int86(VIDEO, &regs, &regs);

}

K e e e e e x/
/% FUNCTION IMPORT DATA FROM 8048 %/
/% CALL - import8048() x/
et ettt /4

# define RX_STAT 0x301

x/
x/

x/
x/
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# define RX_PORT 0x300

# define HOUR_PORT O0Ox2c4
# define MIN_PORT 0x2c3
# define SEC_PORT 0X2c2

import8048()

{

int second,n; )
int in_page [100][10]; /% data{frame][byte]l*x/
int frame,i,stop,max; .

extern CALL calling;

éxtern ttx;

second = inportb(SEC_PORT); /% inport second %/
if (second == 0)
{
gotoxy(20,20); _
printf(" IMPORT DATA FROM 8048 PLEASE WAIT!");

do
{ .
promt = inportb(RX_STAT);
} while ( promt < 128 ); /% check 7th bit %/
inportb (RX_PORT); /% clear %/
frame = 0;
stop = 0;
do
{

frame ++;

in_page[frame][1l] = inportb(RX_PORT);

if(in_page([frame]{1l] '= OxFF) /% check EOTX/
{

i = 13
do
{

i++] )
in_page[framel[i] = inportb(RX_PORT);
}while (in_page[framel[i] != 0x12);
i——3
max = i
for(;i <= 10;i++)
in_page(frame][i]=0;

calling[frame].pager = 0;
for(i = 131 <= 10;i++) /¥translate to 2by
calling[frame].pager += in_page[fram][i]*pov
max--—;
}
i = 03
do
{
i+

calling|[frame].areali] = inportb(RX_PORT);
hdll
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}while (calling(frame].area[i] != 0x16)
i = 0
do
{
i++
calling|frame].telli] = inportb(RX_PORT);
}while (calling([frame].areali] != 0x14)
}
else
{
stop = 1;
ttx = num-1;
}
}
[/ Kmm ST T T T T T e x/
/% A FUNCTION RECCORD DATA %/
recorder ()
{
char ch;
int n;
extern int ttx;
extern CALL calling;
int handle, status,hour,minute;
FILE *fp; *
struc date today; .
getdate(&today);
hour = inportb (HOUR_PORT);
minute = inpo®tb (MIN_PORT);
handle = open("B:CALLING.DAT™,0_APPEND);
fp = fdopen(handle,"a");
if (fp == NULL)
printf("fdopen failed\n");
else
{ .
for (n=1;n<{=ttxjnt+)
fprintf(fp,"%d%~4s%~85",ca11ing[n].pager
,calling[n].area,calling[n].tel); ‘
fprintf(fp,"%d%d%d%d%d",minute,hour
,today.da“mon,today.da_day,today.da_year);
}
fclose(fp);
}
) oo
/* _____________________ ol sl L e e e e e et o 2 o e o e =
/% FUNCTION TRANSMITT DATA TO CALL PAGER
/X call transmitt () '
e atate bt bttt
transmitt()
{

extern CALL calling;
extern int ttx;
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extern area_len,tel_len;
int i, datal[l0],code_len,n,m;
int high,low; :
for(i = 131 <= ttx ji++).
data(l] callingl[i].pager/256;
datal2] callingl(i),pager%256;
data[3] area_len % 16 + tel_len;
strcat(calling[i].area,calling(i].tel);
code_len = area_len + tel_len;
if(code_len % 2 == 1)

oAl

calling(i].area[code_len] = 48 ;|
code_len++;

4
(

m H
fo n = 0;n <= code_len—-1;n+=2)

g

high calling([il.area[n];
low calling(i).area[n+1];
data[m] = 16%(high — 48) + (low — 48);
mt++;
}
for (i = 13 i <= 6; it++)
out_serial (OxFF);
for (n = 1;n <= code_len/2 + 4;n++)
out_serial(data[n]);
}

out _serial(data)
{
,int status"if
do
{

status = inportb(TX_STAT);
} while (status < 128);
for (i = 1;i <= 3ji++)
outportb(TX_PORT,data); /% out data %/
}

[T

}
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