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ABSTRACT

The thesis present a Public Coin Mobile Phone. The phone can be used for
a public coin phone. This phone uses an interfacing circuit to interface between a coin
phone and a sement C 4b mohile phone. The phone can record service cost to the user
Immediately at the end of each service usage. To operate the phone, user has to follow
steps, Similar to the Operating steps of a regular public coin phene, including lifting the
handset, Inserting a coin, and dialing the number. After that, a 4-bit DTMF signal well be
sent from the coin phone to the interfacing circuit in order to interface between the coin
phone and the maobile phone. The mobile phone will call the dialed number Results of
service usage will be recorded and displayed. The Public Coin Mobile Phone can be used

for deing a personal business.
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fﬂmnsumuQumiﬁ'lammaam‘:uma%wla
#includ "regb2.h"

#includ "absacc.h”

#includ "Function.c"

shit Hook = P3~4;

f#includ "LCD.¢"

#includ "i2c.c”

#includ "DS1307 ¢”

#includ "241.C128 ¢"

unsigned char Num;

unsigned int Coin,Count, Index Record
unsigned int Psec

shit WCoin = P3Ab;

shit Mute = P3A7,

main()

{unsigned char I Key;,

EX1=1;

[l =1,

EXO =1,

ITO = 1;

EA =1,

Psec = 0,

Record = {(Rd_24LC128(0x3FFE)*266}+Rd_C128(0x3FFF):
init_Timer0{15);

Init_Serial(192);

Coin = 0;
Init_LCD();
While(1}

i Coin = 0;Cursar_0ff(),
Wr_String("Pick-Up Phone 1");
Wr_String (" "a
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While(Hook==0)
{ if{Scan_Key{}==0xFF)
{ Rd Time{);
Show Time(2,9);
Show Date(2,1);

else

{Key = nScan_Key();

if(kay == 11)

{ key_Off{),
Wr_String{"Date = 1M
Wr_String("Time = 2"

GetDate(1,9);
GetTime{2,9);
Wr_Time();
Wr_String(" Pic-Up Phone " 1);
Wr_String(" "2);
}
if{Key == 10)
{//Key Off();
Index = (;
Wr_String("No = "1,
While(Key!= 11)

{ Key = Scan_Keyl);

if(Key == 10)
{ Sound();
if(Record > 0)
{
Bp_24L.C128(Index*16,16);
Goto_XY(1,7);
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For(i=0:i<10:i++){Wr_Char{BufEEP[i]}:}
Goto_ XY(2,1),
Wr_Char((BufEEP[10] >> 4)+0x30):Wr_Char{(BufEEPI10]

&0x0F)+0x30);Wr_Char('/");

& 0x0F)+0x30),

Wr_Char((BufEEP[11]4)+0x30);Wr_Char((BufEEP[11]

Wr_Char("yWr_Char{"
Goto_XY(2,9);
Wr_Char((BufEEP|13] >> 4)+0x30: Wr_Char({BufEEP|13]

&Ox0F)0x30);Wr_Char("');

Wr_Char((BufEEP|[14] >> 4)4+0x30; Wr_Char{(BufEEP[14]

R 0x0F0x 30}y, Wr_Char("";

&OxOF)0x30);

Wr_Char{{BufEEP[16] >> 4)40x30; Wr_Char{(BufEEP[15]

Index++;

lelse{Wr String{" No Record ",1);}

if{index>=Record){Index = 0; Sound();}
}
if(Key == 11){ Sound{):Wr_String(" Pick-Up Phone ",1);}
Key_Off();
}

if(Key == 0){Record = 0; Key_Off(}:Scund(});
Wr_241,C128{0x3FFE 0}

Wr_24LC128(Cx3FTFF,0); )

b

)
Wr_String ("Ingert Cain.." 1},
While((Hook==1)&&(Coin==0)){}
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If(Hook==1)

{Delay({1000);
Wr_Sting("Coin = Y
Wr_Sting {"No = "2),

Goto XY{1,15);
ShowNum{Coin,2};
Num = GetNum(10,2.7);

Sec = 0;Count = 0

If{Hook==1)

{fori=0:1<10:i++){BufEEP[i] = 0x20:}

Tx_String("ATD"};

If(Num == 1{ for(i=0;i<10;++){Tx_Byte(BufDisp(d-il4+0x30): BufEEP{i]
= BufDisp|9-i]+0x30;}}

[f(Num == 2{ for{i=0:i< 9;++){Tx_Byte(BufDisp|8-i]+0x30);BufEEP|i]
= BufDisp|8-1]+0x30:}}

Tx_Byte(';");Tx_Byte(0x0D);

Wr_Suring(" Press for Talk " 2);
Mute = 0;
While((Hook==1)&&(WCoin==1){Goto_XY(1,16);ShowNum{Cecin,2}:}

Wr_String(" You can Talk " 2);

[f{Hook==1)

{ Mute = 1;

Rd Time();

BufEEP[10] = Date;
BufEEP{11] = Mon;
BufEEP[12) = Year;
BufEEP[13] = Hour;
BufEEP[14] = Min;
BufEEP(16] = Sec;
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Wp_241,C128(Record*16,16);
Record++;
Wr_24L.C128(0x3FFE Record >> 8):
Wr_24L.C128(0x3FFE Record & 0xFE);

Psec = Q;

}
While(Hook==1)
{

If{({{Cain*30)-PSec)<30){Sound{);Delay{500);Wr_String(" Insert Coin ",1);}

else{Wr_String("Coin = "1
Goto_XY(1,8);
ShowNum(Coin,
Goto XY(1,12):ShowNum{(Coin* 30} PSec 4);
Delay{b00}:}

If(PSec >{Coin*30})
{
Tx_String("ATH"):Tx_Byte{0x0D);
Sound{};Delay(300);Sound();
WrString{" Put Down Phone " 2);
While(Hook==1}{}

}
} Tx_String{"ATH"): Tx_Byte(0x0D);Delay(300);
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Void Ext_[tO(void) interrupt O
h
Coin = Coin + b,
}
Void Ext_Intl {void) interrupt 2
{Coin = Coin + 5;

}

Void Timer0_Int{void) interrupt 1

{

THO = _THO;
TLO = TLO;
Count++;

if{Count >= 15}
{ Count =0;

PSec++;
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MT8870D/MT8870D-1 180*-CMOS

1
2
3
o x|
[
]
T
]
L

328 82BERS
300.‘&@&-{; L i
PELS L

Pin Description
Pin #
181 20 * Name Dascription

1 N+ Non-nvarting Op-Amp {laput).

1
2] 2 IN- Invatting Op-Amp {Input).
3

3 G8  (Galin Salect Gives pochss to ouiput of ront end diferaniial amplifier for canaaction of
fedback reskstor,

4] 4] Vpa [Reference Vokage {Oulpis). Nominally Vo2 is Used 10 bias inputs ot mid-ral (see Fig. 6
land Fig. 10).

sls {NH  |Inlibik {input). Logic high inhibits the delection of tones represending charactons A B, C
and D. This pin input Is internally pulied down.

6] 8 | PWON |Power Down {Inpui), Adive high. Powars down the device and inhibts the oscliator. This
: pin Input s inlernaly pulled down
718 O8C1 [Clock (iaput).

€ | 08C2 [Cloek {Output). A 3570545 MHz crystal connecied between pins OSC1 and GSC2
complatas the Irtemat oscliator Gl

8 |10]| Vgs [Ground (input). OV typical

0l TOE |Three State Output Enable {Input). Logle high snaies the outputs Q 1-Q4, This pin is
puiiad up intamaly

11-12-] Q104 |Thres State Data (Ouy t.WhnnomhbdbyTOE.?uﬂdo- tha code comresponding 1o the

14118 tastvaldbm—pei%(mTﬂeumnTo Is fogic low, the data aliputs ars high

Inpedance.

16| 17{ SID {Delayed Steering tOutput] Fresents & logic high when o eoeived tone-pakr has bon

mﬁwwmmmummm;mmmmmmmmww

below Vg

16118 £8t  |Early Steering {Output). Prasenis 2 logic high cnce the digital sigorihm has detected a

:&?ﬁuﬁ%).hymﬂyhﬂdnﬁndwmwmwb
moa ,

17116 | SUGT |Staering InputiGuard dme (Cuiput) Bldirctional A voltage greater than Vo detected at
St causes the device (o reglster the dotectod tona palr and upidate the outpad loich. A
voltage iess than Vg, treos 1o dovice 10 acteft a naw fone palr. The GT outpd acts to
resetthe exdemal stesring tima-constant; Hs etats ks a function of £S1 and the vdtage on 5L

18|20] WVpp |Poskive powaer supply {input). +5V typical
7. NC  |No Conhection,
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iso?-cmos MT8870D/MT8870D-1

Funcyonal Description

The MTBBTODAATES7OD-1  monolithic DTMF
mcelver offors small slze, low power consumplion
and high peformants. 1 archlechrs conslils of a
handapl llorndim';'ommupnmmuwhlqh and
tones wed by a 4 count
A v variios 1 T gency el dikation o
1he recalved tonas before passing the cormesponding
coda o the cutpyt bus.

Filter Section

Soparation of the low-group and high grogp 1ones is
echisvod by applying the DTRF signal o the inputs
of two .sixthorder saiiched capaciior bandpass
flers, the bandwidths of which carespond to the low
and high group frequancies. The flter seclion siso
incorporatds noches et 350 and 440 Hz for
excoptional dial tone rejection {ses Figume 3. Each
fillkr outp Is lofiowed by a anghe order switched
capacior fer saction which smooths the signals
pﬂnr 0 Imiil& Limi ‘omed by high-gain
compamtas wplwm with WW it ks Lo
prevent detaction of unwantod low-levol signals. The
outputs of the compamiors provide R ralil logic
saings at the frequencies of the incoming DTHF
signats.

Detodar Section

Following the filar saciion ke a dotodor omploying
frnuoncis of e Prcomin 1res and b vory tha

uon he tones and o v t
imqy cormespond o standard DTMF frequenches. A
complax sveraging aigorthm protects egainsl fone
simulation by eximneous signals such 25 voice while

providing tolerance to smal frequency deviatlons
and wariations. This averaging algorthm has beon
devaloped fo ensure an optimum combination of
Immunlly 1o talk-off and tolaran cé to the presance of
intorfering frequancies (third tones} and noise. Whan
the detector recognizes the prasenca of two valld
tones (this Is refemed o &% tha “signal condilion™ In
soma industry specifications) the "Earty Steadng”
{(ESt) ouput wil go o on adiw sigle. Ahy
sibsoquent loss of signal condion will cousa ESl to
assumo an inactive state {ses “Steering Cicul’)

Steering Clrault

Bohmmdﬁrﬁandadmdimpa#tm
receiver checks for a valid signal duretion (refumed to
as darecior recogrition condition). This check is
performed by an wxternal RC time constent driven by
ESLAbthghmEStmmvethlmnﬁto
rse a8 tha capackor dischargos. Prowidad signel

£

KPTENUATION
()

b, ]
I3 vmeniih
(e
T ol



MT8870D/MT8870D-1

ISO-CMOS

condition 1 mahtamd {EEt remains high) for the
validation period ). ¥, feaches tho throshold
Yy of the sleering logic to ragister the tone palr,
latehing ks correspontding #-bit code (see Table 1)
inlo the output latch. At this polnt the GT output s
activaled amd drives v to Voo, 6T continues to dive
high as long as ESt rornnm high. Finally, after a
short deley to allow the culpul lakh © sattk, the
delayed steering oulpul flag (St0) goes high,
signafing thel a recelved tone pair has boan
registerad, The contents of tho oulput taich am
made svallabla on the 4-Ntoutpdbtnbrmiﬁmﬂn
threa state contmd input (TOE) 10 @ jogks high, The
sioaring clrcult works In revense to waiidate the
hbrdign pause betwean signals, Thus, as Wl as
:?I oo short to be considared vald, the
recehmr tolorate signel inferruptions (dropout)
o6 short {0 ba consitterad & valld pause. This facility,
ogether with the capabifily of selecting the steering
fime constents 4xtemaly, olloas the desigher b
falior porformanceo 10 mast o wite vanety of sstom
requirements.

Guard Time Adjustment

In many siluationz nol requinng ssection of 1one
dumtion and Intendigital pm the simple sbarhg
cheut shown in Figure 4 is applicable. Compong
vaiues ene chosen according o the formuia:
taac™lor*igp
ip~loaticm

i5 @ davice para (see Figre
'hﬁ mhh‘num signad dmﬁm o ba
the recolver. A viua for Cot0.1 pFls

ba = { R G Vg Vo Visd!
o AR N YooY
Ryl Py MR+ 4}

Thnmof

11) angd §
mcourlufbcr

o) daowrastng loew! foryrdanal

Larpifd s Cof V¥ Voo Yral]

Ve Q c I fagn e X0V o0y Wyt

! R Rypaft +lp}

%" BT B O 1.6 1 05 |
3 1~ NN R A B S B 2 -
N EREE KRN E
EE B I I ] T ] 0
3§ A | X ] H | 60 i 1
T R XTI R TaT4o
F ] A | X1 H | © 1 a i
P AT X T RS T T 10
T TR I TR 6T 1 1
8] H] X | RI110]0]8
Pl H]XTRI T oo 1
7] Rl xR 110 (I
¥ H X | H 1 o T 1
[ H x H k] 1 [ [}
Al H T L # 3 T (6 | 1
B | Al LI AT i T 1%
ERENIEEREEERERE
Tl Hli1lHi{e il I?

1 " 1 # 1 t
L L B W ok
C 1 H ] H]L dotertad coe
5 R H L

“TabTE 1. FUNCIanal eCO0e TabiF

i:-LOGiC LOW, ML OGIC HIGH, I -HiGH TIPEDANCE
= DONT CARE

recommended Tor most applicalions. leaving R 1o be
selactad by the designer.

baoth mptmdménﬁmmamm

mdhtmu use. Gua ustmant e
dﬂcgwr o fallor eystems paramelars

u.nd-nuukdrmd nusae immunity. increasing

mdnhln l condition | (] o be
mathwly & mlaﬂwty m with

amtmmubeapprowhn for extramely notsy
sovhonmenls whero fas! ocquision tme and
inmuntty to tone drop-ouls are required. Design
information for guard time adjustment [s shoen n
Figure &
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Power-down and Inhibil Mode

A logic high appliad to pin 8 (PWDN) wi power down
the devey to minimize the power consamplion in a
standty mode. | stops the oarcflalor and the
tunctions of the fiters.

$nhibk mode bs anabled by a logic high input to the
pin & (INH). 1t inhbits the delodion of tongs
representing characters A B C, and D. The oulput
code will remaln the same o3 the previoys detected
code (504 Table 1).

Ditferential tnput Configuration

The input amangemant of the MTB8T0DATES700-1
provides © dMerontial-input oparetionsl ampiilor a5
woll at 0 bias sourcs (Vper) which Is used 1o bias the
inputs et mid-rall Provision is mads for connection of
a adback resistar to the op-amp outpul (GS) for
adusimont of Gain. In a single-¢nded configurafion,
ihe input pins are conpacied a5 chown In Figure 10
with the op-amp comn for unity gain and V
kiasing the inpt at "EVpn Fiqumesmig
difiorential  configuralion, which permits the
adjustment of gein with the feetback resisior Ry,

Crystal Oucillator

The Imiarnal clock cktull s compieled with the
wddition of an axternal 3.67R545 WH2 crystal and s
normaly conhected as shown In Figure 10 [Single-
Ended Input Configuration}. Howaver, B i possiie 10
cafigure soveral MTSS70D/MTEB7001 davices
emglodng only » single oscillelor cystal, The
oscliator cutpu! of the firet devioe in the cheln is
coupled through & 30 pF capacitor 0 the oscikalor
input (OSC 1) of the naxt davice. Subsaquant davices
are connacied In a simifer fashion, Reler 1o Figurs 7
lor dotalls. The pmblers assockied  with
untalanced loading @ nol a concem with i
emangsinent chown, lg., precision  balancing
capa ckors are not required,

B oGS

R
7 Ve

Jod ArepiBer
g;gwrgm Alltairs sre £1% derancs.

u,%

wumsmmu.um.%

o9 5%

INFUT REPEDANCE

}
Lowr) = 2,’ R";i-&-,

Paramedar Unit Resonator
B Chins Wiz |
[&] mh 432
o] o 4084
co pF 37.915
Qm - 806,37
A % +0.2%
Tablie 2. Recommen @ 07 3 PR CITICITIONS

Hole: OmagunTty fackor of RLC mosed, Le, 12R7RICT.
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Absolute Maximum Ratings?
Paramatar Symbaol Hin Max Units
1 | OC Power Supply Volage Vpo 7 Y
2 | Voltage on any pin Vi Vin-0.3 Vop+0.3 v
3 { Curment at any pin (olher han supplyl ] 19 A
4 | Storage tempersture Tare 85 +180 <
5 ; mW
Recommended Operating Conditions - Viitages are whh Wipect 0 oend {Veq) aniess claenie staied
Parametor sym | Min | Typ! | Mox | Units Test Candiions
1 | DG Power Supply Voltege Voo | 478 5.0 525 v
Z | Opereting Temporslure To | 40 W85 |
3 { Crysta¥Clock Frequency fc 2576846 WiHz
4 | CrystadClock Fraq.Tolerance alc | 01 %
DC Hectrical Characteristics - ¥orsB. 00 4 %, VoW, 40°C € T & <06°C, Lrias ciweroies shabec.
Characteristks Symi Hin }Typ!] Wax | Uniis Test Conditions
1 ]'s [Standoy eupply current topo 10 25 A |PWDNY,
2 | p |Operatng supply cumeni o 30 90 mA
3 | 1 |Power consumption Po 15 MW |to=3.570545 Nz
¥ _
4| [High lovel inpud Ve | 35 Vv [Vpo=s.0V
5| |Low lovel input vaiage ™ 15 |V [Vesov
6 | | |lnput eakage cusent Iy 01 A V=V o Vo
T | N [Puk up {sourcs) curment Iso 7 20 pA  |TOE (pin 1000,
b V=S 0V
B | |Pul downisihi) current sy 15 45 pA | INH=5 0V, PWDN~S 0V,
Vhnes .0V
0| [tnput knpedance N+, N} | R 10 MO (@ 1Rz
10| {Sworingtreshddwoltage | Vim | 22 | 24 25 V V=50V
L Low Javel output vollage Voo Veet0 03| V  iNolood
12 3 High fovol outpor voltage Vou {¥po0.0% V Noload
13 ; Outpatt low {sink) curer e 10 25 mA  [Yopr=04V
14 | v |Cutput high (source) curtert | lon 04 048 mA  |[Vour=$+8Y
16 | & [Vasroutpet voltage vm. 23 ] 25 | 27 | V_|Nokad, Vop=50v
18| |V culput resistance 1 K
3 mwum ANV ik BTt 10 PROGIACD OHTIE.
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MT887CD/MT8870D-1 130°-CMOS

Operating Characteristics - vopehoviss, VeV, 40°C s To £ +A5°C Jmniss dimmdso siated,
Gein Setting Ampifior @ °

Charectoristics Sym | Min | Typ! | Wax | Units Tast Conditions
1 | Input leskage current I 10 | nA | VessVaesVor
2 | Input resistance Ree | 10 MO
3 | Input oftset voliago Vo 25 | mv
4 | Pogr sUp ply relaction PSRR | 50 B | 1kH:
5 | Commoan moda fejection CHMRR | ® dB | 075V s Vs 4.25V blased
ﬂle"' v
6 | DC open loop voltags gain Aoy | ® @
7 | Unity gain bondwidth I ]0.0 Wz
8 | Ouipikt voRage swing Vo | 40 ] Vi | Load 2100 ki to Ves @ G5
£ | Macmum capacltive jood (GS) G 100 pF
10 | Resisthe load (GS) Ry 50 2
11 | Common moda range V,ﬂ 25 V@ No Load

MT8870D AC Electrical Characteristics - vayss.0v 155, Vpptht 4PCx Ty £ +85°C |, using Tasl Gt shaen in

Fiqure 10,
Characteristics Sym Min Typ! [ Max | Unis Notes®
. Volid Ingat signal kvels (each -29 +1 dBm | 123568
Wono of composis signal) 73 860 | MV¥mps | 12.356.8
2 | Hegatve twisl accept i 8 d2 236912
3 | Postitve hwist accepl 8 & 218912
4 | Frequency doviation accept 15%:2Hz 2358
5 | Frequency deviallon reject £35% 2359
& | Third tohe tolerance -16 i 2345910
T | Haiso idarance 12 dB 23457310
8 | Dial one inlerance 422 dB 23458311
AT MO 4 an = G WA CIRY. TN GLBRSRENT /) 213 LLORT 10 PIOGICHR TETng.
*NOTES
1. ghime dacibols sbove or powar o 1 MY inio » 600 oire Dad.
¥, £onKists of all BFENIF Ranes.
H Sy oo ‘%‘s’? Y utmmten
gﬁwml & .snzﬁr'mmm
1. 1 Rmited (Y KELE 5 Gaussian nose.
E The disd L} !ﬁ#&{iﬁ!ﬂtlﬂd‘ﬂﬂﬁ +t2%
P %mem ﬁ'ﬁfeﬁ%mﬁ' AL 10&3\. 1 DILT wgns
13, Ratwanced to tha mértinmom m .@%.'“‘ )
12 Guaanieed by dasign and chaiaci iZation
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MT8870D/MT8870D-1 1s02-CcMOS

AL Electrical Charactertetics . vo=5.0v 5%, Vege(V, 40°C < 10 « +86°C , ysiry) Test Oroih shoan in Figse 10,

Characteristics Sym | Min | Typ* | Max | Unis | Conditions
1] [Taw present detect time to | B 19 14 | ms |Noe1
2 { v [Tow obsent detoct tme w | 05 | 4 85 | ms [Note!
3 | & [Tore curation accept Ince 40 | ms [Note2
4 | [T duration reject e | 20 ms |Note 2
5 | G |interdigit pause eccepl o 40 | ms |Note2
[ intardig peuse mject tha | 2 ms  [Note2
7 | [Propagalion delay iSt o Q) [ 8 11 | us |TOE=Vpg
8 | o [Propegation delay (St io StD) tomp 12 | 18 | s [TOE=Vgy
% | T [Outpit dein sot up {0 1o 51D} - 34 w5 |TOE=Vopn
10 | |, [Propagation delay (TOE to Q EHABLE} | e ) ns g&mnm
T
11| ® [Propagation dalay (TOE to O DISABLE)] loyp 300 ns ?DadpFoﬁnm
12 [P [Power-up fime o 0 ms  [Note 3
13 = Power-dian tine oo 20 ms
t4] [Crystaliclock Fequency e | 35750 ] 35795 | 3.5831| Mz
15 | © |Clock lopit rise timo e 110 | ms |Bxt dock
16 | © [Clock inpwt ol tno tes 110 | ns |Bxt dock
17 | x [Clock Input duty cycle DCa | 4 | 50 | w0 % |Ext deock
3 pF

‘WO $;

1. e od -iire calcxsion .

2 erh, m fa nl?&mﬂ?ﬁnmmmmmmmmmm
mmmmummmmrmmmwmmm.

HO RS

Gy .Gy=100 nF ¢ 0%
KAwd=3 ST0S46 L 2 D.1%
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D

| |
I = 1l & | -

TONE TONE
et ™

Decooeh YooY (X,
wretd e
t

EXPLANATION OF EVEHTE

N TCHE BURSTS DRTECTED. TOME DURATION INVALID. QUTPUTS NOT UPDATED.

'] TCHE 2 DETECTED, TONE DUSATION WALID, TONE DECCUED A0 LATCHED IN DUTPUTS

C} END OF TOME 2 DETECTED, TONE AQSENT DURATION YALID, OUTPUTS REMAH LATCHED UNTRL. KEXT WALID
TOME.
CUNNS BWIFCHED T0 HIGH MIPEDANCE BTATE.
TONE: & + 1 DETECTED, TOHE DURKIION YALID, TONE OECODED AMD LATCHED IN QUTPUTS (CURRENTLY
HIGH B4PEDANCE).
AZCEPTARLE DROPOUT OF TOKE 20 + 1, TONE AFBENT DURKENON INVALE, OUITUTES FEMIM LATCHED.

Q) END OF TONE a0 + 1 DETECTED, TONE ABSENT DURATNION VALIC, QUTPUTS REMAN LATCHED UNTHL WRXT
VALY TONE .

EXPLANATON OF SYHIOLS
DTUF SOMFOSITE INPUT BIGNAL
EARLY ETECRING OUTPUT. NDICKTIES DETECTION OF WAL TOMNE FREDUENCIKES.
STEERING FPUNGUARD TRIE QUTPUT. DRIVES EXTERNAL KC TIMING CIRCULT.
+BIT DEDCOED TCNE OUTPUT.
DELAYED STECRING CUTPUL NDICATER THAT YALID FREQUENCIES HAYE BEEN PREBENTWUSENT FOR THE
REQUIRED GUARD TIME THUS COHNITTUTING A WALID SIGHAL .
TOME OUTPUT ENADLE (INPUT). A LOW LEVEL SHIFYE O, -04 TO IT3 HIGH |EPEDANCE STATE.
BAXRALN [ SIGHAL DURATION NOT DETECED AS VALID
MR DT SIGNAL DURATION AR RED FOR VALID RECOGMTION
HANZRES TR EETWEEN VALID DIMF SIGHN A
KAXRAIE AL LOWARLE DHOP OUT DUFRING WKLID DTRF SIGHNAL.
TiEAE TG DETRCT THE PRESENZE OF AL TITIE SIGHALS.
TE MO DETECT THE SBSENCE OF WALID OTAF SIGNALS.
GUARD 1R1E, TONE PRESENT.
GUARD 18E, TONE ABSENT,
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FM24C64
84Kb FRAM Seriat Memory

Qrammon

Featurcs

64K bH Perroelectric Nouvetile RAM
Organizsd-as £.192 x 2 bits

High endurarce 10 BIllon (50" readsmrites

10 year dala ®tenlion & 85¢ C

NoDoloy™ wlie

Actvanced high.rltabllity farmoslsetric process

* & & P

Fast Two-wire Serial Inteviace

¢ Upio | MHz maxinum bus frequency

«  Direci hardwuro replacement for EEMROM

»  Supports bkepacy Hmiing for 100 kKHz & 400 KKz

Low Power Operstion

v True sy

= 150pA Active currend {100 kHzY
+  10pA standby current

Tadustry Standard Configeration
+ Indisirial SeTpenture -40° C o +85° C
s &pin SOP or DIP

Description

The FM2406d I3 3 G4-kilobit nonvolstile meibhory
employing an advanced femoeleciric process. A
Terroglectric ndo™ #e0ets menary of FRAM s
nonvolatike bul operates in other respects as s RAM.
1t provides relfable dola retantion Tor §O years whife
eliminating the compieities, overhead, and sydem
fevel refubility problems cavsed by EEPROM and
otlwr nonvolatile memonie.

The FM24C64 performs write opemtions &l bus
speed. Mo wrise delay are incurred. Data fa writlen to
the memory amay mere hundreds of naneseronds
Mer 0 his been successiully tramsfeTed fo the
device, The nmext bus cle may  conumence
immliately. In  addition, the prodxt offem
subtimujs! write endhrance compared with other
ronvolitiie manorks., The FMMC64 ks capable of
supponting up to 1E i0-rmadwrite cycles - far more
Wan nost xyslems w1l require from a ssrial memory.

These cambilities makke the PM24C64 ied! For
nonvoladle memory spplications requiring frequent
of fpid writes, Examples rnge from data collectlon
whete the rumber of wiile cycles Thay be etical, o
dawanding industrisl contrals where e kg weilz
lime of EEPROM con couse dita foss. The
canbination of features allows mom frequent dala
writing with less overfwad fot {he system,

The FM24084 provides sabsianilel benefils o ssen
of serial EEPROM, yet these benafils amne ovallablo {n
4 lardware drop-n replacement The FM24CO4 is
provided in Indusicy standord 8-pits packages wsing a
familiy two-wire prolocol. They are puaramaeed uver
an {ndusarial iemnperature fange of 40°C w +35°C,

Pin Configuration

S

]voD
Jwe
] scL
:| SDA

Py Naraes Functhon

AGAL .‘L"’%‘_‘?_‘ﬁ‘&‘i““—_
(508 | Serlal Dalavoadress

SCL Chork

WP Wrile Protedt

VSS Ground

Vik) Supply Voltage 3V

Ordering Informutlon

FMMOELI &pin plasiic DIP

PN S Epin SOF

TGy Wi el atios Jeen epaildians R prasdos] devehyreond
Thewe sprciicalnns inay vimnge n iy manner wilfion salic:

2% Juty 2000

Hawstren intersollannal Corparaiisen
EWSG Ramdron: Dve, Calarade Springs, CO Bt
15007 $£5- VIRA M, (Tt 4817000, {"ax (7 19) 4317050

s de T oY
(53
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FRRACS

Overview

The RQM%4 b 2 soial FRAM wmenoy. T
mmuWWBtU.HZalHI
ooy mdilmmng-hdury
ke twoarise aterfce. Factienat operation of
the FRAM tx saibr o settl KEFROAL. The uugod
diffesence hotwosn the PARMALLA med 2 serid
EEPRON with Yhow ssme pla.c winkes v s
upesior writs partoowancy.

M-mmm
AOSL, thE wiat addresied

Whea stoussing e
a,mmmmuuummmmm
mww 'Ilellizhﬂwmm

tpwloml. Inclmdes o e
mmmmm NN,
and sb sxbroded Mkl oddress. Ounly Bw lower 13
Mis e wed by e dapder for sccencmp 10
mematy. Tho mppar tree pddtion bits showic) be ot
® 4 ke compoiibiily with by devicos in e
fuliew.

The sbevs Lew Ry memtiory qparation b enenlotty
zrro Piyond the thitve aesid 0 S siviall probocel,
Tho b Use rmmmsory b nead o WalBen B Lise speod of
e tao-wine bis. Uale on EEPROM. 1 Is nt
weCihsdy t poll U davicdt AF 3 souly oMbl
Hrog Yk cocur WD spoed That s, by thz e s
wew Bua tanasclica b or shvled umo e parl, 3
WTRE opNVABCT W Dy eI, T s ooy W
more detait on e sloraa sectinn helow,

Liws expa] wrversl stviom spadexs herali Trom
0 THMCOM dop 1 e B W Cywilr axd Tigh

e v b pbetoay bungfits s well. For ticiple
hnm-ﬁcmﬁl—l e Grcbwriie aporalion

e HCepUdie o kx Mesn mn EEFPROM
-uucluw-pnd ly. By <ondmil. W
EEFROM oWl W

ot
valncrahle t0 nobio dharing anich oS 1 cycle.
Noge U The FMIICBE conwies De

JEcuy HSL VIID I within dita 4et ESkiandcs W
vt Lecomest opesl bon.

Two-wire finberface

The FMIIOS oplays & Bcaberiana! fna-aite b
Projocel wsing £OW Pz Of Board sace. Figose 2
htrater & picol gywlem confipeation uxing D
FMMI o 3 Wictocomimiicebastd sydom. The
ufuetry somsdard two-grend ban ix Taniloy ts many
wan e b diescritson imthis saction.

By convention. uny device Gl bs sembing dats erto
T by Iy Ut el e while lw Laipet davice far
Ual qtzis s dh Rocely o The doviod Bl 1 contiotilg
Hue dxas Ll wimsten, ‘Tt wwmutanr b cvwpenible for
PIEAR I Mok signal for e Ay
S HOC o0 T MUK 131 15 SOERE GavroRiadt 46 @ have
The FM2IACH ainays B o sova davise,

The bas prof oosl ¥ emincd1od By 1ansivon salos
N BOA Ml SCL, wigiuls, Thaow oid Kot I oencit o
Wchasing char(, sop, dsta kil or aEEERw . Fupmre
¥ timstrakan the wipual comditions 1hm yhiu-
sl (htaiied Nming dizpyums e i 1k shecirica)
specilcations,

FPlpere 1. Typical Bystam Contiguration
n
ra WEO
M el Feaa YEBC on
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FRIZH

Frare X Data Prasshr Prewscet

n_../ '\_....._.,M A'—_‘].,,,g,a' b H "
Fanm A S & S DY
o b
-4 L3 e J
Thorl Dyt B4 [ (Y. <]
G&ﬂ [i {hanantior) 'm
The Fecaver would el W o
Stan Cendition distinct 'mrﬁuhm:wwrmmglu
A sian coWien in indicaed whes |he Woa posier i coen, G ro-scknowledpe cosses I curtenl
drvet SDA e igh b low whily the SO apedl b B That thi purt coll De sdirassid apits
Wik AN ooumuaads shoald v praceied by w st Thik slizw the bl byte b0 be rvesriorsd in e evet

cpadition, An speration in progrxcants boned by
ALTURG 4 AR CORNUN A WY UME AWAUDE 3T
operatin milly e sl oondibes il seudy 1

F205) Rre s opaation
w Son O powier sapply drops Below [
mm-dnmlwmm&m.
rtart comdi ot prisr S0 porforrsing anel ey aperalish
Shy Cwitm

A slop randitian i indiceted whue e s mavior
drivon DA Trrw ko b high white Be £ -zu
pr.uqcun-umrmn !
with » shep comtiion. §f 30 Speralien i is propes
Whin & E0p I Seenicd. e oparaian Wil b abiniedd.
The exnifey e Deve coniof of FDA (o x memory
read 10 snder bo xhir 3 vt oo alitios.

Dt AT Tremer

Al San brawsfors (i skifosn) take plne
while e 501 siprol v ingh. Excepl oadker e two
condmrions deserihod sbene, ho SDA upasl ogtd
el clumpr while SC1L e Bigh

Acknowicdpe

The scksowiedpe takes piace afer oo ¥ dora bit hs
ety Nocdfurred 1e any wameaction. Durisy tis vl
the el Gar sheatld sebeice e ADA e stow
iha TOONYET 15 TR I TRO recoiver dinis it SDA
pnal low G stknowtidge soveipl of te by I 1
raxner doos it drive XDA Sie, e congilon 8 2

ST-STEPR e B0l T BpMTITon B shorkd

oo commmunkeition ervet.
3 d ol peiox] e oo dowr L
sckmrwicdpe ty detidaralely ol on oeralinn, For
SRR wiing & reed operalion. e FM2H064 nil
voutiaus 10 place dals sale S s i Loitg ua I
recoiver aemth tared chodks) Whiew 2
L] K COmploit snd W0 NG (¥ B
m-wnmmhm
i the raceiver the ld Spte, Iis
Caure Wi FAEZICH to qudnY W dr1ve Bw e
wh Ty newt oluck miy e mulor i srading s wow
wcosraraml s w op,
Ry Addriss

The 2 byte ¥l By FVICES expods sfloc 2 Mt
condition (& (e slave adivess As shoa s ta Figare 4,
e slove aldives coptaims e Grce Irpe. T
dricr setect aldm bits, and 3 W) that specifies §
e teacac ot e o waad v a wride

Bl 34 ate the devios lype and shocld be sl
Witk for e FMMOEL Thay b wlbw o
[ypts of Tenction fypes 10 rexide on ibe L.wans s
witkis ms oathcal adoress vamge. Bilk X1 mv the
aides selecy BB, They mEd noich  the
COCAMPONKING SAN . 01 eRMTNA iy sy Ppins b
iliet i davies. Up o aighn FALNUER el tenid
o the same twosrize bas by ssipabey 2 Eenest
adress b ooach B O 13 the readariie L A D
braclicabes 2 w1 k¢ oparasion.
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Keniroo PRIZAOS
Figare X Dtn Transfer Projecs)
P -
oy 1

@ Wi \ \ n%_) Y TN
P FimED e #2 e 1%

| o pri B4 i B

Son Dt Octa X ki
ﬁﬂ e ir) Crotseey)  Cromwtis)  (Ireelan m

Stars Conditien Tt reooiver wodld RY b SekRoWhidpy Y 1w

A alan coodil o {x niiosted when e bas mosker
drives DA from kigh b bow whity the 501 spaal s
Mgk AN cunul should b precndad by o ukal
conlition. As opaalion trprogrossestibe shoried by
A58erting 4 SO CoBNKON of oty AME AN 30
operatide wing e stan cotdon B oy ke
FRIJOG o mpw apeealissn

I CRiFiRg oparutisd Eh e diops below (e
spaitied YTID simiersnny, the syviom siould ksme o
At coaditon [riy lofaranln;nmlha operalian,

Eiop Candtten
A mop condiion & inGraeed witee the b masker
drives SA Tooom 30w 3o high wife et £C1, 1 is

gk AD operations ing G FMCHL 4 il
with & Map condifion. If s opcralion is in prograss
whm 0 HOp 15 asertad, e opralion i ke ahetied.
This tgatia teusl bivi conirol of SDA (B0t 8 mary
read) iz nrdor b masert 3 stop comfiting.

DatelAddrew Tk

AN dma wakiRes (insieding sddressis) Lake plioe
while the BC1, signal i ingh. Exdept under e two
condmions dacribed S, e SD A sipid) shoutd
! chungs whils SCL. i bigh

Acknontodpe

The ecinon e t3ker place after the B (a1 bl has
bewn tricfirred e any wsetacton. urisg Mds nate
the ImnsmiBar shisild robiane dhe SDA Glu o slow
W Fooaver Lo defva I Tho fecoiver amos Bae SDA
yighsl low to poizuniindes socelpl of the by IF (ke
FOCOT S0k et diive BDA b, S1e cosdiion # 3
B0-B KW o e BN TG opsrution 1 dborkd

distint sessars, (i & Bt @ inde eesfer dfx. in
i come e m-rkiwiedge coxes T cmvent
pperaiion so 9l ty Pt ok be pditcaed spain.
T albown Use L i B¥ir b e fecanored in Dhe ovomfl
of 3 commmund: Mien eevay,

Second et rmos] ootiwecd, B recEver dow nol
scnrwindge to dtidaralely omd o Sperstion, For
yxanpie. daring a vend oporalion. the P06 wilt
cootlloup & plate dso osla 1o b ks hibg 35 flie
receinam pamih sckiowiodges {and clorkay. When o
Tend oeralion i corbpitie abd B0 e (efa b
mended, By reciver Wnk ot sekmo Medzr the band
yie 17 e recel v ixknow: Hoe: Lant bryte, 1Ha
i) couie B TN CH 0 sDAmIE W drive e b
i i nevl clock while e moier i bruding 2 new
commiand soch ud oy,

St Adire

The FrR byte Hal i FAMMCHL expoct: stiar 9 stz
conditionis tk slave adiress. As sbows ia Figare 4,
0 shive 00N comaims T Gdvior Lype, the
darvioe select addaess bits, anc 2 Bl lmrpd.lieﬂ'
the I5mxaction & 2 sbd ora wrike,

Bib 34 arv thy devior 1yp¢ und should ba v to
WIDE for e FMBCEL Thow bits oow olier
VPP OF (enctien [¥Pos W reside o ike atre Uns
within w Kdeatical addeine reage. Bins DI ovw W
ke seicct Bl owHd  wokch B
COPUIONGinG VAR 0D W cEMTRA addrest plec to
sehect the decked, Up woadgin, Pd2Chds can rieiit
on e sama twp-wire bus by amigsing o #ifensd
sudress e cach B O s the rodwnite Bl A D
radictes = wiilv operstion.
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Figure 7 Currest Address Rasd

Data Retention wod Endorance

otz setgtiom isx soecilicd i Re  rlectnod
Tpevifcations delow. For purpory of clary, did
ctish conlissis the rekmilon snd endersacs of
FRAM with EETROM. T rewlion parformasce
Of FRAM b very conpurakl o ZUPROA It s
<Horsctetislicd, eaxnitl, 2w effod oF Mdaiony
Cyther o nelontten isTRTNC

A typical EEPROM Jas 2 wille rudamae

Fpacilicaiton thet Is fieed. 4 tpavitled
w«wnummﬁymm
bad meaxy fdhow By cortreil e ofect of
Inereasing oyl o FILAM poducsl sh icrsase i
Hor mol; etror take. TVSH b tagte i 3 Jigthoer |idead R
WF oo fosa Tl The TRrory conlinses ko fanclien
moperly. A burd Gllare woold ndt ocoe by sieply
exconling the otderanoe specHicalion: simply a
feduction in duds velsaiion retinbiity, Whils wmogh
eycles wock svoke 3n sppanant hynd evver, this s
riemphy @ very Mgh soft emor i, This characteristic
maks o prademall 8 atapn 4 MGl ndysece
spac ifvcalion,

Lo

Frchamuce i 8 ) sporification Therekoss, the wier
My operale Ise drvice with il Xveh o
erdpanos cyching £ay dilieremt porsm of Ik
siarealy. Fot exgmpl. cvitea) s nending the
hiphell retiabaily sl coeikd be wond ™ puminty

looatinhy ot RGNy ety tow cy'cies. (dala
wTth shostonaerm ase could by & s a0 2
ROGTIE MINY Mot¢ Cychor A ud Ores,

seding I @ any FOATIION €30 b Sycied 4800
thele B vicunliv 20 reeMbn capabifXy Tomsfiing,
This would our sovetal of 33 of ragnl ude e¥ove
Hw andaranre spoc.

{atemnlly. a TRAM opfstes with 3 reod aml PesoTy
Machoitben  sioflir @ & DRAM. Theutore,
axudarance oy bes e apgtied for cack axesn teid or
wiite. The FRAM anthitectods bs basedon @ affiy of
TOWE and oolniy, Each sovexs comsds aeycle Tor an
e row, Thorelwe, sdutx koslion Litpeled Jor
abitantially diffafing meedots of cyclis shakd not
by localed within (e same mw. Jo thie FYIAOS, 3
ow s &3 Ms widk. Lock 3 byles in Ly addrem
warls tha beginitg of 2 pew row.
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DS1307

DALLAS

DS1307
84 X 8 Serial Real Time Clock

FEATURES

+ Roatlima clock counts seconds, minutes, houns, dale
of the m trith, month, dey of the weok, and yoar with
leap yaar commpensation vaid up to 2100

* 56 byte nomvolatie RAM Tor data storaga

» 2-wir sarial indertace

* Programmable equarewave outpat gignal

» Automadic poveer fal datect and swilch ciroultry

& Consums lcas theer 800 1A in baltery backup mode
a2sC

= Optional Irdusirial tomporature mnge —40C b
+85°C (IND}

e Avaiable in 8-pin D of SOIC

ORDERING INFORMATION

0S1307 Serial Tinekeeping Chip;
Bpin DIP

DS 13072 Serial Thmekeaping Chip
8-pln SOKC {150 mi)

DS 1307N B-pin DIP {ND)

DS1307ZN B-pin SOIC {ND)

DESCRIPTION

The DS1307 Sefial Real Time Clock is a low power il
BCDelork calendar péts 56 bytos of nonvolztiio SRAM.
Addrons and data are transteinad coddally via o 2-wire
M-direcionsl bus. The clockicalondar provides
soconds, minutes, hours, day. dase, month, and year
information. Tha snvl of the menth dats Is automatically
adiusied for months with Jass than 31 days. including
corrections for leap yoar, The dock qperates in elhar
e 24-hour or 12-hour K with AP K indicator.
The D51307 has & built-in power sonse dreult which
detects power failures and alomalicel y swiichestothe
battary supply,

OFPERATION
The DE1307 cperatas as a stave dovice on the sl bus.

Acciss is cblained by implamonting o START womdltion

PIN ASSIGNMENT

x 1 8110 Veo
X2 2 TOO sowWoUT
Vor Oi{s e L
CHD L SN 5DA

DS1307Z 8- SOIC (150 L)

PIN DESCRIPTION

Vee ~ Primary Power Supply

X1 x2 ~ 32.7%8 KHz Crystal Connection
Vaar « 3 Vot Battery input

GND - Ground

SDA - Sedat Dato

8CL - Sarai Clgck

SQWIoUT -~ Square waveOulput Driver

and providing & dovce identification code followed by a
ragisder address. Subsequent registers can bagcoessed
soccenially unil 8 STOP conditbn b axeculad When
Ve talts bolow 1.25 x Viguy the devics tonminaios an
6Ccess In progess snd resots the dovice eddness
oounk. inputs 10the davice will not be rocognized of this
e ko provent emonsous data fom baing writken 1o the
davica fom an out of Inderonce sysism. Whon Vg falls
bebw Vipar the device sultchas inia 2 b curent ballery
backup made. Upon poasr up, the devica swilches Irom
Balery 1o Vo when Ve is proater than Var+0.2V ond
racagnbes Inputs when Vioc ls groater han 1.2%5 x Vpar
Tha Hock divaram i Figue 1 shows he main dements
o the Setia Rt Time Clock. The foflvwing paragraphs
dascribe the ubclion of each pin.
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DE1387

DS1307 BLOCK DIAGRAM Figure 1
«10H.,
SFYAR e
SONOUT ] mu'ﬁit““ “ 1
COHIRDL M.’
Vc;: i
Y ——a1 TR
3
. 2
i1 ot N —
SDA iy

il

it

{T

SIGNAL DESCRIPTIONS

Ve, GND ~ DC power Is provided to the device on
thase pins. Ve 15 tha +8 voit input. Whan 5 volis are
applied within nomnal §mits, the device s ifly acoassi-
ble and ditta can ba writton snd road. Whena 3 volt bal-
tery 15 conrectad o the device ard Vg is befow 1.25x
Yaar. Feads and witos arg inhibited. However, the
Timakeaping function continues unafiectad by tha lower
input vologe, As Voo lalls below Vigsr the RAM and
timekiaoge: are swilcied averto the exlamai 3vdi bat-
tery.

Vpar -~ Battery input for any standard 3 volkt lilhium cell
or other energy source. Ballery vokape must be held
between 25 and 1.5 voits for praper operation. The
nominal write protec! irp polnt voltage ot which atcess
to the real thma clock and user RAM fs denledis st by
the intemal clreuttry as 1,25 x Vi nominal. A Lithium
battory with 35 muh or grater will back up the DS1397
for more than 10 yoars In e absenca of powar,

SCL (Serlal Clockinput] ~SCL s used tosynchronize
data movement onthe soral interace.

SDa {Serlal Dota InputQutput) ~ SDA ks the nput!
ouput pinforthe Z.wire seralintasce. TiaSOA pinls
open drain which requires an extenval pull-up resistor.

SQWROUT (Bauare Wavel Cutpul Driver) — When
enablod, the SOWE bit set to 1, the SOWOUT pin cu-
puts one of four square wave froquancies (1 Hz, 4 KHz,
BKHz, 32 KHz), The SQWAUT pinls open drain which
requires an sxtemal pull-up neslstor,

X1. X2 - Contiections forastandord 32.768 KHz quasntz
crystal. The inlernal osciflator circuitry ls designad for
cparation with a crysial having a specified load capaci.
tance (CL)of 125 pF,
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Ds1307

RTC AND RAM ADDRESS MAP

Tha atdess mapforthe RTC and RAM registers ofthe
DS 1307 s shown In Figure2. The roaltime clack regis-
tors are lovetod in mddress locations 00k to OTh. The

DS1307 ADDRESS MAP Figur 2

RAM regisions ans located in addross locations 08h to
JFh  During a mukityts access, whon the addross
pointer machas 3-h, the end of RAM space, it wraps
sroundtolocaiion 00h, the baginningof the clock spoec.

1

DAY

DiTE
HICHTR
YEAR
CORTROL

oM

on}

3

CLOCK AND CALEMDAR

The time and calondar information ks obtained by read-
ing the appropriate regisier byles. The read time chck
negistors are Bigstrated in Figure 3. The timeand calen-
darem sot o nfinkzed by wiiting the eppropriata regls-
for bytes. The contonts of the tima and calondar ragls-
fors arein the Binory-Coded Decimei (BCDYfarmal, Bit
7 of Register s the Clock Helt (CH) bit. Whenthis bitls

setbaone, heoscilatorls disabled. Whenclearedtoa
zero, the oscillator is enablad,

The BS1307 can bo run in either 12-hour or 24-her
mads. B26 of the hows register ts dadinad asthe 12-or
24-hour moda salaci bl Whon high, tha 12-hourmoda
is solettad, In the 12-hourmode, bit S is the AMPH bit
with jogic high being PHL {n the 24-howr mode, b 5 =
this sacand 10 hour bit {20-23 hours).
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TYPICAL 2-WIRE BUS CONFIGURATION Fgure 4

U

1WRE

Re
804 . TJ P—
ol LA reliiin

The foowing bus protocolhas been defined (ses Fgure
5)

+ Datatransier may be indialod only whan the busisnol
busy.

 During dats transior, the: dataling ruet roman stable
whenowes Ihedock ine s HIGH. inthe data
ne while the clock line Is high will be Inkerpreted as

conird signals.

Accordingly, the lollowing bus conditions hawe baen
defingd;

Bus nal busy: Both date and dlock fines remain HIGH.

Start data transter, A changs In the stal of e dataing
ram high 1o s, whike 1he clock ine is high, definos 2
START condilion.

Stop data ransfer: A changa in the stats of the data o
fram Jow to high, while the clock ine Is high defines the
STOP condition.

Data valid: The staic of the data ine mprasents valid
data when, after a START contition, the data Ene Iy
stabiefor the duration of e high period of the clock sig-
nal. The data on the fine must bo changed during the
Yo period of e dock signal Therw ks one clock pulse
ner bii of data. o

Each data tranefer 5 initiated with a START condition
and terminsatod with a 5TOP conditlon. The number of
dala bytas transkared betwoen the START and bw
STOP concitions s nat Emiled, and s determingd by he
miaster dovice. The infarmation is transfamed byt
wise and sach roceiver acknovdedges with a ninth b

Mbnooiodge:  Esch mcobdng  device, when
oddressed, is obfiged to gonerat an acknowlodge afior
the reception of gech byte. The master device nust
genotats an extra clock puise which s associated with
this acknowdodge b,

A davics that acknowladges must pull dosn §w SDA
o diging the scknosadge dock pulss in such a way
that the SDA Ine s stabk low during the Righ pariod of
1ha acknesaiedge related clock pulse, Of coursg, seip
and hold §mes must be taken into account ‘Whan
recelving data from o slave 2 master must signal anend
o dala to the siave by not genemiing an acknosiedgo
bit on the tast byte that has been clocked oul of the
thve. Inthis case, the slave mus! leave e dala ine
figf to enabia tha master to generale the S TOP cond-
tion:

DATA TRANSFER

Figues 5, 8, and T dolall how data tratsier 15 accom.
plished anthe 2-wire bus. Depending on thestwotte
R bit in the transmission prolocds as shown in Flg-
ures 8 and 7, twa types of data ransfor are possibls;
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DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

=L
r . v ] ] Y I ] v N
L L S—— [Ny s N - —r L / L]
L - L] acx [~™ A ‘R - *

1. Duta trengler Fom o maxier rensmtier 1o a shve
recetver. The finst byie bensmilled by the masior i
the shyve addross. Naod lolirws o umber of deta

The DS 30T ey cponata in e Tollowing o modes:
1. Skyea rochhar ode (DS1307 wiite moder Saral

Ites. The slave retums en acknowledgs bil wter
ouch recelved bivko . DCala iz trantionod with o most
skyifican b (M35} fis,

2. Date tremior Fom o slave enmumilier o B maslor
recehvd. ‘The fst byla {fhe sk wddross) W trans-
mitted by he masist The siewe thed mtums an
20wl od o b This 1 1alkowod by tha stawe trans-
friting & humbes of datd bytos. Tho master relLems
an admiwiedge b oler el recgived bytes ofwr
tan e et byte. Aihe ond of ihe tast celvod
byte. & it scknowlsdigs’ e rtumed.

data and ciock ey recaivad thiough SDA and SCL
Atar cach byte ls ecehmrt an acknowlodge bt &
ransmitad. START and STOP cond Kicrs are nac-
ognizad ssthebeginaing nnd end o asednl tranktar.
Adiiiress reoognition i porfomed by hordwano after
macaploriol the slrs addmss and direction bR {Seo
Figurs). The eddroas bric is tha diel bdemcelved
altar the sforl condiion b gonacated by the master.
The scdnss byin cottelns the v bk DSA3%7
address, whichts 1101000, kiowed by he direction
bil (R which for awity Ba 0. Aler ecatving and

decoding Ihe ackiress byts the 0S1307 owpats an
samostods on he 804 ine.  afler the 081347
achmomiadpos o siave address + wike bl Lha
TARSIGr iranaRys 3 regisior addias 1o the 031307
This w8 st the mgisiet polnter on the DS1307. The
oratiorwill thion hogin rrvemdting cach-trds of data
wih the DS1N? scknowledging sach by

The Tnpeter davice penenotes o of 1he serdal dock
Putses endthe START and STOP condibions. A Lrnaler
Is onded wih ¢ STOP condiion or wilh o Rpeed
START cewlibry Sirce A repekid START condifon b
gleothe baginning of the okt gerial traneler; thee bus will
nct ba released. Data b trans Sored with e mosd signill-

art b JASE) first. recived. The masiar 48l panerals a siop conditia
0annats the dota willg.
DATA WRITE — SLAVE RECEIVER MODE Figue 5
&
S Mo T phord Adtiree Dyainss Dsinii dirta X

{'s {rota00 { o ] A Jaovooceo ] a [ 000000 | 4 T xoocooi § a ocooc | a [ F ]

. Smar {I
A~ ACKIKMLEDCR 2
P . STOP P RYTRS +
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2. Siswo frangmicter mack (051307 ed made), The
first byl b recsived and handied o5 In the sleve
recsiver mode. Howsvix, b s mods, he drection
bl wil indicals thatthe ranlor droction ks tversed.,
Scrtal data Is transmiied on SDA by te DS1307
whko e sadal clock s Input on SCL. START end
S70P condRions are recognized s 1o beginning
and ond of 4 sarial transfar (S0 Figure 7). The
iiress bylais the frst byta recetvactafiar e slart
condlion Is generelod by the master. The address
i containg fw 7 bt 031307 addess, which ks

1101000, foloaad by tha direction bil (/W which
for arvadisad. Aflor recsiving and docoding fw
addrssbyi the 081307 inputs an acknowkedge on
the SDA ine. The DS1307 then beging o transmit
data storfing whh the register adress poinkad to by
the regisier polter, if Bw tegisier pointaris nolwi-
ten to befere fw initiation of & read mads the irst
addross that i read ls e tast ong stared in he reg-
ister panter,  The DB1307 must recehve a Not

Acknowkadge to ond @ read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

«unmmé Ty Qs (poXp
81101000 | 1A X001 A A | XOROOXIR P
STRT
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ABSOLUTE MAXIMUM RATINGS®

Yokage on Any Pin Redalive 1o Ground -05Vio+7.0V
Tempamtue W C o 70°C

Siorege Tempamiure -£5Cto+125°C

Scidoning Temrporaiure 260C o7 $0 seconds

* Thisls & stress rating onty and functional oparation of the device dithese or any-ather condilions ahove those
ind leptad In the opamtion sections ofthis spacification ts notimplied. Exposure toabschte maxinum rating
conditfors for extandsd periods of ime may eifaect rellaidity. :

Tha Dalias Semicon ductor DS 1307 s bulkt o tha highest quallly stondards and manutachred forlong tarm refiabiity.
Al Dates Semivonducion tevices are mats using the same quality meiardais and menutactuing mathods. Howover,
sinndard vorsions of the 151307 are not exposed o amdmonmenial strossss, such &3 bum-iy, thal some industdal
appicallans require, Products which have succossiully passad through this zirkes of erwirchmentat sirosses ang
markad IND or N, denoting their exianded opaming mperaturs ond redabif By rating. For spaclicraiabtiy lnfirma-
tion on this product, pleesa contect the faciory at (972) 371-4448.

RECOMMENDED DC OPERATING CONIITIONS {0°C o 70°C)
PARAMETER SYWBOL | MiN TYP RAX UNITS | NOTES
Supply Voltngs Veo 45 50 55 v 1
Logic 1 V¥ 22 Vet 3 v 1
Logic G Vo -03 W08 v 1
Vasy Battory Vollage Veaz 25 36 v 1

- DC ELECTRICAL CHARACTERISTICS @°C b 70°C; 'Vﬂ#ﬁv o 5.5V}
PARAKMETER SYWBOLT MIN TYp BAY UNITS -] NOTES
Input Loakege T 1 pA 10
O Leskay v ho 1 pA H
Logic O Output Vo 04 v 2
Acive Supply Cument leca 18 mA 9
Siandty Curent lecs 200 pA J
Battery Currard (OSC ONy. Yoar+ 300 500 nA, 4
SQWiIOUT OFF
Baltory Currond (GSC ON): \gars 480 B0O nA 4
SOW/OUT ON (32 KiHz)
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AC ELECTRICAL CHARACTERISTICS {0°C 1o 70°C; V=45V to 5.5V)
PARAMETER SYMBOL WMIN TYP MAX UNITS NOTES
BCL Clock Frequancy fse. ] 100 KHz
Bus Froe Time Belwoaen a STOP taur 47 "
and START Conciltion _ ]

CH:%T'I;?W START Hosra 4.0 [ 13 &
LCW Period of SGL Clack how 47 s

HIGH Pariod of SCL, Clock [ 4.0 "
Sﬂgmmw tausTa A7 1}

Data Hoid Time bpar 0 _ 13 6.7
Date Set-up Time tacnnar 250 ns

Rise Tima of Both SDA and SCL r 1000

Sigmals

Fodl Tma of Both SDA end SCL. i 300 ns

Sigamats

Set-up Thrw Tor STOP Condition tsusTo 4.7 1]

cu?dm Lowd for each Bus Cg 400 oF )
{40 Capacitace Cur 10 pF

Crystal Capackance 125 pF

NOTES:

1. Al voltages are mefarenced to ground,

2. Logic zerm vdtagos an spociod at s sink ament of 5 mAat Ve 5V, Vo =GND for capaciive londs.

3. Igcs specifiied with VoesSs.0V and SDA, SCL=5.0V.

4. Voc=OV, Vaar=dV.

5. Alerihis pariod, the first clock pulse s gemneied.

8. A device musi Itemalty provide a hold ime of ot igest 300 ns for the SDA signal {reforred 10 the Vasaw of The

SGL signad) in ordat 1o bridgs the wndafingd reglan of 1w faling edge of SCL.
7. Tho mamimum . pwr 1o only tobe met I e device doos not strotch e LOW poriod 0 oyt of the SCL signal
8. Cp - 102 capacitance of one bus ling In pF.
0. loca ~ SCL docking ot max frequancy = 100 KHx.
10.8CL oniy.
11, SDA and SCWIOUT
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THAING DIAGRAM

D31307 €4 X 8 SERIAL REAL TIME CLOCK 8-PiN DIP
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