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ABSTRACT
This thesis describes the designing of distance and speed measured results are display on
LCD monitors. Herein, 2 LCD display are utilized. One used for measuring the target distance
and the rest are used to measure the speed of moving object . Computer programs are used in

associated with the real time experiment.
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RS R/W DB7 DB6 DB5S DB4 DB3 DB2 DBI1
DBO
0 0 0 0 0 0 0 1 I'D
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dmsuntmuaueawmsavesdiusy e ldihmssmuauds masmuaznadesudeya

~

ga'ly) azdlu llawueaasandmua | 3ud

SET DDRSM ADDRESS
RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1
DBO0

45



46

8w P et 4 3y Yo o ¥ W ' - ¥ w

TMHIUNITATHUALDALAITAALLTY Lilﬂulﬂ‘n']ﬂ’lﬁﬂWH‘uﬂ\l’JlLﬂ’Jﬂ’lﬁE]']LlLl.ﬁzﬂ'l‘jl‘llﬂuﬂ.l’ﬂyﬁﬂﬂvll]
o 4 e Yoo A g ] ] | = 3 i 1

"l]S:Lﬂu'l'llﬂ1NLLﬂﬂLﬂ5ﬁﬂﬂ1ﬁuﬂ‘l’J1’mﬂ AHHUIDARATIVDALAAS FUITUVIANUNLANA N

g

9 o w v ow
ﬂu‘UNLW‘J'IS‘;Nﬂ'JE)ﬂ‘H'jllHWﬂﬂH

SET FLAG AND ADDRESS READ
RS R'W DB7 DB6 DB5 DB4 DB3  DB2 DBI
DBO

¥
o [ ] = A et s
dAmumsomizunan FwendeniumdovveweadfuegalumsivdeyadiBF -0

wiauhezSudeynna U4 udd BF = 1 lindeudszfudeyn

2.5.4 M8 IMLAZ M 3EULEYaN Y DDRAM/CGRAM

WRITE DATA TO DDRAM/CGRAMD
RS RW DB7 DB6 DB5 DB4 DBI DB2  DBI
DBO
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X1 [ ] © s ] Vecc

X2 |2 D
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Voat [ )

GND [4_] 5 )
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uoaaid $00-506 nfiufvesitameinwalFlumsnudoyafuriunar  husawsa
» N
507 WluAuNveaTImaed MmuguAITIINLYBI DS1307

¥ .
=

2.62.133aumoinugu Tuoansaogh $07 lnvazBuavoaudnzin Aelil SQW OUT

oo

OUT (Output control) : I¥aIunuszAvasini sQw oUT Tunsdindmeidiants
] ] 1 ] 1 14 ] 1
Suiladyanaudmaoy Tasdrdiafdu 1 fan sQw ouT Aezihul diiiefidu o fud
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i o v e A o v ¥
2.6.3 Hapdufinnedy DS1307 eeumInnzdoya
o u’; [ -
aquiluduseuld ddl
L Suduadaannzdadediuiids ize start ();
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3 =8 ' o b d a 1 ] o :iy 3 =8
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Features
o Compatible with MCS-51TM Products
+ 8 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles
e Fully Static Operation: 0 Hz to 24 MHz
e Three-Level Program Memory Lock
e 256 x 8-Bit Internal RAM
¢ 32 Programmable 1/O Lines
¢ Three 16-Bit Timer/Counters
o Eight Interrupt Sources
e Programmable Serial Channel
« Low Power Idle and Power Down Modes
Description
The AT89C52 is a low-power, high-performance CMOS 8-bit
microcomputer with 8 Kbytes
of Flash programmable and erasable read only memory (PEROM).
The device is manufactured
using Atme!’s high density nonvolatile memory technology and is
compatible with the
industry standard 80C51 and 80C52 instruction set and pinout. The
on-chip Flash allows the
program memory to be reprogrammed in-system or by a
conventional nonvolatile memory
programmer. By combining a versatile 8-bit CPU with Flash on a
monolithic chip, the Atmel
AT89C52 is a powerful microcomputer which provides a highly
flexible and cost effective
solution to many embedded contro! applications.
The AT89CS52 provides the following standard features: 8 Kbytes
of Flash, 256 bytes of
RAM, 32 I/O lines, three 16-bit timer/counters, a six-vector two-
level interrupt architecture, a



full duplex serial port, on-chip oscillator, and clock circuitry. In

addition, the
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s A T89C52

Description (Continued)

designed with static Jogic for operation down to zero frequency
and supports two software selectable power saving modes. The
Tdle Mode stops the CPU while allowing the RAM. timer/comut-
ers. serial port. and intenupt sysiem to continue fimetioning.
The Power Down Mode saves the RAM contents but freezes the
osciliator. disabiling nll other chip functions until the next hard-
ware reset.

Pin Description

Yoo

Supply voltage.

GND

Ground.

Fort 0

Port D is an 3-bit apen drain bidirectional 'O port. As an autput
port, ¢ach pin can sink eight TTL inpuls. When 14 are written to
port © pins, the pins can be used as high-impedance inputs.

Post O can also be configured to be the multiplexed low-order
address/data bus during accesses (0 externel program and data
memory. Ia fhis mode, PO has internal pullups.

Pon 0 also receives the code bytes diring Flash programnting
nnd owtpuis the codz bytes dunng progra verification. External
pullups are required during program verification.

Pait 1

Port 1 is an B-Dif bidirectionat 170 port with intemal puliups, The
Port § output buffers can sink/source four TTL inputs. When s
are written 1o Pout | pins. they are pulled ligh by the intenal
putlups and can be used as inputs, As wputs. Port 1 pins that are
extemally being pulled low will sonrce currenr (Ii) because of
the inrernal pullaps.

In addinon. PLO and Pi.1 can be conflgured to be the
timer/coumter 2 exfernal count jmput (P1.O/T2) and the
timer/comnter 2 trigger input (P1L.I/TZEX). respectively. as
skiown in the following table.

port Pin | Alternate Functions

P1.0 T2 {external count input to
’ Timer/Counter 2), clock-out

P14 T2EX (Timer/Counter 2 capture/reload
i trigger and direction contrel}

Port 1 also receives the fow-order address bytes during Flash
prograonmiug and program verification.

Port 2

Port 2 §s an 8-bit bidirectional 'O port with internal pullups. The
Port 2 output buffers cau sink/sovrce four TTL inputs, When I+
are written to Part 2 pins. they are puiled high by the internal
pullups and can be sed as inputs. As inputs, Port 2 pins that are
externally being pulled low will spurce current () because of
the intemal pullups.

Port 2 eqnits fhe high-order address byte during fetches from ex-
ternal progimim wemory and during accesses 1o externnl dafa

—_—

memory it use 16-bit addresses (MOVX @ DPTR). I this
application, Port 2 uges stvong imernal pullups wilen emitting
1s, During accesses to external data memory that use B-bit ad-
dresses (MOVX @ RID), Port 2 emiits the contents of the P2 Spe-
cial Funetion Register.

Port 2 also receives the high-order address bits and some conrol
stgnals during Flash programuming and verification.

Port 3

Port 3 is an 8-bit bidirectiopal L port with internal pullups, The
Port 3 output buffers can sink/source four TTL inputs. When s
are written to Port 3 pins, they are pulled high by the internal
pullups aud can be used as inputs. As inputs, Pon 3 pins that are
externally being pulled low wili source current (I} becanse of
the puliups.

Port 3 also serves the funcrions of various special features of the
ATBOCS1. as shown in the following fable.

Port Pin | Alternate Functions

P3.0 RXD (seriai input port}

P3 TXD (serial output port)

P3.2 iNTO {external interrupt 0)

P33 TNT1 (external Interrupt 1)

P34 T (timer  extarnal input)

P3.B T1 {timer 1 external input)

P36 WR (external data memory writa strobe)
P3.7 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash programeuing
and programming verificalion.
RST
Reset input. A high on this pin for two machine ¢ycles while the
oscillator is numing resets the device.
ALEPROG

Address Latch Prable is an output pulse for latching the low
byte of the address during accesses to external memory. This pin
is alse the program pulse input (PROG) during Fiash program-
TNy,

In uonual operafion, ALE is emittad at a constant rate of 1/6
the oseilfator frequency and may be used for external timing or
clocking puposes. Note. however. that ome ALE pulse s
skipped during each access to extermnal data memocy.

If desired. ALE operation cau be disabled by seiting bit O of SFR
location BEH. With the bit set. ALFE is active only during a
MOVX or MOVC instruction. Oterwise. the pin is weakly
pulled high. Setting the ALE-disable bit has no effect if the mi-
crocrontrofler is in external execution moede.

PSEN

Program Store Enable is the read strobe 1o externn] program
MeImory.

When the ATS9CS2 is executing code from external program
itemory, PSEN is activated rwice each machine cycle. except
that two PSEN activations are skipped during each access o ex-
fernal data snemory.

icontiuned)
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MIcROCHIP

241.C16B

16K 2.5V I*C™ Serial EEPROM

FEATURES

Single supply with aparation down 1o 2.5V
+ Low power CMOS technology

- 1 mA active current typical

- 10 pA standby current typical at 5.5V

- 5 pA standby current typical at .0
» QOrganized as B hocks of 258 bytes (8 x 256 x 8}
» Z.wire serial interface bus, 2C™ compatible
Sehmitt trigger inputs for noise suppression
Qutput slope control to eliminate ground bounce

DESCRIPTION

The Microchip Technology Inc. 24LC168B is a 16 Kbit
Electrically Erasable PROM. The device is organized
as eight blocks of 256 x B-bit memary with a 2-wire
serial interface. Low voitage design permits operation
down to 2.5V with standby and acfive currents of aniy
5 4LA and 1 mA respectively. The 24LC16B also has a
page-wrile capabilily for up to 16 bytes of data. The
24LC 168 is available in the standard B-pin DIP. surface
mount SOIC, TSSOP and MSOP packages.

BLOCK DIAGRAM

+ 100 kHz (E-temp.) and 400 kHz {C/l-temp.}
ot it eyl (i T g LS
« Seif-timed write cycle (including auto-erase)
+ Page-wiite buffer for up o 16 byles
« 2 ms lypical write cycle tme for page-write ) MEMORY CEPROM
+ Hardware write protect for entire memory G?&ECOLH Deggﬁ'cﬂ XDEC| | ARRAY
» Can be operated as a senal ROM PAGE LATCHES
« Factory programming {QTP) available
» ESD protection » 4,000v [0 ot
» 1,000,000 erasewrite cycles A YDEC
+ Data retention > 200 years SDA
« 8-pin POIP. 3CIC, TSSOP and MSOF packages
+ Available for extended temperature ranges. vee C— pr——
- industrial (B): -40°C to  +85°G vss e *| AR CONTROL
- Automotive (E}: -40°C to +125°C
PACKAGE TYPES
PDIP S0IC TSSOP MSOP
ApC)r o Bpvec a0 : 8vee sora! . PRaves o}t "Ravec
A2 5 TAwWe a2 B Tmawe a2 B Tmwe a2 E Towe
Azps @ S[ISCL a2ef? & f[usct At B 6imsoL axd® & Shsce
Vs[4 BMSDA  ysg]4 Emspa  vestd ShspA vssT? 5asDA
Naote: Ping AQ. A1 and A2 are notl used by tha 24LC16B. {No intermai conneclions)

HC™ is a trademark of tha Philipa Corporation

2 200! Microchip Tachnalogy knc.

DS20070M-page 1




24LC16B
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1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

L -0.3V to Voo +1.0v

Al inputs and cutputs w.rt Vss

Storage temperature ... SRS O PSR U UP PRSI 65°C to +150°C
Ambient temp. with power applied ... e e e -B5°C to +125°C
Soidering lemperature of leads (10 seconds}............ e e e a e i e +300°C

ESD protection on all pins

11 DC Characteristics

Voo = +2.8Y to +6.5V
DC CHARACTERISTICS Industrial  (i}: Tamb = -40°C to +85°C
Automotive {E): TAWE = -40°C to +1286°C
Pa::m. Sym. Characteristic Min., Max, Units. Conditlons
N} ] ViH WP SCL and SDA pins — — e =
D2 —_ High leve! input vollage 7vee — Voo
D3 VL |Low level input voltage — Jvee v o=
D4 VHYS | Hysteresis of Schmitt 05 Vec — VvV |(Nots}
{rigges inputs
D5 VoL | Low level cutput voltage — 40 vV [lot = 3.0 mA, Voo = 2.5V
D& LI Input leakage current -10 10 pA  |ViIN = TV ioVEC
o7 Lo {Output leakage currant -10 10 WA [VouT = IVie Veo
D& CiN, | Pin capacitance - 1a pF lvcc = 5.0V {Note)
Cout | {all inputsiputputs) Tame = 25'C, Felk = 1 MHz
D9 |} lcc wiite | Operating current — 3 mA | Voe = 5.5V, SCL =400 kHz
D10 | lcc read — H mA |—
D11 Iccs | Standby current — 30 pA  |Vee = 30V, SDA = SCL=Vce
—_ 100 pA |vee =55V, 5DA = 3CL=VCo
WP = V38

Note: This parameter is periodically sampled and not 100% tested.
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1.2  AC Characteristics
Ve = +2.5V to 6.0V
AC CHARACTERISTICS Industrinl  ({l): TaMB = -40°C to +853°C
Automotive [E): Tamp w -40°C to +126°C
P::m. Sym. Characteristic. Min. Max. | Units Conditions
1 Fowe | Clock frequency —_ 400 kHz 2.5V <VoCcs b5V
— 400 2 8Y ¢ Voo £ 6.5V (E-emp. range]
2 THiIGH | Clock high time 600 — ns | 25V=Vecshhv
4000 — 25V < Vee £ 5.5V (E<temp. range}
3 TLow | Clock low time 1300 — ns |25V avecsahY
4700 — 2.8V 5 Ve £ 5 5V {E-temp. range)
4 TR SDA and SCL nse lime —_ 300 ns |26V sVeCcs 55V (Note 1)
(Note 1) — 1000 2.8V g Ve 5 5.5V {E-temp. range)
{Nots 1)
5 TF SDA and SCL fall time _— 300 ns |[{Nots 1)
6 THD:3TA  START condition hold 00 — ns |25V sVocs55V
time 4000 — 28V LYoo s 5.5V (E-temp. range}
7 Tau:sTs |START condition setup 800 — ns [25V<vecshhvY
time 4700 — 25V < vee £5 5V (E-temp. range)
2 THe:aaT |Data input hold time 0 —_ ns | {Note 2)
9 Tsu:paT |Cata input setup fime Ho — ns |26V sVee s 55V
250 — 28V <« Voe < 5.5V {E-temp. range}
10 Tsu:sTo | STOP conditian setup 600 — ns |28V svee 58V
time 4000 — 2.5V g vee < 5.5V (Edemp. range)
11 TAA  (output vahkd from clock - 900 ns |28V svVeCcshiv
{Note 2) — 3500 25V 2 Vee £ 5.5V (E-temp. range}
12 Teur  |Bus free time: Time the 1300 — ns |25YsVocs55Y
bus must be free befare a 4760 — 2.5V 2 Vo € 5.5V (E-temp. range)
new transmission can
start
13 Tor | Output fall time from ViH [ 20+0.1CB ; 250 ns  [25YsVeo s 55V
minimum {0 Vit maximum — 250 2.8V € Voo « 5.5V [E-temp. range)
14 Tsp  |Input fier spike —_ 50 ns | (Notes 1 and 3}
suppression
(SDA and SCL pins)
1% Twe | Write cydle time (byle or —_ ] ms |[—
page)
16 — Endurance ™ — | eycles | 25°C, Vee = 5.0V, Block Mode
{Note 4)
Note 1: Not 100% tested. Cb = tolal capatitance of one bus line in pF.

2: As a transmitier, the device must provide an internal minimum defay time to bridge the undefined region {minimum

300 ns) of the falling edge of SCL to avoid unintended generabon of START ar STOP conditions,

3; The combined TsP and VHYS specifications are due to new Schmitt tngger inputs which provide improved noise spike

suppreasion. This ekminates the need for a Ts spacitication for standard operation.

4: This parameter is nol tested but ensured by characterization. For endurance estimates in a specific application, please

consult the Total Endurance Model which can be obtained on Microchip’s website: www.mitrochip.com.




2.0 FUNCTIONAL DESCRIPTION

The 241 C1AB supports a bi-directional 2-ware bus and
data transmission protocol. A device that sends data
onta the bus is defined as transmitter, and a device
receiving data as receiver. The bus has to be controlled
by a master device which generates the senal clock
{SCL}, confrols the bus access and generates ihe
START and STOP conditions, while the 24LC168
works as slave Both master and slave can operate as
transmitter ar receiver, but the master device deter-
mines which mode is activated.

3.0 BUS CHARACTERISTICS

The foliowing bus protecol has been defined:

+ Data transfer may be initiated only when the bus
is not busy.

+ During data transfer, the data line must remain
stable whenever the clock line is HIGH. Changes
in the data line while the clock line is HIGH will be
interpreted as a START or STOP condition.

Accordingly, the foliowing bus conditions have been
defined {Figure 3-1j,

31 Bus not Busy {A)

Both data and clock iines remain HIGH.

3.2  Start Data Transfar (B}

A HIGH to LOW transition of the SDA line while the
clock (SCLY is HIGH determines a START condition.
Alf commands must be preceded by a START candi-
tion.

3.3  Stop Data Transfer (C)

A LOW {o HIGH NJansition of the SDA line while the
clock {SCL) is HIGH determines a STOP condition. Afl
operations must be ended with a STOP condition.

24L.C16B

3.4 Data Valid {D)

The state of the data line represents valid data when,
after a START condition, the data line is stable for the
duration of the HIGH period of the clack signal.

The data on the line must be changed during the LOW
period of the clock signal. There is one clock pulse per
it of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The number of
the data bytes transterred between the START and
STQP conditions is determined by the master device
and is thearetically unlimited, atthough anly the last six-
teen will be stored when doing a write operation. When
an overwrite does occur it will replace data in a first-in
first-gut (FIFO? fashion.

3.5

Each receiving device, when addressed, is obliged to
generate an acknowledge after the reception of each
byte. The masfer device must generate an extra clack
putse which is associated with this acknowledge bit.
] e T 13

Acknowtedge

SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW dunng the HIGH
period of the acknowledge related clock pulse. Of
course, setup and hold times must be taken into
account. During reads, a master must signai an end of
data to the slave by not generating an acknowledge bit
on the last byte thal has been clocked out of the siave.
in this case, the slave {24LC15B) will leave the data
line HIGH fo enable the master lo generate the STOP
condition.

FIGURE 3-1: DATA TRANSFER SEQUENCE ON THE SERIAL BUS
coL LM B Lo /_93;1 » (€1 ) A
AN ¥ N /
SDA e }'._.__.____.._n...m,.."m..\
\ [ /_ AN /'
‘START ADDRESS OR DATA “gToP
CONDITION ACKMOWLEDGE ALLOWED CCHDITION
vALID TO CHANGE
L _ A N —

1 2001 Microchip Technolagy nc
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3.6 Device Addressing

A control byte is the fiest byte received following the
start condition from the master device. The control byte
consists of a four bit control code, far the 24LC16B this
i5 set as 1010 binary for read and write operations.
The next three bits of the confrol byte are the block
select bits (B2, B, BO). They are used by the master
device to seiect which of the eight 256 word biocks of
memory are to be accessed. These bits are in effect the
three mast significant bits of the word address. It
should be noted that the protocal Hmits the size of the
memory to eight blocks of 256 words, therefore the pro-
tocol can support only one 241 C15B per system.

The last bit of the control byte defines the operation to
be performed. When set fo 1’ a read operation 1§
selected, when set 1o ‘0’ a write operation is selected.
Following the START condition, the 24LC 168 monitors
the SDA bus checking the device type identifier being
transmitted, upon @ 1010 code the slave device gut-
puts an acknowtedge signat on the SDA Iine. Depend-
ing on the state of the R/W bit, the 24L.C16B will select
a read or write oparation.

Operation Cg::r:l Block Select RIW
Read 1010 Block Address

ol r

Write 101¢ Block Address

FIGURE 3-22 CONTROL BYTE
ALLOCATION

START READIWRITE

-

il

1 1 T T 1 —
I SLAVE ADDRESS | wa[ A

1 0 1 Q B2 | B1 Bo

X = Don't care




DALLAS

SEMICONDUCTOR

DS1307
64 X 8 Serial Real Time Clock

FEATURES

® Reattime clock counts secands, minttes, hours, date
of the monith, month, day of the week, and year with
leap year compensation valid up to 2100

® 56 byte nonvolatile RAM for daia storage

* 2-wire serial interface

* Programmable squarewave autpul signal

* Automatic power fail detect and switch circuitry

# Consumes less than 500 nA in battery backup mode
at 25°C

» Optional industrial temperature range —40°C to
+B5*C {IND}

& Avaitable in 8-pin DIP or 3QIC

ORDERING INFORMATION

DS1307 Senial Timekeeping Chip;
E—pin DIP

D51307Z Serial Timekeeping Chip,
B-pin SOIC {150 mit}

DS1307N 8—pin DIP {IND)

DS1307ZN 8-pin SOIC (IND}

DESCRIPTION

The D$1307 Senal Reat Time Clock is a low power fult
BCD clock calendar plus 56 bytes of nonvolatile SRAM.
Address and dala are transferred seriaily via a 2-wire
bi-directional bus. The clockicalendar provides
seconds, minutes, hours, day, date, montkh, and year
information. The end ofthe month date is autematicalty
adjusted for months with less than 31 days, induding
corrections for leap year. The clock operates in either
the 24—hour or 12-hour format with AM/PM indicator.
The DS1307 has a buili—in power sense circuit which
detects power faifures and automatically switchesta the
battery supply.

OPERATION
The DS 1307 operates as a slave device on the senal bus.
Access is obtained by implementing a START conditian

PIN ASSIGNMENT
x1 5 1 8i ] vec
w2 [ 2 1] sowourt
vear L 2 81] scL
sno [ s ] sDa
DS1307 8-PIN DIP (300 MIL)
x1 00| 1 B0 WVeg
x2Od|z 7D sowour
vear 0| 2 &M scL
GND 0|4 SO SDA

DS12072Z A-PIN SOIC (150 ML)

PIN DESCRIPTION

Voo Primary Power Supply

X1, X2 — 32768 KHz Crystai Connection
VeAT - +3 Voit Battery Input

GND — Ground

SDA — Sernal Data

SCL — Serial Clock

SQWIOUT -~ Sguare wave/Quiput Driver

and providing a device identification code followed by a
register address. Subsaquent registers can be accessed
sequentially until a STOP conddion is executed. When
Ve falis below 1.25 x Vpar the device terminates an
access in progress and resets the device address
counter. Inputs to the device will not be recognized at this
time to prevent eroneous data from being wnitten to the
device from an put of tolerance system. When Vg falfs
below Vg the device switches #to a low currentbattery
backup mode, Upon power up, the device swilches from
battery to Voo when Ve is greater than Vpar+0.2V and
recognizes inputs when Ve is greater than 1.25 x Vgar.
The block diagram in Figure 1 shows the main etements
aof the Serial Real Time Clock. The foflowing paragraphs
describe the function of each pin.

022794 11t
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D$1307 BLOCK DIAGRAM Figura 1

L.

OSCILLATOR RTC
AND DIVIGER
SQUARE WAVE
SOWIDUT ~a—— A i
| — RAKE
(58 X B}
CONTROL
LOGIC
VCC e .
Vaar —— POWER.
GND . CONTROL
y
BCL ————f
SERIAL BUS - ADORESS ]
INTERFACE REGISTER | — A
Cha i

1t

il i

SIGNAL DESCRIPTIONS

Vee, GND — DC power is provided to the device on
these pins. Vg is the +5 voltinput. When & voits are
applied within normat limits, the device is fully accessi-
ble and data can be written andread. When a 3 voit bat-
tery is connecled to the device and Veq is below 1,25 x
VgaT, reads and writes are inhibited. Howaver, the
Timekeening function continues unaffected by the lower
input voltage. As Vi falls below Vgar the RAM and
timekeeper are swilched over to the external 3 voit bat-

tery.

Vgat — Batiery input for any standard 3 voit lithium cell
or other energy source. Batiery voltage must be held
between 2.5 and 3.5 voits for proper operation. The
nominal wrile protect irip point voltage at which access
1o the real time clock and user RAM is denied is set by
the infemnal circuitry as 1.25 x Vgay nominal. A Lithium
battery with 35 maAh or greater will back up the DS 1307
for more than 10 years in the absence of power.

SCL (Serial Clock Input) - SCL is used to synchronize
data movement on the serial interface.

SDA (Serial Data input/Output) — SDA is the input/
output pin for the 2-wire serialinterface. The SDA pinis
open drain which requires an externai pull-up resistor.

SQWIOUT {Square Wave/ Output DOriver) ~ When
enabled, the SOWE bit setto 1, the SQW/QUT pin out-
puts one of four square wave frequencies (1 Hz, 4 KHz,
B KHz, 32 KHz). The SQW/OUT pin is open drain which
requires an extenai putl-up resistor.

X1, X2 - Connections for a standard 32. 768 KHz guartz
crystal. The internal oscillator circuitry is designed for
operation with a crystal having a specified load capaci-
tance (CL} of 12.5 pF.

Q22798 2114



RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the
DS 1307 is shawn in Figure 2. The real time clock regis-
fers are kocated in address locations 00h to 07h. The

D81307 ADDRESS MAP Figure 2

RAM registers are located in address locations (8h (o
3Fh. During a multibyle access, when the address
pointer reaches 3Fh, the end of RAM space. it wraps
around to location 00h, the beginning of the clock space,

el
SECONDS

MENUTES

HOURS

DAY

QATE

MONTH

YEAR

- CONTROL

B8H

RAM
58x8

3IFH

CLOCK AND CALENDAR

The time and calendar information is obtained by read-
ing the appropriate regisier bytes. The real time clock
registers are iilustrated in Figure 3. The time and calen-
dar are set orinitialized by writing the appropniate regis-
ter bytes. The contents of the lime and calendar regis-
ters are in the Binary—-Coded Decimal {BCD) format. Bit
7of Register Dis the Clock Halt {CH)} bit. When this bités

setto aone, the oscillatoris disabied. Whenclearedioa
zero, the oscillatar is enabled.

The DS1307 can be run in either 12-hour or 24-hour
mode. Bi{ 6 of the hours register is defined asthe 12-or
24-hourmode selectbit. When high, the 12-hour mode
i5 selected. Inthe 12-hour made, bit 5is the AMFM bit
with lagic high heing PM. In the 2d-hour mede, bit b is
the secoend 10 hour bit (20-23 hours).



DS1307 TIMEKEEPER REGISTERS Figure 3

e | 0 e

ooH | cH 10 SECONDS SECONDS LO-59
x 10 MINUTES MINUTES D059
, 12 1B HR 012
% i [Top | 1OHR HOURS g
x % X x A Cav 1-7

g
t
x X 10 DATE DATE gi-30
X x 10 MONTH MONTH 01-12
10 YEAR YEAR 00-99
otH | ouT X x | sawe| x X | &s1 | Rso

CONTRCL REGISTER
The DS1307 Control Register is used to controf the

operation of the SQW/OUT pin.

BITT |BITS |BITS | BIT4 | BITY (BIT2 | BITY | BITO

ouT X x SOWE * x RSt | RSO

QUT (Qutput cantraty: This bit controls the output fevel
of the SQW/OUT pin when the square wave output is
disabied, If SOWE =0, the logic tevel on the SQW/OUT
pinis 1HOUT=1andis D OUT = 0.

SOWE {Snuare wave Enable). This bit when set to a
logic 1 will enable the oscillator output. The frequency of
the square wave output depends or the value of the
RS0 and RS bits.

RS {Rate Select): These bils controt the frequency of
the sguare wave outpul when the square wave ouiput
has been enabled. Tabie 1 iists the square wave fre-
quencies that can he seigcted with the RS bits.

SQUAREWAVE CUTPUT FREQUENCY Table 'l

RS1 RSO SQwW OUTPUT
FREQUENCY
a 0 1Hz
a 1 4 KHz
1 0 B KHz
1 1 32 KHz

2-WIRE SERIAL DATA BUS

The DS1207 supports a bi-directional 2-wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmilter and a device
receiving data as a receiver. The device that contrais
the message is called a master. The devices that are
controlied by the master are slaves. The bus must be
controlied by a master device which generates the serial
clock {SCL), controlsthe bus access, and generates the
START and STOP conditions. The DS1307 operatesas
a stave on the 2—wire bus. A typical bus configuration
using this 2—wire protocol is show in Figure 4.
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