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ABSTRACT

The project presents the development of an apparatus for detection of stealing diesel oil
from trucks by the drivers. The project composes of two main components. One is the apparatus
on the trailer that provides interested parameters. The other is program as a sever that receives the
parameters to be analyzed and shown in graphs for an operator who can monitor conditions of the

trucks.
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B DALLAS ~ DS1307

¥ SEMICONDUCTOR 64 X 8 Serial Real Time Clock
‘EATURES PIN ASSIGNMENT

Real time clock counts seconds, minutes, _—

hours, date of the month, month, day of th o DO
ours, date of t e_mont , month, day o t.e w22 7B sawout

week, and year with leap year compensation Varl3 6 BscL

valid up to 2100 GND 1 4 s 3 sba

56 b_yte nqnvglatlle RAM for data storage DS1307 §-Pin DIP (300 mil)

2-wire serial interface

Programmable squarewave output signal

. . . X1 Omyl 8 M Vcc
Automatic power-fail detect and switch xomlz 7 tmsawiout
Circuitry Vear O} 3 6 { SCL
Consumes less than 500 nA in battery backup onomls s [mspa
mode with oscillator runnlng DS1307Z 8-Pin SOIC (150 mil)
Optional industrial temperature range
-40°C to +85°C
Available in 8-pin DIP or SOIC PIN DESCRIPTION
Recognized by Underwriters Laboratory Vee - Primary Power Supply
X1, X2 - 32.768 kHz Crystal Connection
VBAT - +3V Battery Input
JRDERING INFORMATION GND - Ground
)S1307 8-Pin DIP SDA - Serial Data
)S1307Z 8-Pin SOIC (150 mil) SCL - Serial Clock
)S1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Output Driver
)S1307ZN 8-Pin SOIC (Industrial)
)ESCRIPTION

'he DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
onvolatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
lock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the
1onth date is automatically adjusted for months with less than 31 days, including corrections for leap
ear. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
as a built-in power sense circuit which detects power failures and automatically switches to the battery

upply.

1of 11 081800



DS1307

JPERATION

'he DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
ondition and providing a device identification code followed by a register address. Subsequent registers
an be accessed sequentially until a STOP condition is executed. When V¢ falls below 1.25 x Vparthe
evice terminates an access in progress and resets the device address counter. Inputs to the device will
ot be recognized at this time to prevent erroneous data from being written to the device from an out of
slerance system. When Vc falls below Vpar the device switches into a low current battery backup
10de. Upon power up, the device switches from battery to Vcc when Vecis greater than Vpar+0.2V and
scognizes inputs when Vcc is greater than 1.25 x Vpat. The block diagram in Figure 1 shows the main
lements of the Serial Real Time Clock.

)S$1307 BLOCK DIAGRAM Figure 1

.k,

OSCILLATOR
AND DIVIDER

RYC

SQUARE WAVE
SQWOUT | ouTt l

RAM
{56 X 8)

CONTROL
LOGIC

Ve =™
Vaar > com’n&
GND ————it

SERIAL BUS ADDRESS E
INTERFACE REGISTER

IGNAL DESCRIPTIONS

’ccy GND - DC power is provided to the device on these pins. Vccis the +5 volt input. When 5 volts is
pplied within normal limits, the device is fully accessible and data can be written and read. When a
-volt battery is connected to the device and Ve is below 1.25 x Vpar, reads and writes are inhibited.
lowever, the Timekeeping function continues unaffected by the lower input voltage. As Vcc falls below
"sat the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at

r
BAT-

SDA e—

"sat - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
eld between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
ccess to the real time clock and user RAM is denied is set by the internal circuitry as 1.25 x Vpar
ominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
1e absence of power at 25 degrees C.

20f11



DS1307

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

DA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
in is open drain which requires an external pullup resistor. '

QW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bit set to 1, the SQW/OUT pin
utputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
rain which requires an external pullup resistor. SQW/OUT will operate with either Vcc or Vbat applied.

1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
esigned for operation with a crystal having a specified load capacitance (CL) of 12.5 pF.

or more information on crystal selection and crystal layout considerations, please consult Application
ote 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
xternal 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
gnal and the X2 pin is floated.

lease review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
or additional information.

:TC AND RAM ADDRESS MAP

he address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
ock registers are located in address locations 00h to 07h. The RAM registers are located in address
scations 08h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
»ace, it wraps around to location 00h, the beginning of the clock space.

151307 ADDRESS MAP Figure 2

00H

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
07H CONTROL

08H RAM
8
3FH 56 x

'LOCK AND CALENDAR

he time and calendar information is obtained by reading the appropriate register bytes. The real time
ock registers are illustrated in Figure 3. The time and calendar are set or initialized by writing the
ypropriate register bytes. The contents of the time and calendar registers are in the Binary-Coded
ecimal (BCD) format. Bit 7 of Register 0 is the Clock Halt (CH) bit. When this bit is set to a 1, the
scillator is disabled. When cleared to a 0, the oscillator is enabled.

lease note that the initial power on state of all registers is not defined. Therefore it is important to
1able the oscillator (CH bit=0) during initial configuration.
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DS1307

e DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as th.e
5. or 24-hour mode select bit. When high, the 12-hour mode is selected. In the 12-hour mode, t?lt 51s
he AM/PM bit with logic high being PM. In the ‘24-hour mode, bit 5 is the second 10 hour bit (20-

3 hours).

)n a 2-wire START, the current time is transferred to a second set of registers. The time information is
sad from these secondary registers, while the clock may continue to run. Th;s eliminates the need to re-
sad the registers in case of an update of the main registers during a read.

)S1307 TIMEKEEPER REGISTERS Figure 3

T2 T T R B

00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
12 10 HA 0112
X 241 AP 10HR HOURS 0023

X X X X X DAY -7

gz
X X 10 DATE DATE o130
10
X X X | MONTH MONTH 01-12
10 YEAR YEAR 00-99
o7H | OUT | X X |sawe| x x | ms1 | Rso

ONTROL REGISTER

he DS1307 Control Register is used to control the operation of the SQW/OUT pin.
BIT 7 BIT 6 BIT 5§ BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
OUT X X SQWE X X RS1 RSO

YUT (Output control): This bit controls the output level of the SQW/OUT pin when the square wave
utput is disabled. If SQWE=0, the logic level on the SQW/OUT pin is 1 if OUT=1 and is 0 if OUT=0.

QWE (Square Wave Enable): This bit, when set to a logic 1, will enable the oscillator output. The
-equency of the square wave output depends upon the value of the RS0 and RS1 bits.

S (Rate Select): These bits control the frequency of the square wave output when the square wave
utput has been enabled. Table 1 lists the square wave frequencies that can be selected with the RS bits.

}QUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
0 0 1 Hz
0 1 4.096 kHz
1 0 8.192 kHz
1 1 32.768 kHz
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DS1307

-WIRE SERIAL DATA BUS

"he DS1307 supports a bi-directional 2-wire bus and data transmission protocol. A device that sends
lata onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that
ontrols the message is called a master. The devices that are controlled by the master are referred to as
laves. The bus must be controlled by a master device which generates the serial clock (SCL), controls
he bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the
-wire bus. A typical bus configuration using this 2-wire protocol is show in Figure 4.

'YPICAL 2-WIRE BUS CONFIGURATION Figure 4

Vee

Rp

SDA &
2-WIRE
SERIAL DATA
BUS
sCL

DS1307 OTHER
MICRO- REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

AAAN
A A J

Rp

igures 5, 6, and 7 detail how data is transferred on the 2-wire bus.

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 control signals.

.ccordingly, the following bus conditions have been defined:
'us not busy: Both data and clock lines remain HIGH.

tart data transfer: A change in the state of the data line, from HIGH to LOW, while the clock is HIGH,
efines a START condition.

top data transfer: A change in the state of the data line, from LOW to HIGH, while the clock line is
[IGH, defines the STOP condition.

)ata valid: The state of the data line represents valid data when, after a START condition, the data line
stable for the duration of the HIGH period of the clock signal. The data on the line must be changed
uring the LOW period of the clock signal. There is one clock pulse per bit of data.

ach data transfer is initiated with a START condition and terminated with a STOP condition. The
amber of data bytes transferred between START and STOP conditions is not limited, and is determined
y the master device. The information is transferred byte-wise and each receiver acknowledges with a
inth bit. Within the 2-wire bus specifications a regular mode (100 kHz clock rate) and a fast mode
100 kHz clock rate) are defined. The DS1307 operates in the regular mode (100 kHz) only.

5o0f1l



DS1307
\cknowledge: Each receiving device, when addressed, is obliged to generate an acknowledge after the
eception of each byte. The master device must generate an extra clock pulse which is associated with
his acknowledge bit. :

\ device that acknowledges must pull down the SDA line during the acknowledge clock pulse in such a
vay that the SDA line is stable LOW during the HIGH period of the acknowledge related clock pulse. Of
ourse, setup and hold times must be taken into account. A master must signal an end of data to the slave
iy not generating an acknowledge bit on the last byte that has been clocked out of the slave. In this case,
he slave must leave the data line HIGH to enable the master to generate the STOP condition.

)ATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

S ooccomhy

SLAVE :
""" ADDRESS - :
ACKNOWLEDGEMENT
DIRECTION SIGNAL FROM
L RECEIVER
. ACKNOWLEDGEMENT
' SIGNAL FROM
N RECEIVER
scL ., 1\ _J2 s/ JeL/® _/—‘\_/—2\_[“
b ACK .
START REPEA
CONDITION ['_‘ MORE BYTTEEIETHE srﬁ“m“%'bﬁ‘oﬁ%u
TRANSFERRED

Yepending upon the state of the R/W bit, two types of data transfer are possible:

_ Data transfer from a master transmitter to a slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge
bit after each received byte. Data is transferred with the most significant bit (MSB) first.

_ Data transfer from a slave transmitter to a master receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave
transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes
other than the last byte. At the end of the last received byte, a ‘not acknowledge’ is returned.

*he master device generates all of the serial clock pulses and the START and STOP conditions. A
-ansfer is ended with a STOP condition or with a repeated START condition. Since a repeated START
ondition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred
vith the most significant bit (MSB) first.

6o0fll



DS1307

“he DS1307 may operate in the following two modes:

. Slave receiver mode (DS1307 write mode): Serial data and clock are received through SDA and
SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions
are recognized as the beginning and end of a serial transfer. Address recognition is performed by
hardware after reception of the slave address and *direction bit (See Figure 6). The address byte is
the first byte received after the start condition is generated by the master. The address byte contains
the 7 bit DS1307 address, which is 1101000, followed by the *direction bit (R/ W) which, for a write,
isa 0. After receiving and decoding the address byte the device outputs an acknowledge on the SDA
line. After the DS1307 acknowledges the slave address + write bit, the master transmits a register
address to the DS1307 This will set the register pointer on the DS1307. The master will then begin
transmitting each byte of data with the DS1307 acknowledging each byte received. The master will
generate a stop condition to terminate the data write.

JATA WRITE - SLAVE RECEIVER MODE Figure 6

<Slave Address> %’ <Word Address (n)> <Data{n)> <Data (n+1)> <Data (fr+X)>
[?| 1101000 | 0 | A |xxxxxxxxiA |xxxxxxxx[A ]xxxxxxxx]A |xxxxxxxx|A I

S - START ia

A ~ ACKNOWLEDGE DATA TRANSFERRED

P~ sTOP {Xs1 BYTES + ACKNOWLEDGE)
*RAW ~ READ/WRITE OR DIRECTION BIT. ADDRESS = DOh

_ Slave transmitter mode (DS1307 read mode): The first byte is received and handled as in the slave
receiver mode. However, in this mode, the *direction bit will indicate that the transfer direction is
reversed. Serial data is transmitted on SDA by the DS1307 while the serial clock is input on SCL.
START and STOP conditions are recognized as the beginning and end of a serial transfer (See
Figure 7). The address byte is the first byte received after the start condition is generated by the
master. The address byte contains the 7-bit DS1307 address, which is 1101000, followed by the

*direction bit (R/ W) which, for a read, is a 1. After receiving and decoding the address byte the
device inputs an acknowledge on the SDA line. The DS1307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer is not written to
before the initiation of a read mode the first address that is read is the last one stored in the register
pointer. The DS1307 must receive a Not Acknowledge to end a read.

YATA READ - SLAVE TRANSMITTER MODE Figure 7

<Slave Address> '% <Data(n)> <Data(n+1)> <Data {(n+2)> <Data (n+Xp>
['s | 1101000 [1]a |xxxxxxxx|A |xxxxxxxx]A |xxxxxxxx|A lxxxxxxxx\i [r]

‘ —{{ J

S - START DATATHA)NSFERRED

A - ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE); NOTE: LAST DATA BYTE IS
p - STOP FOLLOWED BY ANOT ACKNOWLEDGE ( A ) SIGNAL)
A - NOT ACKNOWLEDGE

"A/W - READVWRITE OR DIRECTION BIT ADDRESS = D1h
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DS1307

ABSOLUTE MAXIMUM RATINGS*

Joltage on Any Pin Relative to Ground
)perating Temperature |

storage Temperature

soldering Temperature

-0.5V to +7.0V
0°C to 70°C (-40°C to 85°C for industrial)
-55°C to +125°C
260°C for 10 seconds DIP
See JPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS
(0°C to 70°C or -40°C to +85°C

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Supply Voltage Ve 4.5 5.0 5.5 \Y% 1
Logic 1 Viy 2.2 Vect0.3 \'/ 1
Logic 0 Vi, -0.3 +0.8 \'/ 1
VBAT Battery Voltage VBAT 2.0 3.5 Vv 1

)C ELECTRICAL CHARACTERISTICS

(0°C to 70°C or -40°C to +85°C; Vc=4.5V to 5.5V)

PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Leakage I 1 LA 10
I/0 Leakage ILo 1 LA 11
Logic 0 Output VoL 0.4 Vv 2
Active Supply Current Icca 1.5 mA 9
Standby Current Iccs 200 LA 3
Battery Current (OSC ON); IgaTi 300 500 nA 4
SQW/OUT OFF

Battery Current (OSC ON); IgaT2 480 800 nA 4
SQW/OUT ON (32 kHz)

8of1l



DS1307

\C ELECTRICAL CHARACTERISTICS
(0°C to 70°C or -40°C to +85°C; Vcc=4.5V to 5.5V)

'ARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
yCL Clock Frequency fscL 0 100 kHz

3us Free Time Between a STOP and tBUF 4.7 is

' TART Condition

fold Time (Repeated) START Condition tHD:STA 4.0 us - 5
L,OW Period of SCL Clock tLow 4.7 is

IIGH Period of SCL Clock tHiGH 4.0 us

iet-up Time for a Repeated START tsu-sTA 4.7 s

>ondition

data Hold Time tHD.DAT 0 us 6, 7
data Set-up Time tSUDAT 250 ns

Yise Time of Both SDA and SCL Signals tR 1000 ns

‘all Time of Both SDA and SCL Signals tr 300 ns

)et-up Time for STOP Condition tsu-sTO 4.7 us

“apacitive Load for each Bus Line Cs 400 pF 8
'O Capacitance Civo 10 pF

rystal Specified Load Capacitance 12.5 pF

JOTES:

All voltages are referenced to ground.

Logic zero voltages are specified at a sink current of 5 mA at Vec=4.5V, Vo =GND for capacitive
loads.

Iccs speciﬁed with VCC=5.0V and SDA, SCL=5.0V.
VCC=0V, VBAT=3V-
After this period, the first clock pulse is generated.

A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the
Virmm of the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

The maximum typ.pat has only to be met if the device does not stretch the LOW period (t.ow) of the
SCL signal.

Cs - total capacitance of one bus line in pF.

Icca - SCL clocking at max frequency = 100 kHz.
0. SCL only.
1. SDA and SQW/OUT
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[IMING DIAGRAM Figure 8

o
N ) HD:-DAT
STOP START

)S1307 64 X 8 SERIAL REAL TIME CLOCK
}-PIN DIP MECHANICAL DIMENSIONS

Al PKG 8-PIN
‘f DIM MIN MAX
) . A IN. | 0.360 | 0.400
. MM 9.14 | 10.16
i B IN. | 0.240 | 0260
T MM 6.10 6.60
— A | CIN. | 0120 | 0.140

MM_| 305 [ 356
D IN. | 0.300 | 0.325
MM | 762 | 826

RE EIN. | 0.015 | 0.040

MM 0.38 1.02
L X FIN. ] 0120 | 0.140

B I N MM | 304 | 356
G IN. [ 0.090 [ 0.110

MM 2.29 2.79

HIN. | 0320 | 0.370
< ° "‘ MM 8.13 9.40
, JIN. | 0008 | 0.012
MM 020 | 030
) ,.A KIN. | 0015 | 0.021
MM 038 | 053

v —
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)S1307Z 64 X 8 SERIAL REAL TIME CLOCK

3-PIN SOIC (150-MIL) MECHANICAL DIMENSIONS

T
A HH ‘

(I

1

I . Vel Maw.._._i. .
!,,_.h" T Y
1 i i}
.. -
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BPIN
PKG (150 MIL)

DIM MIN MAX

AIN. ] 0188 | 0.196
MM 4.78 4.98

B IN. | 0150 | 0.158
MM 3.81 4.01

CIN. § 0.048 | 0.062
MM 1.22 1.57

E IN. | 0.004 | 0.010
MM 0.10 0.25

F IN. 0.053 | 0.069
MM 135 1.75

G IN. 0.050 BSC
MM 1.27 BSC

HIN. | 0230 | 0.244
MM 5.84 6.20

JIN. } 0.007 | 0.011
MM 0.18 0.28

K IN. | 0.012 | 0.020
MM 0.30 0.51

L IN. | 0.016 | 0.050
MM 0.41 1.27

phl 0° 8°

56-G2008-001



SRFO05 - Ultra-Sonic Ranger

Technical Specification

Introduction

The SRFQ5 is an evolutionary step from the SRF04, and has been designed to
increase flexibility, increase range, and to reduce costs still further. As such,
the SRFOS5 is fully compatible with the SRF04. Range is increased from 3
meters to 4 meters. A new operating mode (tying the mode pin to ground)
allows the SRFO5 to use a single pin for both trigger and echo, thereby saving
valuable pins on your controller. When the mode pin is left unconnected, the
SRFO5 operates with separate trigger and echo pins, like the SRF04. The
SRFO5 includes a small delay before the echo pulse to give slower controllers
such as the Basic Stamp and Picaxe time to execute their pulse in commands.

Mode 1 - SRF04 compatible - Separate Trigger and Echo

This mode uses separate trigger and echo pins, and is the simplest mode to
use. All code examples for the SRF04 will work for the SRF05 in this mode. To
use this mode, just leave the mode pin unconnected - the SRF05 has an
internal pull up resistor on this pin.

Programming pins.
Used once only to
program the PIC chip
during manufacture.

Sv SUPPIY i

Echo Output

Trigger Input. ————rxow— &

Made (No Connection)

Ov Ground Do not connect to

these pins.

Connections for 2-pin Trigger/Echo Mode (SRF04 compatible)



- SRF05 Timing Diagram, Mode 1

Trigger pulse
10uS Mininum

Trigger puise l I

input to SRFOS

8 cycles off
sonic burst

Ulrasonic burst Mmmu“m

transmitted

from SRFO5 Echo pulse - 100uS to 25mS. Times
out after 30mS ¥ no ohject detected

Echo pulse output
from SRFO5 to
users controller

Mode 2 - Single pin for both Trigger and Echo

This mode uses a single pin for both Trigger and Echo signals, and is
designed to save valuable pins on embedded controllers. To use this mode,
connect the mode pin to the Ov Ground pin. The echo signal will appear on
the same pin as the trigger signal. The SRF05 will not raise the echo line until
700uS after the end of the trigger signal. You have that long to turn the
trigger pin around and make it an input and to have your pulse measuring
code ready. The PULSIN command found on many popular controllers does
this automatically.

Programming pins.
Used once only to
program the PIC chip
during manufacture.

5V SUPPYY i

No Connection

Trigger Input, Echo Output
Mode {Low - Connect to Ground)

Ov Ground Do not connect to

these pins.

Connections for single pin Trigger/Echo Mode



SRFO05 Timing Diagram, Mode 2
Trigger pulse Echo pulse - 100uS to 25mS. Times
10US Mininum out after 30mS if no object detected
Trigger pulse
input to SRF05
and Echo puise
output to users
cortroller 8 cycles off
sonic burst
Ultrasonic burst Jumm-‘mm
transmitted
from SRF05
Colour Codes
Blue - Users coritrolier drives the Trigger/Echo pin
Red- SRF U5 drives the Triggerfechd pirs

To use mode 2 with the Basic Stamp BS2, you simply use PULSOUT and
PULSIN on the same pin, like this:

Calculating the Distance

The SRF05 Timing diagrams are shown above for each mode. You only need
to supply a short 10uS pulse to the trigger input to start the ranging. The
SRFO5 will send out an 8 cycle burst of uitrasound at 40khz and raise its echo
line high (or trigger line in mode 2). It then listens for an echo, and as soon
as it detects one it lowers the echo line again. The echo line is therefore a
pulse whose width is proportional to the distance to the object. By timing the
pulse it is possible to calculate the range in inches/centimeters or anything
else. If nothing is detected then the SRF05 will lower its echo line anyway
after about 30mS.

The SRF04 provides an echo pulse proportional to distance. If the width of
the pulse is measured in uS, then dividing by 58 will give you the distance in
cm, or dividing by 148 will give the distance in inches. uS/58=cm or
uS/148=inches.

The SRF05 can be triggered as fast as every 50mS, or 20 times each second.
You should wait 50ms before the next trigger, even if the SRF05 detects a



close object and the echo pulse is shorter. This is to ensure the ultrasonic
"heep" has faded away and will not cause a false echo on the next ranging.

The other set of 5 pins

The 5 pins marked "programming pins" are used once only during
manufacture to program the Flash memory on the PIC16F630 chip. The
PIC16F630's programming pins are also used for other functions on the
SRF05, so make sure you don't connect anything to these pins, or you will
disrupt the modules operation.

Changing beam pattern and beam width

You can't! This is a question which crops up regularly, however there is no
easy way to reduce or change the beam width that I'm aware of. The beam
pattern of the SRFO5 is conical with the width of the beam being a function of
the surface area of the transducers and is fixed. The beam pattern of the
transducers used on the SRFO05, taken from the manufacturers data sheet, is
shown below.
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MICROCHIP

24C08B/16B

8K/16K 5.0V I2C"" Serial EEPROMs

FEATURES

+ Single supply with operation from 4.5-5.5v
- Low power CMOS technology
- 1 mA active current typical
- 10 pA standby current typical at 5.5V
- Organized as 4 or 8 blocks of 256 bytes
(4 x 256 x 8) or (8 x 256 x 8)
. 2-wire serial interface bus, [°C™ compatible
+ Schmitt trigger, filtered inputs for noise suppres-
sion
« Output slope control to eliminate ground bounce
» 100 kHz compatibility
« Self-timed write cycle (including auto-erase)
+ Page-write buffer for up to 16 bytes
« 2 ms typical write cycle time for page-write
» Hardware write protect for entire memory
» Can be operated as a serial ROM
« ESD protection > 4,000V
+ 1,000,000 ERASE/WRITE cycles guaranteed
+ Data retention > 200 years
« 8-pin DIP, 8-lead or 14-lead SOIC packages
- Available for extended temperature range

- Commercial (C): 0°C to +70°C

- Industrial (1): -40°C to +85°C

- Automotive (E): -40°C to +125°C
DESCRIPTION

The Microchip Technology Inc. 24C08B/16B is an 8K or
16K bit Electrically Erasable PROM intended for use in
extended/automotive temperature ranges. The device
is organized as four or eight blocks of 256 x 8-bit mem-
ory with a 2-wire serial interface. The 24C08B/ 16B also
has a page-write capability for up to 16 bytes of data.
The 24C08B/16B is available in the standard 8-pin DIP
and both 8-lead and 14-lead surface mount SOIC pack-
ages.

PACKAGE TYPES
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12C is a trademark of Philips Corporation.
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1.0 ELECTRICAL CHARACTERISTICS

1.1 Maximum Ratings*

WEC i ceeevterteereeseesessseseneesstessessas et s st ssns s aesbesbessrrnennas 7.0V
Al inputs and outputs W.rt.VSs ................ -0.6V to Vcc +1.0V
Storage temperature ...........ccoeceeeinennnne -65°Cto +150°C
Ambient temp. with power applied................. -65°C to +125°C
Soldering temperature of leads (10 seconds)
ESD protection on all piNs..........cooovieierercenecnenes

*Notice: Stresses above those listed under “Maximum ratings”
may cause permanent damage to the device. - This is a stress rat-
ing only and functional operation of the device at those or any
other conditions above those indicated in the operational listings
of this specification is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.

TABLE 1-1: PIN FUNCTION TABLE

Name Function

Vss Ground

SDA Serial Address/Data /O
SCL Serial Clock

WP Write Protect Input

vee +4.5V to 5.5V Power Supply

A0, A1, A2 |No Internal Connection

TABLE 1-2: DC CHARACTERISTICS
Vce = +4.5V to +5.5V
Commercial (C): Tamb =0°C to +70°C
Industrial (}): Tamb = -40°C to +85°C
Automotive (E): Tamb =-40"C to +125°C
Parameter Symbol Min Max Units Conditions
WP, SCL and SDA pins:
High level input voltage ViH .7 Vce — Vv
Low Level input voltage ViL 3vee Vv
Hysteresis of Schmitt trigger VHYS .05Vce — \ (Note)
inputs
Low level output voltage VoL 40 \ loL = 3.0 mA, Vcc=4.5V
Input leakage current K} 10 pA  |VIN=.1V 1o VCC
Output leakage current fLo 10 pA |Vour =.1VioVcce
Pin capacitance CiN, Cout 10 pF {Vcc =5.0V (Note 1)
(all inputs/outputs) Tamb = 25°C, FCLk=1 MHz
Operating current lcc write 3 mA Vcc =5.5V, SCL =400 kHz
Icc read 1 mA
Standby current lccs 100 pA |Vvcc =5.5V, SDA = SCL =Vcc
WP =Vss
Note:  This parameter is periodically sampled and not 100% tested.
FIGURE 1-1: BUS TIMING START/STOP
SCL
SDA

r
DS21081F-page 2
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TABLE 1-3: AC CHARACTERISTICS

Parameter Symbol Min Max Units Remarks

Clock frequency FcLK — 100 kHz

Clock high time THIGH 4000 — ns

Clock low time TLow 4700 — ns

SDA and SCL rise time TR — 1000 ns (Note1)

SDA and SCL fall time TF — 300 ns (Note 1)

START condition hold time THD:STA 4000 — ns After this period the first clock
pulse is generated

START condition setup Tsu:sTA 4700 — ns Only relevant for repeated

time START condition

Data input hold time THD:DAT 0 — ns

Data input setup time TSU:DAT 250 — ns

STOP condition setup time TSU:STO 4000 — ns

Output valid from clock TAA — 3500 ns (Note 2)

Bus free time TBUF 4700 — ns Time the bus must be free before
a new transmission can start

Output fall time from ViH Tor — 250 ns (Note 1), Cs < 100 pF

min to VIL max

Input filter spike suppres- Tsp - 50 ns (Note 3)

sion (SDA and SCL pins)

Wirite cycle time TWR — 10 ms Byte or Page mode

Endurance —_ M — cycles 25°C, Vcc = 5.0V, Block Mode
(Note 4)

Note 1: Not 100% tested. CB = total capacitance of one bus line in pF.
2: As a transmitter, the device must provide an internal minimum delay time to bridge the undefined region
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.
3: The combined TsP and VHys specifications are due to new Schmitt trigger inputs which provide improved
noise and spike suppression. This eliminates the need for a Tt specification.
4: This parameter is not tested but guaranteed by characterization. For endurance estimates in a specific appli-
cation, please consult the Total Endurance Model which can be obtained on our website.

FIGURE 1-2: BUSTIMING DATA

TF R
A‘I "’ | THIGH |
4 TLow

SCL —.oo S

TsuisTA THD:DAT TSUDAT  TSUISTO—»
SDA THD:STA .

’ Ta -
TBUF
SDA
ouT
.
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2.0 FUNCTIONAL DESCRIPTION

The 24C08B/16B supports a Bi-directional 2-wire bus
and data transmission protocol. A device that sends
data onto 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
serial clock (SCL), controls the bus access, and gener-

ates the START and STOP conditions, while the

24C08B/16B works as siave. Both, master and slave
can operate as transmitter or receiver but the master
device determines which mode is activated.

3.0 BUS CHARACTERISTICS

The following bus protocol 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 following bus conditions have been
defined (Figure 3-1).

3.1 Bus notB A

Both data and clock lines remain HIGH.

3.2 Start Data Transfer (B)

A HIGH to LOW transition of the SDA line while the
clock (SCL) is HIGH determines a START condition.
All commands must be preceded by a START condi-
tion.

3.3 Stop Data Transfer (C)

A LOW to HIGH transition of the SDA line while the
clock (SCL) is HIGH determines a STOP condition. All
operations must be ended with a STOP condition.

34 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 clock signal.

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

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The number of
the data bytes transferred between the START and
STOP conditions is determined by the master device
and is theoretically unlimited, although only the last 16
will be stored when doing a write operation. When an
overwrite does occur it will replace data in a first in first
out fashion.

35 Acknowledge

Each receiving device, when addressed, is obliged to
generate an acknowledge after the reception of each
byte. The master device must generate an extra clock
pulse which is associated with this acknowledge bit.

Note: The 24C08B/16B does not generate any
acknowledge bits if an internal program-
ming cycle is in progress.

The device that acknowledges, has to pull down the
SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during 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 signal an end of
data to the slave by NOT generating an acknowledge
bit on the last byte that has been clocked out of the
slave. In this case, the slave (24C08B/16B) will leave
the data line HIGH to enable the master to generate the
STOP condition.

FIGURE 3-1: DATATRANSFER SEQUENCE ON THE SERIAL BUS

(A) (B) (D)

A

SCL

(D) (O RFNEY

YN /
BN

SDA —— [F _—
| JJ
o i — Y g Sy
START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE  ALLOWED CONDITION
VALID TO CHANGE
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3.6 Device Addressing

A control byte is the first byte received following the
start condition from the master device. The control byte
consists of a 4-bit control code, for the 24C08B/16B
this is set as 1010 binary for read and write operations.
The next three bits of the control byte are the block
select bits (B2, B1, B0). They are used by the master
device to select which of the eight 256 word blocks of
memory are to be accessed. These bits are in effect the
three most significant bits of the word address.

The last bit of the control byte defines the operation to
be performed. When set to one a read operation is
selected, when set to zero a write operation is selected.
Following the start condition, the 24C08B/16B monitors
the SDA bus checking the device type identifier being
transmitted, upon a 1010 code the slave device outputs
an acknowledge signal on the SDA line. Depending on
the state of the R/W bit, the 24C08B/16B will select a
read or write operation.

Operation Cg;\‘t;:l Block Select | R/W
Read 1010 Block Address 1
Write 1010 Block Address 0

FIGURE 3-2: CONTROL BYTE
ALLOCATION
START READ/WRITE
; éILAV% ADdIRES$ : rwl A

4.0 WRITE OPERATION
4.1  ByteWrite

Following the start condition from the master, the
device code (4 bits), the block address (3 bits), and the
R/W bit which is a logic low is placed onto the bus by
the master transmitter. This indicates to the addressed
slave receiver that a byte with a word address will follow
after it has generated an acknowledge bit during the
ninth clock cycle. Therefore the next byte transmitted by
the master is the word address and will be written into
the address pointer of the 24C08B/16B. After receiving
another acknowledge signal from the 24C08B/16B the
master device will transmit the data word to be written
into the addressed memory location. The 24C08B/16B
acknowledges again and the master generates a stop
condition. This initiates the internal write cycle, and dur-
ing this time the 24C08B/16B will not generate
acknowledge signals (Figure 4-1).

42  PageWrite

The write control byte, word address and the first data
byte are transmitted to the 24C08B/16B in the same
way as in a byte write. But instead of generating a stop
condition the master transmits up to 16 data bytes to
the 24C08B/16B which are temporarily stored in the
on-chip page buffer and will be written into the memory
after the master has transmitted a stop condition. After
the receipt of each word, the four lower order address
pointer bits are internally incremented by one. The
higher order seven bits of the word address remains
constant. If the master should transmit more than 16
words prior to generating the stop condition, the
address counter will roll over and the previously
received data will be overwritten. As with the byte write
operation, once the stop condition is received an inter-
nal write cycle will begin (Figure 4-2).

Note: Page write operations are limited to writing
bytes within a single physical page, regard-
less of the number of bytes actually being
written. Physical page boundaries start at
addresses that are integer multiples of the
page buffer size (or ‘page size’) and end at
addresses that are integer multiples of
[page size - 1]. If a page write command
attempts to write across a physical page
boundary, the result is that the data wraps
around to the beginning of the current page
(overwriting data previously stored there),
instead of being written to the next page as
might be expected. It is therefore neces-
sary for the application software to prevent
page write operations that would attempt to

cross a page boundary.

© 1999 Microchip Technology Inc.
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FIGURE 4-1: BYTEWRITE
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5.0 ACKNOWLEDGE POLLING

Since the device will not acknowledge during a write
cycle, this can be used to determine when the cycle is
complete (this feature can be used to maximize bus
throughput). Once the stop condition for a write com-
mand has been issued from the master, the device ini-
tiates the internally timed write cycle. ACK polling can
be initiated immediately. This involves the master send-
ing a start condition followed by the control byte for a
write command (R/W = 0). If the device is still busy with
the write cycle, then no ACK will be returned. If the
cycle is complete, then the device will return the ACK
and the master can then proceed with the next read or
write command. See Figure 5-1 for flow diagram.

FIGURE 5-1: ACKNOWLEDGE POLLING
FLOW

Send
Write Command

Send Stop
Condition to
Initiate Write Cycle

'

Send Start

‘

Send Control Byte
with R’'W =0

Did Device
Acknowledge

Next
Operation

6.0 WRITE PROTECTION

The 24C08B/16B can be used as a serial ROM when
the WP pin is connected to Vcc. Programming will be
inhibited and the entire memory will be write-protected.

7.0 READ OPERATION

Read operations are initiated in the same way as write
operations with the exception that the RW bit of the
slave address is set to one. There are three basic types
of read operations: current address read, random
read, and sequential read.

7.1 rrent Address R

The 24C08B/16B contains an address counter that
maintains the address of the last word accessed, inter-
nally incremented by one. Therefore, if the previous
access (either a read or write operation) was to
address n, the next current address read operation
would access data from address n + 1. Upon receipt of
the slave address with R/AW bit set to one, the
24C08B/16B issues an acknowledge and transmits the
8-bit data word. The master will not acknowledge the
transfer but does generate a stop condition and the
24C08B/16B discontinues transmission (Figure 7-1).

7.2 Random Read

Random read operations allow the master to access
any memory location in a random manner. To perform
this type of read operation, first the word address must
be set. This is done by sending the word address to the
24C08B/16B as part of a write operation. After the word
address is sent, the master generates a start condition
following the acknowledge. This terminates the write
operation, but not before the internal address pointer is
set. Then the master issues the control byte again but
with the R/W bit set to a one. The 24C08B/16B will then
issue an acknowledge and transmits the 8-bit data
word. The master will not acknowledge the transfer but
does generate a stop condition and the 24C08B/16B
discontinues transmission (Figure 7-2).

7.3 Sequential Read

Sequential reads are initiated in the same way as a ran-
dom read except that after the 24C08B/16B transmits
the first data byte, the master issues an acknowledge
as opposed to a stop condition in a random read. This
directs the 24C08B/16B to transmit the next sequen-
tially addressed 8 bit word (Figure 7-3).

To provide sequential reads the 24C08B/16B contains
an internal address pointer which is incremented by
one at the completion of each operation. This address
pointer allows the entire memory contents to be serially
read during one operation.

7.4 Noise Protection

The 24C08B/16B employs a Vcc threshold detector cir-
cuit which disables the internal erase/write logic if the
Vcc is below 1.5 volts at nominal conditions.

The SCL and SDA inputs have Schmitt trigger and filter
circuits which suppress noise spikes to assure proper
device operation even on a noisy bus.

© 1999 Microchip Technology Inc.
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FIGURE 7-1: CURRENT ADDRESS READ
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FIGURE 7-2: RANDOM READ
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FIGURE 7-3: SEQUENTIAL READ
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8.0 PIN DESCRIPTIONS 8.3 WP
8.1 SDA Serial Address/Data Input/Ou This pin must be connected to either Vss or Vcc.

This is a Bi-directional pin used to transfer addresses
and data into and data out of the device. It is an open
drain terminal, therefore the SDA bus requires a putl-up
resistor to Vcc (typical 10 kQ).

For normal data transfer SDA is allowed to change only
during SCL low. Changes during SCL high are
reserved for indicating the START and STOP condi-
tions.

8.2 SCL Serial Clock

This input is used to synchronize the data transfer from
and to the device.

If tied to Vss, normal memory operation is enabied
(read/write the entire memory 000-7FF).

If tied to Vcc, WRITE operations are inhibited. The
entire memory will be write-protected. Read opera-
tions are not affected.

This feature allows the user to use the 24C08B/168B as
a serial ROM when WP is enabled (tied to Vcc).

8.4 A0, A1, A2

These pins are not used by the 24C08B/168. They
may be left floating or tied to either Vss orVcc.

DS21081F-page 8
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24C08B/16B Product Ildentification System

To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory or the listed
sales offices. :

24C08B/16B — E_/P

| P = Plastic DIP (300 mil Body), 8-lead
Package: SL = Plastic SOIC 2150 mil Body), 14-lead
SN = Plastic SOIC (150 mil Body), 8-lead

Temperature Blank = 0°Cto +70°C

Range: = -40°C to +85°C

E = -40°Cto +125°C
24C08B 8K I2C Serial EEPROM
Device: 24C08BT 8K I2C Serial EEPROM (Tape and Reel)
' 24C16B 16K I°C Serial EEPROM
24C16BT 16K I°C Serial EEPROM (Tape and Reel)

ales and ort

Data Sheets

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office

2. The Microchip Corporate Literature Center U.S. FAX: (602) 786-7277

3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.

© 1999 Microchip Technology Inc. DS21081F-page 11




Note the following details of the code protection feature on PICmicro® MCUs.

The PiCmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concemed about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

if you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip's products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

DNV Caertification, Inc. DNV MSC

ISO 9001 / QS-90
REGISTERED FIRM

UsSA Ths Netherlands
» Accredited by the RvA
ANSI- RAB =3 .
~
ams (
x5 Y
00

Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KeeLoq, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A,, All Rights Reserved.

0 Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Anizona in July 1999. The
Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOG® code hopping
devices, Serial EEPROMs and micropenpheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.
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