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ABSTRACT

In the present scenario, due to busy schedule people neither have the time
nor energy to do their house hold work .Cleaning is one such job that demands a

lot of human effort.

To bring a solution, this project would serve as a substitute in cleaning the
floor and which would be cheap and convenient for a common man to purchase in
the market. It is decided to design and build a microcontroller based automatic
system capﬁable of cleaning the floor of a predefined area without any human

interaction other than just starting the system.

The robot works by incorporating three mechanisms. First, the robot should
move in a defined path with the position of the obstacles being known. This is
‘done using robot and feedback mechanisms. Next it should clean the surface
simultaneously, while in motion and this is called as sweep me@anism. When 1t

detects an unknown obstacle it gives a buzzer sound.
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Chapter 1
INTRODUCTION

1.1 Robotics

Robotics can be defined as the science or study of the technology primarily

associated with the design, fabrication, theory, and application of robots.

A Robot is a mechatronic device which also includes resourcefulness or
autonomy. A device with autonomy does its thing "on its own" without a human

directly guiding it moment-by-moment.
A mechatronic Device is a degenerate robot with these components:

1. Sensors, which detect the state of the environment
2. Actuators, which modify the state of the environment
3. A Control System, which controls the actuators based on the environment as

depicted by the sensors
Two main categories of robots:

1. Machine pet: A machine, capable of moving in some way, that it can sense
its surroundings and can act on what it senses autonomously. Most of these
robots have no real useful purpose, other than to entertain and challenge.
These are also commonly used for experimenting with sensors, artificial

intelligence, actuators and more.



> Autonomous machine: A machine with sensors and actuators that can do
some sort of work "on its own". This includes things like robotic lawn
mowers, pick and place robot and also self-operating construction machines
such as CNC cutters. Most industrial and commercial robots fall in this

category.
Three laws of robotics — by Issac Asimov

1. A robot may not injure a human being or, through inaction, allow a human
being to come to harm.

2. A robot must obey any orders given to it by human beings, except where
such orders would conflict with the First Law.

3. A robot must protect its own existence as long as such protection does not

conflict with the First or Second Law

Since this project is an automatic device capable of sensing the environment
and moving on its own without human interaction along with a useful purpose it
comes under the autonomous machine category of robotics. The system designed

obeys the three laws of robotics.

1.2 Project Goal

The goal of our project is as follows

1. To clean a room that has its dimensions predefined.

2. To clean the room in a specified path, the one chosen in our project is a
helix. The path starts from the door of the room and terminates at the centre

covering the entire area to the maximum.



3 Since a room would have many things that would remain stationary, for
eg tables, chairs. These items are considered as known obstacles. Their
dimensions would be programmed so that the robot would turn without a

collision and the whole area will be cleaned.

4. When there is an unknown obstacle, the device has to detect it, stop the
rotation of its wheels and the cleaning mechanism and finally give an

indication to the user to remove the unknown obstacle.

5 To differentiate the buzzer sounds to the user, so that he is clear whether
there is an unknown obstacle or if the cleaning of the entire room 1s

completed.

1.2.1Defined path

The room dimensions and the path for which our robot is programmed is shown in

Fig.1.1
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1.2.2 Surface cleaning tool

Fig.1.2 BRUSH WITH COLLECTOR

The surface cleaning tool used is a brush with collector which is
shown in fig.1.2. The brush is rotated using a motor which sweeps of the
dust and the collector holds the dust intact. It is more convenient to
dispose the dust. This sweeping mechanism is very economical
compared to vacuum cleaners which require large amount of power and

they are expensive.



Chapter 2

BLOCK DIAGRAM DESCRIPTION

Mcteerivér
1293

Opto |
 coupler

Obstacle |
sensor

Microcontroller
89552

Driver
UNL2003

Opto

Feedback -

Driver coupler Left Right
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Fig.2.1 BLOCK DIAGRAM OF CLEANING SYSTEM

The various blocks in the block diagram are microcontroller, obstacle
sensor, feedback sensor, opto coupler, motor divers, motors, alarm driver, alarm,

sweeping tool (rotating brush with a collector).



The microcontroller plays the major role. Dimension of room is programmed
in the microcontroller. When the robot is switched on microcontroller gives the
control signal to the motor drivers. Motor driver 1 controls the left motor and
motor driver 2 runs the right motor. Robot starts to move as per program in
microcontroller. Mean time it activates the sweeper mechanism with sweep motor
which cleans the floor. Feed back sensor senses the distance traveled by the robot.
This signal is given to the microcontroller and it compares the signal with the set

dimension to control the robot.

Microcontroller is pre programmed to move the robot suitable for the known
obstacles. Obstacle sensor senses the unknown obstacle and this signal is given to
the microcontroller. When this signal is received microcontroller stops the robot
and activates the alarm driver. Alarm driver turns on the alarm to indicate to the

USCr.

2.1Feedback Mechanism

Metal piece Inductive Opto
attachedto | proximity +— 1 Microcontroller
coupler
wheel sensor

Fig.2.2 FEEDBACK MECHANISM

This mechanism shown in fig.2.2 is used to track the distance traveled by the
robot. It is based on the principle that the distance travelled by the robot is equal to
 the product of circumference of the wheel and the number of wheel rotations. A

small metal piece is attached to the rim of the wheel which will be detected by an



induction proximity sensor. A logic 0 signal will be given to the controller via an
opto coupler whenever the metal piece is detected i.e. to indicate a complete wheel

rotation.

2.2 Unknown Obstacle Detection Mechanism

\ ( N\ N\
Opto | |Microcontroller| | Driver N
coupler 89552 UNL2003
\ J \ y,

Fig.2.3 DETECTION MECHANISM

The mechanism shown in fig.2.3 is used to detect an unknown obstacle and
to produce an alarm so that the user can remove the unknown obstacle for the robot
to continue its defined path. The obstacle sensor is an IR proximity sensor. It gives
a logic 0 signal to the controller via an opto coupler whenever an obstacle 1s
detected in a nearby range of 15mm in front. At the same time the alarm is
activated through an alarm driver to indicate the user that the obstacle has to be

removed. This cycle keeps on repeating till the obstacle is removed

2.3 Sweep Mechanism

The mechanism in fig.2.4 is a simple one which is used to rotate the DC motor
connected to the sweeping brush. Whenever the robot is turned on the sweep motor
is activated by the controller via a motor driver. The motor is made to stop

whenever an unknown obstacle is detected.



Microcontroller Driver Sweep motor with
89852 UNL2003 Sweep Mechanism

Fig.2.4 SWEEP MECHANISM

2.4 Robo Mechanism

This mechanism is used for controlling the robot movement in order to
follow the defined path. Comparing the number of rotations obtained from the
feedback mechanism and the set values the microcontroller provides the required
control signal to the motor through motor driver chip. The motor driver is a 20 pin
IC which is capable of controlling two motors at a time in both clockwise and
anticlockwise direction. By controlling the motor directions the robot is made to

move in forward, right and left directions

Microcontroller
898562
¥

Motor {}rwer
1293

ch“t R;ght:
MG?QV Motar

Robot wi weets

Fig.2.5 ROBO MECHANISM



Chapter 3

HARDWARE DESCRPTION

3.1 Microcontroller

3.1.1 Features

e Compatible with MCS-51 Products

¢ 8K bytes of In-System Programmable(ISP) Flash Memory
e Endurance: 10000 Write/Erase Cycles

e 4.0V to 5.0V Operating Range

e Fully Static Operation: 0 Hz to 33 Mhz

e Three level Program Memory Lock

e 256 * 8 —bit internal RAM

e 32 Programmable I/O Lines

e Three 16-bit Timer/Counters

e FEight Interrupt Sources

e Full Duplex UART Serial Channel

e Low power Idle and Power-down Mode

e Watchdog Timer

e Dual Data Pointer

e Power-off Flag

e Fast Programming Time

¢ Flexible ISP Programming( Byte and Page Mode)
e Green Packaging Option



3.1.2 Architecture
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The AT89S52 is a low-power, high performance CMOS 8-bit
microcontroller with 8K bytes of in-system programmable Flash memory. The
device is manufactured using Atmel’s high density nonvolatile memory technology

and is compatible with the industry standard 80c51 instruction set and pin out.

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 in-system programmable Flash on a nionolithic chip, the
Atmel AT89S52 is a powerful microcontroller which provides a highly-flexible

and cost-effective solution to many embedded control applications.

The AT89S52 provides the following standard features: 8K bytes of
Flash,256 bytes of RAM,32 I/O lines, Watch dog timer, two data pointers , 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 AT89S52 is
designed with static logic for operation down to zero frequency and supports two
software selectable power saving modes. The Idle mode stops the CPU while
allowing the RAM, timer/counters, serial port, and interrupt system to continue
functioning. The Power-down mode saves the RAM contents but freezes the
oscillator, disabling all other chip functions until the next interrupt or hardware

reset.

3.1.3 Pin Description

The pin diagram is shown in fig.3.2
1.VCC
Supply voltage
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2. GND
Ground
(T2) P1.OO 1 - sgpvee
(T2 EXj P12 300 P00 (ADD)
P1.20 3 35O PO.T ADY)
_ P1.3gs 3T QP02 {ADZ)
{53) P14 05 18 (P03 (ADY
(MOSI) F1.53 0 6 35 b P04 {ADS
(MISO) P1B 7T 34 P05 (ADE)
I5CK) P17 00 8 13 P02 (ADS)
RETO ¢ 312 O PO.7 {ADT]
(RXD} PR.OO1D 11 0 EE/VER
(T¥D) P10 11 30 O ALEIFRDE
(THTT) P2.20 12 20 0 PSEN
(TAT3) P2.30 13 25O P27 (ALE)
(T2) PR.40 14 2TOP2E (A4
(T1) PL.EO 15 2B PLE (A1)
[WR) P3.50 18 15 P24 (AT
{80 P27 O1T7 24OPLA ALY
£TAL2 O 1S 210 P22 AT
XTAL1 O 19 220 R AR
GND [ 20 21O P2D (A2
Fig.3.2 PIN DIAGRAM
3. Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port, each
pin can sink eight TTL input. When 1’s are written to port 0 pins, the pins can be
used as high-impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/data
bus during accesses to external program and data memory. In this mode, PO has

internal pull-ups.
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Port 0 also receives the code bytes during Flash programming and outputs
the code bytes during program verification. External pull-ups are required during

program verification.

4. Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 1
output buffers can sink/source four TTL inputs. When 1s are written to port 1 pins,
they are pulled high by the internal pull-ups and can bé used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source current (IR) because of

the internal pull-ups.

In addition, P1.0 and P1.1 can be configured to be the timer/counter 2
external count input (P1.0/T2) and the timer/counter 2 trigger input (P1.1/ T2EX)
respectively. Port 1 also receives the low-order address bytes during Flash

programming and verification.

5. Port2

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The Port 2
output buffers can sink/source four TTL inputs. When 1s are written to Port 2 pins,
they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source current ( lil) because of
the internal pull-ups.

Port 2 emits the high-order address byte during fetches from external
program memory and during accesses to external data memory that use 16-bit
addresses (MOVX @ DPTR).In this application, Port 2 uses strong internal pull-

ups when emitting 1s. During accesses to external data memory that uses 8-bit
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addresses (MOVX @ RI), Port 2 emits the contents of the P2 Special Function
Register.

Port 2 also receives the high-order address bits and some control signals

during Flash programming and verification.

6. Port3

Port 3 is an 8-bit bidirectional I/O port wifh internal pull-ups. The Port 3
output buffers can sink/source four TTL inputs. When 1s are written to Port 3 pins,
they are pulled high by the internal pull-ups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source current (lil) because of
the pull-ups.

Port 3 receives some control signals for Flash programming and verification.
Port 3 also serves the functions of various special features of the AT89S52 as

shown in the table 3.1

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD ( serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INT1 (external interrupt 1)

P3.4 TO ( timer 0 external input)

P3.5 T1 (timer 1 external input)

P3.6 WR ( external data memory write strobe)
P3.7 RD ( external data memory read strobe)

TABLE.3.1 PORT 3 ALTERNATE FUNCTIONS
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7. RST

Reset input. A high on this pin for two machine cycles while the oscillator is
running resets the device. This pin drives high for 98 oscillator periods after the
Watchdog times out. The DISRTO bit in SFR AUXR( address 8EH) can be used to
disable this feature. In the default state of bit DISTRO, the RESET HIGH out

feature is enabled.

8. ALE/ PROG
Address Latch Enable (ALE) is an output pulse for latching the low byte of
the address during accesses to external memory. This pin is also the program pulse

input (PROG) during Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillator
frequency and may be used for external timing or clocking purposes. Note,
however, that one ALE pulse is skipped during each access to external data

memory.

If desired, ALE operation can be disabled by setting bit 0 SFR location 3EH.
With the bit set, ALE is active only during a MOVX or MOVC instruction.
Otherwise, the pin is weakly pulled high. Setting the ALE-disable bit has no effect

if the microcontroller is in external execution mode.

9. PSEN
Program Store Enable (PSEN) is the read strobe to external program

memory. When the AT89S52 is executing code from external program memory,
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PSEN is activated twice each machine cycle, except that two PSEN activations are

skipped during each access to external data memory.

10. EA/VPP

External Access Enable, EA must be strapped to GND in order to enable the
device to fetch code from external program memory locations starting at 0000H up
to FFFFH. Note, however, that if lock bft 1 is programmed, EA will be internally

latched on reset.

EA should be strapped to VCC for internal program executions.This pin also
receives the 12-volt programming enable voltage (Vpp) during Flash

programming.

11. XTAL 1
Input to the inverting oscillator amplifier and input to the internal clock

operating circuit.

12. XTAL 2

Output from the inverting oscillator amplifier.

3.1.4 Memory Organization
MCS-51 devices have a separate address space for Program and Data
memory. Up to 64K bytes each of external Program and Data memory can be

addressed.
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Program Memory

If the EA pin is connected to GND, all program fetches are directed to
external memory. On the AT89S52, if EA is connected to Vec, program fetches to
addresses 0000H through 1FFFH are directed to internal memory and fetches to
addresses 2000H through FFFFH are to external memory.

Data Memory

The AT89S52 implements 256 bytes of on-chip RAM. The upper 128 bytes
occupy a parallel address space to the Special Function Registers. This means that
the upper 128 bytes have the same addresses as the SFR space but are physically

separate from SRF space.

When an instruction accesses an internal location above address 7FH, the
address mode used in the instruction specifies whether the CPU accesses the upper
128 bytes of RAM or the SFR space. Instructions which use direct addressing
access the SFR space. Instructions which use indirect addressing access the upper

128 bytes of RAM.

Special Function Registers

A map of the on-chip memory area is called the Special Function Register

(SFR) is shown in fig.3.3.
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Fig 3.3 SFR MAP
3.1.5 Timers

Timer Registers Register pairs (THO, TLO), (TH1, TL1), and (TH2, TL2) are
the 16-bit counting registers for Timer/Counters 0, 1, and 2, respectively
Timer 0

Timer 0 functions as either a timer or event counter in four modes of

operation. Timer 0 is controlled by the four lower bits of the TMOD register (see
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Table 3.2) and bits 0, 1, 4 and 5 of the TCON register (see Table 3.3). TMOD
register selects the method of Timer gating (GATEO), timer or counter operation
(T/CO#) and mode of operation (M10 and MO00). The TCON register provides
timer 0 control functions: overflow flag (TF0), run control bit (TRO), interrupt flag
(IE0) and interrupt type control bit (IT0). For normal timer operation (GATEO=0),
setting TRO allows TLO to be incremented by the selected input. Setting GATEO
and TRO allows external pin INTO# to control timer operation. TimerQ overflow

(count rolls over from all 1s to all 0s) sets TFO flag, generating an interrupt request.

Mode 0 (13-bitTimer)

Mode 0 configures timer 0 as a 13-bit timer which is set up as an 8-bit timer
(THO register) with a modulo 32 prescaler implemented with the lower five bits of
the TLO register .The upper three bits of TLO register are indeterminate and should

be ignored. Prescaler overflow increments the THO register.

Mode 1 (16-bitTimer)
Mode 1 is the same as Mode 0, except that the Timer register is being run
with all 16 bits. Mode 1 configures timer 0 as a 16-bit timer with the THO and TLO

registers connected in Cascade. The selected input increments the TLO register

Mode 2 (8-bit Timer with Auto-Reload)

Mode 2 configures timer 0 as an 8-bit timer (TLO register) that automatically
reloads from the THO. TLO overflow sets TFO flag in the TCON register and
reloads TLO with the contents of THO, which is preset by software. When the
interrupt request is serviced, hardware clears TFO. The reload leaves THO
unchanged. The next reload value may be changed at any time by writing it to the

THO register.



Timer Control Register

Tcon
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7 6 5 4 3 2 1 0
TF1 TR1 TFO TRO &1 iTt 0 1o
Bit Bit
Number | Mnemonic | Description
Timer 1 Overflow Flag
7 TF1 Cleared by hardware when prosessor vectors to interrupt routine.
Set by hardware on timer/counter ovetflow, when the timer 1 register averflows.
Timer 1 Run Control Bit
6 TR1 Clear to tum off imericounter 1.
Set to turn on timercounter 1.
Timer 0 Overtlow Flag
5 TFO Cleared by hardware when processor vectors to interrupt routine.
Set by hardware on timet/counter overflow, when the timer O register overflows.
Timer 0 Run Comtrol Bit
4 TRO Clear to turn off timercounter 0.
Sat to turn on timercounter 0.
interrupt 1 Edge Flag
2 1E1 Cleared by hardware when interrupt is processed if edge-tiggered (sea 110
Set by hardware when external interrupt is detected on INT12 pin.
interrupt 1 Type Contol Bit
2 T Claar to select low leval active {level triggerads for axtamal interupt 1 INT1=1,
Set to select falling edge active (edge triggered) for external interrupt 1.
interrupt 0 Edge Flag
1 1ED Clearad by hardware when intarrupt is precessed if edge-triggerad {see ITO.
Set by hardware when external interrupt is detected on INTOZ pin.
intertupt 0 Type Control Bit
& IO Clear to select low level active (level triggerad for sxtemal intermupt O 4 T,

Set to select falling sdge active {adge triggered) for external interrupt 0.

Peset Value = 0000 0000b

TABLE 3.2 TCON REGISTER
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Timer Mode Register
Tmod
7 & b} 4 3 2 1 {
GATE1 CTiR nd M GATED T M1 Moo
Bt Number | Bit Mnemonic | Description
Timer 1 Gating Control Bit
7 GATE? Clear to enable timer 1 whenever the TR1 bitis set.

Set to enable timer 1 only while the INT1# pin is high and TR bitis set.

CiTid

Timer 1 Counter/Timer Select Bit
Clear for timer operation: timer 1 counts the divided-down system clock.
Set for Counter operation: timer 1 counts neqative transitions en external pin T1.

M

M

101

Timer 1 Mode Select Blts
M1 MO Operating mode
b 0 Kode 0; 8-bit fimer‘counter (THT) with &-bit prescaler {TLYL.
1 Kode 1: 16-bit imericounter,

0
10 Made 2: &-bit auto-reload timercounter {TL1% Reloadad from TH atovertlos.
1

i bade 3: timer 1 halted. Ratains count.

(GATEG

Timer G Gating Control Bt
(lear to enable imar O whenever the TRO bitis sst.
St to enable timercounter & only while the INTGE pin is high and the TRO bitis set.

Timer 0 Counter/Timer Select Bit
Clear for timer operation: timer O counts the divided-down system clock.
Sat for sounter operation: timer 0 sounts nagative transitians on external pin T0.

00

Timer § Mode Solect Bit

M0 MO0 Cperating mode
g 0 Made 0; 8-hit fimercountar {THOT with 5kt presealer (L0},
¢ 1 Mode 1: 16-hit imericounter.

t 0 Kade 2: 8-t auto-reload timeticounter iTLOY, Peladed from THO at averflow.

T Mode 3: TLO is an &-bit timercounter,
THi is an 3-hit timer using timer s TRO and TFO bits.

Reset Value = 0000 000Ch

TABLE 3.2 TMOD REGISTER
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3.1.6 Interrupts
The AT89S52 has a total of six interrupt vectors: two external interrupts
(INTO and INT1), three timer interrupts (Timers 0, 1 and 2) and the serial port

interrupt.

Each of these interrupt sources can be individually enabled or disabled by
setting or clearing a bit in Special Function Register IE. IE also contains a global

bit EA which disables all interrupts at once.

Note that the bit position IE.6 is unimplemented. User software should not
write a 1 to this bit position, since it may be used in future AT89 products.
The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which
the timers overflow. The values are then polled by the circuitry in the next cycle.
However, the Timer 2 flag, TF2, is set at S2P2 and is polled in the same cycle in

which the timer overflows. Refer datasheet for interrupt register details.

3.2 L.293D Motor Driver
o

ENEBLE |1 Ver
INPUTY 2 NPUT &
UTPUT 1 3 QUTPUT &
GND I« N

50 Is 5ND
DUIRUTE HE wil OUTRUT 3
INPUT 2 é? (NPUT 3
's [e ENABLE 7

Fig.3.4 PIN DIAGRAM OF L293D
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3.2.1 Features

e 600ma output current capability per channel

e 1.2a peak output current (non repetitive) per channel

e Enable facility

e Over temperature protection

e Logical ”0” input voltage up to 1.5 v (high noise immunity)

¢ Internal clamp diode

3.2.2 Internal circuitry and description

The Device is a monolithic integrated high voltage, high current four channel
driver designed to accept standard DTL or TTL logic levels and drive inductive
loads (such as relays solenoids , DC and stepping motors) and switching power

transistors. Internal circuitry is shown in fig.3.5.

Us ouTi O0uUT3 Uss
I ™ F L)

N

us 28
Ini ﬁ’
ENABLEL C

INZ G :

L

HIILPIIOT B OuT2 OUTA4 L

Fig.3.5 INTERNAL CIRCUITRY OF L293D
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To simplify use as two bridges each pair of channels is equipped with an enable
input. A separate supply input is provided for the logic, allowing operation at a
lower voltage and internal clamp diodes are included. This device is suitable for
use in switching applications at frequencies up to 5 kHz. The L293D is assembled
in a 16 lead plastic package (refer fig.3.4) which has 4 center pins connected

together and used for heat sinking.
3.3 D¢ Geared Motors

A gear motor is a type of electrical motor. Like all electrical motors, it uses
the magnetism induced by an electrical current to rotate a rotor that is connected to
a shaft. The energy transferred from the rotor to the shaft is then used to power a
connected device. In a gear motor, the energy output is used to turn a series of
gears in an integrated gear train. There are a number of different types of gear

motors, but the most common are AC (alternating current) and DC (direct current).
3.3.1 Working

In a gear motor, the magnetic current (which can be produced by either
permanent magnets or electromagnets) turns gears that are either in a gear
reduction unit or in an integrated gear box. A second shaft is connected to these
gears. The result is that the gears greatly increase the amount of torque the motor is
capable of producing while simultaneously slowing down the motor's output speed.
The motor will not need to draw as much current to function and will move more

slowly, but will provide greater torque..
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1271 series geared dc instrument motor

Fig.3.6 DC MOTOR

The 1271 geared instrument dc motor shown in fig.3.6 is ideally suited to a
wide range of applications requiring a combination of low speed operation and
small unit size. The integral iron core dc motor provides smooth operation and a
bidirectional
Variable speed capability while the gear head utilizes a multistage metal spur gear
train rated for a working torque up to 0.2 Nm. The unit, which is suitable for
mounting in any attitude, provides reliable operation over a wide ambient
temperature range and is equipped with an integral VDR (voltage dependant
resistor) electrical suppression system to minimize electrical interference. The
1271 unit offers a range of gear ratio options for operating speeds from 5- 200 rpm
and is ideally suited to applications where small size and low unit price are

important design criteria.



27

3.3.2 Applications

Gear motors are commonly used in conveyor-belt drives, home appliances, in
handicap and platform lifts, medical and laboratory equipment, machine tools,
packaging machinery and printing presses

3.3.3 Dimensions

Dimensions: mm

. Dimension ' L’ 155 | % 97 ‘
BN L a5, |_ 1p5,| Z4ne
i -
+ — | _j_

T,
2 x M2 dmm deep max.

Length | Gear Nominal | No-Load | Rated | Rated |Rated | Mass
‘L ratio Voltage | speed Speed | Torque | Current | (
(mm ) (Vdc) |(rpm) ( rpm |[( N cm | (mA) grams)
) )
|
41 43:1 12 60 40 3.8 50 57 J

TABLE 3.4 MOTOR RATINGS
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3.4 ULN2003-Driver IC

ol

DiP18 5- 1985

Fig.3.7 ULN2003 DIP PACKAGE Fig.3.8 CHANNEL DIAGRAM

3.4.1 Features

e Seven Darlington per package

e Qutput current 500ma per driver

e OQutput voltage 50v

e Integrated suppression diodes for Inductive loads
e OQOutputs can be paralleled for higher current

o TTL/CMOS/PMOS/DTL compatible inputs

e Inputs pinned opposite outputs to simplify layout

3.4.2 Description

The ULN2003 is a 16 pin plastic DIP package(fig 3.7). It has high voltage,
high current Darlington arrays each containing seven open collector Darlington

pairs with common emitters.
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Each channel (fig 3.8) rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for inductive load driving and the inputs

are pinned opposite the outputs to simplify board layout.

These versatile devices are useful for driving a wide range of loads including
solenoids, relays DC motors, buzzer, LED displays filament lamps, thermal print
heads and high power buffers. They are supplied in 16 pin plastic DIP packages

with a copper lead frame to reduce thermal resistance
3.5 Optocouplers —PC 817

There are many situations where signals and data need to be transferred from
one subsystem to another within a piece of electronics equipment, or from one
piece of equipment to another, without making a direct ohmic electrical
connection. Often this is because the source and destination are at very different
voltage levels, like a microprocessor which is operating at 5V DC but being used
to control a triac which is switching 240V AC or receive an input from sensors
operating at 12V. In such situations the link between the two must be an isolated
one, to protect the microprocessor from overvoltage damage. Relays can of course
provide this kind of isolation, but even small relays tend to be fairly bulky
compared with ICs and many of today’s other miniature circuit components.
Because they are electro-mechanical, relays are also not as reliable and only
capable of relatively low speed operation. Where small size, higher speed and

greater reliability are important, a much better alternative is to use an opto coupler.
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These use a beam of light to transmit the signals or data across an electrical barrier,

and achieve excellent isolation.

| |

1 ' 4
a
2 3

Pin Nos. and internal
connection diagram

FIG.3.9. PIN DIAGRAM AND INTERNAL CIRCUIT

Opto couplers typically come in a small 6-pin or 4-pin IC package (in
fig.3.9) but are essentially a combination of two distinct devices: an optical
transmitter, typically a gallium arsenide LED (light-emitting diode) and an optical
receiver such as a phototransistor or light-triggered diac. The two are separated by
a transparent barrier which blocks any electrical current flow between the two, but
does allow the passage of light. Usually the electrical connections to the LED
section are brought out to the pins on one side of the package and those for the
phototransistor or diac to the other side, to physically separate them as much as
possible. This usually allows opto couplers to withstand voltages of anywhere
between 500V and 7500V between input and output. Opto couplers are essentially
digital or switching devices, so they are best for transferring either on-off control
signals or digital data. Analog signals can be transferred by means of frequency or

pulse-width modulation.
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3.6 Inductive Proximity Sensors

Proximity sensors are sensors able to detect the presence of nearby objects
without any physical contact. A proximity sensor often emits an electromagnetic or
electrostatic field, or a beam of electromagnetic radiation (infrared, for instance),
and looks for changes in the field or return signal. The object being sensed is often
referred to as the proximity sensor's target. Different proximity sensor targets
demand different sensors. For example, a capacitive or photoelectric sensor might
be suitable for a plastic target; an inductive proximity sensor requires a metal

target.

The maximum distance that this sensor can detect is defined "nominal
range". Some sensors have adjustments of the nominal range or means to report a
graduated detection distance. Proximity sensors can have a high reliability and
long functional life because of the absence of mechanical parts and lack of physical

contact between sensor and the sensed object.

Conditioning the output of a proximity sensor is frequently difficult.
Proximity sensor designers must confront linearity, hysteresis, excitation voltage

instability, and voltage offset.

3.6.1 Types of Sensors
e Capacitive
e magnetic
¢ inductive
e photocell (reflective)

e laser rangefinders
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e sonar (typically active or passive)
e radar

e doppler effect

e passive thermal infrared

e passive optical (such as CCDs)

o reflection of ionising radiation

3.6.2 Internal circuitry and working

induction coil
oscilfator {genentes
{penerates ACH changing _ (
4 magnelic o y|  magnetic field
\ field) {metal sensing region)
. . o
- F k\ '{ ; A
. ° ey e ezl
DC supply { 1 RS 0.0.9.0.0.) 5 Sty
= W00
SRRy i LT
# L3 [V RVAYRVEAVEVRVE S DT
I3C agtpwt = ; \ﬂ%fw;mwww«w e
{NO ar NC avait,) A

",
opurrent sensor

Fig.3.10 INTERNAL CIRCUIT OF IPS

Inductive proximity sensors(fig 3.11) operate under the electrical principle
of inductance. Inductance is the phenomenon where a fluctuating current, which by
definition has a magnetic component, induces an electromotive force (EMF) in a
target object. To amplify a device’s inductance effect, a sensor manufacturer twists

wire into a tight coil and runs a current through it.

An inductive proximity sensor has four components; The coil, oscillator,
detection circuit and output circuit as shown in fig.3.10. The oscillator generates a

fluctuating magnetic field the shape of a doughnut around the winding of the coil
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that locates in the device’s sensing face. When a metal object moves into the
inductive proximity sensor’s field of detection, Eddy circuits build up in the
metallic object, magnetically push back, and finally reduce the Inductive sensor’s
own oscillation field. The sensor’s detection circuit monitors the oscillator’s
strength and triggers an output from the output circuitry when the oscillator

becomes reduced to a sufficient level.

Fig.3.11 EXTERNAL VIEW OF IPS

3.7 IR Sensor

The Infrared sensor (fig 3.12) allows us to detect an object's distance from
the robot. Attaching these sensors on the wing tips will help the robot navigate
through the halls of any building. It consists of an IR emitter to produce the IR rays

and an IR detector to detect the received IR rays.
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+5W
?0 analog |-
inpuat of
Handy 20K L~
Board ohm | —"
| "
IR |
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ohm "
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Circuit diagram of a infrared reflectance

S211507Y.

Fig.3.12 IR SENSOR

3.7.1 IR Emitter

An infrared emitter (fig 3.13) is an LED made from gallium arsenide, which

emits near-infrared energy at about 880nm.

3.7.2 IR Phototransistor

The infrared phototransistor acts as a transistor with the base voltage
determined by the amount of light hitting the transistor. Hence it acts as a variable
current source. Greater amount of IR light cause greater currents to flow through
the collector-emitter leads. As shown in the fig 3.14, the phototransistor is wired in
a similar configuration to the voltage divider. The variable current traveling

through the resistor causes a voltage drop in the pull-up resistor.
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This voltage is measured as the output of the device.

w+

LED gwer

R

IR LED signal ;l,
k:/f k :

An TR ermutter An IR phototransister
Fig.3.13 IR EMITTER Fig.3.14PHOTOTRANSISTOR
3.8 Buzzer

A buzzer or beeper is an audio signaling device (fig 3.15), which may be
mechanical, electromechanical, or electronic. Typical uses of buzzers and beepers
include alarms, timers and confirmation of user input such as a mouse click or
keystroke. It most commonly consists of a number of switches or sensors
connected to a control unit that determines if and which button was pushed or a
preset time has lapsed, and usually illuminates a light on the appropriate button or
control panel, and sounds a warning in the form of a continuous or intermittent
buzzing or beeping sound. The word "buzzer" comes from the rasping noise that
buzzers made when they were electromechanical devices, operated from stepped-
down AC line voltage at 50 or 60 cycles. Other sounds commonly used to indicate

that a button has been pressed are a ring or a beep.



Fig.3.15 EXTERNAL VIEW OF BUZZER

3.8.1 Types of Buzzers

e Mechanical
e Electromechanical

e Electronic

3.8.2 Electronic Piezo electric disc beeper

FIG.3.16 PIEZO ELECTRIC BUZZER

36
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A piezoelectric element as shown in fig 3.16 may be driven by an oscillating
electronic circuit or other audio signal source. Sounds commonly used to indicate
that a button has been pressed are a click, a ring or a beep which were high-pitched
tones. Usually these were hooked up to "driver" circuits which varied the pitch of
the sound or pulsed the sound on and off. The symbol for a electronic buzzer is

shown in fig 3.17.

Fig.3.17 ELECTRONIC SYMBOL FOR BUZZER

3.9 Battery

An electrical battery is a combination of one or more electrochemical cells,
used to convert stored chemical energy into electrical energy. Batteries may be

used once and discarded, or recharged for years as in standby power applications

3.9.1 Lead Acid Battery and Description

Lead-acid batteries are the oldest type of rechargeable battery. Despite
having a very low energy-to-weight ratio and a low energy-to-volume ratio, their
ability to supply high surge currents means that the cells maintain a relatively large
power-to-weight ratio. These features, along with their low cost, make them
attractive for use in motor vehicles to provide the high current required by

automobile starter motors
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Fig.3.18 LEAD ACID ACCUMULATOR

The type of battery in general use in motor vehicles is lead-acid
accumulator shown in fig 3.18. Cells can be connected in series to form a battery.
The battery contains three 2 V cells to make a battery that delivers 6 V. In a lead-
acid accumulator, each cell has one lead electrode, one lead (IV) oxide (PbO2)
electrode and sulphuric acid as the electrolyte. When the battery supplies a current,
lead and lead (IV) oxide are both converted into lead (II) ions. When the reactants
have been used up, the battery can no longer supply a current; it is "flat". It can,

however be recharged.

3.9.2 Charging a lead acid battery

It can then be recharged by connecting it to a battery charger, a transformer
connected to the mains. This reverses the sign of each electrode and reverses the
chemical reactions that have occurred at the electrodes. Lead and lead (IV) oxide
are reformed, and the battery is again able to supply an e.m.f. The charge voltage is
calculated according to the number of cells and desired voltage limit. In this
project two lead acid batteries of 6v are connected in series to provide the

necessary 12V required for operation.



Chapter 4

CIRCUIT DESCRIPTION
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4.1 Interfacing of Motors

4.1.1 Wheel Motors
BATTERY
\Vco Vce
P2.1 1 3
P2.2 9 M1
8
g P23 L
2 6
g P2.4 9
3 11
2 P2.5 10
P2.6 15 M2
14
.

Fig 4.2 WHEEL MOTOR INTERFACING CIRCUIT
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From fig4.2 it can be seen that P2.1 and P2.2 of the microcontroller is

connected to the input of the motor driver 1293 in order to control the motor 1.

P2.3 of the microcontroller is connected to the enablel of the driver. P2.4 and P2.5

of the microcontroller is connected to the input of the motor driver 1.293 in order to

control the motor 2. P2.6 of the microcontroller is connected to the enable2 pin of

the driver. The battery and ground terminals are connected to the microcontroller

and driver as per the circuit diagram in fig 4.1.
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The table 4.1 shows the input to driver through which the motors are

controlled:
MICROCONTROLLER PINS MOTORS ROBO
DIRECTION
P2.1|P2.2|P2.3|P2.4|P25]|P2.6 RIGHT LEFT
1 0 1 0 1 1 CLOCKWISE CLOCKWISE FORWARD
1 0 0 0 i 0 CLOCKWISE STOP RIGHT
0 0 1 0 0 1 STOP CLOCKWISE LEFT
0 0 0 0 0 0 STOP STOP STOP
TABLE 4.1 CONTROL OUTPUTS FOR ROBO MOVEMENT
1. For the robot should move in forward direction, the right motor should move

in clockwise direction and the left motor should also move in clockwise

direction.

For the robot should move in right direction, the right motor should move in

clockwise direction and the left motor should be stopped.

stopped and the left motor should move in clockwise direction.

 For the robot should move in left direction, the right motor should be

For the robot to stop, both the right and left motor should be stopped.
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4.1.2 Sweep Motor

BATTERY |—

Sweeping

Motor
89552 ULN2003
11 6 12

Fig 4.3 SWEEP MOTOR INTERFACING CIRCUIT

From fig4.3 it can be seen that the pin 10 of the microcontroller is connected
to pin 7 of the ULN2003 driver and the pin 11 of the microcontroller is connected
to pin 6 of the ULN2003 driver. The pin 11 of the driver is used to control the
sweep motor. The driver acts as an isolation device and produces the required

current to drive the motor
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4.2 Interfacing of Sensors

4.2.1 Inductive Proximity Sensor

BhRbm
by i
fgordes ALY thaay % »
I N T , TO
i itk i g | K
| S : 1‘ ‘ 89552
Nt 5 \ Bin Nos. and internal  —
NoaX ad \ gonnection diagram  oup
S
GND

Fig 4.4 IPS INTERFACING CIRCUIT

The inductive proximity Sensor is given the required dc supply from the
battery. From fig 4.4 it can be seen that the output from the sensor 18 connected to
the input pin of PC817 opto coupler’s pin 1. The output from the opto coupler pin
4 is given to the port 3 timerQ pin 3.4.

The opto coupler is used for isolation purpose and for producing digital
switching signals that can be directly fed to controller. Whenever the metal piece is
detected the trigger pulse is sent to the timer which keeps on incrementing and

when the timer reaches ff h value an interrupt will be generated in the next cycle

through its overflow bit.
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4.2.2 IR Sensor

The IR sensor is given the required dc supply from the battery. From figd.5
it can be seen that the output from the sensor is connected to the input pin of
PC817 opto coupler’s pin 1. The output from the opto coupler pin 4 is given to the
port 0 pin 3. Whenever an unknown obstacle is detected the reflected IR rays will
not reach the sensor and an output voltage will be produced which is passed on to
the controller through the opto coupler. The opto coupler is used for isolation

purpose and for producing digital switching signals that can be directly fed to
controller
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Fig 4.5 IR SENSOR INTERFACING CIRCUIT
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4.3 INTERFACING OF BUZZER

The pin 10 of the microcontroller is connected to pin 7 of the ULN2003
driver and the pin 11 of the microcontroller is connected to pin 6 of the ULN2003
driver. The pin 10 of the driver is used to control the sweep motor. The driver acts

as an isolation device and produces the required current to drive the buzzer.

BATTERY |—
10 7 11
89552 ULN2003
11 6 12

Fig 4.6 BUZZER INTERFACING CIRCUIT



Chapter 5
PROGRAM FLOW

Initialize input ports
PO0.0-start button P0.3-stop button
Dsensor-timerQ
Osensor-P0.2

v

Initialize output ports
P2.0-P2.5- Inputs of L293D
P1.0-ULN2003-BUZZER
P1.1-ULN2003-MOTOR

4

Store the values for defined path
Look up table-PATH

y

Equate values
Right-0fOh left-Oflh stop-0f2h

!

Port Initialization
PO &P3=0ffh
P1&p2= 00h

v

Timer0 configuration as counter
Tcon= 00h Tmod=05h

Is Start

button=0?

= —— —



Y

Set motor =1

v

Move PATH to DPTR

Y

Move DPTR value to ACC

v

Increment DPTR

+

Move ACC value to memory-30h

I

ACC =0ffh

v

The value in 30h is moved to RO

y

ACC=ACC-RO

v

ACCI=ACC+1

v

Clear Timer 0 Overflow Flag
Start Timer0

v

Move memory-30h value to ACC

¥

Is
ACC=Rightd?

Call right loop

Call left loop

47
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- -

1 Yes
: Call stop

Is Stop motor | —p loop

A

' No !
| No | Set buzzer

Call forward

Call delay

h

Set buzzer

Is obstacle
present?
O sensor=0?

Stop motor |,

Stop timer0 “'@

Is stop button on
Stop b =07

Is timer0O
overflow
—————— Bit=1?

Stop timer0




49
Chapter 6

CONCLUSION

This project provides solution for cleaning large spaces with fixed obstacles
in an efficient and reliable manner. It finds its application in places like parking
lots, shopping malls, libraries, auditoriums etc. depending on the varying room

dimensions.

The robot works with a battery that is rechargeable and has a long life time.
The power requirements were satisfied without much complexity. Since the
sweeping mechanism used is a simple brush with the collector, dust can be
disposed easily and replacement can be done without any hardware complexity.
Different sizes of brush can be placed to remove various kinds of dust particles.

This makes it more flexible.

Emptying the catch bin after a few minutes of testing is proof that although
the sweeper might not be picking up everything in sight it clearly pulls in enough

grime to be considered a success.

Considerations will be given to extend the project by detecting the
dimensions of unknown obstacles by use of new algorithm and continuation of the

path .Using RFID cleaning can be extended to several rooms.
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SGS-THOMSON
MICROELECTRONICS

L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

a B00mA OUTPUT
PER CHANNEL

s 1.2A PEAK QUTPUT CURRENT {non repstr
tive) PER CHANNEL

s ENABLE FACILITY

a OVERTEMPERATURE PROTECTION

» LOGICAL "0" INPUT VOLTAGE UP TO 1.5V
{HIGH NOISE IMMUNITY)

a INTERNAL CLAMP DIODES

CURRENT CAPABILITY

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solencides, DC
and stepping motors) and switching power tran-
sistors.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input is provided for the logic, allowing op-
eration at a jower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appli-
cations at frequenciesup to 5 kHz.

SO{12+4+4)

Powerdip (12+2+2}
ORDERING NUMBERS:

129300 L2g30

Tre L203D is assembled in a 18 l=ad plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking
The L292DD is assembled in a 20 lead surface
mount which has & ecenter pins cormected to-
gether and used for haatsinking.
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L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Suppiy Voitage 28 N
Vs Logic Supply Voltage 2% ]
Vy input Voltage i v
Ver Enable Vollage 7 \i
[ Peak Output Current {100 us non repelitive) 1.2 A
Prot Total Power Dissipation at Taing = 90 *C 4 W
Te, T Storage and Junction Temperature —-40t0 150 ki
PIN CONNECTIONS {Top view}
\ 4
ENABLE Y {0 18 ;l Vs
\
ENABLE 1 (I} ¢t 28 [I7 Uss INPUT $ 2 ,5P INPLT &
INPUT 1 £ 2 19 [T INPUT 4
DUTPUT 1 CT 3 18 [TJ OUTPUT & outpurt |3 wf] oureurs
GND (T 4 17 {13 6ND
GND s u]] eno
GND I} 5 16 13 GHD
SND E 6 15 {13 GND GND 5 }2] GND
GND [T 7 14 [T GND
outPuT 2 (I 8 13 [TJ ouUTPUT 3 outputz [Is w|] oureurs
INPUT 2 €139 12 [IT0 INPUT 3 A ,
£
vs CI] 10 11 [IJ ENABLE 2 ol weurs
n92L293D1-82 3 8 8f] ENaBLE?
5.657%L
SO(12+4+4)} Powerdip{12+2+2)
THERMAL DATA
Symbol Decription BiP SO Unit
Rinipins Thermal Resistance Junction-pins max. — 14 O
Rip i-amis Thermal Resistance junction-ambient MAax. &0 50 {7 YN
Rihjcose Thermat Resistance Junction-case max. 14 -
{*) With 5sq. cm o board beatsink.
2i7 . .
f"‘,l SCS-THOMSON
FECRSELECTRIETS




L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, vs =24V, VYss =5V, Tamp = 25 “C, unless
otherwise specified)
Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
Vg Suppty Voltage {pin 10} Ygg 36 Y
Vg Logic Supply Yoltage (pin 20) 45 35 W
Is Total (}uie.scent Supply Current | Mi=L: 16=0; Ve =H 2 3 mA
{pin 10} VisH: Ig=0: Vou=H 18 24 mA
V=L 4 ma,
teg Total Quiescent Logic Supply WL p=0; Ver=H 44 50 mA
Current {pin 20} V.=H: le=0; Ven=H 16 22 mA
Vo = L 18 24 mA
Vi Input Low Voitage (pin2, 9,12, ~-03 1.5 i
19)
ViH Input High Voitage {pin2, 9, Vaga 7TV 3 Vs Y
12.19) Vas > 7Y 23 7 v
I Low Voitage Input Current{pin V= 1ev - 10 HA
2, 9 12,19
IH High Vaitage Input Current{pin | 23V e ViHg Wss - 08V 30 WG uA
2, 9, 12 19
Vet Enable Low Valiage -0.3 1.5 W
(pin1, 11)
YeaH Enabie High Voltage Waa s TV 2.3 Vag &
{pinl, 11} Ve » TV 23 7 W
ler t Low Voltage Enable Current Yepe =15V — 33 — 100 A
{pin1, 11}
lean High Voltage Enable Current 223V & Venns Was-08Y + 10 uA
pin 1, 11
Vezmann | Source Output Saturation lh=-086A 1.4 1.8 4
Voltage {pins 3, 8, 13, 18}
Veseat Sink Qutput Saturation Voltage | 1=+ 085 A 12 18 A3
{pins 3 & 13 13}
V= Clamp Diode Fonward Voltage o = S00nA 1.3 N
1 Rise Time (%} 0.1 to09Vn 250 ns
i Fall Time (*} 051001 Vo 250 ns
fon Turn-cn Delay {7} 05Vita0.8 Vo 756 ns
tosf Turn-off Celay {*} 0505 Ve 266 ns




DATASHEET 2
AT8952



1

Features

s Compatible with MCS-51™ Products

& 8 Kbytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycies

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-Bit Internal RAM

32 Programmable fO Lines

Three 18-Bit TimeriCounters

Eight Interrupt Sources

Programmable Serial Channel

Low Power idie and Power Down Modes

Description

The ATBUCS2 is a low-power, high-performance CMOS 8-bit microcomputer with 8
Kbytes of Flash programmable and erasabie read only memory {PEROM). The de-
vice is manufactured using Atmet's high density nonvoiatile memory technology and
is compatible with the industry standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memaory to be reprogramimed in-system or by
a conventicnal nonvalatile memory programmer. By combining a versatile 8-bit CPU
with Flash on a monclithic chip, the Atmel ATBSC52 is a powserful microcomputer
which provides a highly flexible and cost effective solution to many embedded contyoi
applications.

s0 0G0 QOGS

{continued}
. . . B Cerdin
Pin Configurations PLiP/Cerdp
e
[ B = 7 45 | ve
212 3¢ PE
P1.2d 3 3E O FC
Pt.id s =T heo
S = 3 & 3 Pe
de 33 b PO.
=k 24 0 O
1.7 00 ¢ 23 [ PO.¢
RET O 8 32 B PO
P00z 3t B EE
y P11t o
PQFPIAQFP ra2dz 4=
o P23 15 26 h
gOR P24 14 2vh
aaaa 2.5 18 243
e paed1s 2z h
G m e P27 17 24 |p
£EEEE g 1s 22
nnnon... KIALT O 1% 22 p
393,353:34 GND O 2: B
IMOS) P8 Y 2P
(Mi30) B1.6 4 2 3z |
JSTKYy PYF O3 RN ]
RAT 5 4 Ed i |
(RAR) PRIECE S z: [
NC[3E zz
PRI Y 2y |
Fr20 ¢ 28 B
R223 % - |
3.4 0 z4
£EEO 18 22 P

8-Bit
Microcontroller
with 8 Kbytes
Flash
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Block Diagram

PRO - pRo - P2T 4
h

B fifis- it

r PORT § DRIVER. PORT 2 DRIWERS J

1
,
: s :
1 ¥ L :
GND | |
1 i
: ] :
: :
= RAM_ADCR:. R PORT 8 LATH |
E REGISTER »  RAM LATCH :
| )
! Y 3 |
= ]
' :
: L 4 L4 Y A :
H h 3 }
| |
. E )
: > : o PROGRAM ;
: B acc iR ADDRESS  [e i
SIRTER REGIS 1
: REGISTER REGISTER :
h :
\ 1
| t
; } |
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: «—»  BuFrER S
i VP2 THP :
: t
H ]
H ]
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[ ]
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: ZHC TMER BLOC '
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I 3 4 proGRaM e 3l
CCQUNTER .
Pew ;
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| AT89C52

Description (Continued)

The ATB0CS2 provides the following standard features: 8
Kbytes of Flash, 256 bytes of RAM, 32 ¥O fines, three 16-
bit timer/counters, a six-vector two-evel interrupt architec-
ture, a full duplex serial port, on-chip osciltator, and clock
cireuitry. In addition, the ATB8CS2 is designed with static
logic for operation down to zero frequency and supports
two software selectable power saving modes. The Idle
Mode stops the CPU while allowing the RAM, timericount-
ers, serial port, and interrupt system 1 continue function-
ing. The Power Down Mode saves the RAM contents but
freezas the oscillator, disabling all other chip functions un-
til the naxt hardware reset.

Pin Description

Vee

Supply voltage.

GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional VO port. As an
oulput port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-im-
pedance inputs.

Pott  can also be configured to be the multiplexed low-or-
der address/data pus during accesses to external pro-
gram and data memory. In this mode, PO has internal pui-
lups.

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. Externat pullups are required during program verifica-
tion.

Port1

Part 1 is an S-bit bidirectional 0 port with intermnal pullups.
The Port t cutput buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the intermnal pullups and can be used as inputs. AS inputs,
Port 1 pins that are externally being pulled low will source
current (f) because of the internal puBups.

in addition, P1.3 and P1.1 can be configured {0 be the
fimericounter 2 external count input {F1.0/T2) and the
fimericounter 2 trigger input {P 1. 1/T2EX}, respectively, as
shown in the following table.

Port Pin
P1D

Alternate Functions

T2 {extemnal count input 1o
TimeriCounter 2}, clock-out

P11 T2EX {Timer/Counter 2 caplura/rsload
) trigger and direction control}

Port 1 also receives the low-order address byies during
Flash programming and program verification.

Port 2

Porl 2 is an 8-bit bidirectional KO port with intemal pullups.
The Port 2 cutput buffers can sink/source four TTL inpuils.
VWhan 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are extemnally being pulled low will source
current (i) because of the internal puliups.

Port 2 emits the high-order address byte during fetches
from extemnal program memory and dunng accesses 1o
axtenal data memory that use 16-Dit addresses {MOVX
@ DPTR). In this application, Port 2 uses stong internat
pullups when emitting 1s. During accesses 1o external
data memory that use 8-bit addresses (MOVX @ RI}, Post
2 emits the contents of the P2 Special Function Register.

Part 2 alse receives the high-order address bits and some
control signals during Flash programming and vertfication.
Port 3

Port 3 is an 8-bit bidirectional O portwith internal pultups.
The Port 2 cutput buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulied high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are extemally being pulled low will source
current (1) because of the pullups.

Part 3 alse serves the functions of varicus special features
of the ATSUCS1, as shawn in the following table.

Port Pin | Alternate Functions

P30 RXD {serial input por)

P31 TXD {seriat ouiput port)

P32 TNTD {extemal interrupt )

P3.3 INT1 {extemal interrupt 1)

P34 TG (timer O extemal input)

P35 T1 dimer 1 extamal input)

PR3 WE (external data memory write strobe)
P37 RD {external data memory read strobe)

Fort 3 alse receives some control signals for Flash pro-
gramming and programming varification.

R3T

Reset input. A high on this pin for two machine cycles
while the oscillator is running resets the device.
ALE/PROG

Address Latch Enable is an oulput pulse for latching the
tow byte of the addrass during accesses o external mem-
ary. This pin is also the program puise input {(PRCG) dur-
ing Flash programming.

{ronticued)
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in Description (Continued)

4 normal operation, ALE is emitted ata constant rate of
/6 the oscillator frequency and may be used for external
ming or clocking purposes. Note, however, that ong ALE
wise is skipped during each access 1o external data
nemory.

f desired, ALE operation can be disabled by setting bt 0
f SER location 8EH. With the bit set, ALE is active only
turing & MOVX or MOVC instruction. Otherwise, the pin is
veakly pulled high. Setting the ALE-disabie bit has no ef-
sct if the microcrontrofier is in extemnal execution mode.

>SEN
’rogram Store Enable is the read strobe to external pro-
jram memory.

Vhen the ATBOCE2 is executing code from extemal pro-
jram memory, PSEN is activated twice each machine cy-
{e, except that two PSEN activations are skipped during
sach access to external data memory.

-able 1. AT89C52 SER Map and Reset Values

EAAPP

External Access Enable. EA must be strapped to GND in
arder to enable the device to felch code from extamal pro-
gram memaory locations starting at 0000H up to FFFFH.
Note, however, that if lock it 11s programmed, EA will be
internaily latched on reset.

EA should be strapped to Vo for intemnal program execu-
tiens.

This pin also raceives the 12-volt programming enable
voltage {Vpp) during Fiash programming when 12-volt pro-
gramning is selected.

XTALY

fnput to the inverting oscillator amplifisr and input to the
internat clock operating circuit.

XTALZ

Output from the inverting osciifator ampiifier.

0oFgH OFFH
OFOH 5 —
00000000 £
0ESH GEFH
- ACC _
020H|  gnhson00 CETH
oD8H aoFH
9D0H|  00b30000 GorH
ocem| T2CON T2MOD RCAP2L | RCAPZH TL2 THZ -
00090000 | xx0000o | 00c0cd00 | 600000 | 00COCOCO | 00000500 6e
0COH ooTH
088H 2 0BFH
XX000000 LE
080H| 41473111 GB7H
1E .
0ASHY 4xp00000 CAFH
0ACH| 44 e GATH
SCON SBUF .,
98H| (0000000 | XXXXXXXX o
= .
90H| 41411119 srH
agH| _TCON TMOD TLo L THO TH1 aer
00BOD0O | 0ODCO00C | ©DODODOD | 00000000 | 00000000 | 0G000000
a0k = sP DPL CPH PCON -
20H! 41111111 | ©0G00111 | ©OCOCOOO | 000GOOOO oxxxnono | 7
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3aud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK andior RCLK in T2CON {Table 2}. Note that the
saud rates for transmit and receive <an he different if
Timer 2 is used for the receiver of ransmitter and Timer 1
s used for the other function. Setting RCLK andior TCLK
suts Timer 2 into its baud rate gengrator mode, as shown
n Figure 4.

The baud rate generator mode is simitar {o the auto-reload
node, in that a roflover in TH2 causes the Timer 2 regis-
ors to be reloaded with the 16-bit value in registers
CAP2H and RCAP2L, which are preset by softwars.

The baud rates in Modes 1 and 3 are determined by Timer
¥'s overflow rate according to the foliowing equation.

viodes 1 and 3 Baud Rates = Timer 2 O\‘.{irﬂomee
8]

The Timer can be configured for either timer of counter
speration. In most applications, it is configured for timer
speration {CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Nor-
nally, as a timer, it increments every machine cycie {at
1712 the oscillator frequency). As a baud rate generator,

igure 5. Timer 2in Clock-Out Mode

howaver, it increments every state time (at 1/2 the oscilia-
tor frequency). The baud rate formula is given below.

Modesland3 _ Oscillator Frequency
Baud Rate 32 x [65536 — (RCAPZH, RCAP2LY

where {RCAP2H, RCAP2L) isthe content of RCAP2H and
RCAPZL taken as a 16-bit unsigned integer.

Timer 2 s a baud rate generator is shown in Figure 4.
This figure is valid only if RCLK or TCLK = 1in T2CON.
Note that a roliover in TH2 does not set TF2 and wili not
generate an interrupt. Note too, thatif EXEN2 s set, a l-to-
0 transition in T2EX will set EXF2 but will not cause a re-
load from {RCAP2H, RCAPZL} o {TH2, TL2). Thus when
Timer 2 is in use as a baugd rate generator, T2EX can be
used as an sxfra extemnal intsrrupt.

Note that when Timer 2 is running {TR2 = tyas a timer in
the baud rate generator mode, TH2 of TLZ should not be
read from of written to. Under these conditions, the Timer
iz incremented every state time, and the results of a read
or wiite may not be accurate. The RCAPZ registers may
he read but should not be writlen to, because a wiite might
gverlap a reload and cause wilte andior reload errors. The
timer should be turmed off {clear TR2) before accessing
the Timer 2 or RCAPZ registers.

™. s
N P T TL2 TH2
osc »oo=2 »% gie " eBITS) | (8-BITS)
jy i
__l _ l"j\ ff\-,
] TRZ / 1 ’__l_:l l\‘
.\\ g FAS——Y
S 1
I RCAP2L | RCAP2H
f ‘ CT2 BIT
P10 N L
T2 ) -
NS e
T20E (T2M0D.1)
ey TRANSITION
Y DETECTOR
7N -
P1.1 ! >
cale BN }———* TIMER 2
(T2EX) J ! 4 INTERRUPT
R i
EXENz

e
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Special Function Registers

A map of the on-chip memory area cailed the Special
Function Register (SFR) space is shown in Table 1.

Note that not all of the addresses are cccupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses o these addresses will in general retum
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products (o invoke

Table 2. T2CON—Timer/Counter 2 Contral Register

new featuras. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained
in registers T2CON (shown in Table 2) and T2MOD
{shown in Table 4) for Timer 2. The register pair
{RCAP2H, RCAP2L} ars the Capture/Reload registers for
Timer 2 in 168-bit capture mode or 18-bit auto-reload mode.
interrupt Registers The individual interrupt enable bits
are in the |E register. Two priorities can be set for each of
the six interrupt sources in the 1P register.

T2CON Address = GC&H

Reset Value = 0000 00008

either RCLK=10r TOLK = 1.

Bit Addressabie
TF2 EXF2 RCLK TCLK EXEN2 TR2 T2 CP/RL2
Bit 7 6 3 4 2 1 8]
Symbol Function
TF2 Timer 2 overflow flag set by a Timer 2 overflow aad must be cleared by software. TF2 will not be setwhen

auto-reload on Timer 2 overilow.

EXF2 Timer 2 external flag set when eitner a capture of reload s caused by a negative transition on T2EX and
EXEN2 = 1. When Timer 2 interrupt is enabied, EXF2 = 1 wilt cause the CPU o veclorto the Timer 2
interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counier
mode (DCEN = 1).

RCLK Receive clock enable. When set, causes the serial port to use Timer 2 overfiow pulses for its receive clock i
sefial port Modes 1 and 3. RCLK = 3 causes Timer 1 overfiow 1o be used for the receive Ciock

TCLK Transmit clock enabie. When set. causes the serial port to use Timer 2 overficw pulses Tor s ransmit clock
in sefial port Modes 1 and 3. TOLK = 0 causes Timer 1 overfiows to be used for the fransmit ciock.

EXENZ Timer 2 external enable. When set, allows a capture or reioad to cccur as a result of 3 negative transition on
TOEX if Timer 2 is not being used 1o clock the senal port. EXEN2 = 0 causes Timer 2 o ignore events at
T2EX.

TR2 Start’Stop contral Jor Timer 2. TR2 = 1 starts the timer.

ci3 Timer or counter select for Timer 2. C/T2 = { for timer function. C/T2 = 1 for external event counter {faling
edge triggered).

CPIRL2 Caplure/Reload select. CP/RL2 = 1 causes captures to occur of negative transitions at T2EXHEXENZ = 1.

CE/RL2 = 0 causes automatic refoads to cocur when Timer 2 overfiows or negative transilicns occur at
T2EX when EXEN2 = 1. When either RCLK of TCLK = 1, thus bit is ignored and the timer is forcad 1

Data Memory

The AT8ACE2 implements 256 bytes of on-chip RAM. The
upper 128 byles occupy a parallel address space o the
Special Function Registers. That means the uppsr 125
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accessaes an intemnal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct ad-
dressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location BACH (which is P2).

MOV 0ADH, #data

Instructions that use indirect addressing access the upper
125 bytes of RAM. For example, the following indirect ad-
dressing instruction, where RO contains CAOH, accesses
the data byte at address 0ADH, rather than P2 (whose ad-
drass i3 DAOHY

MOY @RO, #data

Nota that stack operations are examples of indirect ad-
dressing, so the upper 128 bvtes of data RAM are avail-
able as stack space.

AIMEL 5
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Programmable Clock Out

A 50% duty cycle dock can be programmed 1o come out
on P1.0, as shown in Figure 5. This pin, besides being a
regular 1/0 pin, has two altemate functions. it can be pro-
gramimed to input the external clock for Timer/Counter 2 or
to output a 50% duty cycle clock ranging from 51 Hzto 4
MHz at a 18 MHZ operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
C/T2 {T2CON 1) must be clearsd and bit T20E
(T2MOD.1) must be set. Bit TR2 (T2CON.2Z} staris and
stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registars
(RCAP2H, RCAP2L), as shown in the following equation.

Oscillator Frequency

Clock-Out Frequency = 4 treeas  (RCAPZH, RCAP2L]

In the clock-out mode, Timer 2 roli-overs will not generate
an interrupt. This behavior is similar to when Timer 21is
used as a baud-rate generator. it is possible to use Timer
2 as a baud-rate genarator and a clock generator simulta-
neousty. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from
one another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT82C52 operates the same way as the
UART in the AT&9CS1.

Interrupts

The ATBOCS2 has a total of six interrupt vectors: two ex-
ternal interrupts (INTO and INT1), three timer interrupts
{Timers 0, 1, and 2), and the senal port interrupt. Thess
interrupts are ail shown in Figure 6.

Each of these interrupt sources can be individually en-
abled or disabled by setting or clearing a bit in Special
Function Register IE. IE also contains a global disable bit,
EA, which disables all interrupts at once.

Note that Table 5 shows that bil position 1E.& is unimple-
mented. In the ATRICS51, bit position {E.5 is also umimple-
mented. User software should not write 15 to these bit po-
sitions, since they may be used in future ATSY products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routing is vectored
to. In fact, the service routine may have to determing
whether it was TF2 or EXF2 that generated the interupt,
and that bit will have 1o be cleared in software.

The Timer § and Timer 1 flags, TFO and TFI, are set at
S5P2 of the cycle in which the timers overfiow. The values
are then polied by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set at 52P2 and is polied in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable {IE) Register

{MASB) {LEB)
[Ea |— etz |es |ert [Exi [ETe JExo |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.
Symbol Position Function
Disattes ajl interrupts. If EA =0, nG
interrupt is acknowledged. fEA =1,
EA [E7 each nterrupt source s individually
enabied or disabled by setting or
cieafing 1ts enable bit.
— IE.8 Reserved
£72 IE.S Timer 2 interrupt enabie bit.
5 E.4 Serial Port interrupt enabie bit.
E71 IE.2 Timer 1 interrupt enabie bl
EX1 {E.2 Exiernal interrupt 1 enabie bit.
ETC E Timar 0 interrupt enabie bit.
EX8 IES External interrupt § enabie bit.
User softwara should never wiite 1s {c unimgiemented bits,
because they may be used in future AT&9 products.

Figure 6. Interrupt Sources

INTD

TFO >

TP —————————

EXF2 memeo————
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Oscillator Characteristics Figure 7. Oscillator Connections
XTAL1 and XTAL2 are the input and output, respectively,

of an inverting amplifier that can be configured for use as €2
an on-chip oscillator, as shown in Figure 7. Either a quartz XTALZ
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be [:]

left unconnected while XTAL1 is driven, as shown i Fig- o1

ure 8. There are no requirements on the duty cycle of the 'I”

external clock signal, since the input to the internal clock-

ing circuitry is through a divide-by-two flip-flop, but mini-

mum and maximum voltage high and low time specifica-
tions must be observed.

XTALT

GND

idle Mode

in idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The made is invoked by
software. The content of the on-chip RAM and all the spe- Notes: G1, ©2 = 30 pF £ 10 pF for Crystals

cial functions registers remain unchanged during this = 40 pF + 10 pF for Ceramic Resonators

mode. The idle mode can be terminated by any enablad

intersupt or by a hardware reset.

Note that when idle mode is terminated by a hardwars re-
set, the device normally resumes program gxecution from
where it left off, up to two machine cycles before the inter- Figure 8. External Clock Diive Configuration
nal reset algorithm takes control. On-chip hardware inhif-

its access {o internal RAM in this event, but access to the

port pins is not inhibited. To eliminate the possitility of an NG — b xTAL2

unexpected write fo a port pin when idle mode is termi-

nated by a reset, the instruction following the cne that in-

vokes idle mode should not write to a port pin or to external

memary. EXTERNAL
ogciLLaTorR ———  XTAld

Power Down Mode SIGNAL

in the power down mode, the osciflator is stopped, and the
instruction that invokes power down is the last instruction GND
executed. The on-chip RAM and Special Function Regis- l

ters retain their values until the power down mode is termi- 0

nated. The only exit from powsr down is a hardware reset. =

Reset redefines the SFRs but does not changs the on-

chip RAM. The reset should not be aclivated before Yoo

is restored to its normat cperating level and must be held
active long encugh to allow the oscillator to restart and
stabilize.

Status of External Pins During Idle and Power Down

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PCORT3

idle Internal 1 1 Data Dala Data Data

idle External 1 1 Float Data Address Data

Power Down | Internad ) 0 Data Cata Data Data

Power Down | Exismal g 0 Float Data Data Data

AlNEL 1
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Program Memory Lock Bits

The ATE9C52 has three lock bits that can be left unproe-
grammed (U} or can be programmed (P} to obtain the ad-
ditional features listed in the foliowing table.

When lock bit 1 is programmed, the logic level at the EA
pin is sampled and latched during reset. If the device is

Lock Bit Protection Modes

powered up without a reset, the tatch initializes to a ran-
dom value and holds that value untif reset is activated. The
tatched value of EA must agree with the current logic tevel
at that pin in order for the device to function properly.

Program Lock Bits

1B1 iB2 LB3 Protection Type

No program lock features.

MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latchad on reset, and
further programming of the Flash memaory is disabled.

3 P P U

Same as mode 2, but verify is also disabled.

4 P P p

Same as mode 3, but external execution is aiso disabled.

Programming the Flash

The AT89C52 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The prograniming interface
accepts either a high-voltage (12-volt) or a low-voltage
{(Vee) program enable signal. The low vcltage program-
ming mode provides a convenienl way to program the
ATBOHC5?2 inside the user's system, while the high-vaoitage
pregramming mode is compatible with convebticnat third
party Flash or EPRCM programmers.

The ATS9CS?2 is shipped with either the high-vaoltage or
low-voltage programming mode enabied. The respeciive
top-side marking and device signature codes are listed in
the following table.

VPp=12V VPP=56V
ATBOCE2 ATBOCE2

Top-Side Mark XXX XXXX-5
YYWW YWY

{030H)=1EH
{031H=52H {03 1H=52H
{032H=FFH {(032H)=0&H

The ATR9C52 code memary array is programmed byte-
by-byte in either programming mode. To program any
non-blanic byte in the on-chip Flash Memory, the entire
memory must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
ATHOCH?. the address, data and control signals should be
set up according to the Flash orogramming mode table

{030H)="1EH
Signature

o~

and Figures 9 and 10, To program the AT3GCEZ, take the

following steps.

1. Input the desired memory location on tha address

lines.

2. input the appropriate dala byte on the data lings.

3. Activate the correct combination of control signals.

4. Raise EANpp to 12 V for the high-voltage program-

ming mode.

5 Pulss ALE/PROS once to program a byle in the Flas

array of the lock bits. The byte-wiite cycle is self-dmed and

typically tekes no more than 1.5 ms. Repeat steps 1

through 5. changing the address and data for the entre

array or untit the end of the abject fits is reachad.

Data Polling: The ATSECE2 features Data Polling 10 indi-

cate the end of a write cycle. During a write cycle, an at-

tempied read of the last byte written will result in the com-

plement of the written data on PO.7. Once the write cycle

has been completed, true data is valid on all sutputs, and

the next cycle may begin. Data Polling may begin any ima

after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can

also be monitored by the RDY/BSY output signal. F3.4 18

pulled low after ALE goes high during programming to in-

dicate BUSY P34 is pulied high again when program-

ming is done to indicate READY.

Program Verify: if lock bits LB1 and LBZ have not been

programimed, the programmed code data can be read

nack via the address and data lines for verification. The

1nck bits cannot be verified directly. Verification of the luck
{continued)
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Programming the Flash (Continued)

bits is achieved by obsemving that their features are en-
abled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is writ-
ten with all 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

Reading the Signature Bytes: The signature byles are
read by the same procedure as a nonmal verification of
locations 030H, 031H, and 032H, except that P3.8 and
P3.7 must be pulled to alogic low. The vaiues retumed are
as follows.

{D30H) = 1EH indicates manufactured by Atmel
{031H) = 52H indicates 89C52

(032H) = FFH indicates 12 V programming
(032H) = 05H indicates 5V programming

Flash Programming Modes

Programming Interface

Every code bytg in the Flash array can be wiitten, and the
entire array can be erased, by using the appropriate com-
pination of control signals. The write operation cycle is
self-timed and once inttiated, will automatically time itself
to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your
jocal programming vendor for the appropriaie software re-
vision.

ALE/ EA/
Mode RST PSEN PROG Vpp P2.6 p2.7 P3.6 P3.7
Write Code Data H L . Hia2A L H g H
Read Code Data H L H H L i H H
Write Lock Bit- 1 H L - HAZY H H H H
-
Bit - 2 H L s POHARY H H L L
Bit-3 H L . HA2V H L H L
Chip Erase H L | HA12Y H L L L
Read Signature
Byte H L H H L L L L

Notes: 1. The signature byte at tocation 0232H designates
whether Vpp = 12 V or Vap = 5V shouid be used o
enabieprogramming.

2 Chip Erase reguires a 10 ms PROG pulse.

———————— Wy | [[|] ]} 13



Figure 9. Programming the Flash Memory

AIMEL

Figure 10. Yenriving the Flash Memory

+5Y 5%
AT89C52 —j’ AT89C52 —_T
appr. A0 - ATy by Yoo appr. AU AT gy Ve
OOOCH!FFFH P20 - P24 B0 le— gg;l QUOOHIFFEH o20 . pas PO _’str'é D{élﬁ
AZ - A12 A8 - A2 PULLLIPS)
3 P25 —» P2E ’
SEE FLASH —» P27 ALE l«—— PRGG SEE FLASH —» F27 ALE |«
PROGRAMMING PROGRAMMING
MODES TABLE —*| P36 MODES TABLE Pa& L
—> P37 —»{ P37 #
- XTAL 2 EA [ Ve » XTAL 2 EX |«
424 MHz | I 424 Mrz | [
= I—‘ =Ea
} XTAL 1 RST —— ¥, I ‘: XTAL 1 RST |— V¥,
GND PSEN : - 52
—:L Q— GNO SEN —_l_
Flash Programming and Verification Characteristics
Ta=21C w0 27°C, Ve =501 10%
Symbol Parameter Min Max Units
vppi ™! Programming Enable Voltage 115 12.5 Y
ippt? Programming Enable Current 10 mA
e QOscillator Fregquency 4 24 fMHz
AVGL Address Setup to PROG Low 48tcicL
toHAX Address Hold After PRGG 43tcioL
IovGL Data Setup to PROG Low 48teicL
1GHEX Data Hold After PRCG 48tcicL
{EHSH P27 (ENABLE) High to vpp 48tcioL
tSHGL Vpp Setup to PROG Low 0 us
tens | Vpp Hold After PROG 50 us
tGLGH PROG Width 1 110 us
avoy Address to Data Valid 42tCLCL
lELav ENABLE Low to Data Valid 48tcLoL
tERQY Data Float After ENABLE 0 48tcLoL
{GHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 20 ms
Noter 1. QNIY used in 12-voit pmgramming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode

P10 - P17
P20 - P24
P30

PORT O

PROGRAKMMING

ADDRESS
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.. ADDRESS

ALE/PROG

EAN .
P27
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P34
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s

DATA IN
H tovaL farox
taveL >
_—.—-——J’y&
tanaL Ppp—
oA e :
__________________________________ wec o ______ 1 .
‘-‘}/ 1 tenen X A’/l/ — tenar
e N
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Flash Programming and Verification Waveforms - Low Voltage Mode

P10 - PLT
P24 - P24
P30

PORT O

PROGRAMBMING

VERIFICATION

_ADDRESS

ADDRESS
DATA IN \1
tyor  lasox “’/1‘

ALEPROG

EANVps

pP2.7
{ENABLE}

P34 _
{RDY/BSY}

——=—— Ny 1]||] 3

ho.BUSY A READY
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AIMEL

Absolute Maximum Ratings*

Operating Temperature ... 55°C 1w +125°C
Storage Temperature ... BH5°C 1o +150°C
Voltage on Any Pin

with Respect to Ground ... AoV 0V
Maximum Operating Voltage ... 66V
DC Quitput Cumrent ..o 15.0 mA

D.C. Characteristics

“NOTICE: Siresses beyond those listed under “Abschule Maxi-
mum Ratings™ may cause permanent damage to the device.
This is a stress rating cnly and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to abscolute maximum rating conditons
for extended periods may affect device reliability.

The values shown in this table are valid for Ta = -40°C to 85°C and Voo = 5.0 V £ 20%, unless otherwise noted.

Symbol Parameter Condition Min Max Units
ViL Input Low Voitage (Except EA} 0.5 0.2 Vee-0.t Y
YiLs input Low Voitage {EA} 0.5 0.2 Vee0.3 W
Vin Input High voitage (Except XTALY, RST) 3.2 Veoo+ 9 Ven+0.5 5
ViH1 Input High Voltage (XTAL%, RST) 8.7 Voc YoetD.8 i
' Output Low Vo%tagem 1 e \
Vou {Poris 1,2,3) foL = 1.6 mA 045 ’
i Output Low Vottage'” _ . .
Vou1 {Porl 0. ALE, PSEN) ke = 3.2 MA 0.45 /
lop = -60 pA Voo = 5 V £ 18% 2.4 W
Vo Output High Voltage 2 HIuA e o =
voH {Parts 12,3, ALE, PSEN)  lon=-25uA Q75 Ve Y
Iop = =10 RA 0.9%cc v
Output Righ Voltage fose = -B800 pA, Yoo = 5V 2 10% 2.4 5
i ol o =
vont {Port 0 in External Bus Mode) fer = 300 yA 075 Voo
forn = -80 pA 0.9 Veg i
. Logical 0 Input Current Vs = 1 AR W o -
ER {Ports 1,2.3) Ving = 045 WV -50 [TE:)
Logicat 1 to O Transition ey = .
n Current (Ports 1,2,3} Vin = 2Y -650 A
Input Leakage Current PN Y
H {Port 0, EA) 045 « Vv < Voo +15 A
RRST Reset Pulldown Resistor 50 3c0 KLy
Cio Pin Capaciiance Test Freq. = 1 MHZ Ta =25°C 13 pF
ive Mode, 12 ¥ 25 :
Power Supply Current Active Mode, 12 MHz nA
lec idie Mode. 12 MbBz £5 mA
- Ve =6 Eale &
Power Down Mode™? Yee _" 120 uh
Vec =3V 40 uh

Notes: 1. Under steady state (non-Iransient) conditions, lov
must be externaly limited as foliows:
Maximum oL per port pin i mA
Maximum lgy per 8-bit port:
Port 0:26 mA
Ports 1,2, 3115 mA

praximum wotal 1oL for all cuiput pinsi 7t mA
if KoL exceads the test condition, VOL may exceed the
related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.

2. Minimum Yoo for Power Downdis 23,

16 AT 89 C 52
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A.C. Characteristics

Under operating conditions, load capacitance for Port 0, ALEFPROG, and PSEN = 100 pF: load capacitance for all
other outputs = 80 pF.

External Program and Data Memory Characteristics

AIMEL

12 MHz Oscillater Variable Oscillator
Symbol Parameter Min Max tirs e Units
ciey | Oscillator Frequency 0 24 MHz
HLHLL ALE Pulse Width 127 2tcc-40 ns
favLL Address Valid to ALE Low 28 icre-13 ns
WLAX Address Hold After ALE Low 48 e -20 ns
v ALE Low to Valid Instruction In 233 AtoLcL-65 ns
tLipL ALE Low to PSEN Low 43 terci-43 ns
e | PSEN Pulse Width 205 tcicL-20 rs
v | PSEN Low to Valid Instruction In 148 oLcL-45 ns
tpxix input Instruction Hold After PSEN 0 0 ns
tpxiz input Instruction Float After PSEN 55 cLo-10 s
toxav | PSEN to Address Walid 75 teLoL-s rs
taviv Address to Valid Instruction In 312 Stoicl-55 ns
tpiaz | PSEN Low to Address Float 10 10 ns
iR | RD Pulse Width 400 fiter oL-100 s
twiwe | WR Pulse Width 400 fitcLce-100 rs
Riov | RD Low to Valid Data In 252 StoLoL-50 rs
rHpx | Data Hold After RD 0 0 Ps
wRrpz | Data Float After RD a7 2cicL-23 rs
Loy ALE Low to Valid Data In 27 StoLe-150 ns
tAvDY Address fo Valid Data In 535 OtcLo-185 ns
WL | ALE Low to RD or WR Low 200 300 MoLol-30  AtoLoL+al rs
tavwL | Address to RD or WR Low 703 o ol-75 ns
VWX Data Vafid to WR Transition 23 toece-20 ns
tavwd | Data Valid to WR High 432 Florci-129 ns
tvHOX Data Hold After WR 3 toLoL-20 ns
tRLAZ RD Low to Address Float a 0 ns
twHLs | RD or WR High to ALE High 43 1223 toLcL-20 toLci+08 s
17
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

a2 SEVEN DARLINGTONS PER PACKAGE

= OUTPUT CURRENT 500mA PER DRIVER
(B00MA PEAK)

= OUTPUT VOLTAGE 50V

= INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

« OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

a TTL/CMOSIPMOS/DTL COMPATIBLE INPUTS

= INPUTS PINNED OPPOSITE QUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULNZ004A are high voltage, high current darlington
arrays each containing seven copen collector dar-
lington pairs with common emitters. Each channel
rated at SO0OMA and can withstand peak currents of
600mMA. Suppression dicdes are inchuded for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.

The four versions interface to all commeon logic fami-
lies :

ULN20GTA General Purpose, DTL, TTL, PMOE,
crMos

ULN2G02A 14-25v PMOS
ULN20G3A SV TTL, CMOS
ULN2004A 6-15% CMOS, PMOS

These versatile devices are useful for driving a wide
range of lcads including sclenoids, relays DC mo-
tors, LED displays fament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003A and 20044 are sup-
plied in 16 pin plastic DIP packages with a copper
feadframe 10 reduce thermal resistance. They are
available also i small oulline package {(S0O-16}) as
ULNZ001D/2002D/2003002004D.

February 2002

5016

ORDERING NUMBERS: ULN20015:20/30/40

PIN CONNECTION

S-19774%

15 OuUT 1

15 QUT 2

12 QUT S
t1 QUT B

10 cur ¥

g COMMON FREE
WHEELING DHODES




ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

e — COM
o QLT
12 ;
] )
I
t Liel 2% *
t t
¢ 1
I S s dutd
LACH DRIVER S 39
. EACH DRIVER %~ 1986
Series ULN-2001A Series ULN-2002A
jeach driver) {each driver)
O coM
270 —oouT 0.5%0
™ 1 N
1 4 1
¥ I
i ? ' 7,2k
1 1
1 } 1
L~ 4 L o i —
EACM ORIVER 5~ 1308 EACH CRIVER
Series ULN-2003A Series ULN-2004A
{each driver} {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Wy Qutput Voltage 50 W
Yin input Voltage {for ULNZ20G246/D - 20032/D - 2004A4/D) 30 W
ke Centinucus Coltector Current 5G0 mA
Iy Continucus Base Cuaent 25 mh
Tart Operating Ambient Temperature Range - 2010 83 G
Tsg Storage Temperature Range — 55 to 150 i
T Junction Temperature 130 #C
THERMAL DATA
Symbol Parameter DiP16 sSC1i16 unit
R jams Thermal Resistance Junction-ambient htax. 70 120 SCIW
218 <7




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tan = 25°C unless otherwise specified)

Symboi Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
foex Output Leakage Current YWeop = 5OV 53 JA 1a
Tams = 7O°C, Weoe = 50V 160 HA 1a
Tamp = 74°C
for ULN2002A
Yo = 50V, V=6V 500 uA 1b
jor ULN2004A
Yoz = 50V, W = 1Y 500 HA ib
Vezsan Collector-emitier Saturation o = 100mA, ig = 250uA g9 11 \Y 2
Vollage lc = 200 mA, I = 350uA 1.1 1.3 kY 2
o = 350mA, Is = S00uA 1.3 1.6 W 2
fions input Current for ULN20G2A, W, = 17V 0.82 1.25 | mA 3
for ULN20D3A, v, = 3.88Y 0.93 135 | mA 3
for ULN2004A, W, = 5V 0.35 8.5 mA 3
W= 12V 1 145 | mA 3
fiom: Input Current Tamp = 770, I = 500pA 50 685 HA 4
Vitony input Voltage Mog =2V v a
for ULN20O2A
k- = 300mA 13
for ULNZ0G3A
lo = 200mA 2.4
o = 250mA 23
bz = 300ma K}
for ULN2004A
e = 125ma 5
Iz = 250mA 5
Iz = 276mA 7
bz = 350mA 8
Nz DC Forward Current Gain for ULNZD001A
Vez = 2V, 1o = 350mA 1900 2
G Input Capacitance 15 25 pF
top i Turn-on Delay Time 0.2V, o 0.5V, 0.25 1 us
o Turn-off Delay Time 0.5V 1005V, 0.25 1 ns
Ik Clamp Diode Leakage Current | Vs = 50V Y HA &
Tams = 70°C, VR = 50V Y pA =
Ve Clamp Diode Forward Voltage = 350mMA 1.7 2 v 7




