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The main objective of this project is to design and implement a microcontroller based
< Reonomic Version Of Overhead Cleaner Controller’ .

Overhead travelling cleaners are widely used in textile spinning & weaving units to
collect the waste cotton called as fluff, which not removed properly may affect the quality of
thread weaved & also creates an unpleasant environment for the workers .

In the current scenario, overhead cleaners are provided with an electronic control to
ensure high reliability and better rated performance when compared to the traditional cleaning
systems , but the disadvantage being the cost involved which may not be affordable for small -
scale units .

With rapid development in the fild of electronics, this economic version of overhead
cleaner controller opts in making 2 compromise on price with acceptable performance . The
overhead cleaner controller uses a 20 pin AT892051 microcontroller to control the operation
of the overhead cleaner.

The flash memory microcontroller performs its task efficiently remaining flexible
and cost effective . This equipment is versatile and compatible with industrial ( real time )
requirements and hence to be sought by textile mills . This modified version of overhead cleaner
controller is believed to reduce the cost involved in maintaining a dust free environment in
textile units.

We are very sure that the execution of this project with so much cost savings to the
clients will fetch not only good name to the company but also number of orders and thereby
the company can establish a good market in providing cleaning solutions to textile mills .
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CHAPTER 1

INTRODUCTION

In textile industries where cotton is made into thread , unwanted cotton dust called fluff
is formed . The so formed fluff disperses out in the surroundings and creates an uncomfortable
environment for the people working there . This affects the employee’s health, company’s productivity

and also reduces the performance of the machine . So, some preventive measures become
indispensable .

Hence cleaning being an integral part of every textile mill, an over head cleaner offers
state — of — the — art solution to cleaning . It is an equipment that moves parallely above the
spinning machine on a track , absorbing the cotton dust in the premises .

The over head cleaner can be driven by a microcontroller or 2 microprocessor . This
project uses - AT892051 microcontroller as the basic controlling element to enhance the
working of the over head cleaner , with a simple programming logic .

The overview of the over head cleaner controller and the detailed functional description
of the type of control employed , are dealt with in the forth coming chapters .
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CHAPTER 2

FUNCTIONAL DESCRIPTION

2.1 OVER HEAD CLEANER:

The overhead cleaner is divided into two basic units according to their functions .
They are:

> Mobile unit
> Sucking unit

2.1.1 MOBILE UNIT:

This unit is responsible for the circular or translatory motion of the cleaner . It is
controlled by a driver motor.

2.1.2 SUCKING UNIT:

This is similar to 2 vacuum cleaner . It absorbs and accumulates cotton dust to
discharge later . The collected cotton can be reused . This unit is controlled by a fan motor.

As there is 2 need for overhead cleaner, the automation of its working proves to be
useful . The over head cleaner is controlled by an electronic logic board called the ‘Over bead
cleaner controller’ .



2.2

OVER HEAD CLEANER CONTROLLER :
The over head cleaner controller has the following functions :

> It drives the cleaner and reverses it at the ends. The controller senses the ‘START’
signal and operates the over head cleaner . As soon as the OHC reaches the ends of
the trail, the controller reverses the direction of motion of the OHC.

> The ends of track are sensed by using sensors .

> In case of endless loop system , the OHCC can stop OHC for discharging, in the
middle . '

» Sensors are used to recognize the obstacles and OHCG reverses the direction of OHC
if any obstacle is detected .
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SYSTEM DESCRIPTION

3.1 BASIC BLOCK DIAGRAM OF OHCC :

sensor buffer

microcontroller

driver

motors

Fig: 3.1

The system working is better understood by having a detailed study of individual components.

3.2 DESCRIFTION :

The OHCC consists of the following blocks:

Input signals
Buffer _
Microcontroller

Driver

Vo =

Contactor

3.2.1. INPUT SIGNALS :

The OHCC controls the over head cleaner according to the input signals . There are

totally five input signals viz.,

> Start

> Stop

> Auto Reverse
» Discharge

> Obstacle 1 &2




> START:

This signal literally starts the OHC. The OHCC energizes the sucking unit first and then
the mobile unit later (i.e.) after a small delay.

> STOP :

This signal brings the OHC to an off condition . As soon as this signal is received, the
OHCC disables the sucking unit and mobile unit .

> AUTO REVERSE :

When the OHCC receives this signal it allows OHC to stop and wait for a time called *
reversing delay* . After this delay the OHC starts to travel in an opposite direction . The
sucking unit stays on for this delay period .

> DISCHARGE :

When the OHCC receives this signal it stops OHC for a preset time called ‘discharge
delay' . After this delay the OHC continues to travel in the same direction .

The sucking unit is disabled during this time and the OHC discharges the collected cotton
dust .



> OBSTACIE 1 :

This signal indicates the presence of an obstacle in the forward path of the cleaner.
This signal is sensed by OHCC and it changes the direction of motion of the OHC .

> OBSTACIE 2 :

This signal indicates the presence of an obstacle in the reverse path of the OHC.The
OHCC senses this signal and reverses the direction of OHC .

Out of these signals the start and stop signals are generated manually using push
button switches , the reverse and discharge signals are generated by proximity sensors and
the obstacle signals are given by optical sensors .

These five signals define the basic working of cleaner . Apart from these, a number of
other input signals can also be included to make the cleaner perform additional functions .
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FIG 3.2 DETAILED BLOCK DIAGRAM OF OHCC




3.2.2. BUFFER :

The buffer can be called as a ‘ matching unit’ . In OHCC the buffer acts as a step
down transformer . It couples the sensor outputs with the input of the microcontroller .

As opto coupler acts as a buffer in this case.It couples the sensors working with 24V
supply voltage to the microcontroller working with 5V supply .

Each sensor needs a buffer unit to get connected to the microcontroller .

—_— -
OPTOCOUPLER
from sensor output ( BUFFER ) Microcontroller
>

—ee

FIG 3.3 BLOCK OF OPTOCOUPLER
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3.2.3. MICROCONTROLLER :

The microcontroller controls the entire working of the OHC depending on the signals
received . The tasks corresponding to the input signals are stored as programs in the
microcontroller . As soon as the OHCC is switched on the microcontroller runs the
corresponding subroutine of the input signals that gets high . Thus it controls the movement of

the cleaner using motors . This mechanism goes on until OHC is switched off

3.2.4. DRIVER :

As the microcontroller cannot drive the motors directly, a drive stage is necessary in
between them . The driver can be a transistor, operated as a switch for DG contactors . It
couples the microcontroller to the contactor working at 24V supply , (.e) it drives the
contactors . This project uses 2 TRIAC as 2 driver to drive the AC contactors .

FIG : 3.4 CONTACTOR — DRIVER CONNECTION



5. CONTACTOR :

The contactor runs the fan and drive motors as required . It is actually a relay working
at higher voltages .As the contactor is energized , the corresponding motor will run . Depending
on which contactor is energized the OHC will move in forward or reverse direction .

K1 \ F

9,

iver
Output K2 K3

!

K1 — Fan controller
K2 - Forward contactor
K3 - Reverse contractor

F — Fan motor
FD — Forward drive motor
RD — Reverse drive motor

Fig3.5 Equivalent Circuit for Contactors & Motors switching

SYSTEM LAYOUT:



POWER SUPPLY FUSES
TRANSFORMER | CONTACTOR
K2
DRIVERS (FORWARD)
CONTACTOR
K1
MICRO CONTROLLER
(FANMOTOR) | coNTACTOR
K3
CONNECTION : &)
INDICATING TEDS
CONNECTOR PINS
TART STOP REV DIS OB1 OB2
S P l S l / FAN DRIVE
\ / MOTOR MOTOR
MANUAL SENSORS

Fig 3.6 Layout of OHCC

The system layout gives an overall idea of the cleaner controller . The LEDS indicate the

corresponding input signal from the sensor . The fan & drive motor are controlled by their
respective contactors .
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HARDWARE DESCRIPTION

The prime use of microcontroller is to control the operation of 2 machine using a
fixed program that is stored in ROM .

The 8051 microcontroller generic part pumber actally includes a whole family of
microcontrollers that have numbers ranging from 8031 to 8751 and are available in ann-
channel Metal Oxide Silicon (NMOS ) and Complementary Metal Oxide Silicon ( CMOS)
construction in a variety of package types. As enhanced version of the 8051, the 8052 also
exists with its own family of variations and even includes one member that can be programmed
in BASIC .

Some members of 8051 family are given below .

RAM
8031 - EPROM less - 128bytes
8032 - EPROM less - 256 bytes
87C51 - with EPROM (4K) - 128 bytes
(window type)
87C52 - with EPROM (8K) - 256bytes
87C51 - with EPROM (4K) - 128 bytes
(flash memory) |
89C52 - with EPROM (8K) - 256 bytes
(flash memory)

A member of the 8051 family AT89C2051 , an 8—bit microcontroller with 2Kilobytes
flash memory has been selected for this project .



4.1 OPTOCOUPLER:

An opto coupler (also called as opto isolator or an optically coupled isolator )
combines an IED and a photo transistor in 2 single package . This opto coupler is used as

buffer for coupling the sensor outputs with microcontroller inputs.

Rs Rc




This shows an LED driving a photo transistor . This is much more sensitive
optocoupler than LED — photodiode . Any change in LED current, changes the current through
the photo transistor . In turn, the change in the LED current produces a changing voltage
across the Collector — Emitter terminals . Therefore , a signal voltage is coupled from the
input circuit to the output circuit . The big advantage of an optocoupler is the electrical
isolation , between the input and output circuits. With an optocoupler the only contact between
the input and output is a beam of light. Because of this, it is possible to have an insulation
resistance between the two circuits in the thousands of megaohms . Isolation like this comes
handy in high voltage applications , where the potentials of the two circuits may differ by
several thousand voltages .

In this project, the buffer action is carried over by the optocoupler 4N35 .

42 TRIAC:

A triac is a device equivalent to an inverse parallel connectd pair of SCRs,
during turn — off , its behaviour is not so clear as SCR. The triac is 2 member of thyristor
family .

T2

T1

Fig 4.2 Triac



Triac has three terminals , G is the control terminal . The main terminal connected
electrically to the envelope is called * anode * by some manufacturers due to its resemblance with the
anode lead of a reverse blocking triode thyristor .

The difference between the operation of a triac and reserve blocking triode thyristor is
that triac can conduct when the terminal 2 is positive or negative with respect to T2 . This
conduction in either direction can be achieved with either gate positive or negative with respect
to the main terminal (ie) T1 .

4.2.1. ADVANTAGES OF TRIAC:

> The triac needs a single heat sink of slightly larger size, but antiparallel thyristor pair
needs two heat sinks of slighty smaller sizes but due to the clearance total space
required is more for thyristors .

> A triac needs a single fuse for protection , this also simplifies the construction . Triacs
can be triggered with positive or negative polarity voltages .

» In some DC applications SCR is required to be fitted with a parallel diode to protect
against reverse voltage . A triac used may work without 2 diode as such breakdown in
either direction is possible .

> The triac is preferred due to its low cost and advantages .

The triac BT136 is used in this project, overhead cleaner controller .



43. MOTORS :

Two types of motors used are ,

> Fan motor, which is an induction motor .
» Drive motor , which is a stepper motor .

4.3.1. FANMOTOR :

The fan motor operates 2 fan for the sucking action . It gets started as soon as
the START signal is given .

4.3.2. DRIVE MOTOR :

The drive motor is responsible for the working of mobile unit. This motor can
be used for both forward and reverse movements of the OHC, by changing polarity of supply .
The driver motor gets started after a delay .

4.4. POWERSUPPLY :

> The OHCC receives its power supply from voltage regulators .

A multitapped transformer is used to provide the input for voltage regulator .

> Since the microcontroller and the sensors, drivers , etc ., working in different (5vVor
24V ) voltages , two supplies are provided .

> To avoid overheating of the power components , heat sinks and pre - regulator
equipments are used .

v

» To avoid harmonics or rather noise, capacitors are used at the inputs and the

outputs of the regulator .
> An I.C. combination filter can be used to filter out unwanted noise harmonics .



Fig 2.4 POWER SUPPLY
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SYSTEM WORKING

The power supply of +5V & +24V is given to the OHCC .

Now the OHCC is ready for operation .

The start signal is given to the controller using the push button switch .

The input signal is indicated by LEDs connected to the input port of the OHCC.

The start signal is thus sensed by microcontroller which in turn energizes the
contactors K1 and K2 as programmed .

vV VV VYV

v

Now the microcontroller scans for the rest of the input signals .
The working of the OHCC for the other input signals can be explained as follows .

v

5.1. RESPONSE OF OHCC TO INPUT SIGNALS :

> OBSTACIE1 :

When the cleaner controller receives this signal from the sensor, it de-

energizes the contactor K2 and energizes K3 after a preset delay .

> OBSTACIE 2 :

When the cleaner controller receives this signal from the sensor, it de-
energiz&slBandenergizesKZafterapresetdelzy.



» AUTO REVERSE :

Two conditions are possible if auto reverse signal is received .
1. If K2 is in ‘on’ condition and K3 is‘off " .
Under this condition, the cleaner controller de - energizes K2 and energizes K3.
9. I K3 is in ‘on’ condition and K2 is ‘off’ .
During this condition , the cleaner controller switches off K3 and energizes K2 .

> DISCHARGE :

The two conditions to be considered in this case are,
1. When K2 is ‘on’ and K3 is ‘off" .
During this condition , the cleaner controller de - energizes K2 and switches it ‘o’

after a preset delay .
2. When K3 is‘on’ and K2 is ‘off" .

Under this condition , the cleaner controller switches off K3 for a preset time and
energizes K3 again after the delay .

> STOP :

When the cleaner controller receives this signal , it de — energizes the driver
contactors followed by the fan contactor .

The OHCC works as explained above ,until receives the stop signal .



|
|

N O K1 —fan contactor

K2 — forward contactor

K3 — reverse contactor
A
O Qw

(a) Initial Condition
K1 F
O F — Fan Motor
FD-Forward Drive
Motor

| é RD-Reverse Drive
é Motor

O O

(b) Forward movement
K1 F

(C) Reverse mdvement

Fig: 5. 1. Eqvivalent relay circuits



5.2. FIELD WORKING :

The working of cleaner controller can be very well understood when the OHC

operations are studied .

OHCC .

> As soon as the OHCC is energized , the fan motor of the cleaner gets started up
followed by the forward drive motor .

» The cleaner moves in the forward direction initially .

> When an obstruction is sensed by the OHCC, the cleaner moves in the reverse
direction to avoid the obstacle .

» As the ends of the track are sensed by the controller , the cleaner automatically
reverses it’s direction, (i.e.) it stops for a preset time and automatically reverses
it’s direction .

> When the discharge bag is sensed by the cleaner ,it stops a preset delay and
discharges the collected fluff and continues to travel in the same direction .

> The OHC stops when the stop switch is pressed .

Thus the OHC works according to the instructions given to the microcontroller of the
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LOGICAL CONTROL FLOW

Programming the microcontroller is the important task in this project . The instruction
given to the microcontroller coordinates all the accessories connected to the controller .

Programming Steps:
Both the ports of microcontroller (Port 1 & Port 3) are used in the project.

Step 1: Port 1 bits are designed as input and port 3 bits function
as output bis.
Step 2: The miain loop of the program checks for the startsignal .
Step 3:As the ‘microcontroller finds the start bit of port 1 low, the corresponding bits of K1 &
K2 (contactors) in port 3 are made low. ,
Step 4: Now the microcontroller starts to scan the input bits to see if any input signal is
received.
Step 5:
» If the input is OBSTACLE 1 then
1. K2 bit is made high (off) .
2. A delay loop is executed .
3. K3 bit is made low (on) and control is reiurned to the main loop.

» If the input is OBSTACLE 2 then

1. K3 bit is made high (off).

2. Delay loop is executed .

3. K2 bit is made low (on) and control is returned to the main loop .



> If the input is AUTO REVERSE then
1. A check on K3, K2 bits is performed .

Condition 1:
If K2 bit is low and K3 bit is high then K2 is made high, followed bya
delay loop execution and K3 is made low.

Condition 2 :

If K3 bit is low and K2 bit is high then K3 is made high, followed by a
delay loop execution and K2 is made low.

2. The control is returned to the main loop.

> If the input is DISCHARGE then
1. A check on K2, K3 bits is performed.

Condition 1 : .

If K2 is low then K2 is made high and adelay loop is executed for preset
number of times and K2 is again made low.

Condition 2 :

If K3 is low then K3 is made high and delay loop is executed for a preset
mumber of times and K3 is again made low.

2. Control is returned to the main loop.



» If the input is STOP then
1. K2 and K3 bits are made high followed by K1 after a preset delay .

Step 6: The required subroutineis executed and the control
again comes to the main loop .

Step 7: This looping process continues until the microcontroller
finds the stop bit of input port to be high.



POWER ON

ONKI1
ONK2
OFFK3




OFF K2
ONK3

OFF K2
| DELAY

STOP

ONK3




OFF K3
DELAY
OFFK2
ONK3 =
OFFK2 l
ONK2

OFF K3
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COMPARITIVE STUDY

The reason for the usage of microcontroller instead of microprocessor can be best

understood from a comparative study using block diagram .

Fig :7.1.Implementation of OHCC using microprocessor

BUFFER
ROM RAM 8255
PPI
TIMER DRIVER K1
8253 - K2
T K3




ut  — MICRO K1 contactor
nals _| BUFFER CONT ROLLE R DRIVER K2 contactor
K3 contactor

Fig: 7.2. Block diagram of OHCC using microcontroller

ByAreferrmgmmeaboveblocksﬁcanbemfmedﬂmtamiuoprocasorneedsa

nnmbaofenunalaw&oﬂswhmmmpﬂedmamiaommnmmdmmukm;lotof
space . Hence the cost of the system increases with 2 trade of in efficiency.
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FEATURES

8.1. SPECIAL FEATURES:

> The electronic circuit incorporates microcontroller for low power consumption
and high reliability .

> Complete operational status of the electronic system is indicated in the LEDs

resulting in easy maintenance and troubleshooting .

Inductive sensors enable non - contact reversal at the end of every cycle.

> Push button switches on both sides of the system for start and stop make
manual control possible .

v

8.2.0PTIONAL FEATURES:

> Dip switches can be used to select required program from a number of
programs of microcontroller to make OHC perform a desired task.

» Programmable timer adjustments can be provided for the reversing discharging
etc.,

8.3SAFETY:

v

Primary current supply through completely enclosed safety contact rails .
> Power pack with the mechanical and electrical interlock contactors .
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CONCLUSION

This project was designed and developed using micro controller AT89C2051 and was tested on
‘the Cleaner test equipment’. Tt was found to be efficient and satisfactorily fulfilled the real time
requirements without any case of hang over.

The newly developed system is applicable for all sorts of industrial environments and the micro
controller can be programmed to include 2 number of other functions such as intelligent reversal,
adjustable delay periods ec.
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Daciriram T K India @OADIRT_-RV_KELS NAIRT.RI&D2



QUESTIONAIRE

NaME  : Akl Famdn F
ADDRESS : £ K .P Textdey Uol,
N nacde ol - 007
RESPONDENT :
a/ Managing Director
o Chief Executive
a Chief Engineer

o Manager

a Others
Exisiting cleaning system : ,g&o& , Vel ,ﬁZbU)
Supplier details : é’n-rb‘ 2 ol

Expectation of customer for the product : /ﬂ)x‘) IWU.M&JL.MD ne
' v e
and “’Ye@'aﬁ)&’/uf
(

Rating of features of your product ty customer

@ Quality

o Savings
(Aricc

o Warranty

Aeliability @ P. Nallathambi B.Com.,

Managing Direc-or.

[T A =S TR PN P
K.K.P. TEXTILES LTD.,
KKP SPINNING MILLS LIMIED

—ww g



QUESTIONAIRE

NAME M) mubbzncdou

ADDRESS = TTY Jodudy Uhd (S’D)
Madwa.

RESPONDENT :
o Managing Director
a/ Chief Executive
@ Chief Engineer
o Manager

o Others

Exisiting cleaning system : %‘?LQN HCM ‘0\10{’)4

Supplier details - : E k gm(,\(,(ﬂ/) Moo
Expectation of customer for the product: __| QS}: W\ -MA‘B‘M_ AU

Rating of features of your product 'by customer
a/ Quality
o Savings
m/Pfice
o Warranty

mﬁiabnity

M. Sambandam
B.Sc., B.Sc., (Tech.). M.B.A., FLE.
CHIEF EXECUTIVE

TTK TEXTILES LTD.
SPINNING DIVISION




QUESTIONAIRE

NAME 1. K. GuneSelenan_

appress M8 P Textike Ud
Tivupur-03

"RESPONDENT :
o Managing Director
o Chief Executive
o Chief Engineer
0 Manager
a/Others \51 M )

Exisiting cleaning system : E\C‘ { ’j mcd'i
. \/

Supplier details

-

Expectation of customer for the product : /,E D e y Lol

Rating of features of your product by customer
o Quality

o Savings

@ Price
o Warranty

—— §F Hemamd
Reliability fmy ;

s iy
PREME =

T.K. GUNASEKARAN
General Manager (Works)

v we AW FEVESEIrFYTY YT ¥ TRATIETY



QUESTIONAIRE

NAME /Z‘ verpMenmn. K G
ADDRESS : Ry AvBaL TexjeeS

(e W PTDEE -0A R
RESPONDENT :
o Managing Dircctor
o Chief Executive
o Chief Engineer
&a Manager

o Others

Exisiting cleaning system : —( ) —

Supplier details

Expectation of customer for the product : TR/'\ (@, Q0 We

Rating of features of your product by customer

o Quality

o Savings

o Price
_a Warranty

o Reliability

S. G. SUBRAMANIAN

B TECH. (Textiles)

SRI AMBAL TEXTILES

OF FICE



QUESTIONAIRE

N _/}"'{\Ar’\

NAME
- ADDRESS I .P- 1L+ L
T\J\/\q?‘-m - YL
RESPONDENT :

o Managing Director
a Chief Exccutive
= Chief Engineer

o Manager

g Others

n oo §

Exisiting cleaning system :

Supplier details

Lo

ol

Expectation of customer for the product

Rating of features of your product by customer
o Quality
—&~ Savings
@ Price

o Warranty

o Reliability . PRun Baal,

1.P.R. MIL

L PRIVATE LIMITED

MILL UNIT :

L uniAMPALAYAM VILLAGE,

ADMN, OFFICE :
252, PERIYAR COLONY,
anit IDPARPALAYAM,
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atible with MCS-51™ Products

tes of in-System Reprogrammable Flash Memory
ndurance: 1,000 Write/Erase Cycles
Static Operation: 0 Hz to 24 MHz
-fevel Program Memory Lock

8-bit Internal RAM

sgrammabie VO Lines

6-bit Timer/Counters

terrupt Sources

-ammable Serial Channel

power ldie and Power-down Modes

ription

r89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K

»f Flash programmable and erasable read onty memory (PE
ufactured using Atmel's high-density nonvolatile memory

ROM). The device
technology and is

tible with the industry-standard MCS-51 instruction set and pinout. The on-chip
altows the program memory to be reprogrammed in-system or by a conven-

wonvolatile memory programmer. By combining a versatile 8-

bit CPU with Flash

Jonolithic chip, the Atmel AT83C51 is a powerful microcomputer which provides
ly-flexible and cost-effective solution to many embedded control applications.

i : P
Configurations PD
o]t wliver
)2 29} P00 (AD9)
r2rfs 331708 (DY)
pat]s 37{1v0.2 (AD2)
PAL]S 3611 P03 (AU
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ATMEL

 Diagram

.0 - pP2.0 - P2.7

r-----__—----——--__‘----------_—--1-%—%.1_-3-.%-$—£ ----- 1‘ -1-.%-%-1--1_— _i_--_-n--—-_-—--__—_-_-‘x—n—.l
c ! :
— ]
' PORT 0 DRIVERS PORT 2 DRIVERS :
ND Y T T ‘
L~ | ' : A _J :
= | ram apoR. PORT 0 POR” 2 ™ ;
! REGISTER » RAM LATCH LATESH FLASH [— :
: '
' . . ;
! :
' 1
' y A A i
H h H
[ \
i 1
4 )
H ]
\ y H
! PROGRAM H
! 8 STACK o !
; REGISTER - Ace POINTER ADDRESS .:
1} ]
i i
1} T
: .
' J :
! , < BUFFER P
' T™P2 T™MP1 Lo
\ l .
1 1
a a
1 ]
\ PC .
: INCREMENTER {¢ '
: :
1} 1}
\ INTERRUPT, SERIAL PORT, .
‘ AND TIMER BLOCKS :
1] ]
L} 1
' PROGRAM lg ;
! counNTER [
'= |
1] 1
) ]
: :
SSEN : '.
moe <4—+—1 - MG | nsTRUCTION »| DPTR - ',
I Vpp ——P| CONTROL' REGISTER X :
' '
RST —+—¥| |
H h A H
[} 1
! PORT 1 .PORT 3 !
] LATCH LATCH :
:. Y I
': .
\ Y Y :
! osc '
' PORT 1 DR!VERS PORT 3 omveas !
1] ]
1 1

1]

|
B O e |

P10 - PLY P3.0 - P37

T_%.::r

ATQQCRA

T D AR |

LA



sh Programming Modes

AT89C51

e RST PSEN ALE/PROG EAN,, | P26 | P27 | P36 | P37
e Code Data H L . HM2v L H H H
N4
d Code Data H L H H L L H +
e Lock Bit- 1 H H12v H H

—~_
Bit-2 H L - HA2V H H L L
—\_/
Bit-3 H L H12v H L H L
-~
p Erase H L ) 1 HH2V H L L L
—\__/_
ad Signature Byte H L H H L L L L
= 1. Chip Erase requires a 10 ms PROG pulse.
ure 3. Programming the Flash Figure 4. Veritying the Flash
+5V ' +5V
AT89CS51 T : AT89C51 Q
appR. 29 A7y by [ appr. A0 AT by Ve oM DATA
OOOOH/OFFFH OQOOH/OFFFH ]
P20 - P23 PO [4— g%’lf\ P2.0 - P23 PO |—» (USE 10K
A8 - A1l A8 - A1 PULLUPS)
———» P26 ——p P2.6
SEE FLASH ——p{ P27 ALE [4—— PROG SEE FLASH —p P27 ALE |«
ROGRAMMING PROGRAMMING
J\ODES TABLE | —» P36 MODES TABLE | —» P3.6 v
——p P37 ——p| P3.7 \ "
— . — !
—— XTAL2 EA [4—— ViVer XTAL2 EA le———
-24 MHz ‘ 3-24 MHz
3 3
{-I ) =] XTALY AST & - Vy ‘LI—)— XTALY RST [« Vi
--| GND PSEN _l i GND PSEN |- _l_




AIMEL

h Programming and Verification Waveforms - High-voitage Mode (Vop = 12V)

0 - P17 PROGRAMMING VERIFICATION
>0 - P2.3 ———————-——J ADDRESS ADDRESS
le— tavov
PORT 0  ~——————"—~ >~£_;,_.._l?ﬁéf%{_mf B BATA OUT )
M tovar  tarox [
tavaL “‘—‘j
ALE/PROG . -
1 ——M t
SHGL }‘,_ 'tGLGH GHSL
= R LOGIC 1
EANep e oGIc o __ .
- — ensn by oy — L. — tenoz
pP2.7 ELQV
(ENABLE) /
tGHBL
P34
(RDY/BSY) \ BUSY READY
twe

ish Programming and Verification Waveforms - Low-voitage Mode (Vpp = 5V)

P1.0 - P1.7
pP2.0 - P23

PORT O

PROGRAMMING

ADDRESS
e

¥ tova.  tarox 4

VERIFICATION .
——j ADDRESS ’
tavov

COATA QUT - =

ALE/PROG

EANpe
P27
(ENABLE)

P3.4

{RDY/BSY)

o SRR PN S




 AT89C51

Flash Programming and Verification Characteristics
T, = 0°C to 70°C, Vgg = 5.0 + 10%

| symbol Parameter _ Min Max Units
Vet Programming Enable Voltage 11.5 125 ' Vv
lppt" o Programming Enable Current ' 1.0 mA
Moo Osclilator Frequency 3 24 MHz
bot Address Setup to PROG Low ' T ‘

tosax Address Hold Afier PROG _ 48tg o

tovaL Data Setup to PROG Low 48tgcy

taox Data Hold After PROG : 48tei L

tenen p2.7 (ENABLE) High to Vep ' o 48tocL

tamoL Ve Setup to PROG Low 10 ps
tans " Ve Hold After PROG 10 : ps
taen PROG Width ' ' 1 110 us
tavov Address to Data Valid ' : 48te o)

taav : ENABLE Low to Data Valid ' A8toicy

tenaz Deta Float After ENABLE ‘ 0 48toieL

T BHOG High 1o BUSY Low ; - 1.0 ps
we Byte Write Cycle Time ' 2.0 ms

te: 1. Oniy used in 72-volt programming mode.

e ‘ImEl



1 AT89CS51

Flash Programming and Verification Characteristics
TA = OOC to 70°C, Vcc = 5-0 * 10%

' Symbol Parameter ~ Min Max Units
Vep!"! Programming Enable Voltage 11.5 12.5 \
lppt™ ‘ Programming Enable Current 1.0 mA
Moo Os¢illator Frequency 3 24 MHz
tavaL” Address Setup to PROG Low T 48ty
tanax Address Hold After PROG 48t o
tovaL Data Setup to PROG Low 48te oL
taHoX Data Hold After PROG 48te o
tensn P2.7 (ENABLE) High to Vpe 48tecL
ey Vpp Setup to PROG Low 10 ps
tonsc” Vep Hold After PROG 10 us
toraH PROG Width 1 110 bs
tavav Address to Data Valid 48te oL
teav . ENTEEE Low to Data Valid _ 48tcicL
tenoz | Data Fioat Atter ENABLE 0 48leioL
lareL PROG High to BUSY Low ' 1.0 us
lwe Byte Write Cycle Time ' 20 ms

Note: 1. Oniy used in 12-volt programming mode.



ATMEL

bsolute Maximum Ratmgs
Operating Temperature ..ot S -55°C to +125°C

Storage TOMPETALUIE rovvsensessssssreeserssssssesse

Voltage on Any Pin
with Respect to Ground ....eeeenees

Loy deare gl E

65°C to +150°C

operational sections ©

*NOTICE: ~ Stresses beyond those isted under “Absalute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functiona! operation of the device at these or any
other conditions beyond those indicated in the

f this specification is nol

implied. Exposure 1o absolute maximum rating
conditions for extended periods may affect device

reliability.

0C OUtPUL CUITENL.wcrsarssrsssssssenssssers s
DC Characteristics
Tp=-40°Cto 85°C, Vige = 5.0V £ 20% (uniess otherwise noted)

SVmboI \ Parameter \ Condition \ Min i

input pr-vo\lage (ExceptBR) -0.5 \ 0.2 Veg - 041 \
(EA) —O 5
0 (Exrep\ copt XTALT, RSTT T o2 vm +0.8

Input gow-vonage
Input H‘gh-vo\\age

input ngh-voltaqe

Outp

(Port 0, ALE,

(Porls 1,2,3. ALE,

Output Hig!

T—— P

ARST Reset Pull-down Resistor
Cio Pin Capacitance
— e

Power Supply Curront

Power-down Mode®

it Low-voitage™” (Ports 1,2 3)

Outpyt Low-voitage!”
PSEN)

h-voltage
{Port 0 in External Bus Mode)

Input Leakage Current (Port 0, EA)

e

Output High-vottage ___

PSEN)

Vee = 6V

A A
on =60 BA Vo=V & 10% 24

e

_lon = -800 A, Vee u;?l/_:*_ 10%

lon = -300 pA
lon = -80

Vin= 0.45V

0.45 < Vi < Ve

Tos Froq. = 1 MHz. Ty =25°C _ﬂ-

Active Mods, 12 MHz
idio Mode, 12 MHz

0.75 Vee
0.9 Ver,

H/\ 0.9 Vc(;

e

Voo =3V \

Notes: 1. Under steady state (non- ransient) conditions, 1o, mustbe axternally limited as follows:
Maximurn o per port pin: 10 mA
Maximum lg_per 8-bit port: Port 0: 28 mA
Ports 1, 2,3: 15 mA

Maximum total tor
if 1o exceeds the

for all output pins: 71 mA
test condition, Vo May excee

than the fisted test conditions.

s Mimimum Vee for

Power-down is 2V.

d the related specification. Pins are not guar

100

40 A

anteed 1o sink current greate



AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, end PSEN = 100 pF; load capacitance for ail other
outputs = 80 pF.

External Program and Data Memory Characteristics

16 to 24 MHz Oscillator

} 12 MHz Oscillator

Eymbol Parameter

Min | Max__ \\ Min | Max Units J
heroL Osciliator Frequency \ \ - \ 0 \ 24 \ MHz J
™ ALE Pulse Width | 127 \ | 290 \ | s
e | Adaress Valid to ALE Low | 4« \ toroi-13 | s :\
fax | Address Hold After ALE Low S \ toroL-20 | s |
\—E‘V \ ALE Low to Valid Instruction In \ \ 233 Ao -65 \ ns l
| e | ALE Low to PSEN Low | 4 \ | taats \ | s |
[ | POEN Pulse Width | 205 \ | 8toc20 ‘ D s
tev TFSEN Low to Valid Instruction In \ \ 145 \ \ Bt o458 \ ns
toxix Input instruction Hold After PSEN | o \ \ 0 \ | ns
toxz Input Instruction Float Alter PEEN | E: \ | taoct0 | ns B
toxav _ F§E‘N to Address Valid \ 75 \ ‘\ toreL8 ‘ l T ns
taviv Address to Valid Instruction in ' \ \ - 312 \ ‘ BteoL-55 \ ns
toyaz PSEN Low to Address Float \ | 10 \ | 10 | 68
tm | FAD Pulse Widh | a0 | | 6touer100 | ns
b WR Pulse Width | 400 \ " Saan100 | ns
tov i TD Low to Valid Data In \ ' \ 252 \ Bteres90 \ ns
tRHDX | Data Hold After RD \ 0 \ \ 0 : \ ns
Apnoz Duia Float After RD \ \ 97 \ \ 2tocL-28 \ ns
Yo |"ALE Low to Valid Data In \ I \ | 8toc150 | ns
tavov | Adaress to Valid Data In | EE \ | 9toc185 | ns
fw | ALE Low 10 FID or WH Low | 200 E | Blouc50 I S
tavwi \ Address 1o RD or WH Low | 208 :?___ H%Egm \»’_ __ﬂ_ N
%wx \ iData Valid to WR Transition * 23 toLeL-20 ' ns

WHOX \ Data Hold After W
‘—l;LAZ \ BD Low to Address Float \ 0 \
| tpa | /D or WA High to ALE High | » | 12 | teo20

Digw | Data Validto WR High "\(“ 433 Towo120 |
\
\
\




AMET

-xternal Program Memory Read Cycle

T
ALE

e 2t s AT R s i AR B

- ™ toren
t}’\VLL o tLL(V 1
PSEN A ey g o
Le—t e
*lhLaz t
pXiz >1
Loxix— ]4-—
PORTO o el TIRSTRIN P op Ao m o<
- —
PORT 2 P ) AB-A15 ) G }
External Data Memory Read Cycle
-t 1 L
ALE 47 ) i
o L e VRS
S— e .
PSEN . e tu_ov =_i -7
R
A Liwy —P '
RD - ax o L
taov - tRupz
- v =" SR B
RLAZ e tRHDX
PORT 0 __ A0 - A7 FROM RI OR DPLICK K DATA IN 1K A0 - A7 FROM PCL~< INSTR IN
e tayw, »
N tavov >
PORT 2 . P20 - P27 OR A8 - A15 FROM DFH__ > A8 - A15 FROM PCH

4149

ATRAQCHE1




m AT89C51

External Data Memory Write Cycle

tom—
ALE p
.\ tVVHLH

PSEN
et =t —
wWRo e ol |
|
la— tayLL—— tovwx - - = twhax
l*'"— tovwh —N! ‘
- | l 3
PORT 0 > A0 - A7 FROM Ri OR DPLH DATA QU1 ]{(_)@0 . A7 FROM PCL —CINSTR IN
e tagt
PORT 2 :3< P2.0 - P27 OR A8 - Al FROM DPH hod A8 - A15 FROM PCH

External Clock Drive Waveforms

terex t
CHCL
Vg - 0.5V
0.7 Ve -
0.2 Ve~ 0.1V -
0.45V N
- teer >

External Clock Drive

Symbol Parameter Min ] Max l Units

oL Oscillator Frequency 0 ‘ 24 i MHz

oo . Clock Period 41.6 \ ; ns

toncx High Time 15 | ‘, ns

terex Low Time 16 \ ns

toon Rise Time \ 20 ns

Yercw Fall Time | 20 ! ns




erial Port Timing: Shift Register Mode Test Conditions

oo = 5.0V £20%; Load Capacitance =80 pF)
12 MHz Osc \ Variable Oscillator Units
Symbol Parameter Min \ Max \ Min \ Max
by \ Serial Port Clock Cycle Time \ 10 \ \ 12100 \ '
_‘gvxu \ Output Data Setup to Clock Rising Edge 700 \ 10t o -133 \
ttax \ Output Data Hold After Clock Rising Edge \ 50 \ 2to 117 \
r‘;nox \ input Data Hold After Clock Rising Edge \ 0 \ 0
| v [ Glock Rising Edge to Input Data Valid | 700 | 10lgc-133
Shift Register Mode Timing Waveforms
INSTRUCTION | 0 | 1) 2 | 3 R | 5 \ 6 | 7 | 8 | e
ALE L L ! L
CLOCK ] \ \ ] ]
WRITE TO SBUF, ”nna
OUTPUT DATA serm |
CLEAR A G << Deus G __ e
INPUT DATA SET F“T

AC Testing Input/Output waveforms!?  Float waveforms'!)

v Lo AD* 0.1V

Timing Reference

v
LoAD Points

TEST POINTS
0.2 Vg - 0.1V

Qv

V .
0.45V LOAD

Note: 1. ACinputs during lesting are driven at Vg - 0.5V fora Note: 1. Fortiming purposes, & port pin is no longer floaling
Jogic 1'and 0.45V for alogic 0. Timing measurements when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from

are made at Vyymin. fora logic 1 and Vy max. fora
logic O. the loaded Vou/Vo, levet occurs.



4N35, 4N36, 4N37
OPTOCOUPLERS

SOES021A -~ NOVEMBER 1981 ~ REVISED DECEMBER 1996

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

® Gallilum-Arsenide-Diode Infrared Source DCJ, 4N35, 4N36, OR 4N37 PACKAGE
Oqtlcally Coupled to a Silicon npn
Phototransistor ANODE [01 6 [] BASE
® High Direct-Current Transfer Ratio CATHODE [} 2 5[] COLLECTOR
& High-Voltage Electrical Isolation NC[] 3 41| EMITTER
1.5-kV, 2.5-kV, or 3.55-kV Rating
o Plastlc Dual-In-Line PaCKage NC - No internal connection
® High-Speed Switching
9 o7 s, =7 us Typlcal schematic
® Typical Applications Include Remote ANODE ~ BASE
Terminal Isolatlon, SCR and Triac Triggers, ~ COLLECTOR
Mechanical Relays and Pulse Transformers CATHODE
EMITTER
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t+
Input-to-output peak voltage (8-ms half sinewave): 4N35 ................ ... ... ..ol 3.55 kV
AN36 ... 25kV
AN37 e 1.5kV
Input-to-output root-mean-square voltage (8-ms half sinewave): 4N35 ......................... 25kV
4N36 ...l 1.75kV
4N37 ... 1.05 kV
Collector-base voltage ............ ... i 70V
Collector-emitter voltage (see Note 1) ...........oiiiiiiiii i et 30V
Emitter-basevoltage .......... ... 7V
Input-diode reverse VOIAGE  ..........c.vieiniir i iri it ittt i e e e 6V
Input-diode forward current: Continuous ............ ... il 60 mA
Peak (1 1S, 300 PPS) ovineiiien it eiraeiiieaniineeaennsnnns 3 mA
Ph¢totlans|stor continuous collectorcurrent ........... ... .. i 100 mA
Continuous total power dissipation at (or below) 25°C free-air temperature:
Infrared-emitting diode (see Note 2) .........ccoviniiiiiiiiii e 100 mw
. Phototransistor(seeNote 3) ..........coiiiiiiiiiiiiii it e, 300 mW
Continuous power dissipation at (or below) 25°C lead temperature:
Infrared-emitting diode (see Note 4) .........ccoiiiiiiiiiiii i e 100 mwW
Phototransistor (8@ Note 5) ..........couiiiiiiiiiii it it aeeaan 500 mw
Operating temperature range, TA - .........cooviiiiiiiiiiiiiiiiii i -~55°C to 100°C
Storage temperature range, Tstg - . ... .ooiiiiiiiiiiiiii =55°C to 150°C
Lead temperature 1,6 mm (1I16g inch) fromcasefor10seconds .................ccovvuvnnnn.. 260°C

TStr mreyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is no!
lmplled ure to absolute-maximum-rated conditions for extended periods may effect device reliabllity.
+ JEDEC registered data. This data sheet contains ali applicable registered data in effact at the time of publication.
NOTES: 1. This value applies when the base-emitter diode is open-circulated.
2. Derate linearly to 100 °C free-air termperature at the rate of 1.33 mW/°C,
3. Derate linearly to 100 °C free-air temperature at the rate of 4 mMWFC.
4. Derate linearly to 100 °C lead temperature at the rate of 1.33 mW/°C. Lead temperature is measured on the collector lead
0.8 mm (1/32 inch) from the case.
. Derate linearly to 100°C lead temperature at the rate of 6.7 mW/°C.

13

Please be aware that an important notice concerning availability, standard warranty, and use in eritical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright © 1996, Texas Instruments Incorporate:

PRODUCTION TA Information Is current as of publication date,
Products Hfications pe nts l‘ P
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4N35, 4N36, 4N37
OPTOCOUPLERS

SOES021A~ NOVEMBER 1981 — REVISED DECEMBER 1898

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

- PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT
V(BRICBO _ Collector-base breakdown voltage Ic=100pA, =0, IF=0 70t v
V(BRICEQ Collector-emitter breakdown voltage ic=10mA, Ig=0, Ig=0 a0t v
V(BRIEBO Emitter-base breakdown voltage lg=100pA, Ic=0, E=0 7t v
R Input diode static reverse current VR=6V 10t} pA
Yio Input-to-output current Vjo = rated peak valus, t=8ms 100 mA

VcE=10V, IF=10mA, Ig=0 10t
VCE=10V, Ip=10mA, Ig=0, ot
Ic(on) On-state collector current TA=-85°C mA
Vee=10V, IF=10mA, 18=0, pn
Ta = 100°C
Vce=10V, Ig=0 18=0 1 50| nA
| te collector current = = =
C(off) Off-state col %:;E 103:‘,2:/, IF=0, Ig=0, soot WA
hFe Transistor static forward current transfer ratio |Veg=5V, lc= 10mA, [g=0 500
[ | Ir = 10 mA 0.8 151
VE input diode static forward voltage F=10mA, TA=-55°C o0.of 1t v
j Ig=10mA, Ta= 100°C 0.7t 1.41
VCE(sat Coliector-emitter saturation voitage Ic=05mA, IF=10mA, Ig=0mA oat| v
no Input-to-output intemal resistance Vio=500V, SeeNote6 10117 Q
Cio Inputito-output capachance Vio=0, _ f=1MHz, _ SeeNote6 1 251 | pF
t JEDEC registered data

NOTE 6: These parameters are measured betwesn both input-diode leads shorted together and all the phototransistor leads shorted together.

switching characteristics at 25°C free-air temperature?

} PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT
ton  Time-onlime Vcc=10V, Icion)=2mA, 10 s
Tum-off time Ry =1000,  SeeFigure 1 10

t JEDEC registored data

X T



4N35, 4AN36, 4N37
OPTOCOUPLERS

SOES021A ~ NOVEMBER 1981 — REVISED DECEMBER 1996

PARAMETER MEASUREMENT INFORMATION

470 Input

Input

Output ov

(see Note B) j>- ton Output I‘—T toff

RL=100Q 90%
10%
_ TEST CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zp = 50 Q, t; < 15 ns, duty cycle ~ 1%

ty = 100 ps.
B. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 12 ns, Rjn 2 1 MQ, Cjy < 20 pF

Figure 1. Switching Times

L
TYPICAL CHARACTERISTICS
TRANSISTOR STATIC FORWARD
OFF-STATE COLLECTOR CURRENT CURRENT TRANSFER RATIO (NORMALIZED)
vs vs
FREE-AIR TEMPERATURE ON-STATE COLLECTOR CURRENT
10,000 16
4,000 A ' "

7 14

1,000
; 1.2 »e

1

04 H

0.2

-
it
N\

-h

0
01 062 04 1 2 4 10 20 40 100

1C{on) - On-State Collector Current — mA
Figure 2 Flgure 3

0.1

0 10 20 30 40 50 60 70 80 S0 100
TA ~ Free-Alr Tomperature - °C

|
Transistor Static Forward Current Transfer Ratio (Normalized)
\




Philips Semiconductors Product specification

Triacs BT136 series

GENERAL DESCRIPTION QUICK REFERENCE DATA

Passivated triacs in a plastic envelope, SYMBOL | PARAMETER MAX. UNIT
intended for use in applications requiring
high bidirectional transient and blocking BT136- 600
voltage capability and high thermal cycling BT136- 600F
performance. Typical applications include
motor control, industrial and domestic Vorm Repetitive peak off-state 600 \%
lighting, heating and static switching. voltages
lrrms) RMS on-state current 4 A
brem Non-repetitive peak on-state 25 A
current
PINNING - ‘[0220AB PIN CONFIGURATION SYMBOL
PIN ' DESCRIPTION
1 w O
1 | main terminal 1
m u
2 | mainterminal 2
gate
tab | main terminal 2 n
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134).
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Voru Repetitive peak off-state . 600" Y
voltages
hrus) RMS on-state current full sine wave; Tpy, < 107 °C - 4 A
brsm Non-repetitive peak full sine wave; T;= 25 "C prior to
on-state current surge
t=20ms - 25 A
t=16.7ms - 27 A
g ‘l’t for fusing t=10ms - 3.1 A’s
di/dt Repetitive rate of rise of |l =6A;lg= 0.2A;
jon-state current after - Jreldt =0.2 Alus
triggering T2+ G+ - 50 Alus
- G- - s
T2-G+ . 10 A/ﬂs _
lom Peak gate current - 2 A
Veum Peak gate voltage - 5 Vv
Pan Peak gate power - 5 w
Papv) Average gate power over any 20 ms period - 0.5 W
Tag Storage temperature -40 150 ‘C
T ! Operating junction - 125 ‘C
|temperature

1 !._l!l!!!_g.lll‘. ol sinls unilngn & : ||-.= mng Bn .=|lls- wifinnl Ismugn, sl S lize mey

B salies ml sivess sall s mammwl B



Philips Semiconductors Product specification
Triacs BT136 series
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
R pmo Thermal resistance full cycle - - 30 | KW
junction to mounting base | half cycle - - 37 | KW
Raja Thermal resistance in free air - 60 - Kw
junction to ambient
STATIC CHARACTERISTICS
T; = 25 ‘C unless otherwise stated
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. MAX. UNIT
BT136- «F
lot | Gate trigger current Vp=12V; =0.1A
T2+ G+ - 5 35 25 mA
T2+ G- - 8 35 25 mA
T2- G- - 11 35 25 mA
T2- G+ - 30 70 70 mA
L Latching current Vo=12V;lgr=0.1A
T2+ G+ - 7 20 20 mA
T2+ G- - 16 30 30 mA
T2- G- - 5 20 20 mA
T2- G+ - 7 30 30 mA
Iy Holding current Vp=12V;ler=01A - 5 15 15 mA
V; On-state voltage =5A - 1.4 1.70 Vv
Ver Gate trigger voltage Vp=12V; =0.1A 0.7 1.5 Vv
Vo=400V;l,=0.1A | 025 | 04 : v
i Off-state leaka t 3 125°C 0.1 05 mA
-state leakage curren - . .
) g T] 1 2?\4(5-:)
DYNAMIG CHARACTERISTICS
=25°'C umless otherwise stated
SYMBOL PARAMETER CONDITIONS MIN. TYP. | MAX. | UNIT
] BT136- «F
dVp/dt  ]Critical rate of rise of = 67% Vors 100 50 250 - Vius
off-state voltage T 125°C; exponenual
| gavefonn gate open
rcuit
dV,/dt || Critical rate of change of | Vpy =400 V T,=95°C; - - 50 - Vius
1 commutating voltage 4A
f:,s}dt 1 8Alms, gate
| Gate controlled t PP SA L =V 2
ate con urn-on = - - - s
b | time |G =01 A; 3lsldtmgWus .




Philips Semiconductors Product specification
Triacs BT136 series
g Balim L L[] 1. g munmIn
[ R - ]
sd L. /o= L, | LI
m \
| 17 11 1
] L 1 \
[ ] = n u
Y
' / ] " \
2 '
L%/ . \
: - L B I B
] 1 [ ] L] | | ] ] [ 1] [11] [] 1]
Lt L] B=kil
Fig.1. Maximum on-state dissipation, Py, versus rms Fig.4. Maximum permissible rms current s »
on-state current, lrsus). where o. = conduction angle. versus mounting base temperature T,

I-D-é_ﬁ

Fig.2. Maximum permissible non-repetitive peak
on-state current lys,, versus pulse width t,, for
sinusoidal currents, f, < 20ms.
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Fig.5. Maximum permissible repelitive rms on-state

current lypys, versus surge duration, for sinusoidal
currents, f= 50 Hz; T, < 107°C.
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Fig.3. Maximum permissible non-repetitive peak
on-state current lrg, versus number of cycles, for
sinusoidal currents, f = 50 Hz.

s
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Fig.6. Normalised gate trigger voitage
VGT(T,)R/G,(25'C), versus junction temperature T,.




SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS031A~ DECEMBER 1983 — REVISED DECEMBER 2001

Convert TTL Voltage Levels to MOS Levels
@ High Sink-Current Capability

SN5406, SN5416 . . . J OR W PACKAGE
SN7406 .. .D, N, OR NS PACKAGE
SN7416 ... D ORN PACKAGE

® input Clamping Diodes Simplify System (TOP VIEW)
Design J
® Open-Collector Drivers for indicator Lamps 1AL 14l Vee
1wwll2 13flea
and Relays 213 20 ey
@ Inputs Fully Compatible With Most TTL 2vlla 1] sA
Circuits aalls 100l 5v
av(le of] 4A
description onpll7 af av
These TTL hex inverter buffers/drivers feature

high-voltage open-collector outputs forinterfacing

with high-level circuits (such as MOS) or for
driving high-current loads (such as lamps or
relays), and also are characterized for use as
inverter buffers for driving TTL inputs. The
SN5406 and SN7406 have minimum breakdown

SN5406 . . . FK PACKAGE
(TOP VIEW)
x<983

W) ] ) - -
3212019
18[

2A 6Y
voltages of 30 V. The SN5416 and SN7416 have NC : 17[J NC
minimum breakdown voltages of 15 V. The 2vRs 16[] 5A
maximum sink current is 30 mA for the SN5406 nch 7 1s[] NC
and 'SN5416, and 40 mA for the SN7406 and _ i 1a[] sv
SN7416. 9 10 11 12 13

528%8
(0]
NC - No internal connection

ORDERING INFORMATION
ORDERABLE | TOP-SIDE
Ta PACKAGET PARTNUMBER | MARKING
Tube 'SN7406D .
Soic—D Tape and ree! SN7406DR
- Tube SN7416D "
0°Cto 70°C Tape and reel SN7416DR
SNT406N SN7406N
PDIP-N | Tube
P SNT416N SN7416N
SOP_NS | Tapeendres! | SN7406NSR | SN7406
o s Tube SNJ54064 SNJ5406J
Tube SNJ5416J SNI5416J
ssctot2c [ oo | Tube SNJ5406W SNJSA06W
Tube SNJ5416W SNJ5416W
LCCC—FK | Tube SNJ5406FK SNJ5406FK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are avallable at www.ti.com/sc/package.

. Please be aware that an important notice concerning availabliity, standard warranty, and use in critical applications o
Texas instruments semiconductor products and disclaimers therato appears at the end of this data sheet.

o am i e aas Sea Sasuas instruments

PRODUCTION DATA Information 8 current 2s of publication dets, B Copyright © 2001, Texas instruments incorporat



SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS031A~ DECEMBER 1983 — REVISED DECEMBER 2001

1A 1 Jl>k 2 qy
2a _3 % 4 oy
3 _S J>k L'
4A ___.|9 >.__3 a

logic diagram (positive logic)

schematic (each buffer/driver)

'06,’16

Output Y
input A

GND

Resistor values shown are nominal.

absolute maximum ratings over operating free-air temperature (unless otherwise noted)?

Supply voltage, Vcc (BBNOB 1) ...euvinnrnnennenninian et 7V
Input voltage, V} (S8 NOB 1) ... c.vviuruinrre e vuauiiiae s 55V
Output voltage, Vg (see Notes 1 and 2): SN5406, SN7406 ...........cneiiinniinnnernneneees 3V
SNB5416, SNTA16 ......ovvirnrenenarnennnennenncennns 15V

Package thermal impedance, 8 (see Note 3): Dpackage .........cenveermreeansesseenneness 86°C/W
NPEACKAQE .. vevvurnnrercrnnnarnensrennsnes 80°C/W

NS Package .......cceeerrrnnereearscnaesns 76°C/W

Storage temperature range, Tatg -« ..« cverernrreusnnrrnenr et —65°C to 150°C

1 Stresses beyond those listed under *ahsolute maximum ratings" may cause permanentdamage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under *racommended operating conditions” is not
implied. Exposure to absofute-maximum-rated conditions for extended periods may affect device reliabllity.

NOTES: 1. Voltage values are with respect to network ground terminal.

2, ﬂﬂslstt\en\a)dmunvoltagevmm should be applied to any output when itis in the off state.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

/

B



SN5406, SN5416, SN7406, SN7416
HEX INVERTER BUFFERS/DRIVERS
WITH OPEN-COLLECTOR HIGH-VOLTAGE OUTPUTS

SDLS031A - DECEMBER 1983 — REVISED DECEMBER 2001
S

A

recommended operating conditions

SN5406 SN7406
SN5416 SN7416 UNIT
MIN NOM MAX| MIN NOM MAX
Ve  Supply voltage 45 5 55| 475 5 525 \)
ViH__ Highdevel input voltage 2 2 v
ViL _ Lowdevel input voltage 0.8 08] V
'06 30 30
VoH Highdevel output voltage 6 . 5 V'
loL lowevel output current 30 401 mA
Tp  Opédrating froe-air temperature -55 125 0 70] °C

electrical characteristics over recommended operating free-air

otherwise noted)

temperature range (unless

SN5406 SN7406
PARAMETER TEST CONDITIONST SN5416 SN7416 UNIT
MIN TYPt MAX] MIN TYPPE MAX
ViK Vec =MIN, I =—12mA -1.5 -15 \Y
loH Vee =MIN, ViL=08V, VoH=§ 0.25 025] mA
VoL Voc =M, ViH=2V :gt=;6 mA g:: z:; v
i Ve = MAX, V=55V 1 1] ma
H Vg =MAX, ViH=24V 40 20| pA
i Vee =MAX, ViL=04V -1.6 -16| mA
ccH Voe = MAX 30 48 0 48| mA
(el Voo = MAX 32 51 32 51| mA
TFor condeom shown 85 MIN or MAX, use the appropriate value specified under recommended operating conditions.
£ All typical values are atVoe = 5V, TA=25°C.
§VoH = 30V for 08 and 15 V for '16.
1oL = 30 mA for SN54' and 40 mA for SN74'.
switching characteristics, Voc = 5 V, Ta = 25°C (see Figure 1)
PARAMETER (m".n (Ot;'rrgun TEST CONDITIONS MN TYP MAX| UNIT
PLH 1 15
ey Y R_L=110Q, CL=15¢pF — 1 ™




8051 INSTRUCTION SET

DATA TRANSFER INSTRUCTION

MOV Dest byte, src byte

The following 15 instructions are the data transfer instructions.
The data is being transferred between register to register or register to internal data memory .

1)

2)

3)

Syntax :MOV A, Rn

Description . move the register contents into the accumulator.

Mathematically :(A) <—— (Rn)

Bytes :1

Cycles 01

Encoding .1110 1rrr;rrr bitsare the encoded bits corresponding registers RO
to R7. The opcode for this instruction is EB H.

Flags affected  :nil

Addressing mode : register addressing

Syntax : MOV A, direct

description - move the contents of the direct byte into the accumulator.
Mathematically :(A) <—— (direct)

Bytes 11

Cycles 11

Bncoding 1110 0101 direct address byte

Opcodes :B5,direct address byte

Flags affected  :nil

Addressing mode :direct memory addressing

Syntax : MOV A,@Ri
descripion  : movethe contents of the internal datamemory indirectly addressed.
Mathematically : (4) <—— ((RD)

i |

Bytes

Cycles : 1

Encoding :11100111

Opcodes : B6-E7H,direct address byte
Flags affected  : nil

Addressing mode : Register indirect addressing



4)

5)

6)

7

Syntax
description
Mathematically
Bytes

Cycles
Encoding
Opcodes

Flags affected

: MOVA j#data 8
- move the immediate data 8 in the instruction into the accumulator.
:(A) <—— (data8)

12

|

:0111 0100

: 74, immediate data byte(data 8)
: nil

Addressing mode : immediate addressing

Syntax
description
Mathematically

Op
Flags affected

: MOVRn, A
- move the accumulator contents into the register
:(Rn) 4A)—

1

: 1

:1111 1rrr
:¥5 H-FFH

:nil

Addressing mode : Register addressing

Syntax
description
Bytes

Cycles
Encoding
Opcodes
Flags affected

: MOV Ra, direct

: move the contents of the direct byte into the register
:(12!11) <direct)

o |

: 1010 1rrr directaddress byte

: AB-AFH, direct address byte

:nil

Addressing mode : direct memory addressing

Syntax
description
Mathematically
Bytes

Cycles
Encoding
Opcodes

: MOV Ru, #data8
: move the contents of the direct byte into the register

:(Rn) ¢——(dataB)

2
H |
:0111 1rrr,
: 78-7FH,immediate data byte (data 8)



8) Syntax : MOV direct A
description . move the contents of the accumulator into the internal data memory
Mathematically : (direct) +—— (A)
Bytes :2
Cycles 12
Encoding :1111 0101 ,direct address
Opcodes : F5H,direct address byte
Flags affected  :nil
Addressing mode : direct addressing
9) Syntax : MOV direct,Rn
description . move the contents of the register into the internal data memory
Mathematically : (direct) <«——(Rn)
Bytes :2
Cyt :2
Encoding :1000 1rrr,directaddress byte
Opcodes - 88-8FH, direct address byte
Flags affected  :nil
Addressing mode : direct memory addressing
10) Syntax : MOV direct,direct
description . move the contents of one internal data memory location into ~ another
internal data memory location
Mathematically :(direct) ~——(direct)
Bytes 13
Cycles 12
Encoding +1000 0101 , direct src,direct dst
Opcodes : 85H- direct src,direct dst
Flags affected  :nil
Addressing mode : direct addressing
11) Syntax : MOV direct,@Ri
description  : move the contents of internal data memory indirecty addressed by the Ri
into another internal data memory location .
Mathematically :(direct) <«——((RD)
Bytes 12
12
Encoding :1000 0111
Opcodes : 86-87H, direct address byte
Flags affected  : nil
Addressingmode : register indirect addressing
12) Syntax : MOV direct,#data8

description . move the immediate data byte(data8in the instruction) into internal
data memory location.

Mathematically : (direct) ~———(data8)

Bytes :3

Cycles 12

L e



Opcodes : 75H,immediate data byte (data8)
Flags affected  :nil
Addressing mode : immediate addressing

13) Syntax : MOV @Ri,A
description - move the contents of accumulator into internal data memory
locationindirectly addressed by Ri.
Mathematically :((R})) <«——@)
Bytes :1
Cycles i1
Encoding :1111 0111
Opcodes : F6-F7H,direct address data byte
Flags affected  :nil

Addressing mode : register indirect addressing

14) Syntax : MOV @Ri,direct
description - move the contents of internal data memory locationspecified in the
instruction into another internal data memory location indirectly

Mathematically (gm)) «— (direc)

Bytes
12
Encoding : 1010 0111
Opcodes : A6-A7H direct address byte
Flags affected  :nil

Addressing mode : register indirect addressing

15) Syntax : MOV @Ri,#data8
descripion  :move the immediate data byte(data8in the instruction) into  internal
data memory location, indirectly addressed by the register RO or R1.

mathematically : (gRi)) <+«———(data8)

Bytes

Cycles i1

Encoding :00111 0111

Opcodes : 76-77H, immediate data byte (data8)
Flags affected  :nil

Addressing mode : indirect immediate addressing

16) Syntax : MOV DPTR #datal6
description  :move the immediate data word(data16in the instruction) into ~ DPIR
DPTR is a data memory pointer to address either external data or program memory.
mathematically : (DPTR)  ———(datal6)
3

Bytes :
Cycles 12
Encoding :1001 0000 immediate data 15-8,immediate data 7-0

gpcods : 90H, immediate data word (data16)



Addressing mode : indirect immediate addressing

DATA BIT TRANSFER INSTRUCTIONS

The following are the bit transfer instructions. The data bits are being transferred between
internal or SFR  data bits and the carry bits.

17) Syntax
d&scnpuon

: MOV C,bit
: move the bit status of internal data bit specified in the instruction into the

:(0) v (data bit)
12

01

: 1010 0010,bit address

: AZH bit address

Addressing mode : :bit addressing

18) Syntax
description

instruction .

:MOV bit,C
: move the carry bit into internal data bit or SFR data bit specified in the

mathematically (datablt) +— ()

Bytes
Cycles
Encoding

Flags affected

l

:1001 0010,bit address
:92H, bit addrms

:nil

Addressing mode : bit addressing

19) Syntax
description

: MOVX A,@DPTR
: move the contents of the external data memoryindirectly into the

accumulator. The external data memory address is DPTR .

mathematically

Bytes

Opco
Flags affected

:(d) — ((DPTR)

11

12

: 1110 0000
ml

Addressing mode : indirect addressing



20) Syntax : MOVX @DPTRA
description  : move the contents ofaccumulator into external data memory location

pointed by the DPTR.

mathematically : ((DPTR)) <«—— (A)
Bytes :1

Cycles 12

Bncoding : 11110000

Opcodes : FOH

Flags affected  :nil

Addressing mode : indirect addressing

21) Syntax : MOVX @Ri,A
descripion  : move the contents ofaccumulator into external data memory location
pointed by the Ri.
mathematically : ((Ri)) «— (A

Bytes 1

Cycles 12
Encoding 111110011
Opcodes :F2H-F3H
Flags affected  : il

Addressing mode : indirect addressing

22) Syntax : MOVX A, @Ri
descripion  :move the contents external data memory location pointed by the Ri into
the accumulator.
mathematically : (?) <+«—((R)

Bytes
Cycles 2
Encoding :1111 0011
Opcodes : E2H-B3H
Flags affected  :nil
Addressing mode : indirect addressing
23) Syntax :MOVC A, @A+DPTR
description - move the contents program (code) memory into the accumulator .the

program (code)memory is formed by adding contents of the base register DPTR and the
contents of the accumulator DPTR points to the program address and the contents of the
accumulator is treated as the offset.
mathematically : (A) <«——(DPTR)+(A))

i1

Bytes A
Encoding  :10010011
Opcodes :93H

Flags affected  :mnil

Addressing mode ; index addressing



24) Syntax :MOVC A, @A+PC
description . move the contents program (code) memory into the accumulator .the
program(code)memory is formed by adding contents of the base register PC and the contents
of the accumulator PC points to the program address and the contents of the accumulator is
treated as the offset.
mathematically : () «———((PC)+(A))
|

Bytes :

Cycles 12
Encoding :1000 0011
Opcodes :83H

Flags affected  :nil

Addressing mode : index addressing

25) Syntax : PUSH ,direct
description .SP the stack pointer is incremented by 1. move or save the contnts of the
internal data memory onto the stack.
mathematically : (SP) <«—— (SP)+1;((P)) +—— (direct)
‘Bytes 12

Cycles :2

Encoding 1100 0000 direct address
Opcodes : COH, direct address
Flags affected  :nil

Addressing mode : register addressing

26) Syntax : POP ,direct
descripion  : The contents of the top of the SP are moved to popped onto the internal data
* memory location specified in the instruction and the SP the stack pointer is decremented by 1,
after the instruction .
mathematically : (d;rect) <« ((SP) ; 6P)  «——(P)-1
Bytes :

12
Encoding : 1101 0000 ,direct address
Opcodes : DOH, direct address
Flags affected  :nil
Addressing mode : register addressing
27) Syntax : XCH A, Rn

description - exchange the register R contents with the accﬁmulator .
mathematically : (A) ¢ (Rn);

Bytes 1
Cycles 11
Encoding :1100 1rrr

P TN . rotr T



Flags affected  :nil
Addressing mode : register addressing

28) Syntax ~ : XCHA, direct
descripion  :exchange the contents of the internal data memory with the accumulator
mathematically : (A) &= (direct)

Bytes 2

Cycles .1

Encoding :1110 0101 direct address byte
Opcodes : C5 ,direct addres byte

Flags affected  :nil

Addressing mode : direct memory addressing

29) Syntax : XCH A, @Ri
description : exchange the contents of the internal data memory indirectly addressed by
theRi.
mathematically : () +=—=>((RD)

Bytes 1

Cycles 01
Encoding +1100 0111
Opcodes : C6-C7H,
Flags affected  :nil

Addressing mode : indirect register addressing

30) Syntax . XCHD A, @Ri
description  : exchange the low order nibble of the internal data memory indirectly
addressed by the Ri with the low order nibble of the accumulator.
mathematically : (A3-0) =" ((Ri)3-0)

Bytes :1

Cycles 01
Encoding +1101 0111
Opcodes : D6-DTH,
Flags affected  :nil

Addressing mode : indirect register addressing
ARITHMETIC INSTRUCTIONS
31) Syntax :ADD A, Rn
description  : the register contents and the contents of the accumulator are added and

returned to the accumulator
mathematically : (A) 4 (Rn)+(4)

Bytes 0 1
Cycles i1
Encoding : 0010 1rrr
Opcodes : 28H-2FH

Flags affected  : all flags are affected
Addressing mode : register addressing



32) Syntax : ADD A, direct
descripon  : the contents of the internal data memory and the contents of the accumulator
are added and remurned to the accumulator
mathematically : (A) 4 (direct)+(A)

Bytes 2

Cycles :1

Encoding :0010 0101 direct address
Opcodes : 25H ,direct address

Flags affected  : all fiags are affected
Addressing mode : direct addressing

33) Syntax . ADD A, @Ri
description  : add the contents of the internal data memory indirectly addressed by the Ri
to the accumulator and the sum is returned to the accumulator.
mathematically : (4) < ((Ri)+(A)

Bytes ‘1
Cycles i1
Encoding :0010 0111
Opcodes : 26H-27H

Flags affected  :all flagsare affected
Addressing mode : register indirect addressing

34) Syntax :ADD A, #data8
description  : the immediate data byte(dataB) specified in the instruction and the
contents of the accumulator are added and the sum is returned to the accumulator.
mathematically : (A) € data8+(A)

Bytes 12

Cycles :1

Encoding : 0010 0100,immediate byte
Opcodes : 24H jimmediate byte

Flags affected  : all flags are affected
Addressing mode : immediate addressing

35) Syntax : ADDC A, Rn
Description : the register contents and the contents of the accumulator along with the
carrystams areadded and remmed to the accumulator.
mathematically : (A) ¢—data8+(4) +(C)

Bytes :1

Cycles :1
‘Encoding 10011 1rrr,
Opcodes : 38H-3FH

Flags affected  : all flags are affected
Addressing mode : register addressing

36) Syntax : ADDC A, direct



Description  : the contents of the internal data memory contents and the contents of the
accumulator along with the carry status are added and returned to the accumulator.
mathematically : (&) +—— direct + (A) +(C)

Bytes : 2

11
Encoding - 0011 0101 direct address
Opcodes :35H

Flags affected  :all flags are affected
Addressing mode : direct addressing

37) Syntax : ADDC A, @Ri
descripton  :add the contents of the internal data memory indirectly addressed by the Ri
to the accumulator along with the status of carry and the sum is returned to the accumulator.
mathematically : (A) ¢ ((Ri) + (4) + (C)

Bytes 1
Cycles i1
Encoding 10011 0111
Opcodes :36H-37H

Flags affected  : all flags are affected
Addressing mode : register indirect addressing

38) Syntax :ADDC A, #data8
description  : the immediate data byte(data8) specified in the instruction and the
contents of the accumulator are added along with the stats of carry and the sum is returned to
the accumulator.
mathematically : (A) ¢ data8 + (A) + (O)

Bytes 2
Cycles 01
Encoding : 0011 0100,immediate byte

Opcodes : 34H jimmediate byte
Flags affected  :all flags are affected
Addressing mode : immediate addressing -

30) Syntax :SUBB A, Rn
description  : the register contents and the contents of the accumulator are added and
subtracted from the contents of the accumulatorandthe difference is returned to the
accumulator.
mathematically : (A) ¢ (&) —{(Rn) +c}

Bytes :1

:1
Encoding :1001 1rrr
Opcodes : 98H-9FH

Flags affected  : all flags are affected
Addressing mode : register addressing



40) Syntax :SUBB A, direct ,
description  : the contents of the internal data memory specified in the instruction and the

carry status are added and subtracted from the contents of the accumulator and the differnce is
remrned to the accomulator

mathematically : (A) <— (A)-{(direct) +C}

Bytes :2

Cycles 01

Encoding : 1001 0101, direct address
Opcodes : 95H ,direct address

Flags affected  : all flags are affected
Addressing mode : direct addressing

41) Syntax :SUBB A, @Ri
description - the contents of the internal data memory indirectly addressed by the Ri and
the carry status are added and subtracted from the contents of the accumulator and the
difference is returned to the accomulator.
mathematically : (A) <+ (A)-{((RD)) +C}
1

Bytes :

:1
Encoding : 1001 0111
Opcodes : 96H —97H

Flags affected  : all flags are affected
Addressing mode : register indirect addressing

42) Syntax :SUBB A, #data8
description : the immediate data byte(data8) specified in the instruction and the carry
status are added and subtracted from the contents of the accumulator and the difference is
returned to the accumulator.
mathematically : (A) ¢ (A)-(data8 +C)

Bytes :2

Cycles :1

Encoding 1001 0100 immediate byte
Opcodes : 94H ,immediate byte

Flags affected  : all flags are affected
Addressing mode ; immediate addressing

43) Syntax :INCA
description : the contents of the accumulator is incremented by 1
mathematically : (A) € (A) +1
Bytes :1
:1
Encoding : 0000 0100



Flags afiocted il
Addressing mode : register addressing

44) Syntax 1 INC Rn
description  : the contents of the register is incremented by 1
mathematically : (Rn) ¢ (Rm) +1

Bytes 11

Cycles :1
Encoding : 0000 1rrr
Opcodes 08-0FH
Flags affected  :nil

Addressing mode register addressing

45) Syntax + INC direct
‘description . the contents of the internal data memory are incremented by 1
mathematically : (direct) *—(direct) + 1
2

Bytes

Cycles :1

Encoding : 0000 0101, direct byte
Opcodes : 05H,direct byte

Flags affected  :nil

Addressing mode : direct addressing

46) Syntax :INC @Ri
descripon  : the contents of the internal data memory addressed indirectly
by register Riis incremented by 1
mathematically : (I(Ri)) +——((R)) +1

Bytes Co

Cycles 01
Encoding 100000111
Opcodes : 06-07H
Flags affected  :nil

Addressing mode : register indirect addressing

47) Syntax :DECA
description  : the contents of the accumulator is decremented by 1
mathematically : (A) +——(4)-1

Bytes :1

Cycles :1
Encoding : 0001 0100
Opcodes : 14H

Flags affected  : nil

Addressing mode : register addressing



48) Syntax
description

: DECRn
. the contents of the register is decremented by 1

mathematically : (Rn) <«Rm—1

Bytess :1
Cycles
Encoding
Opcodes
Flags affected

|

10001 1rrr
. 18-1FH
+ il

Addressing mode: register addressing

49) Syntax
description

: DEC direct
. the contents of the internal data memory are decremented by 1

mathematically : direct) <€ (direct) - 1

Bytes
Cycles
Encoding

Flags affected

12

11

: 0001 0101 direct byte
: 15H,direct byte

:nil

Addressing mode : direct addressing

50) Syntax :DEC @Ri
description  : the contents of the internal data memory addressed indirectly
by register Ri is decremented by 1
mathematically : (®)) <+ ((R))-1
Bytes :1
Cycles i1
Encoding : 0001 0111
Opcodes :16-17H
Flags affected  : nil
Addressing mode : register indirect addressing
51) Syntax :INC DPTR
description  : the contents of the 16 bit pointer DPTR is incremented by 1 mathematically
: (DPTR) 16 (DPTR) 41—
Bytes :1
Cycles 12
Encoding : 10100011
Opcodes : A3H
Flags affected  :nil

Addressing mode : register addressing

52) Syntax

: MUL AB



description . this is an unsigned 8 bit by 8 bit multiplication instruction.The contents of
the accumulator and the SFR B are multiplied and the product is returned to B(MSB) and A
(LSB) )
Mathematically : (B)() £B)*(A)

|

Bytes :

Cycles 4
Encoding :1010 0100
Opcodes : AdH

Flags affected  : carryis cleared after the instruction,0 & P are affected
Addressing mode : register addressing

53) Syntax :DIVAB
description . this is an unsigned 8 bit by 8 bit division instruction.The contents of the
accumulator is the dividend and the content of SFR B is divisor d and the quotient is returned
to A and the SFR B contains remainder
Mathematically : (A) <«—— (8)/(B),(B) <HMOD(B)
1

Bytes :

Cycles 14
Encoding :1000 0100
Opcodes : 84H

Flags affected - C & O are cleared.0 will be set if the divisor is 00H
Addressing mode : register addressing

54) Syntax :DAA AB
description  : if the 2 BCD operands are added through ADD or ADDG instructions,the sum
'in the accumulator may not be a BCD sum. With this instruction after the ADD or ADDC
instructions the sum is corrected to BCD value
‘Mathematically : (A) <«—— (A) +06HifA3:0is>9 or AC=1 and
(A) <—— (A +60HifA7:4is>9orC=1

Bytes :1
Cycles :1
Encoding :1101 0100

Opcodes : D4H
Flags affected  :all flags are affected
Addressing mode : register addressing

LOGIC INSTRUCTIONS

55) Syntax : ANL A,Rn
descripion  : logically AND the contents of the accumulator and the contents of the register
Rn and the result is returned to the accummlator
Mathematically : (A) <«—— (R)*(4)
Bytes :1
|

Encoding  :0101 lrrr
Opcodes  :58H—SFH

. N |



Addressing mode : register addressing

56) Syntax : ANL A,direct
description  : logically AND the contents of the accumulator and the conteats of the internal
data memory byte and the result is returned to the accumulator
Mathematically :(A) <«—— (direct)* ()

Bytes 2

Cycles :1

Encoding : 0101 0101 direct byte
Opcodes : 55H,direct byte

Flags affected  : only parity is affected
Addressing mode : direct addressing

57) Syntax :ANL A ,@ Ri
description  : logically AND the contents of the accumulator and the contents of the internal
datamemoryindirecdyaddmsedbythekianddlemﬂlisreNmedto the accumulator
Mathematically : (lA) <+«— (R

Bytes :

Cycles .1
Encoding :0101 0111
Opcodes : 56H- 5TH

Flags affected  : only parity is affected
Addressing mode : register indirect addressing

58) Syntax :ANL A,#data 8
description  : logically AND the contents of the accumulator and
the immediate data byte and the result is remmed to the accumulator
Mathematically : (A) <«—— data84(A)

Bytes 2
Cycles |
Encoding : 0101 0100,immediate byte

Opcodes : 54H,immediate data byte(data 8)
Flags affected  : only parity is affected
Addressing mode : immediate addressing

59) Syntax :ANL directA
description : logically AND the conteats of the accumulator and
the contents of the internal data memory byte and the result is returned to the accumulator

P NPT PR | Y & | S ¥ PN {Aivart) A (A)




Bytes 2

60)

61)

Cycles i1
Encoding : 0101 0010,direct byte
Opcodes ~  :52H,direct byte

Flags affected  : only parity is affected
Addressing mode : direct addressing

Syntax :ANL direct,#data 8

description : logically AND the contents of the internal data memory and
the immediate data byte and the result is returned to the internal data memory
Mathematically :(direct) < —dzm 84 (direct)

Bytes 12

Cycles i1

Encoding : 0101 0011,immediate byte
Opcodes : 53H,immediate data byte(data 8)

Flags affected  : only parity is affected
Addressing mode : immediate addressing

Syntax :ORL ARn
descripton  : logically OR the contents of the accumulator and the contents of the register

" Rn and the result is returned to the accumulator

Mathematically : (A) <«—— (Rn)V(4)

Bytes 1

:1
Encoding :0100 1rrr
Opcodes : 48H — 4FH

Flags affected  : only parity is affected

Addressing mode : register addressing

62) Syntax : ORL A,direct

description  : logically OR the contents of the accumulator and the contents of the internal
data memory byte and the result is remrned to the accumulator
Mathematically : (A) <—— (direct) V (A)
Bytes 12
i |

Cycles :

Encoding  :0100 0101 ,direct byte
Opcodes : 45H,direct byte

Flags affected  : only parity is affected
Addressing mode : direct addressing

63) Syntax : ORL A,@ Ri



description + logically OR the contents of the accumulator and the contents of the internal
data memory indirectly addressed by the Ri and the result is returned to the accumulator
Mathematically : (A) <«—— ((RD)V(A)

Bytes 11
Cycles 01
Encoding :0100 0111
Opcodes : 46H — 47TH

Flags affected  : only parity is affected
Addressing mode : register indirect addressing

64) Syntax - ORL A,#data 8
description : logically OR the contents of the accummlator and
the immediate data byte and the result is returned to the accumulator
Mathematically :(A) <—— data8V(4)

Bytes 12

Cycles 11

Encoding : 0100 0100,immediate byte
Opcodes : 44H jmmediate data byte(data 8)

‘Flags affected  : only parity is affected
Addressing mode : immediate addressing

65) Syntax :ORL direct,A
description  : logically OR the contents of the accumulator and
the contents of the internal data memory byte and the result is remrned to the accumulator
- Mathematically :(direct) <—— (direct) V (A)

Bytes 2

Cycles :1

Encoding : 0100 0010,direct byte
Opcodes : 42H direct byte

Flags affected  : only parity is affected
Addressing mode : direct addressing

66) Syntax :ORL direct #data 8
description : logically OR the contents of the internal data memory and
the immediate data byte and the result is returned to the internal data memory
Mathematically :(direct) o data8V (direct)
12

Bytes

Cycles :1

Encoding : 0100 0011,immediate byte
Opcodes : 43H immediate data byte(data 8)

Flags affected  : only parity is affected
Addressing mode : immediate addressing



67) Syntax
description

:XRL A,Rn
: logically exclusive OR the contents o

register Rn and the result is returned to the accumulator

Mathematically : (A) <«—— (Ro)V (@A)
Bytes :1

Cycles :1

Encoding :0110 1rrr

Opcodes : 68H — 6FH

Flags affected  : only parity is affected

Addressing mode : register addressing

68) Syntax :XRL A,direct
description
the internal data memory
Mathematically : (A) <«—— (direct) V (4)
Bytes 2
Cycles 01
Encoding :0110 0101 direct byte
Opcodes : 65H,direct byte
Flags affected  : only parity is affected

Addressing mode : direct addressing

f the accumulator and the contents of the

: logically exclusive OR the contents of the accumulator and the contents of
byte and the result is returned to the accumulator

69) Syntax :XRL A,@ Ri
descripion  : logically exclusive OR the contents of the accumulator and the contents of
the internal data memory indirectly addressed by the Ri and the result is returned to the
accumulator
Mathematically :(A) <«—— (RD)V(A)
Bytes :1
Cycles :1
Encoding :01100111
Opcodes : 66H—67H
Flags affected  : only parity is affected
Addressing mode : register indirect addressing
70) Syntax : XRL A,#data 8
description : logically exclusive OR the contents of the accumulator and
the immediate data byte and the result is retrned to the accumulator
Mathematically :(A) <«—— data8V(4)
Bytes 12
Cycles :1
Encoding : 0110 0100,immediate byte
Opcodes : 64H,immediate data byte(data 8)
Flaos affected  : only parity is affected



Addressing mode : immediate addressing

71) Syntax : XRL directA
description : logically exclusive OR the contents of the accumulator and
the contents of the internal data memory byte and the result is remrned to the accumulator

Mathematically :(<Ziirect) <«——(direct) V (4)

Bytes

Cycles 01

Encoding : 0110 0010,direct byte
Opcodes : 62H,direct byte

Flags affected  : only parity is affected
Addressing mode : direct addressing

72) Syntax :XRL direct,#data 8
description : logically exclusive OR the contents of the internal data memory and
the immediate data byte and the result is returned to the internal data memory

Mathematically : (direct) data 8 V (direct)
Bytes 12

Cycles :1

Encoding : 0110 0011,immediate byte

Opcodes - 63H,immediate data byte(data 8)

Flags affected  : only parity is affected
Addressing mode : immediate addressing

73) Syntax :CIR A
description : clear the accumulator
Mathematically : (A) «——0

Bytes .1

Cycles 01
Encoding + 1110 0001
Opcodes :E4H

Flags affected  :nil

Addressing mode : register addressing

74) Syntax :CPL A
description  : complement the accumulator
Mathematically : (A) «——NOT A

Bytes :1

11
Encoding 11111 0100
Opcodes :F4H
Flags affected  :mil

Addressing mode : register addressing



75) Syntax :RL A
description . rotate the accumulator left once
Mathematically : (A) «—— rotate lefi the contents of accumulator

(An+1) €Am)n=0-6;(A0) D oas
Bytes :1
Cycles :1
Encoding :0010 0011
Opcodes :23H
Flags affected  :nil

Addressing mode : register addressing

76) Syntax :RLC A
description - rotate the accumulator left once,through carry
Mathematically : (A) <—— rotate left the contents of accumulator through carry
(An+1) <—— (An) n=0-6;A0) <+—— (carry);
(carry) <+ (A7)

Bytes :1

Cycles .1
Encoding :0011 0011
Opcodes :33H

Flags affected  : carry s affected
Addressing mode : register addressing

77) Syntax :RR A
‘description  : rotate the accumulator right once

Mathematically : (A) «—— rotate right the contents of accumulator
(An) < (An+1) 0=0-6; (A7) <«CA®)—

Bytes . 1
Cycles :1
Encoding : 0000 0011
Opcodes 03H
Flags affected  :nil
Addressing mode : register addressing
78) Syntax :RRC A
description : rotate the accummlator right once,through carry
Mathemati : (A) «—— rotate right the contents of accumulator through

carry
(An) <«——(An+l) n=0-6;(A7)

«—CaITY;
carry <«—— (AO)

Bytes 0 1

:1
Encoding : 0001 0011
Opcodes :13H



79) Syntax :SWAP A
description . interchange the least significant nibble with the most significant nibble of the
accumulator
Mathematically : (A) «—— interchange the nibbles of the accumulator
(A3:0) «——> (A7:4)

Bytes 1

Cycles 11
Encoding : 1100 0100
Opcodes : C4H

Flags affected  :nil

Addressing mode : register addressing

BIT LOGICAL INSTRUCTIONS

80) Syntax :ANL C,bit
description : logically AND the bit (whose address is specified in the instruction)and the
carry and the result is returned to the carry
Mathematically :(C)  <«—— (directbit)*(C)
12

Bytes

Cycles :2

Encoding : 1000 0010,direct bit
Opcodes : 82H,direct bit

Flags affected  : carryis affected
Addressing mode : direct bit addressing

81) Syntax :ANL C,/ bit
description : logically AND the complement of bit (whose address is specified in the
instruction)and the carry and the result is returned to the carry
Mathematically :(C) <«——— NOT (direct bit)*(C)
12

Bytes

Cycles :2

Encoding : 1011 0000,direct bit
Opcodes : BOH,direct bit

Flags affected  : carry is affected
Addressing mode : direct bit addressing

82) Syntax : ORL C,bit
description  : logically OR the bit (whose address is specified in the instruction)and the
carry and the result is returned to the carry
Mathematically :(C) <—— (directbit) V(C)
Bytes 12
2

Encoding - 0111 0010,direct bit
Opcodes : 72H direct bit



Flags affected  :carryis affected
Addressing mode : direct bit addressing

83) Syntax : ORL C,/bit
descripion : logically OR thecomplement of the bit (whose address is specified in the
instruction)and the carry and the result is returned to the carry
Mathematically : (C) <«——NOT (direct bit) V (C)
12

Bytes

Cycles 2

Encoding : 1010 0000,direct bit
Opcodes : AOH, direct bit

Flags affected  :carryis affected
Addressing mode : direct bit addressing

84) Syntax :CIR C
description  : clear the carry
Mathematically : (C) <—— 0

Bytes ‘1

Cycles 1
Encoding 1100 0011
Opcodes : C3H

Flags affected  :C

Addressing mode : register addressing

85) Syntax :CIR bit
‘Bytes 12
Cycles :1
Encoding : 1100 0010,direct bit
Opcodes : C2H,direct bit
Flags affected  :nil

Addressing mode : direct bit addressing

86) Syntax -SETB C
description  : set the carry bit
Mathematically :(C) <+ 1

1

Bytes : A
Encoding  : 11010011
Opcodes :D3H

Flags affected  : carry is affected

87) Syntax :SETB bit
description . setthe bit (whose address is specified in the instruction)
Mathematically : (bit) <«——1
Bytes 12

Cvcles + 1



Bytes :3

Cycles 12
Encoding : 0000 0010
Opcodes : 02H

Flags affected  :nil

Addressing mode : direct addressing

92) Syntax :SJMP Reladdr8
description  : after this unconditional branch instruction PC jumps to the location labeled as
reladdr8 which is within 127/129 locations
Mathematically : (PC)

Bytes :2

Cycles 12
Encoding : 1000 0000
Opcodes : 80H

Flags affected  :nil

Addressing mode : relative addressing

93) Syntax :JMP @A+DPIR
description  : after this unconditional indirect branch instruction PC jumps to the location
whose addressis at (A)+(DPIR)
Mathematically : (PC) <——(A)+(DPTR)
.1

Bytes

| 12
Encoding 101110011
Opcodes :73H

Flags affected  :nil

Addressing mode : indirect addressing

94) Syntax :JZ Reladdr8
description  : after this conditional relative branch instruction PCjumps relatively to the
address location mentioned in the instruction if all the bits of accummulator are 0
‘Mathematically : (lz’C) <«——reladdr8

Bytes
Cycles 12
Encoding : 0110 0000
* Opcodes : 60H

Flags affected  :nil
Addressing mode : relative addressing

95) Syntax :JNZ Reladdr8



description . after this conditional relative branch instruction PC jumps relatively to the
address location mentioned in the instruction if any of the bits of accumulator are nonzero
Mathematically : (PC) <——veladdr8

12

Bytes

Cycles :2
Encoding : 0111 0000
Opcodes : 70H

Flags affected  :mil

Addressing mode : relative addressing

96) Syntax :JC Reladdr8
description  : afier this conditional relative branch instruction PC jumps relatively to the
address location mentioned in the instruction, if CY= 1
Mathematically : (PC) <—— reladdr8

Bytes :2

Cycles :2
Encoding : 0100 0000
Opcodes :40H

Flags affected  :mil

Addressing mode : relative addressing

97) Syntax :JNC Reladds8
description . after this conditional relative branch instruction PC jumps relatively to the
address location mentioned in the instruction, if CY= 0

Mathematically : (I;C) <«——reladdr8

Bytes

Cycles 12
Encoding : 0101 0000
Opcodes : S0H

Flags affected  :nil

Addressing mode : relative addressing

98) Syntax :JB Bit addr, Reladdr8
description  : after this conditional relative branch instruction PC jumps relatively to the
address location mentioned in the instruction, if the bit is set.

Mathematically : (gC) <«——reladdr8

Bytes 2
Encoding : 0010 0000
Opcodes : 20H

Flags affected  :nil

Addressing mode : relative addressing



99) Syntax : JNB Bit addr, Reladdr8
description  : after this conditional relative branch instruction PC jumps relatively to the
address location mentioned in the instruction, if the bit is not set. .
Mathematically : (PC) <——veladdr8
12

Bytes

12
Encoding : 0011 0000
Opcodes : 30H
Flags affected  :nil

Addressing mode : relative addressing

100) Syntax :JBC Bitaddr, Reladdr8
description  : after this conditional relative branch instruction PC jumps relatively to
the address location mentioned in the instruction, if the bit is set After which the bit is

cleared

Mathematically :(PC <«—— reladdr8
Bytes 12

Cycles :2

Encoding : 0001 0000

Opcodes : 10H

Flags affected  : Cis cleared after instruction
Addressing mode : relative addressing

101) Syntax :DJNZ Rn, Reladdr8
description  : after this conditional relative and iterative branch instruction PC jumps
relatively to the address location mentioned in the instruction,

Mathematically: R <Ll
if Rnisnotzerothen (PC)  <«— reladds8,
else PC =PC + 2

Bytes :3

Cycles 12

Encoding : 1101 1bbb

Opcodes : D8-DFH

Flagsaffected  :zis affected and Rn register becomes zero
Addressing mode : iterative relative addressing

102)  Syntax : DJNZ direct byte, Reladdr8
description  : after this conditional , relative and iterative branch instruction PC
jumps relatively to the address location mentioned in the instruction,
Mathematically : (directbyte) <«—— (direct byte) - 1
if direct byte is not zero,then (PC) < reladdr8

else PC =PC + 2
Bytes 13
Cycles :2
Encoding :1101 0101
Opcodes :D5H

Hiaos affected - 7 is affected and direct byte becomes zero



103)

104)

105)

Syntax . (JNE Ajdirect byte, Reladdr8
description  : If the contents of accumulator with that of the direct byte are not
equal,then PC jumps relatively to the address location mentioned in the instruction

Mathematically :
pC ¢ reladdr8, if the contents of accumulator and the

ontents of the direct byte is not equal
thenPC ¢ reladdr8
dse PC=PC+2

Bytes :3

Cycles 12
Encoding : 1011 0101
Opcodes :BSH

Flags affected i

:nil
Addressing mode : conditional and relative addressing

Syntax . (JNE A#data8, Reladdr8
description  : If the contents of accumulator with that of the jmmediate byte are not
equal then PC jumps relatively to the address location mentioned in the instruction
Mathematically :
<“—¢ladds8 , if the contents of accumulator and the
contents of the immediatebyte are not equal
then PC
else PC=PC+2

Bytes :3
Cycles 12
Encoding -+1011 0100
Opcodes :B4H
Flags affected  :nil
Addressing mode : conditional and relative addressing

Syntax . CJNE Rn,#data8, Reladdr8
description . f the contents of Rn with that of the immediate byte are not
equal,then PC jumps relatively to the address location mentioned in the instruction

Mathematically :
PC ¢ reladdr8 , if the contents of Rn and the contents of
the immediatebyte are not equal
then PC
else PC=PC+2

Bytes :3

Cycles 2
Encoding :1011 1bbb
Opcodes : B8-BFH
Flags affected i

:nil
Addressing mode : conditional and relative addressing



106)

107)

108)

109)

Syntax . (JNE @Ri,#data8, Reladdr8 |
description  : If the contents of memory location pointed by Ri with that of the
immediate byte are not equal,then PG jumps relatively to the address location mentioned -
in the instruction
Mathematically :
pc “reladdr8 , if the c::ut:ts of memory location
pointed by Riand immediate byte are not
then PC “reladdrs
else PC=PC+2

Bytes :3
Cycles 12
Encoding :1011 011b
Opcodes :B6-B7H
Flags affected  :nil
Addressing mode : conditional and relative addressing

Syntax : ACALL Addril
description . after this unconditional SUBROUTINE branch instruction PC jumps to
the location labeled as Addr11,which is within 2K locations
Mathematically :SP  —no SP+ 2;((SP)) «—— (PC);
(PC) <& Addrill

Bytes 2

Cycles 2

Encoding :a210 29281000 1a7 a6 a5 a4 a3 a2 al 20
Opcodes : 11H, depends on the 2K page addresses
Flags affected  :nil

Addressing mode : direct addressing

Syntax : LCALL Addr16
description  : afier this unconditional branch instruction PC jumps to the location
Iabeled as Addr16 which is within 64K locations

(PC) <+ Addrl6

Bytes :3

Cycles 12

Encoding : 0001 0010

Opcodes :12H

Flags affected  :nil

Addressing mode : direct addressing

Syntax :RET

description . after this unconditional branch instruction PC jumps back to the
address stored in the top of the stack.

ar 4 a1, .M N py QP . SP - z



110)

111)

Bytes 1

Cycles 12
Encoding :0010 0010
Opcodes . 22H

Flags affected  :nil

Addressing mode : direct addressing

Syntax : RETI

description . after this unconditional branch instruction PC jumps back to the
address stored in the top of the stack and restores the interrupt logic to accept additional
interrupts at the same priority level as the one just processed .this instruction is to be
used in the interrupt service routines

Mathematically :PC — (SP) ;SP <« SP -2

Bytes :1

Cycles :2
Encoding 10011 0010
Opcodes :32H

Flags affected  :nil

Addressing mode : direct addressing

MISCELLANEOUS INSTRUCTIONS
Syntax :NOP
description  : Itis a no operation instruction
Bytes :1
Cycles :1
Encoding  :0000 0000
des : 00H

Opco
Flags affected :nil



