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SYNOPSIS

In this project it is proposed to design and fabricate, a
programmable timer/counter/rpm Indicator. A universal micro-
controller 8048 is used as the processor which controls multi
functions. The wunit 1is very handy and can be used in a

process industry for timing applications and counting.
This project is more suitable for a cement industry with
vapper motor control and timer for dedusting of electro-

static precipitator plates in pollution control.

The test results are presented in this report.
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CHAPTER 1
INTRODUCTION
The heart of the process industry is the control
applications. Any control application is based on a time
slot. For example 1in a temperature control furnace the

output of the controller goes active only after a desired
time. Thus the timer places a very important role in a

control processor.

Nowadays many industries adapt multioutput, PLC's
(Programmable Logic Controller ) which has also got a built
in multioutput timers. But like a cement industry there may

be many number of timers required which may be insufficient
and very far from the control room. Thus a purely isoclated

multioutput timer is designed in one project.

There may be only one output with a particular time in an
ordinary timer. But using the controller will provide a
program based wunit i.e.. the user can have in any option

without increase the cost of course with his brain.



The project also includes an even counter which may be up

and down which is also used in the level finding in process

industry. Counters are used in a wide variety of counting
application in scientific instruments,; industrial controls,
computers and communication equipments. The bas:c function

of counter is to "memorize' how many clock pulses have been

applied to the input; hence in the most basic sense counters

are memory systems. They are used for counting pulses,
equipment operation sequencing, frequency division and
mathematical manipulation. Because of the wide range of

application for counters, as well as their large demand,
manufacturers offer a wide selection of off-the-shelf MST
counter circuits, differing in complexity, functional,
versatility. speed, power and cost. This type of counter can
also be made to count in either the forward or reverse

direction.

In addition to the above features this unit can also

indicate the rpm of a given motor or of any rotating device.
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CHAPTER II

SYSTEM BLOCK DIAGRAM

Fig. 2.1 gives a block diagram of the microcontroller
based Timer / counter / rpm Indicator. The various unity

shown in the block diagram are described in this chapter.

2.1 CONTROLLER

The controller is the heart of the project . An 8 bit
controller 1is found suitable and is used for our project.
The EPROM version of the 8048 family and saves a lot of 8748.
The controller controls external hardware of all other
associatries. Like key / display and Input - Output
structures. This controller has a built in CPU, 64 bytes of

RAM and IKB of EPROM.

2.2 DISPLAY / KEY STRUCTURE

This gives the visual indication of what the unit does.

The display unit is a common anode 4 digit seven segment
unit which is driven by transistors. The display board has
five switches which are used for the user operation. Like

programming stopping and starting.



2.3 OUTPUT SECTION

The output section is the periphery of the unit.

consists of driving transistors and indicating LED's.

glowing of the LED indicates that the output is active.

These transistor / LED are driver by a buffer.
Buffer is a protective device used in interfacing.

output of the output board are connected to the target

is the device to be controlled.

2.4 SENSOR

For the counting operation and the rpm indication,
signals are obtained by the defecting devices called

sensors. A sensor is a transducer. A proximity sensor

used in our project.

This

The
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CHAPTER IIT

DESIGN OF SYSTEM HARDWARE

3.1 INTRODUCTION

The detailed block diagram of the micro controller 1is
shown in Fig. A.l1.3. The design of system Hardware using the

microcontroller is discussed in this chapter.

The SS (Pin 5), Vcc (Pin 26) and Vvdd (Pir 40) are
connected to the +5v DC supply. Pin 20 is cconnected to
ground. The system controller clock is generated by means of
a 6 MHz crystal connected between pin 2 (XTALl) and pin 3

(XTALZ2).

Port 2 pins 2.0 to 2.4 are used for display and port 1
pins 1.5 to 1.7 are connected to the fact keys which 1is used

when various modes are selected.

3.2 DISPLAY UNIT

The type of display used in this timer / counter / rpm
indicator 1is a common anode seven-segment LED display. The

display unit has four digits.



Port 1.0 pin is connected to the least significant digit
while port 1.4 is connected to the fifth key and 1.0, .1.2,

1.3, 1.4 are connected to the corresponding keys.

All the anodes of the four seven segment LED's are tied
to a 5V supply through PNP transistors (2N2907A) which acts

as a switch.

3.3 SYSTEM HARDWARE

The system hardware can be divided into the following
categories.

1. CONTROLLER SECTION

2. DISPLAY SECTION

3. KEYS SECTION

4. OUTPUT SECTION

5. SENSOR INPUT SECTION

3.3.1 CONTROLLER SECTION

The heart of the hardware is the controller part. The
internal structure of 8748 is described in Appendix A. In
this the bi-directional bus DBO to DB3 is used for selecting
the digits for the display. Proper data on this bus will
select or switch on the particular transistor to =nable the

common anode of the display.



The port 1 P10 to P17 are used as outputs. These will
send the seven segment code to the display. The port .pins
P1.0 to Pl.4 are used as inputs to sense the status of the
keys. Since P1.0 to P1.4 act both as input and output, there
should be a latch to separate them avoiding both getting
clashed i.e., P1.0 to Pl.4 should not act as input and output

at a time.

The RD signal is used to strobe the latch. DB4 pin is
used to enable the keys. A Hecoupling capacitor is used to
filter the noise between the VCC and ground pin of the
processor. The reset pin is provided with power on reset
facility. T1 pin is used for counting the pulses. A crystal

serves as the time base.

As the interrupt is not needed it is pulled high.

3.3.2 DISPLAY SECTION

A four digit common anode seven segment display is used.

The common anode of each digit is connected to the output of

transistor. The action of display is in the multiplexed
form. The seven segments are derived from the outputs of the
latch. For each segment a current limiting resistor of 100

ohms is provided.



3.3.3 KEYS SECTION

There are five keys used in this project. The closure of
a key 1s sensed by the port pins P1.0 to P1.4. Each key has

a defined function. The keys provided are of push button

type. The keys used here are tact keys which are widely used
for electronic devices. The key structures are programmed as
follows
K1 Key

PROGRAM NEXT UuPp DOWN RESET

MODE PARAMETER

RUN NEXT START STOP CONTINUE

MODE MODE

The key K1 is used, to toggle between program mode / run
mode. The functions of keys K1, K2, K3, K4 and K5 are

described below.

Key Program mode Run mode

K2 It jumps to ask the next It jumps to the next mode.
parameter.

K3 It just increments the It starts the unit
value

K4 It just decrement the It stops the urit
value

K5 It resets the process It continues from the stop

position.
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3.3.4 OUTPUT SECTION

In this section the transistors drives the target devices
according to the data given to 1its input. The NPN
transistors are wused for this purpose. The input to the
transistor are given from port 2 of microcontroller through
base current limiting resistors. The output indication 1is

through the light emitting diodes.

3.3.5 SENSOR INPUT SECTION

During the counting and rpm indication the pulses from
the sensor has to be filtered from noise. For this an RC
filter 1is wused. The zener diode will act as a high spike

suppressing device.

3.4 DESIGN OF HARDWARE

3.4.1 DESIGN OF RESISTANCES FOR THE SEGMENTS ROl TO ROS8.

Maximum current for each segment is 20mA. Since the

output voltage Vg is 5V,

R = —-==~ = 300 ohms

Therefore a value of 300 ohms 1s chosen for the segments

RO1 to ROS8.
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3.4.2 SELECTION OF BASE RESISTANCE
The required value of the base resistance Rb 1is given by

VCC - VBE
IB = ——m==m=mm - - - = - (3.1)

Since the voltage VBE across the forward biased Jjunction

is approximately 0.2V for a germanium transistor and 0.6V for

a silicon transistor. The equation (3.1) is approximated as
IB = VCC / RDb - - - - - ( 3.2 )
The selected base current is 1.85 mA. So Rb is

approximately 2.7 Kilo ohms.

3.4.3 DESIGN OF RC FILTER

The noise is maximum usually in an automobile during
spark-ignition. Taking this worst condition, the pulse width

of the noise will not be greater than 50 to 80 microseconds.

Therefore, if R = 10K
C = 0.1 micro Farad

RC 10 x 0.1 x 10 x 10

Il

1l millisecond

Then RC >> 80 microseconds. So select R = 10K and

C = 0.1 micro Farad.



12

3.4.4 SELECTION R20 - R28

The collector current IC flowing through the resistor RC

is given by

- VCC - VCE (sat)
IC = ——mmmmmmmmm - - - = - (3.3)

Neglecting VCE(sat) [ since VCE(sat) <<< VCC ]

The collector current IC = VCC / RC - - - - = (3.4 )
Taking the maximum collector current IC = 10 mA,
RC = vCC / IC =5 / (10 x 10) = 500 ohms

so 1K is selected for RC for better protection.

3.5 WORKING OF THE HARDWARE

The working of the hardware can be divided into the

following categories.

1. Working of CPU

2. Working of keys

3. Working of display

4. Working of input section

5. Working of output section
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3.5.1 WORKING OF CPU

The CPU has the main role in working of the wunit. -~ The
working of the unit is completely controlled by the software.
DBO to DB3 scans the display transistor so as to multiplex
the digits. The seven segment data which is to be displayed
on the digits are latched to the port 1 with the help of an 38
bit latch 74HC373. To latch, a strobe is necessary, by using
a proper command a RD signal is generated. DB4 1s made low

whenever it has to be disabled.

Depending upon the mode of operation, the data are put

out through port 2 to the output board.

3.5.2 WORKING OF KEYS

The common end of keys are connected to the enable pin of
the CPU i.e., DB4. When DB4 is in mode 0, if any key 1is
closed the particular diode will be forward biased and it
conducts and the particular port pin goes low. By taking

this key data inside the key proper action is taken.

3.5.3 WORKING OF THE DISPLAY

The display unit is multiplexed. The scanned outputs

from DBO to DB3 will select the transistor in a sequence.
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This results in selecting the digits in sequence. First the

digit is selected and then the seven segment data is latched

into the 1latch. Thus, we get the number of the digit
displayed. The RD is generated by executing any MOV X
instruction. The digit selecting transistors are PNP
transistor. Here we use 2N2907A transistors.

3.5.4 WORKING OF THE OUTPUT SECTION

Whenever a high signal is given to the base c¢f the NPN

transistor, the transistor goes to the ON state and the LED
glows. 1Instead of a LED, if a relay is given, the relay gets
energized and the output is activated. Depending on the

mode of operation the outputs are made to energize.

3.5.5 WORKING OF THE INPUT SECTION

Whenever a magnetic substance comes very near to the
proximity switch, the proximity switch will produce a pulse.
That pulse 1is filtered and shaped into a pulse by using a
schmitt trigger or a transistor and then it is given to the
Tl input of the controller. The processor then accepts this

pulse and then counts with the help of the software.



Modes of operation
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CHAPTER 1V

MODES OF OPERATION

The following are the modes of operation of this unit.

4.1 MODE O

MODE 0 is single cycle mode i.e., the operation of output
is confined only for one cycle. Here the output is energized
in a sequence starting from the zeroth output tc the last
output. The number of outputs are 8. In this mode whenever
one output is enabled the previous is cleared. The ON time

of the output is equal to the time delay between two outputs.

Thus we can say the output will be energized after 38

times the delay between each output.

In this mode once the cycle is overall the outputs are
disabled. After the mode is selected the start key has to be
pressed. Once the complete cycle is over the cycle can be

repeated again by pressing the continue key.

If the output has to be disabled in between the cycle,

stop key can used and continue key to continue operation.
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4.2 MODE 1

MOCE 1 is a multicycle mode. The operation cf this_ is
also similar to that of MODE 0. Once the MODE 1 is selected,
it waits for the start key. After pressing the start key the
operation starts. During every enabling output, the previous
output 1is cleared. But after finishing one cycle, it again
repeats automatically. Here also stop and continue can be

used to interrupt the cperation.

4.3 MODE 2

MODE 2 is resumed output mode. In this mode of operation
the cycle 1is repeated as per MODE 1. As the start key 1is
pressed the outputs energize in a sequence. But the previous
output DOES NOT CLEAR i.e., a Johnson counter action takes
place. Stop and continue operations are similar as in other

modes.

4.4 MODE 3

MODE 3 is all similar mode. Sometime the same timing has
to be provided for many outputs more than 10 or 12. Thus one
output cannot be used to all the loads due to port loading
problem. Hence all the outputs are made high at a time and
low at a time. The rest of the operations are similar to the

other modes.



17

4.5 MODE 4

MODE 4 1is manual mode. This mode is also called
pulsating mode. Whenever the start key is pressed the first
output gets enabled. The second output can be made enable
only when start key is again pressed manually. The previous

output will be cleared after the next output gets enabled.

4.6 MODE 5

MODE 5 is a COUNTER mode. Unlike the above modes this is

purely an input based mode i.e., the operation is dependent
on the input to the controller. Here it counts the number of
the pulses given to the input. The counting is in the upward
fashion. The maximum count is 9999. Once the maximum count

is reached, the counter gets reset itself.

4.7 MODE 6

MODE 6 is a DOWN counter mode. This mode 1s also an

input dependent mode like MODE 5. The operation is dependent

on the input to the controller. Here it counts the number of
pulses given to the inputs. The counting is in the downward
fashion. Once the least count 0000 is reached the counter

gets reset itself.
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4.8 MODE 7

MODE 7 is a up divider mode. 1In this mode the pulses are
counted in the similar fashion to the MODE 5. But the
counter increments only after the pre-scalar value 1is
reached 1i.e., every increment is nothing but the number
pulses divided by the pre-scalar. The value of pre-scalar is
programmable. The maximum value of the pre-scalar can be §9.

But this can be extended by 9999 by slight change in

software.

In this mode the maximum value to be counted will be the
highest multiple of the pre-scalar i.e., lesser cr equal to

9999.

4.9 MODE 8

MODE 8 is a down divider mode. In this mode the pulses
are counted in the similar fashion as in the MODE 6. But the

counter decrement only after the pre-scalar value is reached

i.e., the every decrement is nothing but the number of
pulses/the pre-scalar. The value of the pre-scalar 1is
programmable. The minimum value of the pre-scalar is 00.

In this mode, the minimum value to be counted will be the

lowest multiple of the pre-scalar i.e., higher or equal to 0.
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4.10 MODE 9

MODE 9 is the rpm indication mode. In this mode the rpm
of any rotating device is displayed. The time response and
the resolution depends on the number of teeth on the rotating
shaft. For example, if there is only one tooth to get a

resolution of one rpm, the time response will be very slow

i.e., of one minute. But if there are 10 teeth the time
response for the same resolution will be 10 seconds. Thus by
increasing the number of teeth we can have better time

response with good resolution.



Microcontroller 8748
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CHAPTER V

MICROCONTROLLER 8748

5.1 INTRODUCTION

The heart of the energy meter is the system controllers.
In order to provide room for flexibility and versatility, the
use of such a system controller becomes essential. Instead

of opting for a microprocessor which requires the use of

additional peripheral devices like program memory, data
memory, 8255 PPI etc, choice of a microcontroller is more
suitable.

- Microcontrollers are microcomputers used for dedicated
applications incorporating clock, CPU, RAM, ROM, I/0 ports
and interrupt capability all within a single chip. Hence,
the use of microcontrollers increases the efficiency, reduces
overall cost, occupies less space and is more advantageous.
Some of the benefits which arise from having & one-chip

microcomputer are:

1. Small size and power for the controller portion of an
instrument.
2. The opportunity to identify one chip as a "kernel" for

the digital portion of an instrument for self-test

purpose.
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3. The definition of an especially efficient instrument

set, with mostly one byte instrument.

5.2 SELECTION OF PROCESSOR

Selection of a microcontroller well suited to our
application requires a wide range of analysis of the existing
microcontrollers. Intel 8048 and 8051 series, Motorolas
M6801 series, the MOS Technology 370, Texas Instruments TMS
1000 Zilong's Z8 and Toshiba's OKI series are some of the

microcontrollers available.

Most of these microcomputers are 8-bit microcomputers
except TMS 1000 which has a word length of 4 bits. The Intel
8748, which is also very popular is a member of Intel 8048
series. The 1Intel 8051 is the latest single chip 8-bit

microcomputers which has a very powerful instructicn set and

operates with 12MHzZ clock. Intel 8096 series of
microcomputer are 16-bit single chip microcomputers. of
these C's available, the final bid was made on 8748. This

microcontroller has a program memory of 1k bytes and a data

memory of 64 bytes. It has 2 ports of 8 pins each and a bi-

directional databus (8 pins). It has an inbuild
timer/counter also. All these options suit our requiremments
very well. In terms of cost also 8748 is the most economical

processor of all other controllers and hence chosen.
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5.3 ARCHITECTURE OF 8748

Intel single <chip C 8748 is pin compatible with 8048
which 1is considered to be the head of Intel's-MCS-48 family

of UCs. The instruction set for both of them are same.

8748 is provided with a 8 bit CPU, 1K * 8 ROM program
memory, 64 * 8 RAM data memory, 27 I/O lines and an 8-bit
timer/event counter. The main advantage is that either the
capacity of program memory of data memory or even both can be

expanded by connecting memory chips externally.

ARCHITECTURE
ARITHMETIC SECTION

The arithmetic section of the ©processor ccntains the
basic data manipulation function of the 8748 and can be

divided into the following blocks:

1. Arithmetic Logic unit
2. Accumulator
3. Carry flag

4. Instruction decoder.
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INSTRUCTION DECODER

The operation code portion of each program instruction is
stored 1in the instruction decoder and converted to outputs
which control the function of each of the blocks of the
Arithmetic section. There lines control the source of data
and the destination register as well as the function

performed in the ALU.

ALU

The ALU accepts 8-bit data words from one or two sources
and generally an 8-bit result wunder control of the
instruction decoder. The ALU can perform functions like Add

with or without carry, AND, OR, EX-OR, Increment / Decrement,
Bit complement, Rotate left, right, swap nibbles BCD decimal
adjust etc. If the operation performed by the ALU results is
a value represented by more than 8-bits, a carry flag is set

in the program status word.

ACCUMULATOR

Accumulator is the single most important data register in
the processor, being one of the sources of input =o the ALU
and often the destination of the result of operations
performed in the ALU. Data to and from I/0 ports and memory

also normally passes through the accumulator.
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PROGRAM MEMORY

Resident program memory consists of 1024, 2048 & 4096
words eight bits wide which are addressed by the program
counter. In the 8748 this memory is user programmable and
erasable EPROM. There are three locations in program memory

of special importance. They are:

1. Location 0: Activating the reset line of the processor

causes the first instruction to be fetched from location 0.

2. Location 3: Activating the interrupt input line of the

processor causes a jump to subroutine at location3.

3. Location 7: A timer/ counter interrupt resulting from
timer / counter overflow causes a jump to subroutine at

location 7.

Therefore the first instruction to be executed after
initialization is stored is location (0, the first word of the
interrupt service subroutine is stored in location 3 and the
first word of a timer / counter service routine is stored in

location 7.

Program memory can also be used to store constants as
well as program instructions. The program memorv map has

been shown in Appendix B.



DATA MEMORY

Resident data memory is organized as 64 words 8-bit wide.
All locations are indirectly addressable through either of
RAM the pointer registers which reside at address 0 and 1 of
the register array. In addition as shown in the diagram the
first eight locations of the register array are designated as
the working register and are directly addressable by several
instructions. Since these registers are easily addressed
they are wused mostly to store more frequently accessed

intermediate results.

By executing a register bank switch instruction (SELRB)
loc 24-31 over designated as working registers in place of
loc 0-7 and are then directly addressable. This second bank
of registers may be used as an extension of the first bank or
unserved for wuse during interrupt service subroutines
allowing the registers of bank or unserved for use during
interrupt service subroutines allowing the registers of bank
0 used in the main program to be instantly “saved by a bank
switch. Registers RO & Rl are a part of the working register
array, bank switching effectively creates two more pointer
registers which along with RO &Rl can be effectively used to

access up to four separate working areas in RAM at a time.
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RAM locations (8-23) also serve a dual role in that they
contain the program counter stack. There locations are
addressed by the stack pointer as well as by the pointers RO

and R1. The data memory map has been shown in Appendix B.

INPUT / OUTPUT

It has got 27 lines which can be used for input or output
functions. These lines are grouped as 3 ports of 8 1lines.
These serve as either 1/P< O/P or bi-directional ports and 3
test I/Ps which can alter the program sequences when listed

by conditional jump instruction.

Ports 1 and 2 are each 8-bit wide and have identical
characteristics. As input ports these are non-latching i.e.,
inputs must be present until read by an input instruction.
The lines of port 1 and 2 are <called quasi-directional
because of a special output circuit structures which allows

each lines to serve as an I/P< O/P or both, even though 0/Ps

are statically latched. Each lines is continuously pulled up
to Vece through a resistive device of relatively high
impedance.

It 1is important to note that the ORL and ANL are read /
write operations. When executed, the C "reads" the port,

modifies the data according to the 1instructions, then
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"writes" the data back into the port. The "writing" enables
the low impedance pull-up momentarily again even if the . data
was unchanged from a "1". This specifically applies to
configuration that have inputs and 1 outputs mixed together

on the same port.

BUS

Bus is also an 8-bit port which is a true bi-directional
port with associated input and output strobes. If the bi-
directional feature is not needed, bus can serve as either a
statically 1lathed output port or non-latching input port.

I/P and O/P lines on this port cannot be mixed however.

As static port, data is written and latched using the
OUTL instruction and inputted using the INS inst. The INS
and OUTL unit generate pulses on the corresponding RD and WR
output strobe lines, however, in the static port mode they
are generally not used. As a bi-directional port the MOVX
instructions are used to read and write port. A write to the
port generates a pulse on the WR output line and output data
generates a pulse on the RD output line and input data must
be valid at the trailing edge of RD. When not being written

or read, the BUS lines are in a high impedance state.
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TEST AND INT. INPUTS

Three pins serve as inputs and are testable withﬂ the
conditional jump inst. These are TO, Tl AND INT. These pins
allow inputs to cause program branches without the necessity
to load an input port into the accumulator. The TO, Tl and

INT pins have other possible functions as well.

PROGRAM COUNTER AND STACK

The program counter is an independent counter and the
program counter stack is implemented using pairs of registers
in the data memory array. The program counter is initialized

to zero by activating the RESET line.

An interrupt or CALL to a subroutine causes the contents
of the program counter to be stored in one of the 8-register

pairs of the program counter stack as shown.

The pair to be used is determined by a 3 bit stack
pointer which is part of the program status word (PSW) data
RAM locations 8-23 are available as stack registers and are
used to store the current program counter value and 4 bits of

PSW as shown.
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Nesting of subroutines within subroutines can continue
up to eight times without over flowing the stack. The end of
a subroutine, which is signaled by a return instruction
causes the stack pointer to be decremented and the contents
of the resulting register pair to be transferred to the

program counter.

PROGRAM STATUS WORD

An 8-bit word which can be loaded to and from the
accumulator exists called the program status word. The PSW
is a collection of flip-flop which can be read or written as
a whole. The ability to write to PSW allows for easy

restoration of machine status after a power down sequence.

The upper four bits of PSW are stored 1in <he program
counter stack with every call to subroutine ox interrupt

vector and are optionally restored upon returns with the RETR

instruction. The RET instruction does not update PSW.
PSW:
Bits 0-2 - Stack pointer bits (S0, Sl1, S2)
Bit 3 - Not used (71' level when read 1)
Bit 4 - Working register back switch bit (BS)
0 = Bank 0

1 Bank 1



30

Bit 5 - Flago bit (FO) user controlled flag which can
be complemented or cleared and tested with the
conditional jump instruction JFO. |

Bit 6 - Auxillary carry (AC) bit generated by an ADD
instruction and used by the decimal adjust
instruction DAA.

Bit 7 - Carry (CY) carry flag which indicates that the
previous operation has resulted in overflow of

the accumulator.
CONDITIONAL BRANCH LOGIC

The conditional branch logic within the processor enables
several conditional branches internal and external to the

processor to be tested by the users program.

INTERRUPT

An interrupt sequence is initiated by applying a low ~0°
level input to the INT pin. The interrupt line is sampled
every instruction cycle and when detected causes a "call to
subroutine" at location 3 in program memory as soon as all
cycles of the current instruction are complete. For 2 cycle
instruction the interrupt line is sampled in the 2nd cycle
only. The INT must be held low for atleast 3 machine cycles
to ensure proper interrupt operations. As in any CALL to

subroutines, the program counter and program status word are
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saved in the stack. The interrupt system is single level in
that once an interrupt it detected all further interrupt
requests are ignored until execution of an RETR re-enables
the interrupt input logic. This occurs at the beginning of
the second cycle of the RETR instruction. This sequence
holds true also for an internal interrupt generated by timer,
overflow. If an internal timer / counter generated interrupt
and an external interrupt are detected at the same time, the

external source will be recognized.

TIMER / COUNTER

The 8P48 contains a counter to aid the user in counting
external events and generating accurate time delays without

placing a burden on the processor for these functions.

COUNTER

The 8-bit binary counter is presettable and readable with
two MOV instructions which transfer the contents of the
accumulator to the counter and vice versa. The counter
content may be affected by RESET and should be initialized by
software. The counter is stopped by a RESET or STOP TCNT
instruction and is started by a START instruction or as an
event counter by START CNT instruction. Once started the

counter will increment to this maximum count (FF) and
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overflow to zero continuing its count until stopped by a STOP
TCNT instruction. The increment from maximum count to -zero
results in the setting of an overflow flag flip-flop and in
the generation of an interrupt request. The state of the
overflow flag is testable with the conditions jump
instruction JTF. The flag is reset by executing a JTF or by
RESET. The timer interrupt may be enabled or disabled
independently of external interrupt by the ENT CNT1 and
DISCNT1 instruction. If enabled, the counter overflow will
cause a subroutine call to location 7 where the timer or
counter service routine may be stored. If the timer and
external interrupt occur simultaneously, the external source
will be recognized and the call will be to location 3. Since
the timer interrupt is lathed it will remain pending until
the external device is serviced and immediately be recognized
upon return from the services routine. The pending timer
interrupt 1is reset by the call to location 7 or may be

removed by executing a DISCNT1l instruction.

EVENT COUNTER

The counter input is connected with the Tl I/P pin as
START CNT instruction is executed and the counter is enabled.
The 1 input is sampled at the beginning of state 3.

Subsequent high to low transition on Tl will cause the
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counter to increment Tl must be held for atleast one T cycle
to ensure that it wont be missed. The maximum rate at which
the counter may be incremented is one per ta'ree instruction
cycles. There is no minimum frequency Tl input must remain

high alteast 1/5 of a cycle after transition.

TIMER

Execution of a START instruction connects an internal
clock to the counter input and enables the counter. The

internal clock is derived by passing the basic machine cycle

clock through a 32 pre-scaler. The pre-scalar 1s reset
during START T instruction. The resulting clock increments
the counter every 32 machine cycle. various delay from 1 to

256 counter can be obtained by presetting the counter and
detecting overflow. ALE divided by 3 or more can serve as an
external clock. Very small detage of “fine timing' of larger

delays can be easily accom||lished by software delay loops.

5.4 PROGRAMMING THE 8748

The chip details and the functional block diagram of 8748

have been given in Appendix (b).

The following chapter gives a brief overview of the

system controller (8748) architecture and its design aspects.
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The MCS -48 instruction set is extensive for machine of
its size and has been tailored to pe straight forward and
very efficient in 1its use of program memory. All
instructions are either one of two bytes in length and over
80% are only one byte long. Also, all instructions execute
in either one or two cycles and over 50% of all instructions
execute in a single cycle. Double cycle instructions include

all immediate instructions, and all I/0 instructions.

The MCS-48 microcomputers have been designed to handle
arithmetic operations efficiently in both binary and BCD as
well as handle the single-bit operations required in control
applications. Special instructions have also been included
to simplify loop counters, table look-up routines, and N-way

branch routines.

DATA TRANSFERS

The 8-bit accumulator is the central point for all data
transfers within the 8048. Data can be transferred between
the 8 registers of each working register bank and the
accumulator directly, i.e., the source oOr destination
register 1is specified by the instruction. The remaining
locations of the internal RAM array are referred to as Data

Memory and are addressed indirectly via an address stored in
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either RO and Rl are also used to indirectly address external
data memory when it is present. Transfers to and from
internal RAM require one cycle, while transfers to external
RAM require two. Constants stored in program Memory can be
loaded directly to the accumulator and to the 3 working
registers. Data can also be transferred directly between the
accumulator and the program status word (PSW). Writing to
the PSW alters machine status accordingly and provides a
means of restoring status after an interrupt or of altering

the stack pointer if necessary.

ACCUMULATOR OPERATIONS

Immediate data, data memory or the working registers can
be added with or without carry to the accumulator. These
sources can also be ANDed, ORed, or Exclusive ORed to the
accumulator. Data may be moved to or from the accumulator
and working registers or data memory. The two values can

also be exchanged in a single operation.

In addition, the lower 4 bits of the accumulator can be
exchanged with the lower 4-bits of any of the internal RAM
locations. This instruction, along with an instruction which
swaps the upper and lower 4-bit halves of the accumulator,

provides for easy handling of 4-bit quantities, including BCD
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numbers. To facilitate BCD arithmetic, a Decimal Adjust
instruction is included. This instruction is used to correct
the result of the binary addition of two 2-digit BCD numbers.
Performing a decimal adjust on the result in the accumulator

produces the required BCD result.

Finally, the accumulator can be incremented, decremented,
cleared, or complemented and can be rotated left or right I

bit at a time with or without carry.

Although there is no subtract instruction in the 8048AH,
this operation can be easily implemented with three single

byte single-cycle instruction.

A value may be subtracted from the accumulator with the

result in the accumulator by:

Complementing the accumulator
Adding the value to the accumulator

complementing the accumulator

REGISTER OPERATIONS

The working registers can be accessed via the accumulator
as exi|lained above, or can be loaded immediate with constants

from program memory. In addition, they can be incremented or
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decremented or used as loop counters using the decrement and
jump, if not zero instruction, as explained under branch

instructions.

All Data Memory including working registers can be
accessed with indirect instructions via RO and Rl and can be

incremented.

FLAGS

There are four user-accessible flags 1in the 8048AH;
carry, Auxiliary carry, FO0, and Fl. Carry indicates overflow
of the accumulator, and Auxiliary carry is used to indicate
overflow between BCD digits and is used during decimal adjust
operation. Both carry and Auxiliary carry are accessible as
part of the program status Qord and are stored on the stack
during subroutines. F0O and F1 are undedicated general-
purpose flags to be used as the programmer desires. Both
flags can be cleared or complemented and tested by
conditional Jjump instructions. FO 1s also accessible via the
program status word and is stored on the stack with the carry

flags.
BRANCH INSTRUCTIONS

The unconditional Jjump instruction is two bytes and

allows Jjumps anywhere 1in the first 2K words of program
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memory. Jumps to the second 2K of memory (4K words are
directly addressable) are made first by executinc a select
memory bank instruction, then executing the jump instrucgion.
The 2K boundary can only be crossed via a jump or subroutine
" call instruction, i.e., the bank switch does not occur until
a jump is executed. Once a memory bank has been selected all
subsequent jumps will be to the selected bank until another
select memory bank instruction is executed. A subroutine in
the opposite bank can be accessed by a select memory bank
instruction followed by a call instruction. Upon completion
of the subroutine, execution will automatically return to the
original bank; however, unless the original bank is
reselected, the next jump instruction encountered will again

transfer execution to the opposite bank.

Conditional Jjumps can test the following inputs and

machine status.

To Input pin

TI Input pin

INI Input pin
Accumulator Zero

Any bit of Accumulator
Carry Flag

FO Flag

F1 Flag.
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conditional jumps allow a branch to any address within

the current page (256 words) of execution. The conditions
tested are the instantaneous values at the time the
conditional Jjump is executed. For instance, the Jjump ©On

accumulator zero instruction tests the accumulator itself not

an intermediate zero flag.

The decrement register and jump if not zero instruction
combines a decrement and a branch instructions to create an
instruction very useful implementing a loop counter. This
instruction can designer any one of the working registers as
a counter and can elect a branch to any address within the

current page of execution.

A single-byte indirect Jjump instruction allows the
program to be vectored to anyone of several different
locations based on the contents of the accumulator. The

contents of the accumulate points to a location to program

memory which contains the jump address. The 8-bit Jjump
address refers to the current page of execution. This
instruction could be used. For instance, to vector to any

one of several routines based on an ASCII character which has
been 1loaded in the accumulator to this way ASCII Kkey

key inputs can be used to initiate various routine.
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SUBROUTINES

Subroutines are entered by executing a call instruc£ion.
Calls can be made like unconditional jumps to any address in
a 2K word bank, and jumps across the 2K boundary are executed
in the same manner. Two separate return instruction
determine whether or not status (upper 4-bits of PSW) is

restored upon return from the subroutine.

The return and restore status instruction also signals
the end of an interrupt service routine if one has been in

progress.

TIMER INSTRUCTIONS

The 8-bit on board timer counter can be loaded or read

via the accumulator while the counter is stopped or while

counting. The counter can be started as a timer with an
external clock applied to the TI input pin. The instruction
executed determines which clock source is used. A  single

instruction stops the counter whether it is operating with an
internal or an external clock source. In addition, two
instructions allow the timer interrupt to be enabled or

disabled.
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CONTROL INSTRUCTIONS

Two instructions allow the external interrupt source to
be enabled or disabled. 1Interrupts are initially disabled
and are automatically disabled while an interrupt service

routine is in progress and re-enabled afterward.

There are four memory bank select instructions, two to
designate the active working register bank and two toc control
program memory banks. The working register bank switch
instructions allow the programmer to immediately substitute
second 8-register working register bank for the one is use.
This effectively provides 16 working registers or it can be
used as a means of gquickly saving the contents of the
registers in response to an interrupt. The wuser has the
option to switch or not to switch banks on interrupt.
However, if the banks are switched, the original bank will be
automatically restored upon execution of a return and restore
status instruction at the end of the interrupt service

routine.

A special instruction enables an internal clock, which is
the XTAL frequent divided by three to be output on pin TO.
This clock can be used as a general purpose clock 1in the

user's system. The instruction should be wused only to
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initialize the system since the clock output can be disabled

only by application of system reset.

INPUT / OUTPUT INSTRUCTIONS

Ports 1 and 2 are 8-bit static 1/0 ports which can be
loaded to and from the accumulator. Outputs are statiscally
latched but inputs are not latched and must be read while
inputs are present. In addition, immediate data from program
memory can be ANDed or ORed directly to port 1 and port 2
with the result remaining on the port. This allows ‘'"masks"
stored in program memory to selectively set or reset
individual bits of the I/O ports. Ports 1 and 2 configured
to allow input on a given pin by first writing a "I" out to

the pin.

An 8-bit port called BUS can also be accessed via the
accumulator and can have statiscally latched outputs as well.
It too can have immediate data ANDed ORed directly to its
outputs, however, unlike ports 1 and 2, all eight 1lines of
BUS must be treated as either input or output at any one
time. In additions to being a static port, BUS can be used
as a true synchronous bi-directional port using the Move
External instructions used to access external data memory.

When these instructions are executed, a corresponding READ or
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WRITE pulse is generated and data is valid only at that time.
When data is not being transferred. BUS is in a 'high
impedance state. Note that the OUTL, ANL, and the BRL
instructions for the BUS are for use with 1internal memory

only.

The basic three on-board I/0 ports can be expanded via a
4-bit expander bus using half of port 2.I1/0 expander devices
on this bus consist of 4-bit ports which are addressed as

ports 4 through 7. These ports have their own AND and OR

instructions like the on-board ports as well as move
instructions to transfer data in or out. The expander AND
and OR instructions, however, combine the contents of

accumulator with the selected port rather than immediate data
as is done with the on-board ports. I/0 devices can also Dbe
added externally using the BUS port as the expansion bus. In
this case the I/0 port become "memory mapped", i.e., they are
addressed in the same way as external data memory and exist
in the external data memory address space addressed by

pointer register RO or Rl.

The instruction set has been given in the Appendix (4d).

The chip details and the functional block diagram of 87438

have been given in Appendix (b).
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CHAPTER VI

SOFTWARE

The software using microcontroller for timer/counter/RPM
indicator applications is enclosed. The software is written

in assembly language.

MODE 0 :

In this mode the LKT is pointed to the first data and
output on ports. This pointer is incremented after a delay.
After 8 outputs it again waits till the key is o»ressed and

again continues.

MODE 1 :
In this mode R7 1is treated as counter. The delay
routines are switched over to RB1 bank. The Continue key 1is

not pressed. The sequence is auto-repeated as MODE 0.

MODE 2 :

This mode is similar to other modes in delay routines.
Here, the output energized is first taken into carry and the
carry bit is set and again puts back to the accumulator and

then put on ports. Thus the previous output is not cleared.
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MODE 3 :

Here the look-up table has two data 0O0OH and FFH. belay
is created. After a delay, the pointer will jump to the next

data and the look-up table and output on the port.

MODE 4 : (Manual Mode)

In this mode the keys are sensed, after every output. If
the key 1is pressed only the look-up table pointer is
incremented. Otherwise it will be indefinitely waiting for

the key. If stop key is pressed, it comes out of the loop.

MODE 5,6 :

In +this counter mode the pulses are counted using the
internal counter and then updated on the display depending on
up/down. Up increments the display, down decrements the

display.

MODE 7,8 :

In this divider mode the pulses are counted as per the
counter mode itself. But now the display gets

incremented/decremented by comparing with the divisor.
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MODE 9 :

Here a time window opened for 1 sec. using the internal
timer. During this time the pulses are counted and then

multiplied by 60 and displayed. Thus this gives RPM.
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CHAPTER VII

TESTING

TESTING OF THE MAIN BOARD

First the crystal oscillator is checked.

ALE is checked.

If both are alright the processor is 0O.K.
The reset for normal operation should be high. This is

checked. If the reset is now the processor.

Next the pulses at DB0-DB3 is checked.

Now if it is 0O.K, the software execution for display 1is

0.K.

TESTING DISPLAY SECTION

Remove the processor give a permanent low at DBO the
first digit is enabled.

Next remove the latch, give a permanent “0' at output
and observe at the display. The corresponding segment

has to glow.

The above procedure is checked for DB1l, DB2, DB3. Checks

spikes of key and enable at DB4. Checks output and outputs

leads by giving external signal to O/P sections. Test for

counter operation RPM indicator and timer operation.
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7.3 COUNTER MODE

In this mode the pulses are given to the Tl pin of the

controller. The Tl pin whenever taken as input acts as- on
event counter whenever Tl is given a pulse. The internal
timer register gets incremented by one. Now the counter

register is read and corresponding action takes place.

Whether it is down count or up count.

Whenever Tl register gets overflow on interrupt is
produced. This interrupt brings the counter to stop. By
giving a value in the display 200, the unit was tested. The
value gets decreased and finally reaches zero and it comes to

an halt.

7.4 RPM MODE

To measure RPM the sensor which may be any photo
effective or magnetic is used. Whenever the rotation starts
the sensor gives out pulses. If these pulses are counted in
a specified time periods, RPS is obtained.

RPS * 60 = RPM

7.5 TIMER MODE

When the start key is pressed, the timer will be loaded
for a prescribed delay. After the delay 1s over an interrupt
signal is obtained indicating the end of the set timing.

Then the next value of time can be set.



Conclusion and Improvements
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CHAPTER VIII

CONCLUSION

A micro controller based timer/counter/rpm indicator has
been designed fabricated and tested. The instrument is found

working satisfactorily.

This wunit finds 1its applications 1in communication,

industrial automation, process control, level finding etc.,

since Electronic counters are capable of making many
measurement involving frequency, time, phase angle, and
totalizing events. This wunit can be used for such
measurement.

Following improvements can be made in the unit.

1. The input of the output LED's for indication can be
drives through a relay for the higher load.

2. This unit can be used for higher capacity by using
sulitable relays.

3. The 3-phase invertor driving circuit can be triggered by
six outputs of timer using proper software.

4. The same hardware can be used as a hour counter for a

machine.
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ntel

8748H/8035H/8749H/8039H

PRELIMINARY

YTable 2. Instruction Set

Accumulator Registers
Mnemonic Description * Bytes Cycles Mnemonic Description Bytes Cycle
ADD A R Add register to A 1 1 INCR Increment register 1 1
ADD A, @R Add data memory to A 1 1 INC @R Increment data memory 1 1
ADD A, ¥ data  Add immediate to A 2 2 CECR Decrement register 1 1
ADDC A R Add register with carry 1 1
ADDC A, @R Add data memory 1 1
with carry Branch
ADDC A ¥ data Qﬂf‘ Lma::yedlate 2 2 Mnemonic Description Bytes Cycle:
ANL A. R And register to A 1 1 JMP addr Jump unconditional 2 2
ANL A, @R And data memory to A 1 1 JMPP @A Jump indirect ! 2
ANL A, # data  And immediate to A 2 2 DJINZ R, addr  Decrement registér 2 2
ORLA R Or register to A 1 1 and skip
ORL A @R Or data memory to A 1 1 JC agar Jump on carry = 1 2 2
ORL A, # data  Or immediate to A 2 2 JNC adar Jump on carry = 0 2 2
XRL A R Exclusive or register 1 1 JZ addr Jump on A zero 2 2
0 A JNZ addr Jump on A not zero 2 2
XRL A, @R Exclusive or data 1 1 JTO addr Jumpon T0 = 1 2 2
memory to A JNTO addr JumponT0=0 2 2
XRL, A, # data Exclusive or 2 2 JT1 aadr JumponT1=1 2 2
immediate to A JNT1 addr JumponT1=0 2 2
INC A Increment A ! 1 JFO addr Jump on FO = 1 2 2
DEC A Decrement A 1 1 JF1 adgr Jump on F1 =1 2 2
CLRA Clear A 1 1 JTF addr Jump on timer flag 2 2
CPLA Complement A ! 1 JNI addr Jump on INT =0 2 2
DA A . Decimal adjust A 1 1 JBb addr Jump on accumulator 2 2
SWAP A Swap nibbles of A 1 1 bit
RL A Rotate A left 1T
RLC A Rotate A left 1 1
through carry Subroutine
RR A Rotate A right 1 1
RRC A Rotate A right 1 y Mnemonic Description Bytes Cycles
through carry CALL addr Jump to subroutine 2 2
RET Return 1 2
RETR Return and restore 1 2
Input/Output status
Mnemonic Description Bytes Cycles
INA P Input portto A 1 2 Flags
OUTLP, A Output A to port 1 2
ANL P, # data And immediate to port 2 2 Mnemonic Description Bytes Cycles
ORL P. # data Or immediate to pon 2 2 CLRC Clear carry ! !
INS A, BUS Input BUS to A ] 5 cPLC Complement carry i H
OUTL BUS.A  Output Ato BUS . 2 CLRFO Clear flag 0 ) '
ANL BUS. # data And immediate 16 BUS 2 2 CPLFO Complement fiag 0 ! !
ORL BUS. # data Or immediate to BUS 2 2 CLRF Clear flag 1 ' !
MOVD A P Input expander port 1 2 CPLFI Compiement flag 1 i !
to A
MOVD P, A Qutput A to expander 1 2
port
ANLD P, A And A to expander pon 1 2
ORLD P, A Or A to expander port 1 2
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nter 8748H/8035H/8749H/8039H PRELIMINARY
Table 2. Instruction Set (Continued)
Data Moves Timer/Counter
Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles
MOV A R Move register to A 1 1 MOV AT Read timer/counter 1 1
MOV A, @R Move data memory 1 1 MOV T, A Load timer/counter 1 1
to A STRTT Start timer 1 1
MOV A, # data  Move immediate to A 2 2 STRT CNT Start counter 1 1
MOVR. A Move A to register 1 1 STOP TCNT  Stop timer/counter 1 1
MOV @R. A Move A to data 1 1 EN TCNTI Enable timer/counter 1 1
memo‘ry interrupt
MOV R, # data  Move immediate 2 2 DIS TCNT! Disable timer/counter 1 1
to register interrupt
MOV @R, # data Move immediate to 2 2
data memory
MOV A, PSW Move PSW to A 1 1 Control
MOV PSW, A Move A to PSW 1 1 ontro
XCHA. R EXC_“{*“QG A and 1 1 Mnemonic Description Bytes Cycles
regisier ENI Enable external 1 1
XCH A, @R Exchange A and 1 1 interrupt
data memory
DIS | Disable external 1 1
XCHD A, @R Exchange nibble of A 1 1 m'terrupt
MOVX A. @R ::d register | ) ) SEL RBO Select register bank 0 1 1
@ mg:o:tgrr data SEL RA1 Select register bank 1 1 1
MOVX @R, A Move A to external 1 2 SEL MBO Select memory bank 0 N '
data memory SEL MBY Select memory bank 1 1 1
MOVP A, @A Move to A from 1 2 ENTO CLK Enable clock output 1 1
current page on T0
MOVP3 A, @A Move to A from page 3 1 2
Mnemonic Description Bytes Cycles
NOP No operation 1 1

15-21
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. COUNTS O000OH TO 7FFH
. OVERFLOWS 7FFH T0O 000t
FIG: PROGRAM COUNTER
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CY CARRY i
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FO FLAGC 0 !
I

BS RECISTER BANK SELECT
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PROGRAM
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2048 SEL MB 1
T 2047 SEL MB 0
1024
Fuu
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(127]
((255)) USER RAM
32x8
(96x8)
1 ((224x8))
T :f
32
31
BANK 1
WORKING
REGISTERS
8x8
h__ﬁﬂ_ _ B
24 _"‘R%' '''''''
23
8 LEVEL STACK
OR
USER RAM
16x8
8
7
BANK 0
WORKING
REGISTERS
8x8
RO T
RO™
0

IN ADDITION RO OR R1(RO'

OR

MAY BE USED TO ADDRESS 256

WORDS OF EXTERNAL RAM.

A

—— —
WHEN BANK
IS SELECTED
|
|
¢!

DIRECTLY

ADDRESSABLE
WHEN BANK 0
IS SELECTED

DIRECTLY ADDRESSABLE

1

ADDRESSED
INDIRECTLY

THROUGH

K1 OR Ruv

{Ro* OR R1')

&

R1')
)
((

BOHYAH,B7491H,

)) B050AH

FIG:

DATA MEMORY MAP
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2 ssi DM54/DM74L5240, S240, LS241, S241, LS244, S244, S940. 5941

Connection Diagrams (continved)

2G Y1 2A4 1¥Y2 243 1¥Y3 242  iv4 2A

Yee
20 19 |18 |17 16 15 14 13 12 "1 i
i
|
#)7 = %’7 ]
i AL xS
M 2 [
,1 2 ’3 Ia [5 ’s ,7 ,a ’9 Im
G 1A1 2Ya  1A2 2Y3  1A3  2v2  1a4 2vi GND

545940 (J); 745940 (N)

Vee 2G Y1 244 1Y2 243 1Y3 242 1v4 241

7

U R

T 1AT 2Y4 142 2Y3 TA3  2Y2 1a4  2Y1 GNOD

[

20 19 18 17 16 '15 14 13 12 11

’1
1G

548941 (J); 745941 (N)

—— - .
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DM54/DM74L.5240, S240,

LS241, S241, LS244, S244, S940, S941

f@ ssl

‘General Description

wThese bufters line drivers are designed to improve both
(the performance and PC board density of TRI-STATE®
ibutters/drivers employed as memory- address drivers,
;‘clock drivers, and bus-oriented transmitters/receivers.
‘Featunng 400 mV of hysteresis at each low current PNP

Octal TRI-STATE® Buffers/Line Drivers/Line Receivers |

¢

Features

m TRI-STATE outputs drive bus lines directly
® PNP inputs reduce DC loading 01 bus hines

® Hysteresis at inputs improves ncise marQins

5415244 (J)
545244 (J)

Typicai Typical Typicsl Propagation Typical Typtesl Powar
' data line input, they provide improved noise rejection and oL 1om Delay Timas Enable Dinnipation
mgh fanout outputs, and can be used to drive terminated {Sink  (Source Oisable (Erabled)
- [lines down to 133 Q2 Current) Current) inverting Noninvesting  Times Inverting Honinvarting
! LaLs 2 maA 12mA 105 as Lo e 130 mw
Aty L4 MmA - 15 mA 105 ns RN 130 MW
| M L“aG B mA ~12 mA 45ns won o A50 MW 533 m¥e 1
s4s Fa4mA —14 ma 45 ns + s 250 MW H34
i e e T e
|
Connection Diagrams
|
! vee 2G 1Y1 2A4 1Y2 2A3 1Y3 242 Y4 2A1 vee 26 1Y1 2A4 1¥2 243 1Y3 242 1¥4 2AT
! | (S
[20 19 |18 j17 |1s {15 [1a Jia 2 J1 {20 19 hs |17 |ie [ e AENACHN LIS L
| 1
‘ | ’ -
| N/ \/ ‘ \ NV
| ! [\r
| Q Q
7 /‘ ")
; O Q A
|
| ANIVA | ‘
: | \
]1 [2 R e |7 13 s [t R ERREERE | B [1o
16 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND 16 1A1 2Y4 1A2 2Y3 A3 2v2 144 2Yy GND
1 5415240 (J) 74L5240 (N) 5415241 (J) 7415241 (M)
: 545240 (J) 745240 (N) 545241 (J) 745241 (M)
;
l vee 26 1Y1 2A4 1Y2 243 1¥Y3 242 1Y4 2A1
| |20 |19 5 |17 |1e |15 |re |13 |2
; i
|
‘ !
| :
i / |
! I
: i
| |
{ I
1 2 5 ]6 7 Ie |9 !
1G 1At 2va  1A2 2Y3 1A3 2Y2 TA4 2V} GND ;

74L5244 (N)
745244 (N)
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A ssi DMS4/DM74LS240, $240, LS241, S241, LS244, S244, S940, So4f

Sw:tchmg Characteristics VCG =5V.Ta = 25°C
e dbahihdhaldit

| DM54.74 | DMsa 74 :
P ¢ Conditi J LS240, LS241 a $240, $241, 5244 | ‘u
arameter onditions | LS244 5940 8941 | nm

|
—_— —
tpLH |Propagation Delay Time !
Low to High Level Output } R =
I

CL = 45 pF f———— +
| 40, 94
i ,:L 90 ) =t 99

*ﬁ_
| I S241, 244 941

SRR SO S AL A
tpHL | Propagation Delay Time ! | L8240 !
High to Low Level Qutput IR =667 Q}_TSEI{_?:&‘*.*
CL = 45 pF T
f | AL =900 | $240, 940 _%‘
! I 41,244, 941
o T S ~ SL& s
thzL Output Enable Time | f LS240
= 7 (7r-<~**~ e
:‘“O Low Level ’RL 6¢ sz 5ad
'C = 45 pF ——r "“*‘gz‘ PR
- ) 22T T
| RL §oH [S$241. 244, 941
%f — s S _,,* e 2 .
! Output Enable Time : LQ24f
i "to High Leve! Ry 2667"
g N T
: = 0 P
! i AL=90u S247, 244, 941
— \_'\__;_*,_AH*Aﬁ‘ MO
tpLzFutput Disable Time ( LSZAO
f = (7—-- P
‘J rom Low Level ] RL 657 , LS241 ~14
f' ICL = 5 pF f | S240. 940
‘ ‘ 'R =900 f i
1.
V*__L_‘_.\“_‘L%M‘__“V‘w 824 244 941‘
toHZ , Output Disable Time ‘ LS2AO
i = Ff—~h—~f — —
|from High Level ! \RL 667 PR
| CL=spr oo Sae as
! L ; | S240, 940
! | Ry =eng T T
[ o sean, 24‘4*9314;_ 7
tpLH | Propagation Delay Time ; LS240 .
“7) Low 16 High Leve] Outsat | [RL =667 0 —
gh Level Outpu ! LL T OeT N T SoeT 2aa
|  CL =150 pF | 5240940
| | L
! =Q8Q ) r-—- - S pee
, ! | JRL 0 15241, 244 gun|
____________ S . I
1pHL ’Srogz:paLtuon l(_)ela’yglme { A - L5240
- b T
! igh to Low Level Output L =66 (S2a1 2“
R N T
| ,,;“ i |
{ _+ AL =99 5241 244 94! i . ! {
B ——t L ) . . R - .
tpzL | ‘ Output Enable Time | LSQdL a0 : ;
to L t = [ SEE— — + 4 ¢ :
ow Leve ’C LRL 657 ¢ LS241 “44
=150 pF b—— ——L_ -
L=150p ' 5240, S0
! ! =80 () oo -
)“ I R ‘RL 0t [ 5241, 244, 941
rDZH,Ou’t_‘put Enable Time i LS240 .
1 h L i ] = 0 R N S P . Sl . H
1o High Leve RL=667ur LS241 2aa | 1 18 | 26 ‘ |
! !CL 150 pF! 8240 940 4 s 1% ns j
' ' . = (0 o . . . < + .
. ;RL 99 Y US241 244 94y . 10 5

¢
i
¢
{
!



SSI DM54/DM74LS240, S240, LS241, S241, LS244, S244, S940, S941
Electrlcal Characteristics over recommended operating free-air temperature range (uniess otherwise noted)
" DM54/74 | DMS4, 74 |
——— 1
{ . LS240, LS241 \‘ $240, S241, S244 I
| t
‘ Parameter | Conditions LS244 i 5940, S941 Umls
! . e e e Pt : i
: i Min [Typ(1)] Max j Min Frypm, Max ;
B 4\ i T T +
VIH |High Level Input Voltage i 2 ) _47*_11;727 | e
1 Vit iLow Level Input Voltage ! 1 0.8 l i 08 v
V) |input Clamp Voltage = - 18 mA f =151 . 120V
Hysteresis (VT4 — VT_) 02 | 04 f | 02 | 04 v
J— |l A A "4 - .. i S SR S S MG O
i High Level Output Current | iDM54 : o2 ) —-12
OH p OMSe o plT2 o g
|DM74 : =15 | —15
—— LT DR S S D SR S
VoH {High Level Output Voltage Vee = 475V, Vg = 2 v 57 Do |
-1 mA o | !
S =T — - —— [EN I T — v~~~_J‘_A___4; — -
Voo = Min, V=2V I ! '
L2 4 g,
VIL= 0BV, IoH = -3 mA pea s i 3“L34 Vo
N H T T + et ]
Vee = Min, Vi =2V : ‘ i | , !
_ P2 i [ |
ViL = 0.5 V, lpH = Max i i i ‘ i i
oL [Low Level Output Current ‘ ! | i ;
i f | |
e e . ‘ e i
i i i i
i VoL jLow Level Outpul Voitage oo = Min 1'OL X ‘.
i i jviL =08V ¢ I |
; ‘ (Vi =2V oL = Max '
! S SO
|OZH OH State Output Current :’ VO
;ngh Levei Voltage Applied ‘VCC = Max 'VO
| Vi =08V >
iozL | Off-State Output Current. H=2V Vo
'Low Level Voltage Applied | N
; : Vo
" input Current at : V=7V
| | Maximum Input Voltage ;Vcc = Max Vl .
I l’High Level input Current ‘VCC Max‘ vy =
L |Low Level Input Current ; v =
| vee = '
: V=
— ! ; i e A
ios | Short Clrcun Output Current wVCC Max (2) |
——— - .- S —_ }
icc “Suppi) ‘vee = Max  Outputs L3240 241 244 ; 13 . 23 . k
| Current i Outputs iHigh T ! oo G . . :
: | Open ; .5240 . DM54 X . s . .80 12l
i : 1 15940 | DM74 : i ‘B0 i 135 ¢
| i L . LD - i . ; [N S
z‘ ‘5241 244 DM54 j 195 147
{ ; ‘ 894l : DM74 ; ! ; ' 88 160
: ; st S | PO S Lol o
l P {Outputs  |L5240 26 | 44
| : [Low ‘La?dl 244 27 146 |
| . . i
1} ‘ : '5240 [ DM>54 T ' , s oo 14s
; I ;5940 ‘ OM74 : ! i 100 WSO mA
‘ S b e ek
‘ iS241 paa | DMS3 i i i R ;120 170 {
i 15941 ' DM74 k ! : 120 180 :
| : “Outputs ‘L8240 j {29 . 50 | ;
i B N .- - ‘ B el S & + v R
‘ ; jDrsabled  Tghgy 244 ‘ D32 54 ‘ ;
* i E S t Y R T e
$240 i DOM54 : Io1oc 1145
< 4 - +- - - + .
; S940 DOM7 4 100 150
| ‘ SS241, 244 T DM5 4 1200 170
J \‘ \L 15941 ‘ OM74 [ 120 10 \
( Note 1. Al lypical values are 4l V(‘C =5V Ta =250 !
Nole 2. Nat more than one oulpu! shoult b shorted af a time and dural.cf should not pacee? dne secony J
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PART LisT.

Ug = MicRe CoNTRCOLLER 5T74%
Uz - LATCH T4HC3T2

Uz -+ BUFFER T4LS 244

R, - Ry — REgisTERS (004

'Z:ll.w-lq -t 5 1o K
RESisTERS

RC] 9 Rig ; Ri2 ; R,g) > R)_‘ 5 i

TRANSICTERS — 2N 2907

(.CL,PaoLf»c;r,s cC, & Cz 7 2c PF
(k. Ca e GO MF
) 9 CysCq,Cp ™ GO M

I.C — 74_'4_ :

DicbE =+ IN414%



