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SYNOPSIS

Our project which is the Microcontroller based PID
controller is purely an industrial oriented project. The
heart of the system is the microcontroller our project aims
at controlling the output of a heater which proceeds the
necessary temperature for a particular process. We have

designed a closed loop system for this purpose.

The temperature of the heater is measured using a
sensor and converted into voltage using a transducer. The
output of the transducer is fed to the kernel of the system
which is the microcontroller. Before being fed, It is con-
verted into its digital equivalent using an A/D converter.
The required value of the temperature which is the set value
is also fed into the mcu using keyboard. The mcu compares
the output of the ADC and the set value and provides an error
signal. Using PID routine, the mcu calculates the control

voltage. This is them converted to its digital equivalent



using a DAC routine. This signal 1s converted by a transduc-
er and the output of the transducer controls the heater
output. The A/D conversion and D/A conversion are also

controlled by the mcu.

A seven segment display has been interfaced with the
system to display the set value. The controller chip 8279

has been used for both keyboard and display interface.
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CHAPTER 1

INTRODUCTION

1.1 General

During the past twenty years,the automated process
control industry has matured significantly due to the intro-
duction of microprocessors, as an element of control system.
Though the use of microprocessors was limited to a superviso-—
ry status at the beginning, today systems use off the shelf
digital hardware and software to perform all the control

applications.

Our project aims at controlling various process parame—
ters using a micro controller based on the PID algorithm with
greater accuracy ,reliability and flexibility.

1.2 P.I.D. Controller -

In industries many process parameters have to be con-

trolled either manually or automatically. Manual control will



not be accurate and the quality of end product will be less
and thus automatic control is preferred.Open loop control

system 1s not stable and the acccuracy of the output cannot
be guaranteed. But since the error signal is used in closed
loop system the accuracy and the stability is high. Among the
various feedback or closed loop control system the ON OFF
control, the three mode system i.e. PID control system is

the most advantageous

In the feedback control system using the PID algorithm
i.e.Proportional, Integral and Derivative control algorithm
the difference between the set point and the measured system
variable is found.The output signal will then be a function

of the error signal.

For the proportional control the controller output 1is
given by the equation
vV, = K *
D e

where Vp is the output signal

K is the controller gain

The proportional control action will take place only if

an appreciable error is present



The integral control system is usually used along with
the proportional control system. The controller output 1is

given by the equation

vy = 1/K; f e dt
where V; 1is the integral control signal and

K is the integral time constant.

The derivative control action is never used alone. It
is always used in conjunction with proporitonal and integral
action. The derivative output control signal is given by the

equation.

where V4 is derivative output control signal

and Ky is derivative time constant.

For the PID control action all the individual control
actions are combined. That is the total control signal is

given by the sum of the three control signals.



1.3 Microcontroller Based PID Controller

In our project PID control is done by means of software
using a single chip microcontroller—80C31. Hence our project
has all the inherent advantages of microcontrollers.

The data from the actual process is taken to the proc-
essor and compared with desired value and the compared output
is used to drive the control voltage using the PID algorithm.
This is then converted back to analog and given to the

process control element.

Advantages :-

* This system is very flexible if the desired values or
any gain constants are to be changed then it can be done in
the software itself.There is no need to change the design

unlike the one using electronic circuits.

* This system can be used to control any process param-—
eter without changing the hardware. A large number of parame-

ters can be controlled by using multiplexers.



* The hardware is simple, unlike the controller using
various electronic circuits for implementing the PID algo-

rithm.

* Since it is microcontroller based, the system will be

very fast, accurate and reliable.

* The size of the product will be compact unlike the

one using various electronic circuits.

* Future expansion is easy.
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CHAPTER 2

Microcontroller

2.1 General

As the heart of the system revolves around the micro-
controller and the PID algorithm is done using software,a
general understanding of the architecture,their instruction
sets and comparison betweem some microcontrollers are impera-—
tive, before system description. All these features are dealt

with in this chapter.

2.2 Single Chip Microcomputer Architecture

A single chip microcomputer, of which microcontrollers
are a subset, is a single integrated circuit that contains
the five essential = elements of a computer, l.e.
input,output,memory,ALU, and control unit. The primary differ-
ence among the various models is the type of on chip program
storage, the two options being no program ROM or 4K bytes
EPROM (87C51). The amount of RAM is limited to 128 bytes,but

this is adequate for a number of applications.



The on chip I/0 is implemented as 32 programmable lines

consisting of four ports of eight bits each.

A major architectural difference among microcontrollers
and computers in general is the method of accessing I/0
ports.The different approaches are memory mapped I/0, sepa-
rate I/0 and I/0 processors. Memory mapped I/0 means that all
I/0 is performed as if the I/0 devices were memory address-—
es. Separate I/O has,  in addition to a read/write control
line an I/O0 memory control line. This method can use identi-
cal address decoders for both I/O and memory with the final
determination which of these is accessed and determined by

the status of the I/0 /memory control line.

Another important feature is that most microcontrollers
have versatile timers that can be configured in real time by
writing approximate codes to control registers. These timers
can be reprogrammed as to the duration that they will meas-—

ure,the type of interrupt,if any that they will generate and



whether they will reload and continue to time the next period
automatically. They can also usually be reconfigured again in
real time,to act as event counters or to count the duration

between transitions on the inputs.

Some microcontrollers make no provision for external
memory and are designed to operate autonomously. Others allow
for the possibility of adding external memory. A disadvantage
of this approach is that the I/O ports are lost and this may
not be acceptable. Another need for external memory is during
the development phase, in which it is inconvenient to contin-

ually erase and reprogram on chip EPROM program memory .

2.3 Comparison Of Various Microcontrollers

An illustration of a variety of microcontrollers avail-
able from two major manufacturers -~ MOTOROLA and INTEL are

given below in the next.page.



TABLE 1.0 Capabilities of Representative-8bit microcotrollers

from Two Families.

Chip RAM ROM/EPROM | 'CLOCK I/0 A/D TIMERS
EAROM/EEPROM S PORTS
M68HC11A0 256 —— 0.476 4x8 4/8 9
1x6
M68HC11Al1 256 512 EEPORM 0.476 4x8 4/8 9
1x6
M68HC11A2 -—--- 2048 EEPORM 0.476 4x8 4/9 9
1x6
M68HC11A8 256 8K ROM,512 0.476 438 4/8 9
EEPROM 1x6
M68BHC11E0 512 - 0.476 4x8 4/8 9
1x6
M68BHC11El1 512 512EEPORM 0.476 4x8 4/8 9
1x6
M68HC11E1 256 2048 (EE) 0.476 4x8 4/8 9
1x6
M68HC11E9 512 12K (ROM), 0.476 4x8 4/8 9
512 (EE) 1x6



'Chip RAM ROM/EPROM CLOCK I/0 A/D TIMERS

EAROM/EEPROM = S PORTS
M68HC11D3 192 4096 (ROM) 0.476 48 8 9
1x6
M6BHC11F1 1024 512( EEPORM)  0.476 48 8 9
1x6
Intel8021 64 1024  (ROM) 2.5 2x8 1x4 - 2
Intel 8022 64 2048 (ROM) 2.5 3x8 - 2
Intel 8035 64 — 2.5 3x8 - 2
Intel 8039 128 ————v 1.4 3x8 - 2
Intel 8041 64 1024 (ROM) 2.5 3x8 - 2
Intel 8048 64 1024 (ROM) 2.5 3x8 - 2
Intel 87498 64 2048 (ROM) 1.4 3x8 - 2
Intel 8748 64 1024 (EPROM) 2.5 3x8 - 2
Intel 8Y031 128  ———mv 1 4x8 - 2
Intel 8051 128 4096 (ROM) 1 4x8 - 2
Intel 8751 128 4096 (EPROM) 1 4x8 - 2

10



2.4 Instruction Set

The actual selection for a microcontroller is a complex
interaction of the five fundamental issues.

i) Type of operation

The number and complexity of the operations selected
ii) Types of data

Which type of

numeral,character, or logical
data types are desired as operands.
iii) Instruction formats

The structure of the instruction including the number

of opcodes,the number of addresses and whether it is a fixed
or variable size.

1v) Registers

The amount of on chip directly addressable storage.
v) Addressing

The mode of addressing that is allowed.

* 3. ,') — [ 30(’;
f'}"‘\atw‘ E
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This chapter has given an overview on the microcontrol-
lers and hence the choice of microcontrollers instead of
opting for microprocessors which requires the use of addi-

tional peripheral devices like 8255 PPI etc is justified.

12
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CHAPTER 3

PID Controller Implementation.

3.1 GENERAL

In industries it may be required to control most of the
manufacturing processes.For example in spinning mills the
humidity and temperature have to be controlled. 1In cement
industry the flow rate has to be controlled and in some
industries the pressure has to be controlled. For all these
control actions various feedback control systems are avail-
able. In this chapter a detailed understanding of the PID
CONTROLLER which is a classical controller used for control-

ling all these parameters, is done.

3.2 Typical PID characteristics and related terminology.

The PID controller transfer function that is often
sought in the construction of most commercial controllers is
given by,

Go(S)=K (1+1/T;S+T s)
where K, is controller gain
T; is integral time constant and

Ty is derivative time constant.

L



The proportional action associated with K, is called
proportional band (PB) and is inversely related to the con-
cept of gain (KC).Doubling gain K. requires that the propor-—

tional band be halved.

Controller output is usually fed to the actuator.With
proportional action ,the controller output varies proportion-—
ally to the deviation from the set point.When the input to
the controller gradually increases above the set value, the
actuator goes on closing and vice versa.If for a 50% in-
crease,the actuator completely closes and for a 50% decrease
it completely opens,the PB is said to be 100%.Similarly if
the actuator closes by 75% for a 50% increase and remains 25%
closed for a 50% decrease,then the PB is 200% and so on.This
is shown schematically in figure 3.1.If the PB Dbecomes

infinity,control action ceases.

Depending on the process to be controlled, simpler

combinations of the ideal three actions are often used.

14



P+I control:

When a demand from the process is fully met by P-action
alone, the I-action is unnecessary;Abut if a higher demand is
made from the process , it is unlikely that the simple P-
action will be able to meet the demand . When the P-action
alone is used the output will not be large enough to meet
this demand and a settlement occurs at any intermediate value
leaving an offset error . If an I action is provided, then it
supplies an ever increasing output,allowing the actuator to
open more.The demand by the process can be met such that the
deviation and the proportional output start faliing towards
the set point.The procedure will actually bring the offset to
zero.With the proper choice of the P action and I action
parameters it 1is posible to check the rise in the I unit
'output and steady the P unit output when thé demand is fully
met.Then the outputs from the P unit and I unit together give
the required output.The integral time constant,is the inter—
val to cause the same amount of output as that produced by

proportional action due to a steady deviation from set point.

17



P+D control:-

Another mode of control is the P+D control.This mode is
complementary to the I action.When a process runs with small
disturbance wide PB and low I action are | usually
preferrred.Because of these settings,the action of the con-
troller is too slow.If now,suddenly,large disturbances occur
at wide intervals,this P-I action alone will not be suffi-
cient and a D action may be introduced to challenge such
immediate deviations and ensure immediate corrective
action.As soon as the deviation becomes zero, the P-action
will stop.Thus the derivative system detects a change in the
increase or decrease of the deviation and provides an outpput

in proportion to the speed of deviation.

Each of these system has in own advantages and disad-
vantages which will be dealt next.The choice of the control-
ler depends on the transient response of the process.The
ideal three mode controller is one whose output is the sum of

all the three control actions.

16



In the PID controller K,,T;,Tyq are all adjustable. From
the equation it is clear that integral time (T;)and deriva-
tive time (Tg4) respectively attect integral and derivative
parts only while proportional gain'(Kc) affects éll the parts

of the control action.

When the process characteristics are known approximate-
ly the values at which K,,Tjand T4 are to be adjusted are
determinable.Final setting of these parameters will always be
made by making a compromise between the steady state and
dynamic performances.The adjustment of the parameters can be
done in many ways.In one method the proportional gain is
increased till the system begins to have stable oscillations
putting off the other two control actions.If the oscillator
~period is T, and system gain is K ,then the parameter values

for the PID control action can be derived from the equation

Ko = 0.6 K g
T, = 0.5 TO
Tyq = 0.125 T, as given by Ziegler and Nichols.

11



3.3 NEED FOR PID:

A proportional feed back system has a fast response but
they are normally not used since corrections can not be made
until an appreciable error has been detected.There are other
disadvantages also. When the gain is too large oscillations
are introduced. In the proportional feed back scheme the
system is unable to maintain the control element at some
point when the error signal is not there. Thus in the propor-

tional feed back scheme there is always an offset error.

An integral feed back system will not produce an offset
error or steady state error. The elimination of the offset
is an important control objective. Thus the integral control
term is widely used in conjunction with proportional control
element.But above all this the integral control scheme has a
very slow response. A combination of proportional and integral
control schemes would make possible to achieve the faster
response of the proportional controller with resetting capa-
bilty of integral controller to give a system with no offset

error.

16



An additional problem to the proportional integral
controller is to avoid problem with severe ovefshooting or
oscillation when we want a high gain system. Thus gain figure
is also limited and thus in turn limits the rate at which the
system responds to input change. Thus we are introducing the
derivative feedback scheme also with the existing proportion-

al integral scheme.

The derivative term included in the P-I scheme will
provide an output which is a function of the rate of change
in the error signal. It anticipates the further behaviour of
the system and improves the dynamic response to the con-
trolled variable by decreasing the process responée time. The
derivative control scheme is not used alone in the control
system because if there is a constant error the output will
be zefo. The main disadvantage of a derivative control is
that it tends to amplify noise which is picked up during the

measurement itself.

19



Thus by combining the three proportional integral and
differential control schemes we can get a fast response

system, with no offset errors and overshoots

3.4 SYSTEM DESCRIPTION:

A general idea of the entire system can be obtained
from the block diagram. It mainly consists of

(1) Sensor and signal conditioning

(ii) A/D and D/A converters

(iii) Keyboard and Display interface

A general description about this system is given below.

Sensor and Signal conditioning :-

Sensor or a transducer is a device by which a physical
or mechanical or optical quantity to be measured is directly
transformed into an electrical voltage or current proportion-—
al to the input measured value. Different types of sensors
are available for different types of measurements. For exam-—
ple various capacitor senses are used for displacement,
velocity, pressure and force measurements. LVDT is used for

pressure measurement etc.

20



For temperature measurement the various sensors used
are the thermistors, resistance témperature detectors, ther-
mocouples, integrated circuits etc. While RTD's give linear
output and offer temperature range of -220°C to 55°C, thermo-
couples are used particularly for higher temperatures. Inte-—
grated circuits like AD590 are available with a linear cur-
rent output for temperature measurement. It can sense a range
of temperatures from -55°C to 150°C. Since this IC gives a
linear current output proportional to the absolute tempera-
ture there is no necessity for special linearising or signal
conditioning circuitry. However if the other sensors are used
the output must be linearised with respect to the input

temperature.

A/Drand D/A converters :-—

The input signal from the transducer which is an aﬁalog
signal is digitized using the A/D converter. The ADC0809 with
eight channel multiplexer is used for this purpose. It uses
the successive approximation technique for conversion having

a resolution of eight bits. The A/D output range is from 0 to

21,



FF for an input of 0 to 5Volts. Any one of the éhannels can
be selected by the use of three address lines. The conversion
time is 100 uS. Thus the A/D converter which is highly accu-
rate, a high speed device is well suited for control and

measurement applications.

The digitized signal from the A/D 1is given to the
processor for calculating the control voltage using the
software. Once the control voltage is calculated, the digital
output from the processor is fed to the D/A converter . This
is also a highly accurate device with fast setting time and
low power consumption. Thus the digital signal 1s again
conveted back to the analog for supplying to the driver and

actuator circultry.

Driver/Actuator circuit :-—
The ouput from the digital to analog converter is fed
to the process actuator. So this analog signal has to be

amplified before being fed to the controlling element. De-

A2



pending on the process various types of amplifiers are used.
Usually instrumentation amplifier is used for this purpose.
Depending on the different measuring parameters different

types of controlling circuits are used.

Keyboard and Display Interface :-

The desired values of the processes are input through
the 7 x 3 standard matrix keyboard. It is interfaced to the
microcontroller wusing 8279 keyboard interface. Keyboard
entries are stored in the internal FIFO (first in first out)
memory while an interrupt singal is generated with the key-

board entry.

The display section consists of nine seven segment
displays interfaced to the microcontroller using the 8279
keyboard/display interface. The display segment has 16 x 8
R/W memory (RAM) which can be used for read/write information
for display purposes. The display can be setup either in the

right entry or left entry.

A



The 8279 keyboard and display interface has got four

sections.
(1) Keyboard Section
(ii) Scan Section
(iii) Display Section
(iv) MPU Interface Section

(1) Keyboard Section :-

This section has 8 lines (RLO-RL7) that can be con-
nected to 8 columns of a keyboard plus two additional lines:
SHIFT and CNTL/STB (Control/strobe). The status of SHIFT key
and the CONTROL key can be stored along with a key closure.
The keyboard also includes 8x8 FIFO (First in First out)RAM.
the FIFO RAM consists of 8 registers that can store 8 key-
board entries. The status logic keeps track of the number of
entries and provides an IRQ(interrupt request) signal when

the FIFO is not empty.
(ii) Scan Section :-

The scan section has a scan counter and 4 scan lines(SLO-

SL3). These four scan lines can be decoded using 4 to 16

24



decoder to generate 16 lines for scanning. These lines can be
connected to the rows of a matrix keyboard and the digit

drives of a multiplexed display.

(iii) Display Section:

The display section has 8 output lines divided into two
groups - A0 to A3 and BO to B3. These lines can be used
either as a group of 8 lines or as two groups of four in
conjuction with the scan lines for a multiplexed display. The
display can be blanked by using the BD line. This section
includes 16X8 display RAM. The MPU can read from or write

into any of these registers.

(iv) MPU Interface Section :-

This section includes 8 bi-directional data lines(DBO-
DB7),one interrupt request line(IRQ) and 6 lines for inter-
facing,including the buffer address line(A0). When All is
high,the signals are interpreted as control words are status.
When A0 is low, the signals are interpreted as data.The IRQ
line goes high whenever data entries are stored in the FIFO.
This signal is used to interrupt the MPU to indicate the

availability of data.

25
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CHAPTER 4

uC 80C31

4.1 Introduction :-—

An overview about the microcontrollers was given in the
chapter 2. In this chapter a more detailed understanding of

80C31 is done.

The 80C31 microcontroller is one of the members of the
MCS-51 family of 8-bit microcontrollers all of which are
based on the same architecture and uses the same powerful
instructions. The 80C31 is fabricated on the CHMOS technolo-—
gy and is a ROM less version of the 80C51 and 87C51 microcon-—

trollers.

The salient features of 80C31 microcontroller are
* 8 bit CPU optimized for control applications

* 128 Byte data RAM

* 64K external program memory space and

* 64K external data memory space

* 32 Programmable I/0 lines

26



* Two 16 bit timer/Counters
* 5 interrupt sources
* Draws less current and can be operated in two re-

duced power modes.
Because of these salient features the highly efficient

80C31 microcontroller was selected as the heart of the sys—

tem.

4.2 Architecture :-

The architecture of the 80C31 microcontroller is same
as that of the MCS-51 family of microcontrollers. Please

refer to the appendix for the block diagram.

4.2.1 Memory Organisation :-—

The 80C31 has separate address spaces for program
memory and data memory. The logical separation of program and
data memory allows the data memory to be accessed by 8-bit
addresses,which can be more quickly stored and manipulated by
an 8-bit CPU. Also 16-bit data memory addresses can be gener-

ated through the DPTR register.

AT



Program Memory :-—

Program memory can only be read,not written to. There
can be up to 64Kb of program memory in the ROM and EPROM
versions; the lowest order bytes are provided on the chip. In
the ROM less 80C31 version all program memory is external.The
selection whether the lowest 4K (or 8K or 16K) bytes of
program memory be the onchip ROM or in an external ROM is
made by strapping the EA pin to either Vee ©Or Vgo. In the
case of 4K ROM devices if EA pin is strapped to Voo then
program fetches to addresses 0000H through OFFFH are directed
to the internal ROM and addresses from 1000H through FFFFH
are directed to external ROM. If EA pin 1is strapped to Vgg
then all fetches are directed to the external ROM. In 80C31
this pin is externally strapped to V., to enable it to exe-

cute properly.

For accessing the external program memory two of the
microcontroller ports,port0 and port2 are used.Port0 carries
the lower order address multiplexed with data and port2
carries the higher order address. As soon as the address is
on the bus the PSEN is enabled and code byte is read in to

the microcontroller.

A0



Moreover each interuppt of 80C31 is given a location in
the program memory.As soon as the interuppt is made the CPU
jumps to that particular location and commences execution of

the service subroutine.

Data Memorvy :-—

In the case of 80C31 microcontroller chip upto 64KB of
external RAM can be addressed in the external data memory
space. The CPU generates read and write signals,RD and WR as
needed during external data memory addresses. The exteranal
data memory are often used in conjuncttion with one or more
other I/O lines to page the RAM. The lower 128 bytes of RAM

are present in all MCS -51 devices.

4.2.2 Registers :-—

The lowest 32 bytes of the internal RAM are grouped
into four banks of 8 registers. The program instructions call
out these registers as Rp through R,. Two bits in the program

status word are used to select the register banks.

29



The next sixteen bytes above the register banks form a
block of bit addressable memory space. The 128 bits in this
area can be directly addressed by instructions. The bit

addresses in this area are 00H through 7FH.

Apart from the register banks there are many special
function registers (SFR).The SFR's includes port
latches,timer,peripheral controls etc.These registers can
only be addressed by direct addressing. Accumulator
register,B register,Program status word register, Stack point
register,Data pointer register are examples of special func-—
tions register.The B register is used during multiply and
divide operations.For other instructions it can be treated as
another scratch pad register.The PSW register contains pro-
gram status informations as shown below.

MSB LSB

Cy AC FO RS1 RSO ov-p

70



SYMBOL POSTION NAME AND SIGNIFICANCE
CY PSW.7 Carry flag
AC PSW.6 Auxiliary carry flag
(for BCD operations)
FO PSW.5 Flag 0
RS1 PSW.4 Register bank select
control bits 0 set
RSO PSW.3 cleared by software to determine

working register bank.

ov PSW.2 overflow flag
- PSW.1 user definable flag
P PSW.0 parity flag

The stack pointer register which is 8-bit wide may
- reside anywhere in on-chip RAM.It is incremented before data
is stored during PUSH and CALL execution.The stack pointer is
initialised to 07H after a reset. The data pointer consists
of a high byte (DPH) and a low byte (DPL).Its intended func-
tion is to hold a 16-bit address. It can also be manipulated

as two independent 8-bit registers.
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Apart from these registers,there are four port latches
and other timer,capture and control registers under the

special function registers.

4.2.3 Input/Output

There are totally four input/output bidirectional ports
present in 80C31 microcontroller. All the ports have 8 I/0
lines which make a total of 32 programmable I/O lines. Each
port consist of a latch,an output driver and an input buffer.
The output drivers of port0 and port2 and the input buffers
of port0 are used to access external memory. The portl0 out-
buts the low byte of the external memory address,time multi-
plexed with the byte being written or read.The port2 carries

the higher order address of the external memory.

All the port 3 pins and two portl pins are having

functions other than as port pins. They are as listed below:

PORT PIN ALTERNATE FUNCTION
P3.0 RXD (serial input)
P3.1 TXD(serial output port)
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P3.2 INTO (external interrupt)

P3.3 INT1 (external interrupt)
P3.4 TO (timer/counter 0)
P3.5 Tl (timer/counter 2)
P3.6 WR (external data memory

write strobe)
P3.7 RD (external data memory

read strobe)

The alternate functions can only be activated if the

corressponding bit latch in the port SFR contains a 1.

4.2.4. Interrupts

The 80C31 provides 5 interrupts sources two external
interrupts , two timer interrupts & the serial port inter—
rupt. What follows is an over view fo the interrupt structure

of. 80C31.

Each of the interrupts can be enabled or disabled by
setting or clearing a bit in the special register named IE

register. This register also contains a bit which can be
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cleared to disable all interrupts at once. Each interrupt can
also be individually programmed to one of two priority levels
by setting or clearing a bit in the SFR named interrupt
priority. Thus a low priority interrupt can be interrupted by
a high priority interrupt but not the other way. If interrupt
requests of the same priority levels are received then an
internal polling sequence determines which request is

serviced.

The external sources can be programmed to be level
activated or transition activated by setting or clearing the
bit IT1 or ITO0 in register TCON. Since external interrupts
pins are sampled once each machine cycle, an input high or
low should hold for atleast 12 oscillator periods to ensure
sampling. If the external interrupt is transition activated
the external source has to hold the request pin high for
atleast one cycle and then hold it low for atleast one cycle
to ensure that the transition is seen so that interrupt
request flag IEy will be set. IEy 1is automatically cleared

by CPU when the service routine is called. If the external is

"



level activated, the external source has to hold the request
until the requested interrupt is actually generated. Then it
has to deactivate the request before the interrupt service
routine is completed, otherwise another interrupt will gener-

‘ated.

4.2.5 Addressing Modes

The various modes used in 80C31 are discussed below.

Direct Addressing:
In direct addressing the operand is specified by an 8
bit address field in the instruction. Only internal data RAM

and SFR's can be directy addressed.

Indirect Addressing:
In indirect addressing the instruction specifies the
register which contains the address of the operand.Both

internal and external RAM can be indirectly addressed.
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opcode of the instructions. This eliminates the need for an
address byte. The register banks is selected by means of two

bank select bits ip the program status word.

Register Specific Instructions
These are instructions that are specific to certain
registers like accumulator or data pointer and thus no

address byte is needed to point it,

Immediate Addressing
In this type the value of the constant can be writtep

along with the Opcode in program memory.
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Index Addressing

Only program memory can be accessed with indexed
address and it can only be read. This type of addressing is
intended for reading look up tables in program memory. A 16
bit base register acts as the pointer and the accumulator 1is
used for loading the table entry number. The address of the
table entry in program memory is formed by adding the accumu-

lator data to the base point.

4.2.6 Timer/Counter

In the tiﬁer functions, the register is incremented in
€very machine cycle. Thus one can think of it as counting
machine cycles. Since a machine cycle consists of 12 oscila-

tor periods,the count rate is 1/12 of the oscillator frequen-

cy.

In the counter function a register is incremented in
response to a 1 or 0 transition at the corresponding external
input pin t0 or tl. The timer 0 and timer 1 have four operat-

ing modes to select.
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4.2.7: Timer/Counter mode control (TMOD) register

MSB L.SB
GATE C/T M1 MO GATE c/T M1 MO
GATE - Gating control when set. Timer/Counter 'x' is enabled

only while TNTX pin is high and 'IRX' control pin is set.
When cleared Timer is enabled whenever 'TRX! control bit is
set.

C/T - Timer/Counter selector clear for tmer operation (input
from internal system clock).Set for counter operation.

M1 MO Operation Mode

0 0 8031 Timer TLX serves as

5 bit pre-scaler.

0 1 16 ~ bit timer/counter. THX and TLX
are cascaded. There is no pre-
scaler.

1 0 8 bit auto-reload timer/
counter THX holds a value
which is to be reloaded in to
TLX each time it overflows.

1 1 (Timer 0) TLO is an 8 bit

timer/counter controlled by
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standard timer 0 control bits.
THO is an 8 bit timer
only,controlled by timer
1 control bits.

1 1 (Timer 1) Timer/Counter

1 stopped.

MODE 0
Putting either timer into mode 0 makes it look like a
timer, which is an 8 bit counter with a divide by 32 pre-

scaler.

In this mode the timer register is configured as a 32
bit register. As the counter rolls over, from all 1's to all
O0's it sets the timer interrupt flag TF1. The counter input
is enabled to the timer TRl = 1 and either GATE = 0 or INT1 =
1. Setting GATE = 1 allows the lower to be controlled by
external input INT1 to facilitate pulse width measurements.
TR1 is a control bit in the special function register TCON

GATE is in TMOD.
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The 13 bit register consists of all 8 bits of TH1 as
the lower 5 bits TL1. The upper 3 bits of TLl are interminate
and should be ignored. Setting the run flag TR1 does not

clear the register.

Mode O operation is the same for timer 0 as timer 1.
Substitute TRO , TFO and INTO for the corresponding timer 1
signals in figure. There are two different gate bits , one

for timer 1(TMOD.7) and the other for timer 0(TMOD. 3).

MODE 1:
Mode 1 is the same as mode 0 except that the timer

register is being run with all 16 bits.

MODE 2:
The mode 2 configuration » the timer register is an 8§

bit (TFl) with automatic reload.

MODE 3:
Timer 1 in mode 1 simply holds its count.The effect is

the same as setting TR1 = 0.
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4.2.8 STANDARD SERIAL INTERFACE:

MSB LSB

TF1 TR1 TFO TRO IEl1 IT1 TEO ITO

SYMBOI, POSITION NAME AND SIGNIFICANCE
TF1 TCON.7 Timer 1 overflow flag
TR1 TCON. 6 Timer 1 run control bit

set/cleared by software to
turn Timer/Counter ON/OFF.
TFO TCON.5 Timer 0 overflow flag set

by hardware on timer/counter

overflow.
TRO TCON. 4 Timer 0 run control bit
IR1 TCON. 3 Interrupt 1 edge flag set

by hardware when external
interrupt edge detected
cleared when interrupt
Processed.

IT1 TCON. 2 Interrupt 1 type control
bit/cleared by software to

specify falling edge/low
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level triggered external
interrupts.

IEO TCON.1 Interrupt o edge flag set
by hardware when eXternal
interrupt edge detected.
Cleared when interrupt
Processed.

ITO TCON. O Interrupt ¢ type control
bit set/cleared by software
to specify falling edge/low

level triggered external

interrupts.

4.2.9 Instruction set:

The instruction set of Mcs-51 family includes 111
instructions +49 of which are single bytes,45 two bytes and
17 three bytes instruction.These instructions are divided
into four functional groups

* Data transfer

* Arithmetic

* Logic

* Control transfer
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Data transfer:
These operations are further divided into three class—
es.
* General purpose
* Accumulator specific

* Address object

None of these operations affect the psSw flag settings

except POP or MOV directly to the PSw

The general purpose transfers include instructions like
MOV , PUSH and poOP which transfer a byte from the source
operand to the destination operand.The accumulator specific
transfers include instructions like XCH,XCHD,MOVX,MOVC,etc.
While the first two instructions perform exchange operations
between the accumulator and source operand the last two
performs byte movement between memory and accumulator. The
address object transfer instruction like MoV DPTR #data loads

16 bits of immediate data into a pair of destination regis-

ters DPH and DPIL.
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Arithmetic instructions:
Basically four mathematical operations can be done

using 80C31 for 8 bit unsigned operands. Addition and sub-

traction can be done on both unsigned and signed binary

integers using the overflow flag.

The addition instructions include increment (INC)
source operand, ADD which adds accumulator to the source
operand, ADD C (add with carry) and DA (decimal-add~adjust
for BCD addition).The subtraction operation include SUBB
(subtract with borrow) and Drc (decrement from source
operand).80C31 instruction can also perform the multiplica-
tion of a register by B register with lower byte of the

result in A and higher byte in B.

The division instruction DIV performs the unsigned
division of the A register by the B register and returns the
integer quotient to A register and returns fractional remain-

der to B register.

44



Logic instructions:

The 80C31 performs basic logic operations on both bit
and byte operands. The single operand operations include CLR
which sets A to 0 , SETB which sets any directly addressible
bit to 1 and CPL which is used to complement the contents of
the A register without affecting flags . Apart from these
instructions ther are five rotate instructions that can be
performed on A. Two operand operations include ANL which
performs a bitwise AND operations + ORL which performs a
bitwise logical OR and XRL, which performs a bitwise logical

XOR of two source operands.

Control transfer instructions:

There are three classes of control transfer operations,
unconditional calls ,returns and jumps ,conditional jumps and
interrupts . All these operations cause the program execution

to continue at a non sequential location in program memory
The unconditional calls , returns and jumps, transfer

control from the current value of the program counter to the

target address. ACALL and LCALL push the address of the next
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instruction into the stack and then transfers control to the
target address. LCALL is a three byte instruction and acarLr,
is a two byte instruction . RET transfers control to the
return address and decrements stack by two locations . AJMP,
LJMP and SJMP transfers control to the target operand.SJMP is
for transfering control with in 256 bytes centered about the
starting address of the next instruction. The instructions
are Jz, JNz, JC, JNC, JB, JNB,etc. which transfers the con-
trol to the address specified when the condition is
satisfied . The RETI transfer control as does RET but

additionally enables interrupts of the current priorty level.
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CHAPTER 5

HARDWARE DETAILS

The 8031 microcontroller controls the entire process of
PID control.We have used an ADC chip 0809 for converting
the measured value from the transducer into its cérresponding
digital value.A DAC chip 0800 is used to convert the digital
signal into analog signal which is then converted by a trans-—

ducer and is used to control the process.

The transducer used is IC AD590 which will give 1 micro
ampere per kelvin linear output. Over the temperature range
of this transducer,the generated current will vary from 218
micro ampere to 423 micro amperes.These numbers can be ob-
tained easily by noticing that -55°C to +150°C corresponds to

218 kelvin to 423 kelvin.

A 10Kohm resistance will force the VIN of the ADC to

vary between approximately 2.18 volts to 4.23 volts.This
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corresponds to approximately half the full scale range of the
ADC which is 5 volts.If the Vrer(~) input of the ADC is set
to 2.18 volts then the ADC will output all zeroes when the

input temperature is approxmately -55°C.

Port 0(P0) of microcontroller 8031 is used as data port
and Port0 and Port2 together are used for addressing the
external chips.The higher order byte of the address comes out
of Port2 while the lower order byte is given out on Port0
pins. Portl pins are bit addressable and are used for control
of the ADC and DAC chips.Three pins of Portl,P1.3,P1.5,P1.6
are connected to the address lines of the A/D
converter.Addresses are generated using software.The clock
input to the ADC is given from a monostable multivibrator
4047.P1.4 is provided to the ALE and SOC pins of ADC
chips.Using software a pulse can be generated at the output

of this pin by setting and clearing this pin alternatively.

The controller is put in loop to check for end of

conversion signal.Once it recognizes this signal,it gives out
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a RD signal.The RD signal along with the output of the decod-
er provides the output enable pulse to the ADC and the digi-

tal data will be available at the output.

The digital output which ié the digital equivalent of
the control voltage V. is provided by the microcontroller.
The 74373 latch is used for latching the output data.The
clock pulse of 74373 isg generated using the address for DAC
and the WR pulse.The output DAO to DA7 of the latch is cou-

pPled to the inputs D01 to D08 of DAC using optocouplers. The

isolation will be present.

The analog output is available at pin number 4 of DAC.
Reference voltage is generated at pin 14 using voltage supply
and zener diode.The analog output Vo 1s applied to a voltage
follower circuit which is using IC-741 and this acts as a
buffer.The output of the buffer is provide to transducer
whose output controlls the pProcess whose parameter has to be

controlled.
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All the programs are stored in EPROM.The address for
EPROM comes out on PO and P2 lines.The lower order byte is
latched using a latch(74373).The clock for the chip is con-
nected to the ALE of the microcontroller 8031.Program Store
Enable signal (PSEN) should be held low when EPROM is ac-
cessed.The output data bus P00 to P07 are connected to the

data bus of microcontroller 8031.

The keyboard/display controller chip 8279 is used.The
data bus of 80C31 is connected to the data lines of 8279.
8279 has got 16 bytes of display RAM. The data to be dis-
played is brought to the display RAM when the WR signal 1is
enabled.The clock input to the 8279 is given from the ALE and
the address buffer signal is given from the P20 of
80C31.Whenever the chip select is given the scan lines will
generate a code which will select one display and the code
for the data in the RAM is output to the output port.From the
output port,it is given to the 7 segments of the display.The

return lines and the 4 scan lines are used to scan the 7%*3
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matrix keyboard.If any key is pressed the address of the

switch in the matrix plus the status of shift and control are

an IRQ signal when the FIFO is hot empty when the key is
prcoed 8279 will give an interrupt request which is high all
time . This is inverted using a monostable multivibrator and
given to INT1 of the 80C31.Then RD signal is given by the cpyu
the data is read by the CPU.This can lines are given to a
4x16 Demultiplexer chip 4515. This wil] select one of the
displays using transistor as switches. The output of the
4515 are 16 mutually exclusive low outputs. Thé transistor

are used for driving the displays.
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; SOFTWARE FOR PID CONTROLLER

; INITIALISATION

CTRL_8279 EQU 2100H
DATA 8279 EQU 2000H
ADC 0808 EQU 6000H
DAC 08 EQU 4000H
TEMP_SET EQU 30H
TEMP_READ EQU TEMP_SET+1
KEYB EQU 40H
FL _KEYPRESSED EQU 20H
VP EQU KEYB+1
E EQU VP+1
vn EQU E+1
V[in-1] EQU Vn+1
K1 EQU Vin-131+1
K EQU Ki+1
TS EQU K+1
T1 EQU TS+1
VD EQU Tl+1
VI EQU VD+1
VTOT EQU VI+1
E[n-1] EQU VTOT+1
X EQU E{n-11 +1
Y EQU X+1

ORG 0000

LJIMP START

ORG 0003H

RETI

ORG 000BH

RETI

ORG 0013H

JMP ISR 8279

ORG 001BH

RETI

ORG 23H

RETI
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ISR 8279:
' PUSH  DPL
PUSH  DPH

PUSH  ACC

MOV DPTR, #CTRL_8279
MOVX A, @DPTR

ANL A, #07H

JZ END ISR 8279
MOV DPTR, #DATA_ 8279

MOVX A, @DPTR
CALL TRANS KEY CODE
MOV KEYB,ZA

SETB FL_KEYPRESSED

END_ISR 8279:
RETI

Main program for PID algorithm

START: CLR EA ; Disable all the interrupts.
CALL INT DEVICES

DEE1l:
JNB FL_KEYPRESSED,DEE1l

CALL CONVERSION
CALL FND_ERR
CALL CAL_PROP

CALL CAL_DERV

CALL CAL_INTEG
CALL FND_TOT

CALL OUT DAC

CLR FL_KEYPRESSED
JMP DEE1

Data accusition from ADC
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CONVERSION:

MOV DPTR, #ADC_0808
NOP

NOP

MOV A, @DPTR

MOV V1, A

CALL  BIN2BCD

CALL  DISP

RET

Calculation of error voltage

FND_ERR:
MOV A,KEYB
MOV B,V1
SUBB A,B
MOV E,A
RET

Calculation of proportional voltage

CAL PROP:
MOV A,
MOV B,
MUL AB
MOV VP

RET

Calculation of integral voltage

CAL_ INTEG:
MOV A, TS
MOV B,K
MUL AB
MOV B, TI
DIV AB
MOV B,E
MUL AB
MOV B,V[n-1]
ADD A,B
MOV VI,A
RET

74



Calculation of derivative .

CAL_DERV:
MOV
MOV
MUL
MOV
DIV
MOV
MOV
MOV
SUBB
MOV
MUL
MOV
RET

A,TD
B,K

AB

B, TS

AB

KD, A
A,En
B,E[n-1]
A,B

B, KD

AB

VD, A

voltage

Calculation of total control voltage

CALL TOT:
MOV
MOV
ADDC
MOV
ADDC
MOV
RET

INIT DEVICES:

MOV
MOV
SETB
SETB
MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOVX
MOV
MOV
MOVX
MOV
CLR
SETB
CLR
RET

A,VP
B,VD
A,B
B,VI
A,B
VTOT, A

P3, #0FFH
P1,#00H
EX1
IT1

DPTR, #CTRL 8279

A,#00
@DPTRA, A
A, #90H
@DPTR, A
A, #50H
@DPTR, A
A, #60H
@DPTR, A
A,OOFH
@DPTR, A
DPTR, # DAC_08
A, #O0FFH
@DPTR, A
P1,#00H
A
Pl.4
Pl.4



DISP_ TBL:
DB
DB
DB
DB
DB
DB
DB
DB
DB

KEY TBL:
DB
DB
DB

0FCH
060H
O0DAH
0F2H
066H
0B6H
0BEH
OFEH
OE6H

OD1H, 0D2H, 0CAH, 0C
ODOH, 0CBH, 0COH, 0C
ODAH, ODBH, 0D8H, 0D

Output control voltage to DAC

OUT DAC:
- MOV
MOV

MOVX

RET

TRANS KEY CODE:
T MOV

MOV
MOV
MOV
CLR
MOVC
XRL
JZ
INC
INC
MOV
SJIMP

CODE_FOUND:
MOV

END TKE:
RET

DPTR, #DAC 08
A,VTOT
@DPTR, A

B,A
DPTR, #KEY TBL
R7,4NO_OF KEYS
RO, #00H

A

A, @A+DPTR

A,B

CODE_FOUND

RO

DPTR

A, #0FFH

END TKE

A,RO

5%

2H,0D3H, 0CBH, 0C3H
1H,0C9H, OE2H, OE3H
9H;
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; BIN2BCD32 converts a four byte binary number into a eight
digit packed BCD

; string.
H
BIN2BCD:
PUSH 7
MOV Y, #0
MOV Y+1,#0
MOV Y+2,#0
MOV Y+3,#0
MOV R7,#32
BIN2BCD20:
CLR C
MOV A,X+3
RLC A
MOV X+3,A
MOV A, X+2
RLC A
MOV X+2,A
MoV A,X+1
RLC A
MOV X+1,A
MOV A, X
RLC A
MOV X,A
MOV A,Y+3
ADDC A,Y+3
DA A
MOV Y+3,A
MOV A,Y+2
ADDC A,Y+2
DA A
MOV Y+2,A
MoV A,Y+1
ADDC A,Y+1
DA A
MOV Y+1,A
MOV A,Y
ADDC A,Y
DA A
MOV Y, A
DBNZ R7,BIN2BCD20
MOV X,Y
MOV X+1,Y+1
MOV X+2,Y+2
MOV X+3,Y+3
POP 7
RET
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DPO:

DP1:

DISP

PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
MOV
MOV
MOVX
MOV
MOV
MoV
MOV

MOV
MOV
MOV
CJINE
MOV
CLR
MOV

INC
INC
MOV
MOVX
DJINZ
POP
POP
POP
POP
PGP
POP
POP
POP
RET

PSW
DPTR, #CTRL 8279
A, #90H -
@DPTR, A

DPTR, #DATA 8279
RO, #DISp
R6,#01H

R7,#06H

A,@RO

B,A

A,R6
A,DP_POSITION,DP1
A,B

ACC.7

B,A

R6

RO

A,B
@DPTR, A
R7,DPO
PSw

ACC
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CONCLUSION

We have successfully designed a system which controls
the temperature of a4 process. Our project has been designed
on a single printed circuit board which makes our system
compact. Our project has been found to work satisfactorily.
All the I/0 devices 1like ADC, DAC and controller chip 8279
has been interfaced successfully to the microcontroller. The
7 segment LEDS displays the set value continuously. The
system has been checked for different set value and each time
it was found to work satisfactorily. The printed circuit

board along with the keyboard has been enclosed in a cabinet.

SUGGESTIONS:

Our project can be extended such that different parame-—
ters other than temperature can also be controlled. Totally
8 parameters can be controlled through 8 channels. For this
purpose the 8 channel ADC chip can be used. This will result
in software complesity since mcu has to control all the
parameters. Open loop control of the parameters can also be
done by suign relays which switches the heater ON or oFF
depending upon the decrease or increase of the measured value

With respect to the set value.
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Oscillator
pertod

i Mnemonic Description Byte

DATA TRANSFER {Continued)

Mnemonic pescription Byte

BOOLEAN VARIABLE MAN\PULAT\ON

MoV @Ridirect Move direct 2 24 CLR C Clear Carry 1 12
byte to CLR bit Ciear direct bit 2 12
indirect RAM sevte C Set Cany 1 12
MOV GRi# data Move 2 12 SETB bit Set direct bit 2 12
immediate cPL C Complement 1 12
datalo Carny
indirect RAM cpPL bit Comptement 2 12
MOV DPTR, #datald Load Data 3 24 direct bit N
Pointer with 8 ANL C.bit AND direct bit 2 24 \
16-bit constant 1o CARRY
MOVC AGA+ DPTR Move Code 1 24 ANL C./bit AND complement 2 24
byte relative o - of direct bit
DPTR 0 Acc 1o Carry
MOVC A@A+ PC Maove Code 1 24 ORL C.bit OR direct bit 2 24
byte relative 10 o Carry
PC to AcC ORL cJ/oit  OR complement 2 24
MOVX A@Ri Move 1 24 of direct bit
External 1o Carry
RAM (8-bit MOV C.bit Move direct bit 2 12
addr) to AcC to Carry
MOVX A.GDPTR Move 1 24 MOV bit,C Move Carry t0 2 24
Extermal direct bit
RAM (16-bit JC rel Jump it Carry 2 24
addr) to Acc is set
MOVX @RLA Move Acc 10 1 24 JINC rel Jump it Carry 2 24
External RAM not set
(8-bit addr) JB bit,rel Jump if direct 3 24
MOVX @DPTR,A Move Acc 10 1 24 Bitis set
External RAM JNB pit,rel  Jump it direct 3 24
(16-bit addr) @it is Not set
pusH direct Push direct 2 24 JBC pitrel  Jump it direct 3 24
byte onto gitis set &
stack clear bit
pop  direct Pop direct 2 24 PROGRAM BRANCHING
byte from ACALL addrit Absolute 2 24
stack Subroutine
XCH ARn Exchange 1 12 Call
register with LCALL addri8 Long 3 24
Accurnuiator Subroutine
XCH  Adirect Exchangeé 2 12 Call
direct byle RET Return from 1 24
with Subroutine
Accumulator RET! Return from 1 24
XCH A@Ri Exchange 1 12 interrupt
indirect RAM AJMP  addrit Absolute 2 24
with Jump
Accumuiator LMP  addrt 6 lLongJump 3 24
XCHD AGRi Exchangs low- 1 12 sjmp  rel Short Jump 2 24
order Digit (retative addr)
indirect RAM

with AcC

Ao \NSTRU CTLON SET
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C’:ixe ;ugayl::; - Mnemonic Operands Cl.:;xe :'ugny!::; Mnemonlc Operands

00 1 NOP 33 1 RLC A

01 2 AJMP code addr 34 2 ADDC A, #data

02 3 LJMP code addr 35 2 ADDC A.data addr

03 1 RR A 36 1 ADDC A,@R0O

04 1 iNC A 37 1 ADDC A@R1

05 2 INC data addr 38 1 ADDC ARO

06 1 INC @RO 39 1 ADDC AR1

07 1 INC @R1 3A 1 ADDC AR2

08 1 INC RO 38 1 ADDC AR3

08 1 INC R1 3C 1 ADDC A R4

OA 1 INC R2 30 1 ADDC AR5

08 1 INC R3 3E 1 ADDC ARS

oC 1 INC R4 3F 1 ADDC AR7

00 1 INC RS 40 2 Jc code addr

0E 1 INC Re6 41 2 AJMP code addr

OF 1 INC R7 42 2 ORL data addr,A

10 3 JBC bit addr, code addc 43 3 ORL data addr, # data

11 2 ACALL code addr 44 2 ORL A, #data

12 3 LCALL code addr 45 2 ORL A.data addr

13 1 RRC A 46 1 ORL A.@R0

14 1 DeC A 47 1 ORL AeR1

15 2 DEC data addr 48 1 ORL A RO

16 1 DEC €Ro 49 1 ORL AR1

17 1 DEC €R1 4A 1 ORL AR2

18 1 DEC RO 48 1 ORL AA3

19 1 DEC R1 4C 1 ORL AR4

1A 1 DEC R2 4D 1 ORL AR5

1B 1 DEC R3 4E 1 ORL AR6

1C 1 DEC R4 4F 1 ORL AR7

1D 1 DEC R5 50 2 JNC code addr

1E 1 DEC R& 51 2 ACALL code addr

iF 1 DEC R7 52 2 ANL data addr, A

20 3 JB bit addr, code addr 53 3 ANL data addr, # data

21 2 AJMP code addr 54 2 ANL A, #data

22 1 RET 55 2 ANL A.data addr

23 1 RL A 56 1 ANL A ERQ

24 2 ADD A, #data 57 1 ANL A EGR1

25 2 ADD A.data addr 58 1 ANL ARO

26 1 ADD A,@R0 58 1 ANL AR1

27 1 ADD A €R1 S5A 1 ANL AR2

28 1 ADD A RO 5B 1 ANL AR3

29 1 ADD AR1 5C 1 ANL AR4

2A 1 ADD AR2 5D 1 ANL AR5

28 1 ADD AR3 SE 1 ANL AR6

2C 1 ADD A R4 5F 1 ANL AR7

2D 1 ADD A.RS 60 2 Jz code addr

2€ 1 ADD A.R6 61 2 AJMP code addr

2F 1 ADD AR7 62 2 XKL data addr,A

30 3 JNB bit addr, code addr 63 3 XRL data addr, # data

31 2 ACALL code addr 64 2 XRL A, #data

32 1 RETI 65 2 XRL A.data adar
BOLSI \NSTRUCTION SET
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C':':;(e ;u:;:: Mnemonic Operands CH;; :'u:y!::; Mnemonic Operands
66 1 XRL A,@R0 99 1 suBs AR1
67 1 XRL A.@Rt 9A 1 suBsB AR2
68 1 XRL ARO 9B 1 sSuBB AR3
69 1 XRL AR1 9C 1 suBB AR4
6A 1 XRL A.R2 aD 1 SuBB AR5
68 1 XAL AR3 9E 1 suBB A.R6
6C 1 XRL AR4 9F 1 sSuB8B AR7
60 1 XRL AR5 AQ 2 ORL C./bit addr
6E 1 XRL AR6 Al 2 AIMP code addr
6F 1 XRL AR7 . A2 2 MOV C,bit addr
70 2 JNZ code addr A3 1 INC DPTR
71 2 ACALL code addr A4 1 MUL AB
72 2 ORL C,bit addr A5 reserved
73 1 JMP €A+ DPTR AB 2 MOV @R0,data addr
74 2 MOV A, #data A7 2 MOV @R1,data addr
75 3 MOV data addr, # data A8 2 MOV RO0.data addr
76 2 MOV €RO, #data AS 2 MOV R1,data addr
77 2 MOV @R1, #data AA 2 MOV R2,data addr
78 2 MOV RO, #data AB 2 MOV R3,data addr
79 2 MOV R1,#data AC 2 MOV R4,data addr
7A 2 MOV R2, #data AD 2 MOV RS5,data addr
78 2 MOV R3, #data AE 2 MOV R6,data addr
7C 2 MOV R4, #data AF 2 MOV R7.data addr
70 2 MOV RS, # data BO 2 ANL C./bit addr
7E 2 MOV R6, #data B1 2 ACALL code addr
7F 2 MOV R7,#data B2 2 CPL bit addr
80 2 SUMP code addr B3 1 CPL o]
81 2 AJMP code addr B4 3 CJNE A, # data,code addr
82 2 ANL C,bit addr B85 3 CJINE A.data addr,code addr
83 1 MOVC AGA+PC B6 3 CINE @RO, # data,code addr
84 1 Div AB B7 3 CJINE @R1, #data,code addr
85 3 MOV data addr, data addr B8 3 CJINE RO, # data,code addr
86 2 MOV data addr,@R0 B9 3 CJINE R1, #data,code addr
87 2 MOV data addr,@R1 BA 3 CJNE R2, #data,code addr
88 2 MOV data addr,RO BB 3 CJINE R3, #data,code addr
89 .2 MOV data addr,R1 B8C 3 CJUNE R4, # data,code addr
BA 2 MOV data addr,R2 BD 3 CJUNE R5, # data,code addr
8B 2 - MOV data addr,R3 BE 3 CUNE RS, # data,code addr
8C 2 MOV data addr,R4 BF 3 CJUNE R7,#data,code addr
8D 2 MOV data addr,RS co 2 PUSH data addr
8E 2 MOV data addr,R6 C1 2 AIMP code addr
8F 2 MOV data addr,R7 Cc2 2 CLR bit addr
90 3 MOV DPTR, #data C3 1 CLR o]
91 2 ACALL code addr Cc4 1 SWAP A
92 2 MOV bit addr,C C5 2 XCH A,data addr
93 1 MOVC AGA+DPTR Cc6 1 XCH A E@RO
94 2 SuBB A, #data (094 1 XCH ACR1
a5 2 suBB A data addr cs 1 XCH A RO
96 1 sSuBs A,GRO C9 1 XCH AR1
97 1 SuUBB AGR1 CA 1 XCH AR2
398 1 SuBB A RO c8 1 XCH AR3

80 (31
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Interrupt Response Time: Refer 10 Hardware De-
scription Chapter.

Instructions that Affect Flag Settings(!)

instruction Flag Instruction Flag
C Ov AC C OV AC

ADD X X X CLRC o}
ADDC X X X CPLC X
suBB X X X ANL C bit X

MUL O X ANLC,/bit X

Div o X ORL C,bit X

DA X ORL C,bit X

RRC X MOV C,bit X

RLC X CIUNE X
SETBC 1

{(DNote that operations on SFR byte address 208 or
bit addresses 209-215 (i.e., the PSW or bits in the
PSW) will also affect flag settings.

Note on instruction set and addressing modes:

Rn — Register R7-R0 of the currently se-
lected Register Bank.

— 8-bit internal data location’s address.
This could be an Internal Data RAM
location (0-127) or a SFR {ie. 1/0
port, control register, status register,
etc. (128-255)].

— 8-bit internal data RAM location (0—
255) addressed indirectly through reg-
ister R1 or RO.

#data  — 8-bit constant included in instruction.

#data 16 — 16-bit constant included in instruction.

addr 16 — 16-bit destination address. Used by
LCALL & LIMP. A branch can be
anywhere within the 64K-byte Pro-
gram Memory address space.

— 11-bit destination address. Used by
ACALL & AJMP. The branch will be
within the same 2K-byte page of pro-
gram memory as the first byte of the
following instruction.

rel — Signed (1wo’s complement) 8-bit offset

byte. Used by SIMP and all condition-
al jumps. Range is —128 10 +127
bytes relative to first byte of the fol-
lowing instruction.
bit — Direct Addressed bit in Internal Data
L RAM or Special Function Register.

direct

@Ri

addr 11

Mnemonic

Description

Byte

Osclllato‘J

Period

B8O 31

ARITHMETIC OPERATIONS

ADD

ADD

ADC

ADD

ADDC

ADDC

ADDC

ADDC

SUBB

sugs

sSuBB

sues

INC

INC
INC

INC

DEC

DEC

DEC

DEC

ARn
A.direct
A @Ri

A #data

ARn

A direct

A @Ri

A, # data

ARn

A direct

A @Ri

A, #data

A

Rn
direct

@Ri

A

Rn

direct

Add register to
Accumutator

Add direct byte to
Accumulator

Add indirect RAM
to Accumulator
Add immediate
data to
Accumuiator

Add register to
Accumulator

with Carry

Add direct byte to
Accumulator

with Carry

Add indirect
RAM to
Accumulator

with Carry

Add immediate
data to Acc

with Carmry
Subtract Register
from Acc with
borrow

Subtract direct
byte from Acc
with borrow
Subtract indirect
RAM from ACC
with borrow
Subtract
immediate data
from Acc with
borrow
Increment
Accumulator
Increment register
Increment direct
byte

Increment direct
RAM

Decrement
Accumulator
Decrement
Register
Decrement direct
byte

Decrement
mndirect RAM

12

12

12

INGTRUCTION C¢T
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Mnemonic Description Byte O:c:rlllz;or Mnemonic Description Byte O:cel:‘lzzor
ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued)
INC DPTR increment Data 1 24 RL A Rotate 1 12
Pointer Accumulator Left
MUL AB Muitiply A & B 1 48 RLC A Rotate 1 12
Div  AB Divide A by B 1 48 Accumutalor Left
DA A Decimai Adjust 1 12 through the Carry
Accumulator RR A Rotate 1 12
LOGICAL OPERATIONS Accumulator
ANL  ARn AND Register to 1 12 Right
Accumulator RRC A Rotate 1 12
ANL A direct AND direct byte 2 12 Accumulator
to Accumutator Right through
ANL A @Ri AND indirect 1 12 the Carry
RAM to SWAP A Swap nibbles 12
Accumutator within the
ANL A, #data AND immediate 2 12 Accumuilator
data to DATA TRANSFER
Accumutator MOV  ARn Move 1 12
ANL  direct A AND Accumulator 2 12 register to
to direct byte Accumulator
ANL direct,#data AND immediate 3 24 MOV Adirect Move direct 2 12
data to direct byte byte to
ORL A.Rn OR register 10 1 12 Accumulator
Accumulator MOV A @Ri Move indirect 1 12
ORL A, direct OR direct byte 10 2 12 RAM to
Accumulator Accumulator
ORL A.eRi OR indirect RAM 1 12 MOV A #data Move 2 12
to Accumulator immediate
ORL A, #data OR immediate 2 12 data to
data to Accumulator
Accumutator MOV RnA Move 1 12
ORL direct,A OR Accumulator 2 12 Accumulator
to direct byte to register
ORL direct, #data OR immediate 3 24 MOV Rn.direct Move direct 2 24
data to direct byte byte to
XRL ARn Exciusive-OR 1 12 register
register to MOV  Rn #data Move 2 12
Accumulator tmmediate data
XRL A.direct Exclusive-OR 2 12 10 register
direct byte to MOV drect A Move 2 12
Accumulator Accumulator
XRL A.GRI Exclusive-OR 1 12 to direct byte
indirect RAM to MOV direct,Rn Move register 2 24
Accumulator to direct byte
XRL A, #data Exclusive-OR 2 12 MOV  drrect,direct Move direct 3 24
immediate data to byle to direct
Accumulator MOV  direct.@Ri Move indirect 2 24
XRL direct.A Exclusive-OR 2 12 RAM to
Accumulator to direct byte
direct byte MOV  drrect, # data Move 3 24
XRL direct, #data Exclusive-OR 3 24 immediate data
immediate data to direct byte
1o direct byte MOV @RiLA Move ! 12
CLR A Clear 1 12 Accumulator to
Accumulator indirect RAM
CPL A Complement 1 12

Accumulator

B0 3\
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ADC0808, ADC0809

' National
Semiconductor

ADC0808, ADC0809 8-Bit xP Compatible A/D Converter_sl_

With 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel multiplexer and microprocessor
compatible controtl loglc. The 8-bit A/D converter uses suc-
cesslve approximation as the conversion technique. The
converter features a high impedance chopper stabilized
comparator, a 256R voltage divider with analog switchtree
and a successive approximation register. The 8-channel
multiplexer can directly access any of 8-slngie-ended ana-
log signals.

The device eliminates the need for external zero and full-
scale adjustments. Easy Interfacing to microprocessors
Is provided by the latched and decoded multiplexer ad-
dress inputs and latched TTL TRI-STATE® outputs.

The design of the ADCOBO08, ADC0809 has been optimized
by Incorporating the most desirable aspacls of saveral
AID converslon techniques. The-ADC0808, ADC0809 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent fong-term accuracy and repeatabi-
lity, and consumes minimai powersThese features make
this device ideally suited toapplications from process and
machine control to consumer and automotive applica.
tions\‘for 16-channel multiplexer with common output
(sample/hold port) see ADC0816 data sheet. (See AN-247
for more information.

A to D, Do}

y
!

Features « S

B Resolution — B-bits o
B Total unadjusted error — + /2 LSB and 1 LS8
& No missing codes : :
® Conversion time — 100 ps

B Single supply — 5 Voo ‘
B Operates ratlometrically or with 5 Vg or analoq:m

adjusted voltage reference ¥
W 8-channel multiplexer with latched control logl

B Easy Interface to all microprocessors, or opait
“stand alone"” ;

B Outputs meet TL voltags level specifications -*-»
B OV to 5V analog input voitage range with sinqiﬁ‘i

supply )
B No zero or fuli-scale adjust required
® Standard hermetic or molded 28-pin DIP packags :
® Temperatura range —40°C lo +85°C or —ﬁ'c..’;i

+125°C SR
B Low power consumption — 15 mW
B Latched TRI-STATE® output

]

Block Diagram

8 CHANNELS
MULTIFLEXING
ANALDG
SWITCHES

|
!
I
|
I

B ANALOG INPUTS —]

1

START fLocK

EXD OF CONVIISR
CONTADL 3 TiMING {INTEARYPT}

¥R
SYATED
ouTPUT
LATCH
BUFFER

T

SYITCH TREE

il

P —
:CUM"_ARATOF»
" i
§ |
|
{ !
|
i
1-BIT ADDRESS Qi 1 L
O ADONESS — }
- LAYCH
AND
ADDRESS
LATCH ENABLE O DECODER l

256 RESISTOR LADODER

Ve  GNB  REF(e)

TRI-STATE" is a reyistered trademark of National Semiconductor Corp

IR

REF{-] OUTRUT
ENABLE

860




8.5V

~0.3Vio(Veo + 0.3V)

inputs - =0.3Vto +15V
CGLOCK, ALE, ADD A, ADD B, ADD C)

Basture Range —85°Clo +150°C

Wistonai Tp = 25°C 875 mW

{Soldering, 10 seconds) . 300°C
‘. I

']\'Characterlstics

Ise stated.

Opera{lng Ratings (Notes 1 and 2)

- Temperature Range (Note 1) TMINS TAsTIMAX
ADCOBOSCS . . —55°CsTas+125°C
ADCOB0OBCC., ADCOBOBCCN, .

ADCOB0ACCN . ~40°CsTas +85°C

Range of Voo (Nots 1) . 4.5Vpcteb0Vpo

woSpecilications: Voo =5Vpe=Vagr(sy Vagr(-)= GND, Ty s Tas Tuax and forx =640 kHz

¥t Parameter Condltions Min Typ " Max Units
ADC0808 :
Total Unadjusted Error 25°C +1/2 | LSB
{Nots 5) Tain 10 Tuax + 3/4 LSB
. ADCO0809 . . .
Total Unadjusted Erro 0°Cto70°C . =1 LS8
(Note 5) TMIN to TMAX ‘ +11/4 LS8
l input Resistance From Ref(+) to Ref(A—) ) 1.0 2.5 ko
- Analog Input Voltage Range {Note 4) V(+) or V(~) GND-0.10 Vee+0.10 | Ve
Voltage, Top of Ladder Measured at Ref(+) Vee Vee+0.1 v
B1*VRer-) Voltage, Center of Ladder Veel2-01 | Veer2 | Veez+04| v
Voltage, Bottom of Ladder - Measured at Ref(-) ~0.1 [o] v
' Comparator 'lnpul Current fo =640 kHz, (Note 6) -2 +0.5 2 A
ciical Characteristics

{avels and DC Specifications: ADCO808CJ 4.5V sVes5.5V, —55°Cs T, s + 125°C unless’otherwise noted

Caonditions ] Min I Typ I Max TUan

Vee=5Y, Viy=5YV,
Ta=25C 10 200 nA
TMIN to TMAX 1.0 pA
Voo =5V, Vi =0,
Ta=25°C — 200 -10 | na
Tuinto Tmax -1.0 nA
Logical “1" Input Voltage Vee-1.5 v
Logical 0" input lelaga 1.5 \
Logical “1" Input Current V=15V : 1.0 nA
{The Control Inputs)
. Logical “0" input Current Vin=0 -1.0 HA
{The Controi Inputs)
. Supply Current fork =640 kHz { 0.3 3.0 mA

881

608000V 808000V

i
i
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¢ The device contains an 8-channel singie-
log signal multiplexer. A particular input chan-
{Miscled by using the address decoder. Table |
'h Input states for the addrass lines to seloct any
# The address Is latched Into the decoder on the
transition of the address latch enabig signal.

fv e TABLEI

. SELECTED ADDRESS LINE

: ANALOG CHANNEL clBJaA
* INO Lt

Nt S R

. IN2 LIH|L

IN3 L HIH

IN4 HlL |t

IN5 H1LJH

IN6 H1H| L

IN7 Hi1H[H

_;ﬂél'ﬂ‘o!lhls single chip data acqu!smon systemisits
{8 salog-to-digital converter. The converter is designed

to glve fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter Is partitioned
Into 3 major sectlons: the 256R ladder network, the suc-
cessive approximation reglster, and the comparator. The
converter's dlgital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its Inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity Is particularly important In closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the

system. Additionally, the 256R network does not cause

load varlations on the refarence voltage,

The bottom resistor and the top resistor of the ladder
network in Flgure 1 are not the same value as the
remainder of the network. The difference in these
resistors causes the output characterlstic to be sym-
metrical with the zero and full-scale pointsof the transfer
curve. The first output transition occurs when the analog
signal has reached + 1/2 LSB and Succeeding output
transitions occur every 1 LSB tater up to full-scale.

The successive approximation reglster {SAR) performs 8
Iterations to approximate the Input voltage. For any SAR
type converter, n-lterations are required for an n-blt con-
verter. Figure 2 shows a typical example of a 3-bit con-
verter. In the ADCO0B08, ADGCO0809, the approximation
technique Is extended to 8 bits using the 256R network.

CONTROLS FROM S.A.R.
!

REF{$) Opmmamaey

1y R
14R
R N——
: )
R
. . - \-—~_.
<
: 10
256R - . » . - COMPARATOR
. INPUT
. . ) N
R 0 . -
* -
%R “——
-«
[

REF(=} O

FIGURE 1. Reslstor Laddar and Swltch Tres
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ADCO0808, ADC0809

Electrical Characteristics (Continued)

Digitaf Levels and DC Specifications: ADCO0808CY 4.5V sV,
ADCOB0BCCJ, ADCOB0BCCN, and ADCOB0ICCN 4.755Vee

ccs5.5Y, —55°C s Ty < + 125°C unless otherwise noted
=5.25V, ~40°C =Ty s + 85°C unless otherwiss noted

Parameter Conditions [ Min ’ Typ l Max {L‘m
DATA OUTPUTS AND EOC (INTERRUPT)

Vour Logical "1" Output Voitage lg= ~ 360 A Vee-0.4 Y
Vouro Logical “0" Output Voitage lo=1.6 mA 045 | ¥
Vouto Logical 0" Output Voltage EOC | I5=1.2 mA 045 17y
lout TRI-STATE? Qutput Current V=5V 304

Vo=0 -3 j ¥

Electrical Characteristics

Timing Specificatlons: Ve = VRer(+)= 5V, Vaer—)=GND, t,=t;=20 ns and Ta=25°C unless otherwise noled. L

Symbol Paramater Conditlons Min Typ Max | lsy
tws Minimum Start Puise VWidth {Figure 5) 100 a0
twate Minimum ALE Pulse Width (Figure 5) o 100 ko
ts Minimum Address Set-Up Time | (Figure 5) 25 5 [
tn Minimum Address Hoid Time | (Figure 5) . 25 0w
o Analog MUX Delay Time Rs =00 (Figure 5) 1 25 ',; :

From ALE . i
tut tho OE Control to Q Logic Stale Cy =50 pF, R_ = 10k (Figure 8) 125 25 m;‘i
i ton OE Control to Hi-Z C_ =10 pF, Ry =10k (Figure 8) 125 250 "
te T Conversion Time ) fo =640 kHz, (Figure 5) (Note 7). 90 100 1€ ;1
fe Ciock Fraquency . 10 640 1250 |
teoc EOC Delay Time (Figure 5) 0 B+ 2280t :
I L
Cin Input Capacitance At Controt Inputs 10 5 ) ;’ :
Cour TRI-STATE® Output At TRI-STATE® Outputs, (Naote 12) 10 15 | 5
Capacitance ol

Note 1: Absolute maximum ratings ars those valuas beyond which the Htfe of the device may be impaired.

Nots 2: All voltages are measyured with respect to GND, unless otherwisg spacilied.

Note 3: A zener dicde exists, Internally, from Vo to GRO and has a typicai breakdown voltage of 7 Vpe. o
Mots 4: Two on-chip diodes are tied to each analog Input which wiif forward conduct foranaiog inpul voltages one diods drop below ground o one Siode LEa
greater than the Vo supply. The spec allows 100 mV lorward blas of elther dlode. This means that as long as the analog ViN d08s not sxcesd g s ]
voltage by more than 108 mV, the output code will be correct. To achleve an absolute 0 Vpctos Vpg Inputvoltage range wlil therefore requira a minia .
ply voltage of 4.800 Vpd over lemperalure varlations, Initial tolerance and foading. .
Note 5: Total unadjusted arror Includes offset, full-scals, Itnearity, and multiplexar errors. See Flgure 3. None ol these A/Ds requlres azeroor fult 422l 5% i
Howaver, i an alizero codeals desired for an anaiog input other than 0.0V, or If a narrow full-scale span exisis (for example: 0.5V ta 4 5V full-scaa) thgmipe -
voltages can be adjusted to achisve thls. See Figure 13. . .
Note 8: Comparalor inpul current Is a blas current into or out of the chopper stablilzed comparator. The blas currant varles dirsctiy with clack f-’z«:mqn",_,
has littte tamperature depandence (Figure 6). See paragraph 4.0.

Nots 7: The outputs of the data registor are updated ons clock cycle bsfore the rising edge of EOC.
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General Description

The DAC0808 series is an 8-bit monolithic digital-to-
analog converter {DAC) featuring a full scale output

%1 LSB of 255 IREF/
256. Relative accuracies of better than 10.19% assure

DAC0808, DACO0807, DACOS(

NPN CURAENT

’ SOURCE PAIR
REFERENCE

CURRENT amp

O
Vee

DIGITAL

IneyTs

Veg < -1y

Ordering Information

DAC0808, DAC0807, DAC0806 8-Bit DIA Converters

FIGURE 1, 10V OUIDUI Digital to Analog Converter

~ Features ;
= Relative accuracy:  %0,19%  error

{DAC0808) .

Full scale current match: £1 LSB typ
.7 and 6-bit accuracy available {DAC0807, DA
Fast settlirig time: 150 ns typ ) 2 A
Noninverting “digital inputs are TTU and ‘CMOS
compatible : - ;

High speed multiplying input slew rate: 8 mAjus
Power supply voltage rangs: +4.5v to tigy
= Low power consumption: 33 mW @ t5v.

max|

'

v

Dual-In-Line Package

DACCROE
SERIES

Y0P viEw

18000V « Vg

£.000¢

Ml
ouUTRYT

- CIAT A2 A
VO=1OV e
2 4 256

accunacy | OPERATING TENFERATORE URDER NUMBERS* v
—— RANGE ) PACKAGE {016C) JPACKAGE (J184) N PACKAGE (N18AT - |
8-bit “55°C < Ta € +125°%C DACOBOBLD | MC1505L8 O
| 8-bit 0°C < Ta < 475°C DACOBOBLCS | MC1408LS | pacosssicn MC1408PT
o 0 esTag e e DAGOBOTLCY | MC1408L) DACOMILON | werasgs |
Obil 0 CgTA e DACOBOSLCS | MC1408L6 | DACOSOSLEN | MC1doges {
—_— i

“Note. Devices may be ordered by using either order number,




ADCO0808, ADC0809

Functional Description (continueq)

The A/D converter's successive approximation register
(SAR) Is reset on the positive edge of the start conversion
{(SC) pulse. The converslon Is begun on the falling edge of
the start converslon puise. A conversion in process will be
interrupted by receipt of a new slart conversion pulse.
Continuous conversion may be accompllshed’by'(ylng the
end-of-conversion (EOC) output to the SC input. If used In
this mode, an external start conversion pulse should be
applied after powsr up. End-of-conversion wlii go fow be-

tween 0 and B clock pulses after the rlslng edge of start
conversion.

The most Important section of the A/D converter is the

comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. It is also the

1t

) -] !-*FULLSCALE o
110 "1DEAL CURVE -%  ERROR=1/21S8
g 1ot |
©
S
= 0
=1
2
5 o
o L~ NONLINEARITY ~ 1/2 LS8
g mo -
—— ] NONLINEARITY = —1/2 158
o0l | -
~=1 1= ZERO ERROR = -1/4 158
o L

oo
0/8 Y8 2/8 3/8 4a/8 5/8 8/8 1/8
Vin AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit A/D Transfer Curve

oz L

Las AR

comparator drift which has the greatest influencaca?y
repeatabllity of the device. A chopper-stabilized ¢

parator provides the most effective method of sawf,

all the converter requirements.

The chopper-stabilized comparator converls the DCE.-‘;J
signal Into an AC signal. This signal Is then fed thiewit
high gain AC amplifier and has the DC lavel restorsd
technlque limits the drift component of the ampllfier &y
the driftIs a DC component which is not passed by ek
amplifler. This makes the entire A/D converter ex
[nsensitive to (emperalure long term drift and Inputats
8frors.

'

Figure 4 shows a typical error curve for the ADCHE
measured using the procedures outiined in AN

INFINITE RESOLERY

" T PERFECT CORVERTHH
110 +1/2 188 ——— 1DEAL 35IT CORVERTIR
w TotAL iy [ -
g 101 um)usun"i I
E o ERADR 1 ! l .
£ —{ |- ABSOLUTE
] ACCURACY
(=3
3 0 -1/2 158
..l l—-uumnz;mon
oat ERROR

0 Vix
O/8 1/8 2/8 /B 4/8 5/8 6/8 1/E

VN AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absalute Accuracy Curvé

AEFERENCE LINE

INPUT OV
VOLTAGE

—‘:E.\

FIGURE 4. Typlcal Error Curve

Y




Logic Input Current vs
Input Voltage

L - LOGICINPUT CuRRENT A}

~12-10-8.5.4_39; 4681012141515
Vi -~ LOGIC INPYT VOLTAGE {v)

Output Current vs Output
"Voltage {Output Voltage
Compliance)

DACOBOS,_ DAC0807, DAC0806

ALL BITS "gN*

g -~ OUTPUT CURAENT imA)

-4 -0 -5 -7 6 10

Typical Powar Supply
Current vs Temporature

ALL BITS MIGH 0R Low

50

g
TEMPERATURE (g}

150

Refarence {nput
Frequency Responsa

RELATIVE OuTPYT {d8)

< 70 flhige2ma =
T &
= 60 =
g so 3
3 3
3

=~ 40 >
o o
2 2
s 10 3
2 a
; 20 g
2 g g

Typical Performance Characteristics
Vee = 5v, VEE = 15V, Ta=25°C, uniess otherwise noted

g - OUTPUT CURRENT [

14

Vg - QUTPUT VOLTAGE (v)

I~ FREQUENCY {4Hz)

Bit Transfor Characteristics

~12-10-8-6-4-20 24 5 g 101214 1513

Vi =~ LOGIC iNPUT VOLTAGE (v)

Logic Threshold Voltags
Temperature :

VT - LOGIC THRESHOLD voLTAGE Ve

=55 -37.19 _y 17 3 51wy
Ta - TEMPERRTURE 1

Output Voltage Compliance . ‘

vs

Toemperature

=
w T N NN
2 SHADED AREA INDICATES
g PERMISSIBLE DyTPYT .
S VOLTAGE RANGE FOR o
§ : V[En:ISV,I|4'ZmA ; o
&
=1
o

18 -50 0 50 100 g3

Typical Powaor Supply
Currant vs Vg

ALLBITS HiGH OR Low
| .
T e Wiy e 2 ma

0 -2 -4 .63 -1 -12-14 151879
VeE - NEGATIVE POWER SUPPLY ()

Uniess
R15=1 kn, ¢
R =500, pin
Curve A: Lar

Curve

above ground.
Curve C:

op amp,

VREF =
tered at OV,

RL

otherwise

Method of Figyre 7, VREF = 2 Vo-p
offset 1V above ground :

B: Smal
Method of Figure 7, Ry =
VREF = 60 mvp.p

Large. and  Smalt
Bandwidth Methog of Figure g

2v, Vg = 100 mVp-p cen-

. TE¥PERATURE { ¢)

Typical Power Supply
Current vs Vee

ALL BITS HIGH 0 Low [
Has2ma
L :

POWER sUPPLY CURAENT (mA}

LIRVISTINTE. B3

Ve - POSITVE FONER SummLry

specified: R14 =
=15pF,pin16toVEE; X
4 to ground. b
9e  Signal  Bandwidth B

Signal  Bandwidth
25044,

offser 200 mv

Signal
{no

= 509, Rg = 500, T R




Absolute Maximaum Ratings

lmr Supply Voltage

£ Vet

Ve

Byl lnput Voltage, ¥V5—/12

Hoplied Output Voltage, Vg

Beuce Current, 114

Mma Amplitier {nputs, V14, V16

Hectrical Characteristics

+18 Vbe
~18Vpe

~10Vpg 10 +18 Vpg
-11 Vpgto +18 Vpe

B mA
Vee. VEE

Power Dissipation {Package Limitation)
Derate above Tp = 26°C

Operating Temperature Range
DACOBOBL
DACOBOBLC Series

Storage Temperature Range

1000 mW
6.7 mW/C

-B5°C € Ta € +125°C
0< Ta <+75°C
-65°C to +150°C

?/cc'SV VEg=-15VWpcC, VREF/RM 2 mA, DAC0808: Ta = ~55°C to +125°C, DAC0O808C, DACO807C,
P'\COSOBC TA= 0°C to +75 °C, and all digital inputs at high logic level unless otherwise noted. )

PARAMETER CONDITIONS MIN TYP MAX UNITS
Relative Accuracy {Error Relative {Figure &) %
10 Fult Scate I}
" DACCBOBL HLM 1508-8), G119 %
DACOB0BLE (LA%1408-8)
DACO30MLC (LMMOBJ).'(NOKE 1) 10.39 %
DACO306LC (LKA 14086}, (Note 1) 1078 %
Settling Time 10 Winhin 1/2 LS8 . TA = 25°C (Note 23, 150 ns
{lncludes tp i} (Figure 5}
ki ) P'vopn;ui:m Delay Time TA = 25°C, (Figure 5] 30 100 ns
. Output Fuil Scate Current Drift +20 ppm/°C
“ . Digital Input Logic Levels {Figure 3]
High Levelbogic 1" 2 vVoc
Low Level Logic “0” 08 Voo
Digitat Input Curremt (Figure 3}
High Level Vin = 5V o] 0.640 mA
Low Level ViL = 08V ~0.003 ~0.8 mA
Refererce Input Bims Currant (Figure 3) -1 -3 HA
Output Currant Ramge {Figure 3}
) VEgE = -5V 0 2.0 2.1 mA
; VEE = =15V, Tp = 25°C 0 2.0 a2 mA
Output Cursent Vagg = 2.000v,
- - R14 = 100012,
(Figure 3} 19 1.89 2.1 MA
Quiput Curesnt, A Bits Low {(Figure 3) 0 4 LA
6.'(;’0'( Voltaga Coompliance E <0.18%, Ta = 25°C
Pin 1 Grounded, 55,404 vog
" VEE Below=10V -5.0, +0.4 Voo
Reference Cursent Slew Rate {Figure 6) ] 8 ALS
N D\;{puICumm Power Supply -5V < Vgg € —16.5V 0.05 2.7 RYVAY
Sensitinity
: Pawe: Supply Cumrent {All Bits {Figure 3}
N Lo}
e 2. 22 mA
LH -4.3 -13 mA
¥ Fowet Supply Voattage Range TA = 25°C, (Figure 3)
i 4.5 5.0 55 voc
¥is -4 ~15 ~165 Voo
) Power Dusipation
Alf 8its Low Vee = 5V, Vgg = -5V 33 170 mw
VEe = BV, VEE = —15V 108 305 mv,
Al Bits High Vee = 18V, Vgg = 6V 90 mWw
Vee = 18V, Vgg = —15V 180 mw

Rote ¥ All current swinches are tostad to guarantee at Jsast 50% o! rated current.

bea 3 Al bl switchad,
k2 ¥: Rarge control i 0ot required.

90200VQ ‘Z0800VQ ‘80800V(Q




SN54122, SN54123, SN54130, SN54L122, SN541.123, SN54L.8122, SN541.5123,
SN74122 SN74123 SN74130 SN74LS122 SN74LS123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

REVISED DECEMBER 1983

P-C Triggered from Active-High or

ictive -Low Gated Logic Inputs

Retriggerable for Very Long Output Pulses,
)p to 100% Duty Cycle

Dverriding Clear Terminates Qutput Pulse

J122, 'L122, 'L.S122 Have Internal Timing
.Resistors

4ption

These d-c triggered multivibrators feature output pulse
width control by three methods. The basic pulse time is
rogrammed by selection of external resistance and
apacitance values (see typical application daia}. The
122, 'L122, and 'LS122 have internal timing resistors
hat allow the circuits to be used with only an external
tapacitor, if so desired. Once triggered, the basic puise
vdth may be extended by retriggering the gated low-
pvel-active {A) or high-level-active {B) inputs, or be
pduced by use of the overriding clear. Figure 1 il-
istrates pulse control by retriggering and early clear.

he "1.$122 and ‘LS123 are provided enough Schmitt
jysteresis to ensure jitter-free triggering from the B in-
ut with transition rates as slow as 0.1 millivolt per
anosecond.

he Rint is nominally 10 k ohms for ‘122, ‘L8122, and
knominally 20 k ohms for 'L122.

SN54122, SN54LS122 ... J OR W PACKAGE
SN54L122 ... JPACKAGE
SN74122 ... JORNPACKAGE
SN74LS122 ... D, JOR N PACKAGE
(TOP VIEW) (SEE NGTES 1 THRU 4)

IAETUEB vee
B2 1501 Rext/Cext

1CLR( 1Cext
10 1Q
20(] 20

2 Cext[] 2CLR
zRext/CexIE 28
ano [ 2A

. An externsl timing capacitor may be connected be-
tween C,,y and Roxt/Cexy (POsiTive).

. To use the internal timing resistor of “122, *LL122, or
‘L8122, connect R

~

int 1o Vee.

. For improved puise width accuracy and fepeaiabihity,
connect an external resistor between R
Veg with Rint open-circunted.

- To obtain vari

w

ox1/Cexy 200

S

able putse widths, connect an external
varabte resistance bhutween R

int O Ry (/Cyxy any
VCC'

SN54123, SN54130, SN54L5123 ...

JORW PACKAGE

SN54L123 ... JPACKAGE
SN74123.SN74130 ... JORNPACKAGE
SN74LS123 ... D.J ORNPACKAGE
(TOP VIEW) [SEE NOTES 1 THRU 4)
Al b Vee
A2 D Rext/ Cext
81 O NC
B2 1 Cext
CLR 1 NC
Q 3 Rint
GND 0a
SNSA4LS122 ... FK PACKAGE
SN74LS122 ... FN PACKAGE

{TOP VIEW) (SEE NOTES 1 THRU 4}

SN54LS123 ... FK PACKAGE
SN74LS123 ... FN PACKAGE

(TOP VIEW) ISEE NOTES 1 THRU 4)

W
L
©
>
[F5}
(]
|
-
—

TRext/Cext

NC - No internal connecbon



TYPES SN54L5138, SN545138, SN74LS138, SN745138
3-LINETO 8-LINE DECODERSIDEMULTIPLEXERS

DECEMBER 1972 REVISED APRIL 1985

!+ Designed Specifically for High-Speed: SN54LS138, SNS4S138 ... J ORW PACKAGE
’ Memory Decoders SN74LS138, SN745138 ... D. J OR N PACKAGE
’ (TOP VIEW]

Data Transmission Systemns

¢+ 3 Enable Inputs to Simplify Cascading and/or
Data Reception

K Schottky-Clamped for High Performance

weription”

These Schottky-dainped TTL MSI circuits are designed
to be used in high-performance memory decoding or
data-routing applications requiring very short propaga-
tion delay times. In high-performance memory systems
these decoders can be used to minimize the effects of
system decoding. When employed with high-speed
memories utilizing a fast enabls circuit the delay times of
these decoders and the enable time of the memory are
usually less than the typical access time of the memory.
This means that the effective system delay introduced by
the Schottky-clamped system decoder is negligible.

SN54LS138, SN548138 . -. FK PACKAGE
SN74LS138, SN745138 ... FNPACKAGE

(TOP VIEW)

The ‘L5138 and ‘S138 decode one of eight lines depen-
dent on the conditions at the three binary select inputs
and the three enable inputs. Two active-low and one
active-high enable inputs reduce the need for external
gates or inverters when expanding. A 24-line decoder
can be implemented without external inverters and a
32-line decoder requires only ona inverter. An enable in-
put can be used as a data input for demultiplexing
applications.

NC - No internaf connection

) logic symbols
Alt of these decodar/den:nultiplexers feature fully buf.
fered inputs, each of which represents orly one nor-
malized load to its driving circuit. Alf inputs are clamped
with high-performance Schottky “diodes to suppress
fine-ringing and to simplify system design.

. The SN541.8138 and SN54S138 are characterized for

1 Operation over the fuli military temperatyre range of
'~55°C 1o 125°C. The SN74LS138 and SN745138 are
characterized for operation from 0°C to 70°C.

P numbers shown on togic notation are for D.JorN packages,

:



TYPES SN54L5138, SN545138, SN74LS138, SN745138
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

logic diagram and function table

'LS138, 5138

(15)
YO
na

16) p
G1
ENABLE J —  (4) T LLE R
INPUTS ] G2A 7
5)

G28 12)

I3 Y3
DATA
= P
> 10, [ outeuTs
A (1} '—L (10) v5
L
SELECT g 12 T 9 v
INPUTS

7)

(3) ¥7
c

Pin numbers shown on logic notation are for D.JorN packages.

‘LS138, 'S138
FUNCTION TABLE

[ B alvovivivava Y5 ¥6 v7

I

TXXIXITIIIrrx
IIIIr‘r‘:—r'xx
III"“IIF‘!‘XX
IPIPIF‘I"X){
IIIIIII"I

IIIIIII‘III
IIIIII‘IIII
IIIII‘IIIII
IIII‘IIIIII
III‘IIIIIII
II‘IIIIIIII

*G2=3GzA + G2
H = high level, L = 10w tevel X = irrelevant

—
-
-
=
m
<
P)
m
w
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DUAL D-TYPE FLIP-FLOP (A

The HEF40138 is a dual D-type flip-flop which features independent set direct (Sp), clear direct (Cp),
‘dock inputs (CP) and outputs (0,0). Data js accepted when CP is LOW and transferred to the output on
the positive-going edge of the clock. The active HIGH asynchronous clear-direct (Cp) and set-direct (Sp)
#independent and override the D or CP inputs. The outputs are buffered for best system performance.
Schmitt-trigger action in the clock input makes the circuit highly tolerant to stower clock rise and fall
times.

FUNCTION TABLES

S

3__fce, FF
= 2
04
Cpg
A ]
_Qﬁ
Sp2 .
g D 0 13 H = HIGH state (the more positive voltage)
2 2 L = LOW state (the less positive voltage)
11 X = state is immaterial
CPy FF S = positive-going transition
62 112 On + 1 = state after clock positive transition
Cp2 PINNING
lgl%__' D datainputs
CP  clock input (L to H edge-triggered)
7269524.1 Sp asynchronous set-direct input (active HIGH)
Cp asynchronous clear-direct input (active HIGH)
Fig. 1 Functional diagram. O true output

O complement output

HEF4013BP : 14-lead DiL; plastic (SOT-27K, M, T). ey
HEF40138D: 14-lead DIL: ceramic {cerdip) (SOT-73). -
HEF4013BT: 14-lead mini-pack.: plastic %

{SO-14;507T-108A). -4

72694869

Fig. 2 Pinning diagram,

FAMILY DATA
} see Family Specifications
Ipp LIMITS category FLIP-FLLOPS



1-OF-16 DECODER/DEMULTIPLEXER WITH INPUT LATCHES T

T2 HEF45158 isa 1-0f-16 decoder/demultiplexer, having four binary weighted address inputs {Ag to
A3), alatch enable input (EL), and an active LOW enable input (E}). The 16 outputs {Op to O15) are
rutally exclusive active LOW. When EL is HIGH, the selected output is determined by the data on
An. When EL goes LOW, the last data present at A, are stored in the latches and the outputs remain
s.able. When E is LOW, the selected output, determined by the contents of the latch, is LOW. At E
HIGH, all outputs are HIGH. The cnable input {E) does not affect the state of the tatch. When the
HEF 4515B is used as a demultiplexer, E is the data input and Ag 1o Aj are the address inputs.

2 3 21 |22

ENENCRE
HEL LATCHES

L[ [ ]
BE DECODER

‘7 T%o 31

]

EIE

Oy
{10

. Fig. 1 Functional diagram.

224 j21) j20f j19] st {17 frsl [is] fia]l i3 PINNING

A3 Az Oy Oy Oy Og Oy Oy 0y Op Ag to Az
HEF45158 E

A, 0, 05 05 B, 0, O, 02 Op Vss EL _

30 Ley B isf 1ol TeT ToT ol T Tz Opto 015

TI89513.2
Fig. 2 Pinning diagram.
HEF4515BP : 24-jead DIL: plastic (SOT-101A).

HEF4515BD: 24-lead DIL; ceramic (cerdip) (SOT-84).
HEF45158T : 24-lead mini-pack; plastic {SO-24:S0T-137A).

APPLICATION INFORMATION

Some examples of applications for the HEF45158 are:
¢ Digital multiplexing.

¢ Address decoding.

¢ Hexadecimal/BCD decoding.

FAMILY DATA ‘
, sce Family Specifications

lpp LIMITS category MSI

O3 |04 [Os Tae T67T58 T‘jg T61OT6H 0 2%13%14%15
g8 |7 s

18 117 J20 |19 lm] [13 |16 |15

7284275

zddress inputs -
enable input {active LOW)
iatch enabie input

outputs (active LOW)






