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SYNOPSIS

The project comprises of the design and f{abrication of
an 8088 Add-on board to the existing 8085 and Z80 kits. This invol-
ves the design and fabrication of the proto type card, deveioping
the monitor program for the use and testing sample programs In the
developed hoard. The board is designed such that it can be inserted

in the same edge connector sockets of the 8085/Z84 board.

A signal receiver card using the ADC 0804 is also deve-

loped. The software for signal reception is also deall with and discussed.
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INTRODUCTION

In the last decade, microprocessors have had a major impact
in the area of industrial process control. The introduction of ftas: 1G-
bit microprocessors like the 8086/8088 have added a new dimension

towards control capabilities.

The microprocessor is a general purpose programmable logic
device. The microprocessor requires bothh concepts and skills both
hardware and solftware. The hardware is the physical structure ol

the microprocessor while the software concerned makes it come alive.

This project 1s centred around the 8088, which can be used

for amalysis of signals received that can be used for control applications.

The 8088 which was introduced after the 8086 retained ali
the powers of 8086, including the 16 bit manipulations of Arithmetic
and logic, but the external data bus was made to have just 8 bits
for convenience. Hence, the 8088 became more popular for it simpli-
fied the hardware and retained the 16-bit power. The 8088 board desig-
ned and fabricated here is compatible with the hexadecimal keyboard
and input/output board. It can be inserted in the same edge connector

sockets of the 8085/2%-80 board. A signal receiver card with ADC 0804

is developed.



CHAPTER - 1

DISCRIPTION Oi* THE CIRCUIT

1.1 SYSTEM BOARD

The 8088 has built-in logic to handle bus access priorvities
in multi-chip systems. In such systems each processor will have iis
own memory and each processor can also share a common memory. The
8088 has a 16 bit data path internally. In this both bytes operation
and word operations are possible. Thus one could wrile a program

o add bytes or words.

The clock signal for the basic 8688 chip is a b MHz derived
via a divide by-three circuit used in the 8284 clock chip, from a
standard 15MHz crystal connected to it. The simplest instruction of
the 8088 takes about three clock cycles and mainly it depends on the

type of operation performed.

The circuit diagramof the system board is shown in Ligh.
The 8284 clock generator uses a 15 MHz crystal, divides it by three
and generates the clock for the 8088. It also generates the RESET
and READY signals, synchronised with the clock. A RESET switch ‘s
therefore connected to the 8284. The HOLD, TEST, NMI pins are tiec
through resistors to ground. since there is no need to use them now.
Since we are used signal reception channel the INTR and INTA pins are
brought to the edge connector, otherwise these two pins can tied

through resistors to ground.



The ADO-AD7 multiplexed address-data lines are fed to ths
74LS 374 whose output provides the AU—A7 low-order address lines.
after demultiplexing them with the address-laich enable (ALE] pulse
going to pin 1l. The ADO—AD7 lines also go to the 74LS 245 bulfer.
The DEN and DT/R pin 26 and 27 respectively are connected tc the
enable and direction control pins of this bidirectional bus-buffer chip.
This chip features a chip enable (CE) input for easy cascading and

a send/Receive {S/R) input for direction control. Hence, the pins 1%

to 18 of this chip provide the buffered data bus for use by the systems.

The address decoder 74 LS 155 c¢hip is given the high order
address lines A13, Al4 and Alb as well as the memory enable signa..
This c¢chip is a dual.l—of—4 decoder with common address inputs and
separate gated enable inputs. These 8 combinations are available from
the output pins of the 74LS 155 decoder. The corresponding hexadeci-
mal ranges are shown infigl.n . Among the available ranges, Lhe 8K
block from EUU0 to FIFFF is used for the selection of EPROM and the
8K block lying in the lowest memery range (0000 to 1FFF) is used
fur the selection of RAM. The remasining 8K memory blocks are uscd
for addressing other peripheral chips which may be used. The unique
feature of the system board is that these lines are brough: out of
the via the edge connector pins of the BO85 board so that these boards

are interchangeable.
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The address lines AD—.—\7 and  Ag, Ag, Ay A'l? go  Lw  ihe
address pins of the 2732 EPROM. It is seen that the RD Signal goes

to the output enable pin of the EFPROM.

Address lines AO_A'?‘ AB‘AQ'Alo go to the address-input pins
of the RAM. As in the EPROM, the 8088 RD and WR signals gc to 1its

output enable and write enable pins.

The EPROM address is in high end of the memory since the
8088, upon RESET, causes the program to begin, fetching instructions
from the address FFFO. Hence this address must be in the non-volatile
memory or PROM, so that program execution of the monitor takes place

as soon as power is applied and RS (reset) switch is pressed.

The RAM is kept in the lowest part of memory since the in-

terrupt vectors are designed by the 8088 ito access this space.



1.2 System Processor:

The heart of the system board is the INTEL 8088 micropro-
cessor. This précessor is eight bit extended version of INTEL 1t-bit
8086 processor and 1s software compatible with B0BG. The pin diagram
of the 8088 is shown in fig. 1.2 Since the processor can access uplo
one megabyte of memory it needs four more address lines than the
8085. This processor contains the 8-bit data bus 1s pamed AD Lo ALl

'

and also these lines contain the address lines of low order f.e. _-\[,‘

t0 A, in a multiplexed manner.

7

The 8088 processor needs a clock generator chip separately.
It needs just a single 5V power supply. For accessing input outpul
ports and memory, the IO/M signal indicates that it the pin goes high
an input-output operations occur and if it is low a memory read write
operation takes place. The signal DT/R becomes necessary when bi-
directional buffer is required, since data can either go in or out of

the 8088 processor.

There are two possible interrupts, one the non-maskable -
terrupt NMI (pin 17} and the other the usual INTR Pin 18. The INTR
Pin when takes high, interrupts the processor and an interrupt-ack-
nowledge signal comes wvia pin 24 (INTA). The RESET and READY in-
put signals are derived from the 8284 clock-chip because these inputs
should he synchronised with the clock signal. There is another pir
called the MN/MX, conirol pin. When this is tied to 5V, the processor

works in its ‘'minimum system' hardware configurations. In the system



board we have caused only minimum mode. In the maximum mode, scme

of the pins perform a dual function with the help system controller

chip 8288.

1.2.1. THE 8088 MPU

The 8088 microprocessor is actually just one IC chin in a
family of 16-bit processors. The 8088 can read memory only 8 bits

at a time. CPU Model for 8088 is shown fig.1.3.

The 8088 CPU Architecture
The study of microprocessors is broadly divided under:

1) The CPU Architecture, including the internal registers and
flags and the instruction set i.e., the dictionary of program

insiructions. The MD will recognize and execute.

2} The electrical interface, including the data, address and con-

trol buses and the clock generation circuitry.

The AP generates the timing signals and synchronizes 1(he
transfer of data between memory, I1/0 and itself. It accomplishes ihis

task via the 3-bus system architecture.

The LD also has a software fn., [t must recognize, decode
and execuie program instructions fatched from the memory unilt. This
requires an ALU within the CPU to perform arithmetic and lcgical functions.

3



It is organized as two separate processors, called the bus intertace
unit (BIU) and the execution unit (EU}. The BIU provides hardware
fas, including generation of the memory and [/0 addresses lor the
transfer of bata between the outside world outside the CPU, that is

and the EU.

The EU receives program instruction codes from the BIU.
execntes these instructions and stores the results in generai registers
By passing the data back to the BIU, data can also be stored ina
memory location or- written to an O/P device. The EU has no connec-
tions to the system buses. it receives and O/Ps all its data [hrough
the BIU. In the 8088, the BIU bus path is 8 bits wide. The 8085 in-

struction gueue 1s four bytes long.

Fetch and Execute

1) The BIU o/ps the contents of the instruction pointer -egister
(IP) onto the address bus, causing the selected byte or word

to be read into the BIU.

2) Register IP is incremented by 1 to prepare for the rext in-

struction fetch.

3) Once inside the BIU, the instruction is passed to the *“queue".

This is a first-in, first-out storage register.

4) Assuming that the qguewe is initially empty, the EU immediatlely

draws this instruction from the queue and begins execution.



5) While the EU is executing this instruction, the BIU proceeds
1o fetch a new instruction. Depending on the excoution timoe
of the first instruction, the BIU may fill the queue with se-

veral new instructions before the EU is ready tc draw its

V270

The BIU is pregrammed to fetch a new instruction whenever

next instruction.

the queue has room for one (with the 8088) additional byte. The ad-
vantage of this pipelined architecture 1is that the EU can execute
instructions almost continually instead of having to wait for the 31U

to fetch a new instruction. This is shown schematically in the g, 4

There are 3 conditions that will cause the EU to enter a "wait
mode"”. The {first occurs when an instruction requires access tc a me-
mory location not in the queue. The BIU must suspend fetching instruc-
tions and output the address of this memory location.Afting waiting
for the memory access, the EU can resume executing instruction codes

from the guecue.

The second condition occurs when the instruction o be exe-
cuted is a "jump" instruction. In this cases control is to be transferred
{0 a new address. The queue, however, assumes that instructions will
always be executed in sequence and thus will be holding the “wrong"
instruction codes. The EU must wait while the ingtruction at the jumnp
address is fetched. Note that any Dbytes presently in the guecae musl

be discarded.

10
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One other condition can cause the BIU to suspend fetching
instructions that are slow to execute. At four clock cycles per instruc-
tion fetch, the queue will be completely filled during the execution

L]

of this single instruction.

A subtle advantage to the pipelined architecture is that the
BIU can access memory at a somewhat "leisurely" pace because the

next serveral instructions usually in the queue.

1.2.2 Segmented Memory

8088, being a 16-bit processor, reads memory at a rate of
8 instructions at a time. There are two main reasons for it to use
an 8 bit memory. First it allows the proocessor to work on bytes
as well as words. This is especlally important with [/0 devices such
as printers, terminals which are designed to transfer 8 bit data gene-
rally. Second, many of the 8088 codes are single bytes. Other instruc-
tions may require anywhere from 2 to 7 bytes. By being able iu access

individual bytes, tihsse odd tengthened instructions can be handled.

The memory of 8088 is segmented into small spaces each space
possessing a byte in turn. If the memory consists of 210 bytes of
different addresses then there has to be that much of segments. More-
over, 8088 with its 8-bit data bus interfaces to the 1 MB of memory

as a single bank unlike the 8086 which goes on with 2 separate memory

banks.

Memory map is an important aspect with 8088. It is nothing

13



but a guide like system, showing how the sysiem memory is allocated.
The blocks of memory are alloted is a proper way to ROM, RAM elc

and the programme is intimated about that.

Within the 1 MB of mem. space, 8088 defines 4 major blocks
called the code segment, stack segment, data segment, exirs segment.
Code segement holds the program instruction codes. Data segment stores
data for the program. Stack separate stores interrupt and subroutine
return addresses. Extra segment is an extra data segment and is often
-meant for shared data. The very concept of segmented memory is 1o

provide more space for the user for processers.

An address within a segment is called an 'offset or logical

address'. But logical address ssv 5H in a code segment {say BOUH)

actually corresponds to the real address which is BOOH + 5H - 130050
which is called as physical address. Physical address is 20 bits
long and corresponds to the actual binary code O/FP by the RItt on

thé address bus lines whereas logical address is an offset from loca-
tion 0 of a given segment.

The main aspect to be noticed with segmented memory 1is that
the program opcodes will be fetched from the code segment, whiie
program data variables will be stored in the data and extira segment.
The advantage of having separate data and code segment is that one
program can work on ditferent sets of data. Perhaps the greatest advan-
tage of segmented memory is that program that reference logical addresses

only can be lvaded and run anywhere in the memory.
14



1.3 Memory devices:

The system board designed uses on board permanent and vocla-
tice memory devices (2732 - Erasable programmable ROM and 6116 -
RAM} respectively) and can hold system program upto 32 kilo bytes.
A previously stored BIOS in the EPROM controls the system operations
temporary operations performed in the system use the RAM locations
and hence the time of accessing problems get minimised. The mapping
of the chips are done considering them as extensions of the main me-
mory inside the 8088 itselfl. The program sequence used for data recep-
tion from the ADC is stored in the EPROM and the received data stored
in pre defined wemory locations. The various stages of transier laking

place through registers in the 8088 and the RAM,

1.3.1. 6116 RAM

.In this project we are using the 6116 2K x 8 light speed
CMOS RAM. The b116 uses 16 K D Flip-Flops for its storage calls.
These are organized in 2K groups of 8. The product of the numboer
of unique locations and the number of memory cells at each localion

gives the total number storage devices in the memory IC.

Refer to " figl.5 By observing the number Of address inpuis
we can calculate the total number of unique storage locations. The
pin out in figl.6 indicates that the 6116 has address pins. 2" =
2K unique memory locatioins. Because the 6116 has eight /0 pims,
there must be eight storage cells at each unique location. This agrees
with the ZK x 8 description Ov Lthe 6114.

15
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Refer Lo the functional block diagram 1.7 Noliceihe ddppver-
ter - like devices that the 11 address lines are drivinpg., The nvesterr
like drivers imply that both the true and inverted values af e nde-

ress lines are applied o the row and column decode clreuitry.

The data 1/0 lines are butfered on the input and driven iy
three-state drivers on  the output. The only power roequirements 4.
the 6116 is +5V and ground. The last part ot the funclional diagram
consists consists of the control bus inputs. Those are oulpul cnable
(OE}, write enable {WE) and chip select (CS). If the o/P of the lop
AND gate goes active high, the three state data outputs bufters are
enabled. This AND gate control the memory read operation. Where s
the active high output of the bottom AND gate controls the memory
write operations. The read operation will occur when both the ohip
select and output enable inpuls are active low. The write cperation
will occur when both the chip select and write enable inputs ace . tive

low.

The microprocessor performing the read and write uperaticu
will have an 8 bit bidrectional data bus, 16 bit address bus, and
a control bus with the active low signals memory requesl, wrilc and
read. The K116 has different read access times (120, 150 and Z00ns),
s0 it in necessary to mention this specification with chip. The wri

cyele time is the write equivalent of lhe read cycle time. The

signal is held at the inactive high level through out the read oyole.
The processor will provide a 16 bit address denoting the memory (oca-

17
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tion to be read. Address bits AO through AlO are directly counnectec
to the 61lt. Where as address Dbits AO tt_lruugh A15 and MLEMKG wil.
be used to create the chip select pulse. The output enable of the
6116 is driven by the RD of utput of the microprocessor. The typiceai
read cycle shown in fig. 1.8 There are two possible ways to perforn
a 6116 write. The signal OE is held at an inactive logic 1 level. This
will assure that the three state output buffer= in the 6116 ars never
enabled when the microprocessor is outputting data or to tae data
bus. When the chip select goes active, the three state buffers wil
momentarily be enable until the write enable goes active. A typical

(6116 memory write cycle is shown in {fig.1.9

19
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1.3.2. EPROM

The EPROM is a type of ROM that can be erased and repro-
grammed many times. The EPROM 2732 is used here in the system
board. The 2732 has 4K bytes of programiring sites on the metal oxide
FETS. It is a 5V operating type.

The 2732 is exactly same as chip 2716 except for pin 27
which takes the next address input All, so that it has a 4K access.
In this.chip the pin 20 needs 25V for programming and a low signa:
(ground) for reading. One of the important features of this chip is
that the otput enable (OE) is separate from the chip enable (CE) control.
The OE control eliminates bus contention in microprocessor systems.
The CE is used by the 2732 to place it in a stand by mode (CE:V45

which reduces power consumptlon without increasing access time. The

programming pulse applied to pin 18 is a negative going pulse of 2U

ms. The pin out diagram is shown in appendix.

Erasure Characteristics

If a mistakse occurs in the data programmed the whole EPROM
should be erased and reprogrammed. The erasure characteristics are
such that erasure begins to occur upon exposure to light with wave-
length shorter than approximately 4000 A°. The recommended and stan-
tdard erasure procedure is exposure to short wave ultraviolet 1ligh:
which has a wavelength of 2537 A°. In the center of an EPROM is

a clear and round window. If this is exposed to UV (Ultraviolet) light.

21



the previously programmed information wiil be erased. The integrated
dose for erasure should be a minimum of 15W sec/mz. The erasure
time with this dosage is 15 to 20 minutes using an UV lamp with &
1200 }!nw/cm2 power rating. After each erasure, all bits of the EPROM
are in the '1' state. Data is introduced by selectively programming
'0' s into the bit locations. The only way to change a '0' to a '1°

in cerdip EPROMS is by UV light erasure.

1.4 System Clock

The circuit uses a clock frequency of O Milz, since the 80838
is a chip operating at 5 MHz. Each instruction utilizes at least three
clock cycles and the maximum depends on the type of operation per-
formed. We use a 15 MHz crystal in the clock generation circuitry.
This used along with; the 8284 oscillator circuitry provides a precise

5 MHz signal output with the chip having a divide by three facility.

1.4.1. 8284 Clock Generator and Driver

The 8284 is a single chip clock generator which generates
the system clock for the IAPX 88 microprocessor. The chip contains
a crystal synchronization and reset logic. Refer to =ppendiX for pin
configuration. The oscillator circuit of the 8284 is designed with: an
external series resonant, fundamental mode, crystal from which the

basic operating frequency is derived.

22



The crystal frequency should be selected at three times the
reguired CPU clock. X1 and XZ are the two crystal input crystat connec- .
tions. The clock generator consists of a synchronous divide by three
counter with a special clear if input that inhibits the counting. 7The
clock output is a 33% duty cycle mosclock driver designed to drive
the IAPX 88 processor directly. The reset signal 1is synchronized to
the falling edge "of clk. The clock cycle period for this chip is aboul

125 ns.

23



CHAPTER - 2

ADRC INTERFACE

2.1, Signal receplion and Analysis

Any Analysis operation on random signals can be dcne aniy
by storing the received signal and observation. ‘With the advent of
digital systems a microprocessor based reception and analysis has be-
come very common. This essentially consists iIn converting the signai

in to digital eguivalent and input to the microprocessor for processing.

The system can be expanded by using a multichannel input
by a multiplexer cum sample and hold set ub. The microprocessor
giving the command for a particular channel to be selected and issuing
command to the ADC module to convert the input signal into & digital
code. The output inturn is read by the processor. The above steps

are performed repeatedly.

The data is read in discrete intervals known as sampling.

The sampling frequency is related to the signal frequency and should

be atleast twice the maximum frequency of signal.
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2.2 Data Converters

The analog signals from (ransducers are fequired to be digi-
tised before entering into the processor. This necessitates the use
of a converter. A typical analog to digital converter converts an
analog voltage to a digital output that best represents the input. The
commonly employed technique for conversion is that the input signa!

is directly compared with a known reference signal.

A successive approximation type of ADC is better eguipped
for processor interfaces than any other type of ABC's. A successive
approximation A/D converter as in figl.l Consists of a D/A converter
with a precision voltage reference comparator,successive approximation

register, clock and output latch.

The conversion takes place by successive comparison and
approximation of binary output between the input signal and the refe-
rence signal. The input signal should in no case exceed the refence.

The number of steps of comparison and approximation in this type

of ADC 1is equal to the number of bits in the digital output. The
flow chart of conversion is shown in {ip2.2 The advantage of &A
ADC is iws high speed and excellent resolution. The main factors
involved are conversion speed, accuracy and cost. The SA ADC

features high speed. and the accuracy slightly decreases as the resolu-

tion increases.

[
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The ADS74 is such a flexible and retiable converier having
a very fast conversion rate, even faster than the process or itsell
that it can be used for receiving multichannel reception and continu-
ously probing all the channels. The conversion is at such fast rate
thar the waveform received from each channel will not be dis-
torted for a typical 16 channel multiplexing i.e. the time Dbetween
the 1st sample of ist channel signal and its second sample i.e. after
the st samples of all other 15 channels are taken is still well within
sampling theorem requirements that the received data will Dbe of such

clarity as to enable brief analysis of them.
AD 574 : CB8IP Chs:

Interface Timing Adjustmenis:

The Chip has the following control signals whose signal re-

quirements are to be precisely met for correct conversion.

(i) the CS signal which selects the card for conversion.

This can be achieved by activating this by the address out of ihe

8088 (decoded)

{ii) The CE signal enables the chip and it should be enabled
pefore the CS is done. This includes one less propagation deiav and

is a faster input.
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(iii) A R/C signal which decides wnether conversion process
or data reading is going on. The signals RD and WR from the 8U88

can be used to decide the process.

{iv) A 12/8 pin which decides weather a 12 bit conversion,
an 8 bit conversion or 12 bit conversion with 8 bit output is going

on.

(v) The ' pin AO along with R/C determines 2 byte reading
of 12 bit conversion. By connecting this to A0 of /LLP this rnan he

achieved by reading from successive addresses.

(vi) A STS signal which gives the E OC signal out anc hence

can be used to interrupt the processor.

All these signals need precise timing adjustments for pertect
functioning and hence needs proper delays to be introduced and proper
signals to be chosen for each and every pin. The operation ol the

ADC along with its turning diagrams are given in the appendix.

such an interface along with a DAC and multichannel faci-

lity will scrve as an excellent communication interface.

The c¢ircuit developed with all such facilities and proper
printed circuit board layout was developed with theoretical analysis

of the chip.



2.3 Microprocessor interface:

The data receiver card can be interfaced to the rprocessor
gasily. The points to be considered in interfacing being al ‘he
resolution (no.of bit.s] of the ADC is equal to the resolution of tho
processor data bus. b) the speed of operation and timings w©f Llhe
ADC coincide with the processor timings and speed. The operation
can be aj}synchronous: the processor executing the instruction :or a
time equal to the conversion time of the ADC bJAsynchronous: Jrocessor
checking the part for End of conversion or c¢) in interrupt mode:

The processor will then read the data from the ADC.

The throughput rale ol an acquisition system is Llhe number
of samples/sec/channel, thr system can handle. The above factlor
is important if one expands the sysiem lo a modified muitichanned

card with sample & hold circuitry.

The sequence of operation in a normal data receiving sysicn

are:

a) Sending command to the part for start command operation,
by selecting the chip and switching the input signal ON.

b) The ADC goes into a conversion cycle. The address way De

updated during conversion.
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d}

After conversion the data can be read through the data lines.

The abuve sequence Is repeatedly executed tor continuous

data reception.
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2.4 Why the microprocessor? - 8088

The Intel 8088 has the same Arithmetic Logic unit, the same
registers and the same instruction set as 8086. The 8088 also heas a
20 bit address bus, so that address as any one of the 1 Mb in memory.
The 8088 has an 8 bit data bus so it can read or write 8 or 16 bits
at a time. To read a 16-bit word from two successive memory lnca-
tions, The 8088 will always have to do two read operations. The 8088
is more popular due to its simplified hardware while retaining the
same power. The 8088 coupled with a numerical co¥processor is capable
of executing powerful floating point operations, many times faster than
8088 and is extremely useful in data processing. So, an ideal converter
for an extremely fast processor is the AD574 which has a conversion
time of 25»5. This is a 12 bit A/D converter which has & buii. n
zener reference. This chip is capable of accepting bipolar voltage
ranges. The advantage of this chip is that the 12 bits of output datz
can be as one 12-bit A/D converter which has a built In zener reference.
This chip is capable of accepting bipolar voltage ranges. The advantage
of this chip is that the 12 bits of output data can be read as one
12-bit word or as lwo 8-bit bytes (one with 8 data bits, the other
with 4 data bits and 4 trailing zeros. This chip operates on the succ-

essive approximation principle.

The design of an interface, a typical data acquisition loac
using AD 574 is an asset in itself in any high frequency signal recen-

tion, like, for e.g. extraterresirial signal by use of antenna elements.
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2.5 ADC Interface

The converter used is a CMOS 8 bit successive approximation
type. The operational characteristics and interface design of the 0804
chip with the microprocessor is discussed here. The chip uses a
differential potentiometric ladder. The inbuilt output latches drive
the data bus of the processor. These A/D s appear like memory loca-
tions or I/o ports to the processor and no interfacing logic is needed.
A new differential voltage allows increasing the common mode rejection
and offsetting the analog zero input. In addition the voltage reference
input can be adjusted to allow encoding any smaller analog voltage

span to the full 8 bits resolution.

The chip exhibits an on chip clock generator. This has
an easy interfacing facility with all microprocessors or it operates
stand alone. The interfacing schematic is shown in appendix The design
part of the interface is just an enhanced form of the block shown

with wvarious signal and voltage level adjustment.

The various step taken to the above effect include:
1) The conversion of Analog signal to digital is initiated
]3y a CSsignal output to the card and writing to the port
the chanmnel to be selected if multiplexing is done. Once :he
conversion cycle is started the processor will go into its
usual routine. Address of the channel can be any one of ‘the address

for which 1Y0 gets activated.
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in figd.3
lested.

seclion.

2) The device will be interupted by the ADC after conversion

so the end of conversion is given to the INTR of system board

3) The data will be read after interrupt so the IORD is

connected tou the o/p latch enable (RO) of the 0804,

4) The 2 inputs vin (-} and vin (+) are combined through
a resistive devider to provide & constant range of input in
both +ve and -ve direction. A multiplexer may be used
at the wvin (+) if many data channels need to be interfaced,

but for simplicity the option is left open.

b) The clock inside the chip itself is used as clock in the

design.

6) The reference voltage is maintained precisely at Z2.%v

by a Zener voltage adjust. The Zener adjust does the Vco

to V ref conversion 4 maintains the Vref.

7} The data outputs are connected directly to the system
data bus and output the data when the RD pin of the system

goes low or when the processor is ready to receive the data.

The whole circuitry employing the above feautres is shown
The c¢ircuit board for the same was designed in smart

The software for data reception is listed in the sofiware
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The data receiving operation is explained in brief as beiow:

1) The processor initiates a conversion cycle.

2) The device interrupts the processor after the conversion
terminatés.

3) The processor reads the data {from the 0/P latches of the
*ADC.

4} The processor staris the next conversion cycle and the above

sequence is repeated until sufficient signal samples are taken.

The data stored is analysed using software nsiructions and

feedback actions taken.
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CHAPTER - 3

3.1 INTERRUPTS IN 8088
The 8088 has seven different interrupt types:

NMI, INTR, INTn, INT 3, INTO, Divide-by-0, Single-step,
INTn, INTO, and the special single-byte INT3 breakpoint instruction
are software interrupts placed as desired within a program. The
divide-by-0 and single step interrupts are initiated by the CPU:
the former if the quotient produced by a. divide instruction exceeds
the cap;acity of the destination register and the latter at the comple-
tion Mf each instruction if TF is set. The flow chart of the B8088's
response to each of these types of interrupts in tig3 In all cases
the current instruction is allowed to finish before the interrupl Is
processed. Interrupt intérrupts (except single-step) have precedence
or priority over simultaneous (with the same instruction) external
interrupt requests. For example, if an interrupt request occurs on
INTR, but the current instruction causes a divide-by-zero interrupt,
the later will be serviced first. Similarly if simultaneous interrupts

.

occur on INTR and NMI, NMI will be serviced first.

When the interrupt i1s serviced, the flags, CS and 1P regis-
ters are pushed on the stack, saving the CPU's "place" in the memory.
This means that six bytes will be pushed onto the stack. The 7
status is saved so that the interrupted instruction will still be single-
stepped (if TF is set). However, before executing the ISR, TF and

IF are cleared, disabling INTR and the single-step mechanism within
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this routine. If desired, these flags can be set, enabling these in-
terrupts. That is, the interrupts can be allowed to interrupt them-

selves.

If an internal interrupt is being serviced and an NMI
{on INTR if IF is set) occurs, the ISR for the internal interrupt
will bLe suspended and the external interrupt honored, even though
it is of low priority. The priority structure applies to only simul-

taneous interrupt requests.

NMI is a non maskable interrupt which means that it cannot
be blocked. INTR, on the other hand. is maskalﬁle via the IF f{lag.
Only when. this flag is set will interrupts on this live be accepted.
Although internal interrupts have priority over external interrupts,
the NMI I request will be honoured as the internal interrupt's ISR
begins. This is not true for the INTR input however. This is becausc

IF is cleared automatically when the internal interrupt is serviced.

As the NMI interrupt is non maskable, the NMI interrupt
is reserved for catastrophic events such as memory error or ain

impending power failure.

The INT instruction causes the program to jump indirectiy
to the memory pointed by a vector in 00 to 03 pages. The INT instruc-
tion pushes on the stack the PC, CS and flags. An IRET instruction

in the interrupt service routine will restore these, after returning

from such an interrupt.
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The pages 00 to 03, totally 1024 bytes, can contain 256
vector addresses (4 bytes/vector ; bytes for jump addresss ; 2 bytes

for code segment). Thus 256 software interrupts are permissibie.

However, some of the interrupt vectors are reserved for

certain functions. For example, the first vector which is at 30 00

has;

00 00 Low address and of interrupt service routine for
00 01 High address overflow upon divisin (divide
00 02 Low part by 0) of code segment in
00 03 High part which you might have written

a routline to be execuled when

DIV by U oceurs.

Thus, the first software interrupt is reserved for taking suitable
action whenever a divide-by-zero occurs. Hence, it is called a type-

0 interrupt. It automatically occurs upon divisionally by zero.

04 00 MOV AX FF 10 B8 FF 10 Move AX with the wvalue

10 FF (some numberj.

04 03 MOV (jL1 00 B1 00 Make the divisor purposely
a Zero.

04 05 DIv CL re 11 Divide by ClL. (a zero}

04 07 MOV LABELl AX Ad 00 05 Move quotient and remainder

in 0UOb 00 and 05 01.
40



04 0A LT "4

Also load the interrupt service routine (ISR} to take necessary action

upon a division by zero occurring.

00 DO 00 00 Start address of division.

00 01 0b ‘ by-zero interrupt service
routine.

0o 02 00 Code segment value is U0 00

00 Qa3 00

06 00 MOV AL, EE BO EE Move a flag EE in AL

06 02 OuUT AL, 04 E6 04 Output the error flag on
port-4

06 04 IRET CF Program returns.

Upon executing the division program at 04 00, the output
in port-4 is EE, indicating that division by zero was attempted.

No division is really performed.

3.1.1 Type-1 Interrupt (single step mode):

Type-1 software interrupt vector which is stored in U0 04
to 00 07 (program counter and code segment values as beforej is

to have an interrupt routine which enables debugging a program ins-
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truction by instruction. This inter.rupt is maskable and will work
only if the 7Tt bit in the flag register is sel. Su, in order o do
single stepping of instructions, one has to set the IF flag, write
an  inlerrupl  service routine  for debugging and load the addresses
00 04 to 00 07 with the address code segment values of this routine.

For example,

04 00 PUSH F 9C Push the flags on the stack

04 01 POP AX 58 Move the flags intc Al
i AL

04 02 OR AH, 01 80 cc 01 Set the 8th bit (Oth B2it

in AH) to 1. This is for

setting TF flag subsequent.y.

04 05 PUSH AX 50 Push this altered flag wvalue
on stack.
U4 Ob POpP I 9L Get  the Tlr-set  flags on

io the flag register.

04 07 MOV AL, 02 BO 02 Here  after the  program

which is to be single-stepped

follows: Let AL = )2
04 09 P: INC AL FE CO Increment AL

04 OB JMP P EB FC Jump to Loop.



After entering the above program, 1he

well as the service rouline for

00 04 00

a0 05 00°

00 06 00

00 07 00

U6 00 OuUT AL 04
06 02 POP 00 05
06 06 PUSH 00 05
06 0A PUSH AX
06 0B PUSH BX
06 0OC MOV BX, 00 05
06 10

CALL KBD

8F 06 00

FF 36 00

05

50

53

8B 1E 00

U5

9A 80 FZ

0y 00

43

interrupt vector as

single step are loaded {at Ob 20,

Qutpul AL on port-4.

Pop the stack to get 4t

the previous prog. cio.
value at some memory say

05 00.

“Push it back again in place.

PUSH AX

Push BX

Move the contents of {5 00
05 00 (the previous prog.
ctr.) into BX.

S0 that the monitor software

display can show it.

Call monitor display prog.



06 15 POP BX 5B Rostore register sel

Ub 16 POP AX od

06 17 IRET Cr Return from interrupt.

The program is executed at 04 00 as usual. The program
advances step by step after reaching 04 08 address and the key
board can be pressed {any her key) 10 step it. In this prograu.,
it jumps between the addresses 04 09, 04 OB (befzause it has a loop

there).

3.1.2. Type-2-interrupt

The type-2 is a non-maskable interrupt which is got by &

low to high pulse on NMI pin. It vectours to the address 08 on page 0.
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CHAPTER - 4

SOFTWARE LISTINGS

4.1 Monitor Program and the use of the 8088 board developed.

The monitor program which is listed is written and developed
on similar lines of the 8085 monitor. Upon RESET, the 8088 sets its
U5 register Lo l"I"l“l;‘ and hence Lthe program memory should be al Lhe
highest end of the one megabyte memory. As seen, we have left the
addresses A“j - Alf) addresses, the first I' in the CS regisicr is
a ‘'don't care'! digi._l for us. Hence, the EPROM- (2732) is selectled
at FF FFO and thus the first jump instruction is placed at the last
{Fth) 'page of the EPROM at FO. This is an intersegment jump which
jumps to F500, i.e. to the 5th page of the 2732. The CS register
is simultaneously made 00 00. Thus, all further program has iden-
tical wvalues for CS, DS, ES, S5 all of which are 00 Q0. The values
of the segment register, not necessarily have only the values (U 0U.
They can be chosen and redefined by the user himself. The user wemory

RAM occupies the first 2K space (0000-07FF).
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4.1.1 Sample Programs to illustrate the 8088 instructions.

a)

Address

0400

0403

0406

0407

(0409

040C

040D

04 OF

TOP:

MOV 351, 0005

MOV Cx, 0B 00

PUSH CX

ADD AL, (Si)

ADC AH, 00

INC Sl

LOOP

POP CX

Code

BE 00 05

BS OB 0O

02 04

80 D4 00

46

EZ F8

59

46

Program to find the average of a number of bytes

Comments

SI points to 05 00
where the numbers are

stored.

Cx stored with the
number; (0B) by las

to be averaged.
Save CA register

Add the first number

with AL

And then ADD carry

into AH

Increment SI to get the

next number.

Decrement CX and return

to loop top if non-zero.

Restore original CX

value.



0410 DIVCL, 6 11 ) Divide AX by O

0412 OUT AL, 04 E6 04 : (Qutput the averaged

number of por: 4.

0414 HLT 4

The numbers to be averaged are stored in 0500 onwards.

Address
5 00 01 02 03 04 05 06 (7 JR
08 09 0A 0B
Resuli: The number 66 is the average.
0) BINARY MULTIPLICATION
Address Mnemonics Code Comments
0400 MOV AL, 08 BO 08 Multiplicand - 08 is inAlL
0402 MOV CL, 05 B1 05 Multiplier - J5 s in
CL.
0404 MUL CL Fb E1 Multiply AL by CL
contents
0406 MOV 05 00, AX A3 00 05 Store result in 0500
© 0409 HLT F4

After executing the program, 05 00 contains 28. 0501 contains 00.
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o) DIVISION

Binary division (byte division)

0400 . MOV AX, FF 00 B8 FF 00
0403 MOV CL, 10 B1 10
0405 pIvV CL F6 F1
0407 MOV 05 00, AX A3 00 05
040 HLT 4

Dividend o M is

in AX.

Divisor in CL register

Now AX 1s divided

by CL

Move AX into C500,

0501

Hait

The result will be FF/10, which gives a quotient of OF

and a remainder of OF. For division the quofient is in AL, remainder

in AH.

d) STRING TRANSFER INSTRUCTION
1) Transfer one page of FF bytes.

0400 MOV SI, 05 00 BE 00 05

0403 MOV DI, 06 00 BF 00 06

48

SI  register polnis 1o

source area 05 00

DI register points o

destination area.



(400

0409

040A

V40

(4 0D

Pt.

MOV CX,

CLD

: MOVS B

Laop P

HLT ¥4

0o

°1°

The contents of 05 page

B9 ' 04

FC

Ad

Lz D

1'4

into 06 page after this program is run.

0400

0401

CLD

MOV 51,

0006

String transfer and test while transfering:

FC

BE 00 06

49

€S is stored with thoe

number FF (a page)

Clear direction for
auto increment in silring

instruction which follows.

Moves the contents
of the SI pointer o

bi.

LDevelopment UX, teturn
to top of loop i1 nol

Zero.

Halt

in RAM would have got transterred

Clear the direction

flag.

Sl points to a source

string at 06 00



0404 MOV DI, 0005 BF 00 05 DI Pts to 05 08, the

place where il iz 10

be stored.
0407 MOV CX, FF 00 BY FF 00 CSs is stored with the
code FF.
Q40A P: L.ODB AC The contents of Si

area got into AlL.

040B STOB AA Then moved intg DI
area.

040C TEST AL, FF A8 FF Test if Al = I'F.

040E LOOP NE, P E2 FA Loop until Al finds
the code FF.

0410 HLT F4 Halt

The program will duplicate the contents of 06 page into U5,
until senses an FI in the former. In string transfer the destination
index points to the extra segment memory. But, in the monitor program
developed, all the segment registers are made 0000 and hence access

within the same memory block.



4.2. ADC Program

This program illustrates that it. accepts the 8-bit outpul
from an Analog to Digital converter and scales it to a value bhetween
OV & 5V. The output is displayed on 1wG seven segment displays

as a units digit and a tenths digit.

= -—— DPORT EQU ---H . Data in port,

= ——— DSPY EQU ---H . Display port

0005 MPLR EQU 5 ; Full scale = bV

One byte of uninitalised storage is reqd. TEMP is defined

in a segment called DATA.

0000 DATA SEGMENT
0000 ?? TEMP DB ? ; Unde fined
0001 DATA ENDS

The program codes are stored in a segment called CODE.
The Assume statement tells the assembler to use CODE for €5 ana

DATA for DS. The $S and ES segment registers are not defined.

0ao0 CODE SEGMENT

ASSUME CS: CODE, DS-DATA
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next

0000

0004

0005
0007
0009

000B

Q00K

0011

most

0013
0015

0017

The operating system loads C5 at run time but not D5.

two instructions load DS with the DATA segment base address.

B8 --—— R START : MOV AX, DATA ; Segment base
MOV DS, AX ; to DS

812 DY

Get data from ADC & Form value between 0V § 5V

E4 Db AGAIN : 1IN AL, DPORT ; GET Data
B3 05 MOV BL, MPLR; Multiply times
F6 E3 MUL BL ; full scale
BA 0000 MOV DX, o . Bivide 3Z bit

+ Dividend in

v DX AX
BB 0100 MOV BX, 256 ; by 256 for an

F7 F3 DIV BX v B bit ADC

shift quotient four bits left so it will appear in the
display.
B1 04 MOV CL, 4 ;4 shifts left
DZ2 EO SAL AL, CL ;
AZ 0000R MOV TEMP, AL; Save units digit

Fetch remainder and calculate tenths digit.

52
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001A
g01cC
001E
0020
0023

0026

BA C2

B3 0OA

F6 E3

BA 0000
BB 0100

v7 3

Check

‘the displays.

0028
0uZB
002D
(021
0030
0033
0035

0037

The flow- chart for the ADC conversion 1is shown.

80 FA BO

72 02

FE CO

27

02 0t UUOUR

E6 D4

EB CE

remainder,

MOV

MOV

MUL

MOV
MGV

DIV

AL, OL
BL, 10
BL
DX, O
BX, 256
BX

round tenths

CMP DL, 128
JB SKI1P
INC AL
PAA

SKIP: ADD AL, TEMP
QUT DSPY, AL
JMP AGAIN

CODE ENDS

END START

called X and the tenths digit

word,

the units digit is calculated using the formula as shown above.

We reqguire a 1b-bit divisor to divide

3Z2-bit

dividend in registers DX:AX.

53

L]

is called Y.

Reminder to Al

Multiplier

Do division

for ihe

tenths digit

digit up & output result

Less than
half?

NGO

Keep decimal
form result
and show it

Repeat cycle

The units digit

to

is

After inputting the digital

the data by 25b and thus

d



The multiplication and division instructions can be pertformed
on (a) 8-or (b) 16 bit register or memory source operates specitic

registers are dedicated to these functions as shown.

After the division X will be a number between U & 4. At
this point Y represents the remainder of the division and could be

any number between 0 § 205.

Because the units digit must appear in the left most dis-
play, it is shifted left four places (or multiplied by 16). The remain-
der is then multiplied by 10 and divided by 256 to calculate the
tenths digit. If the remainder from this division is greater than 127,

one is added to Y to round up one-tenth.

Finally, adding X and Y assembles the two-digit resuit and

it can be output to the displays. The process is then repeated.

The assembly language listing for the program is alsc shown.
The EQU statements are used to give names to constants § pori add-
resses. After a value for X has been calculated, the result is tempo-
rarily stored until the tenths digit has been calculated. One byte
in a (data) segment called DATA is used for this purpose. This seg-
ment is bracketed between the DATA SEGMENT and DATAENDS segment.
All the segments must have an opening & closing statement like this
or the aséembler will issue an error message.

Y|



The program itsell is stlored in a segmenl called CODLEL The
ASSUME CS: CODE, DS: DATA Statement tells the assembler what G
assume for the segment registers as it assembles the following instruc-
tions. This statment does not load the registers. The assume is required
so that the assembler will know if it needs to generate far or near
calls and jumps. It is also required 1o determine if a segmenit over-

ride is required.

The operating system will pick a value for CS based on avai-
lable memory. The remaining segment registers must be loaded DY

the user.

There are two instructions beginning at the label START.
The MOV AX, DATA instruction will cause the assembler to reserve
two bytes of the MOV op-code for the segment address. Normally,
this move instruction would load the contents of memory location DATA
to AX. In this case, however, because DATA identifies a segment state-
ment, the segment address is used. This can be seen in the left most
column: B8..... R. The R means that this address 1is relative and can-
not be determined at this time. When the program is linked and loaded

the actual segment address will be placed in these two bytes.

When the program is run, the data segment address will
be loaded into AX and the next instruction will transfer this value

to DS. The remainder of the program follows the flow chart.
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4.3
Address
Hi LOW
FF FO
F5 00
F5 03
F5 06
F5 08
5 0D
o O
F5 11
F5 13
Fb 17
F5 19
F5 18
Fo 1D
Fh IF
5 21
F5 23
Fb 250
F5 27
F5 29
FSI 2B
F5 2D
Fo ZE

8088 MONITOR PROGRAM LISTING

Hex. Code

EA 066 F5 00 00

BC "FF 07

BB 00 04

8Aa  2F Scan.

9A 80 Fz2 00 00 Scan.

3¢ 40
73 (B}
Bl 04
. D2 Eb
EB  EF
3C 42 Pt.
75 04
8A Db
EB EbS
3C 41 Pt.
75 04
8a FD
EB DD
3C 44 Pt.
75 03
4B
EB D6

56

Mnemonics

JMP, BRANC:,
SEGMENT
MOV SP, DATA 1b
MOV BX, 00 04
MOV CH, (BX)
CALL KBD
CMP AL, 40
JNB To IPt. D
MOV CL, 04
5AL CH, N
JMP TO SCAN 1
CMP AL, 42
JNZ To Pt. E
MOV BL, Cl
JMP To SCAN Z
CMF AL, 41
JNZ To Pt. F
MOV BI, CH
JMP To Scan 2
CMP AL, 41
JNZ Pt. P
DEC BX

JMP To Scen. 2



F5

5

Fo

F5

Fb

Fb5

Fb

F5

F5

SOFTWARE DISPLAY ROUTINE:

F2

F2

F2

F2

F2

F2

¥2

30
32
34
36
37
39
3B
3D
40

42

00
01
02
04
06
08
0A
0cC
0E

10

13

15

3C
75
88
43
EB
ac
75
Al
E7

FF

5l
ac
8A
24
Bl
D2
8A
BU
EB

E8

BA

24

47

2F

cC
23
C8
0o
01

E3

Cc7
FoO
04
c8
bo
7F
01

4p

C7

aF

Fb

00

57

Pt.

Pt.

CMP AL,47
JNZ Pt. G
MOV (BX), Ci

INC BX

JMP To Scan. 2

CMP AL, 43
JMP To Scan. 2
MOV AX, 00 Fb6

OuUT AX, PORT-01

JMP BX
PUSH C5
PUSH F

MOV AL, Bl
AND AL, U
MOV CL, 904
ROR AL, N

MOV DL, Al
MOV AL, 7r
QuUT AL, 01

CALL seg. display
{rz2 60)

MOV AL, BN

AND AL, OF



F2
F2
F2
F2

F2

F2
F2
F2
F2
A
F2
F2
2
F2
F2
P2
F2
F2
F2
F2
F2
F2

12

17

19

1B
iD
20

22
24
26
28
2A
2C

2E

31

33

35

37

39

3B

3JE

40

42

44

46

48

8A

BO

EB

E8

8A

24

Bl

B2

8A

BO

EB

E8

8A

24

8A

BO

E6

E8

8A

24

Bl

D2

8A

BO

Do
BF
01
40

C3

04
ce
DO

EF

01

C3
OF
DO
E7
01
22

Co

04
Cc8
DO

FD

00

00

8]0]

MOV

MOV

ouT

DL, AL
AL, BI

aAl, 1

CALL seg. displsy

MOV

AND

MOV

ROR

MOV

AL, BL
AL, FO
CL,04

AL,N

DL AL

MOV AL,EF

oUuT A Ot

CALL

MOV

AND

MOV

MOV

ouT

SEG. DISPLALY
AL,BL
AL,OF
DL,AL
ALLVF7

AL,01

CALL SEG. DISPLAY

MOV

AND

MOV

ROR

MOV

MOV

AL,CH
AL TO
EL,04
AL N
DL AL

AL,FD



F2

F2

F2

F2

F2

F2

F2

F2

F2

4

4Cc

4F

o1

Eb

E3

8A

24

8A

BO

E6

E§

9D

59

CB

01

11

Ch

OF

DO

FE

01

04

00

00

SEGMENT DISPLAY ROUTINE:

F2

F2

F2

F2

F2

F2
2

B2

60

64
66
68
6A
6A
6C
b1

70

B6

BO

0A

8B

8A

Eb

Eb6

BA

45

75

F2

FO

DO

F2

04

02

02

3

FD

MOV S1.

00

bX

99

Pt.

OUT AL, Ul

CALL seg. display
MOV AL, CH

AND AL, CF

MOV DL, AL
MOVAL, U

OuT AL, U1

CALL seg. display
POPF

POPCX

RET (inter-segment}

MOV DH, =2
MOVAL, FO

OR DL, AL

MOV 51, DX
MOVAL, (51)
QUT AL, U2
ouT AL, 02
MOV DX, 317 00
BDEC DX

JNZ disp 8 tw. pt P



F2

F2

172

72

74

Tt

BO

Eb

C3

00

02

KEYBOARD SUBROUTINE;

K2

F2

F2

F2

F2

k2

F2

F2

F2

F2

F2

F2

F2

F2

F2

80

82

84

Bb

89

8B

8D

92

94

a7

39

9B

9D

Al

E4

A

78

8

E4

0A

9A

79

E8

E4

0A

74

34

24

CB

02

COo

FA

36

02

CO

00

1

28

co

4F

00

F2

oo

00

00

bl

MOV AL, 00
QUT AL,02

RET (displacement based)

KBD:IN AL,0Z
ORAL, AL
JS disp 8 to KBD
CALL lime display (F2ZBE)
LOOP1:IN AL,0Z
OR AL,AL
CALL software display
JNS TO LOOP
CALL TIME DELAY
IN AL 02
OR AL,AL
JNS,TO L.OOP
XOR AL,CO
AND AL,4F

RET(inter-seguent)



TIME DELAY ROUTINE;

F2

F2

F2

F2

F2

F2

P2

12

LOOK UP TABLE FOR SEGMENTS;

K2

b2

F2

F2

2

F2

F2

|

F2

F2

K2

B¥

co

C1

c4

Cc5

Cc7

C8

C9

K0

4

Fb

Fe

F7

8

F9

FA

a0

aC

B8

48

75

9D

o8

C3

7L

o

B6

SE

(8

DA

FA

FE

FD

09

bl

PUSHAX
PUSIHE
MOV AX,FF 09
PtA:DEC AX
JNZ TO PT.A (disp 8)
POPK
POP AX

RET (displacement based)



F2

F2

F2

F2

F2

FB

FC

FD

FE

FF

F8
72
BC
Fo6

EZ

b2



CHAPTER - 5§

APPLICATIONS

5.1 APPLICATIONS

The discussions made earlier was on the implementation of
the system logic and control software for signal reception. The signai
itself is from some sensors and transducers which will constantly

monitor the process variables of a physical system.

The above lype of card can be used in a number ol applica-
tions like measurement of physical variables for eg, temperature of

ovens can be measured using a temperature sensor.
Pressure ol small capacity boilers by use of a pressurg sensor.

Motor speed, rotor position, displacement etc., can also be

measured.

The system board itself can be used as a mini-processor
system with proper: keyboard and display connections. The PCB layout
for the system board iiself is done iIn such a way that it can go
directly into a 8085 system ie. the 8085 main board can be replaced
by this. The 8088 processor kit as such can be used to analyse &
lot of software details including analog signal analysis, as in this

case.
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5.2. Scope lur improvement:

The developed system can be improved (o a microprocessor
based data acquisition system which controls the physical varlables

of mechanical systems.

Such a facility can be extended by

1) including a keyboard and display interface for the main board.

2) A two way data card having a) A DAC b) A multiplexer for
multichannel system ¢) A sample hold circuitry for updating

of channels during conversion.

If all the above facilities are incorporated the systlem can

be made to operate as a real time high precision control system.

5.3 Advantages

The development of a digital processor oriented data analyser
provides a convenient, flexible and cost effective control of produc-
tivn in a factory.” This lessons errors and decreases the time factor
in the problems of machinery. This board with added facilities will
be more helpful as an analyser of data since it uses a highly flexibie
microprocessor with auxilliary memory faciltiy. The ADC add on card
developed provides an added dimension in that if provides faciliiy

for real time monitoring and analysis of performance of physical systems.
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CHAPTER - G

FABRICATION

The circuits were designed as per procedure elaborated in

the previous sections were tested individually and later fabricated.

The printed circuit board was made professionally in & ccpper

clad hylam circuit board.

The necessary components for the boards were purchased.
The components were soldered properly on the board. The mend tor
pirogram in sofivare sec. for the same is recorded in the EPROM wiin

a 7-80 EPROM recorder.



CHAPTER - 7

CONCLUSION

The system board developed 1is designed so that it can
directly replace the 8085 system boards. with the simple board and
using the same I/0 board cum hex keyboard, the powerful micro-
processor instruction set can be practised for various applicaticn.
The sample programs illustrated in the previous sections can be demons-

trated by replacing the 8085 board with the 8088 system board deveioped.
The system board along with the signal receiver card <can

be used for control applications for monitoring parameters in industriai

applications, where speed and accuracy are the key specifications.
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\ 80C88/80C88-2
i 8-BIT CHMOS MICROPROCESSOR

=
1 Pln-for-PIn and Functionally Compatible M Direct Addressing Capablllty of 1 e

. to Industry Standard HMOS 8088 MByte of Memory

4 Direct Software Compatibliity with m Architecture Designed for Poworful y
. 80C86, 8086, 8088 : ; . Assembly Language and Efficlent High

R Fully Static Design with Frequency - Level Languages

24 Operand Addressing Modes ;
—5 MHz for 80C88 m Byte, Word and Biock Operations - o

. =8 MHz for 80C88-2
m 8 and 16-Bit Slgned and Unalgned
& Low Power Operation Arithmetic

E,-—Oporating Ice = 10 mA/MHz — Binary or Decimal

Range from D.C. to:

| —Standby Icce = 500 pA max ' —Multiply and Divide

» g“"“""’ Circuitry Eliminates Pull-Up & Will be Avaliable In 40-Lead Plastic DIP
eslstors and 44-Lead PLCC Packages . . :
{See Packaging Spec., Order +2313889)

5, intel BOCBA is a high parformance, CHMOS version of the induslry standard HMOS 8068 8-bit CPU. The
ssor has attributes of both 8 and 16-bit microprocessors. i is available in 5 MHz clock rate and will be’
allable in 8 MHz clock rate in 1st half of 1986. The 80C88 offers two modes of operation: MINimum for small.
mlems and MAXimum for larger applications such as multi-processing. It is available in 46-pin DIP and will be=
Iabla in 44-pin plastic leaded chip carrier (PLCC) package in 1st quarter of 1986. :
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LTe Table 1. Pin Description *
The following pin function descriptions are for 80C88 systems in either m.inr'mum OF MAaxirmum mode._ ™
+ “focal bus” in these descriptions is the direct multiplexed bus interface connection o the 80C88 (with

regard to additional bus buffers). . . 1
Symbol . Pin No. Type . Name and Function )
AD7-ADO '~i*{: ~9-16 ‘' | /0 | ADDRESS DATA BUS: Thesa lines constituts the time

multiplexed memory/IO address (T1) and data (T2, T3, Tw, and" .
T4) bus. Thase lines are active HIGH and float 1o 3-state OFF() -
during interrupt acknowledge and local bus “hold acknowledga”.

A15-A8 ' |. &-8B,39 0 ADDRESS BUS: These lines provide address bits 8 through 15 for

B L A " | the entire bus cycle (T1~T4). These lines do nothave tobe - - §
latched by ALE to remain valid. A15~ A8 are active HIGH and fioat
to 3-state OFF(1) during interrupt acknowledge and local bus ... .
“hold acknowladge'’,

A19/86, A18/S5, | | 35-38 | O | ADDRESS/STATUS: During T1, these are the four most -~ °
A17/54, A16/83 |~ T significant address lines for memory opsrations. During 1/0
S ’ " | operations, these linas are LOW. During memory and [/O

N

) operations, status information is available on these lines during
v e o Lo 1 T2, T8, Tw, and T4, S6is always low. The status of the interrupt .
T .1 sl :w. | enable flag bit (S5) is updated at the beginning of each clack ERR
A I N .| cycie. S4 and §3 are encoded as shown. Iy

i 4

This information indicates which segment register is presently ’:
being used for data accessing. o

These lines float to 3-state OFF{1) during local bus “hold

acknowledge”.
54 83 CHARACTERISTICS

0{LOW) 0 Alternate Data

‘0 1 Stack
1{HIGH) 0 Code or None
1 1 Data
S6 is O(LOW)

ARG 32 O | READ: Read strobe indicates that the processor is performing a

memory or /O read cycle, depending on the state of the 10/M pin
or 2. This signal Is used to read deévices which reside onthe -+
80CE8 local bus. AD Is active LOW during T2, T3 and Tw of any
read cycle, and is guarantsed to remain HIGH in T2 until the
80C88 local bus has floated. '

This signal floats to 3-state OFF(1) in “hold acknowledge™.

READY = 22 | | READY: is the acknowledgement from the addressed memory or .
: ' 170 device that it will complete the data transfer. The RDY signal
from memory or 1/0 is synghronized by the 82CB4A clock
AN generator to form READY. This signal is active HIGH. The 80C88
BRI B READY input is not synchronized. Correct operation is not
guaranteed if the set up and hold times are not met.

i



" Symbol

Pin No.

Table 1. Pin Description {Continued)

'Typo_

Name and Function A< | cenl |

INTR

18

INTERRUPT REQUEST: is a level triggered inbut which is sampied . -

during the last clock cycle of each instruction 1o determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vecter lookup tabie located
in system memory. it can be internally masked by software resetting '
the interrupt enable bit. INTR is internally synchronized. This signal is
active HIGH. ’

23

TEST: input is examined by the “wail for test” instruction. if the
TEST input is LOW, execution continues, otherwise tha processor
waits in an “idle” stale. This input is synchronized internally during |
each clock cycle on the leading edge of CLK. ’

NMI

17

NON-MASKABLE INTERRUPT: is an edge triggered input which 5
causes a type 2 interrupt. A subroutine is vectared to via an interrupt '
vector lookup table located in system memory. NMI is not maskable
internally by softwara. A lransition from a LOW 1o HIGH Initiates the
interrupt at the end of the curreni instruction. This input is internally
synchronizad. ' C

RESET

21

RESET: causes the processor to immediately terminate its present
activity. The signal must be active HIGH for at least four clock cycles.
It restaris execution, as described in the instruction set description,
when RESET returns LOW. RESET is internally synchronized.

CLK

19

‘| controlier. it is asymmetsic with a 33% duty cycle to provide

CLOCK: provides the basic timing for the processor and bus

oplimized internal timing. : ;

Veo

40

B

Vce:is the + 5V £10% power supply pin.

‘GND

1,20

GND: are the ground pins. Both must be connecled.

MN/MX

a3

i

MINIMUM/MAXIMUM: indicates what mode the processor st 1

‘| operate jn. The two modas are discussed in tha following sections. :

L

The following pin function
lunctions which are unique 1o mi

descriptions are for the 80088 minimum mode (i.6., MN/MX = Vd; ). Only the pin

inimum mode are described; ail other pin functions are as described above.

0/M

28

O

STATUS LINE: is an inverted maximum mode 52 ttisused to |
distinguish a memory access from an /O access. 10/M becomes

valid in the T4 preceding a bus cycle and remains valid until the final !
T4 of the cycle (/O = HIGH; M = LOW). 10/M floats to 3-state i
OFF{1}in local bus "“hold acknowledge™. ‘ ‘

29

WRITE: strobe indicates that the processor is performing a write
memory or write 170 cycle, depending on the state of tha I0/M

signal. WR is active for T2, T3, and Tw of any write cycle. Itis active |
LOW, and floats to 3-state OFF(1} in locai bus "hoid acknowledge".

WNTA

24

INTA: is used as a read strobe for interrupt acknowledge cycles. [t is !

aclive LOW during T2, T3, and Tw of sach interrupt acknowledge
cycle.




Table t. Pin Description {Continued)

)

Symbol

Pin No.

Type

Name and Function

ALE

25

o

ADDRESS LATCH ENABLE: ia provided by the processor to laich ‘
the address into an address latch. It is a HIGH pulse activa during
clock low of T4 of any bus cycle. Note that ALE is naver floated. 3

{DT/H

27

DATA TRANSMIT/RECEIVE: is needed in a minimum system that |
desires to use a data bus transceiver. It is used to control the
direction of data flow through the transceiver. Logically, DT/H is
equivalent 10 $1 in the maximum mode, and its timing is the same as~
for tO/M (T = HIGH, R = LOW). This signal floats to 3-state OFF(H’{,
in local ““hold acknowledge™. :

26

DATA ENABLE: is provided as an cutput enabie for the transceiver
in a minimum system which uses the transceiver. DEN is active LOW
during each memory and 1/0 access, and for INTA cycles. For a read
or INTA cycle, It is active from the middie of T2 until the middle of T4,
while for a wrile cycle, it ts active from the baginning of T2 until the
middie of T4. DEN floats to 3-state OFF(1} during local bus “hold
acknowledge. i

HOLD, HLDA
L L

HOLD: indicates that another master is requesting a local bus
“hold”. To be acknowiedged, HOLD must be active HIGH. The

processor receiving the "hoid" request will issue HLDA (HIGH) as an .

acknowledgament, in the middle of a T4 or T1 clock cycle.

Simultaneous with the issuance of HLDA the processor will float the

local bus and control lines. After HOLD is detected as being LOW,
the processor lowers HLDA, and when the processor needs to run
anothar cycle, it wiil again drive the local bus and control lines.

Hold is not an asynchronous input. External synchronization should
ba provided If the system cannot otherwise guarantes the set up
time. : .

" 34

" | STATUS LINE: is logically equivalent to 30 in the maximum mods.

The combination of 580, 10/M and DT/R allows the system 1o
complately decode the current bus cycle status.

0o/ oT/R 550 CHARACTERISTICS
1{HIGH) 0 0 Interrupt Acknowledge
1 .0 1 Read /0 port
! 1 0 Write 1/0 port
1 1 1 Halt
O{LOW) 0 Q . Code access
.0 0 1 Read memory
4] 1 0 Write memory
0 1 1 Passive




The following pin func

VIN/MX = GND.) Only th
tunctions are as described above.

Table 1. Pin Description {Continued)

tion descriptions are for the B80C88/82C88 system in* maximum moda’{ie.
e pin functions which are unique 1o maximum mode are descrived; all other pin

_..k.k..__:.\'

A PR

Symbol

Pin No.

Type

. Name and Function

§2,51,%0

26-26

o

STATUS: is activa during clock high of T4,T1,and T2, andis .
raturned to the passive state (1,1,1) during T3 or during Tw when
READY is HIGH. This status is used by the 8288 bus controlier to
generate all memory and 1/0 access control signals. Any change by
55, 51, or 50 during T4 is used to indicate the beginning of a bus
cycle, and the return to the passive state in T3 or Twis used to
indicate the end of a bus cycle.

These signals float to 3-state OFF(Y) during “hold acknowladge'".
During the first clock cycle after RESET bacomes active, these
signals are active HIGH. After this first clock, they float to 3-state
OFF.

82 ‘ (3] 50 CHARACTERISTICS

o(LOW)
Q
0
0 .
1{HIGH
1
1
1

Interrupt Acknowledge
* Read /0 port
. Write 170 port
- Halt
Code access
Head mamory
Write memaory
Passive

I gy -y )
..;o..--é..a.o-_no

RQ/GTO.
AG/GT1

30,31

REQUEST/GRANT: pins are used by other local bus masters to \
force the processor to releass the local bus at the end of the |
processor’s current bus cycle. Each pin Is bidirectional with RQ/GTO
having higher priority than RGQ/GTT. AQ/GT has an internal pull-up
resistor, so may be left unconnected. The request/grant sequence Is
as foliows (see timing diagram):

1. A pulse of one GLK wide from another local bus master indicates a
jocal bus request {“hold") to the BOCBB (pulse 1}).

2. During a T4 or T1 clock cycle, a pulse one clock wide from the
BOCAS 1o the requesting master (pulse 2}, indicates that the 80C88
has allowed the local bus 10 float and that it will enter the “hold
acknowledge’ state at the next CLK. The CPU's bus interface unit is
disconnected logically from the local bus during “hold
acknowledge’. The same rules as for HOLD/HOLDA apply as tor
when tha bus is released.

3. A pulse one CLK wide from the requesting master indicates o the
80C88 (pulse 3).that the “hold™ requast is about to end and that the
80C88 can reclaim tha iocal bus at the next CLK. The CPU then
enters T4.




Table 1. Pin Descriptions (Continued)

Symbol

Pin No.

Type

Name and Function -

RG/GTO,
RG/GTT

30, 3t

/O

Each master-master exchange of the local bus is a sequence of
three pulses. There must be one idie CLK cycle after aach bus
exchange. Pulses are active LOW. ' : -

If the request is made while the CPU is performing & mamory cycls,
it will release the local bus during T4 of the cycle when ali the
following conditions are met: :

1. Request occurs on or before T2,

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowledge of an interrupt
acknowledge sequence.

4. A locked instruction is not currently executing.

if the local bus is idle when the requast is made the two possible
avents will follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now ths four rulss for a
currently active memory cycle apply with condition number 1
already satisfied.

LGCK

29

LOCK: indicates that other system bus masters are not to gain
control of the system bus while LOCK is active (LOW). The LOCK
signal is activated by the “"LOCK" prefix instruction and remains
active until the compisetion of the next instruction. This signal is
active LOW, and floats to 3-state OFF(1}in “hold acknowledge".

| as1,Qs0.

24,25

QUEUE STATUS: provide status 10 allow external tracking of the
internai B0CB8 instruction queue.

The queus status is valid during the CLK cycle after which the
queue operalion is performad.

Qsi Qso CHARACTERISTICS

o(LOW)
o
1{HIGH)
1

No operation

First byte of opcode from queue
Empty the queue

Subsagquent byts from queue

-0 - O

34

C

Pin 34 is always high in the maximum mode.

.NOTE:

1. Sew the section on Bus Hold Circuitry,



NAVEFORMS

US TIMING — MINIMUM MODE SYSTEM

-

ewndang; SMRG 43 A
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“frenscHa+ | - TOLICLL g
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L =

CLN (SICHA Outpart)
?GKFL A e i
1o, 480 '
- v ' » t
An-he . Mg = Ay Fisal suring INTA}
= — TELDY
TOLAW = Touax I i
PR Aua-his ‘C |
TCLLM TUHLL L LA
N . ——
ALE A s ,’
- TCHLL— H—TI‘!CL e . .
L ¥in ey .
| o moy e Y Y
_SEE NOTE 1 Vi = Tovan -
RYLEL . 3 NI RAYE
L ; l
READY (50CH Ingust) - ! |
X — H
i TAYHCH
. ’ . lereiar ?m\m—--—mﬂ:i
EEREEN RN 2
Ay - Ay . \_)(_ ADT-ADy - FOAT . DATA W - _ﬁ .
N TALRL— TCLAM— v f TAHAY - ) /
B K
NEAD CYCLE ‘ t { .
(NOTE ¥ - TCHETV TCLAL} [ vmma v ° pe—teHCTY e
(N, TR = Yeno = .. . / b ; K
PEN R T . . ! T 1
L - . N . R
: TEVETY
| =
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WAVEFORMS (Continued)

BUS TIMING — MINIMUM MODE SYSTEM (Gontinued)

CLK {B2CHMA Ouipud
.. LoV~
T TOLAX =
" [ apr-aos ADr-ADs | pATATUT
TEUCTY * ‘—T‘h‘_ﬂ:x - TCVLTX
WRITE CYCLE — . e
P wOTE pes |
TCVCTY-- \[. l \ l WI :
~ | TWLWH .
3 J x| A s
* A7 - Ay
' - FLOAT |
F I '_:'r'-'_ ey . . . ’ TCHEY
W . 4 . ,-"—_—"_'
ouk -
INTA CYCLE . TexeTY— . ‘
cme o MOTERIR ’
D, Wh = vou! T, ‘
: vcvcw—-} b= TEVCTR
“—N A}
1 - L
BOFTWARE HALT - ) -
SERAOWRINTA =Von  ADr-ADy ° X INVALID ADCRESS SOFTWARE HALT
DTN INDETURMBATE Toar—1 b 23119715
- - eAr
NOTES:
1. All output timing measurements are made at 0.8V and 2.0V unless otherwise noted.
2. RDY Is sampied near the end of Tz, Ta, Ty to determine I Tyy machines stales are to be inserted.
3. Two INTA Cyclas run back-to-back. The BOCS8 local ADDR/Data bus is fioating during both INTA Cycles. Control
signals are shown for the second INTA cycle. :
4. Signais at 82CB4A are shown for rafarence only.




A.C. CHARACTERISTICS

2

(BOCEB: T4 = 0°G 10 70°C, Voo = SV $10%) oo VDN D

(80C88-2: Ta = 0°C 10 70°C, Vog = SV 256%) + o o tigq o n
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS
80Ce8 - 80CHB-2 correnatt o
U “ ol Test
Symbol Parameter Min Max Min _ Max . ’ nits "1 -~ “Conditions
TCLCL CLK Cycle Period 200 pcC. | 125 : DC ns
TCLCH CLK Low Time 118, . 68 ns
TCHCL GLK High Time 69 . 44 ns 1.
) ) . From 1.0V
TCH1CH2 CLK Risae Time 10 10 ns to 3.5V
) N From 3.5V
TCL2CL CLK Fall Tnme‘ 10 .10 ns 10 1.0V
TDVCL Data in Setup Time 30 20 ns .
TCLDX Data in Hold Time 10 10 - ns .
RDY Setup Time
TRAVCL into 82C84A k&) 35 ns’
{Notes 1, 2) :
RDY Hold Time ' w
TCLRAX into 82C84A 0 0 . ns. -
(Notes 1, 2)
HREADY Setup - S ‘
TRYHCH 1 1ime into 80CE8 . 118 68 ne CL = 20—100 pF
READY Hold Time
TCHRYX into 80CE8 30 20 .ns
READY Inactive to . o
TRYLCL CLK (Note 3) 8 : 8 ng .
THVCH HOLD Setup Time 35 20 ns
INTR, NMI, TEST .
. TINVCH Setup Time 30 15 ns
(Nota 2)
Input Rise Time From 0.8V
TiLIH (Except CLK) (Note 4) 15 15 ns | woov
Input Fal| Time ) . . From 2.0V
TiHiL (Except CLK) (Note 4) 15 AL R YT,
NOTES:

1. Signal at 82CB4A or 82C88 shown for reference only.

2. Setup requirement for asynchronous signal only 1o guarantee recogniticn at next CLK.

3. Applies only to T2 state {8 ns into T3 state).

4. Characlerizalion only.




A.C. CHARACTERISTICS (Centinued)
TIMING RESPONSES

80CsE8 soces-2

Symbol Parameter Min Max Min Max | Units C orT ;;‘ ons

TCLAV | Address Valid Delay 10 110 10 60 ns

TCLAX | Address Hold Time 10 ' 10 ns

TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 ns

TLHLL ALE Width TCLCH-20 TCLCH-10 ns

TCLLH | ALE Active Delay ‘ 80 50 ns

TCHLL | ALE Inactive Delay 85 55 ns

TLLAX | 4address Hold Time to TCHCL-25 TCHOL-25 ns

TCLDV | Data Valid Delay 10 110 10 60 ns

TCHDX | Data Hold Time 10 10 ns

TwhDx | bata teld Time : TCLCH-30 TCLGH-30 ns | G - 20-100 pF

TCVCTV | Control Active Delay 1 10 110 10 70| ns | ;‘L?S[’iﬁsae ! diton

TCHCTV | Control Active Delay 2 10 110 10 60 ns | tointernal loads

TCVCTX | Control Inactive Delay 10 110 10 70 ns

TAZRL ﬁgg‘:zss Float to READ 0 0 ns

TCLAL | RD Active Delay " 10 165 10 100 | ns

TCLRH { RD inactive Delay © 10 150 10 80 | ns

TRHAV fE  inactive ioext TCLOL-45 TCLCL-40 ns

TCLHAV | HLDA Valid Delay 10 160 10 100 ns

THLAH | FAD width 2TCLCL-75 2TCLCL-50 ns !

TWLWH | WR Width 2TCLCL-60 | . 2TCLCL-40 ns 1

TAVAL | Address Valid 1o ALE Low | TCLCH-60 TCLCH-40 ns !

TOLOH | Output Rise Time (Note 1) 15 15 | ns | From 0.6V to 2.0V |

TOHOL | Qutput Fall Time {Note 1) 15 15 ns : From 2.0V to 0.8V
NOTE:

-1. Characterization only.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

Vi + 04V

Input/Output

A

0

o

¥y — 04V

\

A.C. Testing inputs are driven at Vi + 0,4V for & logic "1 and
Vi, — 0.4V for a logic 0. Tha ¢lock is driven at Vo + 0.4V and
Ve — 0.4V, Timing measurements are made at 2.0V and 0.BV.

23118712

DEYICE
UNDEAR
TEAT

l:: 100 pF

I

23118713

Gy lncludes Jig Capacitance

!
|
]




intal
2732A

32K (4K x 8) PRODUCTION AND UV ERASABLE‘_PBOMS_'_;.'

@m 200 ns (2732A-2) Maximum Access - Low Current Requirement 7. . '«
Time ... HMOS*-E Technology ' —100 mA Active . . o e
m Compatible with High-Speed ~35mAStandby . - o
Microcontroilers and Microprocessors m Intgligent identifier™ Mode . -
... Zero WAIT State — Automatic Programming Operation - -
m Two Line Controi ® Industry Standard Pinout... JEDEC
Approved 24 Pin Ceramic and Plastic

L7
a 10% V¢ Tolerance Avallable Package

(See Packaping Spec. Order #221366)

The Intel 2732A is a 5V-only, 32,768-bit ultraviclet erasabia (cerdip) Electricailly Programmatle Read-Only
Mamary (EPROM). The standard 2732A access fime is 250 ns with speed selection (2732A-2) available at
200 ns. The access time is compalible with high performance microprocessors such as the 8 MHz IAPX 186. In
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states.

The 2732A is currently available in two different package types. Cerdip packages provide flexibility in prototyp-
ing and R & D environments where reprogrammability is required. Plastic DIP EPROMSs provida optimum cost
effactiveness in production enviranments. Inventoried in the unprogrammed state, the P2732A Is programmed
quickly and efficiently when the need to change code arises. Costs incurred for new ROM masks or obsoieted
ROM inventories are avoided. The tight package dimensional controls, inherent non-erasability, and high
reliability of the P2732A maka it the ideal component for these production applications.

An important 27232A featura is Output Enable (OE) which is separate from the Chip Enable (CE) control. The
O control eliminates bus comention in microprocessar systems. The TE is used by the 2732A to place it ina
standby mode {CE = V) which reduces power consumption without increasing access time. The standby
mode reduces the current requirement by 65%; the maximum active current is reduced from 100 mA to &
standby current of 35 mA.

*HMOS is a patented process of Intel Corporation.

DATA OUTPUTS

Ve o 09-07 2764 ' 2732A 2764
—— 27128 |2784A ] 2 2764A| 27128
e = L [erizeaferces me P2732A 18 7ce4i27128A
OGRAM
GErvpy OF AND &7C64 Tt O A B7C64
~—| CELOGIC QUTPUT BUFFERS v Vep O O Ve v
T PP cC
= r (2] vaatne A | A = o BaM | PGM
aooness| RRCORER Ay A7 | A7 | WO upPve Voo | NC. | A
mputs | —o ‘ B Ag Ag | A | MH2 234 Ag | Ay Ag
= oecooen | : CELL MATAIN As As | As | AR 204 - | Ay | Ag Ay
] Ay Ag | Ad ) MO 21 P An Vppl Ay | A
Az | A | A} s whaE v, |OE| OFE | O
Az Az Ag [y = 1] 1A Awp| A A
200061-1 2 10 1 10 50
A A A A
Figure 1. Block Diagram A; A‘; A(‘) A;E ; :: 3?7 EE “56?" gs
O Op | Go| oods 1633 O Os | Qe Os
. Oy Oy | Q1 oo 15] O Os | Os Os
Pin Names O: | Oz | O2f 0y wh o, O4| 00t
Ag—hyy Addresses GND | GND |GND| gyp 0] 12 13§32 03 O3 O 03
CE Chip Enable
NOTE: 280081-2
GENVep | Output Enable/Vep Intel “Universal Site” compatible EPROM configurations are shown in
0g-07 | Outputs tha biocks adjacent to the 2732A pins.

Flgure 2. Cerdip/Plastic DIP Pin Conflguratior



EXTENDED TEMPERATURE
(EXPRESS) EPROMs

The Intel EXPRESS EPAOM family is a series of
elactrically programmable read only mamories which
have received additional processing to enhance
product characteristics. EXPRESS processing is
available for several densitios of EPROM, allowing
the choice of appropriale memory size to match sys-
tem applications. EXPRESS EPROM products are
available with 168 +8 hour, 125°C dynamic burn-in
using Inte!'s standard bias configuration. This proc-
ess exceeds or mests most industry specifications
of burn-in. The standard EXPRESS EPROM operat-
ing temperature range is 0°C to 70°C. Extended op-
erating temperature range (—40°C to +85°C) EX-
PRESS products are available. Like all Intel
EPROMS, the EXPRESS EPROM family is inspected
to 0.1% electrical AQL. This may allow the user to
reduce or aliminate incoming inspection testing.

READ OPERATION
D.C. CHARACTERISTICS

Electrical Parameters of EXPRESS EPROM prod- :

ucts are identical to standard EPROM parameters

oxcept for:
‘ _TD2732A
LD2732A
Min | Max

Sym-
bol

Test

" parameter ;
: B Condltlons

TE = Vi,
OE = v

Isg Ve Standby

Cutrant {mA) 45

Vi Active

Current (mA) 150

bC‘,m OE=CE =V

Voo Active
Current at High

OE = CE = v,

125 [Vee = Voo

Temperature (MA) Tambien = 85°C

NOTE:
1. Maximum current value is with outputs Og to Oy unloaded.

EXPRESS EPROM PRODUCT FAMILY

PRODUCT DEFINITONS
Type|Operating Temperature Burn-In 125°C {hr)

Q 0°Cto +70°C 168 +8
T —40°Cto +85°C None

L —40°C to +85°C 168 t8

EXPRESS OPTIONS

2732A Versions

Packaging Optlons

Speed Versions Cerdlp Plastlc

-2 Q

57D QT L

-3 Q

—4 Q7T L

—20 Q

—25 QT.L

—30 Q

— 45 QT L

S 2bvee
253 A
2%

2V Ay
20035 / ¥pp
] = LIt

IR = .. 1BPIEE Ve

v::_] :nl: R L 3—%—4 9
o 16 b Oy
;] b Oy
0y v ) 0,

Oy

' 200081-3

27324

»
[
IR L R

:

=

15
14
13

<
@
a
0
o

iy

TE/Vpp = +5V,R = 1KfL, Vo =~ +5V
Vgs = GND, TE = GND

30 us

"

W LTLT
LT

Ayy

. 250081 -4
Binary Sequence from Ag 10 Ay

Burn-In Blas and Timing Dlagrams



ABSOLUTE MAXIMUM RATINGS"®

Operating Temp. During Read
Temperature Under Bias
Storage Temperature ..........
All input or Output Voltages with

Aespect to Ground
Voltage on A9 with Respect

to Ground —03Vio +13.5V
Vpep Supply Voitage with Respect to Ground

During Programming ........... —0.3Vto +22V
Voo Supply Voltage with
RespecttoGround ............ —0.3Vto +7.0V

READ OPERATION

D.C. CHARACTERISTICS 0°C < Tp < +70°C

“Notica: Stresses above those fisted under “Abso-

. lute Maximurn Ratings" may cause permanent dam-

age lo the device. This is a stress rating only and

" functional operation of the device at thess or any

othar conditions above thosa indicated in the opéra-
tional sections of this specification is nol implied. £x-
posurg lo absolute maximum rating conditions for

extonded periods may affect device reliability.

Symbol Parameter Limits Units Conditions
Min Typl3) Max
I input Load Current 10 pA - | V=55V
ILo Qutpul Leakage Currant 10 HA Vout = 5.5V
Isgl® Ve Current {Standby) 35 mA CE = Vi, OE = V.
lccyt@ Vei Current (Active) 100 mA OE = CE =vy_ i
Vi Input Low Voltage -0.1 0.8 v i
ViH Input High Voltaga 20 Veo + 1 v 3
VoL Gutput Low Voltage 0.45 Vo loL = 2.1 mA
Vou Output High Voltage 2.4 V | loy= —400 uA
A.C. CHARACTERISTICS 0°C s T5 s 70°C
2732A-2 | 2732A | 2732A-3 | 2732A-4
Versions Vee £5% P2732A-2} P2732A | P2732A-3|P2732A-4| Test
Vee 10% 2732A-20| 2732A-25 | 2732A-30 | 2732A-45 Conditions
Symbol Parameter Min |Max] Min [ Max| Min |Max| Min | Max
tacc Address to Output Delay 200 250 300 450| ns |CE = OF = Vv _
\cE CE to Output Delay 200 250 300 450! ns {CE = v
ToE OE/Vpp to Qutput Delay 70 100 150 150 ns |CE = v)_
ior4) OE/Vpp High to Quiput Ficat| 0 | 60 60| 0 |130 130| ns [CE = v
toH Output Hold from Addresses,| © 0 0 ng [CE = OFE = v|_
CE or OE/Vpp, Whichever
Occurred First
NOTES:

1. Vg must be applied simultansously or before OE/Vpp and removed simuitanecusly or atter DE/Vpp.
2. The maximum current value is with outputs Og 1o O7 unloaded. '
3. Typical values are for T = 25°C and nonunal supply vollages.
4. This parameter is only samptled and is not 100% tested. Ouiput Float is defined as the point where data is no lenger

driven—see timing diagram.



CAPACITANCE (2) 74 = 25°C, 1 = 1 MHz

— 1
Symbol Parameter Typ Max Unit Conditlons 4‘
Cint input Capacitance 4 6 . pF Vg = OV

Except OE/Vpp
CiNng OE/Vpp Input 20 pF Vi = OV
Capacitanca
Cout Output Capacitance 8 12 pF VouT = OV
A.C. TESTING INPUT/QUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
T
1 3V !
2.4 4
’ 10 > 10
TERT POINTS 23K
ot < os Dhoen out
04 ) TEST
' 2900815 - - lq-wo;r
A.C. testing inputs are driven at 2.4V fora loglc 1" and 0.45V lor B 28006816 |
u logic “0". Timing measuraments are mada at 2.0V for a logic Cp = 100 pF
*1* and 0.8V tor a logic 0" G Includes Jig Capacitance
A.C. WAVEFORMS
Yin !-— XT3
ADDRESS
ADDRESSES YALID
i N asse
1
Yin H
w i
Vi saee |
i _ |
e — !
Yin ' i
GErver .
Va' cens | tgedl
1o — ]
. . _r-'——m’——--——-— tom i
Vi S
. m \
OUTPY Lt YAUID QUTPUT i\ HiGH T
w \\\\\U/7,4
‘ * 290081 -7

MOTES:
1. Typical velues are for

driven—see timing diagram.

3. OE/Vpp may be delayed up to \acc—

Ta = 25'C and nominal supply voltages.

2. This parameter is only sampled and is not 100% tested. Output float Is defined as the point where data is no longer

1oe after the falling edge of CE without impacting tog.



8284A/8284A-1
CLOCK GENERATOR AND DRIVER FOR

iAPX 86, 88 PROCESSORS
s Generates the System Clock for the s Single +5V Power Supply
i IAPX 86, 88 Processors:
| 5 MHz, 8 MHz with 8284A : » -Generates System Reset Output from
10 MHz with 8234A—1 Schmitt Trlgger Input
. gs“ ":’“sm :::: TTL Signal tor s Capable of Clock Synchronization with
.. Frequency Sou -~ Other 8284As
® Provides Local READY and MULTIBUS®

m Avallable in EXPRESS

- ch
: READY Synchronization - Standard Temperature Range
m 18-Pin Package — - Extended Temperature Range
RES l!.J\ D
I/ @} RESET
e
x1
XTAL
OSCILLATCR _
X2 _] Do—s [+£:143
- csYNC ] 18[dvee
' +3 +2 = PCLK PoLK ({2 i St
. _] AENI[] 3 16 [ ]x2
Rt SYNC SYNC “ .. moni]a 15 [ JASYRE
CSYNC - 1 i READY | 5”“"14 | JEFI
R . ROV2[]6 1BOFRE
RDY1 | : RENZ[} 7 12[Josc
KERG . cLx cLk[]s 11| ]RES
i ) anNpb[]® 10 _JRESET
RDY2 . L : ]
B CKt ; CKi
. ARENZ D [#] B G | READY
FF1 FF2
ASYNC

o . S I . . 8284A/3284A-1 Pin
. B284A/8284A-1 Block Dlagram . Configuration



Table 1. Pin Descriptlon it et w0

Bus Ready Signal (ROY1 or RDYZ). AENI
validates RDY1 while AEN2 validates RDY2,
Two AEN signal inputs are useful in system
configurations which permit the processcr to
access two Multi-Master System Busses. In
non Multi-Master configurations the AEN
signal inputs are tied true (LOW).

directly connect to the processor's iocal bus
(i.e., the bipolar suppor chips and other MOS
devices). CLK has an output frequency which
is V2 of the crystal or EFl input frequency and a
¥ duly cycle. An outpul HIGH of 4.5 volta
[Vcc= 5V)is provided on this pinto drlve MOS
devices. .

Symbol | Type Name and Function Symbol | Type Name and Function g
AEN1, } { Addrass Enable: AEN is an active LOW CLK | O | Processor Clock: CLK is the clock output
AEN2 signal. AEN serves to qualify its rospective’ used by the processor and ail devices which

Bus Ready: (Transfer Complate). RDY is an
RDY2 active HIGH signal whichis anindicationfrom
a devlce located on the aystem data bus that
dala has besn received, or Is available. RDY1
is qualified by AENT while ADY2 ia qualitied
by AENZ. .

ASYNC | | | Resdy Synchronization Sslect: ASYNCisan
input which defines the synchronization
mada of the READY logic. Whan ASYNG i
low, twe stages of HEADY synchronization
gre provided. When ASYNC is left open
- {internal pull-up resistor is provided) or HIGH
a single atage ot READY synchronization s
provided. L :

READY | O | Ready: READY is an active HIGH signal
which is the synchronized RDY signal Input.
READY is cleared after the guaranteed hold
time to the processor has been mat. .

Crystal In: X1and X2 are the pins to which a
crystal is attached. The crystal trequency is 3
times the daslred pracessor clock freguency.

Frequancy/Crystal Select: F/Clsastrapping
option. When strapped LOW, F/C permits the
processor's clock o be generated by the crys-
tal. Whan F/C is strapped HIGH, CLK is gener-
ated trom the EF| Input.

EFI i | External Frequency: When FIC is strapped
HIGH, CLK is generated from the inpul fre--
guency appearing on this pin. The input
signal is & square wave 3 times the frequency

of the desired GLK output.

FUNCTIONAL DESCRIPTION
Ganeral

The 8284A is a single chip ciock generator/drivar tar the
iAPX B6, BB processors. Tha chip conlains a crystal-con-
trolled oscillator, a divide-by-three couriter, complete MULT) BUS
“Ready” synchronizaticn and reset logic. Refer to Figure 1
tor Block Diagram and Figure 2 for Pin Conliguration.

Osclliator

The oscillater circuit of the 8284A is designed primarily
for use with an external series resonant, fundamental
mode, crystal from which the basic operating frequency
is derived.

The crystal frequency should be selected at three times
the required CPU clock. X1 and X2 are the two crystal

input crystal connections. For the most stable operation

PCLK Q | Periphersl Clock: PCLK i a TTL lavel pe-
ripheral clack signal whosa output frequency
is ¥a that of CLX and has a 50°% duty cycle.

05C | O | Osclllator Output: OSG la the TTL lavel out-
put of the Internal oscillator circuitry. lis fre-
quency is equal to that of the crystal.

Reset In; HES is an active LOW signal which
s used to generate RESET. The 9284A
provides a Schmitt trigger input so thatan RC

powar-up resel of proper duration.

connection can be used to establish the::

RESET | O { Reset: RESET is an active HIGH signal which

AES.

ig used to reset the BOBE lamily processcrs. its !
timing characterisiics are datermined by :

CSYNC | |
HIGH signal which allows multiple 8284As 10
be synchronized to provide clocks that are In
. phage. When CSYNC ia HIGH the internal
.-+ | counters are resat. Whan CSYNC goes LOW
the intarnal countars are allowed to resume
. counting. CSYNC needs to be externally syn-
chronized to EF). When using the Internal o8-
ciliator GSYNC should be hardwired to
ground. | ,

-Clock Synchronization: CSYNG is an active’

GND Ground. . | o

Vee . Power: +5V supply.

of the oscillator [OSC) output circuit, two series resistors
(Ry = Rz = 510 1) as shown in the wavelorm figures are
recommended. The output of the oscillator is buffered and
brought out on OSC so that other system timing signais
can be derived trom this stable. crystail-controlled source.

For systems which have a Vg ramp time > 1V/ms and/or
have inherent board capacitance between X1 or X2, ex-
ceeding 10 pF (not including B284 A pin capacitance), the
two 5401t resistors should be used. This circuil provides
optimum stability for the oscitlator in such extrame condi-
tions. it is advisabte to limit stray capacitances to less than
10 pF on X1 and X2 1o minimize deviation from pperating
at the fundamental frequency.

If EFi Is used and no crystal is connecied, itis recommendad
that X, or X should be tied to Ve through a $10(1 resistor 10
prevent the oscillator from tree running which might produce
HF noise and additional Icc current.

3-247
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ABSOLUTE MAXIMUM RATINGS®

Temperature Under Blas™',....... e 0" 70°C
Storage Tempsarature . . .......-.-.- -85°Cto+150°C
All Output and Supply Voltages ... - L. —05Vio+7V
All INput Voltages ... ....oourricere: —~1.0Vto +55V

Power Dissipation .........ooocues- I e

“NOTIGE: Stresses abave’ those listéd dnddr “‘Absalute
Maximum Ratings’ may cause permanent damage 1o the

. davice, Thig Is a siress

davice rating only and functional opera-
tion of the device at these or any other conditions above

those indicated in the oparational sections of this specifl-
_cation is not impiled. Exposure fo absolute maximum

rating conditions for ext

reuability.

D.C. CHARACTERISTICS (Ta=0°Ct0 70°C, Voo SV £ 10%) -

anded periods may affect device

Symbol Paramster Min. Max. Units Test Condltlons
Ik Farward Input Current (RBYNC) -13 mA . Vg=0.45V
Other Inputs -05 ‘mA - Vp=0.45V
™ Reveras Input Current (ASYNC) . 50 Y V= Vo
Other inputs 50 | ph Vamb5.25V
Ve Input Forward Clamp Voltage -1.0 v lg=—5mA
e Powar Supply Gurrent 170 mA
Vi Input LOW Voltage 0.8 v _—‘
ViH Input HIGH Voltage 2.0 v
ViHg Reset lnput HIGH Vollage 26 Y A
Voo Output LOW Voltage 0.45 a ¥ -SmA
VoH Output HIGH Voltage CLK 4 v —-1mA
Other Qutputs 24 v —1mA
Vina— Vit BES Input Hysteresis 0.25 v
A.C. CHARACTERISTICS (Ty=0"C 10 70°C, Ve =5V 10%)
TIMING REQUIREMENTS
Symbol Parameter Min. Max. Units Test Condltlons
YEHEL External Freguency HIGH Tima 13 ns 90% ~90% Viy
tELEH External Fraquency LOW Time 13 ns 10%-10% Vin
tELEL EFI Perlcd 33 . ns {Note 1),
XTAL Frequency 12 30 MHz
taIveL ROY1, RDY2 Active Setup to CLK 35 ns ASYNC = HIGH
taveH RDY1, RDY2 Active Setup to CLK 35 ns ASYNC = LOW
tRIVGL RDY1, RDY2 inactive Setup to CLK 35 ns
teLAIx ADY1, RDY2 Hold to CLK 0 “ns
Lavvel ASYNC Setup to CLK 50 ns
toravx ASYNC Hold 10 CLK 0 ns
tAIVRIV AEH3, KENZ Setup to RDY1, RDY2 15 ns
toLaix AEN1, AENZ Hoid to CLK 0 ns
tyHEH CSYNC Saetup to EFI .20 ns ‘i
tEnYL CSYNC Hoid to EFI 10 ns i
tyHyL CSYNC Width 2-tgLel ns —
L1HoL fiES Setup to GLK 65 ns (Note 1)
teLH BES Hold to CLK 20 ns (Nota 1)




'ADCO0801, ADC0802, ADC0803, ADC0804, ADCO0805

National - AtoD,DtoA
Semiconduc_tor ‘

ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 8-Bit ;P
Compatible A/D Converters

General Description

The ADCOB01, ADC0802, ADCO803, ADCOB04 and m Differential analog voltage inputs
ADCOBOS are CMOS B-bit successive approximation A/D # Logic inputs and outputs meet both MOS and 7L
converters which use a differential potentiometric voitage level specifications

tadder - sanilar to the 256H produdts, These converters

. . ® Works with 25V (LM336 (Hage refeience
are designed to allow operation with the NSCB00 and Trs with ( ) voltuge refrrente

INSHOH0A derivative control bus, and TRI-STATE®D = On-chip clock generator

output latches directly drive the data bus. These A/Ds & OV 1w 5V analog input voltage range with smgly HY
appear like memory locations or 1/0 ports to the micro- supply

processor and no interfacing logic is needed. m No rero adiust required

m 037 standard width 20 pin DIP packege

Operates ratiometrically or with 5 VD, 25 vpe.
or analog span adjusted voltage reference

A’ new differential analog voltage input allows increasing
the common-mode rejection and offsetting the analog
zero input voltage value. In addition, the voliage refer-
ence input can be adjusted to allow encoding any smailer
analog vollage span to the full 8 bits of resolution.

Key Specifications

. = Resolution E £ bits
Features ¥ ) w Total error +1/4 LSB, £+1/2 LSB and 1 LSB
m Compatible with BO080 uP derivatives—no inter s Conversion time 100 us

facing logic needed — access time — 135 ns

® Eagy interface to all microprotessors, of operates
“stand alone’”

Typical Applications
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ADCO0801, ADC0802, ADC0803, ADC0804, ADC0805

A single point analog ground should be used which n-

separate from the logic ground points. The power supply
bypass capacitor and the self-clocking capacitor {if used)
shoutd both be returned to digital ground. Any VREpF/2
bypass capacitors, analog input filter capacitoss, or input

signal shielding should be returned to the analog ground

point. A test for proper giounding is to measure the
zero errar of the A/D converter. Zero errors in excess ot
1/4 LSB can usually be traced to improper board layout
and wiring {see section 28.1 for measuring the zero
errqr).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with
testing an A/D converter. One of the simplest tests is to
apply a known analog input voltage to the converter and
use LEDs to display the resulting digital cutput code as
shown in Figure 7. .

For ease of testing, the VREF/2 (pin 9} should be
supplied with 2.560 Ve and a Vg supply voltage of
5.12 Vpe should be used. This provides an LSB value
of 20 mV. C :

Hf a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpc (5.120 — 1 1/2 LSB) should be
applied to the Vip{+] pin with the VN{~} pin grounded.
The .value of the VREF/2 input voitage should then
be adjusted until the digital output code is just changing
from 1111 1110 to 1111 1111 This value of VREF/2
should then ba usad for sil.the tests.

The digital output LED display ¢an ba decoded by
dwviding the 8 bits into 2 hex characters, the 4 most
significant (MS) and the 4 least significant {LS}. Table ]
shows the fractional binary equivalent of these two 4-bit
groups. By adding the decoded voltages which are ob-
tained from-the column: Input voltage value for a 2.560
VREF/2 of both the MS and the LS groups, the value of

T
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FIGURE 7. Basic A/D Tester

the digital dispiay can be determined. For example, for
an output LED display of 1011 0110 or B (ir: hex], the
voltage values from the table are 3.520 + 0.120 or
3.640 Vpc. These voltage values represent thi center-
values of a perfect A/D converter. The effects of quant
zation error have to be accounted for in the nterprita:
tion of the test results,

For a higher speed test system, or to obtain piotted
data, a digital-10-analog converter is needed for the st
set-up. An accurate 10-bit DAC can serve as the precision
voltage source for the A/D, Errors of the A/D under test
can be provided as either analog voltages or ¢ifferences
in 2 digital words.

A basic A/D tester which uses a DAC and provides the
error as an analog output voltage is shown in Figure 8.
The 2 op amps can be eliminated if a lab DVM with a
numerical subtraction feature is awvailable to directly
readout the differance voltage, "A-C". The analog
input voltage can be supplied by a low frequency ramp
generator and an X-Y plotter can be used to provide
analog error (Y axis) versus analog input {X axis). The
constructian details of a tester of this type are provided
in the NSC application note AN-179, ”Analog-to-Digital
Converter Testing™.

For operation with a microprocessor or a tompuler-
based test system, it is more convenient 1o present the
errors digitally. This can be done with the circuit of
Figure 9, where the output code transitions can be
detected as the 10-bit DAC is incremented. This provides
1/4 LSB steps for the B bit A/D under test, tf the results
of this test we automatically plotted with ihe analog
input on the X axis and the error (in LSB's) as the Y
axis, a8 useful transfer function of the A/D under st
results, For acceptance testing, the plot is not necessary
and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To discuss the interface with BO8B0A and 6800 miciy
processars, a common sample subrouting structure s
used. The microprocessor starts the A/D, reads and
stores the results of 16 successive conversions, then (e
turns to the user’s program. The 16 data bytes are stored
in 16 sugcessive memory locations. All Data and Ad-
dresses will be given in hexadecimal form. Sottware
and hardware detaits ara provided sepapately for each
type of microprocessor,

4.1 interfacing 8080 Microprocessor Derivatives
{8048, 8085)

This converter has been designed to directly inferface
with derivatives of the BOBQ microprocessor. The A/D
can be mapped into memory space {using standarg
memory address deceding for CS and the MEMR and
MEMW strabes} or it can be controlled as an 1/0 device
by using the IO R and /O W strobes and decoding
the address bits AC -+ A7 {or address bits A8 —~ ALS
as they will contain the same 8-bit address information)
to obtain the CS input. Using the 1/Q space provides
256  additionat addresses and may  allow o simpler
8:-bit address decoder but e data can only b input
to the accumulator. To make use of the adiditions
memory reference instructions, the ASD should e
mapped into memory space. An example of an AR
in /O space is shown in Figure 10,
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Fas Comp!ete 12-Bit A/D'-Bonverter
with Microprocessor Interface

ADST4A
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FEATURES
Comploty 12-Bit A/D Converter with Raference
4l Cluchk
Full 8- ur 16-Bit Microprocaessor Bus Interface
250n3 Bus Access Time
Guarantuad Linsarity Over Tempearature
0w + 70°C - ADYF4AJ, AK, Al
- 55'C ta +125°C - ADGZ4AS, AT, AU
No Missing Cudus Over Tamparsture
Fust Succussive Appraoximation Conversion - 26us
Buried Zener Reference for Long-Term Stability
and Low Gain T.C. 10ppm/C max ADST4AL
12.5ppm™C max ADST4AU
Low Profila 28-Pin Ceramio DIP
Low Power: 390mwW

PRODUCT DESCRIPTION

The ALIS74A 1 a complete 1 2-bit successive-approximation
anslog-to-digitul converier with 3-state output bulfer circuitry
tor Jivect intarTuce 1o an 8-, 12-0r 16-bit rucroprocessor bus.
The ATISTHA design is implemented with two LSY chipsy each
cantaming budh analog wod dygial crcaney, pesufoag u the
maamuim perforimance and Hexibiliny at the lowest cost.

Que chap s the ngh perlormance ADSSSA 12-hu DAC and
voltuge reference. 1vontwns the ligh speed currant outpur

s g circatry, e sienmmaed thio Gl resstor network,
low 100,
and bapobat offser sesistors.,

bueied sener reterenee and the precision wpat scaling
I'hus clip is Liser tnnaed at e
age (W) 1o adjust ladder network linearny, vollige
reterence tolerance and wemperature cocllicient, and the calibration
accwracy of inpit scaling and hipolar of(set resistors.

waler at

The seeond up uses the proven LCTGinear-compaoble integraed
mecnon lige s process o provede the low-power 171, successive-
Apprexnualion registen, converter control airewtry, cluek, bus
nteckace, and e tugh performance larching comparator. The
mecoson, lowdnle congaraor is adjusted Jor imibal input offses
wrror al vhe waler shgee by the "zenee-zap' wehmgue which
e e compardton input stage w V0 LSH iypicad error. This
fori ol tnumeg, whohe cumibersoane lor complex ladder networks,
w i wrtractive aliersanve w thin (ilos resistor trimnung for a
simple olfser adjustment and elinninates the ueed for thin film
provessang tor this portion of the aircunry.

The ADST4A is availubic 1 six differemt grades. The ADST4A],
AK, aud AL grades are specilivd Lor operation over the 0 10

+ 0 lwmperature range. The ADS7AAS, AT, and AU are
speaalited for the - $5°Chio + 125°C range. AH grades are packaged
moidow-prohibe, 0.600 mch wide, 28-pan hermcticably-sealed
veraoe DL

ADST4A FUNCTIONAL BLOCK DIAGCRAM
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PRODUCT HIGHLIGHTS
The ALYST4A interfaces Lo most popular microprocessors
with an 8=, 12-, ar 16-bit bus withoul external butlers or
penpherat ineeface controtters. Multiple -riande three-stne
outpul butters connedt divectly 1w the datu bus whnle the ceald
and convert commands ure wken fromm the conirol bus, The
L2-bies of ouipur datg eun be read githes ws one 1220 waord
or ay two B-bit bytes (one wih B du bies, the c.ll\;r willy 4
duta birs and 4 traihing zeros),

2. The precision, laser-wrimmed scaling uod bipola ulisel cesistons
provide lour calibrated ranges, 0 1o 4 10 and O+ 280 valiy
uniponu, o - S 1o FSand - o 4 B volis Bepolar Pypacal

P van be

tratnnaecd 10 zero with one oxtermal component cah

Lupobir aflset aind full scale calibration ot

3. The internal buricd zener relerence s trimaned to 10,00 volis
with 1% maximuun crror agd TSppmCoypieal 17230 The
relerence s avalable extevmlly and can duece wpio Fove A
heyond that required for the relerence and lapolur ollsel
resistors.,

ANALOG-TO-DIGITAL CONVERTERS VOL. I 10-55




CIRCUI'Y OPERATION
The ADSIAA i a camplete 12-0m0 AVEY converter which cegquies

o cxictial componcnts (o provide the complete saccessive-ape-
proxaatiun gnalog te-digival conversion tunchion, A Hlock dia-
gram of the ALST4A s showe o Figure 1T deviee cunsisty
of iwo chips, vue contaiming The precision 12-bit DAL with
veliage reference, Uie viher contaiming (s comparator, successive-
appraxinunon wegister, clock, vurput buffers and control -
Lulry
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Frgura 1. Block Diagrum of ADBIAA 12-Bit A-to-D Converter

When the comrod section is comenunded o initiate a conversion
(us deseribed larery, v then cuables the ik amd rescts the
BHLLCSRIVE-aPPOXETALUN Togivter (SAK) 1o all zgros. e a
coaversion cycleshas begin, 1t cannot be stopped of ce-started
and data s not hvatable l:‘tl:tl the vutput bullers, The SAR,
tunedd by the Aok, will

sesjucnce through rhe conversion
cycheand i an end W convert 1lag o the control sectivn,

ol secton will then drable the clock, bring the oarpat
statiwe ALy Tow, ot cnalede controb tun ons te atlow data resd

Tunw gy by exteral commal,

Drujiog dhie convarsion cyele, 1the sternal 12-bit curreny output
PPAC s sequenced by the SAI rong e nwost-sigolicant-bit
EMBHE Y o beast spahicant b (ESH) 16 provide an o pot cureent
which: avcurately batances the imput signal cunient teough tise
SkAE tor WA s resistor. The comiparator deiermmnes whetler
the wddinon ol il sucuessavely-weiglited bal cocrcat canses the
P3G current sum 1o he greater v less than tie mput cureeos; 1f
the s s dess, the et lele ong i o, the bac is tured ofT,
Aty testing all tw by, the SAR contams o 12-bit binary aande
which uccurately sepresents the inpul signal o wihin 2 LSB.

The temperature-compensated buried Zener relerence provides
the primary voltuge relereace 1o the DAC and guarantees excellent
stabiliy with hotli umie and emperatare, The scfereace is tnmmed
1w 1000 volts 1%, i1 can supply up to 1.5mA © an external
toad m addion w that required 1o drive the reference mput
resistor (0:5mA)Y and bipolar offset resistor (TmA) when the
ADSEA s powerad lrom 2 1SV supplies. 1 the ADSTHA s
used with LMV sippties, o il external curreat musy be supplied
wver the fult teinperature range, an exiemnal buller ampliher is
teconmmended. Any extcamad Load on sthe ADSTHIA relerence
Ausl eCannn constanl durieng converson. The thin b appboation
Fesaslors are Traened i tdeh the full seale oopos cunenn of
the DAL, There are two Sk mput scabing resistons o allow
ither a 10 valt or 200 valt span. 'Phie 10kEE bipolar of [set resistor

VOL. I, 10-60 ANALOG-TO-DIGITAL CONVERTERS

o groueded Tor wmpelo speraton o3 conaectad 1o the 10 voit
1ctereave tor fnpohu opeiaiion

DRIVING THE ADST4A ANALIK INPLT

The ADSTAA is o successive-uppuoxananon type analog- to-digat,]
vonverter. PDurang the conversion vydle, the A inpat curenn
is modulated by the DAC west corrent at approximately o SO0RH .
rate. This o s anportaat woreeoginig thai the signal sounce
drsviog the ADSTAA it be capable of holding & consta
output voltage uoder dynanpcally-clungng joad conditions

Vunsan ,%
i b, ———
LTSI
<
11

'
L d b LI | e dia

LAY i

i EHIYEYS

i 1R R, A FLG W
CaiamoL S b PN g

ARAL U

Figure 2. Op Amp - ADS744 ntarface

The closed loop outpnt impedance oo ws op amip s cguad to e

.
open loup eutpur impeddance {usually o few huelied ot

davided by the foop g at the Trequeiicy ol mrceest Lo otien
asstrned tha Thie loop gam of a toilower vonecred opoaonge s
sutlicicntly high to reduce the cosed loop auput mnpedane 1o
a neghigsibly small value, particudarly 2 the spgned s low aqueney
However, the amplifier driving un ADSTIA miust cither bave
sulficient Wep gan ar SO0KT o reduce the closed loap uoiput
impodance to a low value or bave low open loup output
npedane,

Tl can be acomnplished cthier by ising @ wideband op amp oz
by placing a discrere-traasistur or miegeated bulics wnle 1he
ampliticr’s leedback loop,

SUPPLY DECOUPLING ANIY LAYO
CONSIBRERATTIONS
Lo coteally mnponisig thaa she ADSTIA power sappine be

filteved, well copuboed, and free Trown bigh Begueney o Lisg
ol oy sopphes will cause uastable vatpul codes o be poneraned
Switching power supphies are nod reconupended for s
atteripisg To aclieve 1 2-bi0 aecnniey uniess greal are s used

1 lherieg auy swi i spikes present in the outpit. Remember
thit a lew nutlivolts of nuise represents seva ) counts of Ciro
oy 1 2-bi AL

Decoupling capacitors should be used on all power supply pins;
the 4 SV supply decouphng capacinor shoubd be Gonned ed
directdy from pin b pia 15 wignal commaon) and (the + Y,
and = Vi ptns shoald be decoupled dircctly 10 analog conson
{pin 9 A swtable decoupling capucnior is a 47 F winalum type
0 parallel with a 0. hpF dise ceramu 1ype.

Circuit tayout should aitempt 1o bocute the ADSTIA, assocued
i lag pin ciccanery, and interconnections as lar as possihle
raen hogie corcury, For vhas reason, the use of WILSWEAP Cite sl
Lonstrucnuon v et rccemended, Coarelul pronncd cncnn G

struction sy prefersed.



AD574A Analog Circuit Details

UNIPOLAR RANGL CONNECTIONS FOR THE ADS74A

L he ADST4A contans ali the active campouents requued 1o
pectorm a compeie 12-hie A/LY conversion. Thus, lor most
situatdons, all that s necessary s conucction ol the power sapplics
145, + 1204015 and - 122 =15 volis), the analog inpud, and the
conversion iniugtion command, as discossed onothe next page.
Analug input conneciivns and calibration are casily dcecomplished;
the unipular operaling mode 15 shown in Figure 4,
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Figure 3. Unipolarinput Connections

Al ol the thin [Hhn application resistors of the ALS74A are
teamamd fur wbsohaie culibration. ‘Therelore, i nmny applications,
ne calibration inoing will be requised. “The absolute soouracy
for cuch grade is given in the specitication tables. For example,
il no trims are used, the ADSTHAAK guaranwees = 2150 max
seve obtet error ad 0 0.25% CHOLSHE) max lull seale crror,
(Typica! (ull sdale cyror s £ 20SH.) 1 the ofiset irin is nw
required, pin 12 can be connected directly o pin Y5 the two
veststors snd frunmer lor pin 12 are then oo needed . 10 the Tull
seatle trun ds nod needed, & 3012 2 P menal Gln cesistor should
be connected beoween pin 8 and pin 10,

The analug input is cannected between pin 13 and pin 9 (oc a ¢
10 + 10V input range, between 14 and pin 9 lor a 010 + 20V
input range. ‘The ADST4A casily accomnudates an input snal
beyond the supplics. For the 10 volt span input, the 1LSB has a
numinal value of 2,.44mV, 1or the 20 volt span, 4. 88mV. [f a
10.24V suange is desired (nominal 2.5mV/bit), the gain trimmer
(R2}) should be replaced by a 5081 resistor, and a 2004} inmmer
inseried in series with the analog inpul to pin 13 (lor a full scate
range of 20,48V (SmV/bi), use a SGUSY ariimicr into pin 14).

Fhe gain trim cescribed beluw iy now donc with these teimmners.”

The nominul input impedance ioto pin 13 is SkiE, und 10k}
into pin 14, .

UNIFOLAR CALIBRATION
The ADST4A v intended o huve & nommal %188 ol so ihat

the exact anabug ieput Jor u given code will be i the middie of
that ¢ode (halfway bBotween the ransiuons w the codes abuve

and below ity Thus, when properly calibrated, the first iransinog
(hromn GRS 0000 0L 1o QOO0 D00 BOUL) will gecur Tor an
inpat level of + 1/21.88 (1.22mV for 10V range).

t pio 12 s connceted (o pin 9, the una typically will beliave
this wanner, within specilications. i the oltset trim (R1) 18
used it shoutd be trommed as above, alihough a dilferent ollsel
cant be set for a particular system reyuirament. This cireust will
give approxmately & PV oof oflses trim range,

The {ull scale trim is done by applying a signal 1 172185 below
the nominad Tull scale (9.9963 for a0V range). Trim B2 w gee
the last trassttaon (VLR YTEY THIO v FEYD TOLD DLEY )

BIPOLAMR O'ERATION

Five cennegtions lur mpular ranges are-shown in Figure 4. Agan,
as bur the umspolar Fanges, il the offset and gain specifications
ure sullicient, vie oF both of the rimmers shown can be replaced
by a 50§} = 1% fixed resistor. The anafog input is apphied as lor
the unipolar ranges. Bipolar cubhibration is similar (o unipular
calibration. First, a sighal LSH above negntive full scule

(- 4.998RY for the 5V canyge) is applied und R1 is trimmed to
give W first teansition (0000 0000 0000 w DL BOU) OOU ).
Then o signal F4ALSE below pasitive full scale { +4.9%63V lor
the L SY range) is applicd and R2 rinimed 1o give the last
trapsition CTIVL VELE LIRS wo BT HLE BID).
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Figure d. Bipolarinput Connactions

GROUNDING CONSIDERATIONS

Fhe analog common at pin 9 is the ground reference point for
the internal reference und is thus the “high quality” ground for
the ADS74A; it should be connected directly to the analog
relerence poit of the system. In order 1o achicve all of thic high
accuracy perlormance available from the ADST4A a an enviren-
sneot of high digiel noise conteng, i is required that the analog
and digital communs be connected together at the package. B
saie sttations, the digital cosmmon at pist 15 can be conmected
10 the most convement ground telerence point; amulog power
veturn as preterred.

ANALQG-TO-DIGITAL CONVERTERS VOL. 4, 10-67




Signetics 7415245

Transceiver

Octal Transceiver (3-State)
Froduct Specification

Logic Products

FEATURES T TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT |
» Octal bidirectional bus interface YPE DELAY (TOTAL) i
» 3-Stale bulfer oulputs baLupan R T T Lana ‘
e PNP inpuls for reduced loading i

s Hysteresis on all Data inpuls ORDERING CODE

1]
DESCRIPTION PACKAGLS vee :5,3 { ;’fnif‘i Oﬁé"ﬁi 70°C |
Thg 'LS24§ is an octal 1ransc‘eiver ieg- T Piastie BTF’ A ;\T?;L_SM:TN_ T e e
wring non-invering 3-State bus compatr- - . : T
ble outputs in both send and receive Piastic SOL-20 N741.52450
directions. The outputs are all capable ol NoTE: B T
sinking 24mA and sourcing up to 15mMA,  For imtgemanon segarding devices processed lo Miltary Specdications, see the Segnetics Military Produets
producing very good capacitive drive  Data Manual
characteristics. The device features a
Chip Enable (GE) input for easy cascad- INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

{

ing and a Send/Receive {S/R) input Tor e T e
. . . P L.
direction control. All data inpuls have [ — LNS - ,1_ [ PES_CWEIO_N_ ,,,,AJ._ 7_?45 . :
hysteresis built in 1o minimize AC noise | oA L hpws s
eftects. 5 Outputs 3CLSub i
FUNCTION TABLE oy
INPUTS INPUTS/OUTPUTS Where a 7418 umit toad (£Sul) is 20pA 1, and -0 AmA Iy
CE ) s/R An Bn )
L L A=B INPUTS
L H INPUT B=A
H X £ 2
H = HIGH vollagn lval
L= LUW woltugu Tuvol
X = Don't care
(2} = HIGH impegance "'off” siato
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC;
o ‘l . ‘ ¥ el
LI IENT
~ B N ntTDg l ‘_.[f 3ENZ
s [ B T ] N ol r
a - = =" [ S
a2 b 1] CE |- T 1
FURatIRy Y R vra
A E E“O T - b ] ! 2 o o> 2 8
w T < —
AZE <t ’LEB\ ‘—l‘E-D' ”T,__é]—]»f} I H 3 T
A3 [E:“LrJ \\I'LE]BZ A AT B B
x EHEEH e, Jo i, i LI -
4 Ca
o o RS EEE - L s
as[FHE )-LEBS ’""'T & # . r!" n 5 14
Ay Al . N g
ria]) \rL il8g » "] [ - ey i v 11
GNDE p_n 8, X I { QT“ ! e te—— ———
oo > v T T L B | -
4 T |
\ | 9 ] I
) ||




Signetics

Logic Products

FEATURES

s Common Address inputs

« True or complement data
demultiplexing

« Dual 1-of-4 ot 1-of-8 decoding

« Function generator appilications

DESCRIPTION

The '155 is a Dual 1-of-4 Decoder/
Demultiplexer wilh common Address in-
puts and separate galed Enable inputs.
Each decoder section, when enabled,
will aceept the binary weighted Address
input (Ag, A) and provide four mutually
oxclusive active-LOW oulputs ©-2.
When the onable requirements of edch
ducudul are not el, ali gutputs of thal
decoder are HIGH.

PIN CONFiGURATlON

S

E 2 [l vee
E-E EEB
A [E] my
ey [17] A0
%] 55,
W (5] 7%
o [ KON
GND[x (510,

74455, L5155
Decoders/Demultiplexers

pDuai 2-Line To 4-lLine Decoder/Demultiplexer

Product Specification

B :;P; " TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT |
DELAY - {TOTAL) J
74155 1808 25mA !
L 7418455 1708 &.1mA !
ORDERING CODE
[ - o COMMERCIAL RANGE '
PACKAGES Veg = 5V £5%; Ta=0°C to +70°C
Plastic DIP N74155N, N?4LS‘155N
Plastic 5O NTALS155D
NOTE:

Eor nlormation regarding duvices procussea 1o Miitary Spetihcalions,

Data Manuoak

suwg e Sigouics Miitary Produc

INPUT AND OUTPUT LOADING AND FAN OUT TABLE

PINS DESCFIIPTION 74 m_s ]
Al Inputs S 1ul LSul |
All Cuipuls 10ul i.JL Su 1

NOTE:

whiere a 74 unil load () 15 understood 1o be 40uA iy and — 1 6MA by, and a T4LS wruloud Sulpis 2048 by,

and -0.4mA .

LOGIC SYMBOL

12 133 141§
E «

49 iy €
OHCOOLH a DECOCER b
1 Ay
o gy 2 3

9 w0 1112

AL
GND = #n 8

LOGIC SYMBOL (IEEE/IEC)
i

1

2 zofm®
P )

a4 P N

150~

vap ST

i



DC ELECTRICAL CHARACTERISTICS (Over recommended operaling free-air temperatura range unless othorwiso noled )

T4L5245 !
PARAMETER TEST CONDITIONS' N e UNIT
Min Typ? Max
A Vp  Hyslesesis (V74 -Vio} Veg = MIN 02 0.4 v
HiGH-lovel Ve MIN Wor © MAX 20 v
VoM ‘ Vi = MIN LT R P -
output voitage VL = MAX It = —3mA 2.4 3.4 ¥
LOW-lovel Vi = MIN oL = MAX 0.5 v
VoL Vi = MiN, e e e e
output voilage Vi = MAX lol = 12mA (74LS) 24 v
Vik Inpul clamp voltage Voo = MIN, § =ik i v
Off-state output curiont, - ey i
= =2V = 2OV 20 A
o214 HiaH-evel voltage appiied Voo = MAX, Vo =2 7V, CE ~ 20 oo
Otf-s1alo oulpul cutrent, =
Veg = MAX, Vo =04V, CE = 2.0V ~200 A
o2l [Ow.ievel voltage applied cc X. Vo= 04V, TR =20 K
I V=55V A, B input o1 A
! :npu: cu:;ent at maximum Vor = MAX M . B nputs 8 mA
Aput vollage V) - 7.0V s/8. CF inputs 9 A
YH HIGH-level input current Voo = MAX, V)= 2.7V 20 LA
L LOW-leval inputl current Vo = MAX, V= 0.9y -0.2 mA
— R E I R —
los f:rcr’gr'ﬁ:'.'c”'t output Vo = MAX -40 -130 mA
lecn Oulpuls HIGH 18 7% mA
lec Supply current? (total) Voo = MAX lcer Outputs LOW 62 a0 g mA,
etuiainn S - s ;
ooz Outputs OFF 64 i | i
MNOTES:

3. For conditions shown as MIN or MAX, use the appropriate value specilied under recommonded operating conditions lor the applicatia typo

2 Al typRal values are at V= BV, 14 25°C,

3. Igg is tested with Vour = +0.5V and Voo = Voo MAX +0.5V. Not more (han one outpul should be shorled at a tima and duration 21 the $nort circuit should not

exceed one second.
4 Measure loe with outputs open,

AC ELECTRICAL CHARACTERISTICS T, « 25°C, Vgg = 5.0v

74L5
PARAMETER TEST CONDITIONS CL = 4pF, R = 66711
Min
e Propagation delay | wavelorm 1 I
teHL Propagation delay Wavelorm 1 T
tezm Enable to HIGH Wavelorm 2 T
tozy Enable to LOW Wavelorm 3 T
tpHz Disable from HIGH Waveform 2, C = SpfF o
tpLz Disable from LOW Wavelorm 3, Cp = 5pF o

UNIT




1.OGIC DIAGRAM

£, T, Aq Ay L _l
[1}] {2 (L] 5] (14} sy
[ A ]
| | |
n 161 51 (o1 13 a0 [AL)] [4F3]
B, i, 7, 3 G Ty ES T
Ve = Pn 16
G = P B
FUNCTION TABLE
ADDRESS | EMABLE ouTPUT ENABLE ouTPUT
a a b b
a A & B |53z & e |0]il2]3
X X t Il x Trlwlnln]vjx|H|A]lHIH
X X -l w hwtrlwln|l x| |H]H|HR
L L H L L H H HH L L L H H H
H L H.| L |H|L]|HIH] L t {HIL|H]|H
L H Wl L HjH|L[HI L] v H{H]L]H
H Wolw | clmlnfalel oo |m]aln]y]

H = HIGH voltage lovel
L = LOW voltaga leval
X = Don'l care

ABSOLUTE MAXIMUM RATINGS (Over operating lrec-air temp

Both decoder sections have a Zanput inable
gate. For decoder "a"' the enabiu gale ¢
quires one active-HIGH input and one active-
LOW input (E, - Ed) Decoder "a’" van acoopl
aither true or complemented data i dunwll
plexing applicaticns, by using the &5 or Ea
inputs respeclively. The decoder "b" enable
gate requires two active-LOW inpuls (Eyp - Ey).
The device can be used as a t-0f-8 gecoder/
demultiplexer by tying E, to Ey, and relabeling
tho conunon connoction address as (As),
lorming the commen enablo by connacting
the remaining E and €,

erature range unless otherwise noted )

PARAMETER | 7aLs uniT |

Voo Supply vollage o ;_0 - ';.D - ]
Vin Inpul voltage N:O; 10 +5.5 —(3;10 +7.0 W I
iy Input current T Tl s | -1 A
Voul Voltage appbed 1o output in HIGH oulput state N -05 to +Vc; o -0 5 ;E): G(T; T '3 o 1
_T,\ Oporating free-ar lemperalure rang; T S .0 .tu- 70 o . [ :
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