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SYNOPSIS

Existence of a field untouched or uninfluenced by microcontrollers is
unthinkable and inconvenient. Microcontroller is the hype in the field of
electronics and communication. The field of signal acquisition and signal

conditioning is no exception to this generalization.

Data logging is imperative in many areas of engineering. Manual
methods have become obsolete due to their cumbersome nature. Data logging
using microcontrollers and computers are accurate and easier. Software has
come into existence that makes this process very simple. One such software
used in our project is KEIL, a cross-compiler between C and 8051 assembly

level programming.

The core of our system features AT89¢51 microcontroller, that receives
the input involved in logging, stores them in the external RAM 62256 and
forwards the stored data to computer via RS 232.The received data are

analyzed using LabVIEW.
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1. INTRODUCTION

DATA LOGGING SYSTEM

The simplest way to store data is to record it on paper with either a
strip-chart recorder or an x-y plotter. For greater utility data can be digitized
and stored in computer files for later data analysis. Many instruments digitize
and store data in memory for subsequent transfer to a computer file. The
analytical signal can also be digitized and stored to a computer data file using

a computer data logging system.

Measurements are done on stand alone instruments oI various type
oscilloscopes, multimeters, counters etc. However, the need to record the
measurements and process the collected data for visualization has pecome
increasingly important. There are several ways in which the data can be
exchanged between instruments and a computer. Many instruments have a
serial port which can exchange data to and from a computer or another

instrument.

Another way to measure signals and transfer the data into a computer
is by using a Data logging board. The analog and continuous time signals
measured by the sensor and modified by the signal conditioning circuitry
must converted into the form a computer can understand. This is what is

referred to here as data logging.



Our Data logging system consists of a Microcontroller AT89¢51, which
controls the whole process, ADC 0809 which converts analog input to digital
output, RAM IC 62256 which stores the received data that can be retrieved

for future analysis.

SERIAL COMMUNICATION

One of the most universal parts of the PC is its serial port. You can
connect a mouse, a modem, a printer, a plotter, another PC, dongles, etc. But
its usage (both software and hardware) is one of the best-kept secrets for most
users, besides that it is not difficult to understand how to connect devices to it

and how to program it.

Serial communication is often used either to control or to receive data
from an embedded microprocessor. Serial communication is a form of I/O in
which the bits of a byte begin transferred appear one after the other in a timed
sequence on a single wire. Serial communication has become tae standard tor

inter-computer communication.

Types of serial communications;

There are two basic types of serial communications,
. Synchronous and

. Asynchronous.



SYNCHRONOUS COMMUNICATION:

With Synchronous communications, the two devices initially
synchronize themselves to each other, and then continually send characters to
stay in sync. Even when data is not really being sent, a constant flow of bits
allows each device to know where the other is at any given time. That :s, each
character that is sent is either actual data or an idle character. Synchronous
communications allows faster data transfer rates than asynchronous methods,
because additional bits to mark the beginning and end of each data byte are
not required. The serial ports on IBM-style PCs are asynchronous cevices and

therefore only support asynchronous serial communications.

ASYNCHRONOUS COMMUNICATION:

Asynchronous means "no synchronization”, and thus does not require
sending and receiving idle characters. However, the beginning and end of
each byte of data must be identified by start and stop bits. The start bit
indicate when the data byte is about to begin and the stop bit signals when it
ends. The requirement to send these additional two bits cause asynchronous
communications to be slightly slower than synchronous however it has the
advantage that the processor does not have to deal with the additional idie

characters.



An asynchronous line that is idle is identified with a value of °. (also
called a mark state). By using this value to indicate that no data is currently
being sent, the devices are able to distinguish between an idle state and a
disconnected line. When a character is about to be transmitted, a start bit is
sent. A start bit has a value of 0, (also called a space state). Thus, when the
line switches from a value of 1 to a value of 0, the receiver is alerted that a

data character is about to come down the line.

PARITY
DATA WIORD BIT
START ¢ N 1 STOF
BIT 1 1 8] 1 0 u] 1 1 BIT 1

DATA LINE

CLDCKLINEl}I;I;I;I; }'; §|§§§§

Asynchronous Serial Data Frame



2.1 MICROCONTROLLER-ATS89C51

A Micro controller consists of a powerful CPU tightly coupled
with memory (RAM, ROM, or EPROM), various Input features such as
serial ports, parallel ports, timers/counter, interrupt controller data
acquisition interface Analog to Digital converter (ADC), Digital to
Analog converter (DAC) everything integrated into a single siitcon

chip.

It does not mean that any Microcontroller should have all the above
said features on chip. Depending on the need and area of application for
which it is designed, the on chip features present in it may (cr) may not

include all the individual section mentioned above.

Any Microcontroller requires memory to store a sequence of
instruction making up a program, Parallel port or serial port for
communication with an external system timer/counter for control
purpose like generating time delay, and rate for the serial port apart

from the controlling unit called the Central Processing Unmit (CPU}

AT89Cs51

GENERAL DESCRIPTION:

The heart of our data acquisition system is AT89CS1 which is a low-
power, high-performance CMOS 8-bit microcomputer with 4K bytes of
Flash Programmable and Erasable Read Only Memory (EPROM).The device
is manufactured using Atmel’s high density nonvolatile memory technology

and is compatible with the industry standard MCS-51™ 1nstruction set and



pin out. The on-chip Flash allows the program memory to be reprogrammed

in-system or by a conventional nonvolatile memory programmer.

By combining a versatile 8-bit CPU with Flash on a monolithic chip, the

Atmel AT89C51 1s a powerful microcomputer which provides a highly

flexible and cost effective solution to many embedded control applications.

FEATURES:

A\

v

Y

A7

Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz
Three-Level Program Memory Lock
128 x §8-Bit Internal RAM

32 Programmable 1/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power Idie and Power Down Modes



PIN DIAGRAM:

P10 1 Um:vcc
Pi 12 so b Po.c (ADOC)
p1.2 3 38 |0 POt (AD1)
p1.3 4 37 B Pe.2 (AD2)
p1.40] 5 38 B P03 (AD3)
Pt.5 6 35 |1 Po.4 {AD4)
pi6C]7 34 | Po.5 (ADS)
P1.7 ] s 33 0 P0.5 {ADB)
R8T 9 32 O PO.7 (ADTY
(Rx0)y 3.0 10 31 b ERIVRP
LTXD) P3.t O] 11 30 |0 ALE/PROG
(TNTOY P3.20] 12 20 b PSEN
(TNTT) Pa.a] 13 28 1 P2.7 {A15)
(170} P3.4a] 14 27 P26 (A14)
(T4} Pa.s 15 26 1 P25 (A13)
(WR) P3.6] 16 25 O P2.4 (A12)
(RO P37 17 za P23 (A11)
xtarz o] s 230 P2.2 (A10)
XTaLti o 19 22 P21 tag,
aND O 20 21l P20 (ass

The AT89C51 provides the following standard features: 4K bytes
of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit timer/counters, five
vector two-level interrupt architecture, a full duplex serial pert, on-chip
oscillator and clock circuitry. In addition, the AT89C51 is designed with
static logic for operation down to zero frequency and supports twe
software selectable power saving modes. The Idle Mode stops the CPU
while allowing the RAM, timer/counters, setial port and interrupt system
to continue functioning. The Power down Mode saves the RAM contents
but freezes the oscillator disabling all other chip functions until the next

hardware reset.



FUNCTIONAL DIAGRAM:
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PIN DESCRIPTION:

VCC:
Supply voltage.

GND:
Ground.



PORT 0:

Port 0 is an 8-bit open drain bidirectional I/O port. As an output
port each pin can sink eight TTL inputs. When 1s are written to port C
pins, the pins can be used as high impedance inputs.Port0 may also be
configured to be the multiplexed low order Address/data bus during
accesses to external program and data memory. In this mode PO has
internal pull-ups. Port 0 also receives the code bytes during Flash
programming, and outputs the code bytes during program verification.

External pull-ups are required during program verification.

PORT 1:

Port 1 is an 8-bit bidirectional 1/O port with internal puli-ups. The
Port 1 output buffers can sink/source four TTL inputs. When Is are
written to Port 1 pins they are puiled high by the internal pull-ups and
can be used as inputs. As inputs, Port 1 pins that are externally being
pulled low will source current (IIL) because of the internal pull-ups.
Port 1 also receives the low-order address bytes during Flash

programming and verification.

PORT 2:

Port 2 is an 8-bit bidirectional I/O port with internal pull-ups. The
Port 2 output buffers can sink/source four TTL mputs. When is are
written to Port 2 pins they are pulled high by the internal pull-ups and
can be used as inputs. As inputs, Port 2 pins that are externally being
pulled low will source current (IIL) because of the internal puli-ups.
Port 2 emits the high-order address byte during fetches from externai
program memory and during accesses to external data memcory that uses

16-bit addresses. In this application it uses strong nternal pull-ups whern



emitting 1s. During accesses to external data memory that uses 8-bit
addresses, Port 2 emits the contents of the P2 Special Functicn Register.
Port 2 also receives the high-order address bits and some control signals

during Flash programming and verification.

PORT 3:

Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. The
Port 3 output buffers can sink/source four TTL inputs. When 1s are
written to Port 3 pins they are pulled high by the internal pull-ups and
can be used as inputs. As inputs, Port 3 pins that are externally being
pulled low will source current (1IL) because of the pull-ups. Port 3 also
receives some control signals for Flash programming and verification
Port 3 also serves the functions of various special features of the

ATR9CS51 as listed below:

Port Pin Altzenats Funcllons

Pz FXD dsarial inpaul pooet)

2 TRD (zerial output port

paz THTT (ssternz] intarupt i

2.3 THTT tsxtarnal inbsmupt 4

P T ftirner O selarr@l inpul)

P35 T1 itimer 1 external input}

P3G W jextiarnal clata ramery swrits staobe)
P27 RD izstarnsl data memary read strobel

RST:

Reset input. A high on this pin for two machine cycles while the

oscillator is running resets the device.



ALE/PROG:

Address Latch Enable output pulse for latching the low byte of the
address during accesses to external memory. This pin is also the
program pulse input (PROG) during Flash programming. n normal
operation ALE is emitted at a constant rate of 1/6the oscillator
frequency, and may be used for external timing or clocking purposes.
Note, however, that one ALE pulse is skipped during each access (o
external Data Memory. If desired, ALE operation can be disabled by
settinig bit 0 of SFR location 8EH. With the bit set, ALE 1s active oaly
during a MOVX or MOVC instruction. Otherwise, the pin is weakly
pulled high. Setting the ALE-disable bit has no effect if the

microcontroller.

PSEN:

Program Store Enable is the read strobe to external program
memory. When the AT89C51 is executing code from external program
memory, PSEN is activated twice each machine cycle, except that two
PSEN activations are skipped during each access to externa: cata

memory.

EA/VPP:

External Access Enable. EA must be strapped to GND 1in order to
enable the device to fetch code from external program memory
locations starting at 0000H up to FFFFH. Note, however, that if fock bit
1 is programmed, EA will be internally latched on reset. EA should be
strapped to VCC for internal program executions. This pin also receives
the 12-volt programming enable voltage (VPP) durng Flash

programming, for parts that require 12-volt VPP.



XTALI1:

Tnput to the inverting oscillator amplifier and input to the internal

clock operating circuit.

XTAL2:

Output from the inverting oscillator amplifier.

CPU TIMING:

All ATMEL flash micro controllers have an on chip oscillator,
Which can be used as the clock source for the CPU. To use the on chip
oscillator, connect a crystal or ceramic resonator between the XTALI
and XTAL2 pins of the micro controller, and connect the capacitors to
ground. The internal clock generator defines the sequence of states that

make up the micro controller machine cycles.

PROGRAM STATUS WORD (PSW):

The program status word register contains the information

regarding program status as described in the
figure.

MSB) (LS}

[ o l

V . - . REGISTER BANK SELECT TSERVE PARITY FLAG
CARRY FLAG AUXILLARY  FLAGD LAGS OVERFLOW RESERVED

CARRY FLAG



PORT OPERATION:

All four ports in the AT89C51 are bi-directional each consists of
latch, an output driver, an input buffer. The output drivers of ports
and the input buffers of port 0 are used in accesses 1o external memory. in
this application port 0 outputs the Jower byte of the external memory
address, time multiplexed with the byte being written or read. Port
2outputs the higher byte of external memory address when the address 18

16 bit wide. Otherwise the Port 2 pins continue to emit the SFR content.

SERIAL DATA BUFFER:

The serial data buffer is actually two separate registers, a transmit
buffer and a receive buffer register. When data is moved to SBUF, it goes
to the data buffer where it is held for serial transmission. When data is

moved from SBUF, it comes from the receiver.

INTERRUPT STRUCTURE:

This provides five interrupt sources two external interrupts, two
timer interrupts and a serial port interrupt. Each of the interrupt sources
can be individually enabled or disabled by setting or clearing a bit in the
SFR named IE(interrupt enable). All the interrupts can be cleared at once
to one of the priority levels by setting or clearing a bit in the SFR named
ID. There is also an internal polling sequence that is made use of when

interrupt requests of the same priority level occur simultancously.



IE: Interrupt enables register
EA - ET2 ES ET! EX1 ET0O EXO
Enable bit = 1 interrupt enabled
Enable bit = 0 disables bit
SYMBOL POSITION FUNCTION
EA IE.7 Global enable /disable all
Interrupts. If EA=0, no interrupts
Will be Acknowledged. If EA=1,
each input source is individually
enabled or disabled by setting or
clearing its enable bit.
- IE.6 Undefined/resetted.
ET2 IE.5 Timer 2 enable bat.
ES IE 4 Serial Port interrupt enable bit.
ET1 [E.3 Timer | interrupt enable bit.
EX1 IE.2 External interrupt 1 enabie bi:.
ETO IE.1 Timer 0 interrupt enable bit.
EX0 IE.O External interrupt O enab:e b:t.
[P:  Interrupt priority register

- PT2 PS PT1 PX1 PTO PXO

Enable bit = 1 interrupt enabled.
Enable bit = 0 disables bit.



SYMBOL POSITION FUNCTION

- IP.7 Reserved

- P.6 Reserved

PT2 [P.5 Timer 2 enable bit.

PS IP.4 Serial Port interrupt enable bit.
PT1 IP.3 Timer 1 interrupt enable bit.
PX1 P.2 External interrupt 1 enable bit.
PTO IP.1 Timer O interrupt enable bit.
PX0 IP.0 External interrupt O enable bit.
TIMER/COUNTERS:

It has two 16 bit timer/counter registers. Timer Oand Timer I, that
can be used as timers or event counters. For each timer/counter register
there is a control bit in SFR TMOD that selects the timer/counter function
to be “Timer” or “counter”.In addition to the timer/counter selection, each
timer/counter has four operation modes from which to select, the
operating systems 1 and 2 are same for both timer as well as counters.
Mode 3 is different. The four operative modes are
1). Mode 0
11). Mode 1
11). Mode 2
1v). Mode 3

MEMORY CONFIGURATION:
Memory is an integral part of the microprocessor system.
Whileexecuting a program the processor needs to access memory auite

requently to read instruction codes and data stored in the memory.



Memory has certain signal requirements to write into and reac from iis
registers. Similarly, microprocessor initiates a set of signals when it wants
to read from or write into memory. The required signals are generated

using an interfacing circuit.

PROCESSOR SECTION:

This system includes eight data lines (DO - D7) and other
Interfacing lines A0, RD, WR, CLK etc., The RD and WR signals are
connected to RD and WR signals of the micro controller. The A0 line of
the micro controller is connected to the address line of the micro
controller. When A0 line is high the signals are interpreted as control

words or status And when its low signals are interpreted as data.



2.2 ADCO0809

8-Bit pP Compatible A/D Converters with 8-Channel Multiplexer:
GENERAL DESCRIPTION:

The analog to digital converter we used for our project 1Is
ADC0809.The ADCO0809 data acquisition component is a monolithic CMOS
device with an 8-bit analog-to-digital converter, 8-channel multiplexer and
microprocessor compatible control logic. The 8-bit A/D converter uses
successive approximation as the conversion technique. The converter features
a high impedance chopper stabilized comparator, a 256R voltage divider with
analog switch tree and a successive approximation register. The &-channel

multiplexer can directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and full-scale
adjustments. Easy interfacing to microprocessors is provided dy the latched

and decoded multiplexer address inputs and latched TTL tri-state outputs.

The design of the ADC0809 has been optimized by incorporating the
most desirable aspects of several A/D conversion techniques. The ADCO809
offers high speed, high accuracy, minimal temperature dependence, excellent
long-term accuracy and repeatability, and consumes minimal power. These
features make this device ideally suited to applications frora process and

machine control to Consumer and automotive applications.



FEATURES:

» Easy interface to all microprocessors

# Operates ratiometrically or with 5 VDC or analog span adjusted
Voltage reference

# No zero or full-scale adjust required

# 8-channel multiplexer with address logic

# 0V to 5V input range with single 5V power supply
# Outputs meet TTL voltage leve! specifications

# Standard hermetic or molded 28-pin DIP package
# 28-pin molded chip carrier package

# ADCO0809 equivalent to MM74C949-|

KEY SPECIFICATIONS:
#  Resolution 8 Bits
#  Total Unadjusted Error =12 LSB and 1 LSB
»  Single Supply 5VDC
»  Low Power 15 mW

# Conversion Time 100 ps



BLOCK DIAGRAM:
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CONNECTION DIAGRAM:

IN3 1 28}~iN2
N4 =g 2 27 N1
IN5 —{ 3 264—IND
N6 — 4 25} ADD A
IN7 —{5 24 | ADD B
START ~{6 23} ADD C
Eoc—{7 22}=ALE
27513 21}=2""uisB
QUTPUT ENABLE ~{9 20272
CLOCK —{ 10 19} 273
Voo =111 18} 274
Vogr (#) 12 17~2"5Ls8
GND =113 16 Yper (=)
277 14 §5f==270

Duai-In-Line Package
FUNCTIONAL DESCRIPTION:
Multiplexer:

The device contains an 8-channel single-ended analog signal
multiplexer. A particular input channel is selected by using the address
decoder. Table shows the input states for the address lines to select any
channel. The address is latched intc the decoder on the low-to-high

transition of the address latch enable signal.



TABLE:

SELECTED
ANALOG
CHANNEL

(MO
(M
IMZ
M3
(M4
NS
INGB
N7

ADDRESS LINE
c B A
- L L
L L H
L H L
L H H
H L L
H L H
H H L
H H H

CONVERTER CHARACTERISTICS:

The Converter:

The heart of this single chip data acquisition system is its 8-bit analog-

to-digital converter. The converter is designed to give fast, accurate, and

repeatable conversions over a wide range of temperatures. The converter is

partitioned into 3 major sections:

1. The 256R ladder network,

2. The successive approximation register, and

3. The comparator.

The converter’s digital outputs are positive true.

The 256R ladder network approach was chosen over the conventional

R/2R ladder because of its inherent monotonicity, which guarantees no

missing digital codes. Monotonicity is particularly important in ciosed loop

feedback control systems. A non-monotonic relationshins can cause



oscillations that will be catastrophic for the system. Additionally, the 256R
network does not cause load variations on the reference voltage. The bottom
resistor and the top resistor of the ladder network in figures are not the same
value as the remainder of the network. The difference in these resistors causes
the output characteristic to be symmetrical with the zero and full-scale points
of the transfer curve. The first output transition occurs when ths analog signal

has reached + 1/2 LSB and succeeding output transitions occur every 1 LSB

later up to full-scale.

The successive approximation register (SAR) performs § iterations to
approximate the input voltage. For any SAR type converter, n-iterations are
required for an n-bit converter. In the ADC0809, the approximation technique

is extended to 8 bits using the 256R network.

The A/D converter’s successive approximation register (SAR} is reset
on the positive edge of the start conversion (SC) pulse. The conversion is
begun on the falling edge of the start conversion pulse. A conversion in
process will be interrupted by receipt of a new start conversion pulse.
Continuous conversion may be accomplished by tying the end-of-conversion
(EOC) output to the SC input. End-of-conversion will go low between 0 and 8

clock pulses after the rising edge of start conversion.

The most important section of the A/D converter is the comparator. it is
this section which is responsible for the ultimate accuracy of the entire
converter. It is also the comparator drift which has the greatest influence on

the repeatability of the device.



FUNCTIONAL DESCRIPTION
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TIMING DIAGRAM:
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2.3 UT62256

32k x 8 bit low power CMOS SRAM

GENERAL DESCRIPTION:

The static random access memory (SRAM) used for our project 1s
UT62256.1t is a 262,144-bit low power CMOS static random access
memory organized as 32,768 words by 8 bits. It is fabricated using high
performance, high reliability CMOS technology.

The UT62256 is designed for high-speed and low power application.
[t is particularly well suited for battery back-up nonvolatile memory
application. The UT62256 operates from a single SVpower supply and all
inputs and outputs are fully TTL compatible.

FEATURES:

» Access time is 35/70ns (max.)

» Low power consumption:
Operating : 60/40 mA (typical.)
Standby : 3mA (typical) normal

1uA (typical) LL-version

> Single 5V power supply

» All inputs and outputs are TTL compatible

» Fully static operation

» Three state outputs

» Data retention voltage : 2V (min.)



» Package . 28-pin 600 mil PDIP
28-pin 330 mil SOP
28-pin 8x13.4mm STSOP

FUNCTIONAL BLOCK DIAGRAM:
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PIN CONFIGURATION:
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PIN DESCRIPTION:
SYMBOL DESCRIPTION
A0 - A4 Address Inputs
1101 - 1108 Data Inputs/Qutputs
CE Chip Enable Input
WE Write Enable Input
OE Output Enable Input
Vee Power Supply
Vag Ground
TRUTH TABLE:
MODE == | oF | WE | VO OPERATION |SUPPLY CURRENT
Standby H X X High - 2 {SB, ISB1
Cutput Disable L H H High - Z loz
Read L L B Deur T
White L X L Dy




2.4. 74HC/HCTS73

Octal D-type transparent latch

GENERAL DESCRIPTION:

The 74HC/HCTS73 are high speed Si-gate CMOS devices and are pin
compatible with low power Schottky TTL (LSTTL).

The 74HC/HCTS73 are octal D-type transparent latches ifeaturing
separate D-type inputs for each latch and 3-state outputs for bus oriented
applications.

A latch enable (LE) input and an output enable (OE) input are common
to all latches. The “573” consists of eight D-type transparent latches with 3-
state true outputs. When LE is HIGH, data at the Dn inputs enter the iatches.
In this condition the latches are transparent, i.e. a latch output wiil change

state each time its corresponding D-input changes.

FEATURES:

> Inputs and outputs on opposite sides of package allowing easy
interface with microprocessors

Useful as input or output port for microprocessors/ microcomputers
3-state non-inverting outputs for bus oriented applications
Common 3-state output enable input

Functionally identical to the “563”and “373”

Output capability: bus driver

ICC category: MSI

vV ¥V V V VvV V¥



PIN DESCRIPTION

PIN NO SYMBOL NAME AND FUNCTION

2,3,4,56,7.8,9 D0 to D7 Data inputs

11 LE Latch Enable input (active
HIGH)

1 OE 3-state Output Enable input
(active LOW)

10 GND Ground (0 V)

19,18, 17, 16, 15, 14, 13,12 Q0 to Q7 3-state Latch outputs

20 VCC Positive supply voltage

PIN CONFIGURATION:

573

GNo [1o]

E Voo
W]
) o
) o
) o
] o

A RS

2oy Opf- 18
a0, Gy f 18
40y Q=17
54Dy Q3 }—18

6—0s C4}—18

7wd D Qg po~ 14

38— 0g Op }— 13

$ 05 Qy 12
of

Logic symbaol



FUNCTIONAL DIAGRAM:

21%q Qg g
3{®1 Q1}4a
4|92 Qal47
5|03 33l
LATCM 3-STATE =

8P 1wd OUTPUTS § 4118
1193 Ogl1e
alCs Ogl12
alo; Qyir2
BRE Y

1] 68 §

When LE is LOW the latches store the information that was present at the D-
inputs a set-up time preceding the HIGH-to-LOW transition of _E.When OE
is LOW, the contents of the 8 latches are available at the outputs. When OE is
HIGH, the outputs go to the high impedance OFF-state. Operation of the OE
input does not affect the state of the latches. The “573” is functionally
identical to the “563” and “373”, but the “563" has inverted outouts and the

*373” has a different pin arrangement.

FUNCTIONAL TABLE:
OPERATING INPUTS INTERNAL | OUTPUTS
MODES OE | LE | Dy |LATCHES Qg to Q-

enable and read L H L L L
register L H H H A
{transparent mode)
latch and read L L I L L
register L L h H a!
latch register and H L | L z
disable outputs H L [y H Z
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2.5. MAX 232
RS 232 drivers/receivers:

GENERAL DESCRIPTION:

Max 231 belongs to maxim family in which the line drivers/receivers
are intended for all RS 232 communications interface and in particular for
those applications where +12 volt is not available. Since nearly all RS 232
applications need both line drivers and receivers, the family includes both
receivers and the line drivers (transmitters) meet all =ZIA RS 232
specifications. The MAX 232 consists of three sections —the transmitter, the

receiver and the charge pump DC-DC voltage converters.

FEATURES:

Operates from single 5 volts supply
Meets all RS 232¢ and V.28 specifications
Multiple drivers and receivers

On board DC-DC converters

+9volts outputs swing with 5 volts supply
Low power shut down < 1 pA (typical)
Three state TTL/CMOS receivers outputs

430 volts receiver input levels
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DUAL CHARGE PUMP VOLTAGE CONVERTER:

The RS 232 drivers/receivers have on board charge pump voltage
converters, which convert the £5 volts input power to the £10 volts
needed to generate the RS 232 output levels. Two charge pump voltage
converters perform this £5 volt to +10 volts conversion. The first uses
capacitor C1 to double the +5 volts to +10 volts, storing the + 10 voits on
the V+ output filter capacitor, C3.The second charge pump voltage
converter uses capacitor C2 to invert the +10 volts to -10 volis, storing the
-10 volts on the V- output filter capacitor, C4.A small amount of power
may be drawn from the +10 volts (V=) and -10 volts (V-) outputs to power

external circuitry.



DRIVER (TRANSMITTER) SECTION:

The transmitter or the line drivers are inverting level translators, which
convert the CMOS/TTL input levels to RS 232 voltage levels. with +5 volts
Vee, the typical output voltage swing is +9 volts when loaded with a
nominal 5 kQ input resistance of an RS 232 receiver. The output swing is
guaranteed to meet the RS 232 specifications of =5 volts minimum output
swing under the worst case conditions of all transmitters during the 3 kQ
minimum allowable load impedance Vce=4.5 volts and maximum operating
ambient temperature. The open circuit output voltage swing i the

transmitter is set to be from V-to V-.

The input thresholds are both CMOS/TTL compatible, with logic
thresholds of about 25% of Vcc. The inputs of unused driver section can be
left unconnected; an internal 400 kilo ohms input pull up resistor to Vee will
pull the inputs high, forcing the unused transmitter outputs low. The input
pull up resistor source about 12 micro amps and the driver inputs should be
driven high or open circuited to minimize power supply current :n the slow

down mode.



When in the low power shut down mode, the driver outputs are turned
off and their leakage current is less than 1 micro amp with driver output
pulled to ground .the driver output leakage remains less than | micro amps
even if the transmitter output is back driven between 0 volts and Vee- =6
volts. Below — 0.5 volts the transmitter is diode clamped to ground with [k
series impedance. The transmitter is also zener clamped to approximately
Vee +6 volts, with a series impedance of 1 kQ. As required by RS 232, the
slew rate is limited to less than 30 volts/microseconds. This hmits the

maximum usable baud rate to 19200 bauds.

RECEIVER SECTION:

All but the MAX 230 and MAX 234 contain RS 232/V .28 receivers.
These receivers convert the + 5 voits to + 15 volts RS 232 signals tc 5 volts
TTL/CMOS outputs. Since the RS 232c¢ specifications define a voltage level
greater than +3 volts as a zero, the receiver are inverting. These receivers
are able to respond to both RS 232 levels and TTL level mputs. The

receivers are protected against input over voltage upto +30 velts.



The lower threshold has a guaranteed value of 0.8 volts. This value 18
important in the sense that the receiver will have a logic one output if the
receiver is not being driven. This is because the equipment containing the
line driver is turned off or disconnected if the connecting cable has an open
circuit or short circuit. In the other words the receiver implements type one
interpretation of fault conditions. While or even a -3 volts receiver threshold
would not give proper indication on the control lines such as DTR and DSR.
The receiver on the other hand has a full 0.8 volts noise margin for detecting

the power down or the cable connected states.

The receiver has a hysteresis of approximately of 0.5 volts with a
minimum guaranteed hysteresis200 milli volts. This aid is obtaining ciean
output transitions even with slow rise and fall line input signals with
moderate amount of noise and ringing. The propagations delays of the
receivers are 350 nano seconds for negative going input signals and 650

nano seconds for positive going input signals.



2.6 RS232 STANDARD:

DCE AND DTE:

RS stands for Recommended standard. RS-232 was created for one
purpose, to interface between Data Terminal Equipment (DTE) and Data
Communications Equipment (DCE) employing serial binary data interchange.

The modems and instruments sending and receiving serial data are
referred to as data communication equipment, or DCE, in the standard. The
computer at the other end of the cable is referred to as data terminal
equipment or DTE. A DTE has a plug and a DCE a socket. So as stated the
DTE 1is the terminal or computer and the DCE is the modem cor other

communications device.

BAUD RATE:

RS-232 is a point-point communication standard wita a maximum
specified range of 75 feet. Speeds of over 115 KBaud are possibie. High
speeds can be problematic at longer distances but low speeds are quite

reliable, even at several times the specified maximum range.

VOLTAGE LEVELS:

The standard specifies the output levels as being -5 to -15 Volts for
logical 1 and +5 to +15 Volts for logical 0, and the input levels as being -3 to
-15 Volts for logical 1 and +3 to +15 Volts for logical 0. Signaling is done
using a minimum of 3 Lines (TXD, RXD, GND) and uses =12VDC 1o

represent the logic levels 0 and 1.The term TTL stand for Transistor-



Transistor Logic and refers to digital logic devices that use (0 and =5 Volts to
represent the logic levels 0 andl respectively. The RS-232 Driver allows a
device designed for TTL signals (such as a microcontroller} to safely

communicate with one designed for true RS-232 levels.

PIN DESCRIPTION:

Pin Name Abbr. Pin # DCE DTE
Data Carrier Detect BCh 1 Cutpist Inpet
Receive Data RXD Z Cutput Input
Transmit Data TXD 3 Input Output
Data Ground GND 5

Cata Set Ready DSR 6 Output Input
Request To Send RTS 7 input Output
Clear To Send CTs 8 Cutput Input
Ring Indicator Rl 2] Qutput Input

RS 232 9-PIN CONNECTOR:

Wired configuration
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TXD Transmitted Data:

Outgoing Data to a DCE. This is the serial encoded data sent from a

computer to a modem to be transmitted over the telephone line.

RXD Received Data:

Incoming Data from a DCE. This is the serial encoded data received by
a computer from a modem which has in turn received it over the telephone

line.

DSR Data Set Ready:

Incoming handshaking signal. This should be set true by a modem
whenever it is powered on. It can be read by the computer to determine that

the modem is on line.



DTR Data Terminal Ready:

Outgoing handshaking signal. This should be set true by a computer
whenever it is powered on. It can be read by the modem to determine that the

computer is on line.

RTS Request to Send:

Outgoing flow control signal. This is set true by a computer when it

wishes to transmit data.

CTS Clear To Send:

Incoming flow control signal. This is set true by a modem to allow the
computer to transmit data. The standard envisaged that when a computer
wished to transmit data it would set its RTS. The local modem would then
arbitrate with the distant modem for use of the telephone line. If it succeeded
it would set CTS and the computer would transmit data. The distant modem

would use its CTS to prevent any transmission by the distant compute:,
DCD Data Carrier Detect:

Incoming signal from a modem. This is set true by a modem when it

detects the data carrier signal on the telephone line.



2.7. LM35

Precision Centigrade Temperature Sensors
GENERAL DESCRIPTION:

The Parameter we used for our data logging system for demonstration
1s temperature.LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the Celsius
(Centigrade) temperature. The LM35 thus has an advantage over linear
temperature sensors calibrated in°® Kelvin, as the user is not required to
subtract a large constant voltage from its output to obtain convenient
Centigrade scaling.

The LM35 does not require any external calibration or trimming to
provide typical accuracies of = 1 /4 °Cat room temperature and £ 3 /4 °C over
a full -55 to +150°Ctemperature range. Low cost is assured by trimming and
calibration at the wafer level. The.M35 slowoutputimpedance, linear output,
and precise inherent calibration make interfacing to readout or control
circuitry especially easy. It can be used with single power supplies. or with
plus and minus supplies. As it draws only 60 pA from its supply, it 1as very
low self-heating, less than 0.1°C in still air.

The LM35 is rated to operate over a -55° to +150°C temperature range,
while the 1.M35C is rated for a -40° to +110°C range (-10°with improved
accuracy). The LM35 series is available pack-aged in hermetic TO-46
transistor packages, while theLM35C, LM35CA, and LM35D arz also
available in the plastic TO-92 transistor package. The LM35D ‘s also
available in an 8-lead surface mount small outline package and a plastic TO-

220 package.



FEATURES:

Calibrated directly in ° Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guarantee able (at +25°C)
Rated for full -55° to +150°C range

Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air

Nonlinearity only + 1 /4 °C typical

v ¥V WV VWV ¥V VY V¥V ¥ v Vv YV

Low impedance output, 0.1 W for I mA load



PIN DIAGRAM:
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BLOCK DIAGRAM:
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2.8. LM308 OPERATIONAL AMPLIFIER

GENERAL DESCRIPTION:

The output from the sensor needs to be amplified by a Tactor of 2. The
[LM308 series are precision operational amplifiers which meets this
specification. They are amplifiers having specifications a factor of ten better
than FET amplifiers over a -55°C to+125°C temperature range. The devices
operate with supply voltages from +2V to £20V and have sufficient supply

rejection to use unregulated supplies.

The low current error of the LM108 series makes possible many designs
those are not practical with conventional amplifiers. In fact, i© operates from
10 MQ source resistances, introducing less error than devices like tne 709
with 10 kQ sources. Integrators with drifts less than 500 pV/second analog
time delays in excess of one hour can be made using capacitors no larger than

1 uF. The LM308 is guaranteed from 0°C to+70°C.

FEATURES:

» Maximum input bias current of 3.0 nA over temperature
» Offset current less than 400 pA over temperature
» Supply current of only 300 nA, even in saturation

» QGuaranteed drift characteristics



CONNECTION DIAGRAM:

Dual-In-Line Package
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IMPLEMENTATION

The main purpose of this project is to collect the data from any type of
sensor for certain duration of time and is stored in an external RAM and
later being retrieved for analysis purpose. The working and major

connections to be given for each component are described briefly as follows:

LM 35:

The LM35 is an integrated-circuit temperature sensor. It can be glued
or cemented to a surface and its temperature will be within about 0.01°C of
the surface temperature. When +5 volts is given to the Vs pin and the GND
pin grounded, LM35 starts to sense the surrounding temperature and
produces the corresponding output in voltage, from the Vout pin. Usually the
voltages will be in milli-volts. This output should be fed to en amplifier

before being given to the ADC.

LM398:

The LM308 is a precision operational amplifier having a factor of ten
better than FET amplifiers over a -35C to+125C temperature range. The low
current error of the LM108 series makes possible many designs those are not
practical with conventional amplifiers. It has been designed in such a way
that it amplifies the given input by a factor of 2. This output is now Jed o

the ADC.



ADC0809:

The output of the op-amp is fed to one of the 8-input channels of the
ADC. The selection of the input channel depends upon the three pins ADD
A, ADD B, ADD C. These pins are given to the port pins (P1.2, P1.3, and
P14, as in our case). In our project, the interfacing between ADC and
microcontroller is done by memory-mapping, ie., ADC 1s assigned an
address (for e.g. 8000), whenever this address is called the ADC becomes
selected. We had designed an astable multivibrator of 500 KHz using 535
timer which is given as the clock input .Moreover the +Vref is given as
+5Volts and -Vref as GND. The output from the WR pulse and A15 of the
controller are given as inputs to a NOR gate whose output is fed to both
ALE and SOC. Whenever an EOC(End Of Conversion)signal it is fed as
external interrupt to the INTO pin. Also the output from the RD pulse and
Al5 are given as inputs to another NOR gate whose output is fed t¢ Ok
(Output Enable).

AT89c51:

Initially the controller is programmed to choose the correct mput
channel. Then the ADC is called in such a way that WR pulse and A15 are
generated .A15 is inverted before being fed as input to the NOR gate. At this
particular time, the output of NOR gate becomes high, which is given to the
SOC and ALE. Now the start of conversion on the ADC takes place. after
the completion of the conversion, an EOC (End Of Conversion) is generated

and is given as external interrupt to the INTO pin, the controller



automatically calls the interrupt sub-routine where again the ADC is again
called in such a way that RD pulse and Al5 are generated, this ultimately
makes the output to get enabled and this value 1s stored in a temporary
register called DAT within the controller. Also the time of interval for which
the data must be collected can be programmed as our convenience. In this

program we had taken the interval to be one minute.

RAM62256:

The interfacing between controller and external RAM is also done by
memory mapping. After the data is being put in the temporary register DAT,
the external RAM is called by its first location and the data gets moved from
DAT to the first location of the RAM and the address pointer gets
incremented. Now after one minute, next data is stored in this location and
this goes on until the last location comes and stores the data. The latch 373 is
used to demuliplex the lower byte address lines and data lines. The ALE pir
of the controller is given as latch enable and its output is alweys enabled.
The stored data must be retrieved in a computer through an RS-232 cable, so

that these data can be analyzed using LABVIEW.

MAX232:

For the serial communication to take place between controller and PC
and RS 232 cable to be connected. But the TTL logic level shouid be
converted into RS232 logic level or vice-versa and hence we use MAX 232

The capacitors are connected for on-board DC-DC converters.



Capacitor C1 - is used to double the +5 volts to +10 volts,
Capacitor C3 - +10 volts is stored on the V- output filter with the help of C1,
Capacitor C2 - is used to invert the +10 volts to -10 volts,

Capacitor C4 - -10 Volts is stored on the V- output filter.

A small amount of power may be drawn from the +10 volts (V+) and -10
volts (V-) outputs to power external circuitry. The RXD and TXD pin of the
controller is connected to the R1OUT and T1IN pins respectively. The R2IN
and T20UT are connected to the corresponding pins of RS 232.

RS232:

RS 232 is used to interface the Data Terminal Equipment (DTE) and
Data Communications Equipment (DCE) employing serial binary data
interchange. Hence R2IN and T20UT are connected to the TXD (transmit
data) and RXD (receive data). This is now connected to the seriai port of the

computer



DATA ANALYSIS

Digital signals are everywhere in the world around us. Teiephone
companies use digital signals to represent the human voice. Radio, TV, and
hi-fi sound systems are all gradually converting to the digital domain
because of its superior fidelity, noise reduction, and signal processing
flexibility. Data is transmitted from satellites to earth ground stations in
digital form. NASA’s pictures of distant planets and outer space are often
processed digitally to remove noise and extract useful :nformation.
Economic data, census results, and stock market prices are all available in
digital form. Because of the many advantages of digital signal processing,
analog signals are also converted to digital form before they are processed

with a computer.

THE IMPORTANCE OF DATA ANALYSIS

The importance of integrating analysis libraries into engineering
stations is that the raw data, as shown Figure, does not always immed:ately
convey useful information. Often you must transform the signal, remove
noise disturbances, correct for data corrupted by faulty equipmert, or

compensate for environmental effects, such as temperature and humidity.

e el 1o L

Raw Data
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By analyzing and processing the digital data, you can extract the
useful information from the noise and present it in a form more
comprehensible than the raw data, as shown in Figure .The LabVIEW block
diagram programming approach and the extensive set of LabVIEW
Measurement Analysis simplify the development of analysis applications.
The LabVIEW Measurement Analysis gives you the most recent data

analysis techniques that you can wire together.
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FREQUENCY ANALYSIS:

Fourier’s theorem states that any waveform in the time domain can be
represented by the weighted sum of sines and cosines. The same waveform
can then be represented in the frequency domain as a pair of amplitude and
phase values at each component frequency. You can generate any waveform
by adding up sine waves, each with a particular amplitude and phase. The
Fast Fourier Transform (FFT) is a fast version of the Discrete Fourier
Transform (DFT). The DFT transforms digital time domain signals into the

digital frequency domain.

Time Frequency
Domain FFT Daomain :
Signal Signai i

j




3.4 PCB DESIGN
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4.1. KEIL SOFTWARE — CX51 COMPILER

The C programming language is general-purpose, programming
language that provides code efficiency, elements of structured programming,
and a rich set of operators. C is not a complex language and s not designed
for any one particular area of application. Its generality combined with its
absence of restrictions, makes a convenient and effective programming
solution for a wide variety of software tasks. Many applications can be solved
more easily and efficiently with C than with other more speciaiized

languages.

The Cx51 Optimizing C Compiler is a complete implementation of the
American National Standards Institute (ANSI) standard for the C language.
Cx51 is not a universal C compiler adapted for the 8051 target. It is a ground-
up implementation dedicated to generating extremely fast anc compact code
for the8051 microprocessor. Cx51 provides you the flexibility of
programming in C and the code efficiency and speed of assembly language.
The C language on its own is not capable of performing operations (such as
input and output) that would normally require intervention from the operating
system. Instead, these capabilities are provided as part of the standard iibrary.
Because these functions are separate from the language itself, C is especially
suited for producing code that is portable across a wide number of piatforms.
Since Cx51 is a cross compiler, some aspects of the C programming :anguage
and standard libraries are altered or enhanced to address the peculiaritics of an

embedded target processor.



4.2. LabVIEW

LabVIEW (Laboratory Virtual Instrument Engineering Workbench}) is
a development environment based on graphical programming. LabVIEW uses
terminology, icons, and ideas familiar to technicians, scientists, and
engineers, and relies on graphical symbols rather than textual language to
describe programming actions .In contrast to text-based programming
languages, where instructions determine program execution, LabVIEW uses

dataflow programming, where the flow of data determines execution.

In LabVIEW, we can build a user interface by using a set of tools and
objects. The user interface is known as the front panel. We can then add code
using graphical representations of functions to control the front panel objects.
The block diagram contains this code. In some ways, the block diagram
resembles a flowchart. LabVIEW is integrated fully for communication with
hardware such as GPIB, VXI, RS-232, RS-485, and plug-in data acquisition
boards. LabVIEW also has built-in libraries for using software standards such

as TCP/IP Networking and ActiveX.

LabVIEW programs are called virtual instruments, cr Vls, because
their appearance and operation imitate physical instruments, such as
oscilloscopes and multimeters. Every VI uses functions that manipuiate input
from the user interface or other sources and display that information or move

it to other files or other computers.



A VI contains the following three components:

e Front panel-Serves as the user interface.

e Block diagram-Contains the graphical source code that defines the

functionality of the VI.

e Icon and connector pane-Identifies the VI so that you can use the VI
in another VI. A VI within another VI is called a subVI. A subVI

corresponds to a subroutine in text-based programming languages.
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5.2 MICROCONTROLLER ALP CODING

0x0Q000
0x0003
0x0008
0x0007
0x0008
0x0009
0x000A
0x000B
0x000E

0x0800
0x0802
0x0803
0x0804
0x0806
0x0809
0x080C
O0x080F
0x0810
0x0811
0x0812
0x0813
0x0814
0x0815
0xCB1E
0x0818
0x081¢%
0x081B
0x081C
0x081D
Ox0B1F
0x0821
0x082z
0x0823
0x0824
0x0825
0x0827
0x0829
Cx082A
0x082B
ox082C
0x082D
Ox082F
0x0831
0x0832
0x0833
0=x0835
0x0836
0x0837
0x0839
0x083A
0x0833

020800
020959
00
00
00
00
0o
0z208A0
0o

787F
E4
Fé
DBED
758120
020847
02088C
E4
93
A3
F8§
E4
23
A3
4003
Fé
8001
F2
08
DEEF4
8029
E4
93
A3
F8
5407
240cC
C8
c3
33
Cc4
540F
4429
c8
83
4004
Fd
56
o0l
46
Fé
DFE4

LJME
LJIMP
NOP
NOP
NOP
NCF
NOP
LJMP
NOP

MOV
CLR
MOV
DJINZ
MOV
LJME
LJMP
CLR
MOVC
INC
MOV
CLR
MOVC
INC
Jc
MOV
SJIMP
MOVX
INC
DJNZ
SJIMP
CLR
MCOVC
INC
MOV

ADD
XCH
CLR
RLC
SWAF

ORL
XCH
MCVC
JC
CPL

5JIMP
ORL
MOV
DINZ

C:0800
extr_interxupt(c:0959)

TimerO*interrupt(C:O9AO)

RO, #0x7F

A

@RO,A

RO, C:0803
SP(0x81), #0x20
C:0847
main(C;088C)
A

A, @A+DPTR
DPTR

RO, A

A

2, BA+DPTR
DPTR

C:081B
@RC,A
c:081C
@GRO,A

RO
R7,C:08123
C:084A

A

A, @R+DPTR
DPTR

RO, A

A, #0x07

R, #dat (0x0C)
A, RO

o O

A, #ct (0x0F)
A, #0x20
A, RO

A, BA+PC
C:0839

A

A, BRO
C:083A

A, @RO
@RO, A
R7,C:0821



0x083D 800B 5JMP C:CB84A

0x083F 0102 AJMP C:0802
0x0841 04 INC A

0x0842 08 INC RO

0x0843 102040  JBC 0%24.0,C:0888
0x0B46 8030 $JMP C:07D8
0x0848 09 INC R1

0x084¢9 72E4 ORL c,0xED.4
0x084B TEOL MOV RG, #0x01
0x084D 93 MOVC A, @A+DPTR
0x084E E0BC JZ C:080C
0x0850 A3 INC DPTR
0x0851 FF MOV R7,A
0x0852 543F ANL A, #0x3F
020854 30E509  JNB 0%EG.5,C: 0860
0x0857 541F ANL A, $0x1F
0x0859 FE MOV RE, A
0x085A B4 CLR A

0x0B5B 93 MOVC 2, BA+DPTR
0x085C A3 INC DPTR
0x085C 6001 Jz C:0860
0xCB5F OE INC R

0x0860 CF XCH A, R7

0x0861 54C0 ANL A, #0XCO
0x08632 25E0 ADD 2, ACC (0xEQ)
0x0865 6OAS Jz C:080F
0x0867 40B8 Jc c:0821
0x0869 E4 CLR A

0x086A 93 MOVC A, BA+DPTR
0x086B 23 INC DPTR
0x086C FA MOV R2,A
0x086D E4 CLR A

0x086E 93 MOVC A, BA+DPTR
0x086F A3 INC DPTR
0x0870 F8 MoV RO, A
0x0871 E4 CLR A

0x0872 93 MOVC A, BA+DPTR
0x0873 a3 INC DPTR
0x0874 c8 XCH A, RO
0x0875 c582 XCH A, DPL{0x82)
0x0877 c8 XCH 2, RO

0x0878 CA ¥CH A, R2
0x0879 C583 XCH A, DPH(0x83)
0x087B cA ¥CH A, R2
0x087C F0 MOVX @DPTR, A
0x087D A3 INC DPTR
0x087E of: XCH A, RO
0x087% c582 XCH A,DPL(0x32}
0x0881 cs XCH A, RO

0x0882 CA XCH A, R2

0x0883 c583 XKCH A, DPH(0x83)
0x0885 CA KCH A, R2

0x0886 DFEQ DJINZ R7,C:0871
0x0888 DEE7 DINZ RE,C: 0871

0x088A 80BE SJMP C:084A



0x088C
0x088F
0x0882
0x0835

C:0x0898
C:0x089A
C:0x088C
C:0x089E
C:0x08A0
C:0x08A2
C:0x08A3

e}

:0x0BAS5
: 0x08AT7
C:0x08AS

(@]

2

: 0x08BAB
: 0x08AE

#]

: 0x08B1
0x08B3
0x08B5

a0

e obs

9]

:0x08&B7
:0x0EBA
C:0x08BD

(@]

C:0x08BE

C:0x08C0

C:0x08C2
C:0x08C4

9]

: 0x08CH

:0x08C8
1 0x08CA
0x08CC
: 0x08CE
:0x08D0
:0x08D2
:0x08D4
: 0x08D6

oo an

@]

:0x03D7

;:0x03DA
C:0x08DC
:0=x08DE
C:0x08E0Q

@]

@]

C:0x0BEZ
C:0x0B8BE3

1209BF
1209Cé
758811
120984

E512
70FC
ES13
Z24FE
604E
04

70FE3

E508
4508
7017

750803
750994

c284
C283
czgez

850B82
850A83
FO

C2A7

DZ2BZ

E511
601F

C2A7

E50E
2510
F582
E50D
350F
F583
E50C
FO

1209B0

0510
E510
7002
050F

E4
F51l

LCALL
LCALL
MOV

LCALL

MOV
JNZ
MOV
ADD
JZ

INC
JNZ

MOV
CRL
JNZ

MOV
MOV

CLR
CLR
CLR

MOV
MOV
MOVX

CLR

SETB

MOV
JZ

CLR

MOV
ADD
MOV
MOV
ADDC
MOV
MOV
MOV

LCALL

INC
MOV
JNZ
INC

CLR
MOV

initialise sfr(C:Q0%BF)

init_timer(C:O9C6)

TCON (0x88}, #a{0x11)
initialise {C:098A}

A,s{0x12)
c:086%8

A, 0x13
A, #HOXFE
C:08F0

A

C:0888

A, 0x09
A, tcount {0x08)
C:08C2

tcount (0x08), #0x03
0x0%, #0x54

chs3(0x90.4)
chs2 (0x90.3)
chsl{0x%0.2)

DPL{0x82}),0x0B
DPH({0xE3) ,adc (0x0OA)
@DPTR,A

alS(0OxAC.7)
aa(0xB0.2)

A,a(0x1l)
C:08ES

ald>(0xa0.7;

A, 0x0E
A,0x10
DPL(0x82:,A
A, ram(0x0D]
A, cti0x0m)
DPH(Ox83),A
A,dat (0x0C
@DPTR, A

wr*time{C:OQBO)

0x1l0
A,0x10
C:08EZ
ct {0x0F!

A
a(0x1ll} ., A



C:0x08E5S 3000B0 JNB b{0x20.0;,C:0888

C:;0x08ES 751200 MOV s(0x12}, #0x00
C:0x08EB 751302 MOV Ox13, #0x02
C:0x0BEE 80ASB SJIMP Cc:08%8
C:0x08F0 3000A5 JNB b(0x20.0),Cc:0898
C:0x08F3 Cc2n7 CLR alb(0xA0.7)
C:0x08F5 050E INC Ox0E

C:0x08F7 ES0E MOV A, 0x0E
C:0x08F9% AFEQD MOV R&, ram{0x0D}
C:0x08FB 7002 JNZ C:08FF
C:0x08FD 050D INC ram{0x0D)
C:0x08FF 14 DEC A

C:0x0900 F582 MOV DPL(0x82),A
C:0x00802 BEB3 MOV DPH(Ox83),R6
C:0x0804 EQ MOVK A, @DPTR
C:0x0905 EFS0C MOV dat [0x0C) A
C:0x0807 F599 MOV SBUF (0x9%9) , A
C:0x0909 12093C LCALL delay (C:023C)
C:0x090C 808A SIMP C:08¢%8
C:0x040E COED PUSH ACC (0xEOQ)}
C:0x0910 coDo PUSH PSW{OxDQ)
C:0x00812 309918 JNB TI(0x88.1),C:092D
C:0x0915 ES10 MOV A, 0x10
C:0x0917 A50F ORL A, ct (0xCF)
C:0x0919 600A JZ C:03825
C:0x081B ES10 MOV A,0x10
C:0x091D 1510 DEC 0x10

C:0x081F 700C JNZ C:092D
C:0x0%21 150F DEC ct {(0x0F)
C:0x0923 8008 SIMP C:0%2D
C:0x0925 Cz200 CLR b(0xz20.0:
C:0x0927 751200 MOV s(0x12),#0x00
C:0x092A 751301 MOV 0x13, #0x01
C:0x092D 309807 JNB RI{0x9&.0},C:0937
C:0x0930 E598 MOV A, SBUF (0x893)
C:0x0232 B40102 CJINE A, HOxG1,C:0837
C:0x0935 D200 SETB b({0x20.0}
C:0x0937 DODO FPOP PSW({0OxDO)
C:0x0939 DOED POP ACC(OxED}

C:0x083B 32 RETIL



C:0x093C E4 CLR A

C:0x083D FE MOV R7,A

C:0x083E FE MOV RG, A

C:0x093F E4 CLR P2y

C:0x0940 FD MOV R5, A

C:0x0941 FC MOV R4,A

C:0x08%42 oD INC R5

C:0x0943 BDCOO1 CJINE R5, #0x00,C: 05947
C:0x094¢6 oc INC R4

C:0x0947 ED MOV A, RS

C:0x0048 640A XRL A, #adc (0x0A)
C:0x084A 4C CRL A, R4

C:0x094B T0F5 INZ C:0%42

C:0x2094D oF INC R7

C:0x0948 BFOOCQL CJINE R7,#0x00,C:0952
C:0x09851 0OE INC R&

C:0x0852 BE13EA CJINE RG, #0x13,C: 0837
C:0x0855 BF33E7 CJINE R7, HTCON (Ox88},C:083F
C:0x0858 22 RET

C:0x0959 COEOD PUSH ACC(0XEQ}
C:0x095B Cc083 PUSH DPH{OxE3)
C:0x095D co82 PUSH DPL (0x82)
C:0x095F 751101 MOV al0xliy, #0x01
C:0x0962 850Bg2 MOV DPL(0x82},0x0B
C:0x0865 850A83 MOV DPH(0x83), adc (0x3A)
C:0x0968 EOD MOVX A, GDPTR
C:0x096¢% F50C MOV dat (0x0C) , A
C:0x096B D082 POP DPL (0xB82)
C:0x096D D083 POP DPH(Ox83"
C:0x096F DCEOQ POP ACC(0OxEQ:
C:0x0871 32 RETI

C:0x0972 0Z20ABC LJMP C:0AB0

C:0x0975 00 NOP

C:0x0976 020D00 LJIMP C:0D00

C:0x0879 0102 AJTMP C:0802

C:0x097B 08 INC RO

C:0x097C 03 RR A

C:0x097D 9401 SUEB A, #0x01
C:0x087F 1100 ACALL C:0800

C:0x0981 020F00 LJMP C:0F00

C:0x0984 0o NOF

C:0x0985 021200 LJIMP C:1200

C:0x0988 0100 AJMP c:0800

C:0x09BA 758780 MOV PCON (0x37), #PO (Cx8C:
C:0x098D 759850 MOV SCON (0x38), #0x5C
C:UXDYCD 22 RE'L

C:0x00C8 T38R22 MOV TLO (0x8R), #0x22



5.3 C PROGRAM — TO RETRIEVE DATA

#include <dos.h>
#include <stdio.h>
#include <conio.h>
#define PORT1 0x3F8
/* Defines Serial Ports Base Address */
/¥ COM1 0x3F8 */
/¥ COM2 0x2F8 */
/* COM3 Ox3E8 */
/¥ COM4 0x2E8 */
void main(void)
{ int ¢;
int ch;
outportb(PORTI + 1, 0); /* Turn off interrupts ~ Portl */
/* PORT 1 - Communication Settings *f
outportb(PORT1 + 3, 0x80), /* SET DLAB ON *:
outportb(PORTI + 0, 0x03); /* Set Baud rate - Divisor Latch
Low Byte */
/% Default 0x03 = 38,400 BPS */
/% 0x01=115,200 BPS *
/% 0x02 = 57,600 BPS */
/ 0x06 = 19,200 BPS ¥/
/% 0x0C= 9,600 BPS */
/F 0xi8= 4,800BPS *
% 0x30 = 2400 BPS*/



s

outportb(PORTI + 1, 0x00); / * Set Baud rate - Divisor Latch High Byte ¥/
outportb(PORT1 + 3, 0x03), /* 8 Bits, No Parity, 1 Stop Bit */
outportb(PORT1 + 2, 0xC7); /* FIFO Control Register */
outportb(PORT1 + 4, 0x0B); /* Turn on DTR_ RTS. and OUT2 */

printf("\nSerial Comm's Program. Press ESC to quit \n'");

do { ¢ = inportb(PORTI + 5); /% Check to see if char has been */
/* recetved. *
if (c & 1) {ch = inportb(PORT1); /* 1f so, then get Char )
printf("%c",ch);} /* Print Char to Screen *
if (kbhit()){ch = getch(); /* If key pressed, get Char */

outportb(PORT1, ch);}  /* Send Char to Serial Port */

} while (ch '=27); /# Quit when ESC (ASC 27) is pressed */



6. APPLICATIONS

From the project title, it can be inferred that this data logging device
can be used for many applications. Any type of input can be given Lo it. The

major areas where it can be used are:

Environmental monitoring
Automotive testing
Process control

Structural monitoring

Weather and Meteorology

v V V V¥V V V¥V

Industrial instruments duration and efficiency finder and many more

Some of the specific applications among the above generalized

applications are:

As horn duration finder
Duration between two calls in telephone exchange
Duration of a phone call can be measured

Stability of UPS can be found out

YV V. V VYV VY

Frequency finder of any digital signal



CONCLUSION

Data logging and analysis calls in for a great deal of attention in the
world today. The right solution to the complex problem is the biggest need of
the hour. The culmination of our efforts has resulted in the birth of this data

logging system.

The objective of this system to monitor at places where a computer
cannot be accommodated and to store any type of input depending upon the

application is effectively done in the most economical way.
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ratures

ompatible with MCS-51™ Products

K Bytes of In-System Reprogrammable Flash Memory
~ Endurance: 1,000 Write/Erase Cycles

‘ully Static Operation: 0 Hz to 24 MHz

"hree-Level Program Memory Lock

128 x 8-Bit Internal RAM

12 Programmable I/O Lines

fwo 16-Bit Timer/Counters

3ix Interrupt Sources

3rogrammable Serial Channel

_ow Power Idle and Power Down Modes

escription

e AT89C51 is a low-power, high-performance CMOS 8-bit micrecomputer with 4K
tes of Flash Programmable and Erasable Read Only Memory (PEROM). The
wice is manufactured using Atmel’s high density nonvolatile memory technology
\d is compatible with the industry standard MCS-51™ instruction set and pinout. The
\-chip Flash allows the program memory to be reprogrammed in-system or by a con-
\ntional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
ash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
ovides a highly flexible and cost effective solution to many embedded control appli-
itions.

(continued)
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3 AT89C51 provides the following standard features: 4K
es of Flash, 128 bytes of RAM, 32 l/O lines, two 18-bit
erfcounters, a five vector twa-level interrupt architecture,
ull duplex serial port, on-chip oscillator and clock cir-
try. In addition. the AT89C51 is designed with static logic
operation down to zero frequency and supports two
tware selectable power saving modes. The idle Mode
ips the CPU while allowing the RAM, timer/counters,
Jial port and interrupt system to continue functioning. The
wer Down Mode saves the RAM contents but freezes
s pscillator disabling ail other chip functions until the next
rdware reset.

in Description

C
ipply voltage.

ND
ound.

wt 0

srt O is an 8-bit open drain bidirectional I/O port. As an
itput port each pin can sink eight TTL inputs. When 1s
e written to port 0 pins, the pins can be used as high-
ipedance inputs.

ort 0 may also be configured to be the multiplexed low-
der address/data bus during accesses to external pro-
-am and data mernory. In this mode PO has internal pul-
ps.

ort 0 also receives the code bytes during Flash program-
iing, and outputs the code bytes during program verifica-
on. External puliups are required during program verifica-
an.

ort1

ort 1 is an 8-bit bidirectional /O port with internal pullups.
he Port 1 output buffers can sink/source four TTL inputs.
vhen 1s are written to Port 1 pins they are pulied high by
1e internal puliups and can be used as inputs. As inputs,
'ort 1 pins that are externally being pulled low will source
urrent (1, ) because of the internai pullups.

‘ort 1 also receives the low-order address bytes during
‘lash programming and verification.

ort 2

Yort 2 is an 8-bit bidirectional I/O port with internal pullups.
‘he Port 2 output buffers can sink/source four TTL inputs.
Nhen 1s are written to Port 2 pins they are pulled high by
he internal pullups and can be used as inputs. As inputs,
3ort 2 pins that are externally being pulled low will source
surrent (1) because of the internal pullups.

>ort 2 emits the high-order address byte during fetches
rom external program memory and during accesses to
sxternal data memory that use 16-bit addresses (MOVX @
JPTRY). In this application it uses strong internal pullups

when emitting 1s. During accesses tc external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming ard verification.

Port 3

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

Port 3 also serves the functions of various specia: features
of the AT89C51 as listed below:

Port Pin i Alternate Functions

P3.0 | RXD (serial input port)

P3.1 ‘ TXD {serial output port} B T
P32 | INTO (external interrupt 0) - Wﬁ%
P33 INT1 {external interrupt 1) )
P3.4 ' TO {timer O external input) -
P3.5 T1 (timer 1 external input} - N
P3.6 WR (external data memory write strobe) )
P3.7 RD (external data memor; read strobe) i

Port 3 also receives some control signais ‘or Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles whiie
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses o external memory. This
pin is also the program puise input (PROG) during Fiash
programming.

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

If desired, ALE operation can be disabied by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin s
weakly pulled high. Setting the ALE-disabie bit has 1o
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read st-obe to external prc-
gram memory.
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ien the AT89C51 is executing code from external pro-
m memory, PSEN is activated twice each machine

Je, except that two PSEN activations are skipped during
-h access to external data memory.

Nep _

ternal Access Enable. EA must be strapped to GND in
ler to enable the device to fetch code from external pro-
im memory locations starting at 0000H up to FFFFH.
te, however, that if lock bit 1 is programmed, EA will be
ernally latched on reset.

« should be strapped to V¢ for internal program execu-
ns.

is pin also receives the 12-volt programming enable voli-
e (Vpp) during Flash programming, for parts that require
-volt Vpp.

ALl

put to the inverting oscillator amplifier and input to the
ernal clock operating circuit.

rAL2
atput from the inverting oscillator amplifier.

iscillator Characteristics

TAL1 and XTAL2 are the input and output, respectively,
an inverting amplifier which can be configured for use as
1 on-chip oscillator, as shown in Figure 1. Either a quartz
-ystal or ceramic resonator may be used. To drive the
avice from an external clock source, XTALZ should be left
rconnected while XTAL1 is driven as shown in Figure 2.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access (C
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle is terminated by
reset, the instruction following the one that invokes idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
i ® TAZ
c T
s | o XTALY
GND

C1,C2 =30 pF + 10 pF for Crysials
= 40 pF + 10 pF for Ceramic Resonators

Note:

Figure 2. External Clock Drive Canfiguration

here are no requirements on the duty cycle of the external NC _—
ock signal, since the input to the internal clocking circuitry s
 through a divide-by-two flip-flop, but minimum and maxi-
wm voltage high and low time specifications must be
bserved.
EXTERNAL

OSCILLATOR - XTAL®
dle Mode SIGNAL
1 idle mode, the CPU puts itself to sleep while all the on-
hip peripherals remain active. The mode is invoked by GNE
oftware. The content of the on-chip RAM and all the spe-
ial functions registers remain unchanged during this
node. The idle mode can be terminated by any enabled = .
Jterrupt or by a hardware reset.
Status of External Pins During ldle and Power Down Modes
Mode Program Memory ALE | PSEN PORTO | PORTH PORT2 | PORT3 |
Idle Internal 1 1 Data Data Data ' Data ‘
Idle External 1 1 Float Data Address | Data
Power Down Internal 0 2 J Data Data ‘ Dats Data {
Power Down External | 0 2 | Fioat Data Datz Data

4-32

AT S0 C 51 000000000000



e A T89C 51

swer Down Mode

he power down mode the oscillator is stopped, and the
truction that invokes power down is the last instruction
acuted. The on-chip RAM and Special Function Regis-
5 retain their values until the power down mode is termi-
ted. The only exit from power down is a hardware reset.
set redefines the SFRs but does not change the on-chip
\M. The reset should not be activated before V¢ is
stored to its normal operating level and must be held
tive long enough to allow the oscillator to restart and sta-
ze.

ock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be ieft unpro-
grammed (U) or can be programmed (P} to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic ievel at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random:
value, and holds that value until reset is activated. Itis nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device tc
function properly.

Program Lock Bits Protection Type
| LB1 LB2 LB3
11U U U No program lock features. .
=
2 ‘ P u u MOVC instructions executed from external program memory are disabled from fetching code i
} bytes from internal memory, EA is sampled and latched on reset, and further programming of the |
Flash is disabled. :
3 | P P U Same as mode 2, also verify is disabled.
4 ! P P P Same as mode 3, also external execution is disabled.

rogramming the Flash

1e AT89C51 is normally shipped with the on-chip Flash
emory array in the erased state (that is, contents = FFH)
1d ready to be programmed. The programming interface
scepts either a high-voltage (12-volt) or a low-voltage
/cc) program enable signal. The low voltage program-
1ing mode provides a convenient way to program the
T89C51 inside the user's system, while the high-voltage
rogramming mode is compatible with conventional third
arty Flash or EPROM programmers.

he AT89C51 is shipped with either the high-voltage or
yw-voltage programming mode enabled. The respective
»p-side marking and device signature codes are listed in
e following table.

Vpp =12V Vep = 5V
Top-Side Mark AT89C51 AT89C51
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H (031H)}=51H
{032HY=FFH (032H)=05H

Fhe AT89C51 code memory array is programmed byte-by-
ayte in either programming mode. To program any non-
Siank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

AIMEL

Programming Algorithm: Before programming the
ATBICS51, the address, data and controt signals should be
set up according to the Flash programming mode table and
Figures 3 and 4. To program the AT89CS*  take the foliow-
ing steps.

1. Input the desired memory iocaticn =r the address
lines.

2. Input the appropriate data byte on the data lires.

3. Activate the correct combination of cortrol signals.

4. Raise EANVpp to 12V for the righ-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Fiash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the abject file is reachec.

Data Polling: The AT88C51 features Data Poliing to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
piement of the written datum on P3.7. Once the write cycle
has been completed, true data are valid on ali outputs, and
the next cycle may begin. Data Polling mav begin any time
after a write cycle has been initiatec.

Ready/Busy: The progress of byte programming can also

be monitored by the RDY/BSY output signal. P3.4 is pulled

iow after ALE goes high during programming to indicaie

BUSY. P3.4 is pulled high aga'n whan grogrammirg is

done 10 indicate READY.
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»gram Verify: If lock bits LB1 and LB2 have not been
grammed, the programmed code data can be read back
the address and data lines for verification. The lock bits
not be verified directly. Verification of the lock bits is
rieved by observing that their features are enabled.

ip Erase: The entire Flash array is erased electrically
using the proper combination of control signals and by
Iding ALE/PROG low for 10 ms. The code array is written
h all “17s. The chip erase operation must be executed
fore the code memory can be re-programmed.

:ading the Signature Bytes: The signature bytes are
ad by the same procedure as a normal verification of
:ations 030H,

1H, and 032H, except that P3.6 and P3.7 must be pulled
a logic low. The values returned are as follows.

{030H) = 1EH indicates manufactured by Atmei
(031H) = 51H indicates 89C5"

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

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automaticaily time itself tc
completion.

All major programming vendors offer worldwide suppont for
the Atmel microcontroller series. Please contact your loca:
programming vendor for the appropriate software revision.

Flash Programming Modes

lode RST PSEN ALE/PROG | EANpp P26 | P27 P36 P37 |
Vrite Code Data H L HAZV L = H =
Read Code Data L H ) | 7 H LW oL H g
Nrite Lock Bit - 1 H L TPY, H = - b

N ‘ f

| — e e

Bit - 2 H L H/12V H = L .

: V i i

| | S

Bit- 3 H L : H/12v H L H Lo

| I 1 e I

Chip Erase H L (1) HAzy  H L '_ Lo

Read Signature Byte H L H H L L - Lo

‘ote: 1. Chip Erase requires a 10-ms PROG pulse.
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ure 3. Programming the Flash

Figure 4. Verifying the Flash

+5V +5V
AT89C51 j ATBIC51 ©
ADDR. ﬂTﬂ» P Veo | appr. 29— ATl 5y Ve — -
OOOOHIOFFFH | | ' 0o g e ng OOOOH/OFFFE bp0  F2a PO —» (UGShé EJDKA
A8 - At AB - A11 PULLUPS)
————» P26 ~—j P28
SEE FLASH ——» P27 ALE |&—— PROG SEE FLASH | — —»| P27 ALE &=
ROGRAMMING PROGRAMMING |
MODES TABLE | —*| P36 MODES TABLE | —»| P36 by,
——»{ P37 Ll P37 L
XTALZ EA |#¢— V, Nep —e——— XTAL2 TR e
3-24 MMz | {
-
XTAL1 RST f¢—— V,, XTAL1 RST H—H— Vi
GND PSEN GND FSEN F—
L .
lash Programming and Verification Characteristics
s = 0°C 10 70°C, Vo = 5.0 £ 10%
Symbol Parameter | Min Max Units :
Vept! Programming Enable Voltage ! 1.5 12.5 v J
ipp " Programming Enable Current 1.2 mA \
MeLcL Osciliator Frequency 3 24 o __MHz _:
tavaL Address Setup to PROG Low 48tc oL -
t(;,HAX Address Hold After PROG - tigtCLC,_ o 1‘
tovaL Data Setup to PROG Low 48t oL - _
taHDX Data Hold After PROG 48te oL - - 1
teHsH P2.7 (ENABLE) High to Vpp 48te oL S
sHaL Vpp Setup to PROG Low 10 i ) _ bs —_
_@HSL“) _ Vpp Hoid After PROG 10 j _ | ug
teLgH PROG Width 1 1 110 Us -
tavav Address to Data Valid g _ﬂw
teray ENABLE Low to Data Valid 48tc on }
ez Data Float Aflor ENABLE T wan
toHBL PROG High to BUSY Low , ks
twe Byte Write Cycle Time | 20 s

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

AIMEL
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ash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)
PROGRAMMING VERIFICATION
p1.0-P1.7 d ADDRESS J——{ ADDRESS

P2.0 - P23 —
— e tavay

PORT O DATA IN § DATA OUT p—m—
! tover  leHox [ ; i
Lol (™ * * teriax i
ALE/PROG ™~ A
t > > t
SHGL —tg o | GHSL
_ A NMee | . LOGIC 1
EANVge L] waelc o _ .
F_tEHSH — tonz
P2.7 tecav — =
(ENABLE) |
tonsL —* -
P34 :
(ROY/BSY) ' BUSY READY
twe

lash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P2.3 < ADDRESS F‘j ADDRESS
+— tawav
PORT O DATA N { DATA OUT p—mm——
| tovaL  lorox [+
tavei > * tonax
ALE/PROG
fsnoL o an "
P LOGIC 1
EANpe 2y ____ 1. .____oelco| .
e—{ — .
B2 7 EHSH ter qv le— i EHQZ
(ENABLE)
tereL —™ j
P34
(RDY/BSY) \ BUSY J READY
— e
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»solute Maximum Ratings*

perating TEMPETratUre ..., ....ovveeeeecreercercncras -55°C to +125°C "NOTICE:

torage Temperature ... -65°C to +150°C

oitage on Any Pin

ith Respect to Ground ..o, -1.0V to +7.0V
laximum Operating Voltage......ocoeo o 6.6V
Ko Output CUITENE ...ooo e 15.0 mA

C Characteristics

=-40°C to 85°C, V¢ = 5.0V £ 20% (unless otherwise noted)

Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods rmay affect device
reliability.

iymbol Parameter Condition Min . Max Units
w Input Low Voltage {Except EA) 05 02Varn-01 v
L1 Input Low Voliage (EA) 0.5 0.2Vpe-03 " v —
U™ Input High Voltage {Except XTAL1, RSf) (I?VCC + 0.9_“ . WVEC +05 - | V :
11 Input High Voltage (XTAL1, RST) 0.7 Ve Ver c05 v
oL Output Low Voltage!" (Ports 1,2,3) lg, = 1.6 mA £.45 v ;
oL Cutput Low Voltage!? loL =3.2 mA N .48 | A \/—__
(Port 0, ALE, PSEN}
YoH Output High Voltage lgn = -B0 WA, Vg = 5V £ 10% 24 . I VI
(Ports 1,2,3, ALE, PSEN) lop = -25 A 0.75 Vor — "'—!'——' \777
log = -10 A 0.9Vee - _ 7 77\7
Vo Qutput High Voltage low = -800 A, Ve = 5V £ 10% 24 ‘ R VN
(Port 0 in External Bus Mode) o = 300 HA 075 Vee . e o V— _
lon = -80 pA 09Vee oy
" Logical 0 Input Current (Ports 1.2.3) Vi = 0.45V 75? B A
It Logical 1 to 0 Transition Current Vi = 2V, VCC =5V £ 10% -352 7LLA
(Ports 1,2,3)
I Input Leakage Current (Port 0, EA) 0.45 <V y < Ve C UA
RRST Reset Pulldown Resistor 50 ' 330 - Ke
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C : oF 3
lee Power Supply Current Active Mode, 12 MHz 2t mAi :
Idle Mode, 12 MHz ; o f: ) i mA. T
Power Down Mode® Vee = BY ) e "
Veg=av | ) «¢ oA
dotes: 1. Under steady state (non-transient) conditions, Ig, must be externally limited as follows:

Maximum Ig per port pin: 10 mA

Maximum | per 8-bit port:  Port 0: 26 mA
Ports 1, 2, 3: 15 mA

Maximum total | for all output pins: 71 mA

If 15, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranrteed to sink current greater

than the listed test conditions.
2. Minimum V for Power Down is 2V.

AMEL
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> Characteristics

\der Operating Conditions; Load Capacitance for Port 0, ALE/PROG. and PSEN = 100 pF: Load Capacitance for ali other
puts = 80 pF)

cternal Program and Data Memory Characteristics

ymbol | Parameter | 12 MHz Oscillator 16 to 24 MHz Oscillator ~ Units I
{ Min Max Min I Max ' }

ftoLcL Oscillater Frequency ‘ 0 24  MHz ‘
L ALE Pulse Width R dgacde | 477%— B
WLL Address Valid to ALE Low | 43 1 toio-13 . ons
LAX | Address Hold After ALE Low 48 ! . teiel20 T e
W | ALE Low to Valid Instruction In 233  dge®s | ons
LPL | ALE Low to PSEN Low : 43 bote o138 ks
SLPH BSEN Pulse Width I 205 3te 20 G s
SLW PSEN Low to Valid Instruction In | | 145 3tcE§L_4‘5 ) ﬁ_s_
oXIX Input instruction Hold After PSEN | 0 . 0 I ons
PXIZ _ tnput instruction Float After PSEN , 59 _;:L:L"": s ﬂ
PXAY PSEN to Address Valid I ool s
AVIV Address to Valid Instruction In ! 312 | —_5;;@_55 ._'—:_- 1;1
LAz PSEN Low to Address Float R 1 ‘0 T s ‘
RLRH | RB Pulse Width . 400 | Btoc100 L; _ _ i,, n_i:_ |
bwLWH | WR Pulse Width 400 | Btgest00 s
e | RD Low to Valid Data n } 2| B
tkeox  Data Hold After RD 0 ! 0 o s
tReiDz Data Float After KD ' s o | 2en2 ns o
tLov ALE Low to Valid Data in _ ) s i B850 0s i
tavoy ! Address to Valid Data In 585 ! ! Sty CLTEE? e
towL ALE Low to RD or WR Low ! 200 300 | oS0 TiétCL :Lf?O ; Ts___ﬁ
tavwiL | Address to RD or WR Low ‘ 203 | Aoy o175 ‘ W ng
tavwx | Data Valid to WR Transition ; 23 _ | toLal-20 T'Fi— _ 77_1_5_
- Data Valid to WR High | 43 C Ttgect20 | __ jns o
bHaX Data Hold After WR : 33 | tele20 } _ ns
triaz | RD Low to Address Float | 0 | |__ ' 737 _|__ ns l
twHLH RD or WR High to ALE Migh 43 123 Cotge20 | oot as |
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tternal Program Memory Read Cycle

i —
ALE _ .

PSEN /

PORT 0

PORT 2

ALE

PSEN

L

taLe [*

b

> topy

1:PLF‘H

A 4

AT89C51

ez

*-tPXAW'j
texiz |

toxix—» |

> A0-A7 INSTR IN_ D > ao-ar
+ Laviv »
X AB - A15 ) AB-A15
xternal Data Memory Read Cycle
oty
“
SR R Y
— tyoy —F
tFELRH Lg
- tw ——>
PR G -
o—»to oy e trupz

PORT O

PORT 2

— g —»

triaz—»

"\ AD - A7 FROM RI OR DPL™ * - - DATA
-+ tavwL - "
- e gy e
>\ F20- P27 OR A8 - A15 FROM DFH

AIMEL

- > e lrHDX

IN i, AO - A7 FROM PCL

INSTR N

AB - A15 FROM FCH
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<ternal Data Memory Write Cycle

ALE

PSEN

WR

PORT O

PORT 2

«  ta o

AIMEL

ot —se—twwn —>

—tax— |
i

- t AVLL > tQ\IW)(

- e

DI tovwn —»

A0 - A7 FROM RI OR DPL.-[ | DATA OUT
[P I — tAVWL_ e o]
S P20 - P27 OR A8 - A15 FROM DPH

xternal Clock Drive Waveforms

Ve - 0.5V ——

_—_74 0.2 Veg- 0.1V
0.45V

tCHC)(

0.7 Vee

:xternal Clock Drive

’ tWHLH

"~ tWHQX

A8 - A15 FROM PCH

tolel

" AC - A7 FROM PCL™ <'NSTR iR

Symbol Parameter Min ! Max : Units
et Cscillator Frequency 0 i 24 ! MHz
feLoL Clock Period 416 s
teHex High Time - 15 N | 7 rs
[ - ”
toLex Low Time 15 | rs
teLeH Rise Time I 20 ' ns
tcheL Fall Time 20 rs
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srial Port Timing: Shift Register Mode Test Conditions
¢ = 5.0 V £ 20%; Load Capacitance = 80 pF)

ymbol Parameter [ 12 MHz Osc Variable Oscillator ¢ Units :

Min Max ! Min Max - :
LKL Serial Port Clock Cycle Time 1.0 12%Let Cous
WXH Output Data Setup to Clock Rising Edge E700 ! - 1Dt o -133 o - R ns :
(HQX Output Data Hold After Clock Rising Edge 50 | L 2o o117 o 7ﬁ7*rg ___11
(HDX Input Data Hold After Clock Rising Edge 0 C - 7? _ q\
OV Clock Rising Edge to Input Data Valid | 700 013 ns |

hift Register Mode Timing Waveforms

INSTRUCTION o 1 2 3 & 5 6 7 g
ALE o |
’4 b o s
CLOCK
tovxH - m
— tynox
WRITE TO SBUF ~_ D e . 2 S03 N 4 5 . 8 7
A 4 > - t — *
OUTPUT DATA T xHDX SET T |
, CLEARRI o L “7 __ FMALID " CyALn VA_L]‘Ij N V»?U\'D\ - "\{A_L_Il‘j* SVALID weLiD VALID
2
INPUT DATA SET RI:

\C Testing Input/Output Waveforms(!  Fioat Waveforms'!

Voo - 08—

0.2 Vg + OV
TEST POINTS

Timing Reference
Points

0.45V —— 02 Voo : OV Viowo T Vo m o
lote: 1. AC Inputs during testing are driven at Vg - 0.5V for  Note: 1. For timing purposes, a port pin is no longer floating
alogic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at V|, min. for a logic 1 and V), port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Von/Voy level occurs.
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rdering Information

Speed Power ‘ ' :
(MHz) Supply Ordering Code i Package Operation Range ]

12 5V 20% ATBIC51-12AC T 44A ! Commercial :
AT89C51-12JC | 44) i (0=C to 7070 ;
AT89C51-12PC | a0P6 |
ATB9C51-12QC 44Q : i
AT89C51-12Al 247 3 " Industria ‘
AT89C51-12J1 44 40°C to 85°C) ‘
ATB9C51-12P 40P8 |
AT89C51-12Q 44Q i ] B
AT89C51-12AA o 44A ! Automotive
ATBIC51-12JA 44l ' (-40°C t0 105°C}
AT89C51-12PA . 40P6 ?
AT89C51-120A  44Q o

16 5V + 20% AT8OC51-16AC } 44A Cemmercial
AT89C51-16JC 44 (C°C 0 70°C) ‘
AT89C51-16PC 40P6 '
AT89C51-16QC 4
AT89C51-16A! T aeA | " industrial T
AT89C51-16J] f 44 {-40°C to 85°C)
ATBIC51-16PI . 40P6
AT89C51-16Q . 44Q ; B
AT89C51-16AA L 44A ; Automotive ;
AT89C51-16JA L 44y ! .40°C to 105°C;
AT89C51-16PA | 40P6 ,
ATBIC51-160A 44Q |

20 5V = 20% AT89C51-20AC 44A : " Commercial
AT89C51-20JC C o 44d (0°C t0 72°C)
AT89C51-20PC 40P6 ‘
AT89C51-20QC 44Q | B
ATB9C51-20Al 444 ! Industral
AT89C51-20J1 447 | (-40°C 1o 35°C]
AT89C51-20P . 40Ps |
AT89G51-20Q 440 |
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rdering Information

Speed Power :
(MHz) Supply Ordering Code Package QOperation Range I
24 5V + 20% ATBIC51-24AC 44n Commercial
AT89C51-24JC 44] G e 7070 ‘
AT89C51-24PC 44P6 ‘
ATB3C51-24QC 440
ATBIC51-24Al 44A N ndustrial T
AT89C51-24J1 44) (-40°C t0 85°C) ,
AT89C51-24P 44P6 |
AT89C51-24Q 44Q '
Package Type
44A 44 Lead, Thin Plastic Gult Wing Quad Flatpack (TQFP)
a4) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)

40P6 40 Lead, 0.800" Wide, Plastic Dual Inline Package (PDIF)} B
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) :
4-43
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ADC0808/ADC0809

Multiplexer

General Description

The ADCOB08, ADCOB0S data acquisition component is a
monaolithic CMOS device with an 8-bit analog-to-digital con-
verter, B-channel multiplexer and microprocessor compatible
controt logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channe! multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for exiernal zerc and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion lechnigues. The ADCO808, ADCC809 offers high
speed, high accuracy, minimal temperature dependence, ex-
cellent long-term accuracy and repeatability, and consumes
minimal power. These features make this device ideally
suited to applications from process and machine control to
consumer and automotive applications. For 16-channel mul-
tiplexer with common ocutput {samplethold port) see
ADC0816 data sheet. {See AN-247 for more information.)

National Semiconductor

Features
m Easy inlerface to all microprocessors
u Operates ratiometrically or with 5 Ve or analog span

adjusted voltage reference

No zero or full-scale adjust required
8-channel multiplexer with address logic
OV to 5V input range with single 5V power supply
Outputs meel TTL voltage level specifications
Standard hermetic or molded 28-pin DIP package
28-pin moided chip carrier package
ADCD808 equivalent to MM74C949
ADCO809 equivalent to MM74C949-1

Key Specifications

® Resolution

Total Unadjusled Error

Low Power

»
m Single Supply
| |
[ ]

Conversion Time

QOcloher 1992

8-Bit yP Compatible A/D Converters with 8-Channel

& Bits

+15 LSB and £1 LSB

5 Vpe
15 m
100 s
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ADC0808/ADC0809

Connection Diagrams

Dual-In-Line Package

W3-
N4 =2

s —3

N6 —J4

w7 —{s

STEPT =6

toc—7

ks ]

OUTPUT ENABLE ~49
CLOCK —{10
VCC- i
Vegr (12
GND

7

28~ IN2
27—
26—

25— 400 &
24 b 20D B
23} 200 ©
22| ALE
ni-2"tuss
nl-2"?
192t
1gp—27
17}-2"%s8
16 |- Vper (=)
15}=27%

DSO08ETE 11

Order Number ADCO80BCCN or ADCOB0ICCN

See NS Package J28A or N28A

Ordering Information

Molded Ghip Carrier Package

« m o
B @ e e
228 g7
2E R R e
I N I T |
25 74 23 22 3110019
26 153= 7
=7 W7
23 16
1 15
z tap=2"
3 13p=GHE
4 12be Vprp (¥
s & 7 8 910 11
s g Wy b
TEEnges
=
£
=
s
A5OCRLTS 1

Order Number ADCO808CCV or ADCCB09CCY
See NS Package V28A

TEMPERATURE RANGE -40°C to +85'C -55'C to +125°C
Error | +% LSS Unadjusted | ADCOB0SCCN ADC0B0BCCY ADC0B08CCJ ADCO0808C.
11 LSB Unadjusted | ADCOBOSCCN ADC0809CCV

Package Qutline

N28A Molded DIF

V28A Molded Chip Carrier

J28A Ceramic DIP

J2BA Ceramic DIP

www.national.com




Absolute Maximum Ratings (otes 2. 1}

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V) (Note 3)
Voltage at Any Pin
Except Control Inputs
Voltage at Control Inputs -0.3V to +15V
(START, OE. CLOCK, ALE, ADD A, ADD B, ADD C)

6.5V
—0.3V to {Vee+0 3V)

Operating Conditions (Notes 1. 2)

Dual-in-Line Package {ceramic) 0
Molded Chip Carrier Package ;
vapor Phase (60 seconds) 215°C i
Infrared (15 seconds) 220°C !
ESD Susceptibility (Note B} 400V i
|

Temperature Range (Note 1)
ADCOBOBCCN,ADCO809CCN

Storage Temperature Range

~-65°C to +150°C

ADCOB0BCCY, ADCOBOICCY

Package Dissipation at T,=25°C 875 mW Range of Vg (Note 1)
Lead Temp. (Scidering, 10 seconds)
Dual-In-Line Package (plastic) 260°C

Electrical Characteristics

Converter Specifications: V=5 Vpo=Vrer. Yrer-"CND TS T A

TMINSTAﬁTMAX
—40°CET,2+85°C
—40°C £ T, +85C
4.5 Vg It 6.0 Vi,

ST yanx and fo =640 KHz unless otherwise staled.

Symbeol Parameter Conditions Min Typ Max Units
ADC0808 :
Total Unadjusted Error 25°C E43 LSB
{Note 5} Tanw 10 Traax +34 LS8
ADCOS09
Total Unadjusted Error 0°Cto 70°C +1 5B
[Note 5) Toam 10 Traax 1 L38 |
Input Resistance From Ref{+) to Ref(-} 1.0 2.5 39} ,
Analeg Input Voltage Range {Note 4) V{+) or V(-) GND-0.10 Veet0.10 Ve ‘
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Vee Veet+0.1 v
VREF(+ 1+ YREF! ~ Voltage, Center of Ladder Veel2-01 | Voel2 | Ve/2+07 [
i 3
VREF(-) Voltage, Bottom of Ladder Measured at Ref{-) =01 ¢ i ‘
I Comparator Input Current 1.=640 kHz, (Note 6} -2 0.5 2 [ET

Electrical Characteristics

Di%ital Lavels and DC Specifications: ADCOS08CCN, ADCO808CCY, ADCOBIOCCN and ADCO809CCY, 4.755Vc55.25V,
-40"C<T ,2+85°C unless otherwise noted

Symbol I Parameter Conditions Min ‘ Typ Max Units
ANALOG MULTIPLEXER
lorree CQFF Channel Leakage Current V=8V, Vi =5V,
T,=25°C ‘ 10 200 A
Tram 10 Tranx 1.0 gh
lorg(-1 OFF Channei Leakage Current Ve =5V, Vi =0,
T,=25C -20C -10 rA
Trara 10 Thanx -1.0 A
CONTROL INPUTS
Vi1 Logical “1" Input Voliage Vee—15 Y
Viroy Logical "0" Input Voltage: 1.5 v
lingny Logical “1” Input Current Vin=15V 1.0 A
(The Control Inputs)
linvos Logical “0” Input Gurrent V=0 -1.0 irss
{The Control Inputs) i
lee Supply Current oL =840 kHz 0.3 3.0 e

woaw naticnal oo
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ADCOD808/ADCOB09

Electrical Characteristics (continued)

Digital Levels and DG Specifications: ADCOB0BCCN, ADC0O808CCV, ADCOBU9CCN and ADCO808CCY, .755V ¥5.23Y.
-40°C<TA<+85°C unless otherwise noted

Symbol | Parameter I Conditions Min i Typ Max E Units
DATA OUTPUTS AND EOC {INTERRUPT)
Vaurn Logical “1" Quitput Voltage Voo = 4.75V :
laut = —~360pA 24 Wiraing
lour = —10pA 4.5 | M{min)
VouTtio Logical “0" Qutput Voltage 15=1.6 mA 045 | v
VouTioy Logical “0" Output Voltage EOC 15=1.2 mA 245 . W
lout TRI-STATE Output Current V=5V 3 sA
Vo =0 -3 LA

Electrical Characteristics
Timing Specifications Vo=Veer., =5V, Vieeo,=GND, [, =1,=20 ns and TA=25°C unless otherwise noted.

Symbal Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 as
bwaLe Minimum ALE Pulse Width {Figure 5) 100 200 ]
1, Minimum Address Set-Up Time | (Figure &) 25 50 ~s
th Minimum Address Hold Time {Figure 5) 25 50 ng
to Analog MUX Delay Time Rs=0Q2 (Figure 5) 1 25 ! us

From ALE
| U A QE Control to Q Lagic State C =50 pF, R_=10k {Figure §) 125 250 ns
tine ton QE Control to Bi-Z C_ =10 pF, R, =10k (Figure §) 125 250 ns
te Convergion Time f,=640 kHz, (Figure 5) (Note 7} a0 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EQC Delay Time (Figure 5} 0 B+2uS ~ Clock
Periods
Cin Input Capacitance At Centrol Inputs 10 15 ) oF
Cour TRI-STATE Qutput Al TRI-STATE Outputs 10 5 ' oF
Capatitance

Note 1: Absclute Maximum Ratings indicale limits beyond which damage to the device may oceur. DT and AC eloctrical specifications Gt A7 APy winn Covfat iy
the device beyond its specified operating conditiens

Nots 2: All voltages are measured with respact to GND. unless cthewise specrfied

Mote 3: A zener dicda exists, intemally, from Ve to GND and has a typical breakdown voltage of 7 Vpc.

than 100 mV, the cutput cods will be camect. To achieve an absclute 0Vpe 1o 5V o input voltage range will theretore require & minimum <:pply volage of 4 B0 Wy,
over temperature variations, initia! lolerance and loading.

MNote 5; Total djusted error i offset, full-scale, inearity. and multipiexer errors. See Figure 3. None of these AlDSs requires a zer 3 of full-ncille 25

can be adjusted to achieve this, See Figure 13

Note 6: Comparator input current is a bias current inle or out of the chopper stabilized comparator. The tias current varies directly with cingk reguancy ase nns il
temperature dependence {Figure 6) Sea paragraph 4.0

Nota 7: Tha outputs of the data register are updated one clock cycle before the rsing edge of EOC
Note 8; Human body model, 100 pF discharged through a 1.5 ki2 resistor

Note 4: Two on-chip diodes are tied 1o 8ach analog input which will torward conduct for analeg input voltages one diode drop betow ground or ont giode &rop Jreater
than the Veon supply. The spec allows 100 mV forward bias of either diode. This means thal as long as the analog Vi does net exceed the supply veltane by mese

Haowe-
aver. it an all zero code is desired for an analog input clher than 0.0V, or if a narrow full-senle span exists (for example: 0.5V to 4.5V fuli-scale; thir rptoronce valtne:

S
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Functional Description

Multiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channei is se-
lected by using the address decoder. Table 1 shows the input
states for the address lines to select any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.

SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL

INQ L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
INS H L H
ING H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-le-tigital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partilicned into 3
major sections: the 256R ladder network, the successive ap-
proximalion register, and the comparator. The converter's
digital outputs are positive true.

The 256R ladder network approach (Figure T} was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes
Monotonicity is particularly important in closed loop feedback
control systems. A non-manotonic refationship can cause 0s-
cillations that will be catastrophic for the system. Additionally,
the 256R network does not cause load varialions on the ref-
erence voltage.

The bottom resistor and the top resistor of the ladder nel-
work in Figure 1 are not the same value as the remainger of
the network. The difference in these resistors causes the
output characteristic lo be symmetrical with the zero and
full-scale points of the transfer curve. The first cutput transi-
tion occurs when the analog signal has reached =% LSB
and succeeding outpul transiticns occur every 1 LSB later up
to full-scale.

The successive approximation register {SAR) performs 8 -
erations 1o approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure Z shows a typical example cf a 3-bit converter. In the
ADCO808, ADCO808, the approximation technigu2 is ex-
tended lo B bits using the 256R natwork.

The A/D converler's successive approximation register
(SAR) is reset on the positive edge of the starl conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion putse. A conversion in process will be in-
terrupted by receipt of a new start conversion puise. Con-
tinupus conversion may be accormplished by lving the
end-of-conversion (EOC) output lo the SC input. 1l used in
this mode. an external start conversion pulse should be ap-
plied after power up. End-of-conversion will go low between
0 and & clock pulses after the rising edge of start conversion.

The most impertant section of the A/D converter is the com-
parator. It is this section which is responsible for the ullimale
accuracy of the entire converter. Il is also the comparator
drift which has the greatest influence on the repeatability of
the device. A chopper-stabilized comparator proviges the
most effective methed of satisfying all the converter require-
ments.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through =
high gain AC ampiifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC am-
plifier. This makes the entire A/D converter extremely insen-
sitive lo temperature, long term drift and input offset errors
Figure 4 shows a typical error curve for the ADCOBGE a5
measured using the procedures outlined in AN-17¢.

wovw. natic il oo
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ADC0808/ADC0809

Functional Description (continues)

CONTROLS FROM S.AR.
1

SRR IR bt

>
1R
R S—
. .
. - .
A
. . .- N—
.
10
256R : - . . - COMPARATOR
. INPUT
- - - \L
R
. . .
R - ° .
. .
%R :b S
4P
—
REF{-) O—ro

DEGLMTI 2

FIGURE 1. Resistor Ladder and Switch Tree

11 - INFINITE RESOLYTION
i=-FULLSCALE m FERFECT CONVERTER
1o IDEAL CURVE p=ri-=  ERROA = 1/2 158
. o mfwlsa IBEA. 3-BIT CONVERTER
R w TOTAL {
g S ot | unanwstes=lA
= £RROA
'é o 5 100 . -1Ls8
5 om - = - ABSOLUTE
a = NONLINEARITY - 1/2 LSB 5 m | ACCURACY
g o - 2 m I -z
- < i -
NONLINEARITY = ~1/2 LS8 L GuANTIZATION
mi 01 ERROR
! ke 2EAQ ERROR = —%/4 LSE
ptia L Vin 000 Vin
0/ S 2/ 38 4% S/ 6 1A 0/8 1/8 2/ 3% 4B 5B G 78
VN AS FRACTION OF FULL-SCALE VN AS FRACTION OF FULL-SCALE

DSO0SGT213

L1 T

FIGURE 2. 3-Bit AID Transfer Curve FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

ERRUR

tNPUT OV
VOLTAGE

QUANTIZING {

FIGURE 4. Typical Error Curve

w

www.national.com



Timing Diagram

ARALOG
Rt

COMPARATCR
mreT

(INTERMAL NODE)

ouTAUT
ENABLE

EGC

ouTPUTS

e

Atk — |

STABLE ADDRESS

50%

:X. T — . ____X_

——

TRISTATE

FIGURE 5.

DECLITE S
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ADC0808/ADC0809

Typical Performance Characteristics

15

T T
: fc-wznnm;‘ﬂ

1 ’/ —
L 05 v
E Tom A0 XKz
R ]
£ f + 640 kHz 4
z
v

-1 I~ 1200 KHr ™

a 125 25 375 5
VN V)
OSUEETZ G
FIGURE 6. Comparator |y vs Vi
(Vec™Vrer=5V)

TYPICAL Rgp (k7H)

u 1.25 2.8 7% 5
Vin V)
[FRXUT N
FIGURE 7. Multiplexer Rg, vs Vi
(VCC=VREF:5V)

TRI-STATE Test Circuits and Timing Diagrams

LT W

Vee

ouTPYT
ENABLE

to ©L = 10 pF

Yoy 50%
QuTPUT 0%
G — —_
DS00S67218 DEREELT2 0 et
tor tho tou: CL = 10 pF tno: Cp = 50 pF
Ve vie i —
O Q Yee
oUTPUT sos
ENABLE ey
GND 19 L)
OUTPUT -~ —_— —i —
A tgH tho —! !

Vau

DS005672-21

Vee T —_—
ouUTPUT i 0%
105

DEABLTE 22

FIGURE 8.

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADCO808, ADCOB09 is designed as a complele Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which is
not necessarily related to an absolule standard. The voltage
input to the ADCOB08 is expressed by the equation

Vin Dx

Vis—Vz  Dmax—Dwmin a

V,,SInpul voltage into the ADCO808
V. =Full-scale voltage
V,=Zero voltage

Dy =Data point being measured
Dy =Maximum data limit
Dhare=Minimum data limit

A good example of a ratiometric transducer is a potentiom-
ater used as a position sensor. The position of the wiper is di-
rectly proportional to the output voltage which is a ratio of the
full-scale voltage across it. Since the data is represented as
a proportion of full-scale, reference requirements are greatly
reduced, eliminating a large source of error and cost for
many applications. A major advantage of the ADCOB08.
ADCO80Y is that the input voltage range is equal to the sup-
oly range so the transducers can be connected directly
across the supply and their outpuls connected directly into
the multiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiomelers, strain
gauges, thermistor bridges, pressure transducers, eic., are
suitable for measuring proporional relationships: however,
many types of measurements must be referred to an abso-
lute standard such as voitage or currect. This means a sys-

www. national.com




Applications Information (continued)

tem reference must be used which relates the fuil-scaie volt-
age to the standard volt. For example, if Ve ™Vrer™5.12V.
then the full-scale range is divided into 256 standard steps.
The smallest standard step is 1 LSB which is then 20 mV.

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into § times in a conversion. These vollages are
coupled to the comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlled to maintain proper
operatior.

The top of the ladder, Ref{(+), should not be more positive
than the supply, and the botlem of the ladder, Ref{-}, should
not be more negative than ground. The center of the ladder
voitage must also be near the center of the supply because
the analog switch tree changes from N-channel switches to
P-channel switches. These limitaticns are automatically sat-
isfied in ratiometric systems and can be easily metin ground
referenced systems.

Figure 10 shows a ground referenced syslem with a sepa-
rate supply and reference. In this system, the supply must be
trimmed to match the reference voltage. For instance, if 2
5.12V is used, the supply should be adjusted o lhe same
voltage within 0.1V,

Vet

-

L

r
3
%

PR

* o

REF{+]

MSB
DIGITAL
ouTPUT
Cgut PROPGATIONAL
TO ANALBG
INFUT
VIN _ VIN
Ls3 & = ==
VT Vrer T Voo
475V sVoo = VREFS 525V

=
<

ADCO3TR

* Ratiomatric iransducers

DS005672-7

FIGURE 9. Ratiometric Conversion System

The ADC0808 needs less than a milliamp of supply current
50 developing the supply from the reference is readily ac-
complished. In Figure 71 a ground referenced system is
shown which generates the supply from the reference. The
bufter shown can be an op amp of sufficient drive to supply
the millizarmp of supply current and the desired bus drive, or if
a capacitive bus is driven by the outputs a large capacitor will
supply lhe transient supply current as sean in Figure 12. The
LM301 is overcompensated to insure siability when loaded
by the 10 WF outpul capacitor.

The top and bottom ladder voltages cannot exceed Ve and
ground, respectively, but they can be symmetrically less than
Vg and greater than ground. The center of the ladder volt-
age should always be near the center of the supply. The sen-
sitivity of the converter can be increased. (i.e. size of the
LSB steps decreased) by using a symmetrical reference sys-
tem. In Figure 13, a 2.5V reference is symmetrically cen-
tered about Vec/2 since the same current flows in identical
resistors. This system with a 2.5V reference allows the LSE
bit to be half the size of a 5V reference system.

wv s, nationai con
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ADC0808/ADC0809

OOUT : ?EF

Applications Information (continued;

AANT
)"
Ve
SUPPLY vee
mse
VREF REF{+) DIGITAL
DUTPLT
i REFERENCED
out
O tar T0
g do=-— 2 GROUND
.
O—1 o
r REF{-) LS8
* GNO

ADCOBOR

DROUALE 28

475V -, Voo = VRgr - 5.25V

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

R Vee
VT MSB
REF DIGITAL OUTPLT
vaer [ &l Bout REFERENCED TO
REF{#) O In? GROUND
VIN{O—t ¢
H
Oyt
I—— REFi-} LB
@— GO
ADCO30B
DRCOLLTE 25
Vin
Qout * o
VT Veer
475V« Voo = VRer - 5.25V

FIGURE 11. Ground Referenced Conversion System with
Reference Generating Ve Supply
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Applications Information (Continued) !

10-15Vye
O

1000 pF

608000v/808000Y

LMI238

REF(+]

LM301A

L+_ 10 wF

s0LI0
TANTALUM
. 4 ¥ GND

] REFI-)

0BRGN 26

FIGURE 12. Typical Reference and Supply Circuit

sv
e
vee
5v
sl Mss
In?
.
. . DIGITAL DUTPUT ‘
. 2 PROPORTIONAL TO ‘
N auT ANALDG INPUT :
: 1.26Y £ Vi £ 375V
* lag
125V
REF(-)
25v
REFERENCE Ry L5B
—'MT GND

DECOTE 2T
R=Ryg
*Ratiometric transducers
FIGURE 13, Symmetrically Centered Reference
3.0 CONVERTER EQUATIONS The cutput code N for an arbitrary input are the integers
The transition between adjacent codes N and N+1 is given within the range:
by

Vi~ VREF( -
Nt YRER ) L. 256 1 Absalute ACcuracy
Vagr(+ |- YREF(-) +

N1
Vin = {(VHEFt -y VR‘EF&))[% [ ;{5] iV-rus} +Vaee; ) .
Where: V,,~Voltage at comparator input

Vgeeey= Voltage at Ref{+)

Vger )= voltage at Ref(-)

Vrye=Total unadjusted error voltage (typ:cally
Vg 7812}

The ceriter of an outpt? code N is given by:

N
256

Vin g (VREF( rrVnEFH)[ Vrye } +VREF(-)

3
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ADCO0808/ADCDB09

Applications Information (continued)

4.0 ANALOG COMPARATOR INPUTS

The dynami¢ comparator input current is caused by the pe-
riodic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies di-
rectly with clock frequency and with Vi, as shown in
Figure 6.

Typical Application

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input cur-
rent should not introduce converter errors, as the transient
created by the capacilance discharge wi'l die out before the
comparator output is strobed.

If input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. [t will then take on the characteris-
tics of a DC bias current whose effect can be predicted con-
ventionally.

AEAD .
_-l TNTERRUPT
500 kHz —] CLK il
ADDAESS 5.000V =] VREF(H) £0C INTERRUPT
[AD4-ADIE" 0.080 =4V pgF )
-1p—» o8 MSB
START 7-1p—pDEE
iy ALE -3 pasmmdp DBS
WATTE z
24— DB4
AQD—] A 25 [pmmeefp BB
ADCOBO0R
AD1==B  pprogny 26— D&z
apz=—{C 2= 7 po——ipp D81
2-8f——% om0 LSB
sv sumvT
Vee V] it
GND .
0-5¢
GROUND "= L ANALDE
INPUT RANGE
o Vin ]

DEOUSETL 1T

-Address latches needed for 8085 and SC/MP interfacing the ADCO808 to a microprocessor

TABLE 2. Microprocessor Interface Table

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)

8085 RD WR INTR (Thru RST Circuit)

Z-80 RD WR TNT (Thru RST Circuil, Mode 0}
SCIMP NRDS NWDS SA {Thru Sense A) :
8800 VMAZRM | VMA-o-RAW | TRGA or TRGB (Thru PIA) |

www. national.com



Physical Dimensions inches (millimeters) unless otharwise noted

L F R [ 5 LR LR FLE
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Molded Duai-in-Line Package (N}
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NS Package Number N28B
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UTRON

Rev. 1.5

UT62256

32K X 8 BIT LOW POWER CMOS SRAM

FEATURES

B Access time : 35/70ns (max.}
® Low power consumption:
Operating : 60/40 mA (typical.)
Standby : 3mA {typical) normal
2UA (typical) L-version
1uA (typical) LL-version
Single 5V power supply
All inputs and outputs are TTL compatible
Fully static operation
Three state outputs
Data retention voltage : 2V (min.)
Package : 28-pin 600 mil PDIP
28-pin 330 mil SOP
28-pin 8x13.4mm STSOP

FUNCTIONAL BLOCK DIAGRAM

GENERAL DESCRIPTION

The UT62256 is a 262,144-bit low power
CMOS  static random access memory
organized as 32,768 words by 8 bits. It is
fabricated using high performance, high
reliability CMOS technology.

‘The UT62256 is designed for high-speed anc
low power application. It is particularly wel:
suited for battery back-up nonvolatile memory
application.

The UT62256 operates from a single 5V

power supply and all inputs and cutputs are
fully TTL compatible
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UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM

ABSOLUTE MAXIMUM RATINGS*

PARAMETER SYMBOL RATING UNIT
Terminal Voltage with Respect to Ves V1eru 05t0+7.0 A%
Operating Temperature Ta 0t +70 C
Storage Temperature Tsta -85 to +150 T
Power Dissipation Po 1 W
DC Output Current lout 50 mA
Solderiﬂg_Temperature (under 10 secO Tsolder 260 C

*Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage o the device.
This is a stress rating only and functional operation of the device or any other conditions above those incicated in the
operational sections of this specification is not implied. Exposure to the absolute maximum rating conditions fer
extended period may affect device reliability.

TRUTH TABLE

MODE CE | OE | WE | VO OPERATION [SUPPLY CURRENT
Standby H X | X High-2Z ISB, ISB"
Output Disable L H H High - Z lec
Read L L H Dour leg
Write L X L Din lce

Note: H=Vin, L=ViL, X = Don't care.

DC ELECTRICAL CHARACTERISTICS (Vcc = 5V+10%, TA=0C t6 70 L]

PARAMETER SYMBOL | TEST CONDITION MIN.|TYP.| MAX. |UNIT
Input High Voltage VK 2.2 - | Veet0 5 1V
Input Low Voltage Vi =05 - 0.8 v
Input Leakage Curren{ Iy, [Vss =Vin =Vee -1 - 1 LA
Output Leakage o [Vss =Vio <Vec -1 - T
Current CE=Vjor OE =Vu

or WE =Vi

Qutput High Voltage Vo |low=- 1TmA 241 - - V

Qutput Low Voltage Voo  |lor= 4mA - - c4 vV
Operating Power lce  |Cycle time=Min, - 35 - 60 100 | mA
Supply Current lyo = OmA .CE =V, ..| - 70 - | 40 7 T mA
Standby Power lss  1CE =V normal | - 1 0 mA
Supply Current oot | GE = Voo-0.2V ~ o3 5 L mA
155 -éE =Viy -L/-LL - - 3 ‘ mA

isa4 CE =Vee-0.2V -L - 2 100 | pA

L - 50 A

UTRON TECHNOLOGY INC. PRO025

1F, No. 11, R&D Rd. II, Science-Based Industrial Park, Hsinchu, Taiwan, R. C. C.
TEL: 886-3-5777882  FAX: 886-3-577791%
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UTRON

Rev. 1.5

UT62256

32K X 8 BIT LOW POWER CMOS SRAM

CAPACITANCE (TA=25C, f=1.0MHz)

PARAMETER SYMBOL MIN. MAX UNIT
Input Capacitance CiN - 8 pF
Input/Qutput Capacitance Cro - 10 pF
Note - These parameters are guaranteed by device characterization, but not production tested.
AC TEST CONDITIONS
Input Pulse Levels oV to 3.0V
Input Rise and Fall Times 5ns
Input and Qutput Timing Reference Levels 1.5V

Output Load

CL = 100pF, 1OH“OL = -1mA/4AmA

AC ELECTRICAL CHARACTERISTICS

(1) READ CYCLE

(Ve = 5V210% . TA=0C 10 70C;

PARAMETER SYMBOL UT62256-35 UT62256-70 | UNIT
MIN. MAX. MIN. MAX. :

Read Cycle Time trc 35 - 70 - ns |
Address Access Time taa - 35 - 70 | ns ¢
Chip Enable Access Time tace - 35 - 70 ns |
Output Enable Access Time toe - 25 - 35 ns
Chip Enable to Output in Low 2 toiz 10 - 10 - ns
Qutput Enable to Output in Low Z oz 5 - 5 - ns
Chip Disable to Output in High Z terz - 25 - 35 rs |
Cutput Disable to Qutput in High Z toHz - 25 - 35 rs |
Cutput Hoid from Address Change|  tow 5 - 5 - rs |

(2) WRITE CYCLE

PARAMETER SYMBOL | UT62256-35 | UT62256-70 | UNIT |

MIN. MAX. MIN. MAX. j

Write Cycle Time twe 35 - 70 - ns
Address Valid to End of Write taw 30 - 60 - ns
Chip Enable to End of Write tew 30 - 60 - ns
Address Set-up Time tas 8] - 0 - . ns
Write Pulse Width twe 25 - 50 -y ns
Write Recovery Time twr 0 - 0 - . NS
Data to Write Time Overlap tow 20 - 30 - 1 ns
Data Hold from End of Write Time foH 0 - 0 - oS
Output Active from End of Write tow 5 - 5 - : sl
Write to OQutput in High Z twhze - 15 - 25 | ns

*These parameters are guaranteed by device characterization, but not production tested.

UTRON TECHNOLOGY INC. PB0025

1E, No. 11, R&D Rd. I, Science-Based Industrial Park, Hsinchu, Taiwan, R. ©. C.

TEL: 886-3-5777882

FAX: 886-3-5777919
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UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM

TIMING WAVEFORMS

READ CYCLE 1 (Address Controlled) (1,2.4)

[k tac -
Address )<
- ——
- ton -t -

DOUT Data Valid <><><
/

READ CYCLE 2 (CE and OE Controlled) (1.3.5.8}

o} tRe -
Address 3{ >(
-,
ZE -
AN /]
e Em— —_—
tace .
— 7
= NN LI,
— oy — Bl — tonz el
lat——CLZ| tonz g
LT i,
Dout High-z 5 i High-2
ata vali

Notes :

WE is HIGH for read cycle.

Device is continuously selected GE sViL.

Address must be valid prior to or coincident with CE transition; otherwise tas is the limiting parameter.
OE isLOW.

tciz, toLz, tovz and  towz are specified with CL= 5pF.  Transition is measured 500mV from steady state.
Al any given temperature and voltage condition, tcuz is less than teiz, loHz is iess than toiz.

SR

UTRON TECHNOLOGY INC. PB0025
1F, No. 11, R&D'Rd. I, Science-Based Industrial Park, Hsinchu, Taiwan, R. O C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM

WRITE CYCLE 1 { WE Controlled) (1,2,3,5)

- twe -
Acldress >< ><
[t} taw -
= NNk Lo
tCW ———
eag-LAS e | ——— twp — P twr
WE N N V.
\\ N /|
~— twH High-Z - — tow ——

oo SIS

;tnw—hq—tm ->l

Data Valid |~

Din

w

WRITE CYCLE 2 (CE Controlied) (1.2.5)

Lt twe -
Address :>< ><
-lt taw - N
CE ‘ 7[
|eg— L tow o] et~ VR g
twp ——————————P=

W oo
Daur ><><.><>O< (41><><:!‘ e

: |:7tDW ~f—rt— tDr—’
Din

I - Data Vatid ‘

Naoies :

1. WE or GE must be HIGH during all agdress transitions.

2. Awrite occurs during the overlap of a low CE andalow WE.

3. Duringa WE controlied with write cycle with OE LOW, twe must be greater than twrz+tow 1o allow the drivers

to turn off and data to be placed on the bus.
4. During this period, I/O pins are in the output state, and input signals must not be applied.

5. If the GE Low transition occurs simultaneously with or after wg tow transition the

outputs remain in a high impedance state.
6. tow and twnz are specified with Ci= 5pF.  Transition is measured £500mV from steady state.

LUTRON TECHNOLOGY INC. P80C25
1F, No. 11, R&D Rd. I, Science-Based Industriai Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM

DATA RETENTION CHARACTERISTICS (TA =0T to 70C)

PARAMETER SYMBOL| TEST CONDITION MIN. | TYP. [MAX.[UNIT
Vce for Data Retention VDR CE = Vcc-02V 2.0 - 55| V
Data Retention Current | Ior Vee=3V -] - 1 50 | uA !
20" | pA
CE = Vee02v  (-tl] - 105420 | uA
| 55 1 uA
Chip Disable to Data tcor See Data Retention 0 - - rs |
Retention Time Waveforms (below)
Recovery Time tr trer - - ns &

trc* = Read Cycle Time
* Those parameters are limited for temperature below 40 C

DATA RETENTION WAVEFORM

le—— Data Retention Mode »

4.5V \tq / 4.5V

Vee

—»

CE o taon N N N
I e KA

)

A
AN

UTRON TECHNOLOGY INC.

1F, No. 11, R&D Rd. I, Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3-5777882  FAX: 8§86-3-5777919
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Rev. 1.5
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UT62256

32K X 8 BIT LOW POWER CMOS SRAM

PACKAGE OUTLINE DIMENSION

28 pin 600 mil PDIP Package Outline Dimension

D

dhch chehebeh b el ol rhch b o

x"'i"“\
(i =
\_f_/
¢
PRSP P S F oy
q B ]
jl 21 .
o N
| o R
e ——" = g ¥ == 1\l
Iakisillsaialinia it  nlin =" i 5
AR RRRA N :
I S
]
<B pl
s INTT INCH(BASE) | MM(REF)
Al 0.070 (MIN) | 0.254 (MIN)
AZ 0.150+0.005 | 3.810+0.127
B 0.020 (MAX) | 0.508(MAX)
B1 0.055 (MAX) | 1.397(MAX)
c 0.012 (MAX) | 0.304 (MAX)
D 7.430 (MAX) | 36.322 (MAX)
A E 06 (TYP) | 1524 (TYP)
= 0.52 (MAX) | 13.208 (MAX)
P 0,100 (TYP) | 2.540(TYP)
B 0.625 (MAX) | 15.87 (MAX)
L 0.180(MAX) | 4.572{MAX)
S 0,06 (MAX) | 1.524 (MAX)
o 0.08(MAX) | 2.032(MAX)
o T5°(MAX) T5°(MAX) |

UTRON TECHNOLOGY INC.
1F, No. 11, R&D Rd. li, Science-Based industrial Park, Hsinchu, Taiwan. R. 0. C.

TEL: B86-3-5777882

FAX: 886-3-5777919
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% UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM

28 pin 330 mil SOP Package Outline Dimension

dongonnoopannom

TOOOUNUUU D0 4 e

D
, . 0.020+0.DO5K4E" .
i Y r !
f M — e R | Wl \<\
e - ] | L - j# 7 ;] )
i T —
Seellng Plane = Y S Sk
- e
comseNIT[ INCH(BASE) |  MM(REF)
A 0.120 (MAX) | 3.048 (MAX)
Al 0.002(MIN) | 0.05(MIN)
A2 0.09810.005 | 2.4890.127
b 0.0016 (TYP) | 0.406(TYP)
c 0.010 (TYP) | 0.254(TYP)
D 0.728 (MAX) | 18.491 (MAX)
E 0.340 (MAX) | 8.636 (MAX)
AN E1 0.465%0.012 | 11.811%0.305
e 0.050 (TYP) | 1.270{1YP)
A L 0.05 (MAX) | 1.270 (MAX)
L1 0.06720.008 | 1.702 £0.203
S 0.047 (MAX) | 1.194 (MAX)
A y 0.003(MAX) | 0.076(MAX)
S 0°~10° 0°~10°
UTRON TECHNOLOGY INC. PBO025

1F, No. 11, R&D Rad. It Science-Based Industrial Park, Hsinchu, Taiwan, R. O. C.
TEL: 886-3.5777882  FAX: 886-3-5777918
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UTRON

Rev. 1.5

UT62256

32K X 8 BIT LOW POWER CMOS SRAM

28 pin 8mmx13.4mm STSOP Package Outline Dimension
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1= =! : ]
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[—| =]
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Bauge plans l ﬂj
Saating plane P ‘-—é——gﬁ
4= 15 ! ! :
3 D = SN
= — ,
= = getail "A"
=0 = L
1= =
p — 1 .
= o E ——
1= —
1= ™=
a1 INCH(BASE) | MM(REF)
A 0.047 (MAX) | 1.20 (MAX)
Al 0.004+0.002 0.10+0.05
A2 0.03930.002 1.00£0.05
) 0.006 (TYP) | 0.15(1YP)
c 0.010 (TYP) | 0.254(TYP)
Note Db 0.46520.004 | 11.80%0.10
E dimension is not including end flash E 0.31510.004 | 8.00t0.10
the total of both sides’ end flash is e 0.022 (TYP) | 0.55(TYP)
not above 0.3mm. /A [ D [ 0528%0.008 | 13.40%0.20
A L 0.020£0.004 0.50%0.10
& L1 0.0315£0.004 | 0.8010.10
/A y 0.08(MAX) | 0.003(MAX)
] Q°~5° 0°~5°
UTRON TECHNOLOGY INC. P80025

1F, No. 11, R&D Rd. Ii, Science-Based industrial Park, Hsinchu, Taiwan, R. O. C.

TEL: 886-3-5777882 FAX: 886-3-5777919
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UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM
ORDERING INFORMATION
PART NO. ACCESS TIME | STANDBY CURRENT PACKAGE
(ns) {LA)

UT62256PC-70 70 5 mA 28PIN PDIP
UT62256PC-70L 70 100 pA Z8PIN PDIP
UT62256PC-70LL 70 50 pA 28PIN PDIP
UT622565C-35 35 5 mA 28PIN SOP
UT62256SC-35L 35 100 pA 28PIN SOP
UT62256SC-35LL 35 50 pA 28PIN SOP
UT62256SC-70 70 5 mA 28PIN SOP
UT62256SC-70L 70 100 uA 28PIN SOP
1JT622565C-70LL 70 50 pA 28PIN SOP
1UT62256LS-35L 35 100 pA 28PIN STSOP
UT62256L.S-35LL 35 50 pA 28PIN STSOP
1UT62256LS-70L 70 100 pA 28PIN STSOP
1JT62256LS-70LL 70 50 pA 28PIN STSOP

UTRON TECHNOLOGY INC. P80025

1F, Na. 11, R&D Rd. Il, Science-Based Industrial Park, Hsinchu, Taiwan. R. O. C.
TEL: 886-3-5777882  FAX: 886-3-577791%
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UTRON UT62256

Rev. 1.5 32K X 8 BIT LOW POWER CMOS SRAM

REVISION HISTORY

REVISION DESCRIPTION DATE
REV. 1.0 Original.
REV 1.1 The value of symbol "E” is revised as 0.35 inch. AUG. 24,1999
REV. 1.2 Combine version_UT62256(normal} and DEC. 8,1999

version_UT62256SC-35 into version_UT62256
REV. 1.4 1. The pin configurations’ name of TSOP-1is revised as | MAY. 10,2001

STSOP.
2. The data retention waveform, CE =Vec-0.2V. (page 6)
REV. 1.5 Add data retention current for temperature below 40°C. | JUL.11,2001
UTRON TECHNOLOGY INC. P80025

1F, Na. 11, R&D Rd. Il, Science-Based Industrial Park, Hsinchu, Taiwan, R. C. C.
TEL: 886-3-5777882  FAX: 886-3-577791%
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INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

o The 1C06 74HC/HCT/HCU/HCMOS Logic Family Specifications
« The IC06 74HC/HCT/HCU/HCMOS Logic Package Information |
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

74HC/HCTS573
Octal D-type transparent latch;
3-state

Product specification Cecember 1990
File under Integrated Circuits, [C06
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Product specification

Philips Semiconductors

Octal D-type transparent latch; 3-state

FEATURES

» inputs and outputs on opposite
sides of package allowing easy
interface with microprocessors

« Useful as input or output port for
microprocessors/microcomputers

+ 3-state non-inverting cutputs for
bus oriented applications

« Common 3-state output enable
input

« Functionally identical to the "563"
and "373"

« Output capability: bus driver
¢ lcc category: MSI

QUICK REFERENCE DATA
GND =0 V. Tamp = 25 °C; =t =6 ns

GENERAL DESCRIPTION

The 74HC/HCT573 are high-speed
Si-gate CMOS devices and are pirt
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no.
TA.

The 74HC/HCTS73 are octal D-type
transparent latches featuring
separate D-type inputs for each latch
and 3-state outputs for bus oriented
applications.

A latch enable {LE) input and an
output enable (-O—E) input are common
to all latches.

The “573" consists of eight D-type
transparent Iatches with 3-state true
outputs. When LE is HIGH, data at

74HC/HCT573

the Dy, inputs enter the latches. In this
condition the iatches are transparent.
i.e. a latch output will change state
each time its corresponding D-input
changes.

When LE is LOW the latches store the
information that was present at the
D-inputs a set-up time preceding the
HIGH-10-LOW transition of LE.
When OE is LOW, the contents of the
8 latches are available at the outputs.
When OE is HIGH, the outputs go to
the high impedance OFF-state.
Operation of the OE input does not
affect the siate of the latches.

The “573" is functionally identical to
the “563" and “373", but the 563" has
inverted outputs and the "373" has a
different pin arrangement.

TYPICAL
SYMBOL PARAMETER CONDITIONS — UNIT
HC HCT '
teHL tPLH propagation delay C =15 pF; Vec =5V
Dn to Qq 14 47 ns
LE to Oy 15 15 ins
Ci input capacitance 35 35 nF
Cen power dissipation capacitance per latch | notes 1 and 2 26 26 oF
Notes

1. Cep is used to determine the dynamic power dissipation (Pg in uW:

Pp = Cpp % Vccz x E+2 (Cpx Vc;(:2 x f,) where:

f, = input frequency in MHz; f; = output frequency in MHz

¥ (CL x Voc? x fo) = sum of outputs

C, = output load capacitance in pF: Ve = supply voltage in V

2. ForHC

ORDERING INFORMATION

See “T4HC/HCTHCUMCMOS Logic Package information’”.

December 1990

the condition is V|, = GND to Vg for HCT the condition is Vi = GND to Vg - 1.9V



Philips Semiconductors Sroduct specification

Octal D-type transparent latch; 3-state 7AHC/HCT573

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
2,3,4,56,7,89 D to Dy data inputs
11 LE latch enabie input (active HIGH) |
1 OE 3-state output enable input (active LOW} 1
10 GND ground (G V) i
19, 18,17, 16, 15, 14,13, 12 Clp to Q7 3-state latch outputs \
20 Vee positive supply voltage k
( s -
i
i
|
i
GE 2 U %] vee n
S0 E E Qp LE
2Dy Co 19
oy (5] 12] Y Oy 2
D,E E“z 4—{Dg Gy -1 3|
Dy E 18] 23 5—Ds ag b—18 . -
73 — — ] o
om T e 1 S s e
os [7] 4] o5 B0y Cgh13 _q_—_“'_‘%_g
"UE *;_5]% n_o,ma,l—u l‘ l__————1 ”
B2 E E o1 ?1 TIATETE L - £ =
GNOD E- W] LE i I 3 }_:"
TIeT8I2 bl T T e
| .
. |
|
Fig.1 Pin configuration. Fig.2 Logic symbol. \ ‘, Fig.3 IEC logic symbol. |
R _

)
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Philips Semiconductors

Srpduct specification

Octal D-type transparent latch; 3-state 74HC/HCTS573
FUNCTION TABLE
OPERATING INPUTS INTERNAL | OUTPUTS
MODES OE| LE | Dy LATCHES Qp to Q7
enable and read L L L ' L
register L H H H =
2i% | Cole )
o ] adle {transparent mode) é |
A B H 3zl latch and read L L ! L ; L ‘
5 ‘;3 || ren | 3-state 23 L register L | L h H | E
A T et ourhuTs |2t ” latch register and H| t I L z
olDs L | g1z disable outputs H L h H z
9|%7 Q)12
Notes
MYLE ;
1|3e j 1. H=HIGH voltage level
— h = HIGH voltage leve! one set-up time prior to the HIGH-to-LOW
LE transition
L = LOW voltage level
| = LOW voltage level one set-up time prior 0 the HIGH-to-LOW
LE transition
Z = high impedance OFF-state
Fig.4 Functional diagram.
Dy Oy o, By o4 25 Dy 3
{ ‘i
2 @ o a p a b o o @ 0@ v a .n a
LATCH 7 LATCH T LATCH —| LATECH -] LATCH .l LATCH —' LATCH © LATCH _\l
1 2 3 4 ‘ s L] 7 . ] |
i L[ rd E_|: E l ik i LE l
: pod
LE —De— i . i ;
P = L?i oS .
Qg a, Gq a8 [*FY Qg Qe N G.*; }
i
i
Fig.5 Logic diagram. |
1
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Philips Semiconductars

Product specification

Octal D-type transparent latch; 3-state 74HC/HCTS73
DC CHARACTERISTICS FOR 74HC
£or the DC characteristics see “FAHCHCT/HCUMHCMOS Logic Family Specifications”
Output capability: bus driver
I category: MSI
AC CHARACTERISTICS FOR 74HC
GND =0V;t =t=6ns; C_ =50pF
( Tamp (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |
+25 —40 to +85 | 40 to +125 (3;3 WAVEFORMS
min. | typ. | max. | min. | max. min. | max. :
tpul/ trLn | propagation delay 47 150 190 225 ns 2.0 |Figb
Dnto Qp 17 130 38 45 45 i
14 |26 33 38 5.0 |
tpul/ ten | Propagation delay 50 150 190 225 ns 2.0 {Fig.” |
LE to Qn 18 |30 38 45 45 5
14 |26 33 38 6.0 .
? —
tpzr tpzL | 3-state output enable 44 140 175 210 |ns 120 Figs ‘
time QE to Qn 16 (28 35 42 4.5
13 |24 30 36 [6.0 ¢
tppz/ oLz | 3-state output disable 55 150 180 225 |ns 2.0 i Fig.8
time OE to Q, 20 |30 38 45 45
16 |26 33 38 6.0 °
ttul tre | output transition time 14 60 75 90 ns 2.0 1Fic.g
5 12 15 18 45
4 10 13 15 6.0
tw enable pulse width 80 14 100 120 ns 2.0 Fic.7
HIGH 16 5 20 24 4.5
14 4 17 20 6.0
tee set-up time 50 1 65 75 ns 120 Figg
Dyto LE 10 |4 13 15 {45 {
9 |3 11 13 6.0
tn hold time 5 |3 5 5 ns |20 ;Fict |
Dnto LE 5 1 5 5 45 ‘
5 1 5 5 60 .,

December 1990




Philips Semiconductors 2roduct specification

Octal D-type transparent latch; 3-state 74HC/HCT573

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see T AHC/HC TIHCUHCMOS Logic Family Specifications”.
Output capability: bus driver

loc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT
Da 0.35
LE 0.65
OE 1,25

AC CHARACTERISTICS FOR 74HCT
GND=0V:t, =t =6ns; C_ =50 pF

| Tomb {°C) TEST CONDITIONS
74HCT s
SYMBOL | PARAMETER UNIT | yoe :
+25 _40 to +85 | —40 to +125 (5) WAVEFORMS |
min. | typ. | max. | min. | max. | min. | max. ; {
teul/ teLn | propagation delay 20 |38 44 53 ns 45 [Figt
D, to Qn - :
tpr/ trL | propagation delay 18 |35 44 53 |ns |45 'Fig” \
LE to Qn i .
tozrd tpz | 3-State output enable 17 |30 38 45 |ns |45 'Fig3 ?
time L :
OF 1o Q, P 5
tprzl trLz | 3-State output disable 18 |30 38 45 |ns |45 | Fig.8
time ':
OE to Q, l K
trr/ trin | output transition time 5 12 15 18 |ns 45 !Fig.8
tw enable pulse width i6 15 20 24 ns 45 Fig” :
HIGH . .
teu set-up time 13 {7 16 | 20 ns |45 (FigE
D, to LE 1 i ,
th hotd time 9 |4 11 EVE ns |45 (Fic®
Dpto LE ; ' i
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Philips Semiconductors Product specification

Octal D-type transparent latch; 3-state 74HC/HCTS573

AC WAVEFORMS

Op INPUT LE (NPUT

0, OUTPUT vyt a, oUTPUT
7780842 T KL -— 1z07878 - i:‘THL e = TTUH
{1) HC : Vm=50%; V| = GND to Ve (1) HC Vi =50%: Vi = GND 1o Ve
HCT: Yy = 1.3V:Vi=GND o3 V. HCT: vy =13 ViV =GNDte 3 V.
Fig.6 Waveforms showing the data input (Dy} to Fig.7 Waveforms showing the latch enable input
output (Q,) propagation delays and the (LE) pulse width, the latch enable input to
output transition times. output (Qg) propagation delays and the

output transition times.

o, INPUT

QE weuT
LE INPUT

IInTEAG

Q, QUTPUT
LOW- to-OFF
OFF - - LOW The shaded areas indicate when the input is permittec ¢

change for predictable output performance.
(1} HEC 1V =50%; V= GND to Vee.

&, OUTPUT HCT: Viy = 1.3 Vi Vi = GND o 3 V. i
HIGH-10: OFF
OFF -1o- HIGH l
i . . . :
2030 posiioh e pcsly Fig0 Waveforms showing the daia set-up anc

hold times for Dy, input fo LE input. !

(1) HC : Vi =50%: Vi = GND to V.
HET: Vg = 1.3 V; V= GND o3V, PACKAGE OUTLINES
) . See “TAHCHCT/HCUMHCMOS Logic matxage Outlines’.
Fig.8 Waveforms showing the 3-state enable and
disable times.
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

General Description Features

The MAX220-MAX249 family of line driversireceivers is Superior to Bipolar

intended for all EIA/TIA-232E and V.28/V.24 communica- + Operate from Single +5V Power Supply

lions interfaces, particularly applications where +12V is (+5V and +12V—MAX231/MAX239)

not availaole. . ) + Low-Power Receive Mode in Shutdown

These parts are especially useful in battery-powered sys- (MAX223/MAX242)

tems. since their low-power shutdown mode reduces .
cower dissipation 1o less than 5pW. The MAX225. + Meet All EIA/TIA-232E and V.28 Specifications

MAX233. MAX235, and MAX245/MAX248/MAX247 use + Multiple Drivers and Receivers

no external components and are recommended fcr appli- + 3-State Driver and Receiver Outputs
calions where printed circuit board space is ¢ritical. ¢ Open-Line Detection (MAX243)
Applications Ordering Information
Portable Computers [ PaRT TEMP. RANGE ___ PIN-PACKAGE
Low-Powsr Modems | MAX220CPE °C to +70°C "5 Plastic 0P
) MAXZ220C5E °C to +70°C “8 Narrow 33 ]
Interface Translation MAX220CWE 0°C 10 +70°C 6 wide 50 ‘
Battery-Powered RS-232 Systems MAX220C/D 0°C to +70°C Jige* '
Multidrop RS-232 Networks MAXZ20EPE -40°C to +85°C 16 Plagtic 217
MAX220ESE -40°C 1o +85°C ‘6 Narrow 3C
MAX220EWE -40°C to +85°C 16 Wide SC J
MAX220EJE -40°C to +85°C 1§ CERDIE '
MAXZ220MJE -55°C to +125°C 16 CERLIP

Ordering Information continued at end of data sheet.
‘Contact factory for dice spacifications.

Selection Table

[7 Power No. of Naminal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate

Number (V) Drivers/Rx_Ext. Caps (pF) State SHDN {kbps) Feature:. i
MAX220 +5 2/2 4 4710 No — 120 Ultra-lon - -power, industr-standard ol |
MAX222 +5 212 4 oA Yes — 200 |_ow-por Jer shutdown

MAX22E (MAXZ213) +5 A5 4 3001 Yes v 120 MAX24 and receivers Solive i s

MAX225 +5 55 G — Yis v 120 Awaiiabl e 80

MAX230 (MAX200) +5 50 4 1.0(0.1) Yes e 120 & driver: with snuldowr

MAXZ31 MAXZ01) +5 and 212 2 1.0(0.1 N — W20 Standar  +5/+12V or Dait e

+7.510+13.2 same by clions as MAXIS? !

MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — L 20 iB4) Indtusiry tandard |
MAX232A +5 22 4 1 No — 200 Higher s ow rale. smali caps .
MAX233 (MAX203) +5 2/2 o —_ No — 120 No exter al caps i
MAXZ33A +5 2/2 0 - Mo — 200 No exter & caps, high s.ew rai

MAX234 (MAXE04) +5 4/0 4 1.0(0.1) No — 120 Feplace: 1488 ﬂ
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No exten . £aps '
MAX236 (MAX206) +5 4/3 4 1.0(0.1 Yes — 120 Shutdow | three state

MAXZ3T (MAX207) +5 5/3 4 1001 NG — W20 Compien ents 1BM PC s¢

MAX238 (MAX208) +5 4/4 4 1.0(0.13 No — 120 Replases 1488 ard 1489

MAX238 (MAX208) +5 and 35 2 1.0{0.7) Mo - et Standard +5/+ 12V o bultery supp! 3

+7.510 +13.2 single-package solutor for i5M TN T

MAX240 +5 55 4 10 Yes — 2L DIP ar flalpack packag

MAX241 (MAX211) +5 4/5 4 1.0100.9) Yes — 120 Complete IBM PC seria’ pori

MAX242 +5 2/2 4 oa Yes v 200 Separate shutdown and erablc

MAXZ243 +5 212 4 01 Mo - 200 Open-ine delection sirngiics 500t

MAXZ244 +5 810 4 1.0 N - 120 High slew rate

MAX245 +5 B/10 0 — e v 120 Hign slew rate, ini Saps, two shuid: v o
MAXZ246 +3 8/10 ¢ — Yoo v 120 High siew rate, int. caps. inres shul.

MAX247 +5 8/g 0 — Yo v 120 Hign slew rate. int. caps, nine 3907 T
MAXZ248 +5 8/8 4 1.0 e v 120 H:.qh s'ew rale, se.ective hall-ohp ¢ Ao es
MAXZ49 -5 /10 4 1 Yes v 170 Aviable in quatd flatpaes packag.

M/ XIIVI . Maxim Integrated P aducts 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 7-800-9¢ 3-8800.
For small orders, phone 1-800-835-8769.
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20-Pin Plastic DI {derate 8 00mW/°C above +7G Ty . L40mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) .. BEEmW
16-Fin Wide SO (derate 9.52mW/°C abave +70°C . TEZmW
18-Pin Wide SO {derate 9.52mW/°C above £70°C L TEE2mVY
20-Pin Wide SO (derate 10.00mW/°C abovz +70°C) . BOOmMW
20.Pin 3SOP (derate 8.00mw/*C above +70°C EamiY
16-Pin CERDIP (derate 10.00mwW/°C above «70°C)....8 Oy
18.Pin CERDIP (derate 10.53mW/°C abova +70°C]) W
Operating Temperalure Ranges

Drivers/Receivers
ABSOLUTE MAXIMUM RATlNGS—IVIAX220!2221232A!233N242I243
Supply Voltage (VCC) e VUSRI -0.3V 10 +6Y
Input Voltages
T ceeeeaeens e st TR 0.3V to (Voo - 0.3V)
Rty (EXCEPt MAX220Y ..o +30V
Rin (MAX220) ..o TP PU PRSP £25V
TouT (Except MAX220) {Note 1} e 2 15V
TOUT (MAKZ20) oo +13.2V
Output Voltages
BOYUT oo eisene e [UTTT T PRTN 0.3V to (Voo + 0.3V}

Driver/ieceiver Output Short Circuited to GND..».. ..Continuous
Continuous Power Dissipaticn (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mwW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C})....889mW

MAXZ_ AC_ _ MAX2_ _CL e

MAXZ_ AE__ MAXZ_ _E_ .

MAXZ _AM_ _ MAX2_ _M_ _ e
Storage Temperaturg Range ... o
Lead Temperature (solderrg, 10zec).....

Note $: Input voltage measured with Tour in high-impedance state, SHON or Vg = OV
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7¥, but their absaiuie ditference cannot £xXcoec 13V

Siresses beyond those listed under “Absolute Maximum Ratings” may cause permanent ¢amage (o the device. Those are Siress ralings oily,
operation of the device at these of any oiRer conditions beyond those indicated in the operaticnal sechions of the specifications s ol 71!
absolute maximum rating conditions for extended periods may aifect device rediability

ELECTRICAL CHARACTERlSTICS——MAX220I222I232A/233N2421243
(Voo = +5V £10%, C1-Cd = D.1pF, MAX220,C1 = 0.047pF, C2-C4 = Q.303uF, Ta = Train 10 Traax, unless otherwise ncicd :

[ PARAMETER | CONDITIONS [ MmN TYP MAX | UNITS
RS-232 TRANSMITTERS i
Cutput Voltage Swing Al ransmitter outputs loaded with 3k 1o GND l1 =5 =8 .
Input Logic Threshold Low | 4 e

) ) All except MAX220 | 2 4
Input Logic Threshold High ;
MAX220: Voo = 5.0V EE
Logic Pull-Up/input Current Mept MAX220, normal operar o S o
THOM = OV, MAX222/242. shutdow?n, MAX220 | +0.C° LT
Output Leakage Current VoG = 5.5V, SHDN = OV, Vour = x5V, MAX222/242 i x?.C-‘: 3 -
VGG = SHON = OV, VpuT = £18V i 136" B

i Data Rate All except MAX220, normal operaticn | 20C i3 mﬁ'sj

{ Transmitter Output Resistance Voo = M+ = V- =0V, Vout = 2V ! 300 <D [
Output Short-Circuit Current WouT = OV l27 £2z T

[ RS-232 RECEIVERS !

| R5-232 Input Yoltage Operating Range 1 T T v

FS—232 Input Threshold Low Voo = 5V Al except MAX23 R l A i

MAX243 R2)n: (Note 2} | -3
. All except MAX243 R21N | z 24
RS-232 Input Threshold High Voo = 9V . - —
MAX243 RZjy (Note 2) ; -0 -Z :
46232 Input Hysieresis Al except MAX243, Vee = 5V, ne hysteress in shdn ‘l 0.2 0.4 '
MAX243 ‘ )
RS-232 Input Resistance s 5 7 ko
TTUCMOS Output Yoltage Low loUT = 3.2mA ’ 0.2 S4 '
{ TTUCMOS Output Voltage Hign IoUT = -1.0MA T35 veo- 2 v
EUCMOS OLtput Short-Circuit Current Sogrcmg Vou = GND I‘ s ﬂﬂ — I‘
Shrinking Yout = ¥CC : 8] & ]‘ ______

2 i ] . . AKXV
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Yrivers/Receivers

Detailed Description

he MAX220-MAX249 contain four sections: dual
harge-pump DC-DC voltage converters, RS-232 dri-
ars. RS-232 receivers, and receiver and transmitter
nable control inputs.

Dual Charge-Pump Voitage Converter
e MAX220-MAX248 have two internal charge-pumps
hat convert +5V to +10V (unioaded) for RS-232 criver
yperation. The first converter Uses capacitor C1 to dou-
sle the +5V input to +10V an C3 at the V+-output. The
‘econd converter uses capacitor C2 to invert +10V o
A0V on C4 at the V- output.

& small amount of power may b drawn from the +10V
v+ and -10V {V-) outputs to gower external circuitry
izee the Typical Cperating Characteristics section},
oxcept on the MAX225 and MAX245-MAX247, where
ihese ping are not available. V+ and V- are not regulated,
5o the output voltage drops with increasing load current.
Bo rot load V+ a1d V- to a point that violates the mini-
mum +5V EIA/TIA-232E driver output veltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225. MAX230, MAX235, MAX236, MAX240,
MAX241. and MAX245-MAX248, avoid using V+ and V-
‘0 power external circuitry. When these parts are shut
down. V- falis to OV, and V+ falls 10 +5V. For applica-
finns where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump o gen-
erate +10V), the 1 capacitor must not be installed and
e SHDN pin must be tied to VCC. This is because V+
is internally connected to VCC in shutdown modgde.

RS-232 Drivers
The typical driver outpul voltage swing is £8Y whan
ioaded with a nominal 5k RS-232 receiver and V¢ =
+5Y. Output swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for £5V mini-
mMum driver output levels under worst-Case conditions.
These include a minimum 3kE2 toad, Voo = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+-1.3V)to (V- +0.5V).

input thresholds are both TTL and CMOS compatitle.
The inputs of unused drivers can be left unconnected
since 400K input pull-up resistors 1o Voo are built in
{except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typicaliy source 120A,
except in shutdown mode where the pull-ups are dis-
apied. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperas (maximum 25pA)—when in shutdown

14

mode, in three-state mode, or when device sower s
removed. Outputs can be driven to £ 15V. The power-
supply current typically drops 10 8uA in shutdown rmode.
The MAX220 does not have puli-up resistors 10 force ne
ouputs of the unused drivers low. Connec! unused nouts
to GND or Vee.

The MAX239 has a receiver three-state control ine, end
the MAX223, MAX225, MAX235, MAX238, MAXZ40,
and MAX241 have both a receiver threes-siate control
line and a low-power shuidown control. Table 2 snows
the effects of the shutdown conirol and receiver ree-
state conirol on the receiver cutlpuis

The receiver TTL/ICMOS outputls are im a Aigh-imped-
ance. inree-state mode whenever the thrze-state enabl
line is high (for the MAX225/MAX235/MAX236/MAKZ3S-
MAX241), and are alsg high-impecance whenevar he
shuldown control ling is high

o]

When in low-power shutdown mode, the driver GUIpLS
are turned off and their leakage current 1s iess tha™ A
with the driver output pulled to grourc. Tag drver cutput
leakags remairs less than 1pA, even if the rangriiter
output is backdriven between oV and (Voo = 3V) Seio
-0.5V, the transmitter is diode clamped tc grour
1k serles impedance. The transmitler S 280
clamped to approximately VCC + gy, with 2
impedance of kil

The driver output slew rate is limited o iess ithan G
as reguired by the EIA/TIA-232E anc V.28 specd
tions. Typical slew rates a'e 24V ps unicaded
10V/Ls loaded with 2Q and 2500pF.

RS-232 Receivers
CIAMIA-232E and V.28 specifications defing & vorage
ievel greater than 3V as a logic 0, SO &1 recewars invar.
Input threshoids are set al 0.8V and 2.4V, 8T "elewvers
respond to TTL ievel InpLs s well as TIATIN-23%E anC
V.28 levels.
The receiver nputs withstand an irpur cverveilags Ls
ta x258Y and provide inout terminating resislors vl

Table 2. Three-State Control of Receivers
[ PaRT [SHON[SHDN| EN [EN(R)  RECEWERS |
- 1

! Low Ly 1, j gt mpodnroo ‘
} MAX223 I i Hign g uow | : ACT
i | l High | High ‘ I Wigih mpozance |
i | i
i | L Dok moogarce
maxezs L b l{ H?;\q P
! | i : Tatits

S

PMAKZSS | Low
FMAX236 Low
[ axzan | Higs

|
l 1

. AN AKX
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ominal 5kQ values, The receivers implement Type 1
nterpretation of the fault conditions of V.28 and
ZIATIA-232E.

e receiver inpul hysteresis is typically 0.5V with a
juaranteed minimum of 0.2V. This produces clear out-
Jut transitions with slow-moving input signals, even
~ith moderate amounts of noise and ringing. The
ceeiver propagation delay is typically 600ns and is
ndependent of input swing direction,

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX248 puts the IC into shut-
down mode but still allows it to receive information. This
is imgortant for applications where systems are periodi-
cally awakened to look for activity, Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster clata rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 Is pin compatible with the MAX232A, differ-
ing only in that R$-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed !o interface with different pieces of
equipment.
The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
nositive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
0 the 0 or "OK to send" state. Normally, the MAX243's
other raceiver (+.4V threshold) is used for the data line
(TD or RD}, while the negative threshold receiver is con-
nected to the control ling (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232F gpecificaticns. This means a receiver output goes
high whenever its input is driven negative, left floating,
or sharted tc ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

WVILAXI/MN

Drivers/Receivers

Shutdown—--MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX24C. and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continug 10
operate in a reduced power mode when the chig is in
shutdown. Under these conditions, the propagation
delay increases ‘o about 2.5ps for a high-to-low in2ut
rransition. When in shutdown, the receiver acls &s a
CMOS inverter with no hysteresis. The MAX223 and
MAXZ242 also have a receiver output erable input (EN
for the MAX242 and EN for the MAX223) that alows
receiver output control independent of SHON {SHON
for MAX241). With all other devices, SHDN (SHON for
MAX241) also disables the receiver outputs.

The MAX225 provides {ive transmiters a~d “ive
receivers, while the MAX245 provides ten recaivers and
eight transmitiers. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
rurn off and the devices shut down when a logic hign s

applied to the ENT input. in this stale. ‘he supps
rent drops (o less than 250:A end the recelvers cCriny

L=
to operate in a low-power receive mede. Driver cLipuls
enter a high-impedance state {three-siate mMode,. Cn
the MAX225, all five recaivers are conwolled oy the
ENF irput. On the MAX245, eight of tre re oLt-
puts are controfled by the ENR input, wailg tha romai-
ing two receivers (RAL and RB3) are al e
RA1-RA4 and RB1-RB4 are cut I & tiree
whar ENF is 2 logic high.

Receiver and Transmitter Enabie

Control Inputs

The MAX225 znd MAX245-MAX240 feature ransmiter
and receiver enable conirols.

The resoivers have threa modes of operation: Li-zo2sl
receive (normal active), three-state (disabled; 0
power recaive {enabled receivers continue ¢ ‘onctio
at lower data rates). The receiver enab e impLs Sonio
tke iull-speed receive and three-staie mcocgs. The
ransmitters have iwo modes of operaticn: fail-sssed
transmiz (normal active) and three-state (Cis
trarsmitter enable inpuls &iso contrci the sn
moda. The device enters shutdown mod
transmitters are disabled, Enabled regsi
‘e iow-nower receive maode whean in shutcos

iy
[9)}
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Drivers/Receivers

Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in thesea tables,

The MAX246 has ten receivers and eight drivers with
two control pins, each centrolling cne side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
{ENB) causes the four B-side drivers and receivers to
go inte a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is gut into shut-
down mode when both the A and B sides are disabled
(ENA = TNB = +5V),

Tne MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
egnable inputs each control four receiver outputs. The
ENTA and ENTE transmitter enable inputs each control
four drivers. The ninth receiver (RBS) is always active.
The device enters shutdown mode with a fogic high on
noth ENTA and ENTEB.

The MAX248 provides eight receivers and sight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a iegic high on
both ENTA and ENTB.

16

The MAXZ49 provides ten receivers anc six drivers with
four control pins. The ENRA and ENRE recsiver enable
inputs each control five receiver cutputs, The ENTA
and ENTB transmitter enable inputs control thres cri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters o irte
a three-state mode with a logic high on both ENTA anc
ENTB. In shutdown mode, active receivars opgrae in 2
low-power receive mode at date raies w2 ¢
20kbits/sec.

Applications Information
Figures 5 through 25 show pin configurations ang ypi-
czl operating circuits. in applications that are sersilive
to power-supply noise, VCC should te decoupad to
ground with a capacitor of the same valug as T anc
C2 conrecied as close as possible to the devizs

i AKX
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Drivers/Receivers
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Figure 5. MAX220/MAX232/MAXZ32A Pin Configuration and Typical Operating Circult
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National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly propertional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over finear temperature sensors calibrated in
* Kelvin, as the user is not required to sublract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any externat
calibration or trimming to provide typical accuracies of £14°C
at room termperature and *34°C over a full =55 to +150°C
temperature range. Low cost is assured by timming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low sel-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a -55" to +150°C temperature range,
while the LM35C is rated for a —40" to +110°C range (10’
with improved accuracy). The LM35 series is available pack-

aged in hermetic TQ-46 transislor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM350 is aiso avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in ~ Celsius (Centigrade;
Linear + 10.0 mV/'C scale factor

0.5'C accuracy guarantegable (at +25°C)
Rated for full =55 to +150°C range
Suitable for remote applications

Low cost due to wafer-level timming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in stili air
Noniinearity only £1%°C typical

Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
{av 10 20V)

LM3s

s

| ouTPUT
o my+10.0m¥/°C

DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
{+2°C to +150°C)

+¥s

LM35

_L R1

Vour

~Vs
DSCLS31E-4
Choose Rq = —Vg/50 pA
V gur=+1.500 mV at +150'C
= +250 mV at +25°C
= -550 mV at -55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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© 2000 National Sermiconductor Corporation DS005516

www, ~ational.com



LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
DS005516-1

*Case is sonnected to negative pin {GND}

Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+V5 ¥pur GND

BOTTOM VIEW
DS005516-2

Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

S0-8
Small Outline Mclded Package

R
Yoyt =11 ] R
NC.—2 H S
N.C.=3 51— n.C.

GND — 4 Sl

N.C. = No Connection
Top View
Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package”

Vg

oNT

G
C:30055145 70

*Tab is connecled 1o the negative pin {GND).
Note: The LM35DT pinout is different thar the discortinued LM350P
Order Number LM35DT
See NS Package Number TAO3F
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Absolute Maximum Ratings (note 10) TO-92 and TO-220 Package,

GEW

If Military/Aerospace specified devices are required, (Soldering, 10 seconds) 60C
please contact the National Semiconductor Sales Office/ SO Package (Nete 12)
Distributors for availability and specifications. Vapor Phase (80 seconds) 215°C
Supply Voltage +35V to ~0.2V infrared (j?seconds) 220°C
ESD Susceptibility (Note 11) 2500V
Output Voltage +8V 1o ~1.0V Specified Operating Temperature Range: Ty & T oax
QOutput Current 10 mA {Note 2) ' .
Storage Temp.; LM35, LM35A -55'C 10 +150°C
TO-46 Package, -60°C to +180°C LM35C, LM35CA ~40'Cto =110°C
TO-92 Package, ~B0°C ta +150°C LM35D 0C =000
S0-8 Package, -65'C to +150°C
TO-220 Package, -65°C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C
Electrical Characteristics ]
{Notes 1, 6) :
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units |
Typical Limit Limit Typical Limit Limit (Max.) :
(Note 4) {Note 5) (Note 4) {Note 5}
\couracy T 4=+25C +0.2 *0.5 +0.2 +0.5 cC
Note 7) T A=-10'C 03 +0.3 4.0 C
T a=Thax +0.4 +1.0 +0.4 £1.0 C
T a=Toan £0.4 £1.0 +0.4 15 C
Jonlinearity T ST aSTrax +0.18 +0.35 *0.15 +0.3 C
Note 8)
3ensor Gain T ST A8 T max +10.0 +9.9, +10.0 +9.9, mv/i'C
Average Slope) +10.1 +10.7%
-oad Regulation T A=%25°C 04 1.0 0.4 +1.0 ~MVImA
‘Note 3) 0=l <1 mA T insTaSTiax t0.5 +30 +0.5 +30 | mVimA
_ine Regulation T A=+25°C *0.01 +0.05 +0.01 *0.05 ' mvv
‘Note 3) 4VV <30V +0.02 +0.1 +0.02 £04 . mywv
Quiescent Current V g=+5V, +25'C 56 67 R uA
{Note 9) V g=+5V 105 I T<% B B | 114 A
V 4=+30V, +25°C 56.2 68 | 56.2 68 A
V =430V 105.5 133 91.5 16 WA
Change of 4V 230V, +25°C 0.2 1.0 0.2 1.0 UA
Quiescent Current 4VzV <30V 0.5 20 0.5 2. WA
{Note 3) |
Temperature +0.39 I 405 +0.39 +0.5 BAC
Coefficient of :
Quiescent Current
Minimum Temperature | in circuit of +1.5 +2.0 | +#15 +2.0 e
for Rated Accuracy Figure 1,1.=0 :
Long Term Stability T ,=Tapax. for +0.08 . %008 | C
1000 hours |

www.rationzh.com



LM35

Electrical Characteristics

(Notes 1, 6) 3
LM35 LM35C, LM35D ‘ |
Parameter Conditions Tested Besign Tested Design Units \
Typical Limit Limit | Typical Limit Limit {Max.} |
(Note 4} {Note 5) {Note 4} {Note 5)
Accuracy, T 4=+25C *04 *1.0 0.4 1.0 c
LM35, LM35C T 4=-10°C +0.5 i x0.5 15 C
{Note 7) T a=Traax 0.8 15 0.8 £15 +  C
T a=Tan 08 415 0.8 w28 LC
Accuracy, LM35D T A=+25°C i £0.6 15 N o
(Note 7) Ta=Thax ; 09 =20 C
Ta=Ton +0.9 20 c
Nonlinearity T anSTasTiax 03 | 05 0.2 0.5 c
(Note 8) ;
Sensor Gain T anETaSTuax +10.0 +3.8, +10.0 +9.8, mv/'C
{Average Slope) +10.2 +10.2 i
Load Regulation T A=+25°C 0.4 2.0 0.4 20 my/mA 1‘
(Note 3) 0<1, <1 mA T ainETa%Thax *0.5 %50 *0.5 %50 | mVimA |
Line Regulation T A=425°C +0.01 +0.1 +0.01 +0.1 J mvav
{Note 3) 4VsV 4230V *0.02 0.2 +0.02 0.2 . mviV
Quiescent Current V g=+5V, +25°C 56 80 56 8C aA
{Note 9) V =45V 105 158 | o . 138 JA
V g=+30V, +25°C 56.2 82 56.2 8z : ah
V g=+30V 105.5 161 91.5 A
Change of AVEV =30V, +25°C 0.2 2.0 0.2 20 . Toua
Quiescent Current vV <30V 0.5 3.0 0.5 30 uA
(Note 3) !
Temperalure +0.39 +0.7 +0.39 : 67 U C
Coefficient of | :
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 ‘ =20 C
for Rated Agcuracy Figure 1, 1,=0
Long Term Stability T ;=Tuax, for +0.08 +0.08 ! c
1000 hours : ;

Note 1: Unless otherwise noled, these specifications apply: —55"C<T 2+150'C for the LM35 and LM35A; -40"<T;2+110°C for the LM35C and LM35CA; ant |
0'sTg+100°C for the LM35D. Vg=+5Vde and | pap=350 LA, in the circuit of Figure 2. These specifications also apply from +2°C to Tyax in the crouit of Figure 1
Specifications in boldface apply over the full rated temperature range.

Note 2; Thermai resistance of the TO-46 package is 400°C/W, junction to ambient, and 24'C/W junction 1o case. Thermal resistance of the TO-92 package s
180°C/W junction to ambient. Thermal resistance of the smalt outline molded package is 220°C/W junction to ambient. Thermai resistance of the TO-220 package
is 90"C/W junction to ambient. For additional thermal resistance information see table in the Applications section.

Note 3: Regulation is measured at constant junction temperature, using puise testing with a low duly cycle. Changes in output cue o healing effects can be
cornputed by multiplying the internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tasted in production.

Note 5: Design Limits are guaranteeg (but nct 100% production tested) over the indicated temperalure and supnly voltage rarges. “hesz mits are not used
calculate outgoing guality levels.

Note 6: Specifications in boldface apply over the fuli rated temperature range.

Note 7;: Accuracy is defined as the error between the output voltage and 10mv/ C times the device's case temparature, @t specified condit:ors of voitage, curren.
and temperature (expressed in 'C).

Note 8: Nonlinearity is defined as the deviation of the cutput-voltage-versus-temperalure curve from the best-fit straight e over e devise s raied lemoernturs
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings indicate fimits beyond which damage to the device may oocur DC and AC electrical spec ficatiors do nct a2pply when ooerating
the device beyond its rated operating conditions. See Note 1.

Note 11: Human body mode!, 100 pF discharged through a 1.5 k2 resister.

Note 12: See AN-450 *Surface Mounting Methods and Their Effect on Preduct Reliability” or the sectien Utled “Surface Moun:” founs i & cutrert Matiora
Semiconguctor Linear Data Boak for other methods of soidering surface mount devices.

www.national.com 4



Typical Performance Characteristics

Thermal Resistance al Time Constant Thermal Response
Therm e Consta
Junction to Air 5 in Stifl Air
1
400 a L ; 120 | :
3 g ¥ F '
2 3 2 30 w Vs
8 Z ER 4
z = = / ‘
= [} =t B :
& mo z £ / .
@ A\ 1046 RN QLT = o Tt
- N F \ < [
ZE 100 | Fou ] = ———
g oz T 5 2 ]
z wl l [ 10-92 ™ w0 1 1
2 0 400 8OO 1200 1600 2000 -0 i i
0 a0 800 1200 1600 2000 AIR VELOCITY (FPM) L H a 3 8
AIR VELOCITY {FPM) DHODEG 21 TIME (MINUTES"
[pS005516-25
Thermal Response in Minimum Supply Quiescent Current
Stirred Oil Bath Voltage vs. Temperature vs. Temperature :
120 a4 — - {In Circuit of Figure 1. !
= 42 | TYRLCAL——2 ] 160 —
£ 100 ] ipur =2.0 mA | |
= v, - s v { | A 40 1
= W T0-46 o I rg z
= L g p s IR
! ¥, P g 16 = -
= 60 = A = )
= # | 10-52 S 34 ‘ & 100 ‘
) o - - i = :
s W P > 32 g (17 N 3 o~ :
= R lout =1.0 MA = ;
o R 7 AN IR g« i
2 4 28 L vpicaL 3 :
¥ o0 25 P lour=0 uf OR 50 44 - L 40
-20 24 I S S ‘
9 2 4 & B —75 ~-25 25 75 125 115 . |
TIME (SECONOS) TEMPERATURE 17C} 75 -25 215 e TS i
DSO0S516-28 DSCOSSIE-24 TEMPERATURE 3. ,
Quiescent Current Accuracy vs. Temperature Accuracy vs. Temperature
vs. Temperature {Guaranteed) {Guaranteed)
{In Circuit of Figure 2.) 20 2.3 —
200 1.5 LM‘35 " 2.0 . | L|M35\D _
- " s - M35C
180 g 0 1 el S 18 L LM35
g o1 ‘U. L = 10 pi LMasca
= ED ™ Z 05 BT hzsa = g5
= / g " e & " TYpraL
oo i w J - w0 e
&= < 0 % s ‘1 Ll [e
2 120 S e -0.5 Py +
o ” Z-05 LM354 —~ =
Z 100 £ g wtl o, -0 " Y1LH35CA i
[} -1. 1 " s x _ Macp — H
£ w g e aliiiaas oY E-1S e JUES i
3 o -15 ] -e0 NN
60 1 20 LM35 15 P |
40 -75 -5 % 15 15 175 -75 —25 25 TS 5 1%
-75 -25 25 75 125 17§ TEMPERATURE (°C) TEMPERATURE {“C.
TEMPERATURE (°C) DSLC3316-12 B T
£5005516-31
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LM35

Typical Performance Characteristics (continued)

Noise Voltage

1600 -
100 T LI
1m0 Lo L
=
= 1000 L
s
Z so0 g -
% soo Il L1 =
S
T a0 HH ,
|4
200 L :
o LI T T
10 100 1k “Qk 100k
FREQUENGY (Hz}
DEO05516-74
Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. it can be glued or
cemented to a surface and its temperature wili be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature, This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die’s temperature will
not be affected by the air temperature.

Start-Up Response

5rT -
pRa— -

N

= ok -
Y -
Lot : ;

e N

™M
. . |

TIMZ [ #igrosmonds !

DS00LHTEEL
The TO-46 metal package can also be soldered to & metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, 1o avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur, Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are ofien used tc
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the respanse in siowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite smali deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,5,,)

TO-46, TO-46%, TO-92, TO-92°", 50-8 S0-8 TO-227
no heat small heat fin no heat small heat fin no heat small heat fin no heat
sink sink sink sinz
Shll air 400°CW 100°Ciw 180°CAW 140°CAw 220 W 110 CAY SO CAY
Maving air 100°CW 40°CwW el o) TO O 105 Cw a0 G 26 G
Still oil 100°CW 40°CAv 90°CAw 7O CwW
Stirred oil 50°CAV 30°CW 45 C/W L0'CAVY
{Clamped to metal.
Infinite heat sink} (24°CIW) (55 Cnvy

“Wakefield type 201, or 1* disc of 0.020" sheet brass, solderad to case, or simikar,
~TO-02 and SO-8 packages glued and leads soldered o 1" square of 1/16" printed circuit board with 2 oz, foil or simlar.
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Typical Applications

+ HEAVY CAPACETIVE LOAD. WIRING. ETC.
%
1M35 E?W TO A HIGH-IMPEDANCE LOAD

DS0C5516-15

FIGURE 3. LM35 with Decoupling from Capacitive Load

IF . HEAVY CAPACITIVE LOAD, WIRING, ETC.
| ouT
| LM35 > = >
0.1 «F BYPASS L
DPTIONAL » T - E
i
| 1 uF
1 T
R —— -5
DSN05516-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. if heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor: see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure §itis relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radic trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenna and its internal
junctions can act as rectifiers. For best results in such cases,
a bypass capacitor from V 1o ground and a series R-C
damper such as 752 in series with 0.2 or 1 F from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

¥
-
Your = t0 m¥/°C [TampiEnT +1°C)
6.8k 200 FROM ~+2°C TO +40°C
T % 9%
L——-o_ -
+ | .
our
HEAT
FINS LM35
200 TWISTED PAIR
= %

DS005516-3

FIGURE 5. Two-Wire Remote Temperature Sensor
{Grounded Sensor)

HEAT IOUT
FINS LM35
v TWISTED PAIR
Vour =10 m¥/°C {Vampient + 1°C
FROM +2°C TO +40°C
5.8k
"% 200
0R 10k RHEDSTAT 1%

FOR GAIN ADJUST

[elcHH LRI

FIGURE 6. Two-Wire Remote Temperature Sensor
{Output Referred to Ground)

;Vs
LMa5 +
Vour
1NG14
> 18k
10%
- 08005567
FIGURE 7. Temperature Sensor, Single Supply, -55" to
+150°C ‘
r-——-%; 5V
1
: ouT
0.1 4F
BYPASS >rw15‘Eu A
QPTIONAL |
|
i
[ Vaut =10 MY/ G {Tamzient + 10°0)

FRON ~5°C ' +40°C

200
1%

DSGO&5"6-4

FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

» K-— 3T 130U
:

4. 7k :

2N2907 b ‘
+ IH 1

ouT !

LM35 | w37 i

402 |

- 1% ADS ;

OFFSET i

ADIUST . S < ;

DELEHH1G-O !

FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C}
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L M35

Typical Applications (continued)

v
|
+Vs
{6V TO 20v) LM35
l 4
LM35 =
5.5k
%
080053_1%»‘1 i
12,:‘ FIGURE 11. Centigrade Thermometer {Analog Meter)
Vour = '
+1.0 m¥/°F o
|
1K
M35 —VViv—e
100 A,
60 my
FULL-SCALE
DS005516-10 K M52 é 25,5k !
FIGURE 10. Fahrenheit Thermometer |
- = TEIIHS18-2
FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer

(50° to 80" Fahrenheit, for Example Shown) i

»
ouv 1 N
‘ SERIAL
REF | ADCOBC1 F— oo reuT

1.28¥
GND
5 108k +
B b, GLOCK
| LM335
+
1 uF 10k b= ENABLE

GND
DSEO5515-1%

FIGURE 13. Temperature To Digital Converter (Serial Output) (+128°C Full Scale)

LM35

ouT N 8 PARAL.EL
LM35 » —f—> DATA
ouTeLT
o ADCOBD4
15 2 o
< f—> INTR
W + VReF
. 0.64Y
14F u—'vw—l L-——< [

2k s |
L I
*—e_ - GND
DSICSS E-14
FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE™ Outputs for
Standard Data Bus to uP Interface) {128°C Full Scale)
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Typical Applications (continued)

°F
& 20k
67 68 69 T 71 T2 T3 wYnsle 7 5 o owomose o8 s e 8
N ———— - ———9 o——— O ———%
1+
20 uF
:_D 20 LEDs
18 10 18 10
LM3914 LM3g1d
BN SR E 7 [s |2 1lgla ¢ Is s |7 |8 |9
= ow 1.2 T M
A T
ouT -
HEAT/%/ LM35 l
FINS Ve AAA AAA Vi
" vy YYyY B
o , 400" 93 S
1.5k* 1K=
[
...+— " R fe
- c
Tur 1.5k e %
= Ba - =
1K
= DSI0sEI-1
*=1% or 2% film resistor
Trim Rg for Vg=3.075V
Trim Re, for Ve=1.955V
Trim Ry for V4=0.075V + 100mV/C % Tambient
Example, Vp=2.275V at 22'C
FIGURE 15. Bar-Graph Temperature Display {Dot Mode)
BY
tout
"
3
100k 7
LM35 —AN N
M
’; M3
GND
v L2
.01 4F L 1 €2k
100k oyt ‘Lo.uur
ADI
5k ‘
LOW TEMP!
o cO
- DSQN5518.15

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2'C to +150°C; 20 Hz to 1500 Hz)

w
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LM35

Block Diagram

1.38 Yeuar

'

A AR
W

k— Vour =10 m¥/°C
20w

3 Rt 3
P

> R2
>

A

D8235576-23
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Physical Dimensions

inches (millimeters) uniess ctherwise noted

| 0.209-0.219
DiA
i I (5.308-5.563)
i .| 0.178-0.195
‘ | (a521-4.953)
SEATING_ | i |
PLANE | j—i———:_unsu-UAUs
0025 =1 ¥ (2032 - 2867
{0.635) T _f_ 0.508
UNCONTROLLED ~ a7 MV
LEAD DIA 0 | 0z
0.016-0.019 ! 0,030
il LS b4
(3.406-0.483) 10.762)
DIATVP MAX
. AL
p M0 T {2.540)
o ———
(1.270 |

45
0.028-0.048

{ y {0.711-1219)
HO3IH IREY 0}

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,
LM35CAH, or LM35DH
NS Package Number HO3H

0.036--0.046
{6.3H14-1.168)

0188 —0.197
P ——— ]
e —5.000) |

i 6 5

VIR ARA

a. ZZI‘ 0.244
|5191 —6.158}

[T~

p 0010 1y
), (0.254)
P AYY RS “1%

LEAD NO

D.010-0.020 . 45+ g

{0.254 ~0.508)

S
'y

i
0.006 -0.010

10.203—0.254}
TYP ALL LEADS

IDENT ?Sp
0.150-0.157
(3.810 - 3.988)
0,053 —0.065
—— e yearrer—
{1346 -1.783)
| B° MAX TYP 0.004 -0.090
ALL LEADS {0.102 - 0.254)
]
e e SEATING
| ] |
coos A K P * PLANE
1
ALL|EELDuz?r|Ps 0.0%0 | L_ “ k 0.014—0.02 1yp
0.016~0.050 lU 356) — | ————————
] i {0.356 — 0.50E}
10,406 — 1.270) TP 0008 1yp g | e
TYP ALL LEADS 10,203} MORE Wy

S$0-8 Molded Smali Outline Package (M}
Order Number L M35D0M
NS Package Number MOBA
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LM35

Physical Dimensions inches (milimeters} unless otherwise noted {Continued)

0.240-0.26C |,

-
{6.10-6.6017_ 0.530-0.350 __
0.150-0.120 _ | | la.z2-3.88]
{2.54-3.05] -
0.060-0.075 0.143-C.153
TYP - g7 ;
[1.52-1.91] ‘“‘ 7~ F 378-3.89] |
‘ ! 3.090-0.112
} 1 T {2.29-2.79"
£.400 000 40-5°0 T
~0.005 ‘ '
+0.38 H
Mo gl L ﬁ% - - L
0.388 5505 |
+0.38
[¢.86 (571 L C?\,,, _ = =
4 !

- d
___[ I‘_c.oas-o.oa:wp 0.136-0.160 o

[1.14-1.4C] "3.30-4.06]
0.0601-0.007 PNi D —
[0.25-0.178] 1.005-1.935 %
[25.53-28.28 "
/\ b ( 0.525-0.558 )
¢ 7e | [13.34-14.10] *
\ | v
0.175-0.185 { I T
[4.45-4.70] / I i
'

0.048-0.052
[t.22-1.32]

TAPERED SIDES 1°

Power Package TO-220 (T)
Order Number LM35DT
NS Package Number TAQ3F

T J ge-8° _.._*H_'/ \—SEMING BLANE L g5 G
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

|——3;$—1 —

4
3.

L6
63 |

EJECTION WA
1.6 MAX
F0.38 MAX Y
5.2
4.9
[SEATING PLAKE
]
\ 2.29 MAX
I SUNCONTROLLED LEAD D1A
1 s
'I' . 14.2 L/
n - 12.7
| =1
!
!
:
0.55 "l T i o
TYP — :
0.40 ———1.2720.05 - —
— 2. 540}
—
g2l DIVENSIONS ARE IN MILLIVETERS

TO-92 Plastic Package (Z)
Order Number LM35CZ, LM35CAZ or LM35DZ
NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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National Semiconductor National Semiconductor
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General Description

The LM108 series are precision operationai amplifiers hav-
ing spacifications a factor of ten better than FET amplifiers
over a —55°C to + 125°C temperature range.

The devices operate with supply voltages from *2V to
+ 20V and have sufficient supply rejection to use unregulat-
ed supplies. Although the circuit is interchangeable with and
uses the same compensation as the LM101A, an alternate
compensation scheme can be used to make it particularly
insensitive to power supply noise and to make supply by-
pass capacitors unnecessary.

The low current error of the LM108 series makes possible
many designs that are not practical with conventional ampti-
fiers. In fact, it pperates from 10 M4t scurce resistances,

&National Semiconductor

Cecembe: 1994

LM108/LM208/LM308 Operational Amplifiers

introducing less errer than devicas like the 709 with 10 kQ
sources. Integrators with drifts less than 500 pV/sec and
analog time delays in excess of one hour can be made us-
ing capacitors no largsr than 1 wF.

The LM10§ is guarantesd from -55°C to +125°C, the
LM208 from -25°C to + B5°C, and the LM308 from 2°C to
£ 70°C.

Features

B Maximum input bias currant of 3.0 nA over temperature
® Offset current less than 400 pA over temperature

B Supply current of only 300 pA, even in saturation

B Guarantesed drift characteristics

Compensation Circuits

Standard Compensation Gircuit

R1 R2

TL/H/TTSR=1
' Bandwidth and slow rato are propartional to 1/C;

INPUT

9]
404 oF

Alternate* Frequency Compensation

R1 A2

TLi-770A-2
“lmpravos rojection of pawor supply noisa by a tactor of tan
*Dandwidth and slow rate aro proportinral to 170,

Feedforward Compensation

[w}
5 pF

ouTPuT

3K

o]
I 10 pF

TL/~/T70R=2

siaydwy jeuonesado g0EWT/80ZWT/80LINT
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Absolute Maximum Ratings
1t Military/Aerospace specified devices are required, please contact the National Semiconductor Sales QOffice/
Distributors for availakility and specifications.

{Note 5)

Supply Voltage

Power Dissipation (Note 1)

Differantial Input Current (Note 2)

Input Voltage (Nota 3)

Qutput Short-Circuit Duration

Operating Temperature Range (LM108)
(LM208)

Storage Temperatura Range

Lead Temperature (Soldering, 10 sec)

LM108/1LM208
- 20V
500 mw
=10 mA
+~15V
Continuous
§5°C to +125°C
-25°C o | 85°C
-B5°Cto + 150°C

LM308
-~ 18V
500 mwW
—10mA
- 15V
Continuous
0°C to 1 70°C

—&5°C to 't 150°C

DIP 260°C 260°C
H Package Lead Temp
{Soldering 10 seconds) 300°C 300°C
Soldering Information
Dual-n-Line Package
Soldering (12 secends) 260°C
Small Outline Package
Vaper Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
See AN-450 “Surface Mounting Methods and Their Effect on Product
Reliability”” for other methods of soldering surface mount devices.
ESD Telarance (Note 6) 2000V
Electrical Characteristics (vote 4)
Parameter Condition L-M108/1 M208 LM308 Units
Min Typ Max Min Typ Max
Input Offset Voltaga Ta = 25°C 0.7 2.0 2.0 7.5 mv
Input Offset Current Ta = 25°C 0.05 0.2 0.2 1 rA
Input Bias Current Ta = 25°C 0.8 20 1.5 7 rA
Input Resistance Ta = 25°C 30 70 10 40 NSy
Supply Current Ta = 25°C 0.3 0.6 0.3 0.8 mA
Large Signal Voltage Ta = 25°C, Vg = *15Y
Gein Veur = =10V, Ry = 10k 50 300 5 500 vimy
Input Offsat Voltage 3.0 10 mv
Averaga Temperatura
Coefficiant of Input 3.0 15 6.0 30 wv oG
Offset Voltage
Input Offset Currant 0.4 1.5 nA
Average Temperature |
Coefficient of input 0.5 2.5 2.0 10 P2 /o0
Offsat Current
Input Bias Current 3.0 10 nA
Supply Current Ta = +125°C 0.15 04 “A
Large Signal Violtage Vg = =15V, VpoyT = =0V R
Gain Ry, = 10k 3 15 Ve
Qutput Voltags Swing Vg — =15V, B_ = 10 kil 13 14 —-13 =14 W




Electrical Characteristics nots 4) (Continusd)

Parameter Condition LM108/LM208 Lm3na Units
Min Typ Max Min Typ Max
Inpu: Voltage Range Vg = =15V =13.5 +14 W
Commaon Mode
Rsjection Ratio 85 100 80 100 B
Supply Voltags
Rejection Ratio 80 96 80 96 a3

Note 1: Tho maximum junction termparsture of the LM108 is 150°C, for the LM208. 100°C and fnr tho LM308, B5°C. For nporating at slovator tampur aturos, devic:
in tha RO8 package must bo doreted basad on a thormal resistancn of 160"C/W, junctinn te: ambiant, or 20°C/W. junctian to casa. Thoe thormal nosistanco 2t thus
rual-ir-line packaga is 100°C/W, junction to ambiant.

Note 3 Tha inputs aro shuntod with back-to-back dindes for ovorvnitage protoction. Tharofora, excassive currant wil flow it a diferontal nput voltego ir oxoess 6!
1V is npplied botwoon tha inputs unless xame limiting rosistance = used.

Mote 3}: For supply voltages loss than 115V, the absalute maximum mput valtage is ogqual tn tho supply veltagn,

+125°C, urluss sthorwiso spocitiod. With tho LM208, howovor. ail ternp-
70°C.

Mate 4: Thosa spacifications apply for +5V = Vg » 120V and - 567C = Ty :
sproifications ara limitod to —25°C = Ta = B5°C, and for tho LM308 thay aro limiterd tn D™+ Ta ¢
Note §: Rofer to RETS108X for LM108 military specifications and RETs T08AX fnr LM108A militaty spociticatinns.

Note §: Human body modol, 1.5 kil in sorios with 100 pF.

Schematic Diagram
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Typical Performance Characteristics umica/imzos
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Typical Performance Characteristics Lmsos

Input Currents Oftset Error Drift Error
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Typical Applications

Sample and Held
‘ Ri
A
INPUT

SAMPLE

Taflon polycthylane or

QuTPYT
polycarbonate dinlactric

capacitor et
1uF
Worst case drift lass than I
2.5 mV/soc -3
c2
30 pF

TLiH7TEE- L

High Speed Amplifier with Low Drift and Low Input Current
Ay

8.
IPUT e AAA

auTeuT

159K

150K
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Typical Applications (continuad)

Fastt Summing Amplifier

oy

INPUT

*In addition 10 increasing
spoad, tho LM101A ralses
high and Iow frequancy
gain, incroases output
drive rapability and ofiminates
thormal faedback,

Connection Diagrams

Metal Can Package
COMP 2

TL/HITIER-13

*Packago is connactod to Fin 4 (V)
**Unusad pin (Ao intarnal connection) to allow for input anti-lnakagn quard
ring on printad circuit board layout.
Order Number LM 108H, LM108H/883,
LM308AH or LM308H
See NS Package Number HOSC

14

1

2 13
COMPENSATION 1 = —

3

4

12
p—— COMPENSATION 2

11
INPUT= - f— v+
INPUT+ * f—— QUTPUY
5] s
7 8
Ve e =

TL/H/TTER-18
Top View
Order Number LM108.J/883
See NS Package Number J14A

cuTPUT

“Powor Sandwirth: 250 Ko
Srmall Signal Santwidth: 5.
Slow Fator 10V/us

§ - 10-F
05

e
- TLARTTGA=L
Dual-In-Line Package
1 U 3
COMP —=l e COMIP 2

2 ! .
INPUT = —= L— v
NPT’ 4 LT
.8 b
Y — o N2

Top View

Order Number LM108J-8/883, LM308M or LM308N
See NS Package Number JOBA, MOSA or NOBE

HC [:L L] m:] COMP
Ne =1 ::1 cowp2
weut-r——>] Lmr0sw pE——v
wepTe ] —
N — - -
TLAR:TrERT

Order Number LM108W/883
See NS Package Number W104
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches (milimstars) {Continued)
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LM108/LM208/LM308 Operational Amplifiers

Physical DIimensions inches (milimstsrs) (Continuad)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPFORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDGUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devicas or
systemms which, (a) are intended for surgical implant

into the body, ¢ (D) suppert or

fallure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

support
sustain life, and whose
support

be reascnably expected to result in a signiticant injury

to the user.

2. A critical component is any componant of ¢

life
device or system whose failure to perform can

be reasonably expectad to cause the failure of the life

devica or systemn, or to affect its safety or

affectiveness.
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