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SYNOPSIS

Of late a RPM meter has become an integral accessory of most of the
automobiles. The RPM meters essentially serves as an indicator as to whether

the Engine functioning is alright.

Ideally the power generated by the engine should be transferred
completely to the wheels. The RPM meter indicates the number of rotations

made by the flywheel which forms part of the engine.

Hence it is essential that the RPM meter be accurate as well as
trustworthy. So a testing method should be deviced which is really effective.
The purpose of this project work is to design and fabricate a testing circuit for

testing RPM meters.

This testing circuit is designed for RPM meters and is a
Microprocessor based testing method. This project involves the design and

development of a prototype and development of assembly language programs



to be used in the prototype. This testing circuitry has a number of advantages
over the testing method presently in use. The performance of this testing

circuit is quite robust, rugged and is insensitive to operating condition

changes.
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INTRODUCTION TO ART

Our project work ART comprises of the design and fabrication of a
testing circuit.  The present testing method i.e Manual testing is not very
acéurate and is also time consuming. Since our testing circuit is a
microprocessor based testing circuit we can expect speed and the same level
of accuracy for all the Meters. Our project work has been sponsored by
PRICOL - PREMIER INSTRUMENTS AND CONTROLS PRIVATE
LIMITED. It is one of the leading Industry in Coimbatore. Our main
objective is the Automization of the testing procedure. This testing precedure
does not aim to replace the human beings by machines. This project 1s built
with the firm belief that machines cn at best support a human being and not
replace him.  Ofcourse we have strived to reduce the errors due to human
factor our project has ben broadly classiffied.

Chapter 1 gives the introduction to ART.

Chapter 2 gives an Idea of the testing method that is presently
employed. IT gives us an idea about the disadvantages of the present testing
method.

Chapter 3 gives us the circuit diagram and block diagram of ART.



In chapter 4 the description of the individual blocks that are employed

are given, with block diagram as well as circuit diagram's.

The next three chapters gives the results of ART, various graphs
associated with it, the advantages as well as the limitations. It also gives idea
about the software and the asseinbly level language program associated with

it and also the flow charts and algorithms.

The next chapter gives the details of the Printed Circuit Board design

and the various on board connections.

The last chapter gives the conclusion of the ART.
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PRESENT TESTING METHOD

The testing method that is currently employed in PRICOL is manual
testing. In the manual testing procedure the meter is fed with a positive going
pulse of amplitude of 25V and frequencies varying between 0-466 Hz. The
meter is calibrated so that it advances one step at a time for a frequency
change of 33 Hz. The Main disadvantage of this procedure is that it is
completely left upto the testing staff to decide upon the accuracy of the meter.
Moreover all the meters cannot have the same accuracy. Hence accuracy

cannot be guaranteed in the manual testing procedure.
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ART CIRCUIT DIAGRAM AND BLOCK DIAGRAM

BLOCK DIAGRAM DESCRIPTION

Block diagram of the automatic RPM meter tester is shown above. As
seem in the block the Microprocessor - 8085 simulates an engine and applies
positive going pulse to the meter. Since the output of the microprocessor is
digital and the meter an anolog device, a digital to analog converter is
employeed at the output of the microprocessor.  The Digital to analog
converter used is DAC 0808. The analog signal applied to the meter drives
the coils. The F/V output pin is tapped and the output is converted back to
digital form using an Analog to digital converter namely ADC 0808. The
microprocessor compares the theorctical and the practical value that have
been obtained for each frequency. Depending upon the tolerance level i
either checks the next frequency and so on and indicates that the meter is

working, or it rejects the meter and indicates at which frequency it is not

working.
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FIG. 3.1.1 ART CIRCUIT DIAGRAM
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Hardware Lomponents Block Diagram




HARDWARE COMPONENTS BLOCKDIAGARM

MICROPROCESSOR 8085

The 8085 microprocessor includes on its chip most of the logical
circuitry for performing computing tasks and for communicating with
peripherals we define the microprocessor as a device or group of devices that
can communicate with the peripherals, provide timing signals, direct data

flow and perform computing task as specified by the instruction in memory.

The 8085 is an 8-bit general purpose microprocessor. It is capable of
addressing 64 Kbytes of memory. The device has 40 pins. It requires a + 5V

single supply.

All the signals of the microprocessor can be classified into 6 groups,

they are * Address bus,

* Data bus

* Control and Status signal

* Power supply and Frequency signal
* Externally Initiated signal

* Serial 1/0 ports



The 8085 Microprobessor has eight signal lines A15-A8 which are a|
unidirectional and they are used as the higher order address bus. The signal
lines AD7-ADo are bidirectional They serve dual purpose. They are ysed as
the lower order address bus as wel] as data bus. [p executing an instruction,
during the earljer part of the cycle these lines are used ag the lower order
address bus, during the later part of the cycle these lines are used ag the data

bus. This is known as multiplexing.

There are two control signals hamely RD and WR. The RD control
signal is an actjve low signal. This signal indicates that the selected /0 or
memory device is to e read and data are available on the databus. The WR
control signal is an active low signal T his indicates that the data in the data

bus are to be written into selected memory or 1/0 location,

The IO/M s 3 Status signal used to differentiate between 1/0 and
memory operations. When the signal is high, it indicates an /0 operation o
else it indicates 3 memory operation. The other statys signals like S| S0 are
simillar to 10/M and can identify varioys Operations. The ALE signal is g

special signal It js 4 positive going pulse generated ever time the 8085
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microprocessor begins an operation. It indicates that the bit on AD7 - ADO
are address bits. This signal is used primarily to latch the lower order address
from the multiplexed bus and generate a separate set of eight address lines

AT-A0.

FUNCTIONAL BLOCK DIAGRAM
The Internal architecture of the microprocessor 8085 includes the ALU
(Arithematic /Logic unit), Timing and control unit. Instruction Register and

decoder, Register array, Interrupt control and serial 1/0 control.

The ALU performs the computing functions. It includes the
accumulator, the temporary register, the arthmetic and logic circuits, and five
flags. The temporary register is used to hold data during an arthmetic/logic
operation. The result is stored in the accumulator, and flags are set or reset

according to the result of the operation.

The flag are affected by the arithmetic and logic operations in the ALU.

In most of these operations in the ALU. In most of these operations the result



is stored in accumulator. The various flags are sign flag, zero flag, Auxillary

carry flag, panty flag, carry flag.

The timing unit synchronises all the microprocessor operation with the
clock and generates the control signals necessary for communications

between the microprocessor and the peripherals.

When an instruction is fetched from memory it is located in the
Instruction register. The decoder decodes the instruction and establishes the
sequence of events to follow. The instruction register is not programmable

and cannot be accessed through any instruction.



8255A PROGRAMMABLLE PERIPHERAL INTERFACE

The 8255A is a widely used programmable, parrallel I/0 device. It can
be programmed to transfer data under various conditions, from simple 1/0 to
interupt 1/0. It is an important general purpose 1/0 device that can be used

with almost any MICroprocessor.

The 8255A is a 40pin IC chip and has 24 110 pins that can be grouped
primarily into two 8 bit parallel port's, port A and portB,with the remaining 8
bits as port ¢. The 8 bits ofportC can either be used as individual bits or
grouped intotwo 4 bits: (upper(Ch) and (lower(CI). The function of these

port's are defined by writing a control word in the control register.

The control word of the 8255A has 8 bits. The Bit D7 is either a
Bitset/Reset mode or I/0 mode according to the contents of D7 If the
contents of D7 is O then 8255 is in Bit Set/Reset mode. If the contents of D7

is *1" then 8255 is in 1/O mode.

The BSR mode is used to set or reset the bits in port C/D. The 1/0) mode

is further divided into three modes: Mode 0, Mode I, Mode 2. In mode 0, all
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Group B

Port C (Lower - PC, - 3 P)
I = Input
O = Output

Port B
| = Input
O = Output

Mode Selection
I = Input

71 0 = output

Group A

Port C (Upper - PC7 - PC4)
I = Input
O = Qutput

Port B
I = Input
O = OQutput

Mode Selection
00 = Mode D
01 = Mode 1
X = Mode 2

FIGURE 4.2.3

I = IJO Mode
0 = BSR Mode

CONTROL WORD FORMAT




port's function as simple 1/0 port's. Model is a handshake mode whereby
port A and/or B use bits from portc as ahndshake signals. In mode 2 port A
can be set up for bidirectional data transfer using handshake signals from port
C, and port B can be set up either in mode o and mode 1. The bits D6 + D5

are used for mode selection.

The port D4 is used to indicate whether port A is employed if an I/P port
or an O/P port. 1f D4 is | it is an I/P port or else it is an O/P port. The bit D3
is used to indicate whether port C (upper) is used as an mput or O/P port. If
it is | then it isl/P or else it is O/P. The Bit D2 is used for mode selection of
port B. O is mode O and | is mode 1. The bit DI, 1s used to indicate
whether port B is used as an input or output port. The bit Do is also to

indicate which the port C (lower) bits are used as I/P or O/P port.



DAC 0808

The purpose of a digital to Analog converter is to convert a binary
word to a proportional current or voltage. The DAC 0808 server is an 8 bit
monolithic digital to analog converter (DAC) featuring a fullscale output
current settling time of 150ns while dissipating only 33mw with +5V

supplies.

D/A CHARACTERISTICS AND SPECIFICATIONS.

The first characteristics of a DAC to consider is the resolution. This is
determined by the number of bits in the I/P binary word. A converter with
eight binary inputs such as the DAC 0808 has 2* or 256 possible O/P levels.
So its resolution is | part in 256. Resolution is sometimes expressed in
percentage. The resolution of an 8 bit converter is about 0.39%. No
reference current trimiing is required for most application since the fullscale
O/P current is typically + 1 LSB of 255 IREF/256.  The power supply
surrents of the DAC 0808 series are independent of bit codes & exhibits
essentially constant device characteristics over the entire supply voltage

range.
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FIGURE 4.3.1
DAC 0808 BLOCK DIAGRAM




Another important specification for D/A converter is linearity .
Linearity is the measure of how much the output ramp deviates from a straight
line as the converter is stepped from no switches on. Ideally the deviation of
the O/P from a straight line should not be greater than +1/2 [east Significant

Bit to maintain overal] accuracy.

Still another specification for the D/A converter to be looked upon is
settling time. When the binary word applied to the input of the converter is
changed, the O/P wil] change appropriately to the need value. The O/p
however may overshoot the correct valye and ring for a while, before finally
setting down to the correct value. The time taken by the O/P 1o get within
+1/2 Least Significant Bit of the final valye js called on setting time. Ag

mentioned earlier the setting time for DAC 0808 is 150 ns,

The DAC 0808 wil interface directly with popular TTL DTL or

CMOS logic levels.



DAC 0808 IMPORTANT FEATURES

The supply voltage ranges from + 4.5V to + 15V. ADC 0808 has a low
power consumption and has a fast settling time of typically 150 ns. The O/P
voltage is restricted to a range of -0.6 to 0.5v when V.~ -5V The
relative accuracy of the DAC 0808 is essentially constant with temperature

due to excellent temperature tracking of the monolothic resister ladder.



ADC 0808

The function of an ADC is 1o produce a digital word whicl, represents the
magnitude of some analog voltage or current. The specification ofan ADC ig
similar to that of the DAC's. The resolution of an ADC is defined as (he
number of bits in the output binary word, A § bit converter has a resolution
of I part in 256 Linearity of ap ADC is defined as how much the output
ramp deviates from the straight line. Another Important specification of the
ADC is its conversion time. I'he conversion time ig defined as the time taken
by the converter to produce a valid output binary code for an applied input
voltage. When we refer to a converter as g high speed, we mean it has a
short conversion time. There are four commonly employed methods to do
Analog to digital conversion. They are single slope ADC, dual slope ADC,
parallel comparator ADC and succesive approximation ADC. The ADC
0808 employed here yses the successive approximation method to do the

conversion.

ADC 0808 is a monolithic CMOS device with an 8 bit analog to digital
converter. 8 Channel multtiplexer and microprocessor compatible contro|

logic. The 0808 DC uses sucessive approximation as (e convertion
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IN3 O— 1 28 —o0 N2
INgO— 2 27 |0 IN]
INs 0— 3 26 —o IND
IN6 o—| 4 25 —0 ADD A
IN7 o— 5 24 —o0 ADD B
START 0—— 6 23 —o ADD C
eoco— 7 ADC 22 [—o AF
2 o—I 8 0808 21 —o 9o (MSB)
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FIGURE 4.5.1

ADC 0808 PIN CONFIGURATION
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PA,

PA,

PA, b —

+5Vv

PA,
PA,

[ oy B N
pA5 .y
i

PA,

Ew

CHANNEL
ADDRESS CHO
ANALOG o
INPUT CHANNELS ——— CHI
(BNOS) :
SC —————  CHS8
OF
ALE
DIGITAL ——
OUTPUT EOC ——=—=— pcp
PC1
PC2
PC3

]

FIGURE 4.5.3

BLOCK DIAGRAM OF ADC SHOWING THE HARDWARE DETAILS

— ]




technique. The converter features 2 high impedence chopper stabilized
Comparator, a 256 R voltage divider with analog switch tree and a sucessive
approximation register. The 8§ channel multiplier can directly access any of

I8 single ended analog signals.

ADC 0808 can easily be interfaced to microprocessor because of the

latched and decoded multiplexer inputs and latched TTL {ri State outputs.

Successive aproximation AD("'g usually have outputs for each bits. The
code output on these bits are usually straight binary or offset binary. Yoy can
simply connect the parallel output port pins and read the converter output in
under program control.  In addition to the data lines, there are two other
successive approximation ADC signal lines you need to interface to the
microcomputer for data Transfer. The first of these signal line is the START
CONVERT (SC) signal. The SC signal is outputted from the Micr()con'lputer
to the ADC, to tel] it to start doing the conversions. The second signal is g
status signal which the ADC outputs to indicate that the conversion js
complete and that (he word on the outputs is valid. The signal is also called

on END OF CONVERSION (EOQ).



ADC 0808 FUNCTIONAL DESCRIPTION
MULTIPLEXER

The device contain a 8 channel single ended signal multiplexer. A
particular I/P channel s selected by using the address decoder. The address
is latched into the decoder on the low (o high traansisttion of the ALE signal.

Table 1 shows the 1/p states for the address lines to select any channel]

THE CONVERTER

The heart of the ADC 0808 is its § bit analog to Digital converter, The
converter is designed to give fast,accurate and repeatable conversions over g
wide range of temperature. The converter is partitioned into 3 major sections.
The 256R Ladder network, the successive approximation register and the

Ccomparator.,

The ADC's successive approximation register is reset on the positive
edge of the start conversion pulse. The conversion is began on the falling
edge of the start conversion pulse.

The most important section of ADC is the comparator. It determines

the accuracy of the entire converter,



AMPLIFIERS

The LM158 series consists of two independent, high gain, internally
frequency compensated  operational amplifiers  which  were designed
specifically to operate from a single power supply over a wide range of
voltages. Operation {rom split power supplies is also possible and the Jow
power supply current drain is independent of the magnitude of the power

supply voltage.

Application areas include trasducer amplifiers,dc gain blocks and all
the conventional Op amp circuits which now can be more easily implemented
in single power supply systems. For example, the LM158 series can be
directly operated off of the standard +5 Ve power supply voltage which is
used in digital systems and will easily provide the required interface

electronics without requiring the additional + 15 V. power supplies.

UNIQUE CHARACT, ERISTICS
In the linear mode the input common-mode voltage range includes
ground and the output voltage can also swing to ground, even though

operated from only a single power supply voltage.



The unity gain cross frequency is temperature compensated.

The input bias current is also temperature compensated.

ADVANTAGES
Eliminates need for dual supplies.
Two internally compensated op amps in a single package .
Allows directly sensing near GND and Vour also goes to GND.
Compatible with all forms of logic.

Power drain suitable for battery operation

FEATURES
Internally frequency compensated for unity gain. Large dc voltage gain

100 db.Wide bandwidth (Unity Gain) IMHZ ( temperature compensated)
wide power supply range: Single Supply 3 V,.to 30 V5 or dual supplies +1 .5
Ve to +15 Vie.  Very low supply current drain (500*A) - essentially
independent of supply voltage (1 mW/op amp at +5 Vo). Low input biasing
current (temperature compensated) 45nA,,. Low input offset voltage 2mV

bC

and offset current 5 nA,..  Input common-mode voltage range includes



ground . Differential input voltage range equal to the power supply voltage.

Large output voltage swing OV . to V, -1.5 V

[DI0N



ABOUT THE METER

The meter based on which we have fabricated the prototype is RPM
meter presently used in all suzuki vehicles. The outstnading feature of this
meter is that it uses an IC CS8190, which provides all the functions necesary
for an analog Tachometer. Also the coil used for deflection is of the cross

coil type.

C S 8190: PRECISION AIR CORE TACHO/SPEEDO DRIVER

CS 8190 manufactured by cherry semiconductors corporation is a
dedicated IC specifically designed for use with air core meter movements.
This IC provides all the functions necessary for an analog Tachometer or
speedometer. The CS -8190 takes a speed sensor input and generates sine

and cosine related output, to differentially drive an aircore meter.

This CS 8190 IC is an enhanced version of the previously used
industry standards like CS. 289 or LM 1819. The output utilizes differential
driver's which eliminates the need for a zever referenceand offers more fortue.

The device withstands 60v tranciets which decreases the protection circuitry



requited. The device is also more precise than existing devices allowing for

fewer trims and for use in a speedometer.
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FIGURE 4.4.2
PINCONFIGURATION OF CS8190
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BLOCK DIAGRAM DESCRIPTION

CS 8190 is specifically designed for use with aircore movements. The
IC includes an input comparator using input frequency such as a vehicle
speed or RPM, a charge pump for frequency to voltage conversions, a band
gap voltage regulators for stable operation, a function generation with sine

and cosine amplifiers differentially driving the motor coils.

INPUT COMPARATOR SECTION

The frequency input is to a high impedance comparator with a typical
positive input threshold of 2.0v and typical negative threshold of 1.5v small
signals possibly from the reluctance coil can be directly input to the device

eliminating the need for external buffer circuitry.

CHARGE PUMP SECTION

The charge pump section uses the output of the comparator for frequency
to voltage conversions. The charge pump output voltage range from 2v (0=0)
to 6.V (0 = 305). The charge accumulated on Ct is mirrored to (outtry the

Norton Amplifier. An internal full Wave current rectifier doubles the input



frequency, halves the valve of output voltage ripple. Due to IC and external

component tolerance, each module will require trimming of RT.

The frequency to voltage conversion is given by the expression.
V=2fCR; (V- V, + Vo) +2.0V

(for derivation please refer Appendix)

RETURN TO ZERO

The IC has onboard circuitry which when taken advantage of will
return the pointer to Zero when power is removed. A large external Capacitor
(C4) is required to take advantage of this feature. The value must be
approximately 2000 uf on the IC there are two undervoltage detectors which
control the position of the pointer on the dia] when the power is off. As the
supply is dacaying the first detector suppression the input signal which starts
the needle moving counter clockwise, the second detector forces "0' Volts
across sine coil and maximum allowable positive voltage across the cosine

coil.



FUNCTION GENERATOR: SINE AND COSINE GENERATOR

The output wave forms of the sine and cosine amplifiers are derived
from on chip amplifier and function generator circuitry. The variouys trip
points for the circuit are determined by an internal resistance divider and
bandgap voltage reference. The coil differentially driven allows bidirectional
current in the output thus attaming 305 meter movememt.  Differentially
driving the coils after faster response time, higher current capability, higher
output voltage swings and reduced external component count. The advantage

is a higher torque output for the pointer.

METER COIL
The coil that is employed in the RPM meter is a cross coil air core type
coil. Aircore meters are often favoured over other movements as a result of

their mechanical ruggedness.

There are three basic pieces they are, a Magnet, a Pointer attached to a
freely rotating axle oriented at right angles to each other. The only other
moving part in the meter is the axle assembly. The Magnet will tend to align

itself with the vector sum of the M-fields of each coil where M is the



magnetic field strength vector. [y an air core meter the axle assembly is
supported by two nylon bushings. The torque exerted on the pointer is much
greater than found in a typical D'arsonval movement. In constant to
D'arsonval movement where calibration is a function of spring and magnet
characteristics, air core meter calibration is affected only by mechanical

alignment of the drive coils.
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ADVANTAGES AND LIMITATIONS

ADVANTAGES

ART boasts of many an advamtage over the present testing method.
The foremost advantages of our method is that the tolerance level once set by
the Testing staff remain the same through out all the frequencies whereas in
the Manual testing procedure it is lefi to the discretion of the testing stall and

the tolerance level depends only upon the judgement of the staff

The time taken to test a meter by our method is very much faster than
to test a meter by ther Manual testing method. It has been estimated that to
lest a Meter by Manual testing procedure. It (akes atleast 5 Minutes whereas
by our Method it takes utmost | minute. If' in a day we are able to test about
50 RPM meters by the manual procedure, we can test around 250-300 RPM

meters by employing Automatic testing procedure.

Our testing method iec AR'T can be test different Meters with diofferent

ranges whereas the Manual testing procedure is also (o test only one type of



RPM meter. To test any other RPM meter of different ranges the component

values have to be changed.

Since our method is microprocessor based testing Method there are
added advantages of a microprocessor like.
(1) Stability
(i) Accuracy of control.
(111) Flexibility
(1v) Greater reliability and equipment life.

(v) Human factor favouring digital interface

Our testing method ie. ART is able (o detect whether the fault lies iy
the IC or the meter Coil, whereas in the Manual procedure we are just able o

know that an error ig present and not the location of the error.



LIMITATION

The initial cost for constructing the tester is high.

Testing method just detect an error but error correction is not possible.

There is also some limitation due to approximation in the sofiware

listings.
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SOFTWARE LISTINGS

ALGORITHM

Using the DAC a positive going pulse of frequency 33Hz is
generated.

This waveform is fed to the meter.

From the F/V pin of IC CS8190 of meter voltage is taken and
fed to the ADC.

The ADC O/P is compared with the theoretical value stored in
the microprocessor 8085 memory considering the tolerance into
account.

This is repeated for frequencies up to 466 Hz.

For every frequency if the values are correct display good else
display error.



e )

y

GENERATE 33, 66, 100,
133, 166, 200, 233,
266, 300, 333, 366,
400, 433, 466 FOR

3 SEC. EACH

FLOW CHART

COMP PGM

RETRIEVE
THE ADC O/p

\T_\_}

CALL
ADC PGM

—_—

COMPARE
THE VALUE WITH

CALL
COMP PGM

L

y

‘ STOP

THEORETICAL VALUE J

BOTH
THE VALUES ARE
EQUAL

NO

y

CONSIDER THE
TOLERANCE VALUE

]




FLOW CHART

ADC PGM

INTIALISE
THE PORTS

\l\J

INPUT ALE PULSE
& ADDRESS OF
THE CHANNEL

SEND START
CONVERTION

READ THE
DIGIAL outrur
ROM PORT B

MAKE THE OUTPUT
ENABLE PULSE
Low

RFETURN




MAIN PROGRAM

MVI A, 80

COMMAND WORD FOR DAC

OUT 03

—

MVI A 83

COMMAND WORD FOR ADC

OUT 43

LXI D, 0012C

L1

MVI A,00

-
—

OUT 00

CALL DELAY |

MVI A, FF

OUT 00

PROGRAM FOR GENERATING 100H;z
FOR 3 SECONDS

CALL DELAY |

DCX D

IJNZ L1

— ]
— ]

CALL ADC PGM

CALL COMP PGM

LXI D, 0258

L2

MVTI A, 00

OUT 00

CALL DELAY 2

MVI A, FF

PROGRAM FOR GENERATING 200}z

OUT 00

FOR 3 SECONDS

CALL DELAY 2

DCX D

INZ 1.2

CALL ADC PGM

CALL COMP PGM

LXI D, 0384




L3

MVI A,00

OuUT 00

CALL DELAY 3

MVI A, FF

PROGRAM FOR GENERATING 300Hz

OuUT 00

FOR 3 SECONDS

CALL DELAY 3

DCX D

JINZ L3

CALL ADC PGM

CALL COMP PGM

LXI D, 0460

L4

MVI A,00

OuUT 00

CALL DELAY 4

MVI A, FF

PROGRAM FOR GENERATING 400Hz

OuUT 00

FOR 3 SECONDS

CALL DELAY 4

DCX D

INZ 14

CALL ADC PGM

CALL COMP PGM

LXI D, 0576

LS

MVI A,00

OuUT 00

CALL DELAY 5

MVI A, FF

PROGRAM FOR GENERATING 466117

OuUT 00

IFOR 3 SECONDS

CALL DELAY 5

DCX D




INZ L5

CALL ADC PGM

CALL COMP PGM

DISPLAY "GOOD!

STOP




SUBPROGRAM FOR DELAYS

DELAY 1|PUSH B

PUSH H

MVI B, 04

L21LXI H, A500

MOV A L

ORA 1

DCR H

INZ L1

DCR B

INZ L2

POP H

POP B

RET

DELAY 2|PUSH B

PUSH H

MVI B, 04

L2{LXI H, 5200

LIIMOV AL

ORA H

DCR H

INZ 1.1

DCR B

INZ L2

POP H

POP B

RET

DELAY 31PUSH B

PUSH H

MVI B, 04




LXI H, 3700

MOV A L

ORA Fi

DCR H

INZ L1

DCR B

INZ 1.2

POP H

POP B

RET

DELAY 4

PUSH B

PUSH H

MVI B, 04

LLX1 H, 2990

MOV A L

ORA H

DCR H

INZ L1

DCR B

INZ L2

POP H

POP B

RET

DELAY 5

PUSH B

PUSH H

MVI B, 04

LXI H, 2490

MOV A L

ORA H

DCR H

JNZ L1

DCR B




INZ L2

POP 11

POP B

RET




SUBPROGRAM FOR ADC

ADC PGM:

MVI A, 00

OuUT 40

MVI A, 40

SENDING ALE PULSE

OouT 40

AND ADDRESS

MVI A, 00

OuUT 40

MVI A, 10

OUT 40

SENDING START CONVERSION

MVI A, 00

PULSE

OUT 40

L1

IN 42

ANI 0]

RAR

JC LI

TO CHECK THE EOC PULSE HAS

L.2

IN 42

BEEN RECEIVED

ANI 01

RAR

ICL2

MVI A 20

SENDING READ PULSE

OUT 40

IN 41

MOV C, A

DELAY

PUSH B

PUSH D

MVI B, F1

L2

LXID, 01E9

L1

DCX D




MOV, A.E
ORA D T
INZ LI —
DCR B

INZ L2 T
POP D ]
POP B

RET




SUBPROGRAM FOR COMPARING

COMP PGM LX1 H, 9000
MVI B

MVI AC

L] CMP M

RZ

INX M

e |

DCR B
INZ L1
DISPLAY 'ERROR'

STOP




PLB Design
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Lonclusion




CONCLUSION

The testing circuit designed by us was after looking into all the
constraints posed. The tester was designed by us taking into consideration the

need for an accurate testing method.

Even though the initial cost is high, taking into account the various
advantages that ART holds over the other method these expenses are worth

incurring.

With the stride and advancement in the field of electronics and 1C

technology we should look in for an ideal system to avoid losses as wastage

of time.

The discrete model of this system was tested in the laboratory
environment and their characteristics were studied. Based on this protype

model the system was tested successfully.

PRICOL is assisting us to technically promote the system and to

further increase it sophistication.



Bibliography




BIBLIOGRAPIIY
I. Microprocessor Architecture programming and Applications
- Ramesh S.Gaonkar

2. Microprocessor Interfacing Techniques Techniques & Applications
- Douglas V. hall

3. Digital Principles & Applications - Albert Paul Malying
Donald P.Leach.
4. Linear Applications Handbook - National Semiconductor

Cm'poration, Santa Clara.

5. Digital & Analog systems, Circuits and Devices
- Belove & Schilling

6. Digital instrumentation - Bouwens
7. Electronics in industry - Chute
8. Microprocessors and Digital Systems - Douglas V. Hall

9. Electronics F undamentals and applications for Engineers and scientists
- Millman & Halkias

10. Digital Integrated Electronics - Taub and Schilling

I'l. Microelectronics Digital and Analog Circuit and systems
- Millman .J

12. Electronics Devices and Circuits - G. K. Mithal



Appendix




Precision Air-Core Tach/Speedo Driver

The CS-8190 is specifically designed  tachometer drivers such as the

for use with air core meter move- C5-289 or LM1819. The output uti-
ments. The IC provides all the func-  lizes differential drivers which elim-
tions necessary for an analog inates the need for a zener reference
tachometer or speedometer. The and offers more torque. The device
C5-8190 takes a speed sensor input  withstands 60V transients which A
and generates a sine and cosine decreases the protection circuitry
related output to differentially drive  required. The device is also more

an air core motor. precise than existing devices allow-
ing for fewer trims and for use in a
speedometer.

Many enhancements have been
added over industry standard

‘ Absolute Maximum Ratings

Supply Voltage (<100ms pulse transient) ..o, Ve = 60V

(CONtINUOUS)....ooviccic e, Vee =24V
Operating Temperature...........ccccooocoeneiiionieinesiocie oo -40°C to +105°C
Storage Temperature..........cccoooooovvenreironecnnn, TSR -407°C to +165°C
Junction Temperature ..o -40°C to+150°C

ESD (Human Body Model),

CP+ cp.
Chargs Pump
BIAS
SQoyr FNout
\
FREQy Voltage Vaea
Regulator
Gnd Gnd
Vreg
Gnd Gnd
1
i COS+ >‘ SINE«
+
Func. > SINE
Gen. Qutput
+
cos- SINE-
High Voltage
Vee Protection BIAS

Feature«

I
|
1
7]
6]

Cherry Semiconductor Cdrporation
2000 South County Trail

Fast Greenwich, Rhode Island 02818-1530

Tel: (A01)R85-3600  Fax (401)RR5.5786
Telex WUI 6817157




I Supply Voltage Section

Icc Supply Current

Ve Normal Operation Range

I Input Comparator Section
Positive Input Threshold
Input Hysteresis
Input Bias Current **

Input Frequency Range
Input Voltage Range
Output Vgat

Output Leakage

L.ow Ve Disable Threshold
Logic 0 Input Voltage

| Voltage Regulator Section

Output Voltage

Output Load Current

Output Load Regulation

Output Line Regulation
_Power Supply Rejection

I Charge Pump Section

Inverting Input Voltage
Input Bias Current

Vhias Input Voltage

Non Invert. Input Voltage
Linearity

F/Vour Gain

Norton Gain, Positive
Norton Gain, Negative

I Function Generator Section: Ty = 25°C, Vee = 13.1V unless otherwise noted.

Differential Drive Voltage
(Veos+ - Veos-)
Differential Drive Voltage
(Vsin+ - VgIN-)
Differential Drive Voltage
(Veost - Veos-)
Differential Drive Voltage
(VsiN+ - Voin-)
Differential Drive Current
Zero Hertz Output Angle

Function Generator Error *
Reference Pigures 1,2,3,4

Ve = 16V, -40°C, No Load

OVSVn<8Y

in series with 1kQ
Icc = 10mA
Vee =7V

0to 10 mA
8.5VsVeesl6V

B H\{gg:ﬂﬁl.&lv, le/p 1kHz 7

hn =1mA

@0, 875, 175,262.5, + 3501 12
@ 350Hz

hin = 15pA

LN = 15pA

85V§V( j(jS l ()V
Q=0

8.5VsVesteV
0 =90°

8.5VsViegiby
© = 180°

8.5VsVeesleV
0 =270°

B.5VSV <16V

Vee = 131V
O = 0° to 305°

1.0
200

625

-0.10
7

0.9
0.9

6.0

6.0

-6.0

'
[SRRRTSEES

othern g

2.0

500

-10

0.15

8.0

7.0()

10
20
46

2.0
40
2.0
0.7
(.28
10
1.0
1.0

33
0.0

RNt ified

125 mA
16.0 \Y%
3.0 \Y%

mV
-80 pHA
20 KHz
Vee \%
0.40 A%
11) HA
8.5 \%

Y
7.50 \Y%
10/ mA
50 mV
150 mV
34 dB
2.5 \%
150 nA
2.5 \%
1.1 \Y%
+0.70 Yo
13 mV/Hz
1. 1/1
1.1 I/1
7.0 \
7.0 A"
-7.9) V
-7.0 \'%
42 mA
1.5 deg
+2 deg



o

8 Function Generator Section: continued

Function Generator Error 13.1VsVecestay -1 0 il deg
Function Generatot Error 13.1VsVees11v -1 0 +1 deg
Function Generator Error 131VsVees9y -3 0 i3 deg
Function Generator Error 25°C<TA<80°C -2 0 +2 deg
Function Generator Error 25°C<TA<105°C -4 0 4 deg
Function Generator Error -40°C<T525°C -3 0 +3 deg

. Function Generator Gain Ty = 25°C @ vs 1/ Vour 60 77 5 AN

Note 1: Deviation from nominal per Table 1 after calibration at 0 and 270"
"Note 2: Input is clamped by an internal 12V Zener.

Positive input to

charge pump.

Buffered square wave output signal

3 3 Speed or rpm input signal.
4,5,12,13 4-7,14-17 : Gnd Ground Connections. ‘ m;
6 8 COS+ Positive cosine output signal, : "
7 9 COs- Negative cosine output signal.
8 10 Vee lgnition or battery supply voltage.
9 11 BIAS Test point or Zero adjustment.
10 12 SIN- Negative sine output signal.
1 13 SIN+ Positive sine output signal.
14 18 VReG Voltage regulator output.
15 19 F/Vour Output voltage proportional to input signal frequency.
16 20 Cp- Negative input to charge pump.

ot Defledtion

“F/Vour =20V +

7

2FREQ X Cr X Ry X (Vgg; - 0.7)

QMAWN)
2
2% Onaput V)

L] B 1 '
7 L L i M L H R U S S S
o LLi 20 18 180 228 ) 28 " a a0 ARl A0 aon 2r0 e

Degrens of Definction (*) Frouaney/Output Anga ()



Fypical Performance Characteristics continued

Figure - Quiput Angle in Polar Form

ARCTAN 6 = xs'“f'

IV

i(Vcos.) - (Vcos-)

COS+

- VSINE +
-Vcos-

A"

e
/,,»/5(»-) Angle

»

e

~7V‘

(Vsine,) - (Vsing:)

1.50
1.25
100
075
0.50
025
0.00
-025
-0.50
-0.75
-1.00
1256
-1.50

Dewauon ()

Figure 50 Nominal Output Deviation

0 45

90 135 180
Theoretical Angle (°)

45 1
=
40 5 o
- 21
35 +
5 = 4
£ a0 et
3’ -
2 25 o’
@ K] L A'ﬂ
- e el
g 20 —
E 15 '/' el TR SRR SR SR S N I B lwal Dugeons
k-] A e aee = Nosstinna | [ ngrevn
10 . Al
"
5 AV- -
A4~
o . -+ .
1 5 13 17 21 25 29 13 37 41 45
Nominal Angle (Degrees)
able 1: Nominal Angle vs. Ideal Angle (After calibrating at 270°)
'deal®@  Nominal Ideal ® Nominal Idesl © Nominal Ideal ®  Nominal Ideal © Nominal Ideal ® Nominal
Jegrees O Degrees Degrees ¢ Degrees Degrees ' © Degrees Degrees © Degrees Degrees € Degrees Degrees © Degrees
0 0 17 17.98 34 33.04 75 74.00 160 159.14 245 244.63
1 1.09 18 18.96 35 34.00 80 79.16 165 164.00 250 249.14
2 219 19 19.92 36 35.00 85 84.53 170 169.16 255 254.00
3 3.29 20 20.86 37 36.04 90 90.00 175 174.33 260 259.16
4 4.38 21 2179 38 37.11 95 95.47 180 180.00 265 264.53
5 5.47 22 22.71 39 38.21 100 100.84 185 185.47 270 270.00
6 6.56 23 23.61 40 39.32 105 106.00 190 190.84 275 275.47
7 7.64 24 24.50 41 40.45 110 110.86 195 196.00 280 280.84
8 8.72 25 25.37 42 41.59 15 115.37 200 200.86 285 286.00
9 9.78 26 26.23 43 42.73 120) 119.56 205 205.37 290 290.86
10 10.84 27 27.07 44 43.88 125 124.00 210 209.56 295 205.37
1 11.90 28 27.79 45 45,00 130 129.32 215 214.00 300 299.21
12 12.94 29 28.73 50 50.68 135 135.00 220 219.32 305 303.02
13 13.97 30 29.56 55 56.00 140 140.68 225 225.00
14 14.99 31 30.39 60 60.44 145 146.00 230 230.58
15 16.00 32 31.24 65 64.63 150 150.44 235 236.00
16 17.00 33 32.12 70 69.14 155 154.63 240 240.44




Block Diagram Description

‘he CS-8190 is specifically designed for use with air-core
neter movements. The IC includes an input comparator
or sensing input frequency such as vehicle speed or
ngine RPM, a charge pump for frequency to voltage con-
‘ersion, a bandgap voltage regulator for stable operation,
nd a function generator with sine and cosine amplifiers
vhich differentially drive the motor coils.

Input Comparator and Charge Pump

‘he frequency input is a high impedance comparator
vith a typical positive input threshold of 2.0V and typical
1egative threshold of 1.5V. Small signals, possibly from
he reluctance coil, can be directly input to the device,
liminating the need for external buffer circuitry.

he charge pump uses the output of the comparator for
requency to voltage conversion. The charge pump out-
ut voltage, F/Vyr, ranges from 2V with no input (© -
1”)to 6.3V at (© = 305°). The charge accumulated on Cy is
nirrored to Coyyr by the Norton Amplifier. An internal
ull wave current rectifier doubles the input frequency,
ind halves the output voltage ripple. Due to IC and exter-
12l component tolerance, each module will require trim-
ning of Ry.

Fhe circuit shown in Figure 1 averages a relatively fixed
imount of charge over a period of time that is deter-
nined by the frequency of the buffered input signal. The
iverage current is converted to an output voltage that is
:qual to

Vour =Tavex Rt 4+ 2.0V

I'he resistors R3 and R4 determine the rate of the Oy
:apacitor charge and discharge. The capacitor C4 is used
o average the input current pulses shown above. Ry sets
he gain of the closed loop system.

I'he input of the Norton amplifier Q1, mirrors the posi-

ive input current pulses through Q2 and through the
edback network Ryt and C4. Likewise Q3 pulls the

I'wgative going pulses through the same network.

Derivation of the F to V Converter

The derivation can be simplified by making the following
assumptions and approximations:

Vsguarisaty = OV
Ver, = 025V - Vg
Tn = CrRg Ty = Cr(Ra+ Ra) = CrRror
PW > 10t T-PW > 101
Ver(t) = Vi (Vi- VeV
Rior = Ra+ Ry
{for the positive going pulse:

Ve=VreG -V
Vi=-Vr
Vi - (t
ter () = Y Velt),

therefore:

PIVE -Vt
IAVFH')’:'II‘[ ( ! f’(~—))dt
0

Ry
~ ‘Run('l(\/l~V|‘)("’R“"(’ "‘
TRy
bute? /RymCr=0
Vi-Vy) .
IAW(P)‘:( ' ) Cr

AVreG -Vo +Va) C
"

for the negative going pulse:

Vi= Vo
Vi=Vreg -V
Vi-Vy) .
Tavie(N) ——( ':._;, vl) Cy
AV -Vaeeo r V) Cr
T
(VriGt Ver-V) ¢

i
Ikreny = <Faviey

average current for the circuit:
Iavicienany = avegy + Ik
= L;I;;r“(VRI-T(; -V Ve k Vege #Vern-Vo)
(,’;,' 2V -2V 2Ve)
2%‘ (Vric -Vioe Var)
bavi (1) = 2CH{ Ve - Vo b Var)

Fto V Output Voltage:

V = 2fCiRe (Ve -Vt V) v 2.0V

- g T
S———

I to V Output Ripple Voltage

Qe LDsGo

0.5CTH (Ve - Vot V)= CiAV
Cr (Vi - Vo + Ver)
20,

AV =

0618-SO



Circuit Description continued

7V

=1
il

igure 1A: Partial Schematic of Input and Charge Pump

FtoV

I 3

.—‘
A

|¢—PW — [¢—— T-PW ——»

FREQN —— ]

Icp

Figure 1B: Timing Diagram of FREQn and I,

Return to Zaro

I'he IC has on board circuitry, which when taken advan-
age of, will return the pointer to zero when power is
emoved. A large external capacitor (C4) is required to
ake advantage of this feature. The value must be
pproximately 2000pE. A lower value may be used,
lepending upon the full scale deflection of the needle,
ind the mechanical characteristics of the gauge. On the
IC there are two undervoltage detectors which control
the position of the pointer on the dial when power is
removed. As the supply is decaying, the first detector
suppresses the input signal, which starts the needle mov-
ng counterclockwise, the second detector forces zero
volts across the sine coil, and the maximum allowable
positive voltage across the cosine coil.

Function Generator: Sine and Cosine Generators

The output waveforms of the sine and cosine amplifiers
are derived from on-chip amplifier and function genera-
tor circuitry. The various trip points for the circuit (i.e.,
0°, 90", 180°, 270°) are determined by an internal resistor
divider, and the bandgap voltage reference. The coils are
differentially driven, allowing bidirectional current flow
in the outputs, thus attaining 305° meter movements.
Differentially driving the coils offers faster response
time, higher current capability, higher output voltage
swings, and reduced external component count. The key
advantage is a higher torque output for the pointer.




Specedometer/Odometer or Tadhomater Application

Spesdo
nput
L
OO \
Battary //7
L R P
ML LT
= N 1:: :‘I::
: COSINE (_) { ) SINE
Gnd Ciren
N Sircatlag
._—j_ Alr Corn Spandometer
= Gauge
= 2000
Figure 2:
R1-3.9, 500mW [SRERIRITIY
R2 - 10k£2 C4-047pF
R3-3kQ Cy - 0.0033uF, +/- 30 PPM/°C
R4 - 1k£2

Ry - Trim Resistor +/- 20 PPM/DEG. C

Cl-0.1pF

C2 - 1.Stand alone Speedo or Tach "0" uF
2. Stand alone Speedo or Tach with return to Zero, 2000pF
3. With CS-8441 application, 10uF

Di- 1A, 600 PIV

102 - 50V, 500mW  Zener
Note 1: For 58% Speed Input - Tyax 5 5/fyax where
Trax = Cr(Ry+Ry)

fyax = maximum speed input ftquuency

Speedo i
nput
[ 2 A M
R2 %C,’!
Battary
@M
D1 M l
2 IC1
COSINE ( } E ) SINE
G
Gnd P Cictar
Al Core Speadometer
® _l Gauge
T 2000
L Y A
T2 — \o/ :}~L~——
O cesut
\_/-\
e
Air Cora Odometar
Smp}mr Motor
20002

0618-SD

Figure 3:
Note 1:

Note 2:
Note 3:

The product of C4 and R4 have a direct effect on
gain and therefore directly effect temperature
compensation

C4 Range; 20pF to .2pF

R4 Range; 100k to 500k€2

Note 41 The IC must be protected from transients above
60V and reverse battery conditions

Additional filtering on FREQ)y pin may be
required

Note 5



Package Specification
el

PACKAGE PINMENSIONS IN nun (ONCHES) PACKAGE THERNIAL DAL A
... Db Thermal Data 16L  20L
ad Count Metric  English  ___ ppIp__SOIC
R Max  Min  Max  Min RO typ 5 .9 C/W
16 1948 1892 755 745 RO yp oS0 55 AL
20 ' 1205 1270 510 500
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National
Semiconductor

LM158[LM258/LM358, LM1
Low Power Dual Operatio
General Description

The LM158 series consists of two independent,
gain, internally frequency compensated operationa
plifiers which were designed specifically to operate

Operational Amplifiers/Buffers |

S8A/LM258A/LM358A, LM2904
nal Amplifiers

high
I am-
from

a single power supply over a wide range of voltages.
Operation from split power supplies is also possible and
the low power supply current drain is independent of the

magnitude of the power supply voltage.

Application areas include transducer amplifiers, dc

gain

blocks and all the conventional op amp circuits which
now can be more easily implemented in single power
supply systems. For example, the LM158 series can be

directly operated off of the standard +5 Voe ¢

ower

supply voltage which is used in digital systems and wiii

easily provide the required interface electionics without

requiring the additional £1§ Ve power supplies

Unique Characteristics

® In the hinear mode the MPUL common-mode voltage
range cludes ground snd the output voltage can also
swing to ground, even though operated from only a

single power supply voltage

® The unity gan cross frequency 15 temperature

compensated,

. ;
® The nput bigs cutrent s glso temperature

compensated

Advantages

® Eliminates need for dual supplies

® Two internally compensated op amps in a single

package

® Allows directly sensing near GND and Vour also
goes to GND

® Compatible with all forms of logic
® Power drain suitable for battery operation

® Pin-out same as LM1558/LM1458 dual operationsl
amplifier

Features

® Internaily trequency compensated for unity gain

® Large de voltage gain 100 d8
® Wide bandwidth {unity gaini) 1 MH;

(temperature compensated)
= Wide power supply range
Single supply 3 Vpe to 30 Ve
or dual supplies 1.5 Vpe 10 115 Ve
®* Very low supply current drain (500u:A) - essentially
independent of supply voltage {1 mW/op amp at
+5 Vuc)

" Low input biasing current 45 nApe
{temperature compensated)

® Lowinput offset voltage 2mVpe
and oftset current 5 nAge

Input common-mode voltage range includes yround
Differential input voltage range equal to the powet
supply voitage

® Large output voltage O0Vpeto V' ~ 1.5 vge
swing '

Connection Diagrams (rop views Schematic Diagram (each ampiifier)

Metal Can Package
v

QUTPUT A auTrIT 8
INVERTING INVEHTING
1NPUT A& INPUT B

NOMINVERTING
INPUT A

NONINVERTING
INPUT B8

ono

Order Number LM158AH, LM158H, LM258AH,
LM258H, LM358AH or LM358H
See NS Package H08C
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Order Number LM358AN, LM358N or LM2904N
See NS Package N0SB
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Typical Performance Characteristics

Input Voltags Range

1
3
k3
8 /
1
<
£ /
g NEGATIVE
i POSITIVE
5 e
1 L/
¥ /
4
[] 1) 10 15
V'ORYV ~ POWER SUPPLY VOLTAGE (:voe)
Voltage Gain
] ’
Ll ]
‘ Ay = 20k
!’ 1 —
# S N S
¥ R =2kt
i w - i
1
£ RN
0 10 20 10 40

V* - SUPPLY VOLTAGE (Voc)

Valtage Follower Pulse
Response

T
l R 20k
IARRERPS

o

VOLIASE M
~

t .8 t t -
3 " P ¢
i ' S
4 JR——
! i I ‘ 1
]
[] 10 20 20 L]
t ~ TIME ()

Output Characteristics
Current Sourcing

g

| |_ INDEPENDENT OF v*
Ta=e28 ¢ !

1 1 :
wor oo ot 1 10 100
lo* ~ OUTPUT SOURCE CURRENT (mAyc)

lg ~ INPUT CURRENT fakoc)

¢, — OUTPUT VOLTAGE (mV) AvoL - VOLTAGE GAIN {d8)

Vo - OUTPUT VOLTAGE (Ve )

Input Current

i by }
0 I L1
55 35 05 5 25 45 65 86 105 125
Ta - TEMPERATURE ( €)

Open Loop Frequency
Respornise

14¢
120 (3

v ps
Vielovo s |
CS87C 5 Ta 4 +1285°C

1.0 10 100 1.0k 10k 00K 1.0M oM
t - FREQUENCY (H1)

Voltags Follower Pulse
Response (Small Signal)

Sn
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Output Characteristics
Current Sinking

V' e e Ve
V"‘”'Vnc pas)
1 V* e 430 Voo =zi7m

oo [ (s )
0001 oot 01 1 10 100
lo - QUTPUT SINK CURRENT (inAp,,.)

Vo - DUTPUT SWING ty, .o CMRR — COMMON-MODE REJECTION RATIO (a8}

lo” - OUTPUT CURRENT (mApc)

ip -~ SUPPLY CURRENT DRAIN imApe)

Supply Current

V' - SUPPLY VOLTAGE Vel

Common Mode Rejection
Ratio

100 1 10k 100k ™
t - FREQUENCY (He;

Large Signsi Frequency
Response

1~ FREQUENCY (Hy)

Current Limiting
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Typical Performance Characteristics (continued) (Lm2002 only)

Input Current

L
i
=
£
g w F

—— B

g » LT, = 428°C
¥

1] 1" 20 3¢

V' - SUPPLY VOLTAGE {Voc)

Application Hints

The LM 158 series are op amps which operate with only
8 single power supply voltage, have true-differential
Inputs, and remain in the linear mode with an input
common-mode voltage of 0 Vpe. These amplifiers
Operate over a wide range of power supply voltage with
little change in performance characteristics. At 25°C
amplifier operation is possible down to a minimum
supply voltage of 2.3 Vpe.

Precautions should be taken to insure that the power
supply for the integrated circuit never becomes reversed
in polarity or that the unit is not inadvertently installed
backwards in a test socket as an unlimited current surge
through the resulting forward diode within the IC couid
cause fusing of the internal conductors and result in a
destroyed unit.

Large difterential input voltages can be easily accom-
modated and, as input differential voltage protection
diodes are not needed, no large input currents result
from large differential input voltages. The differantial
input voltage may be larger than V* without damaging
the device. Protection should be provided to prevent the
input voltages from going negative more than —0.3 Voc
(at 26°C). An input clamp diods with a resistor to the
IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost
transistors can be used to extend the power capability of
the basic amplifiers. The output voltage needs to raise
approximately 1 diode drop above ground to bias the
on-chip vertical PNP transistor for output current sinking
applications. ‘

For ac applications, where the load is capacitively
coupled to the output of the amplifier, a resistor should
.be used, from the output of the amplifier to ground to
increase the class A bias current and prevent crossover

Volitage Gain

L) I I
§ 129 ﬂl'ﬂlﬂ__
3 » Rie2grn
i
;

49
:

] 10 » 3

V' - SUPPLY VOLTAGE (Vo)

distortion. Where the load is directly coupled, as in dc
applications, there is no crossover distortion.

Capacitive loads which are applied directly to the output
of the amplifier reduce the toop stability margin. Values |
of 80 pF can be accommodated using the worst-case non- |
inverting unity gain connection. Large closed loop gains
OF resistive isolation should be used if larger load
capacitance must he driven by the amplifier.

!
The bias network of the LM158 establishes a drain
current which is independent of the magnitude of the
power supply voltage over the range of from 3 Vo to

30 Vpe.

|
Output short circuits either to ground or to the positiv
power supply should be of short time duration. Uniy
can be destroyed, not as a result of the short circuit
current causing metal fusing, but rather due to the larpl
increase in IC chip dissipation which will cause sventud
failure due to excessive junction temperatures. Putting
direct short-circuits on more than one amplifier at a tlmr
will increase the total IC power dissipation to destructinl
levels, if not properly protected with external dissipatios
limiting resistors in series with the output leads of th
amplifiers. The larger value of output source curre
which is available at 26°C provides a larger output
rent capability at elevated temperatures (see typi
performance characteristics) than s standard IC op a

The circuits presented in the section on typical appli
tions emphasize operation on only a single power sy
voltage. |f complementary power supplies are avail
all of the standard Op amp circuits can be used.
general, introducing a pseudo-ground (a bias vol
reference of V*/2) will allow operation above and be
this value in single power supply systems. Many appll
tion circuits are shown which take advantage of the w
input common-mode voltage range _which inch
ground. In most cases, input biasing is not required
input voltages which fange to ground can easily
accommodated. '

3-220
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Typical Single-Supply Applications (v*

=50 Vpe)

Non-Inverting DC Gain OV Input = gv Outpdt)

*Vin

*R net nesded due to
tomperature independent [

DC Summing Amplifier
(Vin'g >0 Vpc AND Vg > 0 Vpc)

Where: Voo Vys v, v, v,
(V,‘V,)__-(v,‘v.holqu.\lvm

; “BI-QUAD" RC Active Bandpess Filter

L1

Yo (VOLTS}

n
AN 1
s * LLJ

= 161 (AS SHOWN)

Vi (my)
Power Amplifier
n
UL
R2
190 v
I‘"'A' Py R
- 12 1mse
L]
"
Vg +

Yo 8 ¥oc ter V= 8V
Aye18

Fixed Current Sources
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n
1008 v
AAA .
?
™ o .
10 p¢ v ¢ L)
p
172 LM138 -
n2 s
100 am
'.5—4,‘,‘, + ~ ol AAA
: Tom
AAN- [LICT
.
B3 c2 '
s 320F + ¢ .
',__. Hh1" [] (L]
e Sne i l
. %, < n I !
ol AAL OV, _]L Tma .
= we(G )
2 Lise
ar
, o0
Py AAA~—O V*
M 4
; . s [+ .
bt L to.r
[
' a1 an = =
——
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Typical Single-Supply Applications (continues (v*

Lamp Driver

LED Driver

Driving TTL

Voltage Follower

+Vi O Vo = Vi

Squarewave Oscillator

= 5.0 Voc)

Current Monitor

Ar- I
[ R} i
Vi Oy
.
ng
< —
1 ‘:\ =
1y
Vo Yor AT

*(inctesse A1 for I, smal)
V €V

Pulse Generstor

Puise Ganerator

3-222
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Typical Single-Supply Applications continved (v* - 5.0 Vo)

Low Drift Peak Detector

High Compliance Currant Sink

0

ln |
———— I
Vi O :"n
t
' 11 LMIs8 PO Vo
-
e Zour
e
*Yin O -.J.... c
F
e (POLYCARSONATE OA . "
™ POLYETHYLENE) - bLLY: o 4 1
M I 1o * 1 smp/vott V o,
N AT 108 A 9.001.F (incresss Ay tos 1, mnait) —_—
1
L -——
I “’Vn" Comparator with Hysteresis
’ n, = w '
1/2 LMI58
L1 [TV @ e R S,
HIGH Z,,, AUX AMP 172 Lm3se v
LOw 2 < ’ n °
aur ': 3 n INPUT CURRENTY "
_]L COMPENSATION Vs VWA .
A2
= "]
A
Voltage Controlled Oscillator (VCO)
0.05.F
R
1008
. AA y
WV
Ve Omd "2 ease JUo
I
AAA—~9 / 172 tM3se p—o0 oureur 1
en v s
> A2
S o L
Ve AN
ouTPUT 2
AR
VWA

“WIDE CONTAOL VOLTAGE RANGE: 0 Vo R

AC Coupled Inverting Amplifier

Vo _2(V° - 18 Vpe)

-

> 82u

Ground Referencing A Differential 1nput Signal

*Vem

P




AC Coupled Non-Inverting Amplifier

Typical Single-Supply Applications continued) (v* - 50 Voc)

DC Coupled Low-Pass RC Active Filter

(2]

R1. M (CMRA depenth on thes
RAZ  RY resnter (atie match)

Re
Vo - ",{5 v, v /_‘

Asshown Vo 21V, V¥, ~

p—O Vo
>
>
>
Vo
4 | 5
1o » 1 UMz { L.
-1 me v
L Ay =2 _J
Ay v Al "L:
e = 4y - b AL shown)
Bandpass Active Filter
[3]
(Y1
l
I
I 3+
R [T R Re
e 1200
Ve O—AAA~—4 }—-J M
]
L1 Y
20 172 Lm3sa -
= 172 LMI58 p—O Vo
"1 <
e :» +
€3 fo= 11
nF T a-%
= = o
High Input Z, DC Differential Amplifier
a2 Photo Voltsic-Cell Amplifier
190
AAA
VWA a
at Ae )
18 100 ™
AAA
VW E ——AMV——
I Al
= 0
172 LMI88 AN - L
L7 o SUnGN—— DY /2 LMIS8 O Vo
(CELL HAS OV s
, ACROSS 1T)
Py S— +
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Typical Single-Supply Applications (Continued) (v*

High input 2 Adjustable-Gain
DC Instrumentation Amplifier

1)
L
AAA
VWV
L
m ne
Ul 100
¥y Omed
>
<
n2 ,qr'tum ADJUST
n 4 O Vo
4
Rs
As L34
1004 0

"M-NIORJ-M-M'Illcﬂlﬁhnn‘luunl:hl

m
Vg l‘.—l Ve vy}

As thown Vo « 101 (Vy vy}

Bridge Current Amplifier

=50Vge)

Ry
A,
HILMISe O Vo
Forh- YumdM, ..Q
Vo Vv (l)ﬁ'
(] nge 2/

Using Symmetrics! Amplifiers 10
Reduce Input Current (General Concept)

AUX Amr

INPUY CURRENT
COMPENRATION
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DACO0808, DAC0807, DAC0806

National
Semiconductor

DAC0808, DAC0807, DAC0806 8-Bit DIA Converters

General Description

The DACOS808 series is an B-bit monolithic digital-to-
analog converter (DAC) featuring a full scale output
current settling time of 150 ns while dissipating only
33 mW with 16V supplies. No reference current (IREF)
trimming is required for most applications since the full
scale output current is typically £1 LSB of 266 IRgfF/
256. Relative sccuracies of better than 10.19% assure
8-bit monotonicity and linearity while zero level output
current of less than 4 A provides B-bit zero accuracy
for |FREF > 2 mA. The power supply currents of the
DACO808 series are independent of bit codes, and
exhibits essentlally constant dsvice characteristics over
the entire supply voltage range.

The DACO0808 will interface directly with popular TTL,
DTL or CMOS logic levels, and is a direct replacemaent
for the MC1608/MC1408. For higher speed applications,
see DACO0800 data sheet.

AtoD,D toA

Features ‘
® Relstive accuracy:
(DACO808) -

Full scale current match: 1 LSB typ

7 and.8-bit gccuracy available (DAC0807, DAC0808)
Fast settling time: 160 ns typ i ‘
Noninverting digital inputs are TTL:.and CMOS
compatible ’

High speed multiplying input slew rate: 8 r_'nA/m
Power supply voltage range: 4.6V to 18V

® Low power consumption: 33 mW @ t6V.

10.19%  error  maximum *

Block and Connection Diagrams

Dusi-in-Line Package

s r
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I var 1L senies Ly
1
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Yags(o O—1 o cunntT 0 vee A2 vt e A7
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REFLRENCE b0 comren gLt LIPW
CURRENT AMp
Yer TOF VIEW
Typical Application Yo - ov
1
' " Lo0m
ws A10— 10008V = Vpgr
A? O~ "
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A OT -;O—W—Tl [}
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weuTs o
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a1 04 v
e modY 1 -0 ofrrur
} (XM
VO- ‘|°V (—A-‘-. +—A-3- + . 'LB.)
Vg -1V 2 4 266
FIGURE 1. +10V Output Digital to Analog Converter
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMBERS*® i
RANGE D PACKAGE !91“:) J PACKAGE (J18A) N PACKAGE (N16A)
B-bit -$5°C < TA < +126°C DAC0OS08LD | MC1508LS
8-bit 0°C < Ta <+75°C DACO808LCJ { MC1408L8 DACOBOBLCN | MC1408P8
7-bit 0°C < TA < +75°C DACO807LCS | MC1408L7 DACOBO7LCN | MC1406P7
6-bit 0°C < Ta < +76°C DAC0806LCS | mc1408Le | DAcososLCN | MCi40ers
*Note. Devices may be ordered by using sither order number. .
A1 . ’13
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Ko Sepoty Voltage Power Dissipation (Package Limitation) 1000 mW

° +18Vgpe Derate above Tp = 25°C 6.7 MW/ C

-18Vpe Opersting Temperature Range
Wput Voltege, VB—V12 -10 Vpc to +18 Vpg DACOB08L —%es“c < Ta S +126°C
Output Voltage; Vo —11 Vpg to +18 Vpe DACO808L.C Series 0< Ta < +75°C
Current, 14 8 mA Storage Temperature Range —86°C to +180°C
Amplifier Inputs, V14, VIE Vee: VEE
petrical Characteristics
eV, Veg = —015 vnce, yREF/R14 = 2 mA, DACOB08: Ta = —55°C to +126°C, DAC0B08C, DAC0807C,

PI0SC, TA = 0°C to +76°C, and all digital inputs at high logic lavel unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

; Q‘ Mwu Accurscy (Error Ralative (Figuré 4) 1

E" " % Fult Scala Ig)

DACG808L (LM1508-8), 10.18 %
DACOBO8L.C (LM1408-8)

DAC0807LC (LM1408-7), (Note 1) 0.39 %

DACOB06LC (LM1408-6), (Note 1} 1+0.78 %

Sattling Time to Within 1/2 LSB Ta = 25°C (Note 2), 150 ns

i liaciudes tpLH) (Flgure 5}

[ . Propsgation Delay Time TA = 26°C, (Figure 5] 30 100 e
Output Full Scale Current Drift 120 ppm/°C
Digita! Input Logic Levels {Figure 3}

High Levsl, Logic 1" 2 vpe
Low Level,Logic “0” os vpe
Digital Input Current {Figure 3}
High Level VIH =6V o 0.040 mA
Low Level Vip ~ 0.8V ~0.003 -0.8 mA
Reference Input Biss Current {Figure 3} -1 -3 uA
Output Current Range {Figure 3} )
VEE = BV 0 2.0 21 mA
. VEE = ~18V, Ta = 25°C 0 20 42 mA
. Output Current VREF * 2.000V,
- - A14 = 100012,
’ (Figure 3 19 199 21 mA
. Qutput Currant, All Bits Low {Fipure 3] 0 4 HA
b - | Output Voltage Complisnce £, <0.19% Ta = 25°C
B . Pia ) Grounded, —0.66,+0.4 voc
B - Vee Selow -10V ~5.0, +0.4 vpe
Referance Currant Slew Rate \ (Figure 6) 4 8 mA/us
& Output Current Power Supply -6V S VeE S ~168V 0.06 27 HAN
» llnmlvhy
Power Supply Current (Al Bits {Figure 3)
Low}
23 22 mA
4.3 -13 mA
Power Supply Voitage Range TA = 26°C, (Figure 3)
45 5.0 X voc
-5 -18 -18.8 voc
Power Dissipation
Al Bits Low vee 8V, VEE = -8V 33 170 mw
vee = 8V, Veg = —-15V 108 308 mw
All Bits High vee * 15V, VEE = -8V 00 mw
voe = 18V, VEE = — 18V 180 mW

o ®: AN bits switched.
) @ Range control Is not required.

B! AN current switches ars tisted to guerantes at least BO% of reted ourrent.

s CramAaAaLr fAAAAALIM



Typical Performance Characteristics : . o 4
.Vee = BV, VEE = — 18V, Ta = 26°C, unless otherwise noted
< ' n
Logie Ingut Current vs Logic Threshold Volitage vg &
Q nput Vditsge Bit Transfer Characteristics . ~ Temperature =
. 14 8 2
N T T
3 -1 11 3 12 fa=2mA w
5 H 1 £ ]
H s 't 3 14 |- =
z
S s -1 E o [ S 12 -t -
a : i '
< 5 os LW
= K g i ! T A2 = og ;
- g A1 THROUGH As Ve _15v T z 7
g 2 I T S s G o8 - -
: nnn e o, R g ot 1.
= [ Rl FAREAN SRS &) T 02 .
. o T E LT -
S12-10-0-6-4-202 4 6 81012141818 “M-10-0-6-4-20 24 6 8101214 1810 H5-3-18 -1 11 % I M Il.?
’ VL - LOGIC INPUT VOLTAGE (v) VL - LOGIC INPUT VOLTAGE (V) Ta - TEMPERATURE (°C) :
g Output Current vs Output 4
Voltage (Output Volitsge Output Voltage Complisnce ]
Compliance) v Temperature i
24 H] :
ALL 78 “ON- , ] ] - k
3 24 t Tt " N N N 5
2 VEE® -8V Vg« v 5 12 PR NN ‘f
- \ »
g | ] lig=2mA w ORI RN ;
E e 2 SHADED AREA INDICATES A
3 = PERMISSISLE OUTPUT 4
P hia=1mA g ¢ VOLTAGE RANGE FOR g
g 14 IE‘ 0 3 VEET I8V, Hae 2 mA ™
Q' ‘.' LA RN A a _‘ _— \ N ‘?"l’
£ oa tig=2ma 4 \§\\ N 4
0 1 LT 2 o e o g
RLLELT R B S T T R TR TY -0 0 50 100 10 i
Vg - OUTPUT VOLTAGE (v) TEMPERATURE ('C) j
Typical Power Supply Typical Power Supply Typical Power Supply ,'j
Current vs Tempaerature Current va Vg Current vs Vo b
Y I CComa wia o7 Low * racem MK on Low |7 W T Of Low :
i 70 Hies2ma i 7 TEEMITH 114 =2 mA ] i 7 '114. mA i i
e fee £ g ! B ke :
=z :
§. 50 g ¢ JEEWITH g = 1 mA E s L B
AN 3 e |
) > 4 1 ~ 4 ,
; . g 3 IEE WITH Iyq = 0.2 mA g s 4
- . I3
« [ P « ] Ll . 2 g
28 - 'CC g ? J Tce € 2 T tee T ‘
18 . 1 }—4 g 1 )
LT 1%
0 . 0 ‘
I | o1 15 0 -2 -4 ;8 <8 -10-12-14-18-43-20 L I I B BT I VIR TR
TEMPERATURE (C) VEE - NEGATIVE POWER SUPPLY (V) Ve - POSITIVE POWER SUPPLY (V)
Referance Input
Frequency Response
f Unless otherwiss specified: R14 =
. ‘},~ «}, I R1S = 1 k02, C = 16 pF, pin 16 to Veg; ;
. a2 | Ay ~ 509, pin 4 1o ground. B
2 L Curve A: Large Signa! Bandwidth -
s » N Method of Figure 7, VREF = 2 Vpp )
E - A offset 1.V above ground . :
3 , N Curve B8: Small Signal  Bandwidth £
) :
E L . Mathod of Figure 7, R| = 26051, :
* i VREF = 60 mVpp offset 200 mv ’ i
& 12 above ground. :
“1a | 1 Curve C: Large™ snd” Small Signal
18 41 - ' Bandwidth Method of Figure 9 {no ¢
o 03 ) ) 1 op smp, R = 6082}, R§ =~ BOG,
- VREF = 2V, Vg = 100 mVpp can.
1~ FREQUENCY (MH2) tered at OV,

— 2 P B =
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Test Circuits

Yoo
fcc
Vi and i1 sppiy o0 inputs A1—-A8.
13 his . )
el X "Vars The resistor tied 1o Pin 16 is to temperature compensate the
uo._; '<_'_'1 :": bias current and may not be necessary for all applications,
ro— N
OIGITAL | MO—= 5,000 A1l A2 A4 A5 A8 A7 As)
[ |x;<__+_+-_+~+-—+—-+—-
T oy semes ° ( 2 4 98T T Y g
Alo-n
410 « VREF
12 h w o TET
P where K Ria
N 3 . .
+ and Ay =1 if Ay is at highilevel
K 'nr AN = "0 H A i at low level
= Vee
\ FIGURE 3. Notation Definitions Test Circuit
[
oAl
2 DAC1208
\0—-
R SUUEPLL," | Sy
A D-YD-A
AS w{f_:_‘.;,:‘" #70 10v ouTPUT
o“ ERROR MAX)
[ gmmamnan 2o vt
ERRON
Qv
O
S
sur O
counten o :
- ‘
O
FIGURE 4. Reative Accuracy Test Circuit
Vee R
Ltuf ™ '
LTl :
= 2vpe b4y UL S M

13 -
16
: " v CLAMP LEVE( m'ﬂ o ..,mu-'
MEASUREMENT :
" a1 . SEYTLING TeE
) " B 3 T s (FIGURE §)
< 4 =
2ACeN . .
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FIGURE B. Transient Respones and Settiing Time
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Vee
R14 > R15
13
§ 14 .
Al 0“."‘ vaer J L
A0 s
A1 O] ':
s : 5808
DAC!
AS =g
10 [ - ]?) U
Al ()—“
A7 O==
12 16 A
+ Al Ot —-O]_ L
v 3 ¢ —
= SLEWING
3 Time : $EE TEXT FOR VALUES OF C
: ¥ L] N 1 WV
4 t Ap &
& Vee
T Vee
0 . FIGURE 7. Positive VRgF
% ' FIGURE 6. Reference Currént Slew Rate Messursment
vee 2 Ry
. A
- R14 m R16 . VREF
. — llu
. 15 14
] 14
Al NC
‘ a2 : —© When Vg = 0, 114 = 2.0 mA
A3 o-.-a .

MO-;' DACSS8
ASO—~ sERIES

v
vo.[_ﬁﬂ o8 (A Ro
Ri14  Rg

SEE TEXT FOR VALUESOF C

Ver )
FIQURE 8. Negstive Vg

FIGURE 9. Progrsmmable Gain Amplifier or Digital Attenustor Circuit

- Application Hints

- . .
REFERENCE .AMPLIFIER DRIVE. AND COMPEN-
 SATION

A .

!:fln reference amplifier provides a voitage at pin 14 for
~ ganwerting the reference voltage to a current, and »
.wm-atound circuit or current micror for feeding the
k- ldder. The reference amplifier input current, 114, must
'sways flow into pin 14, regardiess of the set-up method
. dr fefererice voltage polarity.

T .

. Connections 16r a positive \voltagsa are shown in Figure 7.
The reference voltige source supplies the full current

114. For bipolar reference signals, as in the multiplying
mode, R16 can be tied to 8 negative voltage corres-
ponding to the minimum input level. it is possible to
eliminate R15 with only a small sacrifice in accuracy
and temperature drift,

The compensation capacitor value must be increased
with Increases in R14 to maintain proper phase margin;
for R14 values of 1, 2.5 and 6 k§2, minimum capacitor
valués aré 15, 37 and 76 pF. Thé capacitor may be tied
to either VEE or gréund, but using VEE increases
negative supply rejection.

8-131
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" Application Hints (Continued)

A negative reference voitage may be used if R14 s
grounded and the reference voltage is applied to R16 as
shown in Figure 8. A high input impedance is the main
advantage of’ this method. Compensation involves a
capacitor to Vgg on pin 16, using the values of the
previous paragraph. The negative reference voltage must
be at least 4V above the VEE supply. Bipolar input
signals may be handled by connecting R14 to a positive
reference voltage equal to the paak positive input level
at pin 15.

When a DC reference voltage is used, capacitive bypass
to ground is fecommended. The 5V logic supply is not
recommended as a reference voltage. If a well regulated
5V supply which drives logic is to be used as the refer-
ence, R14 should be decoupled by connecting it to
BV through another resistor and bypassing the junction
of the 2 resistors with 0.1 uF to ground. For reference
voltages greater than 6V, a clamp diode is recommended
between pin 14 and ground.

If pin 14 is driven by a high impedance such as a
transistor current source, none of the above compensa-
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall bandwidth,

OUTPUT VOLTAGE RANGE

The voltage on Pin 4 is restricted to a range of —~0.6 to
0.5V when VEE = —5V due to the current switching
methods employed in the DAC0808.

The negative output voltage compliance of the DAC0808
is extended to ~5V where the negative supply voltage is
more negative than ~10V. Using a full-scale current of
1.892 mA and load resistor qf 2.6 k2 between pin 4
and ground will yield a voltage output of 258 levels
between 0 and —4,980V, Floating pin 1 does not affect
the converter speed or power dissipation, However, the
value of the load resistor determines the switching time
due to increased voltage swing. Values of R up to
50082 do not significantly affect performance, but a
2.5 kQ load increases worst-case settling time . to
1.2 us (when ail bits are switched ON). Refer to the
subsequent text section on Settling Time for more
details on output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be
used only for negative supply voltages more negative
than —7V, due to the Increased voltage drop across the
resistors in the reference current amplifier,

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift.
Relative accuracy is the measure of each output current
level as & fraction of the full-scale current. The relative
accuracy of the DACOB08 is essentially constant with
temperature due to the excellent temperature tracking

of the monolithic resistor ladder. The referenice cu; N
may drift with temperature, causing a change in ) :
absolute accuracy of output current, Howwn',~'
DACO0808 has a very low full-scale current drift
temperature. '

‘.

1

The DACO808 series is guaranteed accurate to
11/2 LSB at a full-scalg output currert of 1.992
This corresponds to a reference amplifier output o
drive to the ladder network of 2 mA, with the Loss o
1 LSB (8 uA) which is the ladder remainder shunted ]
ground. The input-current to pin 14 has a guarsnisi
valus of batween 1.9 and 2.1 mA, allowing some
match in the NPN current source pair. The accuracy
circuit is shown in Figure 4. The 12-bit converter .5
calibrated for a full-scale output current of 1.992 mA, »
This is an optional step since the DAC0808 accuracy L}
essentially the same between 1.5 and 2.5 mA. Then the ;
DAC0808 circuits’ full-scale current is trimmed to the
same value with R14 <o that a zero vaiue appears atthe j
error amplifier output. The counter is activated and ".j
error band may be displayed on an oscilloscope, detected  ;
by comparators, or stored in a peak detector. K

Two 8-bit D-to-A converters may not be used o
construct a 18-bit accuracy D-to-A converter, 168-big |
accuracy implies a total error of +1/2 of ane part in
65,5638, or £0.00076%, which is much more accuram
than the $0.019% specification provided- by the
DACO0808. .
P

MULTIPLYING ACCURACY %

The DACO0808 may be used in the multiplying M‘“\'
with 8-bit accuracy when the reference current is varied
over a range of 266:1. If the ieference current in. the
multiplying mode ranges from 16 HA to 4 mA, te'
additional error contributions are Jess than 1,6 uA. This
is well within 8-bit accuracy when referred to full-scale.

A monotonic converter is one which supplies an incresss
in current for each increment in the binary word.
Typically, the DAC0808 is monotonic for all values of
reference current above 0.5 mA. The recommended
range for operation with a DC reference current is 0.5 o
4 mA.

SETTLING TIME

i

The worst-case switching condition occurs when all
bits are switched ON, which corresponds to a low-to-high
transition for all bits. This time is typically 160 ns
for settling to within +1/2 LSB, for 8-bit accuracy,
and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The
turn OFF is typically under 100 ns. Thase times spply
when R < 50082 and Co <26 pF.

Extra care must be taken in board fayout since this is
usually the dominant factor in satisfactoy test results
when measuring settling time. Short leads, 100 uf
supply bypassing for low frequencies, and minimum
scope lead length are all mandatory,

8132
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ADC0808, ADC0809 8-Bit ,P Compatible A/D Converters

With 8-Channel Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel muitiplexer and microprocessor
compatibie control logic. The 8-bit A/D converter uses suc-
coessive approximation as the conversion technlque. The
converter features a high impedance chopper stabilized
comparator, a 258R voltage divider with analog switch tree
and a successive apprbximation register. The 8-channe!
multiplexer can directly access any of 8-single-ended ana-
log signals.

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

The design of the ADC0808, ADCO809 has been optimized
by incorporating the most desirable aspects of several
A/D conversion techniques. The-ADC0808, ADC0809 of.
fers high speed, high acturacy, minimal temperature
dapendence, excellen {ong-term accuracy and repeatabi-
Iity, and consumes mz;lmal powereThese features make
this device ideally suited to applications from process and
machine control to consumer and automotive applica-
tlons&or 18-channel muitiplexer with common output
(sample/hold port) see ADC0816 data sheet. (See AN-247
for more information.

AtoD,DtoA|
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Features - SN

® Resolution — 8-bits

8 Total unadjusted error — + 12LSBand +1LSB

® No missing codes

® Conversion time — 100 us

& Single supply — 5 Voe

@ Operates ratiometrically or with 5 Vpe or analog span
adjusted voitage reference

B 8-channel multiplexer with latched control logic

® Easy interface to all microprocessors, or operates
“stand alone”

% Outputs meet T2L voitage level specifications

® 0V to 5V analog input voltage range with single 5V

supply
® No zero or full-scale adjust required
B Standard hermetic or molded 28-pin DIP package

8 Temperature fange -40°C to +85°C or -55°C to
+125°C

W Low power consumption -~ 15 mw
® Latched TRI-STATE® output

Rlock Diagram

——— —— —

START CLOCK

o ENO OF CONVERSION
CONTROL & TIMING 9 unteraven
- ‘ |
. ) . |
: T8 CHANNELS
ANALSG vvTs - AL TIPLEXING |
B Y - Yy |
S ; TCH SAR. l .
COMPARATOR | N
| w, o
STAT Dy
outPyT 8T OuTPUYS

VR

! SUFFER 0O

Sy

} -—0
SWITCH TREE :
o]
| —1 |

[1— 2561 REBISTOR LADDER
1 b 1 1 o
Vec  GND  AER(y) REF(-) OUTIUT
TRI-STATE® s a reg ENABLE
o of N s Corp.
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beolute Maximum Ratings (Notes1and2) Operating Ratings (Notes 1and 2)
gy . .
Iy Voltage (Vo) (Note ) (X3 Temperature Rangs (Note 1) © TMINS TAS TMAX
st Any Pin ~0.3V to(Vog + 0.3V) ADCOSOSCS -85°CxTp +125°C
Control Inputs ADCO808CC.J, ADCOBDBCCN, .
Control Inpute ~0.3Vio +18V ADCOB0RCCN -40°CxTp = +85°C
- , OF, CLOCK, ALE, ADD A, ADD B, ADD C) Range of Vo (Note 1) 45Vpcto8.0Vpe
Jige Tomperature Range ~85*Cto +150°C
Dissipstion atTp = 25°C ) 875mwW
*t ture {Soldering, 10 seconds) 300°C
.
rical Characteristics

) Spoclllclﬂonl: VCC =5Vpe= VREF(+) VREF(—)= GND, TMINSTASTMAX and foy k= 640 kHz
% otherwise stated.

608000V ‘80800QY

Parameter Conditions Min Typ Max Units
ADCO0808
: Total Unadjusted Error 25°C 12 | LB
d {Note 5) T 10 Trpax *3/4 LS8
. ADCO808 - ‘
k. Total Unadjusted Error 0°Cto70°C +1 se
2 {Note 5) Trmin 10 Tmax 114 LS8
-': : Input Resistance From Ref(+) to Ref(_—) 1.0 25 ko
3 Analog Input Voitage Range (Note 4) V(+) or V(-) GND-0.10 Vee+0.10 | Vpe
R . Voltage, Top of Ladder Measured at Ref(+) Veo Vo041 \'
o, ;VREH-’ Voltage, Center of Ladder Voo2-04 | Vo2 |Vec2+04| v
1N .
Voitage, Bottom of Ladder Measured at Ref(-) ~0.1 0 \
Comparator Input Current t. =640 kHz, (Note 6) ~2 +05 2 »A
% ,
jectrical Characteristics

| Lovels and DC Specifications: ADCOB08CJ 4.5V <Vces5.5V, —55°CsTys +125°C unless otherwise noted
JE0808CCJ, ADCOBOBCCN, and ADCOBO9CCN 4.75 <Vcc<5.25V, - 40°C 5Ty +85°C unless otherwlise noted

v‘."
o
.. -

3 Parameter Conditions | win [ Typ | Max | units
i oo MuLTIPLEXER
) OFF Channel Leakage Current | Voo =5V, Vin =5V,
e Ta=25°C 10 200 nA
o Tain 10 Tmax 1.0 aA
") OFF Channel Leakage Current | Voc =5V, Vin=0,
1% Ta=25C -200 | -10 nA
s Toaan 10 Tpax -1.0 : uA
OL INPUTS '
Logical “1" input Voitage Vee-1.5 v
Logical “0" Input Voltage 15 v
Logicatl “1" Input Current Vin= 15V 1.0 A
(The Control Inputs)
Logical “Q" Input Current Vin=0 -1.0 A
(The Control Inputs) ‘
W Supply Current forx = 640 kHz { 0.3 3.0 mA
' 4 881
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Electrical Characteristics (Continued) - - : . B

Digital Leveis and DC Specifications: ADC0808CJ 4.5V < Vec=5.5V, ~55°C < Ty < + 125°C unless otherwige noted
ADCO0808CC.J, ADCOBOSCCN, and ADCOB09CCN 4.75 < Vee=58.25V, ~40°C< Tas +85°C unless otherwise noted - o

. |

Parameter l Conditions ~ l Min . l Typ | Max

DATA OUTPUTS AND EOC (INTERRUPT) )
‘~Voum) Loglcal “1" Qutput Voltage lo= - 360 4A Vee-0.4
Vourg Logical “0” Output Voltage lo=16mA 0.45
Vourg Logical 0" Qutput Voltage EOC | I5=1.2mA 0.45
|ou7 TRI-STATE® Output Current Vo=5V ' i\ . 3
VO = 0 - 3

Electrical Characteristics
Timing st:.uaaa: Veg= VReF(+)= 5V, VRer(-)= GND, t,= t,=20 ns and Ta=25°C unless otharwise noted.

Symbol Parameter Conditions Min Typ Max
tws Minimum Start Puise Width (Figure 5) 100 200
twate Minimum ALE Pulse Width (Figure 5) ’ 100 200
1, Minimum Address Set-Up Time | (Figure 5 25 50
th Minimum Addresas Hold Time (Figure 5) 25
tp Analog MUX Delay Time Rg =00 (Figure 5) 1 25

From ALE
thn tho OE Control to Q Logic State C =50 pF, R_ = 10k (Figure 8) 125 250
i ton OE Control to Hi-Z CL=10 pF, R = 10k (Figure 8) 125 250
te - Conversion Time fo= 640 kHz, (Figure 5) (Note 7), 80 . 100 116
te Clock Frequency 10 840 1280
teoe EOC Delay Time (Figure 5) 0 8+2us
Cin input Capacitance At Control Inputs 10 15
Cour TRI-STATE® Output At TRI-STATE® Outputs, (Note 1 2) 10 ) 1§

Capacitance : .

Note 1: Absolute mulmiamn’tlng- are those vaiues beyond which the iite of the device may be impaired,

Note 2 Ail voitages are me. with respect to GND, uniess otherwise specified.
Note 3: A zener diode exists, internaily, from VCCtoGND and has s typical breakdown voltage of 7 Vpc. N N
Note & Two on-chip diodes ars tied to sach analog’ input which will forward cond: for analog input itages one diode drop below ground or one

groater than the Ve supply. The spec sllows 100 mV forward blas of either diode. This means that as long a3 the anaiog V)i does not exceed the s
voitage by more than 100 mV, the output code will be oct. To achieve an abeoiute 0 Vpctos Vpc Input voitage range wiil therefore require a minimum
oly voltage of 4.900 YoC over temperature variations, initlal tolerance and loading.
Note &: Total unadjusted ovor includes offset, full-scale, linearity, and mutltiplexer errors. See Figure 3. None of these A/De requires a zero or tull-scale
However, if an all 2610 code ie desired for an analog Input other than 0.0V, or if a narrow full-scaie span exists (for oxarhiple: 0.5V 10 4.6V full-scale) the
voltages can be adjusted to schieve this. See Figure 13. E
Vote & Comp input is ablas into or out of the chopper stabliized p The blss varles directly with clock frequency
as little temperature dependence (Figure 6). 8ee paragraph 4.0.

sote 7: The outputs of the data regi are updated one clock cycie before the rising edge of EOC.

-




P

lonal Description

xer: The device contains an 8-channel single-
I analog signal mujtiplexer. A particular input chan-
I selected by using the address decoder. Table |
the input states for the address lines to seléct any
. The address is latched into thie decoder on the

- Ightransltlon of the address latch enable signal.
-

. TABLE|

t[ SELECTED ADDRESS LINE
;’ " ANALOGCHANNEL [C [ B | A
i " INO L L]
{ ’ IN1 N
b ' IN2 . LlH]L
| IN3 Ly h|H
IN4 HlcolL
‘ INS HlL]H
{ IN6 Hlwn|L
IN7 H|lwr|H

VERTER CHARACTERISTICS
% . o

Ilurt of this slnglo chip dnta acqulamon system s its
Pmloﬁ-todlglt-l converter. The converter is designed

s

o TR SRR

to give fast, accurate, and repeatable conversions over a
wide range of tompoutum The converter is partitioned
Into 3 major séctions: the 258R ladder network, the suc-
cessive approximation register, and the comparator. The
convérter's digital outputs are poemve true.

Tho 256R ladder network approach (Flgum 1) was choun
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonlclly is particularly Important in closed loop feed-
back control systems. A non-monotonic. rolatlonshlp can
cause oscllilations that will be catastrophic for the
system. Additionally, the 256R network does not cause
load varlations on the reference voitage.

The bottom resistor and the top resistor of the ladder
network In Figure 1 are hot the samme vaiue as the
remainder of the network. The difference in these
resistors causes the output characteristic to be sym-
metrical with the zero and full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached + 1/2 LSB and succeeding output
transitions occur every 1 LSB later up to full-scale.

The successive approximation reglster (SAR) performs 8
Iterations to approxirhate the Input voltage. For arty SAR
type converter, n-iterations are required for an n-bit con-
verter. Figure 2 shows a typical example of a 3-bit con-
verter. In the ADC0808, ADC0809, the approximation
technique is extended to 8 bits using the 256R network.

CONTROLS FROM S.A.R.
L

REF(+) Ommemane

1%R &

T GRETERE oAy oy
EY
et
—and

*
» -
AAA A AA sl
VVTV"TV'V’

*r
= .
B A AA A AA andh A A
] VVTVYV'V"
( | L L ] [ ] . *

T0
. - COMPARATOR
INPUT

REF{—) Onmomeed

FIGURE 1. Resistor Ladder and Switch Tree

soaooav 908000V
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Functional Description (Continued)

The AD converter's Successive approximation registar
(SAR) is reset on the positive edge of the start conversion
(SC) pulee. The.canversion is begun on the talling adge of
the start conversion pulse, A converaion in proceas will be
interrupted b receipt of a new start cvon'vonlqn‘ putse.
Continuous ognvonlon may be accomplished by tying the
end-6f-conversion (EOC) output to tha 8C Input. if used in
this mode, ‘an’extemal start conversion pulse should be
applied atiet power up- End-of-conversion will go Iow be-
tween 0 and 8'ciock puises after the rising edge of start
¢bhv'ors[on.‘ R R o

The most important section of the A/D converter Is the

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

{

N 11 SR & i

o . FULL-SCALE o
e “1DEAL CURVE ~<  SRROM«1/2e88 = -
g-“‘ I -4 ﬂf. ' '
,E we| .

> Mn

o NONLINEARITY = 1/2 L 3B

g | - -

- NONLINEARITY = —1/2 LS8
”|.
M [~ ZERO ERROA = - 1/4 158

[ ] Vin
W 1820 8 42 8w N

Vin AS FRACTION OF FULLSCALE

FIQURE 2. 3-Bit A/D Transfer Curve

f

o]

INPUT oY
VOLTAGE

- . . P [RIES B E Lo gy
comparator grift which has the greatest Influence on
repestability of the device. A .chopper-stabjiized ¢

paratorpravides the mos} effective method of safis§

all the oonvertegrequirements. - FANET
The chopper-stabilized tomparator convérts the oc M
signal into an AC signal. Thissignal is then fed t
high gain AC amplitiar and has the DC lpvel restored. N
technique limits the'drift compo, ent Qf the ampl{fier iy
the driftis 8 DC comporient whiéh Is fiot passed
amplifier. This makes the entire A/D-converter ext
Inserisitive to temperatire, iong term drift and Input offe
errors. : ;

Figure 4 shows a, typical error curve for the ADO&;_:
measured using the procedures outlined in AN-179.;

m PERFECT CONVERTR
) /2138 IDEAL 3017 ConvERTeh®
w T TotaL . PT T
8 | vaowsreomllsdl - - inie
g« w 'l ERROR . L_‘ (s o
- ABSOLUTE :
3a m ACCURACY .
S} . -1/2L88
QUANTIZATION
o ERROR
Vin

182830 a8
»  VINAS FRACTION OF FULLSCALE

FIQGURE 3. 3-Blll A/D Apsolute Accuracy Curve
.- {
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Typlcal Performance Characteristics
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2
T - r
fe = 1200 kHz, / Ta=05°¢
"1 ]
- - g o
3 os /] ,“/ = Ta=265°C
3 fe = 64D kHz |. § .
- ]
;, fo = 840 kHz g |~ N
-
1] -t s
Ta~ —40°C
-1 fe = 1200 kHz ——————— I
~15 , | ]
] 125 25 3.76 5 ] 125, 25 s 5
Vin (V) Vin (v}

f
FIGURE 6. Comparator I,y va v, FIGURE 7. Multiplexer Roy vs V),

(Voe = Vage = 5v) (Vec= Vagr = 8V)
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, ADCO808 is designed as a complete Data
8ystern (DAS) for ratiometric conversion
in ratiometric systems, the physical variabls
measured is expressed as a percentage of full-acale
i not necessarily related to an absolute standard.
witage Input to the ADCOBOS is expressed by the

| Vi - Dy

=V2  Dmax— Dy

w=Input voltage into the ADCO80S
Full-scale voltage

Zero voltage

Data point being measaured

= Maximum data limit
=Minimum data {imit

m

example of a ratiometric tranaducer is a poten-
used as a position sensor. The position of the
le directly proportional to the output voltage which
of the fuli-scale voltage across It. Since the data
ted as a proportion of full-scale, reference
ts are greatly reduced, eliminating a large
of error and cost for many applications. A major
of the ADC0808, ADC0809 is that the Input
range is equal to the supply range so the
can be connected directly across the supply
it outputs connected directly into the multiplexer
(Figure 9).

Ratlometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc.,
are suitabie for measuring proportional relationships;
howsver, many types of measurements must be referred
to an absolute standard such as voltage or current. This
means a system reference must be used which relates
the full-scaie voitage to the standard volt. For example, If
Vo = Vpgr = 5.12V, then the full-scale range is divided in-
to 258 standard steps. The smallest standard step Is 1
LSB which Is then 20 mV.

2.0 Resistor Ladder Limitations

The voitages from the resistor ladder are compared to the
selected Input 8 times in a conversion. Thess voitages are
coupled to the comparator via an analog switch tree which
I referenced to the supply. The voitages at the top, center
and bottom of the Iadder must be controlled to maintain
proper operation.

The top of the ladder, Ref( + ), should not be more positive
than the supply, and the bottom of the ladder, Ref(-),
shoutld 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 limita-
tions are sutomatically satistied in ratiometric systems

. and can be easily met in ground referenced systems.

Figure 10 shows a ground referenced system with a
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For in-
stance, ifa5.12Vis used, the supply shouid be adjusted to
the same voltage within 0.1v.

Vee
REF(+) m3B
In?
° DIBITAL
. ouTPUT
. gyt PROPORTIONAL
* TO ANALOG
. INPUT
L]
In0
. v v
REF(~) LS8 Qoyur= AN . YIN
anD our VRer ~ Ve
v ATBY SVOG=VRep s 525V

* Ratl (|
ADCOSOS atlometric transducers

FIQURE 9. Ratlometric Conversion System
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Applications Information continueq)

The ADCO808 needs less than a milliamp of supply current The top and bottom ladder voltages cannot excesd| )
so developing the supply from the reference Is readily and ground, respectively, but they can be symme
accomplished. in Figure 17 & ground referenced system Is less than V. and greater than ground. The centerol
showr which generates the supply from the reference. The ladder voltage should aiways be near the center of
buffer shown can be an op amp of sufficient drive to supply. The sensitivity of the converter can be Inc i
supply the miltlamp of supply current and the desired bus (l.e., size of the LSB steps decreased) by using a
drive, or if a capacitive bus is driven by the outputs a large metrical reference system. In Figure 13, a 2.5V rel
capacitor wili supply the transient supply current as seen Is symmetrically centered about Veo/2 since the
In Figure 12. The LM301 is overcompensated to Insure current flows in identical resistors. This system
stablility when loaded by the 10 uF output capacitor. 2.5V reference allows the LSB bit to be haif the size
5V reference system. T
.
’ : ﬁ
%
v J‘i
UMY Vee . 4
Mmsa A
1
VRer REF(+) DIGITAL 4
a ouTPUT It}
T REFERENCED
Ot 1y7 ou T0 i
ViN { O=dq $ GROUND }
o1,
: REF(-) 188 4
GND - IN =4
_ Qout VRer Ny
ADCOS0S 4.78Y Voo = VREF £8.28V x
FIQURE 10. Ground Referenced ;
Conversion System Using Trimmed Supply ;
by
3
v4
Vee
VT’ .
VRer < g REF(+) DIBITAL QUTPUT
Vaer(s o~ four aRouND
Vin { O~ E
Lo [
C REF(-) Lss
GND - VIN
Qour VREF 34
ADCO208 475V SVCo = VRERS8.20V ¥

FIGURE 11. Ground Referenced Conversion System with
Reference Generating Ve Supply
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Typical Applicatjon

READ

ADURER
DECODE
(AD4-ADIS)*

"‘ SV aurrLy t
L]

600 kHz -t
5.000V =l

cLK
VREF(+)

8.000V ~—~{ Vpeg(-)

START
ALE

- ADQ~—d A

SRAOUND ==

* Addrese

ADCOS0S
ADCOS0S

AD Y oned
ADZ e

©

VcF
GND

0k
EOC

> D87
T
N T
P 084
el B3
T
e 081

e D8O

-—v"‘.

0-6v

INTERRUPY
INTERRUPT

Mse

138

. ANALOG

tatches needed for 8085 and 8C/MP Interfacing the ADC0608 to & mlcronlocouér

MICROPROCESSOR INTERFACE TABLE

INPUT RANGE

£

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 WMEMH VEMW INTR (Thru RST Circult)
8085 RD WR INTR (Thru RST Circutty
z-80 ;1) WR TRT (Thru RST Circutt, Mode 0)
SC/MP NRDS NWDS SA (Thru Senae A)
6800 VMA-¢ 2-RrW VMA-»2 T iRGA or THGH (Thru PIA)

Ordering Information

TEMPERATURE RANGE

Error

~40°C to +88°C ~88°C to +125°C
* 1/2 Bit Unadjusted ADCO0808CCN ADC0808CCJ ADCOBO8OY - - |.3: - 43
+ 1 Bit Unadjusted ADCOB09CCN

Package Outline

N28A Molded DIP

J28A Hermetic DIP

J28A Hermetic DIP |
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