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SYNOPSIS

This project deals with the testing of various critical ICs used in the

Single Yarn Testing equipment.

The project is based on the 8032 Microcontroller Conventional
IC testers do not specify the fault present in defective chips simply
display whether the IC is good or bad. Moreover these testing

equipment are very expensive too.

In this project the various functions of the ICs such as the
input/output ports, the timer/counter, the interrupts can be checked.
This project is used to test the 1C8032, IC8155, ADC574, DAC703,
DS1230 for the above mentioned functions. Assembler ASM 51 1s
used for writing the software required for the testing system. Front-

end software is written using ‘C’ language.

The test jig is interfaced to a terminal using the RS232C serial
interface standard. Desired parameters can be tested by sending

appropriate commands from the terminal. A set of protocols 1s framed



for serial communication between the terminal and microcontroller.

The results of testing are displayed in the terminal.

The project was successfully completed and was tested using
different critical IC’s of testing equipment.
This project is very useful in ensuring the quality of the ICs used in

the Single yarn testing equipment.
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1. INTRODUCTION

Basically this project deals with the testing of the Integrated
Circuits that are used in the Single yarn testing equipment. Let us se¢

some of the features of the ICs.

1.1. INTEGRATED CIRCUITS:

Electronic circuitry has undergone tremendous changes since the
invention of a triode by Lee De Forest in 1907. In those days the active
components (like triode) and passive components (like resistors,
inductors and capacitors ) of the circuits were separate and distinct units

connected by soldered leads.

In the early 1960s, there was a need for reducing the size of
electronic components used in Military applications. This drive for
extreme reduction in size has led to the development of microelectronié
circuits called Integrated Circuits (ICs) which are soO small that their

actual construction is done by technicians using microscopes.



An IC is a complex electronic circuit in which both the active and
passive components are fabricated on an extremely single tiny chip of

Silicon.

1.1.1 ADVANTAGES OF ICS:

¢ Extremely small physical size.

¢ Very small weight.

¢ Reduced cost.

+ Extremely high reliability

¢ Suitability for small signal operation.
+ Low power consumption.

¢ Easy replacement.

1.1.2 DISADVANTAGES OF ICs:

Though there are numerous advantages, the 1Cs also suffer from a

few drawbacks. They are listed below,

1. Coils or Inductors cannot be fabricated.

1

I U,



3. They can handle only limited amount of power.

4. They are quite delicate and cannot withstand rough handling or

excessive heat.

1.2 SINGLE YARN TESTER:

The single yarn tester is an automatic tensile tester manufactured by
Premier Polytronics Limited, Coimbatore. In India, it is the sole
manufacturer of this kind of products. Similar equipments are made only
in three other places in the world.

This equipment is used to test the critical parameters of yarn, lea,

fabric such as the tensile strength, elasticity etc..,

1.3 NEED FOR THIS PROJECT:

Complex electronic circuits are used in the yarn testing equipment.
Microcontroller 8032 is generally used as the central processing unit of
these equipments. In addition to this, various other expensive ICs form a
part of this circuit. These ICs may get damaged due to accidental high
voltages or due to rough handling and excessive heat etc.., So it is
necessary to ensure the quality of these ICs before being used in the

equipments..



Conventional 1C testers available are very expensive. Moreover the

functions of the parameters such as the ports, timers, interrupts etc.,

cannot be analysed in these testers.

Hence there arises a need for an interactive testing system which can

analyze the different parameters of the ICs. This requirement is taken

care of by this project.



2. MICROCONTROLLER 8032

2.1 ABOUT THE MICROCONTROLLER:

The microcontroller 8032 is widely used n the electronic

industries. Since the microcontroller controls all the operations it 18

essential to discuss about its architecture.

The special function registers (SFR) are described below:

ACCUMULATOR:

ACC is the accumulator register. The mnemonics for accumulator-

specific instructions, however, refer to the accumulator simply as A. The

accumulator is one of the important special register.

B REGISTER:

The B register is used during multiply and divide operation. For

other instructions, it can be treated as another scratch pad register.

PROGRAM STATUS WORD:

The program status word register contains program status

information as detailed in the figure.
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STACK POINTER:

The stack pointer register is 8 bits wide. It is incremented before
data is stored during PUSH and CALL executions. While the stack may
reside anywhere in on chip RAM, the stack pointer is initialized to 07H

after a reset. This causes the stack to begin at location 08H.

DATA POINTER:
The data pointer (DPTR) consists of a high byte (DPH) and a low
byte (DPL). Its intended function is to hold a 16-bit address. It may be

manipulated as a 16- bit register or as two independent 8-bit registers.

PORTS 0TO 3:
PO, P1, P2 and P3 are the special function registers (SFR) latches

of ports 0,1 2, 3 respectively.

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 transmit buffer where it is a held for serial transmission.

When data is moved from SBUF, it comes from the receiver.



TIMER REGISTERS:
Register pairs (THO, TLO), (THIL, TL1), and (TH2, TL2) are the

16-bit counting registers for timer/ counter 0, 1 or 2 respectively.

CAPTURE REGISTERS:

The register pair (RCAP2H, RCAP2L) are the capture registers
for the timer2 “capture mode”. In this mode, in response to a transition at
the 8032°s T2EX pin, TH2 AND TL2 are copied into RCAPZH and

RCAP2L. Timer 2 also has a 16-bit auto reload mode.

CONTROL REGISTERS:
Special function registers IP, [E, TMOD, TCON, T2CON, SCON
and PCON contents control and status bits for the interrupt system, the

timer /counter, and the serial ports.

TIMER /COUNTER:

The 8032 has two 16-bit timer/counter register. Timer0 and
Timer!. The 8032 has these two plus one more timer2. All the three can
be configured to operate either as timers or counters. In the timer

function, the register is incremented every machine cycle.



In addition to “TIMER” or * COUNTER” selection. Timer0 and
Timerl have 4 operating modes . Timer 2, In the 8032, has 3 modes of
operation: «CAPTURE”, AUTO RELOAD”and  “BAUD RATE

GENERATOR”.

TIMER 0 AND TIMER I:

These timer/ counter are present in the 8032. The “timer”or
«counter” function is selected by control bits C/ T in the special function
register TMOD These two Timer/ Counter have four operating modes ,
which are selected by bit pairs(M1,M0)in TMOD. Modes 0, 1 and 2 are

the same for both Timer/ Counters.

SERIAL INTERFACE:

The serial port is full duplex, meaning it can transmit and receive
simultaneously. It is also receive buffered, meaning that it can
commence reception of a second byte before a previously received byte
has been read from the receive register. The serial port receive and
transmit registers are both accessed at special function register SBUF.
Writing to SBUF loads the transmit register, and reading SBUF accesses
a physically separate receive register. The serial port can operate in 4

modes.



MODE 0:
Serial data enters and exists through RXD, TXD outputs this

shift, clock, 8 bits are transmitted / received. The baud rate is fixed at

1/12 the oscillator frequency. Aﬁ:\\
\
%

MODE I:
10 bits are transmitted or received -a start bit (0), 8 data bits
(LSB first) and a stop bit (1). On receive, the stop bit goes into RB8 in

special function register SCON. The baud rate is variable.

MODE 2:

11 bits are transmitted or received ; a start bit (0), 8 data
bits(LSB first), a programmable o bit and a stop bit (1). On
transmission, the 9" data bit (TB8 in SCON) can be assigned the value of
0 or 1. The baud rate is programmable to either 1/32 or 1/64 the oscillator

frequency.

MODE 3:
11 bits are transmitted or received: a start bit (0), in fact mode 3
is the same as mode 2 in all respects except the baud rate. The baud rate

in mode 3 is variable.



In all four modes, transmission is initiated by any instruction that
uses SBUF as a destination register. Reception is initiated in mode 0 by
the condition Ri = 0- and RED = 1. Reception is initiated explained in

the other modes by the incoming start bit if REN =1.

INTERRUPTS:

The 8032 provides 6 interrupt SOUrces. The external interrupts
INTO and INT! can each be either level activated or transition activated,
depending on bits ITO and IT1 in register TCdN. The flags that actually
generate these interrupts are bits IEO and IE!1 in TCON. When an
external interrupt is generated, the flags that generated it,is cleared by the
hardware when the service routine is vectored to only if the imterrupt
was transition-activated. If the interrupt was level —activated, then the
external requesting source controls the request flag, rather than the on-

chip hardware.

The timer O and timer 1 interrupts are generated by TFO and
TF1, which are set by a rollover in their respective Timer/Counter
registers. When a timer interrupt is generated by the on-chip hardware

when the service routine is vectored to. The serial port interrupt 1s



generated by the logical OR of R1 and T1. Neither of these flags 1S

cleared by hardware when the service routine is vectored to.

The 8032, the Timer2 interrupt generated by the logical OR of
TF2 and EXF2. Neither of these flags is cleared by hardware when the
service routine is vectored to.In fact, the service routine may have to
determine whether it was TF2 or EXF2 that generated the interrupt and
the bit will have to be cleared in software. All of the bits that generate the
interrupts can be set or cleared by software,with the same result as though
it had been cleared by hardware. That is, interrupts can be generated or
pending interrupts can be cancelled in software. Each of these interrupt
source can be individually enabled or disabled by setting or clearing bit in
the special function register 1E. IE contains also a global disable bit, EA

which disable all interrupt at once.

2.2 PIN DESCRIPTION:
VCC: Supply voltage (+5v DC)
VSS: Circuit ground potential.
PORT 0: Port 0 is an 8-bit open drain bidirectional /O port.
PORT 1:Port 1 is an 8-bit bidirectional 1/O port with internal pullups.

o Dt ) e an 2-bit bidirectional /O port with internal pullups.



PORT 3: Port 3 is an 8-bit bidirectional 1/O port with internal pullups.
RST: Reset nput .

ALE/PROG : Address latch enable/ programming.

PSEN: Program store enable.

XTAL1:Input to the inverting oscillator amplifier.



8032 MEMORY ORGANISATION

PROGRAM MEMORY :
R FFFF
60k
BYTES
EXTERNAL
64k
— BYTES
> OR EXTERNAL

1000
OFFF

4k BYTES /

INTERNAL
0000 0000

The 8032 has separate address spaces for program and data memory.The program
memory can be upto 64K bytes long. The lower 4K can reside on-chip.The figure above

shows the map of the 8032 Program memory. The MOVX instruction is used to access the

external memory.



DATA MEMORY :

OFFF | ]
INTERNAL 64k
BYTES
EXTERNAL
FF
SFRs w
DIRECT ADDRESSING
ONLY
80
— >
- OR
DIRECT AND INDIRECT
ADDRESSING
7 i
00 0000

The 8032 has 128 bytes of on-chip RAM,plus a number of Special Function
Registers(SFRs). The lower 128 bytes of RAM v\vhich can be accessed by both direct and
indirect addressing can be divided into three segments as,

Register Banks 0-3

Bit Addressable area

Scratch Pad Area.
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Program Status Word (PSW) Register

BIT

PSW.7
PSW.6
PSW.5

PSW.4

PSW.3

PSW.2
PSW.1
PSW.0

NOTE :

follows:

SYMBOL

CY
AC
FO

RS

RSO

oV

RST [ RSO [ OV [ - [ P >

Carry flag.

Auxilliary flag. (For BSD operations.)

Flag O. ( Available to the user for general
purposes.)

Register bank select control bit 1.
Set/cleared by software 10 determine working
register bank.

Register bank select control bit 0.
Set/cleared by software to determine working
register bank.

Overfiow flag.

User-definable flag

Parity flag.

Set/cleared by hardware each instruction
cycle to indicate an odd/even number of "one”

bits in the Accumulator, i.e., even parity.

The contents of (RS1, RS0) enable the working register banks as

(0,0) - Bank O
(0,1) - Bank 1
(1,0) - Bank 2
(1,1)- Bank 3

(OOH-07H)
08H-0fH)
10H-17H)
18H-17H)



M1

Timer / Counter Mode Control (TMOD) Register

FGATE CIT l M1 ‘ Mo \ GAT ‘ CIT \ M1 MO
L E L i E 1
- ' N 7
~ ~
TIMER 1 TIMER O
GATE Gating control when set. Timer/Counter "x" is enabled
while "INTX" pin is high and "TRx" control pin is set.
When cleared Timer "X" is enabled whenever "TRX"
control bit is set.
crIT Timer or Counter Selector cleared for Timer operation

MO

(input from internal system clock).

Set for Counter operation (input from "Tx" input pin).

OPERATING

8048 Timer "TLx" serves as S bit prescaler.

16-bit Timer/Counter "THx" and "TLx" are cascaded;
there is no prescaler.

8-bit auto-reload Timer/Counter "THx" holds a value
which is to be reloaded into "TLx" each time it
overfiows.

(Timer 0) TLO is an 8-bit Timer/Counter controlled by ~
the standard Timer O control bits.

THO is an 8-bit timer only controlled by Timer 1 control
bits.

(Timer 1) Timer/Counter 1 stopped.



MSB

Timer / Counter Control (TCON) Register

TF1 | TR1 | TFC | TRO TIE1 | T4 | IEC | iTo |

BIT
TCON.7

TCON.6

TCON.5

TCON.4

TCON.3

TCON.2

TCON.1

TCON.O

SYMBOL
TF1

TR

TFO

TRO

IE1

IT1

IEO

iTO

FUNCTION

Timer 1 overflow flag. Set by hardware on
Timer/Counter overflow.

Cleared by hardware when processor vectors to
interrupt routine, or clearing the bit in software.
Timer 1 Run control bit. Set/cleared by software -
to run Timer/Counter on/off.

Timer O overflow flag. Set by hardware on
Timer/Counter overflow.

Cleared by hardware when processor vectors to
interrupt routine, or by clearing the bit in scftware.
Timer O Run control bit. Set/cleared by software
to run Timer/Counter on/off.

Interrupt 1 Edge flag. Set by hardware when
external interrupt edge detected.

Cleared when interrupt processed.

Interrupt 1 type controf bit. Set/cleared by
software to specify falling edgeflow level friggered
external interrupts.

Interrupt O Edge flag. Set by hardware when
external interrupt edge detected.

Cleared when interrupt processed.

interrupt 0 Type control bit. Set/cleared by
software to specify falling edge/low level triggered

external interrupts.



Serial Port Control (SCON) Register

[SmMo | SM1 | SM2 TREN [ TB8 | RB8 | Tl RI

Where SMO, SM1 specify the serial port mode, as tollows:

SMO

SM1 Mode Description Baud Rate

SM2

REN

TB8

RB8

Tl

Rl

- o = O

0 Shift register " losc/12

1 8-bit UART Variable

2 9-bit UART iosc/B4 or losc/32
3 9-bit UART variable

Enables the multi processor communication feature in modes 2 and
3. |In mode 2 or 3, if SM2 is set to 1, then Rl will not be activated if
the received 9" data bit (RB8) is 0 In modet, if SM2 = 1 then Rl will
not be activated if a valid stop bit was not received. In mode 0, SM2
should be 0.

Enables serial reception. Set by software to enable reception. Ciear
by software to disable reception.

The 9" data bit that will be transmitted in modes 2 and 3. Set or
cleared by software as desired.

In modes 2 and 3, is the 9" data bit that was received. In mode 1, if
SM2 = 0, RB8 is the stop bit that was received. in mode 0 RB 8 is not
usea.

Transmit interrupt flag. Set by hardware at the end of the 8" bit time
in mode O, or at the beginning of the stop bit in the other modes, in
any serial transmission. Must be cleared by software.

Receive interrupt flag. Set by hardware at the end of the 8" bit tlme
in mode 0O, or half way through the stop bit time in the other modes,
in any serial reception (except see SM2). Must be cleared by

software.



Power Control (PCON) Register

MSB LSB
SMO - - - GF1 GFo | PD | IDL '
D | |
BIT SYMBOL FUNCTION
PCON.7 SMOD Double Baud rate bit. When set to 1 and Timer 1 is

used tovgenerate baud, and the Serial Port is used in

modes 1,2 or 3.

PCON.6 - Reserved

PCON.5 - Reserved

PCON.4 - Reserved

PCON.3 GF1 General-purpose flag bit

PCON.2 GFO General-purpose flag bit

PCON.1 PD Power-Down bit. Setting this bit activates power-
down operation.

PCON.O iDL Idle mode bit. Setting this bit activate idie mode
operation.

If 1s are written to PD and IDL at the same time, PD takes precedence. The reset
value of PCON is (0XXX0000). In the NMOS devices, the PCON register only
contains SMOD. The other four bits are implemented only in the CMOS devices.
User software should never write 1s to unimplemented bits, since they may be

-

used in future products.



3. DETAILS OF ICs TESTED

3.1 ADC 574
FEATURES:
¢ Complete 12 bit A/D converter with reference, clock, and 8-.12-,16-

bit microprocessor bus interface

¢ Improved performance second source for 574A type A/D converter.

¢ Conversion time: 125 micro seconds maximuim.

+ Bus Access time: 150 micro seconds maximuim.

¢ Dual in line plastic, PLCC and hermetic ceramic.

+ Fully specified for operation on _12v to +12v or —15v foO +15v

supplies.

+ No missing codes over temperature.

3.1.1 DESCRIPTION:

The ADC 574A is a 12 bit successive approximation analog to
digital converter, utilizing state of the art CMOS and laser trimmed

bipolar die custom designed for freedom from latch up and for optimum



AC performance if is complete with a self contained +10v reference
internal clock, digital interface for microprocessor control and three state

outputs.

The reference circuit, containing a buried Zener, 1s laser trimmed
for minimum temperature coefficient. The clock oscillator is current
controlled for excellent stability over temperature. Full scale and offset

errors may be externally trimmed to zero.

[nternal scaling resistors are provided for the selection of analog
input signal ranges of Ov to +20v, 5v and 10 v. The converter may be
externally programmed to provide 8- or 12- bit resolution. Output data
are available in a parallel format from TTL- compatible three state output

buffers.



3.2 DAC703

FEATURES:

¢ Dual- in -line plastic and hermetic ceramic and SOIC.

+ Monotonic ( At 15 bits ) overfull specification temperature range .

¢ High accuracy.

¢ Output voltage and output current models.

¢ Pin compatible with DAC 70 ,71,72 families.

3.2.1 DESCRIPTION:

The DAC70x family comprises of complete 16 bit digital to analog
converters that include a precision buried—zener voltage reference and a
low noise all on one small monolithic chip. A combination of current—
switch design techniques accomplishes not only 15-bit monotonicity-over
the entire specified temperature range, but also a maximum end point

linearity error of +0.0015% or -0.0015% of full scale range.

Digital inputs are complementary binary coded



and are TTL-, LSTTL-, 54/74C- AND 54/74HC compatible over the
entire temperature range outputs of 0 to +10v, +10v or —=10v, 0 to ~2mA

and +1mA or —1mA are available.

These D/A converters are packaged I hermetic 24- pin ceramic
side brazed are moulded plastic. The DIP packaged parts are pin
compatible with the voltage and current output DAC71 and DACT2
model families. DAC703 1s offered in a 24-pin SOIC package for surface

mount applications.

3.3 PERIPHERAL IC 8155:

The 8155 is a multipurpose programmable device specitically
designed to be compatible with the processor. The 8155 includes 256
bytes of R/W memory, three [/O ports and a timer. The programmable.

1/O sections of these devices are illustrated in the following sections.

The 8155 has two sections, the first is 256 bytes of R/W
memory, and the second is a programmable 1/O. Functionally, these

two sections can be viewed as two independent chips. The /O



section includes two 8-bit parallel 1/0 ports (A&B), one 6 bit port(C) .
and a timer. All the ports can be configured as input/ output ports.
Ports A and B also can be programmed in the handshake mode, each
port using three signals as handshake signals from portC. The timer is

a 14- bit down-counter and has four modes.

3.3.1 THE 8155 1/0 PORTS

The /O section of the 8155 includes a control register, three
ports, and two registers for the timer. The expanded block diagram of
the /O section represents a typical programmable 1/O, two address
lines plus the chip select logic were used to determine port addresses.
The 8155 /O section requires three address lines —~AD2 TO ADO and

the chip enable logic to specify one of the seven registers.

To communicate with peripherals through the 8155, the

following steps are necessary:



D; | D¢ | Ds | Da D; | Dy | Dy Dy
] ] I
0 = Input
Port B I = Output
Port C
00=ALTI
11=ALT2
1=ALT3
10=ALT4
» [E, = Interrupt Enable Port A 1 = Enable
0 = Disable
_pEs = Interrupt Enable Port B

Timer Commands

00 = NOP__ no effect on timer
01 = Stop__ Stop continuing if timer is running;
otherwise, no effect on timer
10 = Stop after TC (terminal count) _ Stop after at end of the count
if timer is running; otherwise, no
effect on timer
11 = Start__Start timer if it is not running
__Iftimer is running, stop at end of the count.
"Reload new mode and count, and start again

Control Word Definition for 8155



1. Determine the address based on the chip enable logic and
address lines ADO-AD2.

2 Write a control word in the control register 10 specify 1/0
functions of the ports and the timer characteristics.

3. Write I/O instructiéns to port addresses to communicate with the
peripherals.

4 Read the status register, if necessary, to verify the status of the
/O ports and the timer.In simple applications, this step 1s not

necessary.

3.4 DS 1230(NVRAM)

FEATURES:

¢ 10 Years minimum data retention in the absence of external power .

¢ Datais automatically protected during power loss.

¢ Replaces 32k*8 volatile static RAM,EEPROM or Flash memeory.

¢ Unlimited write cycles * Jow power CMOS.

¢ Read and write access times as fast as 70ns.

¢ Lithium energy source is electrically dieconnected to retain freshness
until power is applied for the first time.

¢ Full +/- 10% Vcc operating range.



3.4.1 DESCRIPTION:

DS 1230 256k NVSRAM’S are 262,144-bit, fully static, non
volatile SRAM’S organised as 32,768 words by 8 bits. Each NVSRAM
has a self contained lithium energy source and control circuitry which
constantly monitors Vcc for an out of tolerance condition. When such a
condition occurs, the lithium energy source is automatically switched on
and write protection 18 unconditionally enabled to prevent data
corruption. There is no limit on the number of write cycles that can be
executed and no additional support  circuitry is required for

microprocessor interfacing.



4. HARDWARE DESCRIPTION

4.1 SYSTEM DESIGN:

The overall block diagram of this project is represented in the figure 1.

The system design consists of the following blocks.

1) PC
2) Main Board
3) Testing Board

4) Power Supply

The various blocks listed above are explained as follows.

1) PC: A personal computer with a serial communication port,
COM 1/COM21s required for this project. Front end software
written in 'C' language 1s stored in the PC. The PC is connected
to the testing system using the RS232 C cable.

2) Main Board: This board is an integral port of the single yarn
tester. It controls the yarious operations of the equipment. It has
the microcontroller 8032 as its central processing unit with

external program and data memory. The other ICs which are to
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be tested in this project are interfaced to the 8032
microcontroller. It also has the IC Max 232 for serial
communication with the PC.

3) Testing Board: The testing board consists of comparators, DIP
switches and LEDs which are used for conducting the various
tests to be performed in this project.

4) Power Supply: The voltages required for this main board are
+5V, +15V and -15V. These voltage ar¢ provided by a power

supply unit.



4.2 CIRCUIT DESCRIPTION

The circuit consists of 8 pin PTR connectors to which the port 1 of

IC 8032, ports A,Band C of the IC 8155 are connected.

All the port lines are 1n turn connected to them inverting terminals
of the comparators and separate DIP switches. Voltage dividers which
provide an o/p voltage of 2.5 V are connected to the inverting input
terminals of the comparator. The comparator circuit is constructed using
the quad single supply comparator LM339. This IC is capable of level

detection, low-level sensing of the input signals.

LEDs are provided at the outputs of the comparator. The circuit has
a push button connected to a comparator switch to test the external

interrupts of the IC 8032.

A separate 6 pin connector JMP2 is provided for power supply

from the main board. The voltage levels required are,
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VPOS W e > +15V
VNEG ~ - > -15V
GND

4.3 CIRCUIT OPERATION:

When a signal of 5V +, corresponding to logic 1 is present at the
port lines, the output of the comparator is 5V (since V ref at the inverting
terminal is 2.5 V). The LED at the comparator output becomes reverse

biased and does not glow.

When a OV signal, i.e. (logic '0") is present at the port lines, the

comparator o/p switches to -2.5V and the LEDs connected to it glow.

The DIP switches should be kept open, when the ports are tested
for the output function. While testing the ports for input function, the DIP

switches should be closed.

For testing the interrupts, the push button switch SW1 is pressed.
The capacitor connected to it is charged to +5V volts through the 270 KQ
resistor. So the o/p of the comparator is at 5 volts. When SW1 is pressed
again, the capacitor discharges through the 10KQ resistor, making the

comparator o/p OV.



5. PROCEDURE FOR TESTING

To conduct a particular test, respective commands are sent from
the terminal to the microcontroller. Results of testing are returned to the

terminal. For this two way communication a set of protocols is framed.

Communication from the terminal to the microcontroller is called

Downstream communication. The protocol used 1s

Starting character ------------ <
Ending character ------------- >
Communication from the micro controller to the terminal is called
upstream communication the protocol used is,

Starting character ------------- {

Ending character ------------- }



5.1 LIST OF COMPONENTS TO BE TESTED:

1) IC 8032 - MICROCONTROLLER

2) IC 8155 - PERIPHERAL IC

3)IC ADC574 - ANALOG TO DIGITAL CONVERTER

4) IC DAC703 - DIGITAL TO ANALOG CONVERTER

5) DS 1230 - NVRAM

5.2 TESTING:
5.2.1 IC 8032:

5.2.1.a. Testing the portl:

As input:

Read the input(DIP) switch status and transmit the data to PC as

and when read command 1s received from the PC.

Protocols used:
Downstream ------ <PI>

Upstream  ------ {XX}

Where "XX' is the return value corresponding to the DIP switch status.



As output:

All the switches connected to the port should be kept open.
Move a known data, say, 55H or AAH to the portl of the IC. The LED's
connected to the port lines through the comparator glow according to the

comparator output.

If the comparator o/p 1s low.then the LED glows.

If the comparator o/p 1S high,then the LED does not glow.

Protocols used:
Downstream ------ <PO>

Upstream  --—-- {0},if the IC is good.

5.2.1.b. Testing the Timer 0:

The timer of the 8032 microcontroller is tested by generating a
pulse using the timer. The timer O is loaded with a particular value-and
the O/P pulse is produced at the port pin PLO of the 8032 micro

controller. The frequency of the pulse must be 1 KHz.



Protocols Used:

Downstream ---=---====="" <T>

5.2.1.c. Testing the External Interrupts:

The external interrupt 1s tested by means of push button switch.
When the switch is not pressed a return value from the micro controller
appears when the push button switch is pressed the program executes the

interrupt service routine which returns some other value. The result is

discharged on the screen.

Protocols used
Downstream  ------- <10><I1>
Upstréam - {O} for acknowledgement

{ }ifthe ISR is executed.



5.2.2 IC 8155

As input:

Read the input(DIP) switch status and transmit the data to PC as

and when read command is received from the PC.

Protocols. used:
Downstream ------ <8I>

Upstream --—-—- {XX}

Where "XX' is the return value corresponding to the DIP switch status.

As output:

All the switches connected to the ports should be kept open. Move
a known data, say, 55H or AAH to the ports A & B of the IC.The LED's
connected to the port bits through the comparator glow according to the
comparator output.
If the comparator o/p is low,then the LED glows.

If the comparator o/p is high,then the LED does not glow.



Protocols used:

Downstream -7 <80>
Upstream -~ {0},if the IC 1s good.
(B},if the IC 1s bad.
5.2.3 ADC 574:

The known voltage from the voltage source 18 supplied externally
to the analog in pin of the ADC. The 12 bit digital output from the ADC

is obtained and displayed after the conversion.

Protocols Used:
Downstream ------=---- <A>
Upstream ~ ---====="=" (XXX}

XXX - refers to the 12 bit digital output value form the ADC.
5.2.4 DAC 703:

Move a known data to the input buffer of the DAC through the data
bus from the 8032 IC. Using the formula calculate the equivalent analog
output voltage. Then measure the output voltage of the IC at the analog
output pin, using a voltmeter. If both the obtained values of AC voltage

are equal, then the condition of the IC is good.



Digital Input Expected analog output

0000H - +10V
FFFFH - 10V
7FFFH - oV

Protocols used:

Downstream  --—---

Upstream =" {0}

Where D1 corresponds to +10 V, D2 to -10V and D3 to OV.

5.2.5 DS 1230:

Load 55H in locations from 0000H to 7FFFH of the NVRAM IC,

using write operation. Then verify if the same data, i.e., 55H is present in

all the locations from 0000H to 7FFFH, using read operation.



Protocols used:

Upstream - {O},if the IC 1s good.

{B},if the IC is bad.

If the loaded data is missing in any of these locations, then the

LED connected to P 1.0 of 8032 glows, indicating that the IC is bad.



6. ASSEMBLY LANGUAGE PROGRAMMING

$INCLUDE (MAX_MEMI1.DEF)

**************************************************************************

KCT PROJECT_TENSOMAXX TEST JIG

**************#***********************************************************

; 8032 INITIALISATIONS FOR ASM31

T2CON DATA 0C8H
RCAP2L DATA 0CAH
RCAP2H DATA 0CBH
TL2 DATAOCCH
TH2 DATAOCDH
PCON EQU 087H
ET2 BIT 0ADH
PT2 BIT 0BDH
T2EX BIT 091H
T2 BIT 090H
******** TZCONBITS *******************************************************
TF2 BIT OCFH
EXF2 BIT OCEH
RCLK BIT 0CDH
TCLK BIT 0CCH
EXEN2 BIT 0CBH
TR2 BIT 0CAH
C_T2 BIT 0C9H
CP RL2 BIT 0C8H .
***********#**************************************************************
ZERO DATA  000H
SERTAL_CONTROL_WORD DATA  050H ‘SCON DATA
TMOD_VALUE DATA 021H ,
TCON_VALUE DATA 022H
**************************************************************************
TEMP  EQU 7FFFH
PORTL EQU 90H
************8155 DECLARA’I‘ION**************=|l***********************************
PORTA EQU OF401H
PORTB EQU 0F402H
PORTC EQU OF403H
CW 8155 EQU OF400H
,***********************DAC DECLARATION***********************************
DAC_HI_ BYT EQU OE00UH
DAC_LO BYT EQU OE400H
DAC_BIOSLO_BYT EQU 0ECO0H
DAC_BIOSHI_BYT EQU 0E800H

”INTERNAL RAM DECLARATION

SRL_DATA_PTR LO  EQU  008H
SRL_DATAPTR HI  EQU  O009H

RCV_FLAG EQU 00AH
START_CHAR EQU 00BH
RST_FLAG EQU  OI2H

END FLAG EQU 013H
.............. EXTERNAL RAM DECLARATION
STATUS PTR EQU 1000H

D NNLT



LIMP START

ORG 03H ‘EXTERNAL INTERRUPTO
LIMP INTE 0
ORG 0BH :TIMERO INTERRUPT
LJMP TIMER_0
ORG 13H :EXTERNAL INTERRUPT1
LIMP INTE_I
ORG 1BH -TIMER1 INTERRUPT
RETI
ORG 23H :SERIAL PORT INTERRUPT
LJMP SERIAL
ORG 2BH “TIMER2 INTERRUPT
RETI
ORG 200H
START:

MOV SP,#60H

MOV PSW, #0H

LCALL INIT_8032
LCALL INTT_VARIABLES
LJMP MAIN_PROGRAM

INTT_8032:

-***;;********************************************************************

Initialise MICRO CONTROLLER
;*************************************************************************
CLR TRO :Clear Timer 0
CLR TRI1 :Clear Timer 1
CLR TR2 :Clear Timer 2

MOV SCON #SERIAL_CONTROL_WORD :Scon Value
SETB EA :to enable interrupts

MOV TMOD #TMOD_VALUE “Timer Mode Word
MOV PCON,#080H

MOV TL2#0AAH

MOV TH2,#02FH

MOV TL1,#0F3H ; FOR 4800 BAUD RATE WITH 12MHZ CRYSTAL
MOV THIL#0F3H

MOV TLO,#0

MOV THO,#0

SETB ET2

SETB ETI1

SETB ETO

SETB ITO

SETB IT1

CLR TF2

CLR C_T2

SETB ES

SETB TRI1

CLR RI
~NMD OTI



RET

~*************************************************************************

INIT_VARIABLES:
;*************************************************************************
MOV SRL_DATA_PTR_LO,#00H
MOV SRL_DATA_PTR_HIL#10H
MOV RCV_FLAG,#0FFH
MOV START_CHAR #0FFH
MOV RST_FLAG,#FFH

-*********f***************************************************************
»

SERIAL:
;**************************************#**********************************
'CHECK FOR STARTING CHARACTER FROM PC

7B RI,CHK_FOR_START_CHAR

CLR TI

RETI

CHK_FOR_START_CHAR:
PUSH ACC
CLR RI
MOV A,SBUF
MOV R1,A
CINE A#< CHK_FOR_END_CHAR
MOV START CHAR #055H

RET_SRL.:

POP ACC

RETI
;*************************************************************************
CHK_FOR_END_CHAR:

MOV A,START_CHAR

CINE A #055HRET_SRL

MOV ARl

CINE A #>',STORE DATA

MOV RCV_FLAG,#055H

MOV START_CHAR #0FFH

MOV SRL_DATA_P’TR_LO,#OOH

MOV SRL_DATA_PTR_HI,#IOH

DO_SRL_RTRN:
POP ACC
RETI

STORE_DATA:
MOV DPL,SRL_DATA_PTR LO
MOV DPH,SRL_DATA_PTR_HI
MOV ARl
MOVX @DPTRA
INC DPTR
MOV SRL_DATA_PTR_LO,DPL
MOV SRL_DATA_PTR_HLDPH
LIMP DO _SRL_RTRN

~***********é;***;;*****************************************************

b
CHECK_COMMAND:
;******#*******************************************************#**********
MOV DPTR #STATUS_PTR
MOVX A,@DPTR

- AL’ DY A



CINE A#P,CHK_TIMER

LIMP

PORT

CHK_TIMER:

MOV

AR2

CINE A#T,.CHK_INTE

LIMP

CHK_INTE:

MOV
CINE
LIMP
CHK_8155:
MOV
CINE
LIMP

TIMER

AR2

A#T CHK 8155

INT

AR2

A#8 CHK_NVRAM

PR_8155

CHK_NVRAM:

LIMP

CHK_ADC:
MOV
CINE
LIMP

ERROR:
RET

<ok dekok ko ok Aok ok ok ok ok

7O CHECK THE PORTS

AR2
NVRAM

AR2

' A#N',CHK_DAC

A#D'CHK_ADC

DAC

AR2

A#A' ERROR

ADC

***********************************************************

OF 8032

-*******#*********************************************************************
b

PORT:

INC DPTR
MOVX A,@DPTR
MOV R3,A

CINE A#T,CHK_OUT
MOV APl
MOV R4,A «
LCALL SEND_START_CHAR

LCALL ASC_CONV

;CHK_IN

LCALL SEND_END_CHAR

RET
CHK_OUT:
MOV

P1,#55H

LCALL DELAY

MOV

P1#0AAH

LCALL DELAY
LCALL SEND_START_CHAR
LCALL SEND_DATA
LCALL SEND _END_CHAR

RET

-*****************************************************************************
b

TIMER:

Lok ok ok Aok ok ok ke ko ok ok
’

SETB
SETB
MOV

\ W ra\v4

ETO
P1.0

TLO,#00BH
N 4OTELY

*******************************************************



SETB TRO
RET

-*****************************************************************************
>

TIMER_0:
;*****************************************************************************

CLR TRO

CPL P10

MOV TLO,#0BH

MOV THO,#0FEH

SETB TRO

RETI

-****************************************************************************

-INTERRUPT CHECK
;****************************************************************************
INT:

INC DPTR

MOVX A,@DPTR

MOV R2A

CINE A#0,INT_1

MOV END_FLAG,#055H

LCALL SEND_START_CHAR

LCALL SEND_DATA

LCALL SEND_END_CHAR

RET
INT_1:

MOV END _FLAG,#055H

LCALL SEND_START_CHAR

LCALL SEND _DATA

LCALL SEND_END_CHAR

RET
;*****************************************************************************
INTE_O:

MOV AEND_FLAG

CINE A #055H,SS

LCALL SEND START_CHAR

LCALL SEND _DATA 0

LCALL SEND_END_CHAR

MOV END_FLAG,#0FFH

SS: RETI

;*****************************************************************************
INTE L

MOV AEND_FLAG

CINE A #055H,DD

LCALL SEND_START_CHAR

LCALL SEND_DATA 1

LCALL SEND_END_CHAR

MOV END_FLAG,#0FFH
DD: RETI
;*****************************************************************************
PR_8155:

INC DPTR

MOVX A,@DPTR

MOV R3,A

CINE A#T1,C OUT

MOV DPTR#CW_8155
MOV A #00H
MOVX @DPTRA



MOV DPTR,#PORTA
MOVX A @DPTR
MOV R4,A

LCALL SEND_START_CHAR

LCALL ASC_CONV
LCALL SEND_END_CHAR

MOV DPTR#PORTB
MOVX A@DPTR
MOV R4,A

LCALL SEND_START_CHAR

LCALL ASC_CONV
LCALL SEND_END_CHAR

MOV DPTR #PORTC
MOVX A,@DPTR
MOV R4,A

LCALL SEND_START_CHAR

LCALL ASC_CONV
LCALL SEND_END_CHAR

RET

-****************************************************
t]

C_OUT:
MOV DPTR#CW_8155
MOV A#03H
MOVX @DPTRA

MOV DPTR#PORTA
MOV  A#55H
MOVX @DPTRA

MOV DPTR#PORTB
MOV A #0AAH
MOVX @DPTRA
LCALL DELAY

MOV DPTR#PORTA
MOV  A#OAAH
MOVX @DPTRA

MOV DPTR#PORTB
MOV  A#55H
MOVX @DPTRA

LCALL SEND_START CHAR

LCALL SEND_DATA

LCALL SEND_END_CHAR

RET

~#**#************************************************

 TO TEST NVRAM

~******************************
y

NVRAM:
MOV DPTR#TEMP
WRITE: MOV A #05H
ANOWVY DDPTR A

******************#***

**************************

*************************

e TT LI S L L Lo L L g



LCALL DECR

MOV ADPL

CINE A#0,WRITE

MOV ADPH

CINE A#0,WRITE

LIMP READ
;*********************DECRE]\AENT DP’I"R***************************************
DECR:

CLR C

MOV ADPL

SUBB A#01H

MOV DPLA

MOV ADPH

SUBB A #00H

MOV DPHA

RET
;**************************************************************************
READ:

MOV DPTR#TEMP
READ_1:

MOVX A,@DPTR

CINE A #05HERR

LCALL DECR

MOV ADPL

CINE A#0,READ 1

MOV A DPH

CINE A#O,READ 1

LCALL SEND_START_CHAR

LCALL SEND _DATA

LCALL SEND_END_CHAR

RET
ERR:

LCALL SEND_START_CHAR

LCALL SEND_DATA B

LCALL SEND_END_CHAR

RET

-****************************************************************************
>

DAC:
;****************************************************************************
INC DPTR
MOVX A,@DPTR
MOV RS5A
CINE A#1'MI0V
P10OV:
MOV DPTR#DAC_HI BYT
MOV A #00H
MOVX @DPTRA
MOV DPTR#DAC LO BYT
MOV A #0H
MOVX @DPTRA
LCALL SEND_START_CHAR
LCALL SEND_DATA
LCALL SEND _END_CHAR
RET
MI10V:
MOV ARS
CINE A#2'0OVAL
MOV DPTR #DAC HI RYT



MOV  A#0OFFH

MOVX @DPTRA

MOV DPTR#DAC_LO_BYT

MOV A #0FFH

MOVX @DPTRA

LCALL SEND_START_CHAR

LCALL SEND_DATA

LCALL SEND _END_CHAR

RET
OVAL:

MOV ARS

MOV DPTR#DAC_HI_BYT

MOV A#TFH

MOVX @DPTRA

MOV DPTR,#DAC_LO_BYT

MOV A #OFFH

MOVX @DPTRA

LCALL SEND_START_CHAR

LCALL SEND_DATA

LCALL SEND_END_CHAR

RET
;***************************#****************************************:u»umu*nn
ADC:
-’***************************************************************************

MOV OP_0,#045H ;60H.0 1H
WAIT_FOR_STABLE:

MOV INTER3,#010H

MOV INTERO,#0

MOV INTERIL#0

MOV INTER2,#0
DO_TARE:

MOV DATA_HL#0

MOV DATA_LO#0

CLR A

MOV DPTR#STRT_CONV

MOVX @DPTRA :START CONVERSION

NOP

NOP

NOP

NOP

NOP

STL_CON:
SETB P1.0
JB P10,STL_CON
MOVX A @DPTR 'HIGHER 8 BITS
MOV DATA_HLA
MOV DPTRALS DATA RD ;LOWER 4 BITS AND TRAILING ZEROES
MOVX A@DPTR
CLR C
ADDC A,INTERO
MOV INTERO,A
MOV ADATA_HI
ADDC A,INTERI
MOV INTERLA
MOV A#0
ADDC AINTER2



DINZ INTER3,DO_TARE
DINZ OP_0,WAIT_FOR_STABLE

MOV S!,INTER2
MOV  SO,INTERI
MOV DATA_HLSI
MOV DATA_LO,S0
MOV TMP_I,THO
MOV TMP_0,TLO

LCALL SEND_START CHAR
MOV ASI

ANL A #00FH

LCALL CHECK_NUM

MOV R4,S0

LCALL ASC_CONV

LCALL SEND_END_CHAR
RET

-****************************************************************************
b

SEND START_CHAR:

CLR Ti

CLR ES

MOV SBUF.#{'
TX3: INB TLTX3

CLR TI

SETB ES

RET

~****************************************************************************
b

SEND_END_CHAR:

CLR TI

CLR ES§

MOV SBUF.#}'
TX4: INB TILTX4

CLR TI

SETB ES

RET

-*****************************************************************************
b

SEND_DATA:

CLR TI

CLR ES

MOV  SBUF,#0'
TXS: INB TLTXS

CLR TI
SETB ES
RET

;****************************************************************************
SEND_DATA_B:

CLR TI

CLR ES

MOV SBUF #B'
TX6: JNB TLTX6

CLR TI
SETB ES
RET

;****************************************************************************
SEND_DATA_0:

CLR TI

CLR ES



MOV SBUF,#Z'
TX7: JNB TLTX7

CLR TI

SETB ES

RET
;****************************************************************************
SEND DATA_L:

CLR TI

CLR ES

MOV SBUF#B'
TX8: JNB TLTX8

CLR TI
SETB ES
RET

-******************************************************************************
b4

CHECK_NUM:
;*****************************************************************************
MOV R3A
SUBB A #0AH
JNC ADD_37H
MOV AR3
CLR C
ADD A #030H
CLR ES
MOV SBUF,A
TX1: INB TLTXI
CLR TI
SETB ES
RET
ADD 37H:
MOV AR3
CLR C
ADD A#037H
CLR ES
MOV SBUF,A
TX2: INB TLTX2
CLR TI
SETB ES
RET

-****************************************************************************
s

ASC_CONV:
;****************************************************************************

MOV AR4

CLR C

ANL A#OFOH

SWAP A

LCALL CHECK_NUM

MOV AR4

CLR C

ANL A#OFH

LCALL CHECK_NUM

RET
;******************************************************************************
DELAY:

MOV RO#02EH
XY: LCALL LONG_DELAY_l

DINZ ROXY

RET



LONG_DELAY_L:
;**************************************************************************
MOV R1,#0FFH
WW: MOV R2#OFFH
zz: DINZ R2,7Z
DINZ RL,WW
RET

~*************************************************************************
>

MAIN_PROGRAM:
;****************************************************************************
MOV ARCV_FLAG
CINE A #055H,MAIN_PROGRAM
MOV RCV_FLAG,#0FFH
LCALL CHECK_COMMAND
SIMP MAIN_PROGRAM

‘*************************************************************************
’

END



7. FRONT END USING 'C’

7.1 ABOUT FRONT END:
In this project, a front-end software is written using the 'C'
language. The purpose of this software is to provide a user friendly and

interactive testing system.

The front end displays main menu consisting the list of
components to be tested. When a particular component 1s selected, a sub-
menu is displayed, which contains the list of tests to be performed on that
component. Finally when the desired test is selected, the corresponding
commands (protocols are defined in earlier chapter) are transmitted

serially from the PC to the microcontroller through the serial port COMI.

After the testing is over, characters are returned from the
microcontroller to the PC. 'C' identifies the characters and displays
appropriate message. Thus the results of testing can be viewed in the

screcen.

To enable the serial communication between the PC and the
microcontroller, the function BIOSSERIAL COM / BIOS COM in 'C'
language is used. This function is present in the header file BIOS.H and it

offers a lot of options for data communication.



7.2 BIOSCOM

bioscom and _bios_serialcom <BIOS.H>
RS-232 communications (serial 1/O)
Declaration:

int bioscom(int cmd, char abyte, int port);

unsigned _bios_serialcom(int cmd, int port, char abyte);

Remarks
Both bioscom and _bios_serialcom use BIOS interrupt 0x14 to perform
various

RS-232 communications over the I/O port given in port.

Arg. * What It Is/Does

abyte * OR combination of bits that specifies COM port settings
3 (ignored if cmd = 2 or 3)

cmd ? Specifies the I/O operation to perform

port * Identifies the 1/O port; 0 =COMI, 1 = COM2, etc.



Return Value:

For all values of cmd, both functions return a 16-bit integer.
The upper 8 bits of the return value are status bits.

If one or more status bits is set to 1, an error has occured.

If no status bits are set to 1, the byte was received without error.

The lower 8 bits of the return value depend on the value of cmd
specified:

Value ofcmd  Lower 8 bits of return value

0 ( COM_INIT) or The lower bits are defined as shown

3 (_ COM_STATUS) in the preceding diagram.

1 ( COM_SEND)

2 ( COM_RECEIVE) The byte read is in the lower bits of the return
value--if there is no error (no upper bits are set to 1).

cmd argument of bioscom and _bios_serialcom

cmd can be one of the following (defined in BIOS.H):
bioscom_bios_serialcom What Function Does

0 _COM INIT Sets the communications parameters to the value in

abyte



1 _COM_SEND Sends the character in abyte out over the
communications line

2 _COM _RECEIVE Receives a character from the communications
line

3 _COM_STATUS Returns current status of the communications port

When cmd = 2 or 3 ( COM_RECEIVE or _COM_STATUS), the abyte
argument is ignored.

When cmd = 0 ( COM_INIT), abyte is an OR combination of the
following bits (one from each group):

bioscom® bios_serialcom Meaning

0x02 * COM_CHR7 7 data bits

0x03 * COM_CHRS 8 data bits

0x00 * COM_STOP1 1 stop bit

0x04 > COM_STOP2 2 stop bits

0x00 * COM_NOPARITY No parity

0x08 > COM_ODDPARITY Odd parity

0x18 > COM_EVENPARITY Even parity

0x00 > COM_110 110 baud

0x20 3 COM_150 150 baud



0x40 3 COM_300 300 baud
0x60 3 COM_600 600 baud
0x80 > COM_1200 1200 baud
0xA0 > COM 2400 2400 baud
0xCO > COM 4800 4800 baud

0xEO0 * COM_9600 9600 baud

For example, if
abyte = 0xEB = (0xEO | 0x08 | 0x00 | 0x03)
= (_COM_9600 | _COM_ODDPARITY | _COM_STOP1 |
_COM_CHRB)
the communications port is set to
9600 baud (OXE0 = _COM_9600)
Odd parity (0x08 = _COM_ODDPARI%Y)
1 stop bit (0x00 = _COM_STOP1)
8 data bits (0x03 =_COM_CHRS8)
Upper 8 bits of the bioscom and _bios_serialcom .‘return value
15 Time out (set to 1 if abyte value could not be sent)
14 Transmit shift register empty

13 Transmit holding register empty



12 Break detect

11 Framing error

10 Parity error

9 Overrun error

8 Data ready

Lower bits (these vary, depending on the value of cmd)
Status bits 0 Received line signal detect
1 Ring indicator

2 Data set ready

3 Clear to send

4 Change in receive line signal detector
5 Trailing edge ring detector

6 Change in data set ready

7 Change in clear to send



7.3 SOURCE CODE

/* FRONTEND SOFTWARE FOR TENSOMAXX TESTING EQUIPMENT */
#include <bios.h>

#include <conio.h>

#include<stdio.h>

#include <string.h>

#define COM1 0

#define DATA_READY 0x100

#define TRUE 1

#define FALSE 0

#define SETTINGS ( 0xC0| 0x00} 0x00}0x03)

void chk_8032();
void chk_81550;
void chk_ADCS574();
void chk_DAC703();
void chk_ds1230();
void setting_mode();
void main(void)
{
int option;
char conf;
clrscr();
bioscom(0, SETTINGS, COM1Y;
printf(" \n\n\t MICROCONTROLLER BASED MULTIDATA TESTER \n"),
printf(" \n\n\t -BY KUMARAGURU COLLEGE OF TECHNOLOGY \n");
printf(" \n\n\t ENTER YOUR CHOICE \n\n\n");
printf("\t 1 = TO TEST IC8032 \n"),
printf("\t 2 = TO TEST IC8155 \n"),
printf("\t 3 = TO TEST ADC574 \n"),
printf("\t 4 = TO TEST DAC703 \n");
printf("\t 5 = TO TEST DS1230-NVRAM \n"),

scanf("%d",&option);
filush(stdin);
switch(option)

{

case 1:

clrscr();

printf("\n YOU HAVE ENTERED IN 8032 TEST MODE \n"},
printf("\n ARE YOU SURE TO CHECK THIS DEVICE \n").
printf("\n ENTER Y OR N \n");

conf=getch();

fflush(stdin);

while ((conf=="Y")||(co =='y') && (confl="N")||(confl="n"))

{
chk_8032();
getch();
}
break;
case 2:
clrser();
printf("YOU HAVE ENTERED IN 8155 TEST MODE \n");
printf("ARE YOU SURE TO CHECK THIS DEVICE \n"),
printf("ENTER Y OR N\n");

*



conf=getch();
fflush(stdin);
while ((conf =="Y")|/(conf =="y") && (conf 1="N"|j(conf !='n"))

{
chk_8155();

break;
case 3:

clrscr();
printf("\t YOU HAVE ENTERED IN ADC 574 TEST MODE \n");
printf("\t ARE YOU SURE TO CHECK THIS DEVICE \n");
printf("t ENTER Y OR N\n");
conf=getch();
fflush(stdin);

while ((conf =="Y"){{(conf =='y") && (conf 1='N")||(conf !='n"))

{
printf("\n\n\t MEASURE VOLTAGE BETWEEN PIN 8 AND Gnd. (AD574) (10v il 0.05v\n");
printf("\t MEASURE VOLTAGE BETWEEN PIN 10 AND Gnd.(Value -5v i 0.05v) \n");
printf("\t IF NOT, ADJUST POT 8 TO GET REQUIRED OUTPUT (5v #0.05v ) \n");
printf("\t MEASURE VOLTAGE BETWEEN PIN 12 AND Gnd(0v 1 0.05v) [else trim POT 6] \n");
chk_ADC574();
getch();
exit(0);

break;

case 4:
/* TO CHECK THE IC DAC703 ¥/

clrscr();

printf("t YOU HAVE ENTERED IN DAC 03 TEST MODE \n");
printf("\t ARE YOU SURE TO CHECK THIS DEVICE n"),
printf("tt ENTER Y OR N \n");

conf=getch();

fflush(stdin);

while ((conf =="Y")||(conf =='y") && (conf !="N"}|(conf !='n"))

{
chk_DAC703();
getch();

}
break;
case 5:

/* TO TEST THE NVRAM-DS§1230 */

clrscr(); .

printf("t YOU HAVE ENTERED IN DS1230 TEST MODE \n");
printf("\t ARE YOU SURE TO CHECK THIS DEVICE \n"),
printf("\t ENTER Y OR N \n"),

conf=getch();

fflush(stdin);

while ((conf ="Y")j||(conf =='y") && (conf 1="N")||(conf !='n"))

{
chk_ds12300);
}

break;



default:
printf(" SORRY,YOU HAVE GIVEN A WRONG ENTRY\n");
getchQ;
exit();

}

void chk_8032(Q)

{
int a, j,1, status;
char k string1[6],string2[6],string ! 1{6],string12[6],string3{6].out..
printf(" \n\n\t ENTER YOUR CHOICE TO CHECK \n"),
printf("\t 1 - TO TEST THE PORTS OF 8032 \n");
printf("\t 2 - TO TEST THE TIMERO \n");
printf("\t 3 - TO TEST THE EXTERNAL INTERRUPTS 0 & 1\n");
scanf("%d",&j);
fflush(stdin);

switch(j)

printf("\t TO CHECK PORT1 FOLLOW THE PROCEDURES GIVEN \n");
printf("\t ENTER THE OPTION \n");

printf("\t 1 TO CHECK AS INPUT \n"),

printf("\t O TO CHECK AS OUTPUT \n");

scanf("%c",&k);

fflush(stdin);

if(k=="T)
{
strepy ( stringl, " <PI>");
a=strlen(string1);
for( 1=0;1<a;1++)

{

bioscom(1,string1{1],COM1);

}

status = bioscom(3, 0, COM1),
if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1) & 0x7F) 1= 0)

{
putch(out);
if (out=="%}")
break;
}
}
}
ifik=='0")

strepy ( string2, "<PO>");
a=strlen(string?),
for( 1=0;1<a;1++)

{
bioscom(1,string2{1],COM1);

}
ctatine = hinccrami2 O COMY



if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1) & 0x7F) 1= 0)

putch(out);

if (out=="}")
break;
}
}
3 getch(;
break;
case 2:
printf("\nTO CHECK TIMER FOLLOW THE PROCEDURES GIVEN \n"y,
printf("ENTER THE OPTION \n");
printf("T TO CHECK TIMER MODE \n").
scanf("%c",&K);
fflush(stdin);
if(k=="T"

strepy ( string3, "<T>"),
=strlen(string3);
for( 1=0;1<a;1++)

{

bioscom( 1,string3(1},COMI);

}

status = bioscom(3, 0, COM1);
if (status & DATA_READY)
{
if ((out = bioscom(2,0, COM1 ) & 0x7F) !=0)

{
putch(out);
if (out="}"
break;
}
}
H
break;
case 3:
printf("\n\t TO CHECK INTERRUPT FOLLOW THE PROCEDURES GIVEN \n"),
printf("\t ENTER THE OPTION \n");
printf("\t I TO CHECK AS INTERRUPT 0 "y,
printf("\t P TO CHECK AS INTERRUPT 1 \n");
scanf("%c",&K);
fflush(stdin);
ifk=="T"
{

strepy ( stringll, " <[o>"y;
a=strlen(string11);
for( 1=0;1<a;1++)

{
bioscom(1,string11{1},COM1);

}
Lm0 CONTY



if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1 ) & 0x7F) !=0)

putch(out);
if (out=="}"
break;
}
}

printf("\n\t PRESS THE PUSH BUTTON T0O CHECK INTERRUPTO AFTER
{O}APPEARS ON SCREEN \n"};
printf("t WAITING FOR RECEPTION \n");
{ status = bioscom(3, 0, COM1);
if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1 ) & 0x7F) 1= 0)

putch(out),
if (out=="}"
break;
}
}
}
}
iftk=="P")
{

strepy ( stringl2, "<I1>");
a=strlen(string12);
for( I=0;l<a;l++)

{
bioscom(1,string12[1],COM1);
}
status = bioscom(3, 0, COM1);
if (status & DATA READY)

{
if ((out = bioscom(2,0, COM1 ) & 0x7F) 1= 0)

putch(out);
if ( out =="'}")
break;
}
}

}
printf("\n\t PRESS THE PUSH BUTTON TO CHECK INTERRUPT1 AFTER {O}APPEARS ON
SCREEN \n");
printf("\t WAITING FOR RECEPTION \n");
{
status = bioscom(3, 0, COM1),
if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1) & OX7F) 1=0)
putch(out);

if (out=="}"
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getch();
break;
default:
printf("YOU HAVE GIVEN A WRONG ENTRY \n");
getch();
exit();

void chk_8155()

{
int a,i,j,1,status;
char k, string4[6],string5[6],out;
printf(" \n\n ENTER YOUR CHOICE TO CHECK ‘\n");
printf(" 1 TO THE PORT OF 8155 \n");
scanf("%d",&j);
fllush(stdin);

switch(j)
{
case 1:
printf("TO CHECK PORT1 FOLLOW THE PROCEDURES GIVEN \n");
~ printf("ENTER THE OPTION \n"),
printf("I TO CHECK AS INPUT \n");
printf("O TO CHECK AS OUTPUT \n");
scanf("%c",&k);
fflush(stdin);
if(k=="T")

strcpy ( string4, " <8I>");
a=strlen(string4);
for( I=0;1<a;14++)
{
bioscom(1,string4[1],COM1),
}
status = bioscom(3, 0, COM1);
if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1 ) & 0x7F) '=0)
{
putch(out);
if Cout ="}")
break;
}
}
status = bioscom(3, 0, COM1);
if (status & DATA_READY)
{
if ((out = bioscom(2,0, COM1 ) & 0x7F) !=0)
{
putch(out);
if (out=="}")
break;
1



3 status = bioscom(3. 0, COM1);
if (status & DATA_READY)
{
if ((out = bioscom(2,0, COM1 ) & 0x7F) 1= 0)
{

putch(out);
if (out =="}")
break;
}
}
}
if(k=='0")

printf("\n THE LED'S THAT SHOULD GLOW ARE \n"):
printf("LED1 IN FIRST PAIR OF ROW1 \n");
printf("LED2 IN SECOND PAIR OF ROW1 . \n");
printf("LED2 IN THIRD PAIR OF ROW1 An"),
printf("LED1 IN FOURTH PAIR OF ROW1 . \n");
printf("\n\nLED1 IN FIRST PAIR OF ROW2 .\n"),
printf("LED2 IN SECOND PAIR OF ROW2 . \n");
printf("LED2 IN THIRD PAIR OF ROW2 \n");
printf("LED1 IN FOURTH PAIR OF ROW2 . \n"),
printf("\nAFTER 5 SEC'S THE REST OF LED'S SHOULD GLOW \n");
printf( "\n\n\t IF THE RETURN CHAR IS {O} IC IS GOOD \n");
printf("\n\t [F THE RETURN CHAR IS {B} IC IS BAD \n");
strepy ( string5, "<80>"),
a=strlen(string5);
for( 1=0;1<a;l++)
{
bioscom(1,stringS[l},COM1);
}
status = bioscom(3, 0, COM1);
if (status & DATA_READY)

if ((out = bioscom(2,0, COM1 ) & 0x7F) |=0)
{
putch(out);
if (out=="}"
break;

3
3

}  getch();
break;
default: ‘
printf("YOU HAVE GIVEN A WRONG ENTRY\n");
getch();
exit();

void chk ds12300



int a,b,l,status;
char string9[6],out;
printf( "\n\t IF THE RETURN CHAR IS {O} IC IS GOOD \n");
printf("\n\t IF THE RETURN CHAR IS {B} IC IS BAD AND LED AT PORT P1.0 WILL
GLOW \n");
strepy ( string9, "<N>");
a=strlen(string9);
for( 1=0;1<a;l++)
{
bioscom(1,string9[1],COM1},

}
status = bioscom(3, 0, COM1);
if (status & DATA_READY)

~—

if ((out = bioscom(2,0, COM1 ) & 0x7F) 1= 0)

{
putch(out);
}
}
getch();
exit();

}
void chk_DAC703()
{

int a, j,l,status;
char k, string6{6],string7{6],string8[6].out;
printf(" \n\n ENTER YOUR CHOICE TO CHECK \n");
printf("t 1 OUTPUT IS 10V \n");
printf("t 2 OUTPUT IS -10V \n"y,
printf("\t 3 OUTPUT IS 0V \n"),
scanf("%d",&j);
fflush(stdin);

switch(j)
{
case 1:
strepy ( string6, " <D1>");
a=strlen(string6);
for( 1=0;1<a;l++)
{
bioscom(1,string6(i],COM1);
}
status = bioscom(3, 0, COM1);
if (status & DATA_READY)

if ((out = bioscom(2,0, COM1) & Ox7F) 1=0)

putch(out);
if (out=="}"
break;
}
}
break;

case 2:
strepy ( string7, " <D2>");
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for( 1=0;1<a;1++)

{
bioscom(1,string7[1},COM1);
if ((out = bioscom(2,0, COM1 ) & 0x7F) '=0)
{
putch(out);
if (out=="}"
break;
}
}
break;
case 3:
strcpy ( string8, " <D3>");
a=strlen(string8);
for( 1=0;l<a;}++)

{
bioscom(1,string8{1], COM1);
if ((out = bioscom(2,0, COM1) & OXTF) 1=0)

putch(out),
if (out="3}"
break;
}
}
break;
default:
printf("YOU HAVE GIVEN A WRONG ENTRY \n");
getch();
exit();

3

}
void chk_ADC574()
{
int a,b,1,status;
char string13[6},out;
strepy ( stringl3, "<N>");
a=strlen(string13);
for( I=0;1<a;l++)
{
bioscom(1,stringl13(1],COM1);
}
status = bioscom(3, 0, COM1);
if (status & DATA_READY)

{
if ((out = bioscom(2,0, COM1 ) & 0x7F) = 0)

{

putch(out);
}
}
getch();
exit();



8. CONCLUSION

The project was initiated to perform testing of IC's for the inward
of PPL R&D. the IC's that are being tested are primarily used in the
TENSOMAXX-7000 (single yarn tester). This machinery is
manufactured only in a 3 places all over the world. Hence the IC's used
in them must be thoroughly tested before they are in field. Hence this
project is of great commercial use. Also the commercial IC tester
available is costly and we do not know what parameters are being tested

in them.

The project designed is cheaper, efficient and showed an excellent
performance. The project is flexible in the sense that it can be extended to

test other IC's by simply changing the program.

In this project the attempt was made to support the R&D and production
line of PREMIER POLYTRONICS LTD. If this target system is
incorporated in all the machines, it will help the customers to solve most
of their problems immediately without wanting for the company

personnel to visit the site.
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BURR - BROWND®

ADC574A

Microprocessor-Compatible

FEATURES

© COMPLETE 12-BIT A/D CONVERTER WITH
REFERENCE, CLOCK, AND 8-, 12-, or 16-
BIT MICROPROCESSOR BUS INTERFACE
© IMPROVED PERFORMANCE SECOND
SOURCE FOR 574A-TYPE A/D
CONVERTERS
Conversion Time: 25us max
Bus Access Time: 150ns max
A, Input: Bus Contention During Read
Operation Eliminated - ‘

® DUAL IN-LINE PLASTIC, PLCC AND
HERMETIC CERAMIC

@ FULLY SPECIFIED FOR OPERATION ON
+12V OR 115V SUPPLIES

‘® NO MISSING CODES OVER
TEMPERATURE:
0 C to +75°C: ADC574AJ and K Grades
-55'C 1o +125°C: ADC574ASH, TH

DESCRIPTION

Theé ADCS74A is a 12-bit successive approximation
analog-to-digital converter, utilizing state-of-the-art
CMOS and laser-trimmed bipolar die custom-designed

ANALOG-TO-DIGITAL CONVERTER

for freedom from latch-up and for optimum AC per-
formance. It is complete with a self-contained +10V
reference, internal clock, digital interface for micropro-
cessor control, and three-state outputs.

The reference circuit, containing aburied zener, is laser-
trimmed for minimum temperature cocfficient. The
clock oscillator is current-controlled for excellent sta-
bility over temperature. Fuli-scale and offset errors may
be externally trimmed to zero.Internal scaling resistors
are provided for the selection of analog input signal
ranges of OV to +10V, OV to +20V, £5V, and £ fov.

The converter may be externally programmed to pro-
vide 8- or 12-bit resolution. The conversion time for 2
bits is factory set for 25pus maximuin.

Output dataare available in a parallel format from TTL-
compatible three-state output buffers. Qutput data are
coded in straight binary for unipolar input signals and
bipolar offset binary for bipolar input signals.

The ADCS74A, available inboth industrind and military
temperature ranges, requires supply voltages of +5V
and £12V or 15V, It is packaged in a 28-pin plastic
DIP, and a hermetic side-brazed ceramic DIP.
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SPECIFICATIONS (Conm) *

ELECTRICAL , .
T, = 425C, Vo = +12V 0F +15V, V,p = =12V 0f <15V, Vo = +5V unless otherwise specified.

ADCS574AJP, JH, SH ADCSTAAKP, KH, TH
PARAMETERS MIN - TP, MAX MIN TP MAX UNITS
INTERNAL REFERENCE VOLTAGE
Voltage +9.9 +10.0 +10.1 * * - Y
Source Cusrent Available for External Loads ® 20 - : ‘ mA
POWER SUPPLY REQUIREMENTS :
Volage: Ve, +11.4 +16.5 y o v
Ve -11.4 -18.5 : : v,
oo +4.5 +5.5 . . v
Current: | ' 3.5 5 . . mA
leg 15 .20 . M mA
fooc 9 15 . . mA
Power Dissipation (£15V Supplies) 325 450 * * mw
TEMPERATURE RANGE (Ambiont: Tup, s Tyeay ) B T
Spectfications: J, K Grades . [+] +75 * : * . °C
S. T Grades ~55 ’ +125 ¢ * °C
Storage 65 +150 * * °C

* Same specifications as ADC574AJP, AJH, ASH. '

NOTES: (1) With fixed 502 resistor from REF OUT to REF IN. This parameter is also.adjustable 10 zero a8 +25°C (see Optional External Full Scale and Offset
Adjustments section). (2) FS in this specification table means Full Scale Range. That Is, for a £10V input range, FS W’zov; for a 0 10 +10V range, FS means
.10V, The term Full Scale for these specifications instead of Full-Scale Range is used to be consistant.with vendars' 574 and 574A type specilicalions fables.

(3) Using internal reference. (4) See Controlling the ADC574A section for detailed Information concaming digital timing: (5) _E'aétemal loading must be constant during

conversion. The reference output requires no butier amplifier with ‘either +12V or +15V power supplies. N
PIN CONFIGURATION
+5VDC Supply (Vioae) | 1 . -‘—1 Power-up ﬁvsetl r 281 Status
128 |2 > P —127.| DB11(MSB)
p— o
&3 | 3 | Control v < {186 DB10
—] Logle ) ==
Ao |4 g —{#5| DB
RC |5 =] Clock - § 24| DBs
= s 228 .
CE |6 I §> § 23| oe7
Ve |7 :OV E 12eis| @ | 2 DB6
= Reference - 215 ‘
RefOut |8 ‘ g — & g 0BS
; o B -1 - .
Analog Common LS_ | o g i pB4
fet In E Converter . s B3
2 Elo
Vee E g o DBZ
Bipolar Offset 12 & g D81
10V Range |13} DBO (LSB)
20V Range |14 Digital Comrﬁon
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0r, Call Customer Service at 1-600-548-6132 (USA Only)

DISCUSSION OF
SPECIFICATIONS

LINEARITY EPROR

Linearity error is defined as the deviation of actual code
transition values from the ideal transition values. Ideal
transition values lic on a line drawn through zero (or minus
full scale for bipolar operation) and plus full scale. The zero

value is located at an analog input value 1/2LSB before the ’

first code transition (000, to 001,). The full-scale value is
Jocated at an analog value 3/2LSB beyond the last code
transition (FFE, to FFF,) (sce Figure 1).

Full-Scale 4
FFRy T Calibration -
FFE, 4 Eror '
Rotates |
FFDH - The\ 1 t
ES Line (-
807, 1 . < \ : !
2 1
2 et , b
= H |
© 800, ~+ Tt
12 ' Otfset 1 P
2 7FFy + Enor ! ! :
o P 1 I
7FE, 4- Chifts : , b
L Theline ) g |
002, + 1t e -
‘ 1
oot,, (Bpolar 1! Midscale b
( Oftset =! |= (Bipotar o
065, + . Transachoﬂ): | Zero) 1 :
. Vo 1
{ — J)’] ! ! ()(I 1L i
12188 1Zan0 M\—éLlsev azrsa™ Hirun
Zero (~Full-Scale +Full-Scale Scale
{-Full Scale)  Calibration Catibration
Transition) Transition
Analog Input

FIGURE 1. ADCSTAA Transter Characteristics Terminology.

Thus, for a converter connected for biopolar operation and
with a full-scale range (or span) of 20V {£10V), the zero
value of =10V is 2.44mV below the first code transition
(00, to 001, a1 -9.99756V) and the plus full-scale value of
+10V is 7.32mV above the last code transition (FFE, to
FFF | at +9.99268) (see Table 1).

NO MISSING CODES
(DIFFERENTIAL LINEARITY ERROR)

A specification which guarantees no missing codes requires
that every code combination to appear in a monotonically-
increasing sequence as the analog input is increased through-

out the range. Thus, every input code width (quantum) rizust
have a finite width. If an input quantum has a value of zero

" (a differential linearity error of ~1LSB). a missing vovie v il

oceur. ‘

ADC574AKP, KN, KH and TH grades are guaranteed to
have no missing codes to 12-bit resolution over their respec-
tive specification temperature ranges.

" UNIPOLAR OFFSET ERROR

An ADCS574A connected for unipolar cperation has an
analog input range of OV to plus full scale. The first output
code transition should occur at an analog input value /2
LSB above.0V. Unipolar offset error is defined as the
deviation of the actual transition value from the ideal value.
The unipolar offset temperature coefficient specifies the
change of this transition value versus a change in ambient
temperature.

BIPOLAR OFFSET ERROR

A/D converter specifications have historically defined bipo-
lar offset as the first transition value above the minus full-
scale value. The ADCS574A specification, however, follows
the terminiology defined for the 574 converter several vears
ago. Thus, bipolar offset is located near the midscale value
of OV (bipolar zero) at the output code transition 7EE, 10
800,,. ‘

H
Bipolar offset error for the ADCS74A is detined as the
deviation of the actual transition vatue from the ideal tran-
sition value located 1/2LSB below OV. The bipolar offset
temperature coefficient specifies the maximum change of
the code transition value versus a change in ambient tem-

‘perature.

FULL SCALE CALIBRATION ERROR

The last output transiton (FFE, to FFF ) occurs for un
analog input value 3/2LSB below the nominal full-scule
value. The full-scale calibration error is the deviation of the
actual analog value at the last transition point from the ideul
value. The full-scale calibration temperature coefficient speci-
fies the maximum change of the code transition value versus
a change in ambient temperature.

POWER SUPPLY SENSITIVITY

Electrical specifications for the ADCS574A assume the
application of the rated power supply voltages of +3V and
+12V or +15V. The major effect of power supply voltuge

BINARY (BIN) OUTPUT

INPUT VOLTAGE RANGE AND LSB VALUES

Anatog Input Voltage Range Defined as: oV BV 0to +10V 0 to +20V
One Least Significant Bit (LSB) | FSR 20V 10V 10V 20V
. s ¢ ¢ on on
ne8 78.13mV 39.06mV 39.06mV 78.13mV
n =12 4.88mV 2.44mV 2.44mV 4.88my
Output Transition Values
_FFE, to FFF, +Full-Scale Calibration +10V ~ 3/2L.58 +5 ~ 3/2L.58 +10V ~ 3/2LSB | +10V - 372L5B
“ 7FF, 10 800, Midscale Calibration.(Bipolar Offset) 0 - 1/2LSB 0~ 1/2LSB +5V ~ 1/2LSB | 10V - 1/2LSB

TABLE I. Input Voltages, Transition Values, and LSB Values.
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FIGURE 2. Unipolar Configuration.

for the 20V range) that causes the output code to be DBO ON
(highy. Adjust potentiometer R, until DBO is alternately
toggling ON and OFF with all other bits OFF. Then adjust
fult deale by applying an input voltage of nominal full-scale
value minus 3/2LSB, the value which should cause all bits
to 'be ON. Thls value is +9.9963V for the 10V range and
+19.9927V for the 20V range. Adjust potentiometer R, until
bits DB1-DB1! are ON and DBO is toggling ON and OFF.

CALIBRATION PROCEDURE—BIPOLAR RANGES
If external adjustments of full-scale and bipolar offset are
not required, the potentiometers may be replaced by 50Q,
1% metal film resistors.

If adjustments are required, connect the converter as shown
in F.gure 3, The calibration procedure is’ similar to that
described above for unipolar operation, except that the offset
adjustment is performed with an input voltage which is
1/21:SB above the minus full-scale value (~4.9988V for the
+5V range, -9.9976V for the +10V range). Adjust R, for

FIGURE 3. Bipolar Configuration.

DBO to toggle ON and OFF with all other bits OFF To
adjust full-scale, apply a DC input signal which is 3/21.513
below the nominal plus full-scafe value (+4.9963V for 23V
range, +9.9927V for £10V range) and adjust R for DG o
toggle ON and OFF with all other bits ON. '

CONTROLLING THE ADC574A

The Burr-Brown ADC574A can be easily interfaced to most
microprocessor systems and other digital systems. The mi-
croprocessor may take full control of each conversion, or the
converter may_operate in a stand-alone mode, controlled
only by the R/C input. Full control consists of selecting un
8- or 12-bit conversion cycle, initiating the conversion, and
reading the output data when ready—choosing either 12 bits
all at once, or 8 bits followed by 4 bits in a left-justified
format. The five control inputs (12!§, CS, A, R/C, and CE)
are all TTL/CMQOS-compatible. The functions of the control
inputs are described-in Table II. The control function truth
table is listed in Table IIL.

PIN -
DESIGNATION | DEFINITION FUNCTION
CE (Pin 6) Chip Enabie [ Must be ﬁigh (*1) to either initiate a conversion or read output data. 0-1 edge may be used to initiate a conversion,
Gactive high) | o o ’
TS (Pin 3) Chip Select Must be tow (07 to elther initiate a conversion or read output data. 1-0 edge may be used to initiate a conversion.
{active low) :
R/G(PIN 5) Read Convert Must ba low ("0) to initiate either 8- or 12-bit conversions. 1-0 edge may be used to initiate a convarsion
{*17 » rond) Must bs high {*17) to read cutput data. 0-* edge may be used {0 initiate a read oporation.
("0" = convert)
A (Pin 4) Byte Address | In the start-convert moda, A, selects 8-bit (Ag = “17) of 12-bit (A, = "07) conversion mode.When reading output data
Short Cycle .in two 8-bit bytes, A, = "0” accesses 8 MSBs (high byte) and A, = *1" accesses 4 1.88s and trailing “0s” (low byte).
12/8 (Pin 2) Data Mode Seiect | When reading output déta, 12/8 = “1” enables ail 12 output bits simultanaously. 12/8 = “0” will enable the MSBs
. (*1" = 12 bits) or LSBs as determined by the A, line.
(*0" = 8 bits) ‘

¢
F
T
p
C
0
C
C
p:
C
F
v
C
C
[«
<
I
<
C
7
0
T
f.
0
S
z
C
C
c
<

TABLE 1. ADC574A Control Line Functions.
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|
SYMBOL i PARAMETER WIN e MAX UHiItS 3
e = . o _._,,_,_—..“ e ittty ________——-——,_.._._’
Convert Mode i ;
v, | STS Delay hom CE l
e | CE Putse Width 50
L., : T% 1o CE Setup time 50 %
L 5‘ TS low during CE high 50 l
1 | R/C to CE setup 50 |
Yo ! A/C tow during CE high 50 |
lc ‘ A, to CE setup 0 5
Lac A, valid during CE high 50
. ! Convarsion time, 12-bit cycle 15
| 8-bit cycle 10
Read Mode
o Access time from CE
Lo Data valid atter CE low 25
e Output float delay
tesn CSto CE setup 50
toom R/C to CE setup 0
ton A to CE setup 50
Yecn CS valid after CE low 0
tan R/C high after CE low 0
tun A, valid after CE low 50
ts STS delay after data valid . 300
NOTE: Specifications are at +25°C and measured at 50% level of transitions.

TABLE V. Timing Specifications.

et o o S

CE —“—‘—‘/‘i"—"—"—— 'uec——-—‘——’;\—____——..

5 t
. \ - e - {
- gag - - tuge ' :

RiC -————\ /——

tgge -

STS -

—— tbsc—— k¢_——————-— ‘C NS
DBit- High impedance
0B0

"\ tSAR thaR e
sTS l \
\ g - -t L
i '
11— | High-
oB " igh-Z (- Data Valid =

DBo

\“"‘" top—* e by

FIGURE 6. Conversion Cycle Timing.

READING OUTPUT DATA

After conversion is initiated, the output data buffers remain
in a high-impedance state until the following four logic
conditions are simultaneously met: R/C high, STATUS low.
CF high, and CS low. Upon catisfaction of these conditions
the data Jines are cnabled according to the state of inputs

12/8 and A, Sce Figure 7 and Table V for timing relation-

ships and specifications.

In most applications the 12/8 input will be hard-wired in
cither the high or low- condition, although it is fully TTL-
and CMOS-compatible and may be actively driven if de-

BURR - BROWN?®

' FIGURE 7. Read Cycle Timing.

sired. When 12/8 is high, all 12 output lines (DBO-DBI
are énabled si{nultaneously for full data word transier
}2-bit or 16-bit bus. In this situation the A state is 1gnor

When 12/8 is low, the data is presented in the fornt ol t

. 8-bit bytes, with selection of the byte of interest acee

plished by the state of A, during the read cycle. Conneet
of the ADC574A to an 8-bit bus for transfer of teft justl
data is illustrated in Figure 8. The A, inputis uswally drt
by the least significant bit of the address bus, allow
storage of the output data word in two consecutive men
locations.

Burr-Brown IC Data Book—Data Conversion Products Z
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DAC700/702
DAC701/703

‘Monolithic 16-Bit

DIGITAL-TO-ANALOG CONVERTERS

FEATURES

® V,, AND I, MODELS

® HIGH ACCURACY:
Linearity Error £0.0015% of FSR max
BieFential Linearity Error +0.003% of FSR
- max '

® MONOTONIC (at 15 bits) OVER FULL
SPECIFICATICN TEMPERATURE RANGE

DESCRIPTION

The DACTOX famuly compnse of complete 16-bit
Jhartab-to-analog converters that includes a precision
ruried-zener voltage reterence and a low:naisg. fast-
wetthng output operational amplifier (voltage: output
models), ali on one small monolithic chip. Ai¢embina-
non of current-switch design techniques accomplishes
nut valy 15-bit monotonicity over the eatire specified
temperature range. but also 3 maximum end-point
linearity error of £0.0015% of full-scale range. Total
full-scale gain dnftis limited to  10ppm/°C maximum
(LH and CH grades). ‘

@ PIN-COMPATIBLE WITH DAC70, DACT71,
DAC72 *

® DUAL-IN-LINE PLASTIC AND HERMETIC
CERAMIC AND SOIC

Digital 1nputs are complementary hinun coded and
are TTL-. LSTTL-, 54/74C- and 54/74HCvompatible
over the entire temperature range. Quipits of U to
+|0V. 210V, 0 to -2mA. and £1mA arc available.
These D/A converters are packaged in hermetic 24-pin
ceramic side-brazed or molded plastic. The DIP-pack-
aged parts are pin-compatible with the voltage and
current output DAC71 and DAC72 mode! families:
The DAC700 and DACT702 are also pinompatible
with the DAC70 model family. In addition, the
DAC703 is offered in a 24-pin SOIC package for
surface mount applications. .

] Reterence .
> A, ’
( = e84 Circutt 2% Reterence Output
—{ lLaoger
1 Resistor
Digutal 1 Network P Ny Y—— [ Common
Inputs — [t et h - -
? p— And [l 1 Summing Junction
—1 Current [ —1 - 1 ot
——t 3 + ] OU[D
T Switches | | Voltage Models =—— Gain Adjust
— | = | J—
— e ( Onty +Vee
-Vee
Voo

nternatonal Airport fndustrial Park  «  Mailing Address: PO Box 11400

+ Tucson, AZ 85738 « Street Address: 6730 S. Tucson Bivd. -

I o al A . e\ P AR £ aMm

DAC700/D01/02/07

NICITAL T AMAL O CONBR/IERTERC
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TRICAL (CONT) ‘

L DAC702/7034, D DAC700/701/702/703K DAC700.701/702/703B, S DAC700/701/702703L, C

\METER MIN TYP [ MAX MIN TYP MAX MiN | TYP MAX MIN TYP MAX UNITS

RENCE VOLTAGE .

) +63 6.0 +6.3 +6.6 +6.24 +6.3 +6.36 * M * v

e Current Availabie

= xternal Loags 25 . 1.5 . * * * * mA

erature Coethaent +10 . =25 ot 15 ¢ . ppm=C

Cucuit 1o Common

ation Ingetinite . * *

ER SUPPLY REQUIREMENTS

ge: +V, 135 15 16.5 ¢ * * . * * ¢ * - \'
-V, 135 15 16.5 ° * * * . * ¢ * ‘ v
vw ’45 ’5 .16'5 . . . - * L3 - - L] v

nt (No Loaa). :

700702

. Modeis)

Ve, +10 +25 . * * * * . mA

Ve -13 -25 . ° . * * * mA

o 4 .8 . . . . . . mA

701/703

o+ Models) .

Vee +16 +30 * * * * . ¢ M mA

Vee -8 -30 ° " ° * * * mA

» 4 .8 . . . . . . mA

w Dissipabon

o ® 8 W) n

AC700:702 365 . 790 * 630 * " mw

ACT01/703 ) 530 * 940 : 780 * - mw

¢ Supply Rerechon: )

" £0.0015 | =0 006 * . ‘ £0.003 : ¢ *% ol FSR%V, .

" £0.0015| =0:006 * ‘ . +0.003 * * *eof FSR™V,,

, £0.0001 | =000 * * ‘ ° ¢ M % ot FSR%Y,

PERATURE RANGE '

hCanon: .

C Grades ’ : -25 +85 * * C

yrades . =55 «125 [of

. L Grades 0 +70 M ° 0 Py 'C

ge Caramw; -60 +150 * * * . C

Plasnc. SQIC . |- 60 «100 * * ! 'C

v

ficavon same asimedet 1o the left.
5. (1) Dignatinputs are TTL LSTTL. 54/74C. 54/74HC. and 5L 74HTC compatible over the operating voltagerange gV, .
The input swiictung threshoid remains at the TTL thresnoid of 1.4V over the supply range of V_, = +5V o+15V 0
4V 10 + 10V espectvety. the change in the D. A converter outbut voltage will not exceed 20.0015% of F

*3 of FSR tof the KG grade. (2) DAC700 and DACT02 (current-output models) are specified and tes
mai leecback resistor v allpararmeters except sefting bme. (3) FSR means full-scale range and is 20\ : . 40V a0
01) FSR is 2mA for the 2 1mA fange (DACT02) and the 0 to +2mA range (DAC700). (4) £0.0615%:0t to 1LSH 15t +0.003%
cale range s equvalentto-1LSB in 14-bit resolution. £0.006% ot full-scale range 1s equivalent to 1\LSB,

B in’13-Bit- resolution. (5) Adjustable to zerd with external tnm
ometer. Agjustng the gain polentiomieter rotates the transter function around the zero point. (6) Error at input code FFFE, for DAC700 and DACT01, 7FFF, for DAC702
\CT03. (7) With gain and zero errors adjusted to zero at +25°C. (8) Maximum represents the 3¢ hma. Not 100% tésted for this parameter. (9) At tha major carry, 7FFF,,
), and 8000 ‘o TFFF_ (10) Tolerance on output impedance and output current s 30%. (11) Power dissipation is an additional 40mW when V_ is operated at +15V.

OLUTE MAXIMUM RATINGS

o Common Vo1 (DACT01/703) Indefirte Short to Cornimon
o Common Power Disspation . 1w
O COMMOM ...t omeeeeresscresecsaenseebasesscocncas b renssabe e s rersoncasonnsensas 0V, +18V Storage Temperature -60°C to +150°C
) Data Inputs 1o Common =1V, 18V Lead Temperatura {sokdering, 10s) 300°C

ren;:zs 2‘“ to Common ..... DAC700/702 Indefintte Short to Common NOTE: Stresses above those listed under “Absolute Maxamum Ratings™ may
E Vonage Appied 1o gr, A( O DAC)791 P cause permanert damage to the device. Exposure 10.absokite maximum condi-
oftage Apphed to D/A Qutput ( : “tions for extended periods may atfect device reliability.

onnanon’pfov;oed herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes no

el Brirae and ernacificratinne aroe chibiact 30 canae withou ! nohies

IS¢
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=
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C
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CONNECTION DIAGRAMS

4 . MSB Reference 2 —E_m_j_—
] Circuit = * E
2 — 23 * -0 +Vee
%f 270k ;
3 22 ANV E
oo -:J{ 0.0022pF - i
4 21 I
l —_— 3.9M02
va\,i {3)
E 16-Bu £ E_j__— |
|__{ Laoder N 1 - O -V
Digital | E Resistor i _L @ ce
Inputs ) [7:-—— Network -7 -—1—87 - * :_];—-
and ) = l ; m
8 1 Current H 17 . i O Vep
@
N Switches : LSB E I
] -~
‘ 10 , Vonagoenxodels :1__5] Digtal
1 , s Inputs )
NOTES: (1) Can ba tied 1o +V_. nstead of having
L 12— 13 separale Vo, supply. (2) Decowunq Capacsors are
0.1uF 1o 1. ouF (3) Potentiomaeters are: 10k 1o
1009 (4) Sk (DAC700/701), 10xQ (DAC702703).
; PIN AQQ}ENMENTS PACKAGE INFOR_MATION“’ )
ALL PACKAGES » ' " PACKAGE NG
T DACT00T02 DACTO1703 MODEL PACKAGE NUMBER
- - : DACT02JP 24-Pin Flastic DIP 167
B ;3““;58‘ , Bd :3,‘”58) DACTORP 24-Pin Plasiic DIP 167
o2 R DACT02KP 24-Pin Plastic DIP 167
, o DACTO3KP 24-Pin Plastic OIP 167
Bit 4 Bit 4
45 81 s DACTOOKH 24:Pin Ce_ramlc DiP 165
B 6 - RY:) DACTOIKH 24-Pin Ceramic DIP 165
8t 7 a7 , DACTO2KH 24-Rin Cegaric DIP 165
81 8 88 DACTO3KH 24-Pin Cegamic DIP 165
8it 9 - Bit9 DACT700BH 24-Pin Ceramic DIP 165
Bit 10 Bit 10 DAC?01BH 24-Pip Ceramic DIP 165
B 1t . 811 - DACT028H 24-Pin Cargmic DIP 165
Bit 12 . Bfl 12 DACTQ3BH 24-Pin Ceramic DIP 165
e b DAC700LH 24-Pin Caramic DIP 165
s o 1 DAC701LH 24-Rin Ceramic DIP 165
1 . :
) DACTO2LH 24-Pin Ceramic DIP 165
Bit 16 (LSB) B4 16 (LSB) DACT03LH 24.Pin Ceramic DIP 165
Areeomice - Vo - . Leg
[vi Voo DACT700CH 24-Pin Ceg mi¢ OIP 165
N -V, DACTO1CH 24-Pin Caramic DIP 185
Comri;on Common DACT02CH 24-Pin Ceramewc DIP 165
o ~§ summing Junction (Zero Adjust) DAC703CH 24-Pin Ceramic OIP 185
Gan Acjust Gain Adjust DACT025H 24.Pin Catamic DIP 165
Vo e +Vee . DACT03SH 24.Pin Ceramic DIP 165
24 6.3V Reterence Qutput ~5.3 Relerence Output DA;?O&JU,' 24-Pin SOIC 239
DACT703KU 24-Pin 50IC 239

NOTE: (1) For detailed drawiné-(and dimension table. plezse see end of dat
sheet. or Appendix D of Burr-Bfown IC Data Book.
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Current Output

Settling times are specified to 0.003% of FSR for a full-
scale range change for two output load conditions: one for
10Q to 100Q and one for 1000Q. It is specified this way
because the output RC time constant becomes the dominant
factor in determining settling time for large resistive loads.

l

o
b

Full-Scale Range (2% of FSR)
o
2

Final-Value Error Band, Percent of

Sefiling Time (ps)

FIGURE 1. Final-Value Error Band vs Full-Scale Range
Settling Time.

COMPLIANCE VOLTAGE

Compliance voltage applics only to current output models. It
is the maximum voltage swing allowed on the output current
pin while still being able to maintain specified accuracy.

POWER ‘SUPPLY SENSITIVITY

Power supply sensitivity is a measure of the effect of a
chanue in a power supply voltage on the D/A converter
output. ft1s detined-as a percent of FSR change in the output
per percent of change in cither the positive supply (+V
negative supply (-V_) or logic supply (V) about the
nominal power supply voltages (see Figure 2).

Itis specified for DC or low frequency changes. The typical
performance curve in Figure 2 shows the effect of high
frequency changes in power supply voltages.

0.005 T P et

% of FSA Error Per % of Change in Vgypp v
o
Q
w

1 10 100 K 10k 100k

Power Supply Ripple Frequency (Hz)

FIGURE 2. Power Supply Rejection vs Power Supply Ripple

REFERENCE SUPPLY .
All models have an intemal low-noise +6.3V reference
voltage derived from an on-chip buricd zener diode. This

* reference voltage, available to the user, has a tolerance of

+5% (KH models) and £1% (BH models). A minimum of
1.5mA is available for external loads. Since the output
impedance of the reference output is typically 1W, the
external load should remain constant.

If a varying load is to be driven by the reference supply, an
external buffer amphﬁer is recommended to drive the load
in order 10 isolate the bxpolar offset (connected internally to
the reference) fro_m load variations.

OPERATING INSTRUCTIONS

POWER SUPPLY CONNECTIONS

For optimum petformance and noise rejection, power sappl
decoupling ‘capacitors should 'be added as shown in the
Connection Diagram. IHF tantalum capacitars should be
located close to the D/A ',con_ycne,r‘.

Kl

EXTERNAL ZERO AND GAIN ADJUSTMENT

Zero and gain may be trimmed by installing external zero
and gain potentiometers. Connect these potentiometers as
shown in the Connection Dxagram and adjust as described
below. TCR of the potentiometers should be 100ppm/°C or
less. The 3.9MQ and 270kf2 resistors (£20% carbon or
better) should be located. closz. to the D/A converter to
prevent noise pickup. If it is not convenicnt to use these
high-value resistors, an equivalent T network. as shown in
Figure 3. may be substituted in place of the 3.9MQ part. A
0.0011F to 0.01uF ceramic capacitor should be connected
from Gain Adjust to Common to prevent noise pickup. Refer
to Figures 4 and 5 for the relationship of zero and gain
adjustments to unipolir and bipolar D/A converters.

AAN-—O
180K

1002

o— WAN—0 = O AN~
3.9MQ 180K02

AN

FIGURE 3. Equivalent Résistﬁnces.

+ Full §—~ ’, &
Scalg —— 7.
_j Gain Adjust ,/,,l" -
LS8 Rotates R f
5 ° teline 2,707 |
a = S~ . Range
3 5} g of Gain
Q o« N :
@ o Wre” Adjust
2 5 Y -
g (2] /,”‘:? 1
E Input = 1,,’”
Range of FFFF,, , loput =
Zero Adjust ‘l y 0000 ,,
Zero Adjust T ‘
1 {4
Trar T )3
the Line ’ Digital input
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VOLTAGE OUTPUT MODELS
ANALOG OUTPUT
e DAC701 UNIPOLAR DAC703 BIPOLAR
DIGITAL INPUT CODE 16-BT 15-BIT 14-8IT 1687 15-8fT 1487
1LSB ®V) 153 ) 305 610 305 610 1224
0000., v +9.99988" +9.99969 +9 99939 +9.99960 +9.99939 +9.99878
FFFF, V) 0 0 Q -10.0000 —-10.0000 -10.0000
ANALOG OUTPUT MODELS e
ANALOG OUTPUT
- DAC700 UNIPOLAR DAC702 BIPOLAR
DIL. /AL INPUT CODE 16-8IT | 15-BIT 148 16-81T © 15-BIT 14817
wse - (BA) 0.031 0.061 0122 0.031 0.061 0.122
0000, (mA) -1.99997 -1.99994 -1.99988 -0.99997 -0.999%4 -0.99988
FEFF, (mA) 0 0 0 +1.00000 +1.00000 +1.00000

TABLE 1. Digual Input and Analog Outpuf Relationships.

If the output cannot be sensed at Common or the sytem
ground point as mentioned above. the differential output
circuit shown in Figure 8 is recommended. In this circuit the
output voliage is sensed at the load common and not at the
D/A converter common as in the previous circuits, The value
of R, and R, must be adjusted for maximum common-mode
rejection at R . Note that if R is negligible, the circuit of
Figure 8 can be reduced to the one shown in Figure 7. Again
the etfect of R, is negligible.

DAC700.DACT02

Atternate Ground lﬂ y—
.

Sense Output

Sense Conneclion
\T\ / v
TC ‘vcc - ‘I N -
. TuF 12
- ' COM{ 115VDC
* '
-—t—_T_ we | v Supply
To ~Ve¢ + " J
System Ground
Point +V
T0 Vo e
° e = )
T ¥ COM +5VDC
Supply
Rg Re Roac
DAC702 2.45kQ2 10kQ 2.45kQ
DAC700 4k 5k a&®Qq

1 Ry shoukd be equal to the output impedance at the current output
to compensate for the bias current dnft of A,. Use standard 10%,

174W carbon composition of equivalent resistors. J

The D/A converter and the wiring 1o its conngciors should be
located to provide optimym dsojation from sources of RFI
and EML. The key concept in elimination of RF radiation or
pickup is loop area; ;'hcr;éfore. sigpa;! leads and their return
conductors should be kept close together. Thxs reduces the
external magnetic field along with any radiation. Also, if a
single lead and its return conductor are wired close together,
they present a small flux-capture. cross section for any
externat field. This reduces radiation pickup in the circuit.

DACT00.DACT02
"\ F: R,
Hr. \
loyr N R,
A. e
<> Roac * N Se
Common | R, nse
: ‘ R, Ry Output
Re -—
L R,
Alternate Grourki A
Sense Connecuong *,
1,
To +Vee % ‘\’/ +V
e Y
T— " U COM| +15vDC
+ 1 \WF \ - Supply
To -Ve¢ = * N
) Systam Ground
Point Ry
To Vpp == o - .
T W com| +svDC
Supply
Re Rouc
pac7o2 | 10ka | 245k VR =R
DAC700 | 5kQ axa R R, - Ao &

et T O TN EEe et al Cancing Onimitt On Amp Conficura
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, DS12307/AB

JALLAS DS1230Y/AB

SEMICONDUCTOR 256K Nonvolatile SRAM

FEATURES PIN ASSIGNMENT

& 10 years minimum data retention in the absence of Al oo Il Ve
external power At o i we
® Data is automatically protected during power loss A o gas
A6 25 A8
® Raplaces 32K x 8 volatile static RAM, EEPROM or A% 24 B Ao
Flash memory At 22l An
® Unlimited write cycles A3 22 @ OF
. AL 21 ALD
o | ow--power CMOS A o f ce
e Read and write access times as fast as 70 ns A 19§ 007
0Q0 § 18§ pos
; ¢ Lithium energy source is electrically disconnected to pot B 17 @ vas
; retain freshness until power is applied for the first time DOy 16 ! po4
© Full $10% V¢ operating range (DS1230Y) , GND 15 i b3
' ) : 268-PIN ENCAPSULATED PACKAGE
» i ® Optional 5% V¢ operating range (DS1230AB) 740 MIL EXTENDED
& Optional industrial temperature range ot -40Cto
+85°C, designated IND e }
. ga[r._ NG
. 330C NC
® JEDEG standard 28-pin DIP package 33 3 At
‘ 2 21C71 A13
& New PowerCap Module (PCM) package - 39 lfl} a2
: wt P E5 ALl
. . . 2805 A1Q
-~ Directly surface~mountable module - we 27071 A9
,\ , . 7O 260 AB
- Replaceable snap-on PowerCap provides lith- 0OS T 10 ‘ﬁ%i A7
ivm backup battery DG Lend 1 ?;g‘L—_g A
- 0 ; QiR ©onil - Stla GRIAR DO TG . 2209 a4
Standardized pifai L il nenvolatile SRAM a1 114 G Vasr 2!L‘T‘€J A
pruducts DOYETT 1 . 20050 A2
A D20 1,71 45 T 1903 Al
- Datachment feature ci: DowerCap allows easy v Lhotd e cﬁ A0
removal Using a tegubar SCrowdnives 34 VEHCAR MODULE (PUM

SH034PC POWERCAP)

PiN DESCRIPTION

AD - AtA - Address Inputs
BQO - DQ7 — Data In/Data Out
ce — Chip Enable
WE -- Write Enable
OF —~ Qutpist Enable

. Vee - Power (+5V)
GND ~ Ground

NC - No Connect
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MAX 232
RS 232 DRIVERS/RECEIVERS

FEATURES:

%+ Operates from single 5 volts supply.
% Meets all RS — 232C and V.28 specifications.
%* Multiple drivers and receivers.
% On board DC — DC converter.

% +/- 9 volts output swing with 5 volts supply.
%+ Low power shut down - <lmicro amps (typ).
<+ Three state TTL/CMOS receiver outputs.

% +/- 30 volts receiver input levels.

GENERAL DESCRIPTION:

MAX 232 belongs to the MAXIM family in which the line
drivers/receivers are intended for all RS 232 and V.28/V.24 communications
interface and in particular for those applications where +/-12 Volts is not
available. Since nearly all RS 232 applications need both line drivers and
receivers, the family includes both receivers and drivers in one package. Both the
receivers and the line drivers (transmitters) meet all EIA RS 232 and CCIT V.28
specifications. The MAX 232 consists of three sections — the transmitters, the

receivers and the charge pump DC ~ DC voltage converters.



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. This + 5 volts to +/- 10 volts conversion 1s
performed by two charge pump voltage converters. The first uses capacitor C1 to
double the + 5 volts to + 10 volts, storing the + 10 volts on the V' output filter
capacitor, C3. The second charge pump voltage converter uses capacitor C2 to
invert the + 10 volts to — 10 volts, 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 transmitters or the line drivers are inverting level translators which
convert the CMOS/TTL input levels to RS 232 or V.28 voltage levels. With + 5
volts Vce , the typical output voltage swing is +/- 9 volts when loaded with a
nominal 5kilo ohms input resistance of an RS 232 receiver. The output swing is
guaranteed to meet the RS 232/V .28 specification of +/- 5 volts minimum output
swing under the worst case conditions of all transmitters during the 3 kilo ohms
minimum allowable load impedance Vec = 4.5 volts and maximum operating
ambient temperature. The open circuit output voltage swing 1s from

(V" - 0.6 volts) to A

The input thresholds are both CMOS/TTL compatible, with a logic
threshold 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



conditions. While or even a —3volts receiver threshold would not give proper
indication on the control lines such a s DTR and DSR. The receiver on the other
hand have a full 0.8V noise margin for detecting the power down or the cable

connected states.

The receiver have a hysteresis of approximately of 0.5 Volts with a
minimum guaranteed hysteresis 200 milli volts. This aids is obtaining clear
output transitions even with slow rise and fall line input signals with moderate
amount of noise and ringing, The propagation delays of the receivers are 350 nanc
seconds for negative going input signals and 650 nano seconds for positive going

input signals.



