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INTRODUCTION

With vast improvements made in the field of communication everyday,
the project “Wireless digital image transmission” deals with certain related
issues like overcoming the capacity limitations of a floppy disc/memory card,
that is commercially available, and facilitating a completely wireless link

between a mobile and a stationary unit.

The block diagram of the project is shown in figure 1.

To communicate . between the devices, wvarious techniques were
considered such as Bluetooth, wireless LAN etc., A detailed study of the above
methods were undertaken and the results of the study are elaborated in the later
sections. Taking into account various factors, it is found that frequency shift
keying (FSK) is more suitable. The communication link between the micro
controller and a PC has been established using FSK modulation of the digiial
data at the transmitter and subsequent demodulation at the receiver. The data is
being transmitted and received using the serial ports of the micro controller and

the PC respectively. The wireless link was established and tested at 110 bauds.

Intensive analysis and study has helped in the materialization of a

working prototype model. The thesis presentaticn follows.
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services supportive of the main application like SOP (Service Discovery

Protocotl).
THE APPLICATION

By connecting two bluetooth enabled devices data can be transmitted
easily. In the project, the digital camera and the user interface (here a PC) have
to be bluctooth enabled. To develop bluetooth enabled devices BDK
(Bluetooth Development Kit) is required both at the transmitter and the

receiver. The cost of this kit proved to be a limitation. ...
COST OF EACH BDK...... $5800

So, another affordable but equally efficient means of wireless

communication technique is to be chosen. This leads to wireless LAN.



WIRELESS LAN

A wireless local area network is a flexible data communications system
implemented as an extension to or as an alternative for wired LAN. Wireless
LAN combines data connectivity with user mobility. Wireless LAN users have
a range of technologies to choose from when designing a wireless LAN

solution. These are as follows.....
1) NARROWBAND TECHNOLOGY

A narrowband technology transmission system transmits and receives
user information on a specific radio frequency. Narrowband radio keeps the
radio signal frequency as narrow as possible just to pass information.
Undesirable cross talk between communication channels is avoided by

carefully coordinating different users on different channel frequencies.
2) SPREAD SPECTRUM TECHNOLOGY

Most Wireless LAN systems use this technology. This system produces
a trade-off such that the signal is louder and easy to detect. Spread spectrum is
designed to tradeoff bandwidth efficiency for reliability, integrity and security.

There are two types of spread spectrum namely :



a)  FREQUENCY HOPPING SPREAD SPECTRUM

FHSS uses a narrowband carrier that changes frequency in a pattern

known to both transmitter and receiver.
b) DIRECT SEQUENCE SPREAD SPECTRUM

DSSS generates a redundant bit pattern for each bit to be transmitted.

This bit pattern is called chirping code.
3) INFRARED TECHNOLOGY

This technology is used in commercial Wireless LAN IR systems use
very high frequencies just below visible light in the electromagnetic spectrum
to carry data. IR waves cannot penetrate opaque objects .It is either directed
(line —of- sight) or diffused technology. Directed systems provide very limited

range (3ft) and typically are used for personal area networks.

HOW WIRELESS LAN WORKS?

Wireless LAN’s use electromagnetic airwaves (radio or infrared) to
communicate from one point to another without relying on any physical

connection .The data being transmitted is superimposed on the radio carrier so



that it can be accurately extracted at the receiver end. This is referred to as
modulation. To extract data, a radio receiver tunes in to one radio frequency

while rejecting all other frequencies.

RANGE AND COVERAGE

The distance over which RF and IR waves communicate is a function of
product design and propagation path, especially indoor environments.
Interactions with building walls, metal even human body can affect how energy
propagates and thus what range and coverage a particular system achieves.
Solid objects block infrared signals, which imposes additional limitations. Most

Wireless LAN systems use RF, which can propagate through most obstacles.

INTERNATIONAL WIRELESS LAN STANDARDS

Mobile frequency range ----------- 2400 —248.3 MHz
Multiple Access Methods -~------- CSMA

Duplex Method TDD

Number of channels ---------------- FHSS=79;DSS8S=11

Channel spacing FHSS =1 MHz; DSSS=11 MHz

Tyata ciamale francmitted thronok nin 3 of the @ nin ~onnector of RS 232



N2
01y
iNFWAINEE | 3TNAOW g aane— BS54
40 Xy ct .
BE-90G-WYS
mzwmua N 2 bon
(8EEBT dOSL) 0] ‘ MO
L06-611 ang 1y
H...:% ' ' .
et M% R 3 RZS
T | R | ace X
S 1 . S b
1d3n . uiS.c _| Ly co )
AR /3 J- A . ne - .
Iz Il £y .1|_
9 <3 L
B 9 Gl Slo
U0l c BYIPNL ot . v oLy 9
“ e e 262 XWW w |,
LS8 V4 bAAAA——
452 (€ SEy i 0 o % I
\ 8 AAAA— £
T, e o o= P 2ie vy N
8 v 5d _ ™
Hor! L o
voee we'l Pmm Pmm Dmm Aco L¥0d .n/_._,qmﬁmuwwﬂnmmwm o0
3 - a4
82 73 I Pen Tes avoey =
9]
RS €037
. ATH
(S3A0I0 A1 39ONVY LAOHS)
S3ISTING T3 INAOW ZHX8E BNISN NOTLVIINNWWOD O3d Ol Jd




electric pulses sent by the COM port are now converted to corresponding

modulated pulses of IR light.

RECEIVER

The IR signals are detected by a photodiode(D1).The detected
TTL levels are coupled to pin 10 of MAX 232 IC and are converted to +or - 9
V internally and output at pin 7.A visible LED at pin 7 indicates that the signals
are being rece.ived.Pin 7 is also connected to pin 2 of the RS232 IC so that the
data may be read.The optical signals received by the photo diodes are in fact

converted to electrical pulses and thus reception is established.

TESTING

Data transmission and reception were verified by flickering of
indicative LED's when pulses were fed at pin 3 of RS 232 connector.The
transmission and reception were verified on both the prototypes, one connected

to each PC.



WIRELESS LAN USING RADIO WAVES

Due to the disadvantages of IR transmission mentioned previously the
next method was tested— using radio waves to transmit data .This was done

using Frequency Shift Keying. The detailed report of this study is as below.

TRANSMITTER

The transmitter section consists of an FSK section and a high frequency

carrier generator.

Frequency Shift Keying:

Frequency shift keying is a method of passing binary data in a signal. It
is one of the most common methods used for transmitting digital data.

FSK takes binary daia and creates & signal with changing frequency
hased on that data, A binary value of zero will cause the signal to use certain
frequency and duty cycle for a period of time and a binary signal of one will

cause the signal to use different frequency and duty cycle for a period of time.

In the project we have used the XR2206 IC to generate FSK.

10
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XR2206 Function generator:

The XR2206 is a monolithic function generator capable of producing
high quality sine, square, triangle and ramp, and pulse waveforms of high-
stability and accuracy .The output waveforms can be amplitude or frequency
modulated by an external voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1 MHz.The circuit can be used

for FSK, AM and FM generation.

FSK generation:

The XR-2206 is comprises of four functional blocks; a voltage
controlled oscillator, an analog multiplier and sine shaper, a unity gain current
amplifier and a set of current switches. The VCO actually produces an output
frequency proportional to the input current, which is produced from the timing
terminals to ground, by a resistor. An FSK input pin, to produce an output
frequency, controls the current to the VCO. With two timing pins, two discreet
output frequencies can be independently produced for FSK generation
applications. The circuit for using XR2206 as an FSK generator is shown in

figure 4.

The XR-2206 can be operated with two separate timing resistors, R, and

R,, connected to the timing pins 7 and 8 respectively. Depending on the

12
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polarity of the logic signal at Pin 9, either one or the other of these timing

resistors is activated.
If Pin 9 is open-circuited or connected to a bias voltage -2V, only R, is
activated. Similarly, if the voltage level at Pin 9 is -1V, only R, is activated.

Thus, the output frequency can be keyed between two levels. f; and f;,

as:

f1=1/R1Ca.ndf2=1/R2C

For split-supply operation, the keying voltage at Pin 9 is referenced to -V.

13



CARRIER GENERATION

One input of the NAND gate is always maintained at a voltage of +12V.
The other input is initially zero, as the capacitor is not charged. The output of
the NAND gate is high (One). This causes the capacitor to charge through the
resistor. The input at pin 2 of the NAND gate becomes a one and the output
becomes zero. This process repeats to produce an oscillating output whose
maximum frequency is limited to 5.5 MHz by a ceramic filter. This oscillating
routput is fed as an input to a second NAND gate. The other input of this
NAND gate.is the FSK output from XR2206. The output of the second NAND
gate is therefore a modulated waveform. The Carrier generation schematic is

shown in figure 5.
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MICRO CONTROLLEK

The difference between a microprocessor and micro controller is that a
microprocessor can only process the data while a micro éontroller can control
external devices. That is if you want switch “ON” or “OFF” a device, you need
peripheral ICs to do this work but with a micro controller you can directly

control the device.

Like a microprocessor, micro controller is available with different
features. It ié available with inbuilt memory, /O lines, timer and ADC. The
micro controller, used is 89C51, manufactured by Atmel, MC, USA. This is an
advanced version of 8031. This micro controller has an inbuilt 4K bytes of
flash ROM, 256 bytes of RAM, 32 /O lines (4 bit ports) and 6 vectored

interrupts.
FLASH ROM

A 4-kilo byte ROM is available in the micro controller. It can be erased
and reprogrammed. If the available memory is not enough for your program,
you can interface the external ROM with this IC, it has 16 address lines, so a
maximum of (2'%) i.e., 64 bytes of ROM can be interfaced with this Miéro

controller. Both internal and external ROM cannot be used simultaneously.



For external accessing of ROM, a pin is provided in the micro controlier
itself, i.e. pin no.31 EA should be high to use internal ROM, low to use

external ROM

An internal 256 bytes of RAM is available for the user. These 256
bytes of RAM can be used along with the external RAM. Externally you can
connect 64-kilo bytes of RAM with the micro controller. In internal RAM first
128 bytes of RAM is available for the user and the remaining 128 bytes is used
as special function registers (SFR). These SFR’s are used as confrol registers

for timer, serial port etc.

INPUT / OUTPUT PORTS

There are four /O ports available in AT89C51. They are port 0, port 1,
port 2, port 3. All these ports are eight bit ports. All these ports can be
controlled as eight-bit port or it can be controiled individually. One of the main
features of this micro C()ﬁqullcr is that it can control the port pins individually.
For example to control a LED we need to use one /O line in the micro
processor with 8255, we have to use an eight bit port. In 89C51 port 1 is
available for users Port 3 is combined with interrupts. This can be used as
interrupts (or) VO ports, ports 2 & port 0 are combined with address bus & data

bus.

17



All these port lines are available with internal pull-ups except port 0. If

we want to use port 0 as YO port we have to use pull up resistors.

This micro controller is working at a speed of maximum 24MHz. This
micro controller is available with an inbuilt oscillator; we just have to connect

the crystal to its terminal.

ASSEMBLY LANGUAGE PROGRAM

The assembly language program is given below for serial

communication between the micro controller and the PC.

sin: lcall dsrc ; display S
mov dpl, sdpl ; get start addr
mov dph, sdph
lcall init ser ; initialize serial port
mov r0, #5 ; for 5 3f
se bak:
mov A, 5Con ; chk ri bit
arnd a, hl
cine a, #1,se bak
mov a,sbuf ; input data
mov scon, #58h ; ready for next data
H
cine a, #3fh, store ; 1f data is not 3f, store
dine 10, e sk b a0 ds nol 0 L0 Proceed
L jmp main
store: mowv 0, #5
ser_ skp:
movx Gdptr,a ; stere
inc dptr

1ijmp se bak
18



sout Icall dsrc ; display S
lcall dend ; display E
mov dpl, sdpl ; get src pointer
mov dph, sdph
lcall init_ ser ; initiaelize serial port
sobak: movx a,@dptr ; get data from src
mov sbuf,a ; output to sport
lcall delay
lcall delay
mov scon, #58h ; ready for nxt data
mov a,dpl ; compare current dpl with
edpl
cine a,edpl, sopcd ; proced
mov &, dph
cine a, edph, sopcd
1jmp send_3f
sopcd: inc dptr
limp sobak
send_3f:
mov r0, #5
mov a,#3fh
tfbak: mov sbuf, a ; ocutput
lcall delay
lcall delay
mov scon, #58h ; ready for nxt data
dinz r0, tfbak
Limp main

dsrc: lcall blank_dis
mov dptr, #4001h
mov a,#90h
movx  f@dptr,a
mov dptr, #4000h
mov a,#lch
movx fdptr,a
lcall get_addr
mov dptr, #ad_lo
MoV a, @dptr
mowv sdpl, a
mov dptr, #ad_hi
movX a,@dptr
mov sdph, a
ret

; get addr
; save it in dpl & dph



ddst: leell blank dis

mov
mov
novx

mowv
mowv
movy

lcall
mev
movy
nov

dptr, #4001h
a, #90h
@dptr,a

dptr, #4000h
a, #64n
Bdptr,a

get_addr
dptr, #ad_lo
a,Bdptr
ddpl, a
dptr, ¥ad_hi
a,@dptr
dcph, a

dend: lecall  blank_dis
mov dptr,#4001h
mov a,#90h

. movx @dptr,a
mov dptr, #4000h
mov a,#16h
movx @dptr, a
lcall get_addr
mowv dptr, #ad_lo
mOvVE a, @dptr
mov edpl, a
mov dptr, #ad hi
MoV a, @dptr
mov edph, a
ret

; init serial port

init_ser:
mov tmod, #20h
mov thl, #0e6h
mov tcon, #40h
mowv scon, #58h
lcall delay
ret

delay: mov rl, §0f{h

dll: mov r2, $0ffh

dlz: dinz rz,dlz
dinz rl,dll
ret

;30h 1sk,31lh msb,254ahlsb, 254bh msb

’

’

z

’

r

r

get addr
save it in dpl & dph

get addr

save 1t in dpl & dph

autce reload mode

count

start

receive enable and start



TRANSMISSION AND RECEPTION

. TRANSMITTER WORKING

The transmitter circuit is as shown in figure 6.

The XR2206 is used to generate FSK depending on the signal level at
pin 9. The input to the 9th pin of the XR2206 is the inverted data signal from
the micro controller kit. When this signal is zero the transistor BC547 is cutoff,
therefore the input to the 9th pin is +12 volis. When the signal from the micro
controller is one the transistor BC547 is saturated seo the net voltage at the 9th

pin is 0 volts.

The voltage at the 9th pin controls the FSK generation. This determires
the frequency (f), f;) generated as mentioned previously .The frequency ranges

from 1200Hz to 1500Hz.

The FSK output from pin 11 is fed to the moduiation circuit. The other
input to this circuit is the high frequency carrier signal. The output of this
cireuit is carrier superimposed on the FSK signal. This signal is fed o a buffer
circuit .The buffer circuit is constructed using two CMOS NAND gates. This
buffer is used to inmcrease the current level of the signal tc enabie easy

transmission using a wire. Hence the antenna used can be 2 wire.

71
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RECEIVER

The receiver circuit mainly comprises of RF amplifiers, filters and
demodulation circuits. The wire antenna receives the data signal transmitted.
This signal is fed to an RF amplifier constructed using a BFW10. This has high
input impedance; hence it enables detection of weak signals. This followed by
a ceramic filter. This filter removes any noise distortion and filters all signals
above 5.5MHz.Then the signal is again fed to an amplifier and filter to improve

the quality of the received signal.

The next stage is demodulation. For this an envelope detector circuit
constructed using diode OA79 is used. This detector removes the carrier signal
and outputs the pure FSK signal. This FSK is the required data signal. It is then
amplified by a 741 opamp circuit .The amplified filtered signal is fed to the

PLL 565.The details are given in figure 7.

PLL 565:

565 is available as a 14 pin DIP package and as a 10 pin metal can

package.

£=0.25/R,.C, Hz

Where R, and C, are the resistor and capacitor connected to pin 8 & pin

9.The VCO free running frequency is adjusted to be at the centre of input

R
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frequency range. It can be seen that the free running frequency is internally

broken between the VCO output and the phase comparator input.

A short circuit between pins 4 & 5 connect the VCO output to the phase
comparator input so as to compare fy and input signal f;. A capacitor C
connected between pin7 and pin 10 to make a low pass filter with an internal

resistance 3.6Kohm.

The lock in range is given by
Af=+780/V
The capture range.is given by
A §/2(pi)(3.6 x 10°) C™
Where C is in farads.

The capture range is located symmetrically with respect to VCO free
running frequency fy as shown in the figure. The PLL cannot acquire a signal
outside its capture range but once a signal is captured, it will hold on till the
signal frequency goes beyond the lock in range .In order to increase the ability
of the lock in range, a large capture range is required. This will however make
the PLL more susceptible to noise and unwanted signals. Hence a suitable
compromise is often reached between these two opposing requirements of the
capture range. Many a time, the LPF bandwidth is first set as a large value for
initial acquisition of the signal and once the signal is captured, the bandwidth
of the LPF is reduced substantially. This will minimize the interference of

undesirable signals and noise.



The output of the PLL is given to the comparator formed by the 741 IC.
Depending on the frequency at pin 2 and 3, the voltage at pin 6 or 7 will
dominate. Hence this will cause an output of +12V or —12V at the 6" pin of the
op-amp. The output of the op-amp is fed to the PC via the coml port. The data

from the com port is detected and displayed using software installed in the PC.

Two types of software were used . They are

1) XTALK
2) C program.
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IC VOLTAGE REGULATORS

Voltage regulators comprise a class of widely used ICs. Regulator IC
units contain the circuitry for reference source, comparator amplifier, control
device, and overload protection, all in a single IC. Altilough the internal
construction of the IC is somewhat different from that described for discrete
voltage regulator circuits, the external operation is much the same. IC units
provide regulation of either a fixed positive voltage, a fixed negative vollage,

or an adjustably set voltage.

A power supply can be built using a transformer connected to the ac
supply line to step the ac voltage to a desired amplitude, then rectifying that ac
voltage, filtering with a capacitor and RC filter, if desired, and finally
regulating the dc voltage using an IC regulator. The regulators can be selected
for operation with load currents from hundreds of milli amperes to tens of

amperes, corresponding to power ratings from milliwatts to tens of waltts.

26



THREE-TERMINAL VOLTAGE REGULATORS

Figure 9 shows the basic connection of a three-terminal voltage
regulator IC to a load. The fixed voltage regulator has an unregulated dc input
voltage, Vi, applied to one input terminal, & regulated output dc voltage, Vo,
from a second terminal, with the third terminal connected to ground. For a
selected regulator, IC device specifications list a voltage range over which the
input voltage can vary to maintain a regulated output voltage over a range of
load current. The specifications also list the amount of output voltage change

resulting from a change in load current (load regulation) or in input voltage

(line regulation).

Fixed Positive Voltage Regulators:

O IN  OUT =0
7805
From — GND —
Transformer T
secondary
~ GND
Fig 9.

The series 78 regulators provide fixed regulated voltages from 510 24 V.
Figure 19.26 shows how one such IC, a 7812, is connected to provide voltage
regulation with output from this unit of +12V dc. An unregulated input voltage
Vi is filtered by capacitor C1 and connected to the IC’s IN terminal. The IC’s

OUT terminal provides a regulated + 12V which is filtered by capacitor C2

27



(mostly for any high-frequency noise). The third IC terminal is connected to
ground (GND). While the input voltage may vary over some permissible
voltage range, and the output load may vary over some acceptable range, the
output voltage remains constant within specified voltage variation limits. These
limitations are spelled out in the manufacturer’s specification sheets. A table of

positive voltage regulated ICs is provided in table.

TABLE: Positive Voltage Regulators in 7800 series

IC OutputVoltage Minimum
Part M Vi (V)
7805 +5 7.3
7806 +6 8.3
7808 +8 10.5
810 +10 12.5
2812 +12 14.6
7815 +15 17.7
7818 +18 21.0
7974 +24 27.1
POWER SUPPLY UNIT
INTRODUCTION

Since all electronic circuits work only with low D.C. voltage we need a

power supply unit to provide the appropriate voltage supply. This unit consists

R



of a transformer, rectifier, filter and a regulator. A.C. voltage typically 230V
rms is connected to a transformer which steps that AC voltage down to the
level to the desired AC voltage. A diode rectifier then provides a tull-wave
rectified voltage that is initiaily filtered by a simple capacitor filter to produce a
DC voltage. This resulting DC voltage usually has some ripple or AC voltage
variations. A regulator circuit can use this DC input to provide DC voltage that
r;ot only has much less ripple voltage but also remains the same DC value even
the DC voltage varies some what, or the load connected to the output DC

voltages changes.

BLOCK DIAGRAM
/P 220v O/p
—® Transformer [ Rectifier ™| Filter Regulator |y
AC Supply D.C
Fig 10.
TRANSFORMER

A transformer is a static (or stationary) piece of which electric power in
one circuit is transformed into electric power of the same frequency in another
circuit. It can raise or lower the voltage in a circuit but with a corresponding
decrease or increase in current. It works with the principle of mutual induction.
In our project we are using step down transformer for providing the necessary
supply lor the clectronic circuits. In our projeet we are using a 15-0-15 centre

tapped transformer.



RECTIFIER

The DC level obtained from a sinusoidal input can be improved 100%
using a process called full-wave rectification. It uses 4 diodes m a bridge
configuration. From the basic bridge configuration we see that two diodes (say
D2 & D3) are conducting while the other two diodes (DI & D4) are in “off”
state during the period t =0 to T/2. Accordingly for he negative of the input ihe

conducting diodes are D1 & D4. Thus the polarity across the load is the same.

FILTER

The filter circuit used here is the capacitor filter circuit where a
capacitor is connected at the rectifier output, and a DC is obtained across it.
The filtered waveform is essentially a DC voltage with negligible ripples,

which is ultimately fed to the load.

REGULATOR

The dutput voltage from the capacitor is more filtered and finally
regulated. The voltage regulator is a device, which maintains the output voltage
constant irrespective of the change in supply variations, load variation and
temperature changes. Here two fixed voltage regulators namely LM 7812, LM
7805 and LM7912 are used. The IC 7812 is a +12V regulator IC 7912 is a -

12V reguiator and IC 7805 is a +5V regulator.
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INTERFACING CAMERA WITH THE MICRO
CONTROLLER

The Digital Camera used here is one with a RS232 serial port. The
camera output is to be fed to the distant workstation using the wireless link. For
this a problem is encountered . The micro controller 89C51 has got only one
serial port. This is used for the transmission of data t.o the receiver. The other
port present is a parallel port. So the output from the camera coming out of the
RS232 cable is to be converted to parallel data. This conversion is done using

the 8251A serial to parallel converter.

The 8251A is a programmable chip designed for synchronous and
asynchronous serial data communication, packaged in a 28-pin DIP. The
8251A is the enhanced version of its predecessor, the 8251. It includes five
sections: Read/Write Control Logic, Transmitter, Receiver, Data Bus Bufter,

and Modem Control.

The control logic interfaces the chip with the MPU, determines the
functions of the chip according to the control word in its register, and monitors
the data flow .The transmitter section converts a parallel word received from
the MPU into serial bits and transmits them over the TxD line to a peripheral.
The receiver section receives serial bits from a peripheral, converts them into a
parallel word, and transfers the word to the MPU .The modem control is used

to establish data communication through modems over telephone lines. The

32



8251A is a complex device, capable of performing various functions. The

schematic of the interfacing circuit is shown in figure 12.

TUNING

One of the most crucial areas in establishing wireless communication
between the micro controller and PC is tuning. Tuning is done at the
transmitter, in order to obtain two predetermined frequencies to represent ‘1’
and ‘0”. In the receiver, at pin 3 of the PLL565 IC , the frequency is preset and
this preset frequency is compared with the incoming frequency. Hence, there is

no need for tuning at the receiver.

On the transmitter side , potentiometers are used in series with 1 K ohm
resistors at pins numbers 7 and 8 in order to facilitate variation of the
resistance. These resistance values along with the capacitor value of 0.1 micro
farad connected between pins 5 and 6 serve to determine the frequencies used

in FSK to represent the two binary signals , namely ‘1’ and ‘0" .

The relation between the FSK frequencies and the resistance values are
given by

F=1/(R*C)

where R represents the effective resistance at pin 7 or 8 and
C represents the capacitance connected between pins 5 and 6
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Practically, tuning is achieved by viewing the received signal at pin 6,
i.e. at the output of the I[C741 used as a comparator and simultaneously tuning

the transmitter in order to achieve a noise free reception .

The tuning of the transmitter is done by adjusting one potentiometer to
give +12 V and another to give _12 V when the CD4011 IC’s first pm is
connected to the supply and ground respectively. Tuning is done until the

noise signals that appeared in the form of pulses at the receiver, are eliminated.

Tuning is stopped when the received signal on the cathode ray
oscilloscope indicates dc levels of +12 V and — 12V. Thereafter error free
transmission is checked by transmission and reception of hexadecimal data

from the micro controller.
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TESTING

TESTING USING XTALK

For testing purposes the XVI version of XTALK developed for IBM
machines is used. The status screen shows communication parameters, filter
settings, key settings and control settings. Initially the parameters for
communication and filtering are to be set. The two modes used in Xtalk are

CALL mode and ANSWER mode.
For the project the following settings are to be made:-

e SPEED=0110
» DEBUG =HEX

e MODE=CALL

o INFILTER=OFF
e OUTFILTER=OFF
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TESTING USING C PROGRAM

The C program used for testing is given below. Before executing this

program the COM port is to be initialized at the dos prompt using the command

mode com1 110 n 81

Here the mode at com] port is set at a speed of 110 bauds, for 8 bit data

and lstop bit.

After this the C program is executed and the resuits are displayed in the

output window.
The C program is as follows.

finclude<process.h>
$#include<stdic.h>
#include<conio.h>
$include<dos.h>
main{)
{

int i=0,x,y:

system{"mode coml,0110,n,8,1");

for(;;:)
y=inportb {0x3£8);

delay(800);
printf {"\n%x",y);

38



After initialization the command GO LOW is given. Then the local data

link becomes active and the data, which is transmitted, will be displayed.

Fig 14. RESULT SCREEN



FUTURE SCOPE

The final implementation of the project including the digital camera
interface block would make it a truly novel one. The other developments that

are visualized are,

1. Improving the frequency, speed and usage of high power transmitters
and receivers can truly make this project a boon for all journalists.

2. Coding and realizing using VLSI techniques can be done to make the
circuit truly handy.

3. Secrecy can be incorporated using advanced techniques like spread
spectrum technology making the project viable for even defense
applications.

4, Development of hardware to interface the camera with a cell phone
(WAP enabled) can be done so that the image captured can be

transferred to a WEB site.

39



CONCLUSION

This project was initiated to overcome the fimitations of the memory
card in a digital camera and enable unlimited photography, as the user is sure
that the data will be stored in his workplace. This was possible using wireless

communication technology.

Having succesaﬁt[@ tested the data transmission over the wireless fink,
between a micro controller and a ®C , the concept stands vindicated. It is
hoped that the project will be a beacon light leading to better developments in

the relatively unexplored field of wireless image transfer.
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Features

+ Compatible with MCS-51"" Products

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

Fuily Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x B-bit Internal RAM

32 Programmabie I/O Lines

Two 16-bi Timer/Counters

Six interrupt Sources

Programmable Serial Channel

Low-power idle and Power-down Modes

® & ¢ & & 2 o =

Description

The ATB9C51 is a low-power, high-performance CMOS 8-bit microcemputer with 4K
bytes of Flash programmable and erasable read only memory {PEROM). The device
is manufactured using Atmel’s high-gensity nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pincut. The on-chip
Flash aliows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer, By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT83C51 is a powerfui microcomputer which provides
a highly-flexible and cost-effective solution to many embedded conirol applications.
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architeclure,
a full duplex seria port, on-chip osciltator and clock cir-
cuitry. In addition, the AT83C51 is designed with stalic iogic
for aperation down to zerc frequency and supports two
software selectable power saving modes. The Idie Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

vce
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bil open-drain bi-directional /O port. As an
output porl, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the muttiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
puliups.

Porl § also receives the code byles during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verificalion.

Part 1

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

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an B-bit bi-directional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

Port 2 pins tha! are externally being pulied low will source
current {l;,) because of the internal putiups.

Port 2 emits the high-order address byte during fetches
from external program memery and during accesses ic
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory tha* use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

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

Port 3

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

Port 3 also serves the lunctions of various specia! features
of the ATBOCH1 as listed below:

PortPin . Alternate Functions
P3.0 RXD {(serial input port)
MP1—31 TXD {serial output port) -
P32 - JINTO (external interrupt O)V R
P33 I INT1 (external interrupt 1) B
AF-‘34 I | TO (timer O external input} a i
P3.5 ) l T (tumer 1 external input)
936 S WH (external data memory write s:robe)
P37 i RD (external data memory read strobe)

Port 3 also receives some contral signals for Flash pro-
gramming and verification.

RST

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

ALE/PROG
Address Laich Enable cutput pulse for iatching the fow byte

pin is also the program pulse input (PROG) during Flash
programming.

in normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE

ATMEL ’
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puise is skipped during each access toc external Data
iMemory.

if desired, ALE operation can be disabled by setting bit ¢ of
SFR location 8EH. With the bit set, ALE is active only dur-
ing & MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bil has no
effect if the microcontroller is in externa’ execution mode.

PSEN

Program Store Enable is the read strobe o external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN aclivalions are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if iock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions,

This pin also receives the 12-volt pragramming enabie voll-
age (Vpp) during Flash programming, fcr parts that reguire
12'VO“ Vpp.

XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit,

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quarlz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left

Status of External Pins During ldle and Power-down Modes

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum veliage high and low time specifications must be
observed.

Idle Mode

In idie mode, the CPU puts itself to sieep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the an-chip RAM and all the spe-
cial functions regisiers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It shouid be noted that when idie is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where i lelt off, up to lwa machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this svent, but access to
the port pins is not inhibiled. To eliminate the possibility of
an unexpected write t¢ a port pin when idle is terminated by
reset, the instruction following the one that invokes Idie
should not be one that writes to a pert pin or to external
memaory.

Figure 1. Oscillator Connections

cz
ﬂl—I— XTAL2
C1
?——)I- XTALt
+ GND

C1,C2 =30pF =10 pF tor Crystals

= 40 pF £ 10 pF for Ceramic Resonators

Note:

;I Mode . Program Memary ' ALE = PSEN PORTOQ PORTT | PORT2 PORT3

L idle Internal R I 1 Data | Data Data Data
_[?dl; ) Extarnal | 1 ' 1 Float ; Dala - \ Address Data
Powerdows  memal 0 0 Dwa  Daa Daa  Dam
‘ Power-down . External 0 0 Float Data Data Data :

4 AT89C51 mmsesesssesse——————
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Figure 2. External Clock Drive Configuration

NC XTAL2
EXTERNAL
OSCILATOR — = XTALI
SIGNAL
——{ GND
-+

Power-down Mode

in the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the !ast instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their vaiues until the power-down mode is
lerminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Vee
is restored to its normal operating level and must be held
active long enough to aliow the osciliator to restart and
stahilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P} to obtain the
additional features listed in the table below.

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

! Program Lock Bits '

| 181 iB2 LB3 | Protection Type
1 Y T U | No program lock features -
2 I P U ‘ U ‘ MOVC instructions executed from external program memory are disabled from
: i i fetching code bytes from intemal memory, EA is sampled and latched on reset,
. and further programming of the Flash is disabled - ,,i
3 ! P P Same as mode 2, also verify is disabled ;
| 4 ] P . Same as mode 3, also external exscution is disabled [

AlmEL



Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be proegrammed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vee) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
ATBI9CS1 inside the user's system, while the high-voltage
programming mode is compatible with conventional thirg-
party Flash or EPROM programmers,

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabied. The respective
top-side marking and device signature codes are listed in
the following table.

' Vpp =12V Vpp= 5V |
Top-Side Mark | ATBYCS - ATBOCS1

" xxx |05

Dyyww D yyww
Signature © (030H) = 1EH - (030H) = 1EH

, {031H) = 51H ' {031H) = 51H

| (082H) =F FH | (032H) = 05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.
Programming Aigorithm: Before pragramming the
ATBICS1, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the ATBICS1, take the
following steps.
1. Input the desired memory location on the address
iines.
2. Input the appropriate data byte on the data lines.
3. Aclivate the correct combination of controj signals.
4. Raise EA/V,, to 12V for the high-voltage program-
ming made.
5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeal steps 1 through 5, changing the address

and data for the entire array or until the end of the
object file is reached.

Data Polling: The ATBIC51 features Data Polling to indi-
cate the end of a write cycle. During a wrile cycle, an
altempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been compieted, true data are valid on all outputs, and
the next cycle may begin. Data Palling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can aiso
be monitored by the RDY/BSY output signal. P3.4 is pulied
low after ALE goes high during programming to. indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all *1”s. The chip erase aperation must be executed
betore the code memory can be re-programmed.
Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 ang
P3.7 must be pulled to a iogic low. The values returned are
as foflows.

(03CH) = 1EH indicates manuiactured by Atmel!

{031H} = 51H indicates 89C51

(032H) = FFH indicates 12V programming

{032H) = 05H indicates 5V programming

Programming Interface

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

Al major programming vendors offer worldwide support for
the Atme! microcontrolier series. Please contact your local
programming vendor for the appropriate software revision.



Instruction Set

Mnemonic Description [ Byle | Oscillator Mriemosic Description Byle | Osclllator
; Period Period
RR A Rotate Accumulator | 12 | WMOVX | A@DPTE Move Exernal RAM (16- | 1 24
Right it addr} to Acc : ;
: —
RRC (A Rotate Ascumulator 1 12 MOVX | @R 4 Move Acc to External | ! 24
Right farough the Carry RAN (B-nit addr) :
SWAP | A Swap nboies within the 1 2 MOVY | @DPTRA Move Accto Externa | 1 24
acurmuiator RAM (16-bit addr) 4
DATA TRANSFER PUSH | direct Push direct byla enic 2 24
. et et e e e e o e R — tack
MOV AR, Move regster to 1 7 S I O] AU, SO S SRR
Accuniuiator POP | direct Pop direct byte from 2 24
) ! stack
MOV | Adirect Move direct oyle Ic 4 12 ;
AcCurmiator XCH AR, Exgharngs register with 4 12
: Accumulator
VOV | AGR Move indirect Raw Lo 1 12
Accumuintor XGH | Adirect Excnange dirgct pyie 2 12
with Accumialator
MOV ! Adidata Move immediate data to 2 12 |
Accwriuiator XCH | AGR Exchange indired RAM 1 12
"""""" o with Accumulator
MOV RLA Moy Accumulater o 1 12 .
ragister XCHD | ADK Exchange ow-order * 12
Digit indirect RAM with
MOV | R, .direct Mawve direct oyte to 2 24 Ari
register
) . - P BEOOLEAN VARIABLE MANIPULATION !
MOV | R, #data Mave immediate data to z ‘2 - :
reqisler ClR G Clear Garry 1 17 !
MOV | direct,A Muve Acscuruiator (o z 12 CLR Clear dired 4 2 12
dirsct byl .
e N OTEELRYIE SETB Set Carry ] 12
MOV | direct R, Move register 1o drect 2 24 i : ; y
otz SETE | bit Set dired bit 2 12 :
Chl wpiement Carr .
MCOV | direct,direct Move direct oyle o direct 3 24 chL | C Complement Carry 12
~ Y | 1
MOy | drect @R, | Mova indirent RAM fo 2 24 cr et Gompiement drect it ? 12
diract byte : | e Cpit L AN direct bt o CARRY | 2 24
MOV directifdata . Move inmmediate data fo 2 24 AL kit AND complerent of : ) 24
i diret byle i direst it to Carry
. P s T e DAV S R
MOV | @RA Move Accumulater o 1 17 ; ORL Choit OR diract bit tc Garry 2 24
padrect BAN L e e e T
- - - ORL i Crixt (R compiementof dract 2 24
MOV | @R dire: Mowve diredt pyte te Z 24 Git to Carry
indirect RAM
: AL Gt Kove direct b to Carry 2 12
MOV | ER#Adata Wave immedale data to z e
indirect RaM . MO | kit,C Move Carry to direct it 2 24
MOV | DFTR#idata’s | Load Data Pointer with a 2 34 JC rel Jump if Carry s set 2 24
18- sonstant JWC Tz Jurng if Canvy not set 2 24 :
2 =) 7Y o 1 O S B |
MOVC | A@A-DPTR | Move Q?de byte relative 1 24 JB bit.ral Jurnp if direct Bit is set 3 24 !
to DFTRtoA | e
JNB bit,ral Jump if direct Bit is Not 3 24
MOVC | A@A+PC Mova Code byte retative 1 24 ! q::m it girect Bxt 13 o
. 1o PC o Aco i :
HEC Lit.ral Jump if direct Bitis set & ¢ 3 4
MOVX | AR, Mave External RAM (8- | 1 24 | Bitr hump T drectBt s sel ?
bit addr) 10 Ace ‘ | |Flears
T - | PROGRAM BRANCHING
DATA TRANSFER (continued) ‘
275
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Table 1. AT89 instruction Set Summary 7

Mnemonic Description Byte | Osciliator fdnemonic Description | Byte ‘ Oscillator
Perind, . Period
|
ARITHMETIC OPERATIONS LOGICAL OPERATIONS i
............ e e Sl : SR — ‘
ADD | AR, [ Adg ragister to bt =2 ANL AR, L AND Register to I 12 ;
Acgumuiator ‘ Accumulater : i i
i I \
ADD A direct Add drect hyte o 2 2 s AN A dirert AMD direct byte 1o : 20! .2 |
AccumLiator i Accumuiator 5 |
ADD | A@R add indirect RAM (o 1 ‘2 : AL | AR - AND indirect RAM o : i 12 i
Acnumiiatar _ : i Accumulator :
ADD | Adfdata Add irmediate dala o 2 12 AL Adidata ANG rmmediate data to 2 12
Accumuiator ! Acurnidiator : ;
ADDC | AR, Add register t0 Ty 12 ANL | dirsctA | AND Accumutator to 2 2
Accumuaiator with Sarry dirsct byte
ADDC | Adirest Add direct bvte to 7 i2 EANL direct #data AND immediate datato 3, 24
Logurniiiatar with Carry i direct byte i
— [ : i
ADDG | A@R; Add indirect RAM o 1 12 ! TORL AR, COR regster to A ‘2
Accumisator with Carry : : Accumulatar :
ADDC | Apidata add mrnediate data o 2 12 i OFL A threst OR direct byte o 2 12
acc with Carry | ' Accumudliator }
SUBB {AR, Suiztract Register from 1 ORL | AZR "OR indirest RAM 1o S T
Acc with borow Accumulatar |
_ . DU : |
SUBB | Adiract Subtract dirnat byte from 7 e §lry | & fdata FOR immediale data to 2 : -
Act with bonow ) ‘Accumuiator !
- H 1
SUBB | AR Sustract mdirect RAM 1 w3 i OR:. direct,A OR &ccumulateriodirest 7 2 ke
from ACT with harrow nyte
SUBB | Adidata Subtract immediale data z 12 ORL direct, idata OR immediate data lo 3 24
from ace with orow direct pyle : .
INC A increment Accumulater 1 12 XRL AR, Excius:ve-OR register to 1 12
: T Accumuliator
INC Ry ingrem:ent registar 1ot 12 ;
XRL Adirect | Exclusive-OR direct byte 2 3
: e . 5 “ !
INC direct Incremeant direct byle 4 2 {6 Accumuwator
<3 rRmE ' 1 . , . ‘
iING | ER; ncrement direct RAM | © 1 2 ] XRi A@R Exaiusive-OR mdiract 1 12
DEC 1A Pecrement Acoienulator 1 2 § RAM te Acourmul afar i
DEC R, Daecrement Registe ARL A Hfdata Exclusive-OR immediate 2 12
. ! data to Ascurmulator ' i
DEC | dwect Decrementdirectopte | 2 | 2 | P + i
S B HRL dhr2ot, A Exclusive-OR N 12
DEC |&R Decrement indirect AN 1 12 | Acoumuiator te dirast |
INC DPTR Ingrerrant Data Pointer 1 24 o _ ke
MUL | AB Multnly A & B ] T 18 KRIL | drect#data | Exclusive-ORimmediate | 3 24
— data to direct byte |
oy AB Divide Aby B 1 18 ’ t ;
PCLR A Clear Accumalator oo 12
DA A Decirmal Adist 1 12 :
! Assurmisiatin ohL A ampiement P 12
i Accurnulator |
Note: 1. All mnamanics copyrighted & Intsl Corp., 1880, L A Rofate Acoumulater Left | 1 | 12
RLEG 1A Rolata Accumutator Lefl 1 ' 2
tthrough fne Carry :
J LOGICAL OPERATIONS {continued) i
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. ! .

Mnemonic | Descriplion l Byle | ObLinJ}

______________________________________ J l‘ Perlod
ACALL | addr 11 } T ; 54
LCALL | addr 16 ( Long Suprautine Call L 3‘%! 24 J
RET Return from Suirauing l i L 2 ’
- b
RETH ' Retun from [ 24 ‘
j Inferragt | .
I f B

AJMP 1 addr 11 J Abegluts damp } F 24

. i 24 i
f 74 |
| |
— —
JMP O @ADPTR Jump indirect relative o J 24 f
‘ the DPTR | J
Jz ral | Jump f Acoumuator s | 4]
J ZBfu -|_ R i
JNZ rel J iu':r,J if Aoz x‘dfu' 1% [ 24 J
| I\rcr /cro I }
Adiractrel 1 C.mpafe drrect bﬂﬂ ta J 24 ‘
i Acc and dumip f Not | |
J ‘ Egua | —J
CINE ‘ ARdata,ral mmedatets | 3 | 24 |
; ‘ .C\r‘“. anrj Jamp f Net r | ‘
| | Egua: o L J L +
CINE | R ifdata el Corpare med o (o ’ 4 ‘ 24 ‘
register and Jurg of Mot ; |
| Equa R N N
| i
CINE | @R #data,rel Cormpare immediato o | 3 ‘ 24 !
ndirect and Jumg if Not ‘ { !
Equal | |
DINZ | Rra Decrament rogister and e ‘ 24 |
Jurepf Not Zars : i
DINZ | drect e Decremerd drect pyie |3 | 24 l
and Jurmp :f ot Zera ’ :
NOF ! T No uoP'at o 4 I‘ w2 l
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Table 2. instruction Opcodes in Hexadecimal Order

Hex Number | Mnemonic Qperands !
Code ¢ of Bytes ; !
00 : ! Kon ,
01 i 2 AdwE | code add j
o2 3 P LIMP | code addr

23 4 i A

04 i ING 2,

05 7 [ it aledr

| data addr

o L .;
o ] IS N J
*?5‘“ 4 5 ;l-éSC» bl gide code adil
3t z ACALL code addr
12 3 L ALY sode addr
13 3 RRC L h

PRy

oo ad

15 :
17 1
18
13 d
1A 3
————— I .1.. - -
el ‘ ; T
. L
DEC b Rs .

instruction Set

Nusmber
of Bytes |

Mnemonic

!
Operamds

A
Z7 : E o ADD
2 1 : | ) Do
boeOD A
it ’
e g !
s 4
kl bl addr, code addr |
2 node add- }
&,

£ )at

£, R |

i ADDG

A

i 33 : . ARG ARG
I a3 i ADDC AR

ADDE

ARG

T ADDG

ALNOC

afs |

D oa

ADDC

. ;
L ARY

code addr

cde addr

az z | Gats aldrA !
4 g O | data addrdala I
14 0 om - Addats
e 2 Ol ‘ A data addr
3 L CAERC :
A ORL L AER ‘
i cit I |
| o AR }
S o are

2-77



e {115 frUCtion Set

Hex Muriter | Wasmont Number | Wasmonic Oparand
Cot of ytas o Prtow
‘0‘! ) T Suel DA, :ue L]
) I sLee - T [Wmasacdn nds
L. : M [ 5uB8 AT AdBb.Cod AdF
% © ] suee A nder j
) | suee " cnde ot
9¢ . ) T sum ARA
30 R | aRs e T
o€ < Toue MRS Tra R
W T e e e R B
A I'ca v T xen AR -
At e ™ ! AQR! ”
w2 o= ! I a0
3 o At
ca ’ AN
i ART
| QRIdate ndd o
i M s ader i .
 Fodats s " i it R
[ 3] 1w :
[rr— ‘i s e i
| Rldn nay ot e nr
| Ru.data noer ‘D2 ot ac
| Rt ader s ¢ 1
T haseadd [ » !
Riagews | | i bt ks I
BUNEEE

RS aadds 8300

W e adde
- -

> de ikl :

7 Al a codke: Aoy

B3, mde nikl

K, mada add

P las.anin nett

F3.0dalerda a4

T Fd gk st
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4 . . March 19688
National Semiconductor

CD4001BM/CD4001BC Quad 2-Input
NOR Buffered B Series Gate
CD4011BM/CD40118C Quad 2-input
NAND Buffered B Series Gate

General Description Features
These quad gatas are monolithic complementary MOS B Low power TTL Fan putof 2 dnrving 74l
(CMOS) integrated circuits constructed with N- and P-chan- compatibifity or 1 driving 74LS

nel anhancemeant mode transistors. They have equal seurce B 5V-10V—18Y peremetric ratings

and sink currant capabilities and conform to standard B s6-  w Symumetrical output characteristics

ties ouwtput drive. The devicas zlso have butlersd CutpLts @ Maximum input loakage t pA at 15V ovar full tempera-
which “mprove transfer characteristics by providing very ture range

high gain.

All inputs are protacted against static discharge with dindes

10 Vpp and Vas.

Yoo CD4001BC/BM
1 Yoo
a 4 af gevice shown
105,810 do= a3
818 c Logural "1 bagh
P Logieel 707 Low
4
314, 10,51}
Vss
H TLFBIAN-2
A mputs protoctod by standarr
B* GMO% protoction oicuit
o ¥
216,913} Vgs
TSRS

-
a
a

CD4011BC/BM

]

4
b

P * P
t, of dovics shown
At I'-l_ } —
J= As3
105,812 a(a, o, ) Logital "17 - High

Lagreat 07 Law

e

Vas
AR bt
nc.i * Al inputs protocted by standard
28,513 CMOS protoction circuit
TLIE 595
e i NGl Soru ST UG e aan R At ) RRN GACkh s/ Paniuan LS A

Z pend 0491 10#AD/NELLOFAD
2180 So119S g paiayng HON induj-g pend 28100Ya2/WEI00¥AD

ajen salIas g Pasopng aNVN Indui-



222 EXAR
/N ..the analog pils company™

A AT A

FEATURES

Low-Sine Wave Distortion, 0.5%, Typical
Excellen! Temperature Stability, 20ppm/°C, Typ.
Wide Sweep Range, 2000:1, Typical
Low-Supply Sensitivity, 0.01%V, Typ.

Linear Amplitude Medulation

TTL Compatible FSK Controls
Wide Supply Range. 10V to 26V
Adjustabie Duty Cycle, 1% TO 99%

XR-2206

Monolithic
Function Generator

June 1897-3

APPLICATIONS
® Waveform Generation

® Sweep Generation
® AM/FM Generation
& V/F Conversion
& F3SK Generation

¢ Phase-Locked Loops (VCO)

GENERAL DESCRIPTION

The XR-2206 is a monolithic function generator
integrated cirzuit capable of producing high quaiity sine,
square, friangle, ramp, and pulse waveforms of
high-stability and accuracy. The output waveforms can be
both amplitude and frequency modulated by an exlernal
voltage. Frequency of operation can be selected
externally over a range of 0.01Hz to more than 1MHz.

The circuit is ideally suited for communications,
instrumentation, and function generator applications
requiring sinusocidai tone, AM, FM, or FSK generation. It
has a typical drift specification of 20ppm/°C. The oscillator
frequency can be linearly swept over a 2000:1 frequency
range with an external contro! voltage, while maintaining
low distortion.

ORDERING INFORMATION

Operating
Part No. Package Temperature Range
XR-2208M 16 Lead 300 Mil CDIP -55°C to +125°C
XR-2206P 16 L.ead 300 Mil PRIP —40°C to +B5°C
XR-2206CP 16 Lead 300 Mil PDIP C°C to +70°C
XR-2208D 16 Lead 300 Mil JEDEC SOIC 0°C to +70°C

ATV L 80 A £ 4

1972

1

s

™
" g

oM

EXAR Corporaticn, 48720 Kato Road, Fremont, CA 94538 # (510} 668-7000 @ (510) 668-7017



XR-2206 Y EXaR

Voo GND  BIAS

@ @ @ SYNCO

TCA @—— J
Timing
Capacitor VCO

o2 —ro | A<

TR1 @‘—“_
Timing m

Resistors Current Multiplier
l X . Switches And Si

7 | I mne +1
R2 e Shaper STO
Fsi (& ———
AMSI G} ¥ 3) Mo
WAVEAT1 @
WAVEA2 @
SYMA1 @
SYMA2 @

Figure 1. XR-2206 Block Diagram

TOM



AMS!
STO

MO
Veo
TCH
TC2
TR1
TR2

16 Lead PDIP, CDIP (0.300")

(] ] SYMA2 AMSI
fz] (5] SYMA1 S70
[z 3] WAVEAZ MO
[} 3] WAVEA1 V..
N 2] GND s
e 1] syneo T2
7] 56] BIAS R
B ] F3KI TR2

naananng

R R T N NPT SR

INIRIRIRIRIRIR}

~ XR-2206

SYMA2
SYMA1
WAVEAZ
WAVEA1
GND
SYNCC
BIAS
FSK!

16 Lead SOIC {Jedec, 0.300")

PIN DESCRIPTION

Pin # Symbol Type |[Description
1 AMSI | Amplitude Modulating Signal Input.
2 570 O 8ine or Triangle Wave Output.
3 MO 0] Multiplier Qutput.
4 Vec Positive Power Supply.
5 TCH I Timing Capacitor input.
6 TC2 t Timing Capacitor input.
7 TRA1 0 Timing Resistor 1 Qutput.
8 TR2 0 Timing Resistor 2 Output.
9 FSKI I Frequency Shift Keying Input.
10 BIAS O Intermal Valtage Reference.
bl SYNCO 0] Sync Output. This output is a open coliector and needs a pull up resistor tc Vee-
12 GND Ground pin.
13 WAVEA1 1 Wave Form Adjust input 1.
14 WAVEAZ | Wave Form Adjust Input 2,
15 SYMA | Wave Symetry Adjust 1.
18 SYmMaz ! Wave Symetry Adjust 2.

TOM




XR-2206

3

R=1M I
\ |
1 AN

<3 ;

z R=200K42 R=10K62

a

-

g i It

@ {...C < — Pin7
) s Re or

o Wea .

i Inprat P e - AN e—

< j' Ve, N .
-2
R=1KQ \.

— R 3V
I ) 12
-3 =
-850 -25 0 25 50 75 100 125 =

Ambient Temperature (C*)

Figure 9. Frequency Drift versus Figure 10. Circuit Connection for Frequency Sweep.

Temperature.
Veo
oS
I TuF
4
1 e 15
5 W
:‘T_I_ Muit. 15 S+ Closed For Sinewave
c e And »
T Sine 14
& H Shaper 8,
ol (KN 200
et
’ SCL!”,?N ——I:\ 2 Triangle Or
vt Ry gk By Swiches e <{ Sine Wave Outpu!
o 1 . Square Wave
= HH N Qutput
R 10_]_1 IR XR-2206
= Rs 10K P O O
+ 50K
j: fuF
= * Vee
10ufF
Vee o—«-—'\/\/\—l»—'\/\/\i{il

Figure 11. Circuit tor Sine Wave Generation without External Adjustment.
{See Figure 3 for Choice of R3)

ATV &5 L&Y

TOM
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 XR-2206

Symmetry Adjust
ﬁﬂi Y ry Agjust

Mult, 2568 Ry
And 15 - 81 Closed For Sinewave
Sine 14
Shaper Sy
R
I 130/1 A
Current 3 2 Triangle Or
Switches . Sine Wave Qutput
11 S
—< quare Wave
Output
AR-2206 f
10K
‘ Veo
’I‘ 10uF

Figure 12. Circuit for Sine Wave Generation with Minimum Harmonic Distortion,
(R; Determines Output Swing - See Figure 3)

on F.
2V rh

<1\,’J

FSK input

Fs

Current

Switches

<]

9

R4 7

4 R 8
F1=1/R1C
F2=1/R2C

10] 12
T 1uF

3 -
R XR-2206

0K

g

" FSK Output

oM



7 EXAR

With External Adjustment:

The harmonic content of sinuscidai output can be
reduced to -0.5% by additional adjustments as shown in
Figure 12. The potentiometer, Ra, adjusts the
sine-shaping resistor, and Rg provides the fine
adjustment for the waveform symmelry. The adjustment
procedure is as follows:

1. SetRp at midpoint and adjust Ra for minimum
distortion,

2. With R set as above, adjust Rg to further reduce
distortion.

Triangle Wave Generation

The circuits of Figure 11 and Figure 12can be gonverted
to triangle wave generation, by simply open-circuiting Pin
13 and 14 (i.e., S4 open}. Amplitude of the triangie is
approximately twice the sine wave output.

FSK Generation

Figure 13shows the circuit connection for sinuscidal FSK
signal operation. Mark and space frequencies can be
independently adjusted by the choice of timing resistors,
R; and Ry the output is phase-continucus during
transitions. The keying signal is applied to Pin 9. The
circuit can be converled to split-supply operation by
simply replacing ground with V.

Pulse and Ramp Generation

Figure 14 shows the circuit for puise and ramp waveform
generation. In this made of operation, the FSK keying
terminal (Pin 9) is shorted fo the square-wave output {Pin
11), and the circuit automatically frequency-shift keys
itself between two separate frequencies during the
positive-going and negative-going output waveforms.
The pulse width and duty cycle can be adjusted from 1%
to 89% by the choice of Ry and R,. The values of Ry and
R should be in the range of TkE2 o 2ME2.

V' ro 03 S A

- XR-2206

PRINCIPLES OF OPERATION
Description of Controls

Frequency of Operation:

The frequency of cscillation, fy, is determined by the
external timing capacitor, C, across Pin 5 and 6, and by
the timing resister, R, connected to either Pin 7 or 8. The
frequency is given as:

fu:'i_?%HZ

and can be adjusted by varying either R or C. The
recommended values of R, for a given frequency range,
as shown in Figure 5. Temperature stability is optimum
for 4kC2 < R < 200kG. Recommended values of C are from
1000pF to 100uF.

Frequency Sweep and Modulation:

Frequency of oscillation is proportional to the totai timing
surrent, |, drawn from Pin 7 or 8

(. 3200 (mA)
T T Cwh)

Timing terminals (Pin 7 or 8} are low-impedance paoints,
and are internally biased at +3V, with respect to Pin 12.
Frequency varies linearly with iT, over a wide range of
current values, from 1uA to 3mA. The frequency can be
controlled by applying a control voltage, Ve, o the
activated timing pin as shown in Figure 10. The frequency
of oscillation is related to VC as:

1 R Ve
f= —= LAY ———
RC(‘I + Rc(1 3))Hz

i

where Ve is in volts. The voitage-to-frequency conversion
gain, K, is given as:

K= affav, = — L32

R.C Hz/V

CAUTION: For safety operation of the circuit, Ir should be
iimited to << 3mA.

v

™~
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MAX232, MAX232I
DUAL EiA-232 DRIVER/RECEIVER

$LLSD47G - FEBRUARY 1988 — REVISED AUGUST 1998

® Operates With Single 5-V Power Supply D, DW, OR N PACKAGE
® LinBiCMOS™ Process Technology (TOP VIEW)
L) i i .
Two Drivers and Two Receivers cie ] 1 el vee
® +30-Vinput Levels vee [ 2 15[] GND
e Low Supply Current . .. 8 mA Typical c1-} 3 14f} TIOUT
® Meets or Exceeds TIA/EIA-232-F and ITU co+ 14 13[] R1IN
Recommendation V.28 co-[}s  12JRIOUT
® Designed to be Interchangeable With vs- {6 1) TN
Maxim MAX232 T20UT{j7 1] T2N
® Applications Rain [} & off R20OUT
TIA/EIA-232-F : t
Battery-Powered Systems iogic symbol
Terminals vee
Modems k 16
Computers ; Vee
® ESD Protection Exceeds 2000 V Per C1+ '3—*“" C1+ 2
MIL-STD-883, Method 3015 oo tse— ey e 1SV Vs+
® Package O‘ptions Include Plastic c2+ LEUVERE [y Y 8 vl
Small-Outline (D, DW) Packages and o~ c2-
Standard Piastic {N) DIPs
e TN 1 > SN
description ;
g I
The MAX232 device is a dual driverjreceiver thal 2N T20UT
includes a capacitive voltage ge_nerator te supply R1OUT 12 A T 12 RAIN
E1A-232 voitage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs 10 5-V R20UT —— oV I _¢_ﬁ R2IN
TTL/CMOS levels. These receivers have a typical
tnreshoid of 1.3 V and a typical hysteresis of 0.5V, * 15
GND

and can accept +30-V inputs. Each driver
converts TTL/CMOS input levels into EIA-232 T This symbol is in accordance with ANSIIEEE Std 91-1984 and IEC
levels. The driver, receiver, and voltage-generator Pubiication §17-12.

functions are available as cells in the Texas

instruments LINASIC™ library.

The MAX232 is characterized for operation frem
0°C io 70°C. The MAX232l is characterized for
operation from —40°C to 85°C.

AVAILABLE OPTIONS
PACKAGED DEVICES
Ta OSU@I'?.IL?:-E cfun!rtll:i'e PLASTIC DIP
(0} (W) (N}
0°C to TQ°C MAXZSZDi MAX232DW': MAXZAZN
~40°C 10 85°C MAX232I Dt M,‘\X232{D\Nt MAX232IN

1 This device is available taped and reelad by adding an R to the part number {i.e., MAX232DR).

Flease pe aware ihat an important notice concerning availability, standard warranty, and use in critical applications of
Texas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC and LInBICMOS are trademarks of Texas Instruments Incorporated.
R

S
Copyright © 1998, Texas Instruments Ingorparated

PRODUCTIGN DATA information is curent as of jcation date. .

et s R

ST Ty Producion oSS : TEXAS
[INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MAX232, MAX232!
DUAL EIA-232 DRIVER/RECEIVER

$L1.5047G - FEBRUARY 1989 — REVISED AUGUST 1993
absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t

input supply voltage range, Vgg{seeNote 1) ... ... ... -03VtoBY
Positive output supply voltage range, Vg+ ... ..o Vee-0.3Vio 15V
Negative output supply voltagerange, Vg ... ... .o -0.3Vto-15V
Input voltage range, Vp Driver ... ... . ~0.3VioVpe+ 03V
Receiver .......................... R 30V

Output voltage range, Vo: T1OUT, T20UT ... ... ..ot Vg —-0.23VtoVg.+ 03V
R1IOUT R20UT ... ... . -03Vio Ve + 03V

Short-circuit duration: T10OUT, T20UT .. .. Uniimited
Package thermal impedance, 64 (see Note 2). Dpackage ...................... ... ... 113°C/W
DWopackage ............... ... . . 105°C/W

Npackage ... ... ... 78°C/W

Storage temperature range, Tgtg - .- vcvvv o im i —-65°C to 150°C
-Lead temperature 1,6 mm (1/16 inch) fremcase for 10seconds  ............ ... ... 260°C

 stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is nct
imphed. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal.
2. Thepackage thermalimpedance is calculated in accordance with JESD 51, except for through-hale packages, which use a trace length

of zero.

recommended operating conditions

MIN  NOM  MAX | UNIT

Supply voltage, Voo 45 5 55 A
High-level input voltage, Vi (T1IN,T2IN}) 2 Y
Low-level input voltage, V| (TN, T2iN) 0.8 v
Receiver input voltage, R1IN, R2IN +30 \
MAX232 0 0
Operating free-air temperature, T, i
" nd P A MAXZ2321 —40 85 ©
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APPLICATION INFORMATION
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Figure 4. Typical Operating Circuit
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