szuumugugilnsalliihiunIethedunesiin

The Electrical Appliance Control System via Internet Network

Tag

Weaiga adsiyne

SHe 41067158

TR T rr— e w—

OGN A

*H001691*

A |2
9191507N1U5 1N

ad e/ o Q‘
sa.a3. Wves Wsuteaiad

Wideud. 25, S A..249. a
mezmﬂu 01691
tﬂmszm.auaﬂfa QW M342 5 3@‘%

"
ﬁaaaynﬂmvmﬂhhﬂmmumﬂ aoa."

SwUREINE LT eI IA N T RAN T T
nangasInemasuriade mv3vuna luladmsauma
maGeud 1 Snsfnyn 2543
aszna Tuladasaumns

aonfuma InTatnszvemndndgaunisaianseals



d' v v 1 A
Yo 11U sruununuedasel i isSedrudunesiiia

Wnfine wwiigna adsnsyna

e aa v o &
210158N5nM1 5A.05. 71505 1WsuTsaina
SEHUNIANE Inneaasuniiuda awdvunaluTadasaums
HUHIIV MM AT AUNS
=4 =1
Imsanen 2543

Unfaes

Tuilogiiu I&ma TuTadnannsoindsygndldlunsaaugu iwu gunsallddh
- a  Jd o S & o o 1 ) s d
naen 1 vis adadeig fiegmelueints nie meluninedoriumanisiisdumesiin
Tasfiuunfalumsdinssiiazesnnufivztiiausgluuuvesmsilszygnaldlunsifou
Tusunsufunumedmansauns Tagannsaasivaeuanuzmsiu ldnnusisesuay
annsanuquasita-Teginsal Wil mienasa W18 1aedaTuiA Falasamsiiannsaily
s [ s ) o/ & z-::‘ < =
szuuquanazinyinlwlasadenislueimsnienine ds lddluTasensiez@nuunen
fumsifeu TusunsuarugulaserdelulnsneuTnsamefriunimesalasly Visual Basic
[ o :f dyw a g/ LY oA o & 9/
grolunsiann nazuenaniilulassnsiifunmdestundndsasauaznsadiimive1d
Tunsmugu elfszuuannsomunguideds TasadTueasmesmeihauldiiuiansg

ﬂ'l L L] - & o =~ ¥
muguTasdaurinimniediniia hddy ssezamnsmillyszgadlden1dedede Ty,



Title The Electrical Appliance Control System via Internet Network

Student Mr. Nathapol Satiracharoenkul

Advisor Assoc.Prof.Dr. Wichian Premchaiswadi
Level of Study Master of Science in Information Technology
Major Information Science

Academic Year 2000

ABSTRACT

In this fast-paced age of information and globalization, technology has been developed
and modified to allow us to achieve the optimum function of “Control” over distance. Thus,
through the internet, we are able to control electrical appliances, light fuses and switches found
within office buildings and living apartments. This is achieve as we are able to check up on and
determine the work condition through the browser, While controlling the on-off function of
electrical appliances or light fuses automatically. This project enables us the benefits of both a
security and safety network system for building offices and living quarters. The idea for this
internet control network system came from the analysis, development and modification of many
writings of computer programs and research on hardware. In this project, we study how to write
this specific control program which uses a micro-controller through a port, while Visual Basic is
also used to help its development. Moreover, this project is associated with digital issues and the
creation of a website which is used specifically to control, so that the system could be used to
control effectively. This is done by building a prototype model which allows us to see how the
control mechanisms are at work, These control mechanisms work by sending commands through
the world wide web network, where by these mechanisms and the model itself can be modified for

further use in real life work situations.
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3.2 Data Dictionary
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ICL232

+5V Powered Dual RS-232
Transmitter/Receiver

Features

.

Meets All RS-232C Specifications
Requires Only Single +5V Power Supply
Onboard Voltage DoublerAnverter
Low Power Consumption

¢ 2 Drivers

= 39V Output Swing for +5V Input

= 3009 Power-off Source Impedance
= Ouiput Current Limiting

- TTL/CMOS Compatible

- 30V/us Maximum Slew Rate

2 Recelvers

- #30V Input Voltage Range

Description

The ICL232 is a dual RS-232 transmitter/receiver interface
circuit that meets all EIA RS-232C specifications. It requires
a single +5V power supply, and features two onboard charge
pump voltage converters which generate +10V and -i0vV
supplies from the 5V supply.

The drivers feature true TTUUCMOS input compatibility, slew-
rate-limited output, and 300Q power-olf source impedance.
The receivers can handle up to +30V, and have a 3k to 7k}
input impedance The receivers aiso have hystgresis ‘o
improve noise rejection.

Ordering Information

ci-[3]
C2+ E
c2. E
“
T2oyr E
A2y E

E Tloyr
E Riyy
E Riour
E Tim
) o
3 R2oyy

= 3kQ to 7kQ Input Impedance TEMPERATURE
- 0.5V Hysteresis to Improve Noise Rejection PART NUMBER RANGE PACKAGE
¢ All Critical Parameters are Guaranteed Over the Entire | ice232cPe 0°C 10 +70°C 16 Lead Plastic DIP
Commercial, Industrial and Military Temperature -
Ranges ICL232CJE 0°C to +70°C 16 Lead Ceramic DIP
. . - 1 ° [
App//catlons CL232CBE 0°C to +70°C 16 Lead SOIC (W)
* Any System Requiring RS-232 Communications Port iCL232iPe “40°C10+85°C | 16 Lead Piastic OIP
- Computer - Portable and Mainframe iICL232UE -40°C to ~85°C 16 Lead Ceramic DIP
- Peripheral - Printers apd Terminals ICL2321BE 240°C 10 985°C 16 Lead SOC ()
- Portable Instrumentation
- Modems JeLa3amue +55°C to + 125°C | 16 Lead Ceramic DIP
- Dataloggers
Pinouts Functional Diagram
ICL232
(PDIP, CDIP, SOIC) [*— T
TOP VIEW cte [1] r VOLTAGE bOUSLER 6] vee
c1.[1] E Vee ve [2] +10V TO -10v 5] ano
VOLTAGE INVERTER
v+ [z] [15] arno

1] Trour
13] A1
[12] R1oyy
1] T
7] T2
5] R2our

Skl

U

.

CAUTION. These devices are sensitive lo alactrostatic dischar.
Copyrght © Harns Corporatien 1993

Ge Users shouid fotlow proper I.C. Handhng Procedures

File Number 3020.2



Specifications ICL232

Absolute Maximum Ratings

Thermal! Information

VectoGround ..........ovennnvnnnns (GND +0.3V) <Vee < 6V Thermal Resistance 9,50 o
V+toGround ........ T, (Voe 0.3V) <V+ <12V Ceramic DIP Package............... 80°C/W S
V-toGround. .. ... oot =12V < V- < (GND +0.3V) Plastic DIP Package ................ 100°CwW -
tnput Voltages SOICPackage........cccevvvnnnnn, 100°C/W -
T T2y oo (V--0.3V) < Vjy < (V++0.3V)  Maximum Power Dissipation. .. .............ccuuu... 250mw
L2 TP 2 30V Operating Temperature Range
Output Voltages ICL232C .. ittt e, 0°C to -70°C
" Tioyn T20u1- - - - - e (V- 0.3V) < Vxaur € (V4 40.3V)  1CL2321 ..o iiuiiiiiiiiie e ieeennnnnns ~40°C to -85°C
R1OUT- Rzour ........... (GND -0.3V) < Vaxwr < (Vcc +0.3V) {02 B N -55°C to -125°C
Shent Circuit Duration
Tloum T20UT: s cearrenneaeanrrernsnnssasecess Continuous
R‘M RZQUT ............................... Continuous
Storage Temperature Range ................ -65°C 10 +150°C
Lead Temperature (Solderng 10s}) ......cvvevnvnenen. +300°C

CAUTION: Stresses above those ksted in “Absokste Maximum Ratings™ may Cause pemmanent damage 1o the device. TIis is & Siress only raNNg ang oo ewation

of the device at these or any other conditions above those indk

d i the op

of inss specification is not impled.

Electrical Specifications Test Conditions: V¢ = 45V 210%, T, = Oparating Temperature Range. Test Circuit as in Figure 8

Unless Otherwise Specified
LIMITS
PARAMETER . TEST CONDITIONS MIN TYP MAX UNITS
Transmitter Output Voltage Swing, Tour Tiour and T2gyrloaded with 3kQ to 5 23 *10 \Y
: Ground
Power Supply Current, Icg Outputs Unloaded, Ty = +25°C - 5 10 mA
Tuws Input Logic Low, Vy_ - - 0.8 v
Ti. Input Logié High, Vi 20 . . i\
Logic Pullup Current, | Tl T2y = OV - 15 200 HA
RS-232 Input Voltage Range, Vi -30 . +30 \Y
Receiver Input Impedance, Ry Vey = 23V 4 50 Y 7.0 K2
Receiver Input Low Threshold, Vi (H-L) Vee =5.0V, Ty = +25°C 08 12 . v
Recelver input High Threshold, Vyy (L-H) Vog = 5.0V, Ty = +25°C . 1.7 24 v
Receiver Input Hy is, Viyst 02 05 1.0 v
TTUCMOS Recelver Output Voltage Low, Vg | loyr = 3.2mA | - 0.1 0.4 v
TTUCMOS Receiver Output Voltage High, Vi { loyr = -1.0mA 35 4.6 - -V
Propegation Delay, tog RS-23210 TTL - 0.5 - us
Instantaneous Slew Rate, SR Cy = 10pF, Ry = 3kQ, T, = +25°C - - 30 Viue
(Notes 1,2)
Transition Region Slew Rate, SRy R = 3k, C,_ = 2500pF Measured . 3 - Vius
from 43V 10 -3V of -3V 10 «3V

Output Resistance, Royr Voo = Ve = Ve 2 OV, Vouy = 22V 300 . - Q
RS-232 Output Short Circuit Current, e T1gut of T20u7 shorted to GND . £10 . mA

© NOTES:
1. Guaranteed by design.
2. See Figure 4 for definition.
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Typical Performance Curves

550 10
z 500 - 9 Pt
@ aso r...zs-ci;wsumv _ o ¥ Voc =50
g EXTERNAL SUPPLY LOAD - = g Y+ Nec = 45V) —
& 400 1k BETWEEN V4 « GND 8 b~
w OR V- + GND g7 g N
£ 350 ypaNSMITTER OUTPUT 2 I \l\ N —
5 OPEN CIRCUIT . E 6 V- (Voo = 4.5V) V- (Ve = 5V)
g GUARANTEED N AN
3 OPERATING E N
s 20— y, syppLy ANGE ] ° N \
3 4] Ta=+25°C \ N
—— S
200 ————_. TRANSMITTER OUTPUTS N
s . 5 Lopen cicurr
r s ] 0 1 2 3 4 8§ 6 7T 8 9 1w
INPUT SUPPLY VOLTAGE Veg (V) HiLoap! {mA) .

FIGURE 1. V+, V- OUTPUT IMPEDANCES vs Vee

FIGURE 2. V4, V- OUTPUT VOLTAGES vs LOAD CURRENT

Pin Descriptions

PLASTIC DIP, PIN

CERAMIC DIP SOIC NAME DESCRIPTION
1 1 Ct+ External capacitor “+" for internal voltage doubler.
2 2 V+ Internally generated +10V (typical) supply.
3 3 C1- External capacitor =~ for mternal voltage doubler.
4 4 C2+ External capacitor “+” internal voltage inverter.
5 s c2- External c':pacitor " infemal voltage inverter, :
6 6 V- Interally generated -10V (typical) supply.
7 7 T200t RS-232 Transmitter 2 output +10V (typical).
8 8 R2yy RS-232 Receiver 2 input, with internal 5K pulidown resistor 1o GND,
9 9 R2out Receiver 2 TTLUCMOS output.
10 10 T2y Transmitter 2 TTL/CMOS input, with intemal 400K pullup resistor to Vee.
1" 11 Tige Transmitter 1 TTL/CMOS input, with intermal 400K puliup resistor to Ve,
12 12 Rigyr Receiver 1 TTUCMOS cutput.
13 13 Rin RS-232 Receiver 1 input, with internal 5K pulidown resistor to GND.
14 14 Toyr RS-232 Transmitter 1 output +16V (typrcal).
15 15 GND Supply Ground.
16 16 vCcC Positive Power Supply +5V £10%




ICL232

Detailed Description

The ICL232 is a dual RS-232 transmitter/receiverpowered by
a single +5V power supply which meets all EIA RS232C spec-
ifications and features low power consumption. The functional
diagram iflustrates the major elements of the ICL232. The cir-
cuit is divided into three sections: a voltage doubler/inverter,
dual transmitters, and dual receivers.

Voltage Converter

An equivalent circuit of the dual charge pump is illustrated in
Figure 3.

S

L -
Rye <
L3

\A4

VOLTAGE L _ o,

RC
¥ Cevel
OSCILLATOR [ | o ANSLATOR |— 02

FIGURE 3. DUAL CHARGE PUMP

The voltage quadrupler contains two charge pumps which use
two phases of an internally generated clock to generate +10V
and -10V. The nominal clock frequency is 16kHz, During
phase one of the clock, capacitor C1 is charged 10 Vcc.
During phase two, the voltage on C1 is added to Vcc,
producing a signal across C2 equal to twice Vc. At the same
time, C3 is also charged to 2V¢c, and then during phase one,
itis inverted with respect to ground to produce a signal across
C4 equal to -2Vcc. The voltage converter accepts input
voltages up to 5.5V. The output impedance of the doubler (V+)
is approximately 20002, and the output impedance of the
inverter (V-) is approximately 4500 Typical graphs are
presented which show the voltage converters output vs input
voltage and output voltages vs load characteristics. The test
circuit (Figure 8) uses 1uF capacitors for C1-C4, however, the
value is not critical. Increasing the values of C1 and C2 wilt
lower the output impedance of the voltage doubler and
inverter, and increasing the values of the reservoir capacitors,
C3 and C4, lowers the ripple on the V+ and V- supplies.

Tiee T2 -_/_\_

20% Vou
Tiour T20ur 10% l v
| ﬁ oL
i tr -

nstantaneous _ (08) Vou-Vou | (08) Vor - Vo)
Slew Rate (SR) = n *

FIGURE 4. SLEW RATE DEFINITION

Transmitters

The transmitters are TTLUCMOS compatible inverters which
transiate the inputs to RS-232 outputs. The input logic
threshold is about 26% of Vg, or 1.3V for Vg = 5V. A logic
1 at the input results in a voltage of between -SV and V- at
the output, and a logic O results in a voltage between +5V
and (V+-0.6V). Each transmitter input has an intemal 400kQ
pullup resistor so any unused input can be left unconnected
and its output remains in its low state. The output voitage
swing meets the RS-232C specification of £5V minimum
with the worst case conditions of: both transmitters driving
3kQ minimum load impedance, Vgg = 4.5V, and maximum
allowable operating temperature. The transmitters have an
intenally limited output slew rate which is less than 30V/us.
The outputs are short circuit protected and can be shorted to
grouad irdefinitely. The powered down outpul impedance is
a minimum of 3000 with 2V applied to the outputs and
Ve = OV. B

Ve
Vee
400k 3000
Tem Tok
GND < Ty < Voc V- < Viour < Ve
V-

FIGURE 5. TRANSMITTER
Recelvers

The receiver inputs accept up to =30V while presenting the
required 3K to 7kQ input impedance even it the power is off
(Vee = 0V). The receivers have a typical input threshold of
1.3V which is within the +3V, fimits, known as the transition
region,“of the RS-232 specification. The receiver output is
0V to Vec. The output will be low whenever the input is
greater than 2.4V and high whenever the input is floating or
driven between +0.8V and -30V. The receivers feature 0.5V
hysteresis to improve noise rejection.

Vee

Rxay 0——

$
30V < Ry <430V 3

Rour
GND < Vpout < Vee

GNO 0——d

FIGURE 6. RECEIVER

Vou
Vou

Average Propagation Delay = i"‘é_t’""

FIGURE 7. PROPAGATION DELAY DEFINITION

64



ICL232

Test Circuits

+4.5V TO
+5.5V INPUT

Vee |16 —j

GNO 15':
= kst
Tour (4 ——MA—y
T1 OUTPUT ==

4|c2 Riw [13}—¢ RS-232
125‘.L_E * W £30VINPUT
z-T_D TTLICMOS
5 |c2- Rigyy [12
F o ou'rpu'rs
+* -
s |V Tig [11 }— TT/ICMO
s LV st

' T3l TTLCMOS
L rovrrured {7]20ur T2y, [10] < L

RS-2325 3 9 | TTLCMOS
230V INPUT OUTPUT

FIGURE 8. GENERAL TEST CIRCUIT

m~$mg@%m
;........
TR LTE T

C2- Rigyr
V- Ty
Teouy T2
R R2oyr
Rour = Vgl noﬂ )
HE=
= Tiout

FIGURES. POWER-OFF SOURCE RESISTANCE CONFIGURATION

Applications

The ICL232 may be used for all RS-232 data terminal and
communication links, It is particularly useful in applications
where %12V power supplies are not available for conven-
tional RS-232 interface circuits. The applications presented
represent typical interface configuraticns.

A simple duplex RS-232 port with CTS/RTS handshaking is
illustrated in Figure 10. Fixed output signals such as DTR
(data terminal ready) and DSRS (data signaling rate select)
is generated by driving them through a Sk resistor
connected to V+.

+SV

2 1

cts oL 8 < CTS (5) CLEAR TO SEND

-c3
o ILF
1 6 2] M opoojoana
ct ¢+ e TERMINAL READY
1 T3] ! SRS (24) DATA
1 2 ) SIGNALING RATE
SELECT
cz il Lot as-232
F TS tuf
% - » L weuts 4 oureuts
TO >— -Do—u— —> TD (2) TRANSMIT DATA
INPUTS s 519 —D.. 7+ ATS (4) REQUEST TO SEND
OUTRUTS 12 3
TTUCMOS RO < —uq- —< RD (3) RECEIVE DATA
:<]_R_

ts_H< SIGNAL GROUND (7)

FIGURE 10. SIMPLE DUPLEX RS-232 PORT WITH CTS/RTS
HANDSHAKING

In applications requiring four RS-232 inputs and outputs
(Figure 11), note that each circuit requires two charge pump
capacitors (C1 and C2) but can share common reservoir

capacitors (C3 and C4). The benefit of sharing common res-
ervoir capacitors is the elimination of two capacitors and the
reduction of the charge pump source impedance which
effectively increases the output swing of the transmitters.

1 4
c1 <[ 1t c2
weTal 2R s
u| N 14
2! 0 > —+ TO(2) TRANSMIT DATA
INPUTS  pys ' 7+ RTS (4) REQUEST TO SEND
OuUTPUTS 1 13
TILCMOS RO o -—< RD (3) RECEIVE DATA

1
cTs & —'-( CTS (S} CLEAR YO SEND

15

]

B

c4 3 +5V
_L—‘-| ——fv- v : }'—.—Y
-t 2uF uF RS-232
3 € 2 1 INPUTS AND
OUTPUTS
c1232
1 4
c1 o] 1t c2
WF T3 ST we
T
oras™ D - 14 :E‘(,ZYO)DATATERMINAL
10 D 7_, OSRS (24) OATA SIGNALING
INPUTS
OUTPUTS SRS >; ‘—:. RAYE SELECT
TTEMOS  DCD o3 |13 . OCD (8) DATA CARRIER
R2 ¢ m} DEYECT
At oL £ ¢ R1(22) RING IOICATOR

15 SIGNAL GROUND (1)

FIGURE 11. COMBINING TWO ICL232s FOR 4 PAIRS OF AS-232
INPUTS AND OUTPUTS




HARRIS

SEMICONDUCTOR

CDP6402,
CDP6402C

CMOS Universal Asynchronous
Receiver/Transmitter (UART)

August 1996
Features
« Low Power CMOS Circultry.......... 7.5mW (Typ) at
3.2MHz (Max Freq.) at Vpp = 5V
* Baud Rate
- DC to 200K Bits/s (Max)at........... ... 5v,85°C
- DC to 400K Bits/s (Max)at............. .10V, 85°C.
e 4V 10 10.5 Operation ~

« Automatic Data Formatting and Status Generation
+ Fully Programinable with Externally Selectable Word
Length (5 - 8 Bits), Parity lnhibit, Even/Odd Parity, and
1, 1-1/2, or 2 Stop Bits
+ Operating Temperature Range
" - CDPG402D,CD ...evuvennnnnnnns -559C to +125°C
- CDP6402€E,CE .......... F L .. «40°C to +85°C

Replaces Industry Type IM6402 and Compatible with
HDE402

Description

The CDP6402 and CDP6402C are silicon gate CMOS
Universal Asynchronous Recelver/Transmitter (UART)
circults for interfacing computers or microprocessors to
asynchronous serial data channels. They are designed to
provide the necessary formatting and control for intetfacing
between seridl and parallel data channels. The recelver
converts serial start, data, parity, and stop bits to parallet
data verifying proper code transmission, parity and stop bits.
The transmilter converts paraliél data into serial furm and
automaticalty adds start parity and stop bits.

The data word can be 5, 6, 7 or 8 bits in length. Parity may
be odd, even or inhibited. Stop bits can be 1, 1-1/2, or 2
(when transmitting 5-bit code).

The COP6402 and COP6402C can be used in a wide range
of applications locluding’ modems, printers, peripherals,
video terminals, remoté data acquisition systems, and seriat
data links for distributed processing systems.

The COP6402 and CDP6402C are functionally identical.
They differ in that the CDP6402 has a recommended
operating voltage range of 4V to 10.5V, and the COP6402C
has a recommended operating voltage range of 4V to 6.5V.

RRC

CAUTION: These davices are sensitive 10 elactrostatic discharge. Users shoukd follow proper IC Handling Procedures.

Copyright © Harvis Corporation 1996

File Number 1328.2
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T8RS (MSB)

TBR1 (LSB)

anawmn
1
TRE 8 '
g f— oot :
Tl JYRANSMITTER '
wes | AN .
====T# CONTROL £ MULTIPLEXER '
. . | I M
' I T TRO
CLE1 8 1 [
CLS2 ¢ . 1 controL £ o 58S
—Jcm . — | REGISTER Tere
MR & v s Pl
L l [
]  §
| L]
. J ] o g RRI
(rokmg] RECEF/ER i .
) TIMING [ .
AR o ety ULt R ; ; ] :
LB coNROL START
4 4 LoGIC ||®
. . | RECEIVER REGISTER .
e stop || parny .
' Locic i oGic .
s A RECEIVER BUFFER REGISTER .
3 [ ]
[ § [ ]
L THREE [ ]
0 . STATE
. BUFFERS RD

DR OE TBRE E PE RBRS (MS8) RBR1 (LSB)
FIGURE 1. FUNCTIONAL BLOCK DIAGRAM
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Absolute Maximum Ratings
OC Supply-Voltage Range, (Vpp)

COP6402 ...... e teteeeeineanenreeanas 0510 +11V
COPB402C . ... .cooiiviyiinaecnnananaanannns -0.510 +7V
Input Voltage Range, Allnputs .............. 0.5 to Vpp +0.5V
OC Input Current, Any One Input. .. .. ..coenvvennnrnnnss. $100pA

Device Dissipation Per Output Transistor
For Ta = Full Package-Temperature Range

(A Package Types) ........ccvevmenenennnrnnnnn. 100mwW
Operating-Temperature Range (Ta)
Package Type D (SBOIP) . vvveenvnennnns o 65°C to +125°C

Package Type E(POIP} ........... .........-4o°cmes°c

Thermal Information

Thermal Resistance (Typical, Note 1) 038 (°CW) 8¢ (°CW)
PDIPPackage ...........co.uuu.. 50 N/A

SBDIP Package.................. 55 15

Maximum Storage Temperature Range (Tgrg) . . .-65°C to +150°C
Maximum Lead Temperature (Soldering 10s):
At Distance 1/16 £1/32 inch (1.59 £0.79mm) .......... +265°C

Wmmmmwrmw.mmm mycauseponmneddmugobmodm This is 8 stress only rating and aperation of

ol this specification Is not imphed.

the device af these or sny other conditions above those & d in the op
NOTE:
1. 6l d with the cx 1t mounted on an evaluation PC board in free air.

Operating Conditions At T, = Fut Package-Temperature Range. For maximum reliability, operating conditions should be selected so
that operation is always within the following ranges:

LIMITS
CNPE402 " coOP6402C
PARAMETER MIN MAX MIN MAX UNITS

OC Operating Voitage Range 4 10.5 4 6.5 v

Input Voitage Range Vss Voo Vss Voo A
Static Eléctrical Specifications at T = 40°C 0 +85°C, Vpp £16%, Except as noted

CONDITIONS LIMITS
© COP64p2 -CDP6402C ,
Vo v | Voo (NOTE 1) (NOTE 1)

PARAMETER ) M| ] wn ] e | max | ouw TYP #MAX | uNTs
Quiescant Davice Ipo - 05| s . 0.01 50 7 0.02 200 pA
Current

. 01 | 10 d 1 200 o . . A
Output Low Drive oL 0.4 os | s 2 4 - 12 24 4 mA
{Sink) Current
05 Jot| 10 s 7 . . » . mA
Output High Drive o 46 05| s | 055 | -11 - £55 | 14 - mA
{Source) Current
85 ot | 10 | -13 -26 - - - . mA
Output Voltage Low- Vg, - os| s - 0 0.1 - 0 (X] v
Leve! (Note 2) :
. 0.10{ 10 - 0 0.1 . . . v
Output Vollage Vou - 05{ s 49 5 - 49 5 - v
High Level (Note 2)
. 010f 10 ] 99 10 - - . . v
Input Low Voltage vie | os.as | - s . . 0.8 . . { o8 v
0595 | - 10 - - Jo2vps] - . - v
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Static Electrical Specifications at T,

= -40°C to +85°C, Vpp £10%, Except as noted (Continued)

CONDITIONS LIMITS
CDP6402 CDPG402C
Vo viu | Voo {NOTE 1) (NOTE 1)
PARAMETER ) MM N e | max | min TP MAX | uniTs
input High Voltage Vs [ 0545 - ¢ | vop2 - - | vop2 . . v
0595 | - 10 7 . - . - . v
Input Leakage b Ay L os] s - 104 | x - . 21 A
Cumrent Input
010 | 10 - £04 | 12 - - . A
Theee-State Cutput  igur 05 |os| s - | 04 £ - 2104 2 PA
Leakage Current
0,10 | 910 ] 10 - #04 | 0 - - . pA
Operating Current 1001 - 05| 5 - ‘15 - - 15 - mA
(Note 2)
- 010 | 10 - 10 - - . ; mA
Input Capacitance Cin - - - - i 75 - 5 7.5 pF
Oulput Capacitance  Coyt -4 - - - 10 15 - 10 15 - pF
NOTES!

1. Typical values are for Ta = 25°C and nominal Vo

2. o = loy = 1A,

3. Operating current is measured at 200kHz or Voo =5V
CDP1802A system operating at maximum speedof 3

and 400kHz for Vpg = 10V, with
2MHz).

open outputs (worst-case frequencies for
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Description of Operation

* Initialization and Gontrols

A posttive puise on the MASTER RESET (MR) input resets
the control, stutus, and recelver buffer registers, and sets the
serial output (TRO) High. Timing is generated from the clock

" inputs RRC and TRC at a frequency equal to 16 times the
serial data bit rate. The RRC and TRC inputs may be driven
by a common clock, or may be driven independently by two
different clocks. The CONTROL REGISTER LOAD (CRL)
input Is strobed to load control bits for PARITY INHIBIT (P1),-
EVEN PARITY ENABLE (EPE), STOP BIT SELECTS (SBS),
end CHARACTER LENGTH SELECTS (CLS1 and CLS2).
These Inputs may be hand wired to Vgg or Vpp with CRL to
Vpp When the Initialization Is completed, the UART is ready
for receiver and/or transmitier operations.

Transmitter Operation

The fransmilter section accepts parallel data, formats.it, and
transmits &t in serial form (Figure 2) on the TRO terminal.

1,1-12 0R
. 2 $70p BITS
sTART 5-8 DATA BITS '
<l . | — 1
L T ETEAIT ey
! Ny

{ ¥ enaBLED
FIGURE 2. SERIAL DATA FORMAT

Transmitter timing is shown in Figure 3. (A) Data Is loaded
into the transmitter buffer register from the inpits TBR1
through TBRS by a logic low on the TBRL input. Valid data
must be present at least tpT prior to, and typ following, the.
sising edge of TBRL. If words less than 8-bits are used, only
the least significant bits are used. The character is right justi-
fied into the least significant bit, FBR1. (B) The rising edge of

clears TBRE. 1/2 to 11/2 cycles later, depending on
when the TBRL puise occurs with respect to TRC, data Is
transferred to the transmitter register and TRE Is cleared.
TBRE i3 set to a fogic High one cycle after that.

Output data is clocked by TRC. The clock rate is 16 times
the data rate.'(C) A second puise on TBRL loads data into,
the transmitter buffer register. Data transfer 1o the transmitter
registeris delayed until transmission of the current character
Is complete. (D) Data is’ automatically transferred to the

- ransmitter register and transmission of that character
begins.

r-— 1112 7O 242 CYCLES
{ —n| ja= 112

1270 1172 CYCLES CLOCK

-LES DATA l | l
. END OF
-A 8 c O \-LAST

STOP BIT
FIGURE 3. TRANSMITTER TIMING WAVEFORMS

i1 3 8

Receiver Operation

Data is recelved in serial form at the RR! input. When no
data Is being received, RRI input must remain high. The data
is clocked through the RRC. The clock rate is 16 times the
data rate. Recelver timing Is shown in Figure 4.

BEGINNING OF FIRST STOP WS} - PR AvE N
wi L 1
BRR l
DR ‘_
FE, PE

112 CLOCK
\ =1 CYCLES
FIGURE 4. RECEIVER TIMING WAVEFORMS

(A) A tow tevel on DRR clears the DR line. (8) During the first
stop bit data Is transferred from the receiver register to the
RB Reglster. If tha word Is less than 8 bits, the unused most
significant bits wifl be a logic low. The output character is
right justified to the least significant bit RBR1. A logic high on
OE Jndicates overruns. An overrun occurs when DR has not
been cleared before the present character was transferred to
the RBR. (C) 1/2 clock cycle later DR is set to a logic nigh
and FE is evaiuated. A logic high on FE indicates an invalid

stop bit was received. A logic high on PE indicates a parity
ervor.

Start Bif Detection 2\

The receiver uses a 16X clock for timing (Figure 5). The start
bit could have occurred as much as one clock cycle before it
was detecled, as indicated by the shaded portion. The cen-
ter of the start bit is defined as clock count 7 1/2. If the
receiver clock is a symmetrical square wave, the center of
the start bit will be located within £1/2 clock cycle +1/32 bit or

43.125%. The receiver begins searching for the next start bit
at 9 clocks into the first stop bit.

COUNT 7 112
DEFINED CENTER
OF START BT

.ru1.n.n.n.ru1.n.rﬁ1.r|_

CLOCK
RRY START
NPUT
712 CLOCK
. CYCLES
8 12 CLOCK
CYCLES

FIGURE 5. START BIT TIMING WAVEFORMS
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TABLE 1. CONTROL WORD FUNCTION

CONTROL WORD
CLSs2 cLs1 Pl EPE SB8S DATA BITS PARITY BIT STOP 8IT (8)
L L L L L s 000 1
L L L L H 5 00D 15
L L L H L 5 EVEN 1
L L L H H s EVEN 15
L L H X L 5 OISABLED 1
L L H X H 5 DISABLED 15
L H L L L 6 00D 1
L H L L H 6 oDD 2
L H L H L 6 EVEN 1
L H L H H 6 EVEN 2
L H H X L 6 DISABLED 1
L H H X H 6 DISABLED 2
H L L L L 7 (157:) 1
H L L L H 7 000 2
H L L H t 7 EVEN 1
H L L H H 7 EVEN 2
H L H X L 4 DISABLED 1
H L H X H T DISABLED 2
H H L L L 8 00D 1
H H L L H 8 oDD 2
H H L H L 8 EVEN 1
H H L H H .8 EVEN 2
H H H X L 8 OISABLED 1
H H H X H 8 DISABLED 2

NOTE: X = Don't Care
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TABLE 2. FUNCTION PIN DEFINITION

PIN SYMBOL DESCRIPTION
1 Voo Positive Power Supply
2 NIC No Connection
3 GND Ground (Vss)

4 RRD A high level on RECEIVER REGISTER DISABLE forces the receiver halding register ouputs RBR1-RBRS to
a high impedancs state.

5 RBRS The contents of the RECEIVER BUFFER REGISTER sppear on these three-state outputs. Word formats less
than 8 characters are right justified to RBR1.

6 RBR7 1

7 RBR6

8 RBRS

9 RBR4 p See Pin5-RBR8

10 . RBR3

1 RBR2

12 RBR1

13 PE Ahigh level on PARITY ERROR indicates that the received parity does not match parity programmed by controt
bits. The output is active until parity matches on a succeeding character. When parity is inhibited, this output
is low.

14 FE A high level on FRAMING ERROR indicates the first stop bit was invalid. FE will stay actlve unti! the next valid
character’s stop bit i5 received.

15 OE A Ngh fevel on OVERRUN ERROR indicates the dath receivad flag was not cleared before the fast character
was transferred (o the receiver butfer register, The Error is reset at the next character’s stop bitif DRR has been
performed (i.e., DRR,; active low).

16 SFD A high level on STATUS FLAGS DISABLE forces the outputs PE, FE, OE, DR, TBRE to a high impedance
state.

17 RRC The RECEIVER REGISTER CLCCK is 16X the receiver data rate.

18 BRR A low level on DATA RECEIVED RESET dlears the data received output (DRY), to a low level.

19 OR A high level on DATA RECEIVED indicates a character has been received and transferred to the recelver buffer
register. ’

20 RRI Serial data on RECEIVER REGISTER INPUT is clocked into the recelver register.

21 MR A high tevel on MASTER RESET (MR) clears PE, FE, OE and DR, and sets TRE, TBRE, and TRO. TRE is

) actually set on the first rising edge of TRC after MR goas high. MR should be strobed after power-up.

22 TBRE A high level on TRANSMITTER BUFFER REGISTER EMPTY indicates the transmitter buffer register has
transferred its data to the transmitter register and is ready for new data.

23 TBRC | A tow level on TRANSMITTER BUFFER REGISTER LOAD transfers data from inputs TBR1-TBRS into the
transmitter buffer register. A low 1o high transition on TBRL requests data transfer to the transmitter register. if
the transmitter register is busy, transfer is automaticaflly delayed so that the two characters are transmitted end
to end.

24 TRE A high level on TRANSMITTER REGISTER EMPTY indicates completed transmissior: of a character including
stop bits.
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TABLE 2. FUNCTION PIN DEFINITION (Continued)

PIN SYMBOL DESCRIPTION

25 TRO Character data, start data and stop bits appear serially at the TRANSMITTER REGISTER OUTPUT,

26 TBR1 Character data is loaded into the TRANSMITTER BUFFER REGISTER via inputs TBR1-TBRS. For character
formats less than 8 bits, the TBRS, 7, and 6 Inputs are ignored corresponding to the programmed word length.

27 TBR2

28 TBR3

TBR4

30 TBRS p See Pin 26 - TBR1

k)| TBR6

32 TBR? .

a3 TBRS

34 CRL A high level on CONTROL REGISTER LOAD loads the contiol register.

35 PIt A high level on PARITY INHIBIT inhibits parity generation, parity checking and forces PE output tow.

36 SBSt AhighlevelonSTOPBlTSELECTsehcts1.Sstopbitsbra5d\amcterbm\atand2mpbitsbrou\er
lengths.

37 CLS2t | These inputs program the CHARACTER LENGTH SELECTED, {CLS1 low CLS2 low 5 bits) (CLS1 high CLS2
low 6 bits) (CLS1 low CLS2 high 7 bits) (CLS1 high CLS2 high 8 bits).

38 CLsit See Pin 37 - CLS2

39 EPEt When Pl is low, a high level on EVEN PARITY ENABLE generates and checks even parity. A low level selects
odd parity.

40 TRC " The TRANSMITTER REGISTER CLOC( is 16X the transmit data rate,

t See Table 1 (Control Word Function)




Dynamic Electrical Specifications at T = 40°C to +85°C, Vpp =5%, tg, 1 = 20ns, Viy = 0.7 Vpp. Vi = 0.3 Vpp, Cy = 100pF

LIMITS
CDP6402 CDPG402C
(NOTE 1) = Voo {NOTE 2) | (NOTE3) § (NOTE 2) | (NOTE 3)
PARAMETER (\)] TYP MAX TYP MAX UNITS
SYSTEM TIMING (See Figure 6) '
Minimum Pulse Width CRL S 50 150 50 150 ns
CRL 10 40 100 - - ns
Minimum Setup Time towe 5 20 50 20 50 "
Control Word to CRL m 5 - - - —
Minimum Hold Time teow H 40 60 40 60 ns
Control Word after CRL o %0 30 ~ - -
Propagation De!ay Time tseon [ 130 200 13c ) 200 s )
SFD High t5 SO0 . i o o, - - -
SFD Lowto SOD tsFOL 5 130 130 200 ns
10 40 60 ] - ns
RRD High to Recelver Register tRROH 5 80 150 80 150 ns
" High tmpedance 10 40 70 = : ™
RRD Low to Recelver Ragister teROL S &0 150 80 150 ns
Active 10 40 70 - - ns
Minimum Putse Width 5 200 400 200 400 ns
MR 10 100 200 = Z ns
NOTES:
1. All measurements are made at the 50% point of the transition except tvee-state measurements,
2. Typlcal values for Ty, = 25°C and nominal Vpp. 2 .
3. Maximum limits of minimum charactedstics are the values above which atl devices function.
CONTROL INPUT WORD TIMING
CONTROL WORD INPUT —:*Z'_WWWFE *
e towe - —i teew
CRL
ten |
STATUS OUTPUT TIMING
STATUS OUTPUTS 2] o
tsroH —o — s tSFOL
SFD % |
RBUS® RECEIVER REGISTER D:gaonuect TIMING ro%
RBUS 7 commssm— ) p!
tRROH ===t i & D tRROL
RRO |

FIGURE 6. SYSTEM TIMING WAVEFORMS
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Dynamic Electrical Specifications at Ta = -40°C to +85°C, Vpp £5%, 1, t = 20ns, Vi = 0.7 Vpp. Vi = 0.3 Vpp. C_ = 100pF

LMITS
COP6402 CDPB402C
(NOTE 1) Voo | (NOTE2) | (NOTE3) | (NOTE2) | (NOTE 3)
PARAMETER V) TP MAX TYp MAX UNITS
‘| TRANSMITTER TIMING (See Figure 7)
Minimum Elock Pedod (TRC) tec s 250 310 250 310 ns
10 125 155 . . ns
Minimum Pulse Width
Clock Low Level teL 5 100 125 100 125 ns
10 75 100 S . ons
Clock High Level ? ten 5 100 125 100 125 ns
10 75 100 . - ns
YBRL : trimH s 80 200 80 200 ns
10 40 100 ) . ns
Minirum Satup Time
TBRC o Clock trHe 5 175 215 175 215 ns
: 10 -90 150 - - 7 ns
Datato TBRC _p— tor 5 ! 2 50 20 50 ns
10 (] 40 - G s
Minimum Hold-Time 4 : ¢
Data atter TERL _J— o 5 40 60 40 60 ns
10 20 30 - - ns
Propaéaﬁon Delay Time
Clock to Data Start Bit tcp 5 300 450 300 450 ns
10 150 225 . . ns
Clock 10 TBRE tor S 330 400 330 400 ns
10 100 150 - . ns
TERC to TBRE iR s 200 300 200 300 ns
10 100 150 - - ns
Clock to TRE trrs 5 330 400 330 400 ns
10 100 150 . - ns

NOTES:

1. Al measurements are made at the 50% point of the transition except three-state measurements.
2. Typical values for Ta = 25°C and nominal Voo-

3. Maximum limits of minimum characteristics are the values above which all devices function.
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TRANSMITTER BUFFER
REGISTER LOADED
{NOTE 1)

TRANSMITTER SHIFT
REGISTER LOADED
(NOTE 2)

TRC

TBRC .I
[*={THTH=e ~—to{ lJo—1CD

TRO

-—-I F‘co
ST DATA BIT
e

TRE .
rame ]
TBUST LD
NOTES: b

1. The holding register is loaded on the trailing edge of TBRL.

2. The transmitter shift register, if empty , is loaded on the first high-to-low transition of tne clock which occurs at least 112 clock period +
trrc after the tralling edge of TBRL and transmission of a start bit occurs 12 clock pariod + tp 'ater.

FIGURE 7. TRANSMITTER TIMING WAVEFORMS

7
—}
- an
TEBRE 4
W
e

CLOCK 7 112 CLOCK 7 112 LOAD
— tcc SAMPLE HOLDING REGISTER
L ku
-
RRC gugtighs
(NOTE 1
RRI START BIY PARITY STOP BIT 1
— —tCcOV
RBUSO-
RBUS? DATA
OR -
—>| — ool [@—tcoa
OE
(NOTE 2)

FE

, =

NOTES:

1. It a start bit occurs at a time less than tpc before a high-to-low transition of the clock, the start bit may not be recognized until the next
high-todow transition of the clock. The start bit may be completely asynchronous with the clock.

2. if a pending DA has not been dleared by a read of the receiver holding register by the time a new word is loaded into the receiver holding
register, the OE signat will come true.,

FIGURE 8. RECEIVER TIMING WAVEFORMS
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Dynamic Electrical Specifications at Ty = -40°C 1o +85°C, Vpp £5%. g,

' =20ns, Viyy = 0.7 Vpp, V= 0.3 Vpo. Cy = 100pF

Lmirs
CDP6402 C0P6402C
(NOTE 1) Voo (NOTE 2) | (NOTE 3) (NOTE 2) | (NOTE 3)
PARAMETERS TYP MAX TYP MAX UNITS
RECEIVER TIMING (See Figure 8)
Minimum Clock Period (RRC) tce 5 250 310 250 310 ns
10 125 155 - - ns
Minimum Pulse Width
Clock Low Leve! toL 5 100 125 100 125 ns
10 75 100 - - s g
Clack High Level CH 5 100 126 100 128 [
10 75 100 - - ns
Deta Receved Reset top 5 50 75 50 75 “ns
10 25 40 , L ns
Minimum Setup Time
Data Start Bit to Clock toc 5 100 150 100 150 ns
10 50 75 . - ns
Propagation Delay Time
Data Received Reset to tooa 5 150 250 150 250 ns
Data Received
10 , 75 125 - - - ns
Clock to Data Valid tcov 5 275 400 275 400 ng
10 110 175 - - ns
Clock to DR tcoa 5 278 400 275 400 ns
10 110 178 - - ns
Clock to Overrun Error tcoe S 275 400 275 400 ns
10 100 150 . - ns
Clock to Parity Error tope 5 240 3rs 240 375 as
10 120 7 - - ns
Clock to Framing Error tcre 5 200 300 200 300 ns
10 100 150 - - ns
NOTES:

1. All measurements are made at the 50% point of the transition except three-state measurements.
2. Typical values for Tq = 25°C and nominal Voo
3. Maximum limits of minimum characteristics are the values above which all devices function.
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