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ABSTRACT

This project presents the control wireless system of electric equipments. Supplying the
wireless technology from Zigbee module 2.4 GHz to transfer the control data from the computer to
Zigbee module transmitter. The command transit to Zigbee module receiver. The microcontroller
received command to control the electric equipments by relay switch. The control wireless system of

- electric equipments are suitable for home or office.
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TusunsuluInsneuInsames

Y, File: Mainl_3.c
#include <reg51.h>
/! Function Prototype

void sysinit(void);

void check_relay(void);

// Declare variable
unsigned char COMMAND;
/ Bit Assignment

sbit RELAY1=P172;

// Command register.

// Relay for channel 1.

sbit RELAY2 =P1"3; . 1/ Relay for channel 2.
sbit RELAY3 =Pi74; // Relay for channel 3.
shit RELAY4 = P1A5; /f Relay for channel 4.
sbit RELAYS =P176; // Relay for channel 5.

bit RECEIVEF; // Receive data from UART port(RS232) ﬂag.
/ Main program
void main(void) ;
{

sysbinit();

// Call system initiallization.

- while(1)
{
check_relay();

// Check command for ON/OFF relay

} :
H
/ This fucntion is system initialization
void sysinit(void)
{ .

P1=0; . // Turn off all Relay port.

TMOD = 0x21; // Set timer] mode2 is 8 bit auto-reload timer.
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// Set timer0 model is 16 bit timer/counter.

SCON = 0x50;
TH1 = OxFD;
ES=1;
EA=1;

This is function Control Relay

void check_relay(void)
¢ .

if(RECEIVEF == 1)
// Have receive data from UART port(RS232)?
{
RECEIVEF = 0;
switch(COMMAND)
{
case'l': RELAY1 = 1; break;
case '2': RELAY?2 = 1; break;
case '3': RELAY3 = 1; break;
case '4": RELAY4 = 1; break;
case '5": RELAYS = 1; break;
case 'q': RELAY1 =0; break;
case 'w': RELLAY?2 = 0; break;
case 'e': RELAY3 = 0; break;
case '': RELAY4 = 0; break;
case 't RELAYS = 0; break;
case 'Q" RELAYI = Q; break;
case 'W': RELAY?2 = 0; break;
case 'E': RELAY3 = 0; break;
case R': RELAY4 = 0; break;
case 'T": RELAYS = 0; break;
default: break;

// srial control Rx Tx mode 1
// Set Baud Rate 9600

/! Enable Serial port interupt.
// Enable all interrupt.

// Start Timer 1.

// Clear Receive interrupt flag.

// Yes! and then,
/[ Clear receive flag.

// Check Command value.

// Turm ON Relay 1

/{ Turn ON Relay 2

- /{ Trun ON Relay 3

// Trun ON Relay 4

- // Turn ON Relay 5
// Turn OFF Relay 1
//'Turm OFF Relay 2
// Turn OFF Relay 3
/{ Tum OFF Relay 4
// Turn OFF Relay 5
/{ Turn OFF Relay 1
/{ Turn OFF Relay 2
// Turn OFF Relay 3
// Turn OFF Relay 4
/! Turn OFF Relay 5



/ This fucntion for Recive data on serial port RS232

void isr_serint(void) interrupt 4

{
iflRD) v // Have Receive interrupt flag ?
{ ‘ // Yes! and then
RI=0; // Clear Rx interrupt flag.
COMMAND = SBUF; // Save command value
RECEIVEF = 1; | /I Set receive flag.
} B
if(TD) . *// Have Transmit interrupt flag ?
{
.7 // Yes! and then,
TI= 0; . // Clear Tx interrupt flag.
}
}

/! End of program



¢
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1. XBee/XBee-PRO OEM RF Modules

The XBee and XBee-PRO OEM RF Modules were engineered
to meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable
delivery of data between devices.

The modules operate within the ISM 2.4 GHz frequency
band and are pin-for-pin compatible with each other.

1.1. Key Features

Long Range Data Integrity

Low Power

XBee
e Indoor/Urban: up to 100" (30 m)
e Outdoor line-of-sight: up to 300’ (100 m)
e Transmit Power: 1 mW (0 dBm)
« Receiver Sensitivity: -92 dBm

XBee-PRO
e Indoor/Urban: up to 300’ (100 m)
¢ Qutdoor line-of-sight: up to 1 mile (1500 m)
~e Transmit Power: 100 mW (20 dBm) EIRP
a Receiver Sensitivity: -100 dBm

RF Data Rate: 250,000 bps

Advanced Networking & Security

XBee .
« TX Current: 45 mA (@3.3 V)
¢ RX Current: 50 mA (@3.3 V)
» Power-down Current: < 10 pA
XBee-PRO
o TX Current: 215 mA (@3.3 V)
» RX Current: 55 mA (@3.3 V)
* Power-down Current: < 10 pA

ADC and I/0 line support

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over
65,000 unique network addresses availabie

Source/Destination Addressing
Unicast & Broadcast Communications

Point-to-point, point-to-multipoint
and peer-to-peer topologies supported

Coordinator/End Device operations

1.1i.1. Worldwide Acceptance

Analog-to-digital conversion, Digital I/O
I/O Line Passing

Easy-to-Use

No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Modes for
configuring module parameters .

Extensive command set
Small form factor
Free & Unlimited RF-XPert Support

FCC Approval (USA) Refer to Appendix A [p59] for FCC Requirements.
Systems that contain XBee/XBee-PRO RF Modules inherit MaxStream Certifications.

XBee/XBee-PRO RF Modules are optimized for use in the United States, Canada, Aus_tralia,
Israel and Europe. Contact MaxStream for complete list of government agency approvals.

ISM (Industrial, Scientific & Medical) 2. 4 GHz frequency band-
Manufactured under I1SO 9001:2000 registered standards

% MaxSiresm.

« © 2007 MaxStrenm, Liuc. ) 4




X BeeiXBee-PRO™ OEM RF Modules - §02.15.4 - v1.xAx [2007 05.031] Chupter 1 - XBeeiXBee-PRO OEM RF Modules

1.2. Specifications

Table 1-01. Specifications of the XBee/XBee-PRO OEM RF Modules

[XBoePRO

Serfomance .

IndoorIUrl;an Range T upto 100 & (30 m) Up to 300’ (100 m)

Outdoor RF fine-of-sight Range 1 up to 300 f. (100 m) Up to 1 mile (1500 m)
{s’ggjl’;‘;fezg‘{’eig%‘l‘g“‘ g 1mW (0 dBm) 60 mW (18 dBm) conducted, 100 mW (20 dB) EIRP*
RF Data Rate ‘ 250,000 bps 250,000 bps

Serial interface Data Rate i 1200 - 115200 bps ; 1200 - 115200 bps

(software selectable) (non-standard baud rates also supported) i (non-standard baud rates also supported)
Receiver Sensitivity . -92 dBm (1% packet error rate) -100 dBm (1% packet error rate)

Power quuiremen_ts ) ’ v

Supply Voltage 28-34V . i 28-34V

1 PL=0 (10dBm): 137mA(@3.3V), 133mA(@3.0V)

PL=1 (12dBm): 155mA (@3.3V), 153mA(@3.0V)

Transmit Current (typical) 45mA (@ 3.3V) PL=2 (14dBm): 170mA (@3.3V), 171 mA{@3.0V)
PL=3 (16dBm): 188mA (@3.3V), 195mA(@3.0V)
PL=4 (18dBm): 215mA (@3.3V), 227TmA(@3.0V)

\dle / Receive Current (typical) 50mA (@ 3.3 V) 55mA (@ 3.3V)

Power-down Current <dopA S <10 pA

ngeral y 2 4

Operaing Frequendy | [ T5M 24 Gitz 1M 24 GHz

Dimensions 0.960" x 1.087" (2.438cm x 2.761cm) 0.960° x 1.297" (2.438cm x 3.294cm)

Operating Temperature 40 to 85° C (industrial) -40 to 85° C (industrial)

Antenna Options ! Integrated Whip, Chip or U.FL Connector Integrated Whip, Chip or U.FL Connector i

Networking & Security .

Supported Network Topologies Point-to-point, Point-to-multipoint & Peer-to-peer

g‘gzx::::g‘;cagjg . 16 Direct Sz?quence Channels 12 Direct Sequence Channels-

Addressing Options* ' PAN 1D, Channel and Addresses PAN 1D, Ch_annel and Addresses

Agency Approvals .

United States (FCC Part 15.247) OUR_-XBEE p i OUR-XBEEPRO

Industry Canada (IC) 4214A XBEE ' i i ! 4214A XBEEPRO

Europe (CE) ETSI ETSI (Max. 10 dBm transmit power output)*

Japan n/a 005NYCA0378 (Max. 10 dBm transmit power output)™

* When operating in Europe: XBee-PRO RE Modules must be configured to operate at a maximum transmit power output level
of 10 dBm. The power output level is set using the PL command. The PL parameter must equal “0” (10 dBm).

Additionally, Eurepean regulations stipulate an EIRP power maximum of 12.86 dBm (19 mW) for the XBee-FRO and 12.11 dBm.
for the XBee when integrating high-gain antennas. ’ ’

* When operating in Japan: Transmit power output is limited to 10 @Bm. A special part number is required when ordering

modules approved for use in Japan. Contact MaxStream for more information [call 1-801-765-9885 or send e-mails to sales@max-
stream.net}.

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 d8i) anten~
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipole antenna options when transmitting outdoors. For more information, refer to the “XBee Antenna” appli-
cation note located on MaxStream's web site (http:/ /www.maxstream.net/support/ knowledgebase /article.php?kb=1 53).

srégé

AXSEredTt. © 2007 MaxStrean, L.
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1.3. Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee/XBee-PRO OEM RF Modules (antenna options not shown)
- The XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee XBee-PRO XBee & XBee-PRO
(top view) ) (top view) (side views)
Q39T o L
7. 59w} 0.257 i - 0.020° o meem
(6. 53mmu) {6 . S1mm) 1
PIN l-w=(B o A SO . PIN 20 ) 0.031% 0:110° +
o ol i 7 hield-te-PCR o, Yim i
: :ﬁﬂwm—-: ~L.PIN 20 ' PIN 1/ : ) B et ,_g_w, {0.75wm) | (2. 75mm) J_Ei_ g
- — . . 1 (2.03ms $0.81)  D0.050"_. | S
4 ol 31.087" - 0| 1.297 i 20 ; o ]
:': (37 .615m) 132. 34} A | (1.2’1:::!)‘ | L=l
C3 [ H FEEIES i Lo = ey
- . 3 A —
9 [
]

, = L :
PIN 10-=|& ~-§-PIN 11 PIN 10-=|s ; ) ‘ l T ; 4
[ i 1 : 1 Hpiown B 14
‘ {22. 00mm) =1 Q.160% 4 _1_.$~ B
e 0. 9607 i D 008887 i 0.079e (A0 ¢
(2ga8em P fmgtew o T {2. 0gmm) L]

e 09607 !
(24 . 38xwm) ‘

1.4. Mounting Considerations

The XBee/XBee-PRO RF Module was designed to mount into a receptacle (socket) and therefore

does not require any soldering when mo{_mting it to a board. The XBee 'Development Kits contain
RS-232 and USB interface boards which use two 20-pin receptacles to receive modules.

Figure 1-02. XBee Module Mounting to an R5-232 Interface Board.

The receptacles used on MaxStream development boards are manufactured by Century Intercon-
nect. Several other manufacturers provide comparable mounting solutions; however, MaxStream
currently uses the following receptacles: y

-» Through-hole single-row receptacies - v
Samtec P/N: MMS-110-01-L-5V (or equivalent)

» Surface-mount double-row receptacles -
Century Interconnect P/N: CPRMSL20-D-0-1 (or equivalent)

» Surface-mount single-row receptacles -
Samtec P/N: SMM-110-02-SM-S

MaxStream also recommends printing an outline of the module on the board to indicate the orienta-
tion the module should be mounted.

_ E MaxStrearn. © 2007 MaxStreon, bic. : : ' ' v 6
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1.5. Pin Signals

Figure 1-03. XBee/XBee-PRO RF Module Pin Numbers

(top sides shown - shields on bottom)
. . Pin 13-~

Pin 10~

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

SPIR#E Name - -“Direction” - | - : - Description” "
1 VCC - Power supply
2 DOUT Output UART Data Out
3 DIN/ CONFiG Input . UART DataIn
4 Dos* Output : Digital Output 8
5 RESET Input Module Reset (reset pulse must be at least 200 ris)
6 PWMO / RSSI Output PWM Output 0 / RX Signal Strength indicator
7 PWM1 Qutput PWM Qutput 1
8 [reserved] - Do not connect
9 DTR/SLEEP_RQ/DI8 Input Pin Sleep Control Line or Digital Input 8
10 GND - v Ground
11 AD4/DIO4 Either Analog Input 4 or Digital O 4
12 CTs /DIO7 Either A _Clear-to-Send Flow Control or Digital VO 7
13 ) ON/ SLEEP Output p " Module Status Indicator
‘14 VREF Input - Voltage Reference for AID Inputs
15 Associate / AD5 / DIO5 Either Associated Indicator, Analog Input 5 or Digital O 5
16 RTS 1 AD6 / DIO6 Either Request-to-Send Flow Control, Analog Input 6 or Digital I/0 6
17 AD3/DIO3 Either Analog Input 3 or Digital /0 3
18 AD2 /DI02 \ Either Analog Input 2 or Digital /0 2
19 AD1/DI01 Either Analog Input 1 or Digital /0 1
20 ADO/DIO0 Either Analog Input 0 or Digital /0 0

* Function is not supported at the time of this release
Design Notes:
5 Minimum connections: VCC, GND, DOUT & DIN’
= Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
» Signal Direction is specified with respect to the module
* Module includes a 50k Q puli-up resistor attached to RESET

e Several of the input pull-ups can be configured using the PR command
* Unused pins should be left disconnected

4
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1.6. Electrical Characteristics

Table 1-03. DC Characteristics (VCC=2.8-3.4 VDC)

Yy Tnput Low Voltage ANl Digital Inputs - . 035°VCC | V
Vi Input High Voltage All Digital Inputs 0.7*VvCC - - v
VoL Output Low Voltage lo,=2mA, VCC>=27V . - 05 v
Voy Output High Voltage loy =-2mA, VCC>=2.7V VCC-0.5 - - \)
thy Input Leakage Current Vin = VCC or GND, all inputs, per pin - j 0.025 1 PA-
Hlpz High Impedance Leakage Curent | Viy = VCC or GND, all /O High-Z, perpin + - 0.025 ) PA
T Transmit Current VCC =33V . (nge) &) . mA
RX Receive Current VEC =33V - (ng 9 (P5R50) - mA

PWR-DWN Power-down Current SM parameter = 1 - <10 - pA

Table 1-04. ADC Characteristics (Operating)

e "o/ Charaeteristic o 0 C’ghd‘it:i_qh; BEEAE S Min. - /
VREF - Analog-to-Digital converter } :
Veer reference range : 208 S Voo v
. ; p Enabled - 200 - - LA
lRer | VREF - Reference Supply Curtent oo Z <001 502 oA
Vinpe Analog Input Voltage' Vssap-03 - Vppap +0.3 v
1. Maximum electrical operating range, not valid conversion range.
Table 1-05. ADC Timing/Performance Characteristics!

Symbot | - Characteristic © Condition” |- Min - | Typical | 1 unit
Ras Source Impedance at Input? - - 10 ka
Van Analog Input Voltage® VRerL VRerH \
RES Ideal Resolution (1 LSB)*. 2.08V < Vppap 3.6V 2031 - 3516 mv
DNL Differential Non-linearity® Al T 205 +10 LSB
INL Integral Non-linearity® - +0.5 1.0 LSB
Ezs Zero-scale Error’ - 04 £10 LSB
Frs Full-scale Error® - +04 +10 LSB

Ey Input Leakage Enor® ; 0,05 450 LSB
Eny Total Unadjusted Ermror®® . - +1.1 +25 LSB

1. All ACCURACY numbers are based on processor and system being in WAIT state (very little activity and no IO switching)
and that adequate low-pass filtering is present on analog input pins (filter with 0.01 uF to 0.1 pF capacitor.between analog
input and VREFL). Failure to observe these guidelines may result in system or microcontzoller noise causing accuracy errors
which will vary based on board layout and the type and magnitude of the activity. . y

Data transmission and reception during data conversion may cause some degradation of these specifications, depending on
the number and timing of packets. It is advisable to test the ADCs in your installation if best accuracy is required.

2. Rpsis the real portion of the impedance of the network driving the analog input pin. Values greater than this amount may
not fully charge the input circuitry of the ATD resulting in accuracy error. .

3. Analog input must be between Vpgg, and Vpeep for valid conversion. Values greater than Vgern will convert to $3FF.

4. The resolution is the ideal step size or 1LSB = (Vrgri~Vrer)/1024

5. Differential non-linearity is the difference between the current code width and the ideal code width (1LSB). The current
code width is the difference in the transition voltages to and from the current code. :

6. Integral non-linearity is the difference between the transition voltage to the current code and the adjusted ideal transition
voltage for the current code. The adjusted ideal transition voltage is (Current Code-1/21/((Vreer+Ers)-(Vrer  +Ezs)))-

7. Zero-scale error is the difference between the transition to the first valid codée and the ideal transition to that code. The

Ideal transition voltage to a given code is (Code-1/2)*(1/(Vreri—Vrer))-

8. Full-scale error is the difference between the transition to the last valid code and the ideal transition to that code. The ideal
transition voltage to a given code is (Code-1/2)*(1/(Vreri—Vrery))-

9. Input leakage error is error due toinput leakage across the real portion of the impedance of the network driving the analog
pin. Reducing the impedance of the network reduces this error. ’
10.Total unadjusted error is the difference between the transition voltage to the current code and the ideal straight-line trans-
fer function. This measure of error includes inherent quantization error (1/2LSB) and circuit error (differential, integral, zero-
scale, and full-scale) error. The specified value of Eyy; assumes zero Ey_(no leakage or zero real source impedance).

xStredrr. © 2007 MaxStrean, Lic. ' . ' - &




Features

* Compatible with MCS-51™ Products

» 2K Bytes of Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-Level Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable 1/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

¢ 8 e & 8 @ & o ¢ o o

Descﬂpﬁon :

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K Bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set. By combining
a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a pow-

erful microcomputer which provides a highly flexible and cost effective sotution to
many embedded control applications.

The AT89C2051 provides the following standard features: 2K Bytes of Flash, 128
bytes of-RAM, 15 1/O lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle Mode stops the CPU while altowing 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 Cc‘mfighration

PDIP/SOIC
\_/

RSTNVPP [ 1 20 1 VeC

(RXD} P3.0 O 2 19 3 P1.7

(TXD) P3.1 | 3 18 [J P1.6

XTAL2 (] 4 17 1 P1.5

XTAL1 ] 5 16 O P1.4

(INTO) P3.2 1 6 15 {1 P1.3

(INTi) P33 17 14 P12
(TO) P3.4 ] 8 13 [0 P1.1 (AIN1)
(THP35] 9 12 [ P1.0 (AINO)

GND ] 10 113 p3.7

ATEL

IMEL

8-Bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

0368D-B-12/97
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Flash Programming Modes

Mode RST/VPP P3.2/PROG P3.3 P3.4 P3.5 P3.7
Write Code Data("® 12V L H H H
—~
Read Code Data(") H H L L H H
Write Lock Bit- 1 12v H H H
N :
. {
Bit- 2 12v H H L L
"
Chip Erase 12v @) H L L L
~_
Read Signature Byte H H L L L L
Notes: 1. The internal PEROM address:counter is-res

XTAL 1 pin. . =
2. Chip Erase requires a 10-ms PROG pulse.
3. P3.1is puiled Low during programming to indicate RDY/BSY.

Figure 3. Programming the Flash Memory

5V
AT89C2051 ]'
RDY/BSY <«——| P3.1 Vee
PR : ] - PGM
. 0G ——>» P32 it i
———»! P3.3 :
SEE FLASH —p»l P34
PROGRAMMING
MODES TABLE | ——» P35
— | P37
M —> x7AL1 RST |[¢—— V,,/V.,
TO INCREMENT GND
ADDRESS COUNTER

Figure 4. Verifying the Flash Memory

AT89C2051

Vi, —»! P32

SEE FLASH
PROGRAMMING
MODES TABLE

ATMEL

>
>
| o

i

'P3.3

P3.4
P3.5
P3.7

» XTAL1
-GND

VCC

Pi

RST [«

et to 000H on the rising edge of RST and is advanced by a positive pulse at

PGM
DATA
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SEMICONDUCTOR TECHNICAL DATA

" Order this document
" by 4N25/D

&NEGE OO0 &

VDE UL CSA SETI | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Optoisolators
Transistor Output

The 4N25/A, 4N26, 4N27 and 4N28 devices consist of a gallium arsenide
infrared emitting diode opticaily coupled to a monolithic silicon phototransistor
detector.

* Most Economical Optoisolator Choice for Medium Speed, Switching Applications
* Meets or Exceeds All JEDEC Registered Specifications

* To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V” must be included at end of part number. VDE 0884 is a test option.

Applications

» General Purpose Switching Circuits

* Interfacing and coupling systems of different potentials and impedances
¢ /O Interfacing

s Solid State Relays

MAXIMUM RATINGS (Tp = 25°C uniess otherwise noted)

L Rating

I Symbol l Value I Unit j
INPUT LED
Reverse Voitage 2 VR 3 Volts
Forward Current — Continuous IF 60 mA
LED Power Dissipation @ Tp = 25°C Pp 120 mw
with Negligible Power in Output Detector
Derate above 25°C 1.41 mw/°C
OUTPUT TRANSISTOR
Collector-Emitter Voltage VCcEo 30 Volts
Emitter—Collector Voltage VECO 7 Volts
Collector-Base Voltage Veso 70 Voits
Collector Current — Continuous : lc 150 mA
Detector Power Dissipation @ Ta = 25°C Pp 150 mwW
with Negligible Power in Input LED
Derate above 25°C 1.76 mw/°C
TOTAL DEVICE
Isolation Surge Voltage(1) Viso 7500 Vac{pk)
(Peak ac Voltage, 60 Hz, 1 sec Duration)
Total Device Power Dissipation @ TA =25°C Pp 250 mw
Derate above 25°C o - 2.94 mwW/°C
Ambient Operating Temperature Range(2) TA —55 to +100 °C
Storage Temperature Range(2) Tstg | -55t0+150 °C
Soldering Temperature (10 sec, 1/16” from case) TL 260 °C

1. Isotation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.

Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisolator is a trademark of Motorola, Inc.

‘REV 5

© Motorola, Inc. 1995

4N25 *
4AN25A*
4N26*

[CTR = 20% Min}

4N27
4N28

[CTR = 10% Min]

*Motorola Preferred Devices

STYLE 1 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

SCHEMATIC

1;)3 6
30— 4

PIN 1. LED ANODE
.2, LED CATHODE
3. NC.- :
4. EMITTER
5. COLLECTOR
6. BASE

@ MOTOROLA




4N25 4N25A 4N26 4N27 4N28

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)(1)

Characteristic

I

Symbol . |  Min Typ(1) Max | unit |
INPUT LED . : )
Forward Voltage (IF = 10 mA) Tp = 25°C VF — 1.15 1.5 Volts
Tp = -55°C — 1.3 —
Tp = 100°C — 1.05 -
Reverse Leakage Current (VR = 3 V) IR — — 100 A
Capacitance (V=0V,f=1 MHz) Cy — 18 — pF
OUTPUT TRANSISTOR
Collector~Emitter Dark Current 4N256,25A,26,27 ICEO — 1 50 nA
(VCE =10V, Tp = 25°C 4N28 — 1 100 _
(VCE =10V, Tp = 100°C) All Devices ICEO B 1 - BA
Collector-Base Dark Current (Vgg = 10 V) IcBO — 0.2 - nA
Collector-Emitter Breakdown Voltage (I = 1 mA) V(BR)CEO 30 45 — Volts
Collector-Base Breakdown Voltage (Ig = 100 pA) V(BR)CBO 70 100 —_ Volts
Emitter—Collector Breakdown Voltage (Ig = 100 pA) V(BR)ECO 7 7.8 —_ Volts
DC Current Gain (Ig =2 mA, Vg =5 V) hEg — 500 - -
Collector-Emitter Capacitance (f = 1 MHz, Vcg = 0) CcE — 7 — pF
Collector-Base Capacitance (f = 1 MH_z, Ve =0) CcB — A9 —_ pF
Emitter—Base Capacitance (f = 1 MHz, Vgg = 0) Cem =] .9 b " pF
COUPLED
Output Collector Current (I = 10 mA, Vgg = 10 V) Ic (CTR)2) mA (%)
4N25,25A,26 2(20) 7 (70) —
4N27,28 1(10) 5 (50) =
Collector-Emitter Saturation Voitage (Ic = 2 mA, Ir = 50 mA) VCE(sat) — 0.15 0.5 Volts
Turn-On Time (I = 10 mA, Vo = 10V, Ry = 100 9)(3) ton B 2.8 - ps
Turn-Off Time ({F = 10 mA, Vo = 10 Vi Ry = 100 ©)(3) toff — .45 —_ s
Rise Time (IF = 10 mA, Vog =10 V, R = 100 Q)(3) t — 1.2 _ ps
Fall Time (IF = 10 mA, Voo = 10 V, R = 100 Q)(3) tf 15 1.3 — us
Isolation Voltage (f = 60 Hz, t= 1 sec)(4) Viso 7500 — - Vac(pk)
Isolation Resistance (V = 500 V)(4) Riso 101 — = Q
Isolation Capacitance (V =0 V, f= 1 MHz)(4) Ciso — 0.2 — pF

1. Always design to the specified minimum/maximum electrical fimits (where applicable).

2. Current Transfer Ratio (CTR) = I/l x 100%.
3. For test circuit setup and waveforms, refer to Figure 11.

4. For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

Motorola Optoelectronics Device Data
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@ MOTOROLA  ———— o
| h | | LM358, LM258,
~ ' | o 'LM2904, LM2904V
Dual Low Power
Operational Amplifiers

Utilizing the circuit designs perfected for recently introduced Quad DUAL DIFFERENTIAL INPUT
Operational Amplifiers, these dual operational amplifiers feature 1) low OPERATIONAL AMPLIFIERS
power drain, 2) a common mode Jinput voltage range extending to _
ground/VEE, 3) single supply or split supply operation and 4) pinouts )
compatible with the popular MC1558 dual operational amplifier. The, LM158 SEMICONDUCTOR

" series is equivalent to one-half of an LM124. - TECHNICAL DATA

These amplifiers have several distinct advantages over standard
operational amplifiertypes in single supply applications. They can operate at
supply voltages as low as 3.0 V or as high as 32 V, with quiescent currents
about one-fifth of those associated with the MC1741 (on a per amplifier
basis). The common mode input range includes the negative supply, thereby
eliminating the necessity for external biasing components in many

applications. The output voltage range also includes the negative power 8 3
supply voltage. . : -
s N SUFFIX
® Short Circuit Protected Outputs : PLASTIC PACKAGE
- ® True Differential Input Stage : : CASE 626
¢ Single Supply Operation: 3.0 Vo 32 V
® Low Input Bias Currents 8%
¢ Internally Compensated g
¢ Common Mode Range Extends to Negative Supply P SUPEIX
PLASTIC PACKAGE
¢ Single and Split Supply Operation CASE 751
¢ Similar Performance o the Popular MC1558 $SHe
® ESD Clamps on the Inputs Increase’ Ruggedngss of the Device without
Affecting Operation
MAXIMUM RATINGS (Tp = +25°C, unless otherwise noted.) PIN CONNECTIONS
LM258 LM2904
Rating Symbol LM358 LM2904V | Unit
Power Supply Voltages Vdc
Single Supply Vee 32 26
Split Supplies Vce. VEE +16 +13
Input Differential Voltage VIDR 32 426 vdc , " (Top View)
Range (Note 1) i "N . ) Y 4
Input Common Mode Voltage VICR -03t032 | -0.3t026 | vdc
Range (Note 2
ge (Note 2) ORDERING INFORMATION
Output Short Circuit Durati t Conti
utp! ort Circuit Duration SC ontinuous Operating
Junction Temperature Ty 150 °C Device | Temperature Range Package
Storage Temperature Range Tstg ~55 to +125 °C LM2904D SO-8
Ta =—40° to +105°C
Operating Ambient Temperature TA - °C LM2904N Plastic DIP
Range '
LM258 » 2510 +85 _ - | tM2904vD T = —40° to 4125°C S0-8
_Lm3s8 . i 0to +70 - | LM2904VN ’ Plastic DIP
LM2904 - —40 to +105. -
LM2904V - |-40t04125 LM2%8D | ta=-25°t0+85°¢ | SO8
LM25: i
NOTES: 1. Split Power Supplies. M258N Plastic DIP
2. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, the LM358D SO-8
absolute maximum input voltage is equal to the supply voltage. Ta = 0°to +70°C
LM358N Plastic DIP

© Motorola, Inc. 1996 Rev 2
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Figure 7.‘ Voltage Referenqe

Vee

’

MC1403

- Rl
VO =25V (1455 )

Figure 9. High Impedance Differential Amplifier

go=C(1+a+b)(eg~eq)

Figure 8. Wien Bridge Oscillator

50 k
AN
q
4
50k
10k ~JVee
Vief VW "
LM358 e Vo
+ f _ 1
1 = 07 2zRC
Vret=5 Vee _ "
< : — For: fo=1.0kHz
, R ¢ R=16kQ
R % :]\ ¢ C=0.01pF

Figure 10. Comparator with Hysteresis

Figure 11. Bi-Quad Filter

Hysteresis

. ® R

Viet
h ¢—o Bandpass
Vref e Output

1A
LA
c

Vref

!
|
|
f
Vinl. VinH
R1
Vink = 1+ g (VOL = Vref)* Vret Vref
4 : :
Vin = Ry + Rp VOH = Vref) + Vrer
R1
H= 27+ ra (VOH-VoL)
A v
R -~ fo=77Re
ANV R1= QR 1
Ro = RL Vref = 3 Ve
Tep
100 k R3=TNR2
Ci=10C
For: fy =10kHz
r3 Viref Q =10
. Tgp=1
A _ . TN =1
M35 ——](———eNotchOutpt R =160kQ
y C =0001pF
R1=16MQ
Where:  Tpp = Center Frequency Gain gg N 12 mg

TN = Passband Notch Gain

MOTOROLA ANALOG IC DEVICE DATA
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Figure 12, Function Generator Figure 13. Muitiple Feedback Bandpass Filter

=

Vief = 2 Vee Triangle Wave R2 ‘l_

Output
e 300k ¢

Vref O

—lt—evo
co
Cc0=10C

o
Square

Wave .R2

Output

= Vief = 1
Viet =3 VCe

Given: fo = center frequency
A(fo) = gain at center frequency

Choose value fo, C

o R3= =&
Then: - R3= —¢-o

R3
R1= 2A)
R1R3
R2 = —5———
4Q2R1-R3
For less than 10% error from operational amplifier. PBO—V\fIO <0.1
Where f,, and BW are expressed in Hz.

If source impedance varies, filter may be preceded with voltagé
 follower buffer to stabilize filter parameters.

MOTOROLA ANALOG IC DEVICE DATA
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Features

* Up to 20 amp switching in SPST-NO and 13.3 amp in SPDT arrange-
ments.

* Washable, plastic sealed case available.

* Meets UL 873 and UL 508 spacing — 1/8" through air, 1/4" over surface.

* Load connections made via 1/4" Q. C. terminals.

* Choice of UL Class B or F insulation system.

* Well suited for various industrial, commercial and residential applications.

Contact Ratings @ 23°C

Arrangements: 1 Form A (SPST-NOJ), 1 Form B {(SPST-NC) and 1 Form C
(SPDT).

Material: Silver-cadmium oxide.

Mechanical Life: 10 million operations, at 300 ops/minute.

Electrical Life: 100,000 operations at factory rated load, 6 ops/minute.

Minimum Contact Load: 1A @ 5VDC or 12VAC. }

Initial Contact Resistance: 50 millichms @ 100mA, 6VDC).

Contact Ratings @ 23°C with relay properly vented. Remove tape
from vent hole after soldering and cleaning.

Factory Contact Ratings
Voltage | “TFormA |- 1FormB "{: 1FormC.
240VAC 20A ’ 10A 13.3A 8.7A
28VDC 20A 8.7A 13.3A 6.7A
UL/CSA Contact Ratings
T oad s
240VAC General Purpose 30A 15A 20A 10A
240VAC Resistive * 30A 15A 20A 10A
240VAC Motor 2 HP 12 HP 2 HP 1/2 HP
120VAC . Motor 1 HP 1/4 HP 1 HP 1/4 HP
240VAC LRA/FLA ** 80/30 30/10 50/20 2017
120VAC LRA/FLA 98/22 - - -
120VAC Tungsten * TV5 TV3 VG TV3
277VAC Ballast 10A 3A 10A 3A
28VDC Resistive 20A 10A 20A 10A

Initial Dielectric Strength

Between Open Contacts: 1,500V rms, 1 minute.
Between Contacts and Coil: 1,500V rms, 1 minute.

Initial Insulation Resistance

Between Mutually Insulated Elements: 10% ohms, min., @ 500VDC,
23°C and 50% R.H.

Coil Data @ 23°C

- Volitage: 12 10 220VAC. ’
Nominal Coil Power: 2.0VA, (approx.).
Maximum Coil Temperature(4): Class B: 130°C.

Class F: 155°C.
Duty Cycle: Continuous.

491 series

AC Coil 20 Amp PC Board or
Panel Mount Relay

R\ File 38802
@ File LR75282

Users should thoroughly review the technical data before selecting a product part
number. it is recommended that user also seek out the pertinent approvals files of
the agencies/laboratories and review them to ensure the product meets the
requirements for a given application.

| DC.Resistance | Must Operate. |- -Must Release; .
|:£10% (Ohms) | - Voltage.{Max.} | ‘Voltage (Min) .
26 10.2 1.8
108 204 3.6
1o 2,750 - 93.5 16
220 11,000 187 33

Operate Data @ 25°C

Must Operate Voltage: 85% of nominal voltage or less.
Must Release Voltage: 15% of nominal voltage or more.
Operate Time {Including Bounce)§: 20 ms, max.
Release Time {Including Bounce)8: 15 ms, max.

§ Ator From Nominal Cail Voltage

Environmental Data

Storage Temperature Range: -40°C to 130°C. .

Operating Temperature Rangef1): -55°C to +85°C.

Vibration, Operational: 0.065" (1.5mm) max. excursions from 10-55 Hz.
Shock, Operational: 10g for 11 ms.

Shock, Mechanical: 100g.

Mechanical Data

Termination: Printed circuit and quick connect terminals ),
Enclosures {all have 94V-0 flammability rating):

Open, unsealed dust cover or sealed case.
Weight: 1.2 oz. (33g) approx.

Coil Témperature Rise -

P, | i T
e AC cofl sealed
5
£ ™
< 100 —
] 20A "]
? 1
/, |t
.2 el LT |
T 60 — — L, s
e -~
:3: "] . // " T
3 o
g L \ 10A
€ | i
2 20 o S oA
K
o
80 a0 100 110 120
Coil Voltage (% of Nominal Voltage)
Notes

(1) Operating ambient temperature must consider must operate voltage
change over temperature, contact temperature rise, coil temperature rise
(if coil is not allowed to cool) and maximum coil temperature.

(2) Sealed relay terminals shéuld not be bent,

(3) Remove tape after cleaning process for optimum life of sealed relays.

{4) Class B coils are UL systems approved for maximum coil temperature of
130°C, by change of resistance method. Class F coils are UL systems
approved for maximum coil temperature of 155°C, by change of resistance
method.

Dimensions are shown for

Dimensions are in inches aver
reference purposes anly.

{miltimeters) unfess otherwise
specified.

Specifications and availability

www.tycoelectronics.com
subject ta change.

Technical support:
Refer ta.inside back cover.
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Ordering Information
' "Typical Part Number b - 00
491" 0 4p'rint'ed‘_ci‘r'cuit"bo‘afd/p'a‘nel_ power relay:
2. Encl e & Ter
1 = Dust Cover, PC terminal. 7 = Sealed Case, Panel Mount, .187 Coit Terminal.
2 = Sealed Case, PC terminal. 8 = Open Unit
6 = Sealed Case, Panel Mount, .110 Coil Termina.
3. Contact Arrangement: o o
=1 Eofm-C {SPDT} 4 =1 Form A'{SPST-NO} 5= 1Form va(SPST-NC)
4. Coil Input:
P = 12VAC Q = 24VAC T = 120VAC U = 220VAC
5. ‘Contacts: S PR L
3¢ uimyoxide:
6. Coil Insulation and Special Features:
00 = Standard, UL Class B Coil Insulation System MO = Magnetic Blowout {with enclosure 1 or 2 only, not UL or CSA)
FO = Special, UL Class F Coil Insulation System A1 - E9 = Special - Customer Specific Features
Our authorized distributors are more likely to maintain the following items in stock for immediate delivery.
491-21T200 491-24T200 491-617200 491-64T200
491-21Q200 491-24Q200 491-61Q200 491-64Q200
Outline Dimensions
3-.25QC 1.22 921
Open Style . (6.35) @14 ] TTRsa) T
. . = 3~ .0470
7 (1.2)
.403 :
(10.24) —
=] —]
1,18 MAX. w
30 MAX.) (17.8)
9
(22.9)
SR =
=" 2-.024 DIA.
Ay 21 63 15 . 4 . \2 (.6)
(2.8) (5.4) (16.2) —1 (38) (102)
PC Board Layout.-(Bottom View)
Sealed Case for g ;
PC Board Mountin .
g 1.(237M51)\X. __I . 10 Dax! (2.8) 3-.08 DIA.
: @5 T s - . (20)
1.26 MAX. }5 ;
(32.5) (15.24) 4 i2—-.04DIA,
| (254) - s
25QC (3'1851) 1 L ’
5 - e .55 Reference Onl
(6.35) (13.97)__! 4
: : — .7
UL
Mounting Hole Pattern
Sealed Case for L 110 MAX. | 2-0.12 (3.2) DIA. or M3
Panel Mounting (28 MAX.) —
1.7%
(43.5)
1.28 MAX
(32.5 MAX.)
J,—_J
Wiring Diagrams {Bottom Views)
1Form A 1FormB 1Form C
Dimensions are shown for - Dimensions are in inches over Specifications and availability www._tycoelectronics.com
0 reference purposes only. (mnlh;fv}e(tjers) unless otherwise subject to change. Technical support:
specified.

Refer to inside back cover.





