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Data Control of the Electronics Appliances via AC Line

Sarut  Poomkiaw

Tanapat Champromrad
Asst.Prof.Polpadung Padungkul
2001

ABSTRACT

This project presents the controlling of the electronics appliances through
AC-Line by sending a controlling signal which is the Digital signal using
Microcontroller in controlling the sending. The process is using the Encoder to make
a controlling code then modulating the signal in the mean of FSK. Later, taking the
signal to the transformer in order to adjust it and then sending it to AC Line. As for the
Receiver it consist of the transfer and Phase Lock Loop circuit in demodulating the
signal to the decoder circuit for transforming the code to the data which is used in
controlling the electronics appliances.

The benefits of this project are the user can m ove the controller conveniently
and to it uses only the AC-Line to control the electronics appliances. It can be

concluded that this project will help the user safe the expense of the sending wire.
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2.3 Frequency shift keying
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2.4Tuned Amplifier
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2.5 Band Pass Filter
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2.Negative Feedback Biquad Band Pass Circuit
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FLOWCHART ttaaamsihaumsadtoya

Q‘%mmsﬁwmu)

AMVUAULAALATH
port_a =input
port 1 =output

- Juan input 10 keypad

Yes input=na *

No

——@—

yes

o Jolivinnsdlaqunsalldr  ——

Yes )
v

fazasdd 1 no

awnndag




FLOWCHART HaaImsimhaiumsastoya

yes—>  dalvivinnstiaalnsallvvh

2V
flaztacii 1 no

Yes

4

no finatashi 2

Yes
Yy

flaatasi 3 no

.,

Yes
A i

no fiaatacil 4

,

Yes
A J

flavndav
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: Define Port&Pin Name

- LCD Module Enable (Active High : Level)

: Reset Vector

: Clear LCD Enable
: Clear LCD RS

; Call LCD Initial

LCD_EN BIT P2.6
LCD_RS BIT P2.4 ; LCD Module Register Select
; Define User Register
LCD-ADDR EQU 030H ; For keep LCD Address
LCD_DATA EQU 031H  ; Forkeep LCD Data
PORT_A EQU 000H input
PORT_B EQU 100H  ;output
PORT_C EQU 200H
PORT_CON EQU 300H
; Main Program.
ORG 0000H
MQV P0,#000000008B ; Clear Databus
MOV P1,#00000000B
MOV B,#00000000B
MOV DPTR#PORT_CON
MOV A#90H
MOVX @DPTR,A
CLR LCD_EN
CLR LCD_RS
CLR P2.5
MAIN: ACALL INIT_LCD
subroutine
LOOP: MOV LCD_ADDR,#000H

ACALL SET_ADDR_LCD;

: Set Address 00H



LCD

automatic)

LCD

automatic)

START:

WAIT:

PRESS_X:

PRESS_Y:

OFF:

MOV

LCD

automatic)

LCD

MOV
ACALL

MOV
ACALL
- MOV

ACALL

MOV
MCVX
JNB
MOV
MOVX
JB
ANL
CJINE
AJMP
CJINE
AJMP

LCD_ADDR #000H
ACALL
MOV
ACALL
MOV
ACALL

MQV

ACALL

DPTR,#TITLE_1 ; Index Pointer ROM to Show

WRLINE_LCD : 00H-07H (Increase

LCD_ADDR,#040H : Set Address O0H
SET_ADDR_LCD ;
DPTR#TITLE_2 ; Index Pointer ROM to Show

WRLINE_LCD : 00H-07H (Increase

DPTR,#PORT_A
A@DPTR
ACC.4,START
DPTR#PORT_A
A@DPTR

ACC.4 WAIT
A#00001111B
A#00001110B,PRESS_Y
OFF
A,#00001100B,START
ON

: Set Address 00H
SET_ADDR_LCD ;
DPTR#TITLE_3 ;Index Pointer ROM to Show

WRLINE_LCD : 00H-07H (Increase

LCD_ADDR,#040H : Set Address 00H
SET_ADDR_LCD ;
DPTR#TITLE_4 ; Index Pointer ROM to Show

WRLINE_LCD ; 0GH-07H (Increase automaiic)



START_OFF:

WAIT_OFF:

PRESS_11:

PRESS_21:

PRESS_31:

PRESS_41:

PRESS_51:

PRESS_61:

ON:

LCD

automatic)

LCD

MOV  DPTR#PORT_A
MOVX A@DPTR

JNB ACC.4,START_OFF
MOV  DPTR#PORT_A
MOVX A@DPTR

JB ACC.4,WAIT_OFF

_ANL  A#00001111B

CJNE  A,#00000010B,PRESS_21

CLR P1.0

AJMP  LOOP ; Jump to loop
CJNE  A,#00000001B,PRESS_31

LR Pl

AJMP. . LOOP ; Jump to loop
CJNE  A,#00000000B,PRESS_41 .
CLR )R 2

AJMP  LOOP ; Jump to loop
CJNE A#00000110B,PRESS_51

S1Ra R 1 3

AJMP  LOOP ; Jump to loop
CJNE  A#00000101B,PRESS_61

MOV  P1,#00000000B

AJMP  LOOP ; Jump to loop
AJMP  LOOP
MOV LCD_ADDR,#000H ; Set Address 00H

ACALL SET_ADDR_LCD;

MOV DPTR,HTITLE_3 : Index Pointer ROM to Show
ACALL WRLINE_LCD : 00H-07H (Increase
MQV LCD_ADDR,#040H : Set Address 00H

ACALL SET_ADDR_LCD ;
MOV DPTR#TITLE_4 :Index Pointer ROM to Show



automatic)

START_ON:

WAIT_ON:

PRESS_12:

PRESS_22:

PRESS_32:

PRESS_42:

PRESS_52:

PRESS_62:

ACALL WRLINE_LCD

MOV
MOVX
JNB
MOV

-MOVX

JB
ANL
CJINE
SETB
AJMP

DPTR,#PORT_A

A@DPTR

ACC.4,START_ON

DPTR,#PORT_A

A@DPTR

ACC.4,WAIT_ON

A,#00001111B
A#00000010B,PRESS_22

P1.0

LOOP ; Jump to loop

CINE A.,#00000001B,PRESS_32

SETB
AJMP
CJNE
SETB
AJMP
CJINE
SETB
AJMP
CJINE
MOV

AJMP
AJMP

P1.1

LOOP ; Jump to loop
A,#00000000B,PRESS_42

P1.2

LOOP ; Jump to loop
A#00000110B,PRESS_52

P1.3

LOOP ; Jump to loop
A#00000101B,PRESS_62
P1,#00001111B

LOOP ; Jump to loop
LOOP

: 00H-07H (Increase
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

MC145026

Encoder and Decoder Pairs MC145027
CMOS MC145028

These devices are designed to be used as encoder/decoder pairs in remote SC41 343

control applications. )

The MC145026 encodes nine lines of information and serially sends this. 8041 344
information upon receipt of a transmit enable (TE) signal. The hine lines may be
‘encoded with tfinary data (Tow, high, or open) or binary data (low or high). The

words are transmitted twice encodin ce to increase security.

The MC145027 decoder receives the serial stream and interprets five of the .
rinary digits as an address code. Thus, 243 addresses are possiblé. If binary \ P SUFFIX
data is used af the encoder, 32 addresses are possible. The remaining serial eyl Pé’fg%ﬁ;"
16
1
-G
1

information is interpreted as four bits of binary data. The valid transmission (VT)

output goes high on the MC145027 when two com
addresses must be consecu weWencoding sequence) which

both match the local address. Second, the 4 bits of data must match the last
valid data received. The active VT indicates that the information at the Data
output pins has been updated.

The MC145028 decoder treats all nine trinary digits as an address which
allows 19,683 codes. If binary data is encoded. 512 codes are possible. The VT
output goes high on the MC145028 when two addresses are consecutively DW SUFFIX

received (in one encoding sequence) which both match the local address. 3§ SOG PACKAGE
« Operating Temperature Range: =40 to + 85°C RASE 751G
» Very—Low Standby Current for the Encoder: 300 nA Maximum @ 25°C /

» Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators
» RC Oscillator, No Crystal Required

D SUFFIX
SOG PACKAGE
CASE 751B

ORDERING INFORMATION

. y MC145026P Plastic DIP
» High External Component Tolerance; Can Use + 5% Components MC145026D SOG Package
* Internal Power—Qn R-eset Forces A!I Dgcoder Outputs Low. MC145027P, SC41343P Plastic DIP
« For Infrared Applications, See Applications Notes AN1016 and AN1126 MC145027DW, SC413430W  SOG Package
» Operating Voltage Range: MC145026=2.5t0 18 V" MC145028P, SC41344P Plastic DIP
MC 145027, MC145028 = 4.5t0 18 V. MC145028DW, SC41344DW  SOG Package
» Low-Voltage Versions Available:
SC41343 = 2.8to 10 V Version of the MC 145027
SC41344 = 2.8to 10 V Version of the MC145028
PIN ASSIGNMENTS
MC145026 MC145027/SC41343 MC145028/SC41344
"ENCODER DECODERS DECODERS
af1e 16 [0 vpp ALl 1e 16 {1 vpp At 1o 16 [ Vpp
azfl 2 15 [] Doyt r2( 2 5[] D6 A2l 2 151 A6
w3l 3 14 TE a0 3 o7 A3 ll 3 1[0 a7
Asll 4 131 Rrc ALl 4 13 [} D8 Ad[] 4 13 (] A8
250 s 120 cro as s 12 ] D9 As(] s 121 A9
A6ID5 (] 6 11JRg - Ry 6 RIRYS Ri (6 npgvr
w707 7 10 1 AS/D9 ci 7 10 [] Ro/Cy ci g7 10 {1 Ro/Cp
vss [l 6 9 1 Agis vssll 8 9l by vss [ 8 9l oy

Al MC145026 devices manufactured after date code 9314 or 314 are guaranteed over this wider voltage range. All previous designs using the
iow-voltage SC41342 should convert to the MC145026. which is a drop—in replacement. The SC41342 part number will be discontinued.

VIOTOROLA MC145026.MC145027+MC1 450280SC41343.SC41344"
2-571



Rs Rrc

Crc
TE 1 1§T 13
e 3-PIN -4 DATA SELECT
— O o]  OSCILLATOR AND 155
DIVIDER out
AND BUFFER
= ENABLE ;
RING COUNTER AND 1-OF-9 DECODER
9 7 6 5 4 3 1
A3 o gg—ﬂ
- g1
g 0 vy TRINARY
) e 22 DETECTOR
Al
6/D6 3
ATID7 —7 >3]
2]
ABIDE j___gg Vpp=PIN 16
Vg =PIN8
A9/DR ﬂgg
Figure 1. MC145026 Encoder Block Diagram
Yoy

CONTROL ‘G(:‘* &
Loaic 2
[ =
& S
I > -
w
=
D |
b &

SEQUENCER CIRCUIT

Y

EXTRACTOR

R

I T T T8y |
X | ’
8 * DATA 9
A3 Din

c C _
o Yy 6 2 Vpp=PIN 16
_[j 10 i:L Vgg =PIN8
— F{2 g

Figure 2. MC145027 Decoder Block Diagram

MC145026eMC145027eMC1450280SC413430SC41344
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CONTROL n
LOGIC

SEQUENCL CIRCUIT
9 8 7 6 5 4 3 2 1

1
Al %‘ 9-BIT
A2 {;2_4. SHIFT

3 REGISTER
A3 gg——o

ag 4 hodl
55 [NeX > ~ DATA g
A 04 EXTRACTOR Din
As_lS - -
<1 Cq Co

JYAL X : 5 109 VoD =PIN 16

G 1 > Ry Vss=PIN8
A8 m — Ro™=

P

Agﬁ_gg

Figure 3. MC145028 Decoder Block Diagram

AAXIMUM RATINGS* (Voltages Referenced to Vgg)

Rating Symbol Value Unit This dev?ce contains protection gircuutry tp
guard against damage due to high static
Vpp DC Supply Voltage (except SC41343, -05t0+18 \ voltages or electric fields. However, precau-
SC41344) tions must be taken to avoid applications of any
voltage higher than maximum rated voitages
VbD D? Supply Voltage (SC41343, SC41344 -0.5t0+10 Vv to this high-impedance circuit. For proper
oniy) operation, Vin and Vgt should be constrained
Vin DC Input Voltage -0.5t0Vpp +0.5 v to the range Vg < (Vin or Vout) < VDD.
Vout DC Output Voitage -0.5toVpp +0.5
lin DC Input Current, per Pin +10 mA
lout DC Output Current, per Pin +10 mA
Pp Power Dissipation, per Package 500 mwW
Tstg Storage Temperature - 6510 + 150 °C
T Lead Temperature. 1 mm from Case for 260 °C
10 Seconds

Maximum Ratings are those values beyond which damage to the device may occur. Func-
tional operation should be restricted to the limitsin the Electrical Characteristics tables or
Pin Descriptions section.

10TOROLA MC1450262MC145027.MC145028+SC41343.SC41344
2-573



ELECTRICAL CHARACTERISTICS — MC145026*, MC145027, and MC145028 (Voltage Referenced to Vss)

Guaranteed Limit
Characteristic i i i Unit
Low-Leve! Output Voltage (Vin = VpD o 0) d - 0.05 \Y
— 0.05
= 0.05
High-Leve! Output Voltage (Vin=0o0rVpp) | 50 4.95 ’ 495 — \
10 9.95 9.95 -
15 14.95 — 14.95 = 14.95 —
.
ViL Low-Level Input Voltage \Y
' (Vout = 4.50r0.5V) 5.0 — 1.5 —_ 1.5 — 15
(Vout=9.00r1.0V) 10 — 3.0 — 3.0 - 3.0
(Vout=1350r1.5V) | 15 — 4.0 — 4.0 — 40
ViH High-Level Input Voltage ' : : \
Vout=0.50r45V) | 5.0 3.3 — 35 — 35 -
out
(Vout=1.00r9.0Vv)| 10 7.0 — 7.0 — 7.0 -
(Vout= 1.50r135V) | 15 1 b 1 — 1 —
IoH High--Level Output Current mA
(Vout=25V) | 5.0 -25 — -21 — -1.7 -
(Vout=4.6V) | 5.0 | -052 — | =044 — -0.36 —
(Vout=95V) | 10 -1.3 — —-1.1 — -09 -
(Vout=135V) | 15 =39 — -30 — -2.4 —
Low-Level Output Current mA
(Vout = 04 Vy i 99 0.52 — 0.44 — 0.36 —
(Vout=0.5V) | 10 1.3 = 1.1 — 0.9 =
(Vout=15V)| 15 3.6 — 3.0 — 2.4 -
Input Current — TE 5.0 — — 3.0 1" — " = | uA
(MC145026. Pull-Up Device) 10 =, — 16 60 — —
15 — o 35 120 — —
lin Input Current 15 - +0.3 3 +03 = +1.0 uA
Rg (MC145026). Din (MC 145027, MC145028)
lin Input Current uh
A1 - A5, A6/D6 — A9/D9 (MC145026), 5.0 = 12 - +110 — —
A1 - A5 (MC145027), 10 — = - + 500 — =
A1 -AZ (MC145028) 15 —_ 1 =2 — + 1000 — — i
Cin Input Capacitance (Vin = 0) — - ‘ s e 75 — — oF
Iop | Quiescent Current — MC145026 5.0 - F . — 01 | — — oy
10 3 5 = 0.2 — =
15 — - == 0.3 — =
DD Quiescent Current — MC145027, MC145028 5.0 = — — 50 — =
10 — — — 100 — —
15 — — e 150 — —
ldd Dynamic Supply Current — MC145026 5.0 — — — 200 — -—
(fo = 20 kHz) 10 — — — 400 - e
15 — — — 600 — e
ldd Dynamic Supply Current — MC145027, MC145028 5.0 —_ — — 400 — — ut
(fc = 20 kHz) 10 — — — 800 = —
15 — — = 1200 — —

< Also see next Electrical Characteristics table for 2.5 V specifications.

MC145026eMC1 45027+MC145028SC41343SC41344 ' MOTORC



-ECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vgg)

Guaranteed Limit
-40°C 25°C 85°C
Vbp —
symbol Characteristic v Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=0VorVpp)| 25 - 0.05 — 0.05 — 0.05 \Y
VOH High—-Level Output Voitage (Vin=0VorVpp) | 25 2.45 — 2.45 - 2.45 — \Y
ViL Low-Level Input Voltage (Vout=0.5Vor20V) | 25 - 0.3 - 0.3 — 0.3 v
ViH High-Level Input Voltage (Vout=05Vor2.0V)| 25 2.2 — 2.2 — 22 — Vv
IOH High—Level Output Current (Vout=125V) | 25 0.28 — 0.25 = 0.2 - mA
loL Low-Level Output Current (Vout=04V) | 25 0.22 T 0.2 s 0.16 — mA
lin Input Current (TE — Pull-Up Device) 25 — — 0.09 1.8 — — pA
lin Input Current (A1-A5, A6/D6-A9/D9) 2.6 —Z — — +25 —_ — pA
IbD Quiescent Current 2.5 v — —_ 0.05 — —_ pA
ldd Dynamic Supply Current (fc = 20 kHz) 2.5 — — — 40 — — HA
-ECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voltage Referenced to Vgg)
Guaranteed Limit
-40°C 25°C 85°C
Vop
ymbol Characteristic \ Min Max Min Max Min Max Unit
VoL Low-Level Output Voltage (Vin=0VorVpp) | 28 - 0.05 — 0.05 — 0.05 \%
5.0 e 0.05 — 0.05 - 0.05
10 = 0.05 T 0.0 —X 0.05
VoH High—Level Output Voltage (Vin=0VorVpp)| 28 2.75 == 27O — 2.75 — \
5.0 4.95 — 4.95 b 4.95 —
10 9.95 . 9.95 - 9.95" —
ViL Low-Level Input Voltage \
(Vout=2.3Vor0.5V) | 28 — 0.84 —_ 0.84 — 0.84
(Vout =45V or05V) | 5.0 — 1.5 — 1.5 — 1.5
(Mout=9.0Vori.0V)| 10 — 3.0 = 3.0 - 3.0
ViH High-Level Input Voltage v
(Vout=0.5Vor23V) | 28 1.96 —= 1.96 - 1.96 —
(Vout =0.5Vord.5V) | 50 35 — 35 — 35 —
(Vout=1.0Vorg.ov) | 10 7.0 — 7.0 — 7.0 —
oK High-Level Output Current mA
(Vout=14V) | 28 | =073 — -0.7 - -0.55 —
(Vout=45V) | 50 | =059 cont -05 — - 0.41 —
4 (Vout=9.0Vv)| 10 | -13 Y ~11 — -09 —
loL Low-Level Output Current mA
(Vout=04V)| 28 0.35 — 0.3 - 0.24 —
(Vout=0.5V) | 5.0 0.8 — 0.6 — 0.4 —
(Vout=1.0V) | 10 35 — 2.9 — 23 —
lin Input Current — Djpy 10 — +0.3 — +0.3 o +1.0 nA
lin Input Current 2.8 = — o +30 — — pA
A1 - A5 (SC41343) 5.0 — — - +140 — —
A1 - AQ (SC41344) 10 - — — + 600 — —
Cin Input Capacitance (Vjn = 0) — — — — 7.5 — — pF
oo Quiescent Current 2.8 - — —_ 60 — — HA
5.0 — — — 75 — —
10 - — — 150 — S—
ldd Dynamic Supply Current (fc = 20 kHz) 238 = = - 300 — — HA
5.0 — — — 500 — —
10 — — - 1000 - —

JTOROLA MC145026eMC145027sMC1450280SC41343.5C41344



90% 57

ANY OUTPUT °/
10% ‘Z \ . . — Voo
—= = I7H \THL -~ '

Vss
Figure 4. Figure 5.
«— 1lfgsc —
VoD
TE 50%
— Vss
tw
Figure 6. Figure 7.
TEST POINT
OUTPUT
DEVICE
UNDER
TEST ICL'
* Includes all probe and fixture capacitance.
Figure 8. Test Circuit
OTOROLA MC1450260MC145027sMC1 45028-504134303041 344
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OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by
the state of the A1 — A5 and A6/D6 — A9/DS input pins. These
pins may be in either of three states (low, high, or open)
allowing 19,683 possible codes. The transmit sequence is

initiated by a low level on the TE input pin. Upon power-up,
the MC145026 can conlinuously)ransmitwas_,I,olngasj[L,
remains Tow (also. the device can transmit two-word
sequences by pulsing TE low). However, no MC145026
application should be designed to rely upon the first data
word transmitted immediately after power—up because this
word may be invalid. Between the two data words, no signal
is sent for three data periods (see Figure 10).

“Each transmitted trinary digit is encoded into pulses (see
Figure 11). A logic O (low) is encoded as two consecutive
short pulses, a logic 1 (high) as two consecutive long pulses,
and an open (high impedance) as a long pulse followed by a
short pulse. The input state is determined by using a weak
“output” device to try to force each input high then low. If only
a high state results from the two tesls, the input is assumed
to be hardwired to Vpp. If only a low state is obtained, the
input is assumed to be hardwired to Vgs. If both a high and a
low can be forced at an input, an open is assumed and is
encoded as such. The “high” and "low” levels are 70% and
50% of the supply voltage as shown in the Electrical Charac-
leristics table. The weak “output” device sinks/sources up to
110 uA at a 5 V supply level, 500 pA at 10V, and 1 mA at
15 V.

The TE input has an internal pull-up device so that a sim-
ple switch may be used to force the input low. While TE is
high, the encoder is completely disabled, the oscillator is in-
hibited, and the current drain is reduced to quiescent current.
When TE is brought low. the oscillator is started and the
transmit sequence begins. The inputs are then sequentially
seiected. and determinations are made as to the input logic
states. This information is serially transmitted via the Cout

pin.

MC145027

This deco/der receives the serial data frornitfhe\encodgr
_and outpuls the data, if itis valid- The transmitted data, con-
sisting of two identiczl words, is examined bit by bil’during

reception. The first five trinary digits are assumed to be the
address, If the received address matches the local address,
the next four (data) bits_are-intermatty stored; but are not

transferred to the output data latch. As the second encoded

wt;LQiS recéiv_e/d, the address must again match. If a match

occurs, the new data bits are checked against the previously
stored data bits. If the two nibbles of data (four bits each)
match, the data is transferred to the output data latch by VT
and remains until new data replaces it. At the same time, the
VT output pin is brought high and remains high until an error
is received or until no input signal is received for four data
periods (see Figure 10).

Although the address information may be encoded in tri-
nary, the data information must be either a 1 or 0.”A trinary
(open) data line is decoded as a logic 1.

MC145028

This decoder operates in the same manner as the
MC145027 except that nine address lines are used and no
data output is available. The VT output is used to indicate
that a valid address has been received. For transmission
security, two identical transmitted words must be con-
secutively received before a VT output signal is issued.

The MC145028 allows 19,683 addresses when trinary lev-
els are used. 512 addresses are possible when binary levels
are used.

PIN DESCRIPTIONS
MC145026 ENCODER

A1 - A5, A6/D6 — A9/D9
Address, Address/Data Inputs (Pins 1-7, 9, and 10)

These address/data inputs are encoded and the data is
sent serially from the encoder via the Dout pin:

Rs, Ct1c, RTC
(Pins 11, 12, and 13)

These pins are part of the oscillator section of the encoder
(see Figure 9).

If an external signal source is used instead of the internal
oscillator, it should be connected to the Rg input and the RTC
and CT¢ pins should be left open.

TE
Transmit Enable (Pin 14)

This active—low transmit enable input initiates transmis-
sion when forced low. An internal pull-up device keeps this
input normally high. The pull-up current is specified in the
Electrical Characteristics table.

Dout
Data Out (Pin 15)

This is the output of the encoder that serially presents the
encoded data word.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

VDD
Positive Power Supply (Pin-16)

The most—positive power supply pin.
MC145027 AND MC145028 DECODERS

A1 - A5, A1-A9

Address Inputs (Pins 1 - 5) — MC145027,

Address Inputs (Pins 1-5,15,14,13,12) — MC145028
These are the local address inputs. The states of these

pins must match the appropriate encoder inputs for the VT

pin to go high. The local address may be encoded with tri-

nary or binary data.

D6 - D9 »
Data Outputs (Pins 15, 14, 13, 12) -—— MC145027 Only

These outputs present the binary information that is on
encoder inputs A6/D6 through A9/D9. Only binary data is

I

MC145026eMC145027+MC1450280SC41343.SC41344
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acknowledged; a trinary open at the MC145026 encoder is
decoded as a high level (logic 1).

Din
Data In (Pin 9)
This pin is the serial data input to the decoder. The input

voltage must be at CMOS logic levels. The signal source
driving this pin must be dc coupled.

R1, Cq
Resistor 1, Capacitor 1 (Pins 6, 7)

As shown in Figures 2 and 3, these pins accept a resistor
and capacitor that are used to determine whether a narrow
pulse or wide pulse has been received. The time constant
R1 x C1 should be set to 1.72 encoder clock periods:

R1C1=3.95RTCc CTC

Ro/Co
Resistor 2/Capacitor 2 (Pin 10)

As shown in Figures 2 and 3, this pin accepts a resistor
and capacitor that are used to detect both the end of a
received word and the end of a transmission. The time
constant R2 x Co should be 33.5 encoder clock periods (four
data periods per Figure 11): Rg C2 =77 Ryc Ctc. This time

constant is used to determine whether the Djn pin has
remained low for four data periods (end of transmission). A
separate on—chip comparator looks at the voltage—equiva-
lent two data periods (0.4 Ro C»p) to detect the dead time be-
tween received words within a transmission.

VT
Valid Transmission Output (Pin 11)

This valid transmission output goes high after the second
word of an encoding sequence when the following conditions
are satisfied:

1.the received addresses of both words match the local de-
coder address, and
2.the received data bits of both words match.

VT remains high until either a mismatch is received or no

input signal is received for four data periods.

Vss
Negative Power Supply (Pin 8)

The most-negative supply potential. This pin is usually
ground.

VpD
Positive Power Supply (Pin 16)

The most—positive power supply pin.

AOTOROLA

MC145026sMC145027sMC1450280SC41343¢SC41344
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INTERNAL
ENABLE

This oscillator operates at a frequency determined by the
external RC network; i.e.,
f= ! Hz) The value for Rg should be chosen to be >2times Ryc. Thisrangeensures
2.3Rrc C1C’ {hat currentthrough Rg is insignificant compared to current throughRTC. The
/ upperfimitfo. RS mustensurethatRg x5pF (inputcapacitance) issmail com-
pared to Rrc x CTC-

for 1 kHz < f < 400 kHz

where: C1¢’ = CTC + Clayout + 12 PF For frequencies outside the indicated range. the formulais less accurate.
Rg = 2RTC The minimum reccmmended oscillation frequency of this circuitis 1 kHz. Sus-
Rg 220k ceptibility to externally induced noise signals may occur for frequencies below
Rrc 210K 1 kHz and/or when resistors utilized are greater than 1 M&

400 pF < Cyg < 15 pF

Figure 9. Encoder Oscillator Information
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Figure 11. Encoder Data Waveforms
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Figure 12. fmax Vs Clayout — Decoders Only

AOTOROLA MC145026MC145027sMC145028SC41343.SC41344



HAS
THE TRANSMISSION
BEGUN?

DOES
THE 5-BIT
ADDRESS MATCH
THE ADDRESS
PINS?

" STORE
THE
4-BIT
DATA

DOES
THIS DATA
MATCH THE PREVIOUSLY
STORED
DATA?

IS THIS
AT LEAST THE
2ND CONSECUTIVE
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Figure 13. MC145027 Flowchart
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Figure 14. MC145028 Flowchart
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MC145027 AND MC145028 TIMING

To verify the MC145027 or MC145028 timing, check the
waveforms on C1 (Pin 7) and R2/C2 (Pin 10) as compared to
the incoming data waveform on Din (Pin 9).

The R—C decay seen on C1 discharges dow to 1/3VpD
before being reset to Vpp. This point of reset (labelled “DOS”
in Figure 15) is the point in time where the decision is made
whether the data seen on Djp is a 1 or 0. DOS should not be
too close to the Djn, data edges or intermittent operation may
occur.

The other timing to be checked on the MC145027 and
MC145028 is on R2/C2 (see Figure 16). The R-C decay is
continually reset to Vpp as data is being transmitted. Only
between words and after the end-of-transmission (EOT)
does R2/C2 decay significantly from VpD- R2/C2 can be
used to identify the internal end—of-word (EOW) timing edge
which is generated when R2/C2 decays to 2/3 Vpp. The in-
ternal EQT timing edge occurs when R2/C2 decays to 1/3
VpD- When the waveform is being observed, the B—C decay
should go down between the 2/3 and 1/3 Vpp levels, but not
too close to either level before data transmission on Djn re-
sumes.

Verification of the timing described above should ensure a
good match between the MC145026 transmitter and the
MC 145027 and MC145028 receivers.

v o e o e ————
o 7 B
Din | |
| |
ov
Voo
cy 23—
13 =
ov — l '
DOS DOS

Figure 15. R—-C Decay on Pin 7 (C1)

Voo — | gt
g ‘
13- &=
ov | —

R2/C2

Figure 16. R—C Decay on Pin 10 (R2/C2)
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_ v
Voo £ Voo DD ,
ol 'L_:l_ DD
0.1 uF 0.1 uF
- LI g [ I T ah,
. i 1-14 16 :50! L gLt 1 b §
ou! =
TRINARY
ADDRESSES ¥ ads 2 . § 21 Ade TRIF\?ARY
3 |
» Ad —3—1_;5. ADDRESSES
— 4] R MC145027 | 4 ~
X 51 MC145026 Arc L O B 458 %
6 13 C4 SC41343  [15
00 AL gy T 1 D6
12_11C1c = — D7
4-BIT ® D7 I 9 ——.l 13
BINARY o s it 10 1, 08
DATA ¢ D8 71- D9
R (1
’_DQ_J— 8 & R2 é [ vr
= I 8
£ . -& .

C71¢" = C7C + Clayout + 12 pF

e 1 100pF < Cye < 15 uF s REPEAT OF ABOVE
0S¢~ 23 RycCrc RTC 210 kQ; Rg = 2 R7¢

R1210kQ

R1Cy =3.95 RTcCTo C1 2400 pF REPEAT OF ABOVE
R2 2100 kQ

R2C2 =77 RrgCrc Co 2700 pF

Example R/C Vaiues (All Resistors and Capacitors are + 5%)
(C1c’ = C1C + 20 pF)

fosc (kHz) | Ryc Cre Rs R4 Cq Ra C2
362 10 k 120 pF 20 k 10k | 470pF | 100k | 910pF
181 10k 240 pF 20k 10k 910pF | 100k | 1800 pF
88.7 10k 490 pF 20k 10k | 2000pF | 100k | 3900 pF
42.6 10 k 1020 pF 20k 10k | 3900pF | 100k | 7500 pF
215 10 k 2020 pF 20k 10k | 8200pF | 100k | 0.015puF
8.53 10k 5100 pF 20k 10k | 0.02uF | 200k | 0.02pF
1.71 50 k 5100 pF 100 k 50k | 0.02pF | 200k | 0.1pF

Figure 17. Typical Application
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APPLICATIONS INFORMATION

INFRARED TRANSMITTER

In Figure 18, the MC145026 encoder is set to run at an os-
cillator frequency of about 4 to 9 kHz. Thus, the time required
for a complete two—word encoding sequence is about 20 to
40 ms. The data output from the encoder gates an RC oscil-
lator running at 50 kHz; the oscillator shown starts rapidly
enough to be used in this application. When the “send” but-
ton is not depressed, both the MC 145026 and oscillator are
in a low—power standby state. The RC oscillator has to be
trimmed for 50 kHz and has some drawbacks for frequency
stability. A superior system uses a ceramic resonator oscilla-
tor running at 400 kHz. This oscillator feeds a divider as
shown in Figure 19. The unused inputs of the MC14011UB
must be grounded.

The MLED81 IRED is driven with the 50 kHz square wave
at about 200 to 300 mA to generate the carrier. If desired, two
IREDs wired in series can be used (see Application Note
AN1016 for more information). The bipolar IRED switch,
shown in Figure 18, offers two advantages over a FET. First,
a logic FET has too much gate capacitance for the
MC14011UB to drive without waveform distortion. Second,
the bipolar drive permits lower supply voltages, which are an
advantage in portable battery-powered applications.

The configuration shown in Figure 18 operates over a
supply range of 4.5 to 18 V. A low—-voltage system which
operates down to 2.5 V could be realized if the oscillator sec-
tion of a MC74HC4060 is used in place of the MC14011UB.
The data output of the MC145026 is inverted and fed to the
RESET pin of the MC74HC4060. Alternately, the
MC74HCUO04 could be used for the oscillator.

Information on the MC14011UB is in book number
DL131/D. The MC74HCUO4 and MC74HC4060 are found in
book number DL129/D.

INFRARED RECEIVER

The receiver in Figure 20 couples an IR-sensitive diode to
input preamp A1, followed by band-pass amplifier A2 with a
gain of about 10. Limiting stage A3 follows, with an output of
about 800 mV p-p. The limited 50 kHz burst is detected by
comparator A4 that passes only positive pulses, and peak—
detected and filtered by a diode/RC network to extract the
dzta envelope from the burst. Comparator A5 boosts the sig-

nal to logic levels compatible with the MC145027/28 da
input. The Djp pin of these decoders is a standard CMO
high—impedance input which must not be allowed to floz
Therefore, direct coupling from A5 to the decoder input
utilized.

Shielding should be used on at least A1 and A2, with goc
ground and high—sensitivity circuit layout techniques applie

For operation with supplies higher than + 5 V. limiter A4
positive output swing needs to be limited to 3to 5 V. This
accomplished via adding a zener diode in the negative fee
back path, thus avoiding excessive system noise. The bia
ing resistor stack should be adjusted such that V3 is 1.25
1.5V.

This system works up to a range of about 10 meters. Tt
gains of the system may be adjusted to suit the individu
design needs. The 100 Q resistor in the emitter of the fir
2N5088 and the 1 k2 resistor feeding A2 may be altered
different gain is required. In general, more gain does not ne:
essarily result in increased range. This is due to noise flo

‘limitations. The designer snouid increase transmitter pows

and/or increase receiver aperature with Fresnal lensing i
greatly improve range. See Application Note AN1016 fc
additional information.

Information on the MC34074 is in data book DL128/D.

TRINARY SWITCH MANUFACTURERS

Midland Ross—Electronic Connector Div.
617/491-5400
Greyhill
312/354-1040
Augat/Alcoswitch
617/685-4371
Aries Electronics
201/996-6841

The above companies may not have the switches in a DI
For more information, call them or consult eem Electron
Engineers Masler Catalog or the Gold Book. Ask for SPD
with center OFF.

Alternative: An SPST can be placed in series between
SPDT and the Encoder or Decoder to achieve trinary actior

Motorola cannot recommend one supplier over anoths
and in no way suggests that this is a complete isting of t
nary switch manufacturers.
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V+

SELECT FOR
200 mA TO 300 mA

USE OF 2 MLED81s

MLED8! \«IS OPTIONAL
MC14011UB
SEND MPSA13
I OR
A MPSW13
il MC14011UB
[ TE Dout >
MC145026
; Rs C1c Rrc
i
9 1000 pF ‘___
ADJUST/SELECT FOR
SWITCHES 220 kQ 100 k2 FOR APPROX. 4 kHz f =50 kHz (APPROX. 100 kQ)
47 k2 FOR APPROX. 9 kHz
Figure 18. IRED Transmitter Using RC Oscillator to Generate Carrier Frequency
V+
MC14011UB
MO 4024 50kHZ TO
'___D—o——fj:})——» CLK Q3—> DRIVER
RESET TRANSISTOR
MQ
P X1 = 400 kHz CERAMIC RESONATOR
PANASONIC EFD-A400K048
X1 OR EQUIVALENT ) MC14011UB
*— D }-—————0
" b Dout
470 pF = 470pF T FROM MC145026
; ) . } .
Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency
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Figure 20. Infrared Receiver
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