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L R 3 7 1 5 M Remote Control TransmitterLSi ”

B Description

The LR3715M is a CMOS LSI developed for use
in infrared remote control transmitters.

B Features

1. 56-channel of data can be transmitted
2. Transmission code :
3. Time base : 455kHz ceramic oscillator
4. Supply voltage : 3V

5. CMOS process

PPM

6. 36-pin quad-flat package

B Block Diagram
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Remote Control Transmitter LSI LR3715M
B Absolute Maximum Ratings
Parameter Symbol | . Conditions - Rating Unit |Note
Supply voltage Vop | Referenced to GND —0.3to +6 v |-
Input voltage Vin Referenced to GND —0.3to +6 \
Supply current Iop, IeE +5 .- mA |12
QOutput current Iout 2 mA 2
Power consumption Pp Ta=25C 483 mW
Operating temperature Topr —20 to +70 T
Storage temperature Tstg —50 to +125 T

Note 1:.

Ipp refers to the current that flows into the Vpp pin; Igg refers to the current draining from the GND pin.
Note 2: The direction of current flowing into the device is defined as positive: that draining from the device is defined as negative. This
definition is also applied to the electrical characteristics.

Hl Recommended Operating Conditioné

Parameter Symbol Conditions MIN. | TYP. | MAX. [ Unit
Supply voltage Vbp | Referenced to GND 2.2 3 33 |V
Input voltage Vin Referenced to GND 0 Vop v
Oscillator frequency fosc 455 kHz
B Electrical Characteristics (Vop=3V, Ta=25T)
Parameter Symbol Conditions MIN.. | TYP. | MAX. | Unit |Note
Supply voltage Vbp 2.2 3 3.3 \' 1
Current consumption oo | All input pins open fosc oscillated : 0.5 mA 1
- fosc stopped 1 HA
Input voltage Vin Vop—0.6 Vop \'4 2
- Vi 0 0.6 \' 3
L1 Vin=Vop 1
Input current hit Viv=GND —1 - :
Tz Vin=Vbp 1
Iz Vin=GND —150 A 3
Voni | lon=—5pA Vos—0.4 Voo v 4
Output voltage Vot | To.=400 pA - 0 0.4
Vonz Ion=—0.5mA Voo—0.4 Vob v 5
Vou2 Io.=1mA 0 0.4
Oscillator frequency fosc 455 kHz 6
Feedback resistor Rm 1 5 MQ
Note 1: Applied to Vpp pin.
Note 2: Applied to pins Cy-Cs, C)2 and Cy3.
Note 3: Applied to pins Ko-Ks, T and T,
Note 4: Applied to pins Sp-S5.
Note 5: Applied to OUT pin:
Note 6: Applied to pins OSCpy and OSCOU-,-
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nal is identified to be logi'c “1", whereas if it is Te/
2, the signal is identified to be “0". the device thus
constructs 15-bit serial data as follows. For exam-

" ple, a binary code “000010001000000" is con-
verted into a pulse array as follows:
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Remote Control Transmitter LS| : - LR3715M
—_————_———_——— T-77-11 -
-(1)Fl;'r:::|lsorr?lzsion scheme CH|Co|C1| Cs | Co |CrolCur||CH| Co | C1 | Cq | Co Cro)Cut
The LR3715M uses the PPM (pulse posmon 1/1(0/0/0j0]0}[29]1}0}1}1]1]0
modulation) system for 15-bit signal. 2/0r110/0)0]0}30j0 1}1/111}0
The device alternately transmits non-inverted 3/111/0/0)0yO}31p1|1}1/1]1/0
15-bit data and inverted 15-bit data (system- 4/010/1/0/0,0432/0}0/010]0]1
address bit 5 is not inverted, however) . The re- 5/1/01110}0/0}33]1]0 ¢0 01011
ceiver re-inverts the inverted data into the origin- 6{0]111(010]0}34}01110/0]0}]1
al form and compares it with the preceding non- 701{1/1]0j0}0)36]1]11010j0}1
inverted data to be sure the two pieces of data are 8/0{0]0]110]0}{36j0]0]1]0 »0 1
identical. Discrimination between inverted and 9/1/0j0}1]0]0}87/1]0{1]0}/0}1
non-inverted is achieved by checking the judging . 10/0111011]1010}38]1031/110]0}1
bit. Reception becomes valid only after the data 11]11)1]0|1]0j0}39|1]1}110]0}1
pieces prove identical.. 12/010]111101,0 140 0, 0j0j1j011
The PPM system arrarges pulses as follows to 13/110j1111040]41}1]010}1]0}1
discriminate logic “1” from “0". 14]10/1]111]0)0}4210}1/031,0]1
1501 |1f1]1[{0]0[43}]1}1}0]1]|0]1
(a) Logic “1" (b) Logic “0" 16/|o|o|0o|O0j1j0o}44]0]O[1}{1]0]|1
17{110]0jo0}j1]0f45}21}j0}1[1]0]1
I I I I 18({o|1|{o|o0jr]joOfj46j0}j1]|1]1[0]1
19f1f1jojoj1jofl47|1 {1110}
L—TP'—J Tol2 2000]l0|1|0]1]0{48[{0]|0f0}j0j1 |1
? 21f1]of{1]of1]of49{1]0f0]O|1]1
If the interval between two pulses is Tr, the sig- 22/0]1]1]0]1]0}{50]0]1]0]0]1}]1
23111 |1j0f1}0f51|1|1]0f0]1]1
0({0}j0}1111]0 0]011]0]1]1
1jojol1}j1}0 1{0j1{0(1]1
0|1]0]|1}1]0 0|1|1]0}1}1
1§1}j]0j1]1]0 1{1}]110j1§1
0JOJ1}1]1}0 0joj]OojL|L]|1

28

0 1000000 . . .
0000 1000 ® Data expansion bits Ciz, C13  These bits

are used to increase available command types.
@ Data judging bit K This bit K is unique

The following shows bit assignments to data: to Sharp’s remote control system, and is used to in- -
[CxICzICa|C4|C5|C5|C7|Cs|Cs IConCu|Cn|Cu|Cu| Kl dicate whether the preceding data is inverted or 6 =
. , non-inverted: =
System " address Data For data M*‘Sk\ (a) Non-inverted data
: expansion For data
decision 000010001 000000
. JULLLA A Ui
@ System address C;-C;  These bits are :
set up with switch and allocated to different sys- (b) Inverted data
tem. Up to 56 types of commands and two expan- 00001 1 1 101 1 1 1 1 1

sion bit can be transmitted for each system. For
system address allocation, be sure to contact us.

@ Data code Cg-Cin~ The Data code Cg-Cnn When the data judging bit is set to zero, the de-
are allocated to key numbers as ShOW“ in the fol- vice transmits non-inverted data. When it is set to
lowing table: one, the device transmits inverted data (inversion

of Cg-Ci4 and K) .
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(£=455kHz)

=——67.5ms——>{=——67.5ms——}
BN\ 4/ HH\

* Forward signal Forward signal

Reverse signal

As shown in the above figure, the non-inverse
and inverse signals alternately repeat in series at
a certain interval. The’ receiver reconstructs the
original data by identifying non-inverse or in-
verse signal according to the status of the data
judging bit.

® Mask bit Cyy
device

(2) Device operation timing

The LR3715M is a transmitter LSI device de-
signed for use in an infrared remote control unit.
It consists of an oscillator, key scan signal gener-
ator. key encoder, memory, data inverter, parallel/
serial converter, and output circuit. The device can
accept a 7x8 key matrix and transmit up to 56
types of commands in 6-bit code. For power sav-
ing, the internal oscillation is stopped when no kéy
is pressed. If double key operation is made, the de-
vice stops transmission.

@® Key scan signal generator When a key
entry is made, a flip-flop reverses its status to re-
set the Oscillation Clear signal and start internal
oscillation. The key scan outputs provide the sig-
nals shown below. Given fo =455 kHz, the pulse
period is 33.8 ms, and pulse width is 4.2 ms.
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® Key encoder, encoder, and memory "The
key scan signal lines are combined with key input
lines, Ko-Ke, to produce a 7x8 key matrix external
to the device. The Ko-Kg input pins have built-in
puli-up resistors.

If a key at the matrix point, K;-S3, is pressed,

Fixed at “0" (low) within the
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the signal oufput at pin S; is input to pin K;, to be
encoded into a 6-bit binary code by the key encod-
er and encoder before storage into memory. If two
keys are pressed at the same time, the double key
prevention logic clears the data in the pertinent

. location of the memory. The following table shows

the key arrangement and command numbers. If one
desires to transmit command number 3, the key at
the matrix point, Ko-Sz, can be pressed.

S05152535455S6 Sy

Ko
K1
K2
Ks
K4

Ks

Scan signal
S0[S1{82{S3|S4|Ss|Ss|S7
Koj1[2|3|4]|5]6[]7]8
Kij9110(11)12[13({14]15]16
K2{17/18)19]| 20| 21]22(23] 24
K3[{25[/26)27128(29]30]31(32
Kej33134]35]36(37|38{39(40
Ks|41]42|43) 44| 45464748
Ke|49|50]51]52]| 53| 545556

Key input

® Data inverter If the 6-bit data is identi-
fied to be correct, it is transferred to the data in-
verter, where system address, data expansion bit,
mask bit, and data judging bit are added to it to
generate 15-bit data. :
If the data judging bit is zero, the following data
will be produced in the data inverter.
(Example) When the key numbered 8 is pressed:

C11Cy|Cs|Cy|C5)Cs|Cq|Cq[CqCr0|Cui|Cia|Ci3|Cis| K
0({0j0J0|J1]0|010}1]0t0]|0|0]0]O

If the data judging bit is “1”, the data except for
the system address, is inverted by the inverter.

Cy1CafCqiCy|C51Cs]CrfCs]Cy|Cio|Ci1|Ciz|Cis|Cis| K
Qjofofotr|1i1rjrjolr)rjr)1j1]1

The parallel 15-bit signal is then converted into
serial PPM signal by the paraliel/serial converter.
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A S AN SR AN SESRNY SN SENTEY SN AN A T-77-11 T A A S—
0000 1 0001 000000 - ~ (3) Precautions in prepéring a receiver .
’ ’ (@ Make sure that the non-inverse and inverse
b PhoTa ‘\\ RN <. - signals are transmitted- alternately. Be sure to
v VNN N NN . o - N )
3 ; i E ! -,‘ \ N ‘\ NN, verify that bit number 15 (K) is alternately set to
o 0i0|:0= TR “0 “1 M \‘.1\\1‘\1\\1 - “1" and “0”. It is not enough only to compare bits
] 1 1 o AW ) \ N SN ” . . . . N
[ ',lhn' "' " ‘n “ " ‘" " ‘" " ‘“ ‘“ ~ Cg-Cyq ecither after inverting then_l or. before in-

verthing them. )
L 7 ® The PPM sngnal status “1”'or “0" may be

]
Bdps 264 s _ identified by checking its pulse interval as follows
1.05ms 2.1ms - (fo=455 kHz): . '
@ Modulator circuit  While it is possible to " Te<0.42 ms ... Incorrect sxgnal
transmit serial 15-bit PPM signals directly, it 0.42 ms=Tr<1.69 ms ... “0”
causes the broadening of occupied bandwidth. To 1.69 ms=Tp<3.37 ms ... "1”
prevent this, the device samples the 15-bit PPM 3.37 ms=Te ... Incorrect signal
signal with a 37.9 kHz (When fo=455kHz) signal If a non-PPM signal is received, the device
and transmits PPM signal at 100% amphtude mod- clears all bits and begins processing with the first
ulation. P bit again. .
[ \ ® If 16 bits (17 pulses) or more of PPM sig-

nal are received, the device identifies it as a non-

- PPM signal, clears all bits, and begins processing
with the first bit again.

lEnlarged diagram @ The correct data should be 1dent1f1ed by

matching the system addresses and data expansion

bits of the transmitter and receiver.
26.4 us

W System Configuration Example

l e
] ' I —
1A N A A A A A A8 S78655S8483828:1 80 C1
OO0 eee Ko c System.
O—D— P DD DD K1 2 - dd
h&-H-d-O-b-O-H2 K. < address
XA A A AN A A A FH32 K Cs set circuit
13Y ¥ ¥ VWYY v Yy 3 LR3715M C
3SA A AN A A A A A K : s
a8 Ee e 0
SO0 OO OO Ks . A
98 A A K A A K K56 K Ciz Signal set circuit
P— O p—p———p 6 Cis for data exp
Voo
0SCin
GND 08Cour ouT

Key matrix ‘ 455"11(}12
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