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MC145026 ENCODER, {LOW-POWER COMPLEMENTARY MOS)
MC145027/MC145028/MC145029 DECODERS REMOTE CONTROL

The MC145026 will encode nine bits of information and serially ENCODER/DECODER PAIRS
transmit this information upon receipt of a transmit enable, TE, (active’
low] signal. Nine inputs may be encoded with trinary data (0, 1, open}

allowing 39 {19,683} different codes.

Three decoders are presently available; all use the same transmitter
— the MC148026. The decoders receive the 9-bit word and interpret
some of the bits as address cades and some as data. The MC1456027 in-
terprets the first five transmitted bits as address and the last four bits as

data. The MC145029 interprets the first four transmitted bits as address L SUFFIX
and the last five bits as data. The MC145028 treats all nine bits as ad- CERA(“:"“\‘;: QZ%KAGE
dress. {f no erfors are received, the MC145027 outputs four data bits,

and the MC145029 outputs five data bits, when the transmitter sends

address codes that match that of the receiver. A valid transmission out-

put will go high on the decoders when they recognize an address that

matches that of the decoder. Other receivers can be produced with dif-

ferent address/data ratios. P SUFFIX

May be Addressed in either Binary or Trinary i PLASTIC PACKAGE
Trinary Addressing Maximizes Number of Codes CASE 648
Interfaces with RF, Ultrasonic, or Infrared Transmission Medias
On-Chip R/C Oscillator; No Crystal Required

High External Component Tolerance; Can Use + 5% Components
Standard B-Series Input and Output Characteristics

4.5 to 18 V Operation .

2.9 V Low-Voltage Version Also Available by Special Order

MC14XXXX Suffix Denotes

L Ceramic Package
P Plastic Package

PIN ASSIGNMENTS

AY/DIgY Voo Agl 16pVpD Al
A2/D2 15[1 Data Out Az2Q2 1511 D6 a2 il
A3/D3 N3 ¥R TE A3fl3 14pp7 A3 1

A4/D4all4 R1C Adl4 131 D8 Al
A5/D5 05 Cic A g5 120 po AST
A6/D6 6 Rg Rigs npvr G
A7MD707 10[ A9/D3 g7 1001 Rz fC2 C1

Vss fj8 9§l a8/D8 Vssii8 9f1 Data In vssh

MC145026 MC145027 MC145028 MC145029
Encoder Decoder Decoder Decoder

This documient contains nformation on a new product. Specifications and informa-
ton herem are subject 1o change without notice.
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MC145026, MC145027, MC145028, MC145029

MAXIMUM RATINGS (Voltages Referenced to Vgsg)

Rating Symbol Value Unit
DC Supply Voltage Voo -0510 +18 \
Input Voitage, Al Inputs " Vi -0.5t0 Vpp+0.5 v
DC input Current, per Pin _ lin +10 mA
Operating Temperature Range ' TA -4010 +85 °C
Storage Temperature Range Tstq —-6610 + 150 °C
ELECTRICAL CHARACTERISTICS
. . vVpp -40°C 25°C +856°C
h i Symbol Unit
Charactoristic vmbol |y " Min [ Mex | Min | Typ ] Max | Min [Mex|
Output Voltage "0 Level 50 ] — Jo05| - 0 005} -~ [005
Vin=Vppeor 0 - VoL 10 — |005| - 0 005| — |0.05] V
15 - (005 - 0 005} — |005
"1" Level 50 | 495 — |4.95. 5.0 — (495 | —
Vin=0or VDD VOH 10 |99 ~ 985 10 — 995 | - \
15 {1495 - [14.95 15 — |49 -
Input Voltage "0 Level
Vo=450r05VI : v 50| — 15| — 225 16 | — 15 v
(Vo=9.0 or 1.0V} L 10| - (30| - 450 ao| - |30
{(Vp=13560r18V) ’ 16 - 4.0 - 6.26 40 - 4.0
- 1" Level )
(Vp=050r45V] - v 50| 36 — 3.5 2,75 - 36 - v
Vo=1.00r 9.0 V] H [ 1o]|70]| - 170 5.50 - 107 -
Vo=150r 13.5 V] 16 | N0} - 1.0 8.25 - 1o | -
Qutput Drive Current . Source
Vop=25V! . ’ 50 |-256] — [-21 -4.2 — |-17] -
VoH=4.6 Vi IoH 50 [—-0562f — |-044]| -0.88 - |-036] - | mA
{(VoH=9.5 Vi 10 |-1.3] - |-12 -2.26 - |-09| —
{VoH=13.5 Vi 15 | -36] - |-30| -88 — |-24| -
VoL=04VI Sink 50 [062} — [044 0.88 - 036 | -
WVoL=05WV) lov 0131 — 111 2.25 — |08 | — | mA
(VoL=15V] 15 (36| - {30 8.8 — 124} —
Input Cutrent — T1E {MC145026, Pullup Devicel 50| - - |30 4.0 90 | - -
Ln 1wl -1 118 20 322 { - | = | pA
15 - - 35 45 70 - -
Input Current
Rg (MCT450261 lin i5 | — l+03] — |z000001f 03| — |x1.0] pA
Data In IMC145027, MC145028, MC1450281
Input Current .
A1/D1-A9/08 (MC1450261 0 8o | - | - | - £55 | +110) - | — | #A
A1-AB (MC145027) n 10 - - - +300 |+s500) — —
A1-A9 {MC145028) 15 - - - £650 |+i000) - -
Al-Ad (MC145029!_
Input Capacnance {Vip=10) Cin - - - - 50 75 | - — pF
Quiescent Cuirent— MC145026 BG | - - - 0.0050 0.10 | — -
DD 10 - — - 0.0100 020 — - | pA
15 — — - 0.0160 030 | - —
Quiescent Current — MC145027, MC145028, MC145029 50| - | - | - 0 50 | — | -
Ibp 10 - — - 60 100 - — pA
s - - |- 20 0 - | -
Total Supply Current — MC145026 lig =20 kHz) 5.0 - - - 100 200 — —
iT 10 - — - 200 400 { — — | pA
16 - - - 300 600 { — | -
Total Supply Current — MC145027, MC145028, MC145029 5.0 - — - 200 400 — —
' {fe=20 %Hz) Iy ol -t -1- 400 g0 | - | — | »A
- 15 — — — 600 1200 — -

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: however, il is advised that
normal precautions be taken to avoid application ot any voltage higher than maximum rated valtages to this high impedance circuit. For pro-
per opetation it is recommended that Vin and Vguy be constrained to the range Vgg = (Vin or Voul! = YDD-
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SWITCHING CHARACTERISTICS (C| =50 pF, Ta=25°C}

Characteristic Symbo! | Vpp | Min | Typ | Max Unit
Qutput Rise and Fall Time 5.0 - 100 | 200
TH g0 | — | 0 | 100 s
YTHL n
15 — 40 80
Dala In Rise and Fall Time (MC145027, MC145028, MC145029} 5.0 - - 15
WH | 4o [ - | = [ 15 s
UTHL ¥
15 - - 15
Encoder Clock Frequency 5.0 [} - 2
fal 10 0 - 5 " MRz
156 0 — 10
Decoder Frequency ) 5.0 1 - 240
{Referenced to Encoder Clock} [See Figure 10} fel 10 1 - | 410 kHz
16 1 - ] 450
TE Pulse Width 60 |66 1 — | -
wi W0 130 - - ns
16 20 - -
Systemn Propagation Delay _ _ _ 182 _ Clock
{TE to Valid Transmission) Cycles
Tolerance on Timing Components
{ARTo+ACTC+ AR+ ACHT - - - - | £ %
{AR2 +AC3!} - - - [ +2
OPERATING CHARACTERISTICS
MC 145026 bits and must be encoded to match the address input at the

The encoder serially transmits nine bits of trinary data as
defined by the state of the A1/D1-A97D9 input pins. These
pins may be in either of three states (0, 1, open! allowing
39=19,683 possible codes. The transmit sequence is in-
itiated by a low level on the TE inpwt pin. Each time the TE in-
put is forced low the encoder ouiputs two identical data
words_ Between the two data words no signal is sent for
three data bit times. if the TE input is kept fow, the encoder
continuously transmits the dala word.

Each transmitted data bit is encoded into. two data pulses
{See Figure 7). A logic zero is encoded as two consecutive
short pulses, a logic one as two consecutive long pulses, and
an open as a long pulse followed by a short pulse. The input
state is determined by using a weak output device 0 try to
force each input first low, then high. If only a high state
results from the two tests, the input is assumed to be hard
wired to Vpp. I enly a low state is obtained, the input is
assumed to be hard wired 1o Vg5, If both a high and a low
can be forced at an inpu, itis assumed to be open and is en-
coded as such.

The TE input has an internal pullup device so that a simple
switch may be used to force the input low. While TE is high
the encoder is completely disabled, the oscillator is inhibited,
and the current drain is reduced to quiescent current, When
TE is brought low, the osciflator is started, and the transmit
sequence begins. The inputs are then sequentially selected,
and determinations are made as to the input logic states.
This information is serially transmitted via the Data Out
output pin.

Transmission must be initiated by using the TE pin rather
than by holding TE low and applying power to the device
because an internal reset occurs after the first transmit
sequence.

MC 146027

This decoder receives the serial data from the encoder and
cutputs the data, if it is valid. The transmitted data, con-
sisting of two identical data words, is examined bit by bit as
it is received. The first five bits are assumed 1o be address

receiver. If the address bits match, the next four {data) bits
are stored and compared to the last valid data stored. As the
second encoded word is received, the address must again
match, and if it does, the data bits are checked against the
previously stored data bits. If the two words of data {four
bits each} match, the data is transferred to the output data
latches by VT and will remain until new data replaces it. At
the same time, the Valid Transmission output pin is brought
high and will remain high until an error is received or until no
input signal is received for four data bit imes.

Although the address information is encoded in frinary,
the data information must be either a one or a zero. A trinary
lopen} will be decoded as a logic one.

MC 145028

This decoder operates in the same manner as the
MC 145027 except that nine address bits are used and no data
outpul is available. The Valid Transmission output is used to
indicate that a valid address has been received.

Although address information is normally encoded in
trinary, the designer should be aware that, for the
MC145028, the ninth address bit {A9) must be either a one or
a zero. This part, therefore, can accept only 2x 38= 13,122
different codes. A trinary (openl A9 will be interpreted as a
togic 1. However, if the encoder sends a trinary lor logic 1)
and the decoder address is a logic 1 toc trinary) respectively,
the valid transmission autput length will be shortened to the
R1x C1 time constant.

MC145029

This decoder operates like the MC145027, but it assumes
the first four received bits 1o be address bits and the remain-
ing five received bits to be data.

DOUBLE TRANSMISSION DECODING

Although the encoder sends two words for error checking,
a decoder does not necessarily wait for two transmitted
words 10 be received before issuing a vaild transmission out-
put.
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PIN DESCRIPTIONS

MC145026 ENCODER

A1/D1-A9/D9, ADDRESS/DATA INPUTS (PINS 1, 2, 3,
4,5, 6,7,9,10] — These inputs are encoded and the data is
serially output from the encoder.

Rs, CTC. RTC. OSCILLATOR COMPONENTS {PINS 11,
12, 13) — These pins are part of the oscillator section of the
encoder. If an external signal source is used instead of the
internal oscillator, it should be connected to the RS input
and the RT¢ and CTC pins should be left open.

TE, TRANSMIT-ENABLE INPUT (PIN 14} This active low
input initiates transmission when forced low. An internal
putiup device keeps this input normally high.

Data Out, DATA OUTPUT (PIN 15} — This is the output
of the encoder that serially presents the encoded word.

Vpp, POSITIVE SUPPLY (PIN 16} — The most positive
power supply.

Vgsg, NEGATIVE SUPPLY (PIN 8} — The most negalive
supply {usually ground}.

MC 145027, MC145028, MC145029 DECODERS

A1-A5 (MC145027), A1-A9 [(MC145028), Al1-Ad
{MC145029), ADDRESS INPUTS — These address inputs
must match the corresponding encoder inputs in order for
the decader 10 output data.

D6-D9 (MC145027), D5-D9 (MC145028), DATA OUT-
PUTS — These outputs present the information that is on
the corresponding enccder inputs. Note: only binary data
will be acknowledged; a trinary open will be decoded as a
logic one.

R{, C1, PULSE DISCRIMINATOR (PINS 6, 7) — These
pins accept a resistor and capacitor that are used to deter-
mine whether a narrow pulse or a wide pulse has been en-
coded. The time constant R1 x C1 should be set to 1.72 en-
coder {transmitter) clock petiods. R1Ct = 3.95 RTcCTC.

R2/C2, DEAD TIME DISCRIMINATOR (FIN 10} — This
pin accepts a resistor and a capaciior 10 Vg that are used to
detect both the end of an encoded word and the end of
transmission. The time constant R2 x C2 should be 33.6 en-
coder {transmitter) clock periods {four data bit periods):
RoCo = 77 RTCCTC. This time constant is used to deter-
mine that Data In has remained low for four data bit times
{end of transmission). A separate comparator looks at a
voltage-equivalent two data bit times (0.4 R2C2} to detect
the dead time between transmitted words.

VT, VALID TRANSMISSION (PIN 11} — This output goes
high when the following conditions are satisfied:
1. the transmitted address matches the receiver address, and
2. the transmitted data matches the last valid data received
{MC145027 and MC145029, only).
VT will remain high until a mismatch is received, or no in-
put signal is received for four data bit times.

Vpp, POSITIVE SUPPLY {PIN 16) — The most positive
power supply. .

Vgg, NEGATIVE SUPPLY (PIN 8) — The most negative
supply (usually ground}.

FIGURE 1— MC145026 ENCODER BLOCK DIAGRAM
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FIGURE 2 — MC145027 DECODER BLOCK DIAGRAM
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FIGURE 3 — MC145028 DECODER BLOCK DIAGRAM
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FIGURE 4 — MC145029 DECODER BLOCK DIAGRAM
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FIGURE 5 — ENCODER OSCILLATOR INFORMATION
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This oscillator will operate at a frequency determined by the exter-
nal RC network; re., ’
1

f= -2—3—R?C—6T—C, {Hz}

for 1 kHz= =400 kHz
where: C1¢’=CtC + Clayout + 12 pF
Rg=2 R1C
Rgz20k
Rrcz=10k
400 pF<Cye< 15 pF

.

The value for Rg should be chosen to be = 2 times RT¢. This
range will ensure that current through Rg is insignificant compared
to current through RT@. The upper limit for Rg must ensure that
Rg x5 pF (input capacitancel is small compared to RTgxX C1¢.

For frequencies outside the indicated range, the formula will be
less accurate. The minimum recommended oscillation frequency of
this circuit is 1 kHz. Susceptibility to externally induced noise signals
may occur far frequencies below 1 kHz and/or when resistors utitiz-
ed are greater than 1 MQL.
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FIGURE 6 — ENCODER/DECODER TIMING DIAGRAM
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FIGURE 8 — MC145027/MC145029 FLOWCHART
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* For shift register comparisens, a8 “T" is stored as a ""1".
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FIGURE 10 — fmax VS CIB out
MC145027, MC145028, and MC145029

fmax (kHz}
(Ref. to
MC145026 Clock)

Clayout [0F) en Pins 1-6 IMC145027); Pins 1-5 and 12-15 (MC145028);
Pins 1-4 {MC145029)



MC145026, MC145027, MC145028, MC145029

sasseippy
AJeup

BAOQY JO

1eaday

anoqy

(%G ¥ wie s1030ude]) puUL SIOISISOY (i)
san(gA /Y ejdwexgy

10 leaday

g

L20GVLOW

Jlpdly =072y
3lodly gee=1loly
Dlyoly ez

L

= 959,

4710 % 002 41700 A 05 % 001 4d 0oLg 105 (VA
47 200 1 002 47 z00 % 0L A02 4d 001G A0t £9'8
476100 A 00 4d 00Z8 % 0L A 0T 4d 0zoz A0l Sz
4d 00GL 3 00L 4d 006e A0t X0 4d 0zoL A0L 9Ty
4d 0ose 3 00L 4d 0002 301 30z 4d o5 301 L'eg
4d 0081 3 00L 4d oLs 3 0L 302 Jd ore 30l 18t
3d 016 A 004 4d o/p % 0L % 0T 4d QgL A 0L 4

4} Ty 5} ly Sy ST qly (ZH4) 359

9Z0SKION

9l -

aadpa

N =

Sy

£d ¢

L oL
Tl 6 {a o
ALy 43 H.||_|
L T5a 4

U.—.m_ €l 9
g Sy §
CE -

bl

.

o~
o]
<

4d 002 =2%n
X 8F~wm T
4d 0op =12 3l
AoL=lY @y =

Oly z=Sy ol =dly . ,
37 gL 0Ly 4d 001 !
4d g| +INCABIH + 019 =21

NOLLYIINddY TWIIdAL — L1 3HNDIY

(3d oz +J1p=.01n)

eleg
P Alelg
g

S9ss0IPPY

L Aeuny
S

7-37




