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ABSTRACT

Normally the on off switch of an electric appliance is designed to be attached to the
appliance which makes the control of the appliance is rather limited and inconvenient. Actually
we can design to have all on off switches of several appliances in one same control area. Today
electricity is essential for every house, office and shop. In wiring the electric wire, the AC Line
Network is usually neceded. The usefulness of an clectric wire in not only for transmitting the
clectricity but also can transinit data signal. Such concept brings to the idea of creating a system
to support the control panel of electric appliances by using FSK method, from which the control
panel consists of a computer and the control circuit to transmit the control message through AC
220 V wire. The target area will be equipped with a circuit to receive instruction through the
electric wire to turn on or off the appliance. Message from the computer at the terminal will also
be transmitted to the destination. Most important 1s this method can solve the problem of leaving
the appliance unswitch off, resulting the optimum of electricity consumption and the rescrvation

of the natural resources can be fully achieved.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145026/D

Encoder and Decoder Pairs
CMOS

These devices are designed 1o be used as encoder/decoder pairs in remote
control applications.

The MC145026 encodes nine lines of information and serially sends this
information upon receipt of a transmit enable (TE} signal. The nine lines may be
encoded with trinary data (low, high, or open) or binary data (low or high). The
words are transmitted twice per encoding sequence to increase security.

The MC145027 decoder receives the serial stream and interprets five of the
trinary digits as an address code. Thus, 243 addresses are possible. If binary
data is used at the encoder, 32 addresses are possible. The remaining serial
information is interpreted as four bits of binary data. The valid transmission (VT}
output gees high on the MC145027 when two conditions are mel. First, two
addresses must be consecutively received (in one encoding 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
culput goes high on the MC145028 when two addresses are consecutively
received (in one encoding sequence) which both match the local address.

Operating Temperature Range: — 40 to + 8§5°C

Very—Low Standby Current for the Encoder: 300 nA Maximum @ 25°C
Interfaces with RF, Ultrasonic, or Infrared Medulators and Demodulators
RC Osciltator, No Crystal Required

High External Component Tolerance; Can Use + 5% Components

—

MC145026
MC145027
MC145028

P SUFF(X
PLASTIC DIP
CASE 648

D SUFFIX
S0OG PACKAGE
CASE 751B

OW SUFFIX
506G PACKAGE
CASE 751G

ORDERING INFORMATION

» Internat Power—On Reset Forces All Decoder Outputs Low MC145026P Plastic DIP
+ Operating Vollage Range: MC145026 = 2.510 18 V" MC145026D S0GC Package
MC145027, MC145028 = 4 5 to 18 V MC145027P Plastic DIP
« Forinfrared Applications, See Application Note AN1G16/D MC1450270W SOG Package
MC145028P Plastic DIP
MC1450260W SOG Package
PIN ASSIGNMENTS
MC145026 MC145027 MC145028
ENCODER DECODERS DECODERS
SRR 18 {1 vpp M| 1e 16 [1 vpp Al 1e 161 vpp
a2l 2 15[ Dyt a2l 2 15 D6 n2( 2 15[ A8
p3l| 3 1wl TE ISIE 14 |1 o7 ISUE 14ﬂA7
p (] 4 131 Ric A4q4 15[ 08 na (] 4 13[ A8
ASﬁS 12[ cro 2505 12] e A5 5 12 [ A9
A6ID6 L 6 11 {1 Rg RiM & 111 vT Ri(l 8 1M1 v
amor g7 10 [J A9D9 ol q 7 1011 RaiCp ¢ f7 10 [1 RyfCy
veg ] & 91 AgioB \."35[ 8 ¢ P Din V55E 8 g [l Din
REV 3
1/98

1C Motorpla. Inc. 1668

@ MOTOROLA
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Crc
12T 13

T 1l
_]_ 3-PIN .4 DATA SELECT 5
o4l OSCILLATOR OIVIDER AND Dout
AND BUFFER
— ENABLE
— S
}
RING COUNTER AND 1-OF-8 DECODER
9 8 7 6 5 4 3 2 1
A —
Ay —2
=
4
Ad
P
A5 —2 1 TRINARY
< DETECTOR
Aiog —° 52
7 =<
ATID7 [él'IW
ABIDE 2 —{é% VoD = PIN 46
0 Vgg =PING
AS/D9 _E-g
Figure 1. MC145026 Encoder Block Diagram
1o

[—

oy = -D—15
CONTROL _@{_——‘ i
LOGIC @
il g -D_M
o 5]
"y | R
I i
[7z]
=
D D>
SEQUENCER CIRCUIT 7
5 4 3 7 1
Al
3 DATA 9
AS EXTRACTOR Bin
4 p2dl
A4
5 pd 1, VoD =PIN 16
AS |—L\M,-|

'I}_:I_ o

"*“Wi—

Figure 2. MC145027 Decoder Block Diagram

'j_ Vgg=PINB
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MC145026 MC 145027 MC145028
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MAXIMUM RATINGS* (voitages Referenced to Vg5)

CONTROL

9 8 7 6 5

SEQUENCER CIRCUIT

Al

A2
p3_3

LOGIC

|

A4

A5

L ]

9-BIT
SHIFT
REGISTER

£l

DATA

‘ g
EXTRACTOR Din

R
[T I?XIN_

44 ¥
A7 A

A8 1S

AQ%

Rating Symbol Value Unit
VoD DC Supply Voltage (except SC41343, -05t0+18 v
5C41344)
VoD DC Supply Voltage (SC41343, SC41344 ~05t0+10 v
only}
Vin DC Input Voltage -05t0Vpp +0.5
Vaut DC Quiput Voltage -05tcVpp + 0.5
lin DC Input Current, per Pin + 10 mA
lout DC Qutput Current, per Pin +10 mA
PD Power Dissipation, per Package 500 mwy
Tstg Storage Temperature - 6510+ 150 °c
TL Lead Temperature, 1 mm from Case for 260 “C
10 Seconds

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

1

Ca
5’1
1
RZ—_—

Figure 3. MC145028 Decoder Block Diagram

Vop = PIN 16
Vgg =PINB

This device contains protection circuitry to

guard against damage due to high static
voltages or electric fields. However, precau-
ticns must be taken to avoid applications of any
voltage higher than maximum rated voltages
to this high-impedance circuit. For proper
operation, Vi and Vg1 should be constrained
to the range Vgs < (Vin or Vout) < VDD-

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA

MC145026 MC145027 MC145028
3



ELECTRICAL CHARACTERISTICS — MC145026%, MC145027, and MC145028 (Vollage Referenced to Vgg)

Guaranteed Limit
~ 40-C 25°C 85C
VDD _
Symbol Characteristic v Min Max Min Max Min Max Unit
VoL Low-Level Qutput Voltage {Vin=Vppor0)j] 50 — 0.05 — 0.05 — 0.05 v
10 — 0.05 — 0.05 — 0.05
15 — 0.05 — 0.05 — 0.05
VoH High-Level Output Voltage Vin=0orvpp) | 50 485 — 4.95 — 4.95 — v
10 9.95 — 995 — 9.95 —
15 14.95 — 14.95 — 14 95 —
ViL Low-Level input Voltage v
(Vout=450r05v)| 50 — 15 — 15 — 15
Vot =9.Cor1.0v) [ 10 — 3.0 — 3.0 — 3.0
(Vout=1350r15Vv)| 15 — 40 - 40 — 40
VIH High—Level Input Vollage v
(Vout=050rda5v)| 50 a5 — 35 — 35 —
(Vout= 1.00r8.0Vv) | 10 70 — 7.0 — 70 -
(Vout=1-5or135v) [ 15 1 — 11 — 1 -
lOH High-Level Qutput Current mA
Vout=25V)| 50 | -25 — -21 — 1.7 —
Vour=46wi| 50 |-052) — | -044 — | -036} —
Vot =985V 10 | -13 — -1 — -0.9 —
(Vouy = 13.5V) 15 -36 — -30 _— -24 —
loL Low-Level Output Current mA
{(Vout=04v)} 50 052 — 0.44 — 036 —
Nout=05Vi{ 10 13 - 1.1 — 0.9 —
(Mout=1.5V) 15 36 — 3.0 — 24 —
lin Input Current —TE 5.0 —_ — 30 1 . _ HA
{MC145026, Pull-Up Device) 10 — — 16 B0 — P
15 — — 35 120 — —
lin input Current 15 — +03 — +03 — 1.0 pA
Rg (MC145026), Dy, (MC 145027, MC 145028}
lin Input Current pA
A1- A5, AG/DE — AY/DY MC145026), 50 — —_ — + 110 — —
AT — A5 (MC145027), 10 — — — + 500 — —
Af - AB (MC145028) 15 — — — +1000 — —
Cin Input Capacitance {(Vip = 0) — — - — 75 — — pF
IpD Quiescent Current — MG 145026 5.0 — — — 0.1 — — HA
10 — — — 0.2 — —
15 — — — 03 — —
oD Quiescent Current — MC145027, MC 145028 50 — — — 50 e — A
10 o — — 100 — —
15 — — — 150 — —
ldd Dynamic Supply Current — MC145026 5.0 — - — 200 — — uA
(fe = 20 kHz} i0 — — — 400 — —
15 — — — 60C —_ —
Igd Dynamic Supply Current — MC145027, MC145028 50 — — — 400 — — A
{fe. = 20 kHz) 10 — — — 800 —_ —
15 — — — 1200 — _
" Also see next Electrical Characteristics table for 2.5 V specifications.
MC145026 MC145027 MC145028 MOTOROLA WIRELESS SEMICONDUCTOR

4 SOLUTIONS DEVICE DATA



ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced 1o Vgs)

Guaranteed Limit
- 40°C 25°C 85°C
VoD .
Symbot Characteristic v Min Max Min Max Min Max Unit
VoL { ow—Level Qutpui Vollage {VMin=0Vorvpp)|] 25 — 0.05 — 0.05 — 0.05 N
VOH High-Level Qutput Voltage (Vin=0Vorvpp)| 25 2.45 — 2.45 — 2,45 — v
VL Low—Level Input Voltage (Mout=0.5Vor2.0Vvy| 25 — 0.3 — 0.3 — 0.3 \
VIH High-Level Input Voltage (Vg t=0.5Vor2.0Vv)| 23 2.2 — 2.2 — 2.2 — v
I0H High—Level Qutput Current (Mout=125Vv) | 25 0.28 — 0.25 — 0.2 — mA
loL Low-Leve! Qutput Current (Mour=04V)| 25 0.22 — 0.2 — 0.16 — mA
lin Input Current (TE — Pull-Up Device) 25 — — 0.09 1.8 — — WA
lin Input Current {A1-A5, A6/D6-AY/DS} 25 — — — +25 - — HA
IoD Quiescent Current 2.5 — — — 0.05 - —_ pA
lad Dynamic Supply Current (f,, = 20 kHz) 2.5 — — — 40 —- — pA
SWITCHING CHARACTERISTICS — MC145026*, MC145027, and MC145028 (C| =50 pF, Tg = 25°C)
Figure Guaranteed Limit
Symbol Characteristic No. VoD Min Max Unit
HLH AL | Qutput Transition Time 4.8 5.0 — 200 ns
10 — 100
18 — a0
1 Din, Rise Time — Decoders 5 50 — 15 us
10 — 15
15 — 15
t Din Fall Time — Decoders 5 50 — 15 us
10 — 50
15 — 4.0
fosc Encoder Clock Frequency 6 5.0 0.001 20 MHz
10 0.001 5.0
15 0.001 10
f Decoder Frequency — Referenced to Encoder Clock 12 5.0 1.0 240 kHz
10 1.0 410
15 1.0 450
ty TE Pulse Widih - Engoders 7 50 85 —_ ns
10 30 —_
15 20 —
* Also see next Switching Characteristics table for 2.5 V specifications
SWITCHING CHARACTERISTICS — MC145026 (C|_ = 50 pF, Ty = 25°C)
Figure Guaranteed Limit
Symbol Characteristic No. Vpp Min Max Unit
tTLH tTHL | Cutput Transition Time 4,8 25 — 450 ns
Tosc Encoder Clock Frequency 6 25 1.0 250 kHz
L TE Pulse Width 7 25 1.5 — s

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA

MC145026 MC145027 MC 145028
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Figure 4.

Ryc

Figure 6.
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Figure 5.
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Figure 7.
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* includes all probe and fixture capacitance.

Figure 8. Test Circuit
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OPERATING CHARACTERISTICS

MC145026

The encoder serially transmits trinary data as defined by
1he state of the A1 — A5 and A6/D8 — A9/DS input pins. These
pins may be in either of three staies (low, high, or open}
aliowing 19,683 possible codes. The transmit sequence is
initiated by a low level on the TE input pin. Upon power—up,
the MC145026 can continuously transmit as long as TE
remains low (also, the device can transmit two—werd
seguences by pulsing TE low). However, no MC145026
application should be designed fo rely upon the first data
word transmitled immedialely afler power-up because this
word may be invalid. Between the two data words, no signal
is sent for three data pertods (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 conseculive long pulses,
and an open (high impedance) as a long pulse followed by a
short pulse. The input state is determined by using 2 weak
“output” device to try to force each input high then low. If only
a high state results from the two tests, the inpul is assumed
to be hardwired to Vpp. if only a low state is obtained, the
input is assumed 1o be hardwired 1o Vgg. If bath a high and a
low can be forced at an inpul, an open is assumed and is
encoded as such. The "high” and “low" levels are 70% and
30% of the supply voltage as shown in the Electrical Charac-
teristics table. The weak "output” device sinks/sources up o
110 pA at a 5 V supply level, 500 pA at 10 V, and 1 mA al
15 V.

The TE input has an internal pult-up device so that a sim-
ple switch may be used 1o force the input low. While TE is
high and the second-word transmission has timed out, the
encoder is completely disabled, the oscillator is inhibited,
and the current drain is reduced to quiescent current. When
TE is brought low, the oscillator is starled 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 Dgyt pin.

MC145027

This decoder receives the serial data from the encoder
and outpuis the data, if it is valid. The transmitled data, con-
sisting of iwo identical words, is examined bit by bit during
reception. The first five trinary digits are assumed to be the
address. [ the received address matches the local address,
the next four (data} bits are internally stored, but are not
transferred 1o the outpul data latch. As the second encoded
word is received, the address must again maich. If a match
occurs, the new data bits are checked against the previously
stored dala 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 inpul 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 excepi thal nine address lines are used and no
dala outpul is available. The VT cutput is used to indicate
that a valid address has been received. For transmission
security, two identical transmitted wards must be con-
secutively received befare 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 inpuls are encoded and the data is
sent serially from the encoder via the Dgy pin.

Rs. Crc R1C
{Pins 11, 12, and 13)

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

If an external signal source s used instead of the internal
oscillator, it should be connected to the Rg input and the RTC
and Cyg 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 Qut (Pin 15)

This is the ouiput 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 [nputs (Pins 1 - 5] — MC145027,
Address Inputs (Pins 1 - 5, 15, 14, 12, 12) — MC145028

These are the local address inputs. The states of these
pins must match the appropriate encader 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 AG/D6 through A9/D9. Only binary data is

MOTOROLA WIRELESS SEMICONDUCTOR
SOLUTIONS DEVICE DATA
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acknowledged; a frinary open at the MC 145026 encoder is
decoded as a high level {legic 1).

Din
Data In {Pin 9)

This pin is the serial data input to the decoder. The input
voltage must be at CMOS logic Jevels. The signal source
driving this pin must be dc coupled.

R4,C1
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 Cq should be set to 1.72 encoder clock periods:

R1 Cq1=395R1c CTC

Rz/C2
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 Rz x Cp should be 33.5 encoder clock periods {four
data periods per Figure 11): Rz C2 = 77 Ry C1¢. This time

constant Is used io determine whether the Djp pin has
remained low for four data periods (end of transmission). A
separale on—chip comparator locks at the voltage-equiva-
lent two data periods (0.4 Rp Cp) to detect the dead time be-
tween received words within a transmission.

vT
Valid Transmission Qutput (Pin 11}

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

1. the received addresses of both words malch thelocal de-
coder address, and

2. the received data bits of both werds 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 mosi-negative supply potential. This pin is usually
ground.

VDD
Positive Power Supply (Pin 16)

The most-positive power supply pin.

MC 145026 MC 145027 MC145028
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INTERNAL
ENABLE

This oscillator operates at a frequency determined by the
external RC network; i.e.,
f= i—1—*— {Hz} The value for Rg should be chosen to be > Zumes Ry, Thisrange ensures
23 Rrc C1e that current through R is insignificant compared to current through R¢. The
upper limit for Rg must ensure that Rg x 5 pF (input capacitance) is small com-

<f<
for 1 kHz < f < 400 kHz pares o R1c x CTC.

where: CTC” = CTC * Clayout * 12 pF For frequencies outside the indicated range, the formula is less accurate.
Rg=2RTC The minimum recommended oscillation frequency of this circuitis 1 kHz. Sus-
Rg220k ceptibility to externally induced noise signals may occur for frequencies below
RTec 210k 1 kHz and/or when resistors utilized are greater than 1 M(2.

400 pF < CTc <15 4F

Figure 9, Encoder Oscillator Information

ENCODER
[— F’Wmm
_ 7 WORD TRANSMISSION
L= CONTINUGUS TRANSMISSION
ENCODER ~ 2
osounor I Sgummwwmmmmmmmmmmwmmw mww
PIN 12)
YTH
f~— DIGIT - = o ™ f— DIGlT - o GIT -~

g T Mg B T

l=— HIGH ~=f=— OPEN—=t=— LOW —f ‘ (
| 15T WORD ——————— —————— 2ND WORD

i ENCODING SEQUENCE

DECODER

{PIN Y:; HS_]_

DATA CUTPUTS *

Figure 16. Timing Diagram
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ENCODER
oseiror [ L[ L L L L LT LS L]

(PIN12)

ENCODED
“ONE”

Doyt | ENGODED

Sl
005

X ._.__l____

{PIN 15) "ZERQ"
ENCODED
“OPEN"
|
[ DATA PERIOD
Figure 11. Encoder Data Waveforms
500 -+

400

300 4

fmax (kHz)
{REF. TQ ENCGDER CLOCK)

200 -1

Vpp=5V

100 1T

i [ 3 i 3 [ 3 L M }
y T ¥ T T T t T ¥ T

10 20 Kt a 50
Ciayout (FF) ON PINS 1 -5 (MC145027), PINS 1~ 5 AND 12 - 15 (MC145028)

Figure 12. fmax vs Clayout — Decoders Only
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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

AT LEAST THE
ZND CONSECUTIVE
MATCH SINCE VT
DISABLE?

LATCH DATA
ONTO OUTPUT
PINS AND
ACTIVATE VT

ADDRESS MISMATCH

DISABLE VT
ONTHE 15T

NO

DISABLE VT
ONTHE 15T
DATA MISMATCH

HAVE
4-BIT TIMES
PASSED?

HAS
ANEW
TRANSMISSION

AFGLN?

YES

YES

DISABLE
VT

Figure 13. MC145027 Flowchart
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HAS
THE TRANSMISSION
BEGUN?

DOES
THE ADDRESS
MATCH THE
ADDRESS
PINS?

15
THIS AT LEAST
THE 2ND CONSECUTIVE
MATCH SINCE VT
DISABLE?

YES

ACTIVATE VT

NO

HAVE
4-B\T TIMES
PASSED?

HAS A
NEW TRANSMISSION
BEGUN?

DISABLE VT ON THE 157
ADDRESS MISMATCH
AND IGNORE THE REST
OF THIS WORD

DISABLE VT

Figure 14. MC145028 Flowchart

MC145026 MC145027 MC145028
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MC 145027 AND MC145028 TIMING

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

The R—C decay seen on C1 discharges down to 1/3 Vpp
befare being reset to Vpp. This point of reset {labelied "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 ithe Dy 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 1o Vpp as data is being transmitted. Only
between words and after the end-of-transmission (EOT)
does R2/C2 decay significantly from Vpp. 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-
lernal EOT timing edge ocours when R2/C2 decays to 1/3
Vpo. When the waveform is being observed. the R-C decay
should go down between the 2/3 and 1/3 Vpp levels, but not
toc close to either level before cata transmission on Djp re-
sumes.

Verification of the timing described above should ensure a
good match between the MC145026 transmilter and the
MC145027 and MC145028 receivers.

oo - [T T
Oin | I
I I
v
YoD
cp 23—
13 =
oV — | |
DOS Dos
Figure 15. R—C Decay on Pin 7 {C1)
Efl)W
VoD — I !
23— '
Rz/C2

15 -
ov |

Figure 16. R—C Decay on Pin 10 {R2/C2})
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= VoD Voo
V)
- L L—ﬂ [¥}3]
_I: etk uF 0.1 uF ) N
’| T T .
=14 16 = = 18 I
b 1 15 Dot D 9 1 AE‘u
TRINARY > N\ § z XL 5
ADDRESSES TRINARY
3
—3——,;5. ADDRESSES
4 R1 4 —
®
. S0 mc14s026 | Rpg ) morasozy o250
i [ 13 Gy 15 D6
! 12 11%7¢ :-i-: 4 o7 -
4-BIT po7 [ s -] N 13
BINARY 10 19 10 12 D8
DATA p DB l Pri
Rg — VT
L & DY 1B Rz < C2
—= LB
C1g’' = C1C * Clayout + 12 pF
foe 1 100 pF < CTg < 15 pF ! REPEAT OF ABOVE
0%¢ " 2 3RTCCTC RTC 2 10 kil Rg = 2 RTg
Ry z 10 kQ
R1Cq = 3.95 RTCCTC C1 > 400 pF ——I REPEAT OF ABOVE I
Ro > 100 k&2
RpCa =77 RrcCC Cs 2700 pF
Example R/C Values (All Resistors and Capacitors are = 5%)
(Crc’ = C1e + 20 pF)
fosc (kHZ) [ Ryc Crc Rg R4 €1 R2 €2
362 10k 120 pF 20k 10k 470 pF 100 k 910 pF
181 10k 240 pF 20k 10k 910 pF 100k | 1800 pF
887 10k 490 pF 20k 10k | 2000pF § 100k | 3900 pF
426 10k 1020 pF 20k 10k | 3000pF | 100k | 7500pF
215 10k 2020 pF 20k 10k | B200pF | 100k | 0.015uF
853 10k 5100 pF 20k 10k 002pF | 200k | 0.02pF
1.71 50 k 5100 pF 100 k 50 k 002pF | 200k 0.1 uF
Figure 17. Typical Application
MC145026 MC145027 MC145028 MOTOROLA WIRELESS SEMICONDUCTOR
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APPLICATIONS INFORMATION

INFRARED TRANSMITTER

In Figure 18, the MC145026 encoder is setto run at an 0s-
cillator frequency of about 4 to 9 kMHz. Thus, the time required
for a complete two-word encoding sequence is about 20 to
40 ms. The data output from the encoder gales an RC oscil-
lator running at 50 kHz; the oscillator shown starts rapidly
enough {o be used in this application. When the "send" but-
ton is not depressed, both the MC145026 and oscilator are
in a low—power standby stale. The RC oscillalor has (o be
trimmed for 50 kHz and has some drawbacks for frequency
siability. A superior system uses a ceramic resonator oscilla-
tor running at 400 kHz. This oscillator feeds a divider as
shown in Figure 18. 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
MC14011LB to drive without waveform distorlion. Second,
the bipolar drive permits lower supply voltages, which are an
advaniage 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 2.5V could be realized if the oscillator sec-
tion of a MC74HC4060 is used in place of the MC14011UB.
The data output of the MC 145026 is inverted and fed to the
RESET pin of the MC74HC4060. Alternately, the
MC74HCLU04 could be used for the pscillator.

Information on the MC14011UB is in book number
DL131/D. The MC74HCU04 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 fitered by a diode/RC network to extract the
daia envelope from ihe burst. Cemparator A5 boosts the sig-
nal to logic levels compatible with the MC145027/28 data
input. The O pin of these decoders is a slandard CMOS
high—impedance input which must net be allowed to float.
Therefore, direct coupling from AS te the decoder input is
utilized.

Shielding should be used on at least A1 and A2, with good
ground and high—sensilivity circuit layout techniques applied.

For operation with supplies higher than + 5 V, limiter Ad's
positive output swing needs to be Imited to 3to 5 V. Thisis
accomplished via adding a zener diode in the negative feed-
back path, thus avoiding excessive sysiem noise. The bias-
ing resistor stack should be adjusted such that V3 is 1.25 {0
1.5V.

This system works up to a range of about 10 melers. The
gains of the systern may be adjusted to suit the individual
design needs. The 100 £ resisior in the emitler of the first
2N5088 and the 1 k{2 resistor feeding A2 may be altered if
different gain is required. In general, more gain does not nec-
essarily result in increased range. This is due 1o noise floor
limitations. The designer should increase transmitter power
and/or increase receiver aperature with Fresnal lensing to
greatly improve range. See Application Note AN1016 for
additional information.

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

TRINARY SWITCH MANUFACTURERS

Midland Ross—Electronic Connector Div.
Greyhill

Augat/Alcoswilch

Arntes Electronics

The above companies may nol have the switches in a DIP.
For more infarmation, call them or consult eem Electronic
Engineers Master Catalog or the Gold Book. Ask for SPDT
with center OFF.

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

Motorola cannot recommend cne supplier over another
and in no way suggests that this is a complete listing of tri-
nary switch manufaciurers.
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4+
SELECT FOR
200 mA TO 300 mA

USE OF 2 MLEDS1s
MLED8? IS OPTIONAL

MCi4011UB

10kQY
SEND ))—E MPSA13
| OR
5 MPSW33

MC14011UB
TE Dout
MC145026
Rg i1c R1c
_L 220 k2 0.01 pF
of 1000 pF I__J
ADJUST/SELECT FOR
SWITCHES 220 k02 100 k2 FOR APPROX, 4 kHz f = 50 kHz (APPROX. 100 kG2)

47 kL2 FOR APPROX. 9 kHz

Figure 18. IRED Transmitter Using RC Oscillator to Generate Carrier Frequency

W+
l MC14011UB
MC14024

S0 KHZ TO
__)o—— CLK Q3——= DRNER

RESET TRANSISTOR
M0
X1 =400 kHz CERAMIC RESONATOR
PANASONIC EFD-A400K04B "
X1 OR EQUIVALENT MC1401108
Dout
470 pF :]: 470 pF I FROM MC 145026

Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency
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0k

1 mH — TOKO TYPE TRA OR 10PA
OR EQUIVALENT
-—

+5V
. i
1 10 uF
10 k2
10 |,1F 20 k) I
jl: = 0.01 uF
2N5086 IN5DB ) |
= = 2N50B8
001 ufF 1ke
10 kL2 I
!
| F—MA—e
4y v
A 100 €2 g 68K 22 k0
OPTICAL 174 MC34074
FILTER 1 uf
IND14 = = =
qL———H——— 47KD 001 uF
—AN—
NO14 L “
p———j—————
1M
100 ki 1MQ
;
___m_..-—..
10K
AAA— A ING14 k0 24
V1 A4 \
. vz—- AS
114 MC24074 Vi /
114 MC34074 1000 pF 47 k2
I 114 MC34074
soope 290K FORAPPROX. 4 ki
P 180 k2 FOR APPROX, 9 kHz 001 uF 750 k2 FOR APPROX. 4 kHz
L—_l I ~TK 360 k2 FOR APPROX. BkHz
| B V2=27V
1 Ri R2/C2
Din MC145027/28 vi 47 Vi=25V
DATA OUT
Y, v MC 145027 ONLY
Do Vss 4 c | 104 V3 =13V
J__ L 9 FOR MC145027 -
oV -— = 5 FOR MC 145028
ADDRESS
SWITCHES ]

Figure 20. Infrared Receiver
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National Semiconductor

LM567/LM567C
Tone Decoder

General Description

The LM567 and LM567C are general purpose tone decoders
designed to provide a saturated transistor switch 1o ground
when an input signal is present within. the passband. The cir-
cuit cansists of an ) and O delector driven by a voltage con-
trolled oscillator which determines the center frequency of
the decoder External components are used to indepen-
dently set center frequenty, bandwidth and oulput delay

Features

m 20 to 1 frequency range with an exiernal resistor

B Logic compatitle outpul with 100 mA current sinking
capability

m Bandwidth adjustable from 0 10 14%

Applications

—

May 1999

High rejection of out of band signals and noise
Immunity 1o false signals

Highly stable center frequency

Center frequency adjustable from 0.0 Hz to 500 kHz

Touch tone decoding

Precision oscillator

Frequency monitoring and centrol
Wide band FSK demoduiation
Ultrasonic controls

Carier current remote controls
Communicalions paging decoders

Connection Diagrams

Metal Can Package
QuTPUT

TIMING
CRFACITOR

TIMING
RESISTOR

LS00E5TA-1

Top View
order Number LMS6TH or LMS6TCH
See NS Package Number HDBC

Dual-in-Line and Small Qutline Packages

; B
Dﬁ‘::;‘; L~ puveyT
pperen
R
roop _2 7
FILTER - G
inPuT o bt 6 T
orlnren CAPACITOR
4 5 TIMING
.
v = ResisTon

DEX0RITE 2
Top View
Order Number LM567CM
See NS Package Number MOBA
Order Number LM567CN
See NS5 Package Number NOBE

© 1992 National Semiconductor Corporatien
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Supply Voitage Pin

Fower Dissipation {Note 2)
VS

Yy

v,

Storage Temperature Range

AC Test Circut, T, = 25°C, V¥ = §v

Absolute Maximum Ratings oo 1

¥ MilitarylAerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications,

av

1100 mw

15V

-10v

YV, + 05V
-55°C to +180°C

Electrical Characteristics

Operating Temperature Range

LMEBTH -53°C o +125°C

LMEB7CH, LMS67CM, LMSG7CN 0Cto+70°C
Soldering information
Dual-in-Line Package
Soldering {10 sec ) 260°C
Small Quttine Package
Vapor Phase {60 sec.) 215°C
Infrared (15 sec)) 220°C

See AN-450 "Surface Mounting Methods and Their Effect
on Product Reliabiiity” Tor other methods of seldering
surface mount devices

- LM567 LMSE7C/ALMEETCM )
Parameters Conditions —-————t——7——————— Units
Min Typ Max | Min Typ Max
Power Supply Voltage Range 4.75 50 90 | 475 50 9.0 v
Power Supply Current Quiescent R, = 20k 6 g 7 10 mA
Pawer Supply Current Activated R, = 20k 1 13 1z i5 mA
inpul Resistance 18 20 18 20 k&2
IR
Smaliest Detectable Input Voltage i, =100 mA, f, = f, 20 25 20 25 | mvrms
Largest No Quisut Input Voltage ic=100mA f =1, 1u 15 10 15 myrms
Largest Simuttanecus Qutband Signal to 6 8 4B
Inband Signal Ratio
L
Minimum Input Signaf fo Wideband Noise | B, = 140 kHz 1
R 6 -6 dB
atio
Largest Detection Bandwidth 12 14 16 10 14 18 | % off,
Larges! Detection Bandwidih Skew 1 2 2 % of f,
Largest Detection Bandwidth Varialion +01 +01 s
with Temperature 0 - | "e
Largest Detection Bandwidth Variation 4.75-6.75V
. *1 *2 11 *5 2%
with Supply Voltage
‘ o5
Highast Center Frequency i 100 500 A 100 500 kHz
Center Frequency Stability {4.75-5.7aV) 0<T, <70 35 60 35+ B0 "
—55 < T, < +125 a5 £ 352 me",g‘
] 40 140 ppm/
Center Frequency Shifl with Supply 4 75V-6 75V 0.5 1.0 0.4 20 %l
Voltage 4.75V-9V i 2.0 20 %N
Fastest ON-OFF Cycfing Rate 1,420 N £/20 =
Output Leakage Current Vg = 15V c.0n 25 001 25 A
Output Saturation Voltage e =25 mV Iy =30 mA Q2 04 02 04 N
_|B=25mY I = 100 mA 06 10 0§ 1.4
Outpul Fall Time KIH 30 ns
Output Rise Time: 150 150 I ns

Note 1 Apsolule Maximum Ratings indicate limits beyond which damaas (¢ the device may ocous, Operating Ratings indicate conditians kor which the device iz junt-
fanal, but ge nol quarantes specific perormance fimits. Electrical Chavacteastics siate DU and AC electncal specifications under sarticular fest condions wiich guar.
anee spacific perarmance lmils, This assumes 1hat the devics is within the Qperatng Ratngs Specificabions ate not guarantécd tor paramelers where in imi is
given however, the typital value i a good indicalion of device perdormance
Note 2: The maximym junclion lemperamre of the LM58/7 and LMSSIC is 150°C Far aperating al slevaled lemperatures, devices in the TG-S package inust be de-
sated based on g hermal resistance of 150 T, junction 1o ambient or 457CrY, Junchan o case For the DIP the device must be derated baser on  therma! mesis-
tancy; ot THO'CAN. junction 1o ambient For the Small Qutline package, The device nust be deraled Based on o Dermal resistantce of 160°CAL, junciion fo amtent
Nete 3. Reter 1o REFSSE7X drawsng for specihations of military L MS67H version

wwan faticnal.com



Schematic Diagram
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Typical Performance Characteristics

Typical Frequency Drift
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Typical Frequency Drift
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Typical Frequency Drift
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Detection Bandwidth as a
Function of C, and C,
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Typical Qutput Voltage vs
Temperature
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Typical Performance Characteristics omnnuea)

Bandwidth vs Input Sigral
Amplitude
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Typical Supply Current vs
Supply Voitage
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Largest Detection Bandwidth
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Before Dutput

00D
s A
—
10 BANDWIDTH LIMITED BY [,
E =441t
& BANDWIDTH LIMITED BY
oo Py EXTERNAL RESISTOR
b N, MINMUM €
1 :
m
H

3 5 b 22 oM 100

BANDWIDTH (% OF )b
DSI0BHTS 18

L

wwaw national com




—

Typical Applications
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Component values (typ)
R1 68lo 15k

Rz 47k

R3 20k

C1 0 mid

C2 1.0 mid gv

€3 22 mid 6V

C4 250 mid 6v

h.‘r‘y.{

MIJH
o4

Touch-Tone Decoder

LN i J 0
!
' Ly
1
! f
ITT ‘
- - |
—_
DM 3ed;
LISE?
1 e il
b
OSC0EHS &

wyrw.national.com




v

1:-\.:‘

Connect Pin 3 1o 2.8V to lnvert Gulpul

"

Typical Applications (Continued)

Oscillator with Quadrature Quiput
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Oscillator with Double Frequeney Dutput
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Precision Osciffator Drive 106 mA Loads

+

nl
LM56T
2 ] ._' LI l_ .!
v
TERMINAL J
{+ 6%
B
[
"TT"
- = DsD0G97 A
AC Test Circuit Applications Information
The center frequency of the tone decoder is equal 1o the free
5V funning frequency of the VCO. This is given by
- H
o = T g
. &G
“" 0033 The bandwidth of the filter may be found from the approxi-
mation
“’I
W o= — in %
B 07D i, in % ot f,
) 2 3
Where:
i mi mi 1 uf = input voltage (volts rms), W, € 200 mv
T T T (—1 - = Capacitance at Pin 2 (uF)
&, 0, SIGNAL By
3 L meyt
DE00LGTE-D
1= 100 kHz = 5v
“Note: Adst for f; = 106 kHz
wiww nalipnal.com 6




Physical Dimensions inches (milimeters) uniess otherwise noted

] Lo DO 00T8 e

10,406 D.483)

0.195--D.205 pIp
14.953-5.207) P.C.

1
0.029--0.045 /\‘\ {
CREISRIEH -\

DOB-083 ~
O.T17 ~E.864] .\//<

65" EOUALLY
SPACED

Meta) Can Package (H)
Order Number LMS67H or LM567CH
NS Package Number HOBC

115~ 0,145
{€ 821 - 3.603}
MA

0.0gg—j pa7

,‘m“]

T_"{‘ IR

|

D20 74

|51!| —& 19
o () \m»w
o
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lhuun_T_ R _f
sy e
Tee
B 150 - p 15T
\‘mm uﬂ)]
(R
LIS o
16 25§ Sbly 'l ‘ 3 M T ‘ 000 -0 010
AL LEADY X _ 1990 -0 1)
}- J-nf.__%mv_‘_ Lﬁ—;}-f:mm
Tooams T
Do 000 ‘u'u:\?]ws 207 DS ::L“: LL_ I L— 476 0.0 ryp
10,209 -0.254} —&i YT EEL] {2y 2 o0 ‘ 10.355—0.204|
TYF Kil LEADS - s e
TP AL LERDE T oon - s e

Small QOutiine Package (M)
Order Number LM567CM
NS Package Numbher MOBA

g 0250-0.370
™ (A% -5 3981
i pia pats-p s
f f" [ 1800 B 509)
825
DIES- 0385 ?—] TS tl;cnu:ruufn
[ Z 8698 | .

REFERENCE FLANE ﬁ— = = :r—-f— - SEATING PLANE
y 0015 —0 .04k

{0381 - 1.0}

HOBC FEY By
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LM567/LM567C Tone Decoder

0.373 - 0.400

0.090

Physica] Dimensions inches {millimeters) unless olherwise noted (Continued}

r WaT_108 |

0 032 4 0.005

B.082
S Dk s 10908
(Z.337} . {0.813£0.127)
o —\l‘© . £.250 0,005 m\\
PIN NB. 1 ENT—\ o B N HO. 1 1DENT_
w1 ¥ - The
OF T2] T3] 1]
D2a0 e 0048
Faat LU LT s [ 0239 OPTION 2
0.300-0320 | {0.762) —] ﬁﬁ) L;;:_ug_i_?
—] e W | j— 12,683 —5.080}
(762 8.128 f,"
‘ L o ; 0.130 +0.005
i {33022 0 127
95.+5n $ D.125-0.140
) LAY nuss - BAB-238) 4o
{1651 ——
00090015 3175 ' 98724 10.508)
D250 A TrE N
NOM 0.08 £ 0.603
0.040 e | f— ——————_
0! 038 _gms ” 0457 =0 076)
PERETI ms I pwozpom
“ 255 i JBI " (2,540 £0.254)
1453 0.015
1943+ 0,30
! } 0.080
o050 {50
.05 |t
{1.270) N8 (AEV F;

Molded Dual-In-Line Package {N)
Order Number LMSETCN
NS Package Number NOBE

LIFE SUPPORT POLICY

1. Life supporl devices or Systems are devices or
systems which, (a) are intended for surgical implart
into the body, or (b) supperl or sustain life, and
whese failure to perform when properly used in
accardance with instructions for use provided in the
labeling, can be reasonably expected 1o result in a
significant injury to the user.

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used berein;

2. A critical component is any componeni of a fife
support dewice or system whose fadure 1o perform
can be reasonably expected to cause the failure of
the life support dewvice or sysiem, or io affect its
safety or effectiveness.

Hationat Semiconductor Natignal Semiconducior

N

Corporalian Eurppe

AmEnLas Fax. +43(0) ' B0-G30 85 B

Tel 1-80+-272.0050 Email. europe supporigensc.com

Fax 1-800-737-7018 Deulsch Tel +4%(0) 1 80-530 85 85

Email supponi@insc com Engisth  Tel +4940) 1 80-537 78 32
Frangais Tel +4%9 (0} 1 80-537 93 58
llahana  Tet +49 () 1 80-53: 16 80

www . halonal com

Matignal Semiconducior
Sanap L,

Te! 81-3-5630-7560
Fax R1-3-5634-7507

|

National Semicanductor
Bein Parific Cuslomer
Response Group

Tl 551544486

Fan 65.2504466

Emar 3easupporinse com

Nithianal docs ot assume any fespansitably [or use o anty Grculry TRsCcnied, 1o dircud patent keensos ars amphers ani Naneaa rerers. mic nghl il any W wlbonl nohce b crange Sard CRCidry A0 SprtliAlns
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Tabie 2.

Ca31 Coie SFRs

Mnomonic | Add |Nams : § 5 4 2 2 l 1 ¢
et Cor lAaccomdstcr
[ |
L re- |G Reaster
PEsy Cir |Frogram Stshos vVoors ja g AC rc [31 3 o ri F
Ea Btr | Stack Porter +_
CFRL fzv Eﬁla Forter Lo Gyt
I
CRH J g3- sz Brrter Her Gite |
I
Table 3. Syslem Kanecerent SFRs
rMnamonic Add rNamo 7 [ 5 4 3 2 1 G
FCON BYr {Fower Cortect SEDC SKOCT - |srala Srt o FC 1oL
AURR ECr | acwiiary, Resster & Cry - Iz XR5Z ARE1 ZR3L | CRTRAL ]
AUKR) rzr | acwilary Regsler 1 - TLEOGT - &r2 o - CFS
CHRL LFr | Ciock Retces Regsle! - - - . . 1
CKOKOND &My [ Cwck Corirc ReEgseter & - JICTXE Flixz Sixz Tere Tixz Toug L w2
CRIRIMY AFF [ Cicck Torlol Register . . . . B l . . L SFIXZ
Table 4. nterrupt SFRs
l;lnemanic Agd (Nams 7 13 5 4 3 2 1 ]
ICHE ke [trterropt Cratle Contrg! & CA CC Crz Cs LT Cxt LT CXT
1CHM Gir dlrtaropt Crsoie Tortrsd B - - - L5t KCL
|
iFH: B¥r lirierrept Pricrty Corarg! High & - FPCH FTzH FHS FTiH FxiH FTiH FxiH
IPLC GE- [inderrept Pricedy Cortrzt Low © - FPCL FTzo PLS T FxiLl FToL FECL
IFH1 E3r | Interript Proonly Soeir: Higr 1 - . . R SPIH KEOH
—
Pt Fir | irlerropl Pocrty Cortros Lo - - - SFIL RECL
L _ |
Table 5. Fort 8FRs
Mnemonic Add {Name _‘— 7 5 L3 4 3 2 1 i i}
Fo 80r | E-mit Porl L
—_
F1 £ir | &t Pord
Fa Lo | BryFonz 1
— R
F3 [N N g

Sir jEcuPors

Table 5. Fort 5FRs

L CTr | ELtPenl S gyl s3avessEnEd

Mnemonic Add |Nameg ? 3 5 Ll 3 2 1 [ G
Fs CEr {5.0it Port s
Fz




Tahle 6. Tier 3FRs
H 6 5 i k! 2 1 ¢

Mnemonic Add (Nama ;

CiTHd EEr T TR Tre TR i ™1 iCo it
TG SLe | TirmerSoorter Tamo 1 h'Czes SATL —l CTix AR | P SATLS STiw [T 103l
TLS gar [ TimerSeorter 2 Low Lyl
THZ Sor | Twerer Deurie LHE Gyle
TLY SR | TirerSourter 1 oow Gyte

-
THY £0n | i Gelrter 1 Hgr Boe
VICTRET LIF puatorDog Terer Resel
]:{"CTF‘F‘.G ATr | WelprLeg Terer Pregrem - - - . - VU TOZ VT WTDD
Tel Dk Zer | Timer Dourter 2 corras T Trz Calrz RCLK ToLE CxChz TRz CTew TR RLE*
N
Cor | TimrerCoorter gh72zE - . . N R . T20C CCCH
Timer Coorler 2 Fee cenCeoiurs
RCAF Chr =
FeH Zh Hgr Dt
et
Timer-Doorler 2 Reicen'Car Iute

CAFL —oar

RCaF2 S Lew Cpte
P
THz CCr | TimerCourisr Z Hgr Gyla ;

TLE CCOr | Timer Teorter € Low Byte L

Jable 7, FCA SFRs

Mnema T
-nic Add | Namsg T ] £ 4 3 2 1 G
—
jojatut Car | PCA TomerDourier Somirg or IR Clrs CCra cirz core core
CWAC  {Cer | FPCA TierCounter I'ooE CiCL CTC =l CPsl cor
—
v Fzr |PCA TmerCoomier Low Byte
TH rer |FCATirenCouortar Higr Gyte
CAPLT [Car {FCA Tirmer Cocrlen ise © SORG CAFRC CAPHT [ATZ 7o CoCre

CAPE |CGr |FCA TirenCourter K'oze CCo CAFF CaFN1 [ TS CICrt
CCARPEZ [CCr [ PCATimerCourter Bioel metuli CAPFe CAaPMz FaTz TOGE CIore
CCARPE2 | CDr | FCA Timer Courter 1722€ 2 LoDz ZAFP2 CaFN2 1AT3 To352 Cors
CCOaPk < |CCr | PLA TimenCoyrte Wize d CAFF2 CaFha B AT TOS4 | P Coors

-

Table 7.

m
[
T

- BFRs iCantinues:

Mnamo —{
-hie Adg ) Name 7 : 5 4 3 2 1 0
CCAPUH [Far [POA Compore Cactore oot SHCSAPIHT [ C04AFIH2 | COAP IR | COAFTHE | SOAPIHE | CoAPCHE [ SO AP H: CCARCZHE
COARIH FDr |PCACompare Cartere bozeie 1 H [ CCAPTHT [COARTHE | COaRHES | CoaF I HE | COAPiHE | O2aF1HE | £0AF H: CCAaFIHI
CLAPZH ITCr [ PCACerpgre Canlore Moue 2 H | COAPENT [COAFERE | C0aPoRE | CoaFoHe | Do aFoRE | 0CarsHz | coursny | onar2Ar
COAREH IFCr JFCaCeorpare Ceclrg bosiz 3H | COAPIHT | COAFEHE | S0LPIHE | D0AP3HE COAFZHMZ | ZCAF3H: | STaF3ns
CCAPSH (FEr {FCA Compare Dephre Boale S H| COOPaHT | DOLPeHe | ooaFaHE CCAFaHe 1 DOAFeHE | DOaFPeHZ 1D D0FeHs | CoaF2aHT
COARLL JC2r [P2a Corpare Ceotute L ootis DL [ SCAFILT (CCaPHE | ooabris onapre

SLARIL L JPZA T Certere fiCnae VL DUARILT [COAFILE (SZAF s | DoaPLe

ptars -t § lol O B ool [OT-44 TR P i I TDAaRCLE S Cariic

CCLPSL (COr |FCA Serpsre © 3 R oY ~c i

CCAaPel [CC- (PO Crorar= o 2 Coakale




Table 8. Senzl 'O

Fort 8FRs

Wremonic Add rNﬂf‘.‘?Q H [ o 5 4 3 2 1 0
SCOH e | Sera Corrg [ St 0z et TCE [ T 2
shur TEr | Sara Cag Guher
EALEN GEr | Slgve A2uress Mass
I —
SACCR Ahe | Sgue Looress
CCRCOM &0 | Cacs Rate Torvc oRR TOZE RLCK 3 apc
GRL TAr J Dais Rale Reces
Tahle 9. SF Controfler SFRs
Mnemonic Add |Name 7 & 5 4 3 2 1 a
SPTON Z3r | &P Contrz SERE SPEN Slis EETR CFoL CPHA SFRY sFRT
SFETA Zir | SF Ssls SEIC Ftotall SSERR 1 oCr
SPLAT ZEr | SFiCota SPLT SPLE SFCE SPLL SPCE sPCe SR SFLT
Tahle 10. Keybnard nter‘ace SFRs
Mnemonic Add [Nama 7 [ L] 4 i 2 1 4 ~J
KOS £CF | Ke bosrs Leve' Seeciyr FOLST KGLSE KELLSS [ ELLSS KGLs2 [ACRRC] FLiss
(AT cCr | Keyboarz ot Lracs KLY rGEE FELE KLz KECE KELE KECL3 kLLT
KOr £Cr | Keyrogra Miag Regster Kol 7 HGre l— HOre KL.I2 KLGF2 KErz (AT +OFC
Table 11. EEFRCH cata Memory SFROATEGCE1ED? only
[Mrmf‘mmr Add |Nama 7 B 5 4 El 2 1 i— i
LEECDN Cir (CCPRDL Calz Zootrei | 1 8 CLCe CEGLISY
P a7e ] ~ <1 wvee
EZ 33 gaﬁ.:s.;::r
o [1s Eea Az
" E.‘. 37:]:9:'243"
. s
s N T
. .[]5 33]335.—‘:5
[ i g =p7.AzT
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Functional Block Diagram

SLK
Ferrt
ZLF
—FU
Prescaler Divider «  Aheroware RESET puts thie prescaler divicer in the “olloving state

v CKRL =FFh Faivps, = Foluoon en® Foga@2 iBlancerc G581 ‘eature’

+  Any wvalue between FFH down to 00h can be witten by sotware rito CKRL register
n pices to divice fiequency of the selecied oscillztor.
+  CKRL = 00h minirur recuency
Foico, = Fowszaon = Fogr 1020 Stangare Moce;
Frovoe, = Fawpzmen = FoerB10 (X2 More,
+ CKRL = fFFh. maxirurm fecuency
Fovool = Frlvazmee = Fag- 2 (Stancare Moce)
Fovra, = Fr pompe = FagciX2 [ioce;

F:_,,; ~5, 8Ng 'F:_.-; sEz.A-




Reset

Intreduction The reset sources ate Fower Manzsgement Herdware WWatchoog FORWaltheog ane

Fesetinput.

Figure 9. Reset schermabic

" Jrlatrgi REss

RST
f - ’I;_J
Reset input The Reset inpul can be usec to ‘orce & reset pulse longer than the internal rese! con-

trolles by the Fower Monitor RST input has & pull-down resistor allowing pover-on
reset by simply connecting an extemal capacitar ta Vo= s showrn in Figure 10 Resistor
value and inpul characteristics zre discusset mthe Section "0C Characteristics” of the
ATBYCE1RDZ/ED? catasheet

Figure 10. Reset Creutry 2nd Fower-On Reset

Tcrtemal reset

rsT Y ﬂ,

&
m
n

T INput circuilry L. Fower-on Reset

Reset Qutput

As oetzilea in Section “Harcwer e Vvatchoog Temel” pepe 368 the VDT generates a 96-
dock periog pulse on tha RET pin norcer to properly propagete this pulse o the rest of
the zppiication in case of externz! capacitos or power-supply superyisor circuit & 1 k0
resistor iius! be gccer as shown Figue 11

Figure 41. Recarmmenced Reset Output Schemaztic

pa=
ATHUCI1XG2

ooether
= on-boand
arcuidry




Timer 2

Aute-reload Mode

The Tuer 2 in the ATESCETROZ/EDZ is the stancarc CE2 Timer 2 tis & 15-bit
tirvier‘counter the count is mariained by tvo eight-bil tirer recisters. TH2 ane TLZ ere
casczced. s controllec by T2ZCON iTable 20; and T2MOD (Tabie 21 registers Tirer
Z operation is similar to Timer 0 ane Timer 1 C/T2 selects F - ~12 tirier operation; of
external pin T2 icounter aperation; s the trmer clock input Setting TR2 allows TLZ to
ncrerient by the selectec input

Tiner 2 has 3 operating rmoces capture awtoreloand anc Beue Rale Generator These
mozes are selectec by the combination of RCLK TCLK ang CRRLZ (TZOUN!

Re‘er fo the Atrel &-bit Microcontrolier Harowiare Manual for the cescription of Caplure
anc Baud Rate Generztor Moces

Tirwer 2 incluceas the ‘oliowing enhzncerents
v Auto-relogd moge vath up of cown counle!
»  Frogrammable clock-output

The auto-reload moce configures Timer 2 as & 16-Dit timeér or event counter with auto-
matic reloac  DCEN bitin T2MOD is cleared Timer 2 beheves g5 in 60CH2 ire‘er to
the Atrmel CE1 Microcontroller Harcware Klanual, DCEN bit 15 sel Tirer 2 acts a5 an
Upcown timerfcourter &s shown in Figure 14, n this moce the TZEX pin controls the
cirection o* count

vihen TZEX is high Tirer 2 counts up Timer overfiow occurs at £ FFFh which sets the
TFZ ‘lag &nd generates an interiupt recuest Thie overdaw aise causes the 15-bit value
n RCAPZ2H and RCARZL recisters to be loacer into the timer registers TH2 ane TLZ

Vihen TZEX is low Tirer 2 counts down Tiret underdow occurs when the count in the
tirner registers THZ ans TL2 ecuzls the velue storec in RCAF2H and RCAP2L registers.
The uncerflow sets TF 2 1ag anc reloads FFFFh into the tirer registers

The EXFZ bittoggies when Timer 2 overfiows or uincerfows accorcing to the cicection o
the count. EXFZ2 coes not generate any interrupt This bit can be used Lo provice 17-bit
resolution.
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