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Lock System

Miss. Theeraporn Vorajin
Mr. Pongpan Aketavon
Asst. Prof. Pichai Kusirivanichakorn Advisor

Education Year 2000

ABSTRACT

This thesis is to study and design about lock system that transmits control signal through
AC line by modulating with carrier sine wave 125kHz to lock-unlock the door and use the LM1893
as the transmitter and receiver circuit. The lock system uses DC motor and infrared circuit to check

the status of the door. The system can be controlled by a central micro controller.
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s X 5 April 1995
National Semiconductor
LM1893/LM2893 Carrier-Current TransceiverT
General Description
Carrier-current systems use the power mains to transfer in- B Output power easily boosted 10-fold
formation between remote locations. This bipolar carrier- m 50 to 300 kHz carrier frequency choice
current chip performs as a power line interface for half-du- m TTL and MOS compatible digital levels
plex (bi-directional) communication of sgr»a! bit streams of g Regulated voltage to power logic
virtually any coding. In transmission, a sinusoidal gamer is m Drives all conventional power lines
FSK modutated and impressed on most any power line via a
rugged on-chip driver. In reception. a PLL-based demodula- : :
tor and impulse nose filter combine to give maximum range. Apphcatlons
A complate system may consist of the LM1893, a COPS'v B Energy management systems
controiier. and discrete components. B Home convenience control
B [nter-office communication
Features ® Appliance controi
m Noise resistant FSK modulation m Fire alarm systems
m User-selected impulse noise filtering m Security systems
m Up to 4.8 kBaud data transmission rate m Telemetry
m Strings of 0's or 1's in data allowed m Computer terminal interface
m Sinusoidal line dnve for low RFI
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FIGURE 1. Block diagram of carrier—current chip with a complement of discrete components making acomplete
Fo=125kHz, fpaTa =360 Baud transceiver. Use caution with this circuit—dangerous line voltage is present.

1 COPS™ aro irademarks of National Semiconductor Corp.
nt Transceivers are also zalled Power Line Carrier (PLC) transceivers.
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Absolute Maximum Ratings

If Military/ Aerospace specified devices are required,

Maximum continuous dissipation, Ta =25°C,

please contact the National Semiconductor Sales plastic DIP N (Note 2): transmit mode 1.66 W
Office/Distributors for availability and specifications. receive mode 1.33W
Operating ambient temp. range —40t0 85°C
Sgiggevg:i)?:m gg\\; Storage temperature range . —65t0 150°C
Voltage on pin 10 (Note 1) 41V Lead temp., soldering, 7 seconds 260°C
Voltage on pins 5 and 17 40V Note: Absolute maximum ratings indicate limits beyond
5.6V DC zener current 100 mA which damage to the device may occur. Electrical specifica-
Junction temperature:  transmit mode 150°C tions are not ensured when operating the device above
receive mode 125°C guaranteed limits but below absolute maximum limits, but

Electro-Static Discharge (120 pF, 1500¢1) 1KV there will be no device degradation.

General Electrical Characteristics
(Note 3). The test conditions are: V= =18V and Fo= 125 kHz, unless otherwise noted.

Test Design Limit
E parameter Conditions Typical | Limit Limit et
(Note 4) (Note 5)
1 56V Zenervoltage. V, Pin11 1;=2mA 56 52 Vv min
5.9 V max
2 5 6V Zener resistance Ry Pin11. Rz =(Vz&10 mA - Vz&1 mA)/(10 mA 1 mA) 5 24
3 Carner 1/0 peak survivable Pin 10. discharge 1 uF cap. chargedto Vg 80 60 V max
transient voltage. Vo1 thru < 14}
4 Carner 1/0 clamp voltage. Vog Pin 10. lpc = 10 inA. RX mode 44 a1 V. min
2N2222 diode pin 8 10 9 50 V max
5 Camier 170 clamp resistance. Ryo Pin 10, lpc =10 mA 20 1]
5 TX/RX lowinput voltage V' _ Pin5 1.8 0.8 V max
7 TX/RX high input voltage. V 4 Pin 5 (Note 9) 22 28 V min
8 | TX/RXlowinputcurrent. | _ Pin5at0.8V -2 -20 A min,
1 wA max
) TX/RX high input current. | 4 Pin5at40 vV -1 o A min
107§ 10 wA max
10 RX- TX switch-over time. Ty 1 Time to develop 63% of full current drive thru pin 10 10 1S
11 TX-RX switch-over time. T1g 1 bit time, Ty =1/(2Fpata). Time Tyg is user 2 bit
controlied with Cy,, see Apps. Info.
12 ICOinitial accuracy of Fo TX mode. Rg = 6.65 k(1. Cg = 560 pF 125 13 kHz min
Fo = (Fy + Fp)/2 137 kHz max
13 ICO temperature coefficient of Fg TX or RX mode. (Fomax —Fomin)/ (Tumax ~ Tuvin) -100 PPM/°C
14 Temperature drift of Fg TX or RXmode. ~40=T ;= Tyuax =2.0 +5.0 % max
Transmitter Electrical Characteristics (note 3). The test conditions are: V- =18 V and Fo = 125 kHz
unless otherwise noted. The transmit center frequency is Fo, FSK low is F 1. and FSK highis Fa.
Test Design 4
: T 3 Limit
= Parameter Conditions Typical Limit Limit Units
(Note 4) (Note 5)
15 Supply voltage. V*.range Meets test 17 spec. at Ty =25°C and 13 14 15 V min
Fy[14V] —F,[18V])/F,[18V]{<0.01 40 24 23 V max
[(Fy[24V] —F4[18V])/F,4 [18V]|<0.01
16 Total supply current. Iqy Pin 15 Pin 12 high. g7 is Ig through 52 79 MA max
pin 15 and the average current Igpg, of the
Carrier 1/0 through pin 10
17 Carrier 1/0 output current. lg 100¢? load on pin 10 70 45 mApp min
18 Carrier 170 lower swing limit. Vo ¢ Pin 10 Setinternally be ALC 47 40 V min
2N2222 diode pin 8 t0 9 57 V max
19 THD of I (Note 6) QO of 10 tank driving 104! line 0.6 5.0 % max
1002 load. no tank 5.5 9 % max
20 FSK deviation. F  Fy (Fo—F/([Fp +Fyl/2) a4 37 Y% min
i 52 % max
21 Data In. low input voltage. V;, Pin 17 1.7 0.8 V max
22 Data In. highinput voltage, Vi Pin 17 (Note 9) 2.1 28 V min.
23 Data In. low input current. I Pin17 3108V = -10 A min.
1 WA max
24 Data In. highinput current. iy Pin17 at40Vv =1 0o RA min
10-4 10 #A max




Receiver Electrical Characteristics (Note 3). The testconditions are: v~ =18 V. Fo= 125 kHiz. = 22%
deviation FSK, FgaTa= 2.4 kHz. Vyy= 100 mVpp. in the receive mode, unless otherwise noted.

Test Design Limit
2 Parameter Conditions. Typical Limit Limit Units
(Note 4) (Note 5)
25 Supply voltage. V © range Functional receiver (Note 7) 12 13 13.5 V min
37 30 28 V max
26 Supply current. Iqy Iqrispin 15 (V™) plus pin 10 1 ) mA min,
(Carner 1/0) current. 2.4 k2 Pin 1310 GND 14 mA max
27 Carrier 1/0 input resistance Rig Pin 10 195 14 Kk min
30 k{2 max
28 Max. data rate Fyp Functional receiver (Note 7) C. = 100 pF. 10 48 2.4 kBaud
Rg = 04. no tank
2.4 kHz =48 kBaud
29 PLL capture range. Fc Cre=100pF.Rs =0 =40 215 +10 % mIN.
30 PLL lock range. F_ Ce=100pF.Rz=0 (2 =45 15 %o MIN
31 Receiver input sensitivity. S For a tunctional receiver (NGte 8)
Reterred to chip side (pin 10) 18 10 h2 mVims
of the line-coupling XFMR  Fo =50 kHz 20 mVius
Fn =300 kHz 14 mVius
Referredto line side of XFMR 0.26 mVivs
(assuming a 7 07:1 XFMR) Fo— 50 kHz 029 mViius
Fo — 300 kHz 020 mVeus
32 Tolerable input dc voltage offset Pin 10 lower than pin 15by V - 2 01 V max
range. Vinoe
33 Data Out. breakdown voltage Pin 12 leakage = 20 pA 70 55 vV min
34 Data Out. low output. Vo Pin 12, sat. voltage at lg_ =2 mA 0.15 04 V max
35 Impulse noise filter current. | Pin 13 charge and discharge current = 55 =45 A min
=85 A max
36 Oftset hold cap bias voltage Vow Pin6 20 13 V min
3.5 V max
37 Offset hold capacitor max. dnve Pin6. V(pin 3) - V(pin4)— © 250 mV o 59 x25 A min
current. lycwm 80 A max
38 Ofttset hold bias current. lo4z Pin 6. TX mode Bias pin 6 as it self- 05 20 40 nA min
biased during test 31 40 nA max
39 Phase comparator current, log Biaspins3and 4 at85V 100 50 #A min
loc=1(pin 3) ~ l{pin 4). TX mode 200 WA max
40 Phase detector outputresistance. Pins3and 4 10 6 k§2 min
Rep Rpp = (V&1001A ~ VE500A) /(50 pA) 18 K2 max.
" Phase detector demadulz ted output Pin 3 to 4. measured after filtenng 100 80 mVpp min
voltage. Vo out the 2Fg component 180 mVpp max.
4z Fast offset cancel voltage “window ™ Voing~Vone = TVwiaoow - DC offset 095 070 V/V min
-t0-Vpy, ratio. Vw/Vey Drivetor =1 pApin 6 current 120 V/V max
43 Power supply rejection. PSRR C, = 0.1 uF. PSRR = CMRR 120 Hz 80 dB min

Note 1: More accurately, the maximum voltage allowed on pin 1018 Vg, and Voo ranges from 41 to S0V. Alsn, transients may reach above 60V; see the transient
peak voltage charactenstic curve.

Note 2: The maximum power dissipation rating should be derated for device nperation above 25°C to insure that the junction temperature remains below the
maximum rating. Use a 4 of 75°C/W for the N package using a socket in still air (which 1s the worst case). Consult the Application Information section for more
detal

Note 3: The boldface values apply over the full junction temperature range for the specified supply voltage range. All other numbers apply at Ta = Ty=25"C. Pin
numbers refer to LM1893. LM2893 tested by shorting Carrier In to Carrier Qut and testing it as an LM1883.

Note 4: Guaranteod and 100% production tested.
Note 5: Guaranteed (but not 100% production tested) over the temperature and supply voltage ranges. These limits are not used to calculate outgoing quality
levels

Note 6: Tntal harmonic distortion 1s measured using THD = lirgams (all components at or above 2F o) lipms (fundamental)].

Note 7: Receaver function is defined as the error-free passace af 1 cycle of 50¢. Auty-tyale: 2.4 KRz square-wave data (2 sequental 208 pS bits). with the first bit
benga 17 All of the data transitions (edges) must fall within = 10% ( £ 20.8 usi of ther noise-froe postions RX ume delay 1s minimized by using no impulse nose
filter cap. G for this test

Note 8: During the sensitivity check. note / requirements are tollowed with these exceptions: (1) data rate Foata - 1.2 kkFz. (2 all of the data transitons must fall
within = 20% (= 41.6 ps) of ther noise-free positions, and (31. a time-domair filter capaaitor (C)) 1s used. The time delay of G is Yy bit. or 208 ps (G is
approximately 5200 pF).

Note 9: For TTL compatibility use a pull-up resistor to increase min. Vou 1o above 2.8 V
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Typical Performance Characteristics (Continued)
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Application Information*

THE DATA PATH

The BI-LINE ™ chip serves as a power line interface in the
camer-cur-ent transceiver (CCT) system of Figure 3. Figure
2 shows ne interface circuit now discussed. The controller
may select either the transmit (TX) or receive (RX) mode.
Senal data from the controller 1s used to generate a FSK-
moduiated 50 to 300 kHz carrier on the line in the TX mode.
In the RX mode line signal passes through the coupling
transformer into the PLL-based recewver. The recreated seri-
al bit stream drives the controller.

With the IC in the TX mode (pin 5 a logic high), baseband
data to 5 kHz drive the modulator's Data In pin to generate
a switched 0.9781/1.0221 control current to drive the low TC,
triangle-wave, current-controlled oscillator to =2.2% devia-
tion. The tri-wave passes through a differential attenuator
and sine snaper which deliver a current sinusoid through an
autormatc level control (ALC) circuit to the gain of 200 cur-
rent output amplifier. Drive current from the Carrier 1/0 de-
velops a voltage swing on T1's (Figure 4) resonant tank
proportional to line impedance, then passes through ‘he
step-down transformer and coupling capacitor Cc onto the
line. Prograssively smaller line impedances cause reduced
signal swing, but never clipping-thus avoiding potential radio
frequency interference. When large line impedances threat-
en to allow excessive output swing on pin 10, the ALC
shunts current away from the output amplifier, holding the
voltage swing constant and within the amp's compliance
limit. The amplifier is stable with a load of any magnitude or
phase angle.

In the RX mode (pin 5 a logic low), the TX sections on the
chip are disabled. Carrier signal, broad-band noise, transient
spikes, and power line component impinge of the receiver's
input hignoass filter, made up of C¢ and T4, and the tank
bandpass filter. In-band carrier signal, band-limited noise,
heavily attenuated line frequency component, and attenuat-
ed transient energy pass through to produce voltage swing
on the tank, swinging about the positive supply to drive the
Carrier I/O receiver input. The balanced Norton-input limiter
amplifier removes DC offsets, attenuates line frequency,
performs as a bandpass filter, and limits the signal to drive
the PLL phase detector differentially. The differential de-
modulated output signal from the phase detector, contain-
ing AC and DC data signal, noise, system DC offsets, and a
large  twice-the-carrier-frequency ~ component, — passes
through a 3-stage RC lowpass filter to drive the offset can-
cel circuit differentially. The offset cancelling circuit works
by insuring that the (fixed) =50 mV signal delivered to the
data squaring ("'slicing”) comparator is centered around the
O mV comparator switch point. Whenever the comparator
signal pius DC offset and noise moves outside the carefully
matched =50 mV voltage “window’ of the offset cancel
circuit, it adjusts its DC correction voitage in series with the
differential signal to force the signal back into the window.
While the signal is within the =50 mV window, the DC offset
is stored on capacitor Cy. By grace of the highly non-linear
offset hold capacitor charging during offset cancelling, the
DC cance!ation is done much more quickly than with an AC
coupling capacitor normally used in place of the offset can-
cel circuit. Since impulse noise spikes normally ring the sig-
nal symmetrically around 0 V, the fully bilateral offset cancel
topology affords excellent noise rejection. The switched cur-
rent output of the comparator drives the impulse noise filter
integrator capacitor that rejects all data pulses of less than
the integrator charge time. Noise appears as duty-cycle jitter
at the opan collector serial data output.

Dual-In-Line Package

%

ICOCAP T — 1 18 |~ 1CO FREQUENCY

icocar2 — 2 17 }— DATAIN
SLLFWTERY — 2 16 f— LIMITER FILTER
PLLFILTERZ —f ¢ S Vv

TRK SELECT —f 5 (133 a4 b GRouND

OFFSET HOLD CAP —{ 6 13 }— NOISE INTEGRATOR
ALC STABILUTY — 7 12 |~ DATACUT
BOOST EMITTER —{ & 11 p— 5.6V ZENER
BOOST BASE —{ 9 10 |— CARRIER 1/0
1., 4/6750-2
Top View

Order Number LM1893N
See NS Package Number N18A

Small Outline & Dual-In-Line Package

N
1€ ¢AP =1t 27|~ IC0 TREQUINCY
120 CaP 2—J2 19f—DATA N
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Top View
Order Number LM2833M or LM2893N
See NS Package Number M20B or N20A
FIGURE 2. Connection Diagrams
POWER UIKE
&L F 1 ¥l
e e mscem—
CARRIER- CARAIER-
CURRENT IC CURRENT IC
TX/RX  TX RX Ix/fX  TX R
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4
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! +
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FIGURE 3. The block diagram of a carrier-current
system using the Bi-Line chip to interface digital
controllers via the power line

"Unless otherwise noted, all pin references refer to LM18835. but hold true
for equivalent LM2893 pin.
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National Semiconductor

LM555
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation. the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

February 2000

Features

Direct replacement for SE555/NES55

Timing from microseconds through hours
Operates in both astable and monostable modes
Adjustable duty cycle

Output can source or sink 200 mA

Output and supply TTL compatible

Temperature stability better than 0.005% per "C
Normally on and normally off output

Available in 8-pin MSOP package

Applications
Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator

Schematic Diagram
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LM555

Connection Diagram

Dual-In-Line, Small Outline

and Molded Mini Small Outline Packages

GND —f — — “Vee
TRIGGER : e I | DISCHARGE
L
R »—._{1
_'___.:‘ §' =
1f] fieesn —; 1
QUTPUT ==t — - - -1 THRESHOLD
4 =
— S S CONTROL
prS VOLTAGE
[RRICE
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MG A
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM 755 1k Units Tape and Reel lisoek
LM555CMMX Z83 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NO8E
www.national.com 2




Absolute Maximum Ratings (oe 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Volage

Power Dissipation (Note 3)
LM555CNM. L\iI555CN
LM555C MR

Operating Temperature Ranges

LM555C
Storage Temperaure Range

+18V

1180 mw
613 mWw

0°Cto +70°C
~65°C to #150°C

Electrical Characteristics (notes 1. 2)
(Th = 25°C. V. = +5V to +15V, unless othewise specified)

Soldering Information
Dual-In-Line Package
Soldering (10 Seconds)
Small Outline Packages
(SOIC and MSOP)
Vapor Phase (60 Seconds)
Infrared (15 Seconds)

260°C

215°C
220°C

See AN-450 "Surface Mounting Methods and Their Effect
on Pr- juct Reliability” for other methods of soldering

surface mount devices

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Volage 4.5 16 Vv
Supply Current Vee = 5V, Ry = == 3 6
Vee = 15V, R = == 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Iniial Accuracy 1 %
Drift with Temperature RA = 1k to 100k, 50 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 16 %
Drift with Supply 0.1 %IV
Timing Error. As:able
Initial Accuracy 2.25 %
Dnft with Temperature Ra. Rg = 1k to 100k, 150 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %IV
Threshold Vol:age 0.667 X Vee
Trigger Voltage Vee = 15V 5 Vv
Vee = 5V 167 \Y
Trigger Curren: 0.5 0.9 HA
Reset Voltage 0.4 06 1 \
Reset Current 0.1 04 mA
Threshold Current (Note 6) 0.1 0.25 PA
Control Vol:age Level Viee = 15V 9 10 1 v
Vee = 5V 2.6 3:33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, 1, = 15mA 180 mV
Output Low Vee = 4.5V, 17 = 4 5mA 80 200 mV
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LMS555

Electrical Characteristics (Notes 1, 2) (Continued)

(Ta = 25C, Vee = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Ouzput Voltage Drop (Low) Vee = 15V -
lsink = 10mA 0.1 0125 \
lsink = 50mA 0.4 0.75 Vv
lsink = 100mA 2 25 Y
Isink = 200mA 2.5 Y
Ve = 5V
lsink = 8MA \%
lsink = SMA 0.25 035 \Y%
Ousput Voltage Drop (High) lsource = 200mA, Vi = 15V 12.5 \Y
lsource = 100mMA, V¢ = 15V 12:75 13.3 \
Vee = 5V 275 3% \Y
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular tes! conditions which guar-
antee specific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.

Note 3: For operating at elevated temperatures the device must be derated above 25'C based on a +150'C maximum junction temperature and 3 thermal resistance
of 106'C/W (DIP), 170°C/W (S0-8), and 204’ C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at V¢ = 5V

Note 5: Tested at V¢ = 5V and Ve = 15V.

Note 6: This will determine the maximum value of Ra + Rg for 15V operation. The maximum total (R + Rg) is 20M¢2.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications
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Typical Performance Characteristics
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LM555

Typical Performance Characteristics (continued)

Output Propagation Delay vs.
Voltage Level of Trigger Pulse
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The external capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 Ve to pin 2, the flip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

+5V TO +15V
r . 4 O +Vee
' RESET
| T i
4 ]
TRIGGER DISCHARGE
NORMALLY f o— 2 7
N L0AD S
THRESHOLD
| LM355
| CONTROL
ouTPUT VOLTAGE L_
ST 1 T
NORMALLY S o L
ofF LoaD ST
I 0.01,.F
'
o

Illr

DSpo7831 £

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R, C, at the end of which time the
voltage equals 2/3 Vgc. The comparator then resets the
flip-flop which in turn discharges the capacitor and drives the
output to its low state. Figure 2shows the waveforms gener-
ated in this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing internal is independent of
supply.

T

27

ALY

DSCLTHEY ¢
Ve = 5V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV. Middle Trace: Dutput 5V/Div.
Ra = 9.1k82 Bottom Trace: Capacitor Voltage 2V/Div.
C = 0.01pF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further .

application of a trigger pulse will not effect the circuit so long
as the trigger input is returned high at least 10ps before the
end of the timing interval. However the circuit can be reset
during this time by the application of a negative pulse to the
reset terminal-(pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that
it be connected to V. to avoid any possibility of false trig-
gering

Figure 3 is a nomograph for easy determination of R, C val-
ues for various time delays

NOTE: In monostable operation. the trigger should be driven
high before the end of timing cycle.

C = CAPACITANCE (uf)

0.001 =
10 45100 usms 10ms100ms 1s 10s 100s

e TIME DELAY
osuLTeER 7

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through R, + Rg and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these wo resistors.

9—C Ve

+
=

)/

— T AF
s Al

DSO0THEL 8

]

LM555 6

—_——— — AN — — — —
=
~
-
=
<

AAA
e

FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
charges between 1/3 V¢ and 2/3 Ve As in the triggered
mode, the charge and discharge times, and therefore the fre-
quency are independent of the supply voltage.

e
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LM555

Applications Information (continued)

Figure 5 shows the waveforms generated in this mode ot
operation

DS0C7951 8

Ve = 5V Top Trace: Output 5V/Div.

TIME = 20us/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra = 3.9k02

Rg = 3k02

C = 0.01pF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t, = 0.893 (R +Rg) C
And the discharge time (output low) by:
t, = 0.693 (Rg) C
Thus the total period is:
T=t +t, =0.693 (Ry +2Rg) C
The frequency of oscillation is:

1 1.44
T (Ra + 2Rp) C

Figure 6 may be used for quick determination of these RC
values.

§ Fon

The duty cycle is:

Rs
Ra + 2Rg
100
10
e s
z
<
=
2 o
=
<
S
o 00 v [
(Ra+2Rg) !
0.001 -

01 1 10 100 1k 10k 100k
f - FREE-RUNNING FREQUENCY (Hz)
DS007851-10

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used s a fre-
quency divider by adjusting the length of the timing cycle
Figure 7 shows the waveforms generated in a divide by three
circuit.

Ve = 5V

Top Trace: Input 4V/Div.
TIME = 20ps/DIV. Middle Trace: Output 2V/Div.

Rp = 9.1k
C = 0.01pF

Bottom Trace: Capacitor 2V/Div.

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train. the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform

examples.
Ve
Ra
a 8
1

DISCHARGE
TRIGCER O——2

LM555 g THRESHOLD

MODULATION

WPt |
oUTPUT O—— 3 gl—a § —

=Jlk

Vetbefrrter it {iot

e

DS007851 13

Vee = 5V Top Trace: Modulation 1V/Div.

TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 9.1kQ2

C = 0.01pF

FIGURE 9. Pulse Width Modulator
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Applications Information (continued)
PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10. with a modulating signal again applied
to the control voltage terminal. The pulse position varies with
the modulating signal, since the threshold voltage and hence
the time delay is varied. Figure 11 shows the waveforms

i
-—

TRIGGERO— 2

LM555

generated for a triangle wave modulation signal

®—O -V,
Ra
q
2 7
% R”
LMb35 6
MODULATION
OUTPUT O—— 3 5 —O c
\]
DSCO7851 12

FIGURE 10. Pulse Position Modulator

DS007851 15
Vee = 5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV. Bottom Trace: Output 2V/Div.

Ra = 3.9k

Rg = 3ku

C =0.01pF

JUTPUT O—HA

2N4250
OR EQUIV

5

4

el
Tl
1

FIGURE 12.

A1

R2

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:

o 2/3Vec Re(Ry + Rp) C

Ry Vee
Ve

VBE

]

Vge (Ry - R2)
06V

0.6V

r

+

Hadaqedetdoen

V. S5V

TIME = 20ps/DIV.
Ry = 47ke2

R, = 100k

Rg = 2.7 kL2

C = 0.01 yF

DSU07851 17

Top Trace: Input 3V/Div.
Middle Trace: Output 5V/Div.

Bottom Trace: Capacitor Voltage 1V/Div.

FIGURE 13. Linear Ramp

FIGURE 11. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, R, in the monostable circuit is re-
placed by a constant current source, a linear ramp is gener-
ated. Figure 12 shows a circuit configuration that will perform
this function.

www.national.com

GGSINT



LM555

Applications Information (coninued

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle. the resistors R, and Rg may be con-
neced as in Figure 14. The time period for the output high is
the same as previous, t, = 0.693 R, C. For the output low it

IS £ s

Rg - 2RA}

RaRg)/(Rs + R G
(RaRg)/(Ra R)J on 3FG = A

Thus the frequency of oscillation is

1

ty + 1

fi=

*Vee

Aa
51k

22k

LM555 6
OUTPUT O—— 3 5

T
B

0S0C7851 1%

FIGURE 14. 50% Duty Cycle Oscillator

Note that this circuit will not oscillate if Rg is greater than 1/2
Ra because the junction of R, and Rg cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1uF in par-
allel with 1uF electrolytic.

Lower comparator storage time can be as long as 10pus
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10ps minimum.

Delay time reset to output is 0.47ps typical. Minimum reset
pulse width must be 0.3us, typical.

Pin 7 current switches within 30ns of the output (pin 3) volt-
age.
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Physical Dimensions

inches (millimeters) unless otherwise noted
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LM555 Timer

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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SN54121, SN74121
MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

MAY 18983 — REVISED MARCH 1988

SDLS042

SN54121 .. .J OR W PACKAGE
SN74121 ... N PACKAGE

(TOP VIEW]

Programmable Output Pulse Width

With Rypq - - - 35ns Typ

With Rext/cext ...40 ns to 28 Seconds

Internal Compensation for Virtual 09‘ Ua0vee
Temperature Independence NC 42 ‘3% NC
A1 03 120 NC
Jitter-Free Operation up to 90% A2 O 111 Raxt/Cext
Duty Cycle B s 100 Cext
Inhibit Capability a(s 93 Rint
GND (7 s(J NC

FUNCTION TABLE :
NC No internal connection.

INPUTS QUTPUTS
A1 A2 B QG logic symbol?
x ' H : T
L L1 ; IRRSELN - &
X L H \_T H1 az 19 = b ©
X X L L H & W
s f L5
H H X ot At
AX/
H 4 H TR 2P i
H H (il T @] ao} om
I F o JLr Bl SChthy Aot/Coce
L X t ! AT E)
- }1 oy *This symbol is in accordance with ANSI/IEEE Std 91-1984 and
s E \EC Publication 817-12.

For explanation af funcuon table symbols, see oage
1 These lines oi the function table assume that the \naicated steady stats conditions atthe A and 8 inputs have been setup long enough

to complete any pulse startea before the setud.

description

These multivibrators feature dual negative-transition-triggered inputs and a single positive-transition-triggered input
which can be used as an inhibit input. Complementary output pulses are provided.

Pulse triggering occurs at a particular voltage level and is not directly related to the transition time of the input pulse.
Schmitt-trigger input circuitry {TTL hysteresis) for the B input allows jitter-free triggering from inputs with transition
rates as slow as 1 volt/second, providing the circuil with an excellent noise immunity of typically 1.2 volts. A high
immunity to VCC noise of typically 1.5 volts is also provided by internal latching circuitry.

Once fired, the outputs are independent of furtner transitions of the inputs and are a function only of the timing
components. Input pulses may be of any duration relative to the output pulse. Output pulse length may be varied trom
40 nanoseconds to 28 seconds by choosing appropriate timing components. With no external timing components
{i.e., Rint connected to V(. Cext and Rex1/Cext open), an output pulse of ypically 30 or 35 nanoseconds is achieved
which may be used as a d-c triggered reset signal. Outpur rise and fall times are TTL compatible and independent of
pulse length.

Pulse width stability is achieved through internai compensation and is virtually independent of V¢ and temperature.
In most applications, pulse stability will anly be limited by the accuracy of external timing components.

Jitter-free operation is maintained over the full temperature and VCC ranges {or more than six decades of timing
capacitance (10 pF 10 10 pF and more than one decade of timing resistance (2 k9 to 30 kQ for the SN54121 and
2 kD to 40 Kk for the SN741211. Throughout these ranges, puise width i1s defined by the relationship twiout) =
CextRTIN2 = 0.7 CextRT. In circuits where puise cutoff is not critical, timing capacitance up to 1000 uF and tirmng
resistance as low as 1.4 k{l may be used. Also, the range of jitter-free output pulse widths is extended if Ve is held
to 5 volts and free-air temperature is 25°C. Duty cycles as high as 90% are achieved when using maximum
recommended RT-. Higher duty cycles are available if a certain amount of pulse-width jitter is allowed.

PRODUCTION DATA documents contain information
current as of publication date. Products canform to
specificatians per the 1erms of Texas Instruments
standard warranty. Production procsssing does net
necessanly include tesung ot all parameters.

e (E BOX S383°2 0

]
TEXAS “«‘
INSTRUMENTS

tatlas TLXAL
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SN54121, SN74121
MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

logic diagram (positive logic)

11 .
RexcCext
19}
S— " NNA— Ry
(6)
Q
N (3}
(41 =
A2 o p———Q
8 (5)

10!
Cext

Rine = 2 ki1 NOM

Pin numbers shown on logic notatiun are tor J or N packayges.

NOTES: 1. Anexternal capacitor may se connecrad betwaan Coyq Ipositive) and Agy/Cext-
2. To use the intgrnai timing resistor, connect R, 10 Voo For improved pulse width
accuracy and rapestability. connect an external resistor between Rg,7Ceyxy 3nd Vo
with R, open circuited.

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF BOTH QUTPUTS
Véc 4 e i Vee
Req
INPUT -
QUTPUT
Req NOM
INPUT i
A1 Ak
A2 KL Req = 130 2 NOM
B8 2 k42

]
TEXAS ‘Q
INSTRUMENTS

POST DFFICE BCX 558717 » T4 LAS TEXAS 75265



SN54121, SN74121
MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply. voltage: VEC (SEBINOTE B) i v iet Tl v Lo o bt by SR e L 7V
Inputivoltaged: Jhete ety e il Sl ey et e M i SR b e T 5.5V
Operating fr.c-air temperature range: SNS4121. . ... .. .. ... . ... . .. ... -55°C to 125°C

SINTAN24 0 o Al o s s St s 0°C to 70°C
Storage'temperature rangeti 5 o d Tt e b T e iR P s el -65°C to 150°C

NOTE 3: Voiage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX | UNIT
N s ; i 54 Family 4.5 5 5.5 o
c upply voltage
s i J 74 Family 4.75 5 525
IOH High-level output current -0.4 A
oL Low-laval output current 16 mA
Schmitt input, B 1 Vis
dv.dt Rate of rise or fall of input pulse ’
Logic inputs, A1, A2 3 Vius
Twiin input pulse width 50 ns
- s 54 Family 1.4 30
Agxt External timing capacitance kQ
5 74 Family 1.4 40
Ceaxt External timing capacrtance 0 1000 uf
o ' AT = 2 k0 LR S
ty cycle X
= AT = MAX Ry 30
| . 54 Family 95 125
TaA Operating free-air temperature - 2C
74 Family o} 70




SN54121, SN74121
MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

electrical characteristics over recommended operating free-air temperature range (unless otherwise
noted)

[ PARAMETER TEST CONDITONS! MIN TYPE MAX | UNIT
Viy High-level input voltage at B input Vee = MIN 2 v
ViL Low-level input voltage at A ;nput Voot MIN 0.8 v
Vy ., Positive-going thresheold voltage at B input Vee - MIN 1:55 Vv
VT _ Negative-going threshold voltage at B input Vee = MIN 0:8 1135 \Y)
ViK Input clamp voltage Vee = MIN, h = -12mA -1.6 Y
I0H High-level output voltage Vee = MIN, lop = MAX 2.4 3.4 Y
VoL Low-ievel output voltage Vee - MIN, loL = MAX 0.2 0.4 v
Iy Jnput current at maximum input voltage Vea t MAX. V| = S%G\ 1 mA
IH High-level input current Yes\\ 77 g3-0i Al 2 uA
it N2V 2} - 30
T Low-levsl input current Rcci MAes s = 16 mA
vy = 0.4V B 3.2

I0s Short-circuit output currentd Voo = MAX 54 Family -20 -55 G
74 Family -18 55

Icc Supply cuirent Voo = MAX Pliesce™s 4 2 mA
Triggered 23 40

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

TAll typical values are at V¢ = 5 V. Ta = 25°C.
TNot more than one output should be shorted at a time.

switching characteristics, Vcc = 5 V. TA = 2586

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Propagation delay time, iow-to-hugh- 4 ,
1 a4 o]
aLh Jevel Q output from either A input ns
Propagation delay time, low-to-high-
PLH . is 55 ns
level Q output fram B input Coxt = 80 pF,
Propagation delay time, high-ta-low Riqy tO0 V
PG ! hIl pIoEE 50 80| ns
level Q output from either A input C\ (& - i59pF
Propagation delay time. high-to-low R = 400 .
tPHL = ¢ = 40 65 ns
Javel Q output from B input Ses Note 4
Pulse width obtained using Cext = B8O pF,
tw(out) s . 70 110 150 ns
internal timing resistor Rint to Vce
Pulse width obtained with Cext = 0.
twiout) 30 50 ns
zero timing capacitance Rint to VcC
C = 100 pF,
, , ext z 500 700 800 | ns
Pulse width obtained using RT = 10k2
Twiout)
WIOUE external timing resistor Cext = VuF.
6 ? 8 ms
R = 10kQ

NOTE a: Lued circuits and voltage waveforms are shown in Section 1

{i}
TEXAS
INSTRUMENTS

SUST SFREICE 200 066012 ¢ OALLAS. TEXAS FEI6L



SNB4121, SN74121

MONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

TYPICAL CHARACTERISTICST

VARIATION IN INTERNAL TIMING RESISTOR VALUE

DISTRIBUTION OF UNITS
for
OUTPUT PULSE WIDTH

Vee = 5‘V I
Ta=25"C
o |Cext=101pF
¢ R =10k
£ ! (External)
3
3
(o] ot
< «
9 %
g S
g = e S
N g )
B & 7 ?
iz < g 5
3 5 i B
E 5 = s
_ < et
& -3 4 I
I 1 &
1 A 9‘9% of Units m
6391 634 697 700 703 706

twlout)—Output Pulse Width—ns

FIGURE 1

VARIATION IN QUTPUT PULSE WIDTH
ve
SUPPLY VOLTAGE

0
/ tw(out) = 420 ns
@Vcc=5V

Atwiout)—Variation in Output Pulse Width

/
—-0.5 =
- Cext =60pF
— RT = 10 k§2 {External)
| Ta = 25°C
—_10 ¢ Il i )
4.5 4.7% 5.0 5.25 5.5

Ve —Supply Voltage—V

FIGURE 3

¥s

FREE-AIR TEMPERATURE

®
3

2 e
2 5 i Mok
3 +20% . : .

& 1 H

E R !

=

£

E 0N, P~ s

£ i -

5

c

§ +5% 117 | H
74 | :

2 -

32 B |

= ’ (|

7 5% ;

= i

5 ]

E ~10% b ! 1 l J
a -50 ] 75 125

Ta—Free-Air Temparature—"C

FIGURE 2

SCHMITT TRIGGER THRESHOLD VOLTAGE

vs

FREE-AIR TEMPERATURE

ry
w

/|

|/

&
o

Hysteresis = Vy4y — V-

|

2

|

dai

|

F'ssitiv&Going. Threshold VT+

—

-
>

V1-Schmitt Trigger Threshold Voltage—V
- -
w «

! ! ] |
i i |

L

50 100

Tpa—Free-Air Temporature— C

Date tor temperatures below 0°C and above 70°C are apphcable for SN54321

FIGURE 4
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SN54121, SN74121
MIONOSTABLE MULTIVIBRATORS
WITH SCHMITT-TRIGGER INPUTS

TYPICAL CHARACTERISTICS T {continued)

VARIATION IN OUTPUT PULSE WIDTH OUTPUT PULSE WIDTH

vs

Vs
FREE-AIR TEMPERATURE TIMING RESISTOR VALUE

i G R R R 100 =
A 1 s v ===
‘6 | ! » ’I\p i ¥ 1 1 } N A
: | i SO on Ros Cext T 2 R s & % _L]

i \ 1ms
2 vee=5V | | 3
2 +045%1—CT=60pF— e e I £ "_'(';:‘ o\p/'lf‘lﬂ, i
F | R=10k02 I \ l gy, " R H T r
i i il =
A B <RiS z Sad '
B gl | Y S 10 : e
g’ | : | twlout) = 420 ns l S 2000 of H E =
= : £} Y = PS T e
] i f @Ta=25C o [P L= I =5 = immussl
5 T ¥ A 1us :
7 / \ é _,'\QQV‘
3 —0.5% T i 3 Cexl 3
Z | < 100ns | 0¥
5 Vee =5V 30et
+ JTA 25°C See Note 3 T
—1.0% i 10 ny b——
s 1 4 10 40 100

-50 0 50 100

RT—Timing Resistor Value-k(2
Ta—FreeAir Temperature—"C 7—Timing Resi

FIGURE 5 FIGURE 6
OUTPUT PULSE WIDTH
vs
EXTERNAL CAPACITANCE
10 ms §
Vee = 5°V
[T = 25°C [ = ]
- 1ms il IQ . .
= 8
= 25
ES <2
| &)
3 100us = oy
3 D FO
& oy 5
"g" 4 B «r QA «o 1
s "y & &
o
b 1 us > i
= i ! M I
3 =
=
3
3
100 ns ;
St e i
! II'IIHIL 3 311
10 ns T I I
10-11 10-9 107 105

Cext —Timing Capacitance—F

FIGURE 7

NOTE 5 These values of resistance exceed the max mum recommended use over the full temperatuse range of the SN54121.

'Data for temperatures below Q°C and above 70°C are apphcable for SNB64121.

it j
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice. and advise customers to obtain the latest version of relevant information
to verify. before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement. including those
pertaining to warranty, patent infringement. and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tldeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed. except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH. PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED. AUTHORIZED. OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICALAPPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCHAPPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
thatany license. either express orimplied. is granted under any patentright. copyright, mask work right. or other
intellectual property right of Tl covering or relating to any combination. machine. or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute Tl's approval. warranty or endorsement thereof.

Copyright ¢ 1998. Texas Instruments Incorporated



M OTO ROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by MC145026/D

: MC145026
Encoder and Decoder Pairs MC145027

Sl MC145028

These devices are designed to be used as encoder/decoder pairs in remote
control applications. sc41 343
The MC145026 encodes nine lines of information and serially sends this SC41 344

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 w

datais used at the encoder. 32 addresses are possible. The remaining serial ) P SUFFIX

information is interpreted as four bits of binary data. The valid transmission (VT) ‘{\ PLASTIC DIP

output goes high on the MC145027 when two conditions are met. First, two 16 CASE 648

addresses must be consecutively received (in one encoding sequence) which 1

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 ¢ D SUFFIX

output pins has been updated. 16‘\ SOG PACKAGE
The MC145028 decoder treats all nine trinary digits as an address which CASE 751B

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

received (in one encoding sequence) which both match the local address. DW SUFFIX

+ Operating Temperature Range: — 40 to + 85°C SOG PACKAGE

CASE 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

« High External Component Tolerance: Can Use + 5% Components

ORDERING INFORMATION

MC145026P Plastic DIP
« Internal Power-On Reset Forces All Decoder Outputs Low MC145026D SOG Package
« Operating Voltage Range: MC145026 = 2.5 to 18 v* MC145027P, SC41343P Plastic DIP
MC145027. MC145028 =4.5t0 18 MC145027DW, SC41343DW  SOG Package
» Low—Voltage Versions Available: : MC145028P, SC41344P Plastic DIP
SC41343 =2.8to 10 V Version of the MC145027 MC145028DW, SC41344DW  SOG Package
SC41344 =2.8to 10 V Version of the MC145028
« For Infrared Applications, See Application Note AN1016/D
PIN ASSIGNMENTS
MC145026 MC145027/SC41343 MC145028/SC41344
ENCODER DECODERS DECODERS
a(Q e 16 1 vop NN 16 0 vpp ALl 1e 16 J Vpp
a2 15 [ Dot A2 (] 2 15 [J D6 a2 2 150 A6
w0 s e a3l 3 1400 o7 a3 wp
M4 13 P Ryc A4l 4 13[) D8 A4 (] 4 13 (] A8
a0 s 12 Cr¢ A5(] 5 12 D9 A5( 5 120 A9
AB/D6 [] 6 11 [] Rg R 6 1npvr Ry []6 1npvr
arior Q7 10 P ASDS ci 7 10 ) Ro/Cy ci g7 10 ] Ry/Cy
vss [ 8 9 [ azn3 vss [ 8 90 oy vss [ 8 9P biy

* All MC 145026 devices manufactured after date code 9314 or 314 are guaranteed over this wider voltage range. All previous designs using the
low-voltage SC41342 should convert to the MC145026, which is a drop-in replacement. The SC41342 part number has been discontinued.

REV 2
198

@ MOTOROLA

¢ Motorola. Inc. 1998 °



] 3-PIN e DATASELECT |
- <) |
o— OSCILLATOR DIVIDER AND —— DOout
AND BUFFER
= ENABLE \
RING COUNTER AND 1-OF -g DECODER
gl e s e
Al L 4&—\
a2 —2 )
o =2 B—
4
4
7 S
& 5 [yedl TRINARY
" I&‘N DETECTOR
AB/D6 K—
; Ry
ATIDT
9 [*]N Vpp =PIN 16
AB/D8 D=
R o Vg =PINB
A9/DS
Figure 1. MC145026 Encoder Block Diagram
I
K B> S
CONTROL i v
LOGIC 2
i e R i
@ [}
s i g 13
e D8
%)
E
il e —Dﬁ D9

A1
A2
A3
Ad
A5

SEQUENCER CIRCUIT

5 4

3 2

=

g

= DATA

e

%]
1%

EXTRACTOR

C [c
;_LH MJG 10 ;
j Ry l__L
— R2 =

9
Oin

Vpp =PIN 16
Vgg=PINS

Figure 2. MC145027 Decoder Block Diagram

MC145026eMC145027eMC1450280SC41343.5C41344
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MAXIMUM RATINGS* (Voltages Referenced to Vgs)

1
CONTROL i
LOGIC
SEQUENCER CIRCUIT
O BTt bl hia 5 A S, 35 e '
: \
Jl%’" 9-BIT
A2 II;S ® SHIFT
e REGISTER
: ]
s e
e gl > s DATA g
e < EXTRACTOR Dir,
AG 12 ] ¢ <
X 2
a7 14 N J 6 10 Vpp =PIN 16
" > R Vgg=PINB
A8 — w - Ry =
I

Figure 3. MC145028 Decoder Block Diagram

Rating Symbol Value Unit
VpD DC Supply Voltage (except SC41343, -05t0+ 18 Vv
SC41344)
VpD DC Supply Voltage (SC41343, SC41344 -0.5t0 + 10 Vv
only)
Vin DC Input Voltage -0.5toVpp + 0.5 \
Vout DC Output Voltage -05toVpp + 0.5 \
lin DC Input Current, per Pin +£10 - mA
lout DC Output Current, per Pin +10 mA
PD Power Dissipation, per Package 500 mwW
Tstg Storage Temperature -65to+ 150
I Lead Temperature, 1 mm from Case for 260
10 Seconds

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

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

MOTOROLA

NC145026eMC145027oMC1450280SC413434SC41344

3



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

Guaranteed Limit
-40°C 25°C 85C
VbD
Symbol Characteristic \ Min Max Min Max Min Max Unit
VoL Low—Level Output Voltage (Vin=Vppor0)| 50 — 0.05 — 0.05 — 0.05 \
10 — 0.05 — 0.05 — 0.05
15 — 0.05 — 0.05 — 0.05
VOH High—Level Output Voitage (Vin=0orVpp) | 50 4.95 — 4.95 — 4.95 — \Y
10 9.95 — 9.95 — 9.95 —
15 14.95 — 14.95 — 14.95 -—
ViL Low-Level Input Voltage \
(Vout=4.50r05V) | 50 — 1.5 — 15 — 1.5
(Vout=9.00r 1.0V) 10 — 3.0 — 3.0 — 3.0
(Vout=13.50r15V) 15 — 4.0 — 4.0 — 4.0
ViH High-Level Input Voltage Vv
(Vout=0.50r4.5V) | 50 35 — 315 — 3.5 ——
(Vout=1.00r9.0V) 10 7.0 — 7.0 — 7.0 —
(Vout=1.50r13.5V) 15 11 — 1 — 1 —
I0H High—Level Output Current mA
(Vout=2.5V)| 50 -25 — -21 — -1.7 —
(Vout=46V)| 50 -0.52 — - 044 — -0.36 —
(Vout=9.5V) 10 ~1.3 — -11 — -0.9 —
(Vout = 13.5V) 15 -36 = =3.0 — -24 —
loL Low-Level Output Current mA
(Vout=04V)| 50 0.52 — 0.44 — 0.36 —
(Vout=0.5V) 10 1.3 — h. — 0.9 —
(Vout=1.5V) 18 3.6 -4 3.0 — 24 —
lin Input Current — TE 5.0 -— — 3.0 " — — HA
(MC145026, Pull-Up Device) 10 = — 16 60 — —
F5 — — 35 120 — —
lin Input Current 15 . +0.3 — +0.3 = 1.0 HnA
Rg (MC145026), D (MC145027, MC145028)
lin Input Current HA
A1 - A5, A6/D6 — A9/D9 (MC145026), 50 — — — =110 3 —
A1 - A5 (MC145027), 10 — — — = 500 — —
A1- A9 (MC145028) 15 — — — + 1000 — —
Cin Input Capacitance (Vip = 0) — = — — 7.5 —- — pF
DD Quiescent Current — MC145026 50 — — = 01 — — uA
10 — N — 0.2 — —
15 — — — 0.3 — —
DD Quiescent Current — MC145027, MC145028 50 — — — 50 — — HA
10 — — — 100 — —
15 — — — 150 — —
ldd Dynamic Supply Current — MC 145026 50 — — — 200 — - LA
(fc = 20 kHz) 10 — — — 400 — —
15 — — — 600 — —
ldd Dynamic Supply Current — MC145027, MC145028 50 — — — 400 — — HA
(fc = 20 kHz) 10 — — — 800 — —
15 = — —_ 1200 — —
* Also see next Electrical Characteristics table for 2.5 V specifications.
MC145026sMC145027¢MC145028¢SC41343SC41344 MOTOROLA
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ELECTRICAL CHARACTERISTICS — MC145026 (Voltage Referenced to Vgsg)

Guaranteed Limit
-40-C 25-C 85-C
VbD
Symbol Characteristic \ 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 Voltage (Vin=0VorVpp) | 25 245 — 2.45 — 245 — \Y
VL Low-Level Input Voltage (Vout=0.5Vor20V) | 25 — 03 — 03 — 0.3 \
VIH High—Level Input Voltage  (Vout=0.5Vor2.0V) | 2 5 22 — 2.2 — 2.2 — \Y
10H High—Level Output Current (Vout=1.25V) | 25 0.28 — 0.25 — 0.2 — mA
loL Low-Level Output Current (Vout=0.4V) | 25 0.22 — 0.2 — 0.16 — mA
lin Input Current (TE — Pull-Up Device) 2.0 — — 0.09 1.8 — — uA
lin Input Current (A1-A5, A6/D6-A9/D9) 2.5 — — = t 25 = — uA
IpD Quiescent Current 25 — — — 0.05 — — uA
ldd Dynamic Supply Current (fc = 20 kHz) 235, — — — 40 — — UA
ELECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voltage Referenced to VsSs)
Guaranteed Limit
-40°C 25°C 85C
VbD
Symbol Characteristic \ Min Max Min Max Min Max Unit
VoL Low—Level Output Voltage (Vin=0VorVpp)| 28 — 0.05 — 0.05 — 0.05 \
5.0 — 0.05 — 0.05 — 6.05
10 — 0.05 — 0.05 — 0.05
VOoH High—Level Output Voltage (Vin=0VorVpp) | 28 NS — Sl — 275 — \Y
5.0 4.95 — 4.95 — 4.95 —
10 9:95 — 9/95 — 9395 —
ViL Low-Level Input Voltage \
(Vout=2.3Vor05V) | 28 — 0.84 — 0.84 — 0.84
(Vout=4.5Vor05V) | 50 — 1.5 — 1:5 — 1.5
(Vout=9.0Vor1.0V) 10 — 3.0 — 3.0 — 3.0
VIH High—Level Input Voltage \
(Vout=0.5Vor23V)| 28 ™6 — 1.96 — 1.96 —
(Vout=0.5Vor45V)| 50 35 — 3.5 — 3:5 —
(Vout=1.0Vor9.0Vv)| 10 7.0 — 7.0 — 7.0 —
10H High—Level Output Current mA
(Mout=14V) | 28 -0.73 — -07 — -0.55 —
(Vout=4.5V)| 50 -0.59 — -05 — -0.41 —
(Vout=9.0V) | 10 -13 — -11 — -09 —
loL Low-Level Output Current mA
(Vout=0.4V)| 28 0:35 — 03 — 0.24 —
(Vout=0.5V) | 50 0.8 — 06 — 04 —
(Vout=10V) | 10 3.5 — 29 — 2:3 —
lin Input Current — Djp 10 — +03 — +03 — +1.0 uA
lin Input Current 2.8 — — — +30 — — HA
A1 - A5 (SC41343) 5.0 — — — - 140 — —
A1 - A9 (SC41344) 10 — — — =600 — —
Cin Input Capacitance (Vin = 0) o — o= — 5 — — pF
DD Quiescent Current 2.8 — - — 60 — — uA
5.0 — — — 75 — —
10 — — — 150 — —
ldd Dynamic Supply Current (f¢ = 20 kHz) 2.8 — -— — 300 — — UA
5.0 — — — 500 — —
10 — — — 1000 — —
MOTOROLA MC145026eMC145027+MC145028SC41343SC41344
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SWITCHING CHARACTERISTICS — MC145026* MC145027, and MC145028 (C_= 50 pF. Tp = 25°C)

¢ Guaranteed Limit
Figure
Symbol Characteristic No. VDD Min Max Unit
tTLH. {THL | Output Transition Time 4.8 5.0 — 200 ns
10 — 100
15 - 80
tr Din Rise Time — Decoders 5 50 — 15 us
10 — 15
18 — 15
tf Djn, Fall Time — Decoders 5 5.0 — 15 us
10 — 5.0
16 — 4.0
fosc Encoder Clock Frequency 6 50 0.001 20 MHz
10 0.001 50
16 0.001 10
f Decoder Frequency — Referenced to Encoder Clock 12 50 1.0 240 kHz
10 1.0 410
15 1.0 450
tw TE Pulse Width — Encoders 7 o (e 65 — ns
10 30 —
15 20 —
* Also see next Switching Characteristics table for 2.5 V specifications.
SWITCHING CHARACTERISTICS — MC145026 (C|_= 50 pF, Ta =25 C)
; Guaranteed Limit
Figure
Symbol Characteristic No. Vpp Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 25 = 450 ns
fosc Encoder Clock Frequency 6 25 1.0 250 kHz
tw TE Pulse Width 4 V& 4.5 — us

SWITCHING CHARACTERISTICS — SC41343 and SC41344 (C|_= 50 pF, Tp =25°C)

Guaranteed Limit

Figure
Symbol Characteristic No. VpD Min Max Unit
tTLH. tTHL | Output Transition Time 4,8 28 — 320 ns
50 — 200
10 — 100
tr Din Rise Time 5 28 — 15 us
5.0 — 15
10 — 15
ti Djn Fall Time 5 28 — 15 us
5.0 —— 15
10 -— 5.0
f Decoder Frequency — Referenced to Encoder Clock 12 2.8 1.0 100 kHz
50 1.8 "240°
10 1.0 410
MC145026sMC145027MC1450280SC413430SC41344 MOTOROLA
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ANY QUTPUT
— VoD

TLH THIEEE vss
Figure 4. Figure 5.
| Hfosc |
Vob
R1c 50% e
Figure 6. Figure 7.
TEST POINT
OUTPUT
DEVICE
UNDER
JESI ICL'
* Includes all probe and fixture capacitance
Figure 8. Test Circuit
MOTOROLA MC145026eMC145027sMC145028SC413430SC41344
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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/D9 input pins. These
pins may be in either of three states (low, high. oropen) allow-
ing 19.683 possible codes. The transmit sequence is initiated
by a low level on the TE input pin. Upon power-up. the
MC 145026 can continuously transmit as long as TE remains
low (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 im-
mediately after power—up because this word may be invahd
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
shortpulses. alogic 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
ahigh state results from the two tests. the inputis assumed to
be hardwired to Vpp. If only a low state is obtained. the input
is assumed to be hardwired to Vgg. If both a high and a low
can be forced at aninput. 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 Characteristics
table. The weak “output” device sinks/sources up to 110 uA at
a5 V supply level, 500 uAat 10 V, and 1 mA at 15 V.

The TE input has an internal pull-up device so that a simple
switch may be used to force the input low. While TE is high
and the second—word transmission has timed out. the encod-
er is completely disabled, the oscillator is inhibited. and the
current drain is reduced to quiescent current. When TE is
brought low. the osciilator is started and the transmit se-
quence begins. The inputs are then sequentially selected.
and determinations are made as to the input logic states. This
information is serially transmitted via the Doyt pin.

MC145027

This decoder receives the serial data from the encoder and
outputs the data, if it is valid. The transmitted data. consisting
of two identical words. is examined bit by bit 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 internally stored. but are not transferred to the
output data latch. As the second encoded word is received.
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 un-
til 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 outputis used to indicate that
a valid address has been received. For transmission security.
two identical transmitted words must be consecutively re-
ceived before a VT output signal Is issued.

The MC 145028 allows 19.683 addresses when trinary lev-
els are used. 512 addresses are possible when binary levels
are used.

PIN DESCRIPTIONS
MC145026 ENCODEF.

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 Doyt pin.

Rs. C1c, 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 C7c pins should be left open.
iiE
Transmit Enable (Pin 14)

This active-low transmit enable input initiates transmission
when forced low. An internal pull-up device keeps this input
normally high. The pull-up current is specified in the Electri-
cal 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 forthe VT pin

to go high. The local address may be encoded with trinary 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/DS. Only binary data is

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 driv-
ing this pin must be dc coupled

MC145026eMC145027¢MC1450280SC41343.SC41344
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R1.C1q
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:

Rq1C1=395R1c CTC

R2/Cp
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 R x
C2 should be 33.5 encoder clock periods (four data periods
per Figure 11): Rp Cp = 77 Rtc 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—equivalent two data periods
(0.4 R2 C2) to detect the dead time between 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 conditicns
are satisfied:

1.thereceived 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.

VbD
Positive Power Supply (Pin 16)

The most-positive power supply pin.

MOTOROLA
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INTERNAL
ENABLE

This oscillator operates at a frequency determined by the
external RC network: 1.e..

1
(Hz) The value for Rg shouldbe chosento be > 2 times R . Thisrange ensures

23R1cCrc’ that current through Rg isinsignificant compared to current through RTc. The
upper limitfor Rg must ensure thatRg x 5 pF (input capacitance) is small com-

for 1 kHz < f <400 kHz
pared to Rfc x C1C.

where: C1c’ = C1C *+ Clayout * 12 pF For frequencies outside the indicated range, the formula is less accurate.
Rs =2 R1C The minimum recommended oscillation frequency of this circuitis 1 kHz. Sus-
Rg>20k ceptibility to externally induced noise signals may occur forfrequencies below
Rrc>10k 1 kHz and/or when resistors utilized are greater than 1 M.

400 pF <C1c < 15uF

Figure 9. Encoder Oscillator Information

ENCODER
fe—= "Wnin
e 2 WORD TRANSMISSION
= L—] —————————————————————————————— CONTINUOUS TRANSMISSION
ENCODER N R F o = AWNIGSWIE Soeng 93 2 F2ge8 8 288 3
e 11 O AP sy
PIN 12)
18T 9TH 18T 9TH
= plGiT —=i Fepplilciigm Iy Thiel 7=t le Dight 7
DOLII
(N e e e g S_H_,ﬂ___g l“__”__l
l=— HIGH —==— OPEN —=— LOW — l |
Je—————— 1STWORD —] f= 2ND WORD
|
| Teh i
— ENCODING SEQUENCE l |
|
|55
DECODER 1.1(RaC2)

(PIN :/1]; J S—_—\_

DATA OUTPUTS f

Figure 10. Timing Diagram
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Dout
(PIN 15)

fmax (kHz)
(REF. TO ENCODER CLOCK)

ENCODER

OSCILLATOR

.

(PIN 12

ENCODED
‘ONE’

ENCODED
"ZERO”

ENCODED
‘OPEN’

500 +

400

300 1+

200

100 1+

%

[ E] I
L

e

e

DATA PERIOD

Figure 11. Encoder Data Waveforms

Vpp=5V

" ] ) 1 3 il
T T

30 40 50

Clayout (PF) 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
DATA?

YES

ISTHIS
AT LEAST THE
2ND CONSECUTIVE
MATCH SINCE VT
DISABLE?

YES

LATCH DATA
ONTO OUTPUT
PINS AND
ACTIVATE VT

DISABLE VT
ONTHE 1ST
ADDRESS MISMATCH

DISABLE VT
ON THE 1ST
DATA MISMATCH

HAVE
4-BIT TIMES
PASSED?

HAS
ANEW
TRANSMISSION
BEGUN?

DISABLE

VT

_

Figure 13. MC145027 Flowchart
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HAS
THE TRANSMISSION
BEGUN?

DOES
THE ADDRESS
MATCH THE
ADDRESS
PINS?

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

YES

ACTIVATE VT

NO

DISABLE VT ON THE 1ST
ADDRESS MISMATCH

AND IGNORE THE REST
OF THIS WORD

HAVE
4-BIT TIMES
PASSED?

HAS A
NEW TRANSMISSION
BEGUN?

NO

YES

DISABLE VT

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 Djp (Pin 9).

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

The other timing to be checked on the MC145027 and
MC 145028 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 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 internal
EOT timing edge occurs when R2/C2 decays to 1/3 Vpp.
When the waveform is being observed. the R-C decay
should go down between the 2/3 and 1/3 Vpp levels. but not
too close to either level befcre 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 MC 145028 receivers.

T e
DH\ I (
| I
oV
VDD
c1 213 =
13 - g
oV — * :
DOS DOS
Figure 15. R—C Decay on Pin 7 (C1)
EOW
|
Vpp - | )
A= = |
R2CZ . —
ov |

Figure 16. R-C Decay on Pin 10 (R2/C2)
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Voo

/AN
b L—-4> VDD
@ A _E L 0.1 uF 3.1 uf 4
Al ZE i Al _".‘.
=14 16 = =
5 p AL i 1 - 15 - Buti s = = A?'f_‘
Sy &0 i !
Puliiak p 2% l__2. 3 o ; 2 I A3®
ESSES - !
L _—L___"‘_ R1 MC145027 4 ]
p AS 5 i OR 5 A5® t
MC14502
= 5 L e & sc41343  [1s
2 e mEs a0
c = — D7
4-BIT b 07 9 12| -Tc i 5o
BINARY m 1 10 500
DATA p O3 — D9
s ,l— VT
\ p v _I-E R2 Cz
== ! 3
= =
C7¢’ = C1C * Clayout + 12 pF
B 1 100 pF <CTC <15 1F REPEAT OF ABOVE
08C ™ 2 3 R7cCTC RTc 210k Rg =2 RTC
R1 210 kQ
R1C1 = 3.95 RTcCTC C4 2400 pF REPEAT OF ABOVE
R > 100 k2
R2C2 =77 R1cCTC Cp =700 pF
Example R/C Values (All Resistors and Capacitors are & 5%)
(C1c’=CrC + 20 PF)
fosc (kHz) | RTC Crc Rs R4 Cq Ra C2
362 10k 120 pF 20 k 10 k 470 pF 100 k 910 pF
181 10k 240 pF 20 k 10 k 910 pF 100k | 1800 pF
88.7 10 k 490 pF 20 k 10k | 2000pF | 100k | 3900 pF
426 10 k 1020 pF 20 k 10k | 3900pF | 100k | 7500 pF
1.5 10k 2020 pF 20 k 10k | 8200pF | 100k | 0.015uF
8.53 10k 5100 pF 20 k 10k | 002yF | 200k | 0.02uF
1.71 50 k 5100 pF 100 k 50k | 0.02uF | 200k 0.1uF

Figure 17. Typical Application

TRINARY
ADDRESSES
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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 oscilla-
tor running at 50 kHz: the oscillator shown starts rapidly
enough to be used in this application. When the “send” button
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.
sivown 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 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 filtered by a diode/RC network to extract the
data envelope from the burst. Comparator A5 boosts the sig-
nal to logic levels compatible with the MC145027/28 data
input. The Djy pin of these decoders is a standard CMOS
high—impedance input which must not be allowed to float
Therefore. direct coupling from A5 to the decoder input is
utilized.

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

For operation with supplies hicYer than + 5 V. limiter Ad4’'s
positive output swing needs to be limitedto 3to 5 V. Thisis
accomplished via adding a zener diode in the negative feed-
back path. thus avoiding excessive system noise. The bias-
ing resistor stack should be adjusted such that V3 is 1.25 to
Tronve

This system works up to a range of about 10 meters. The
gains of the system may be adjusted to suit the individual
design needs. The 100 €2 resistor in the emitter of the first
2N5088 and the 1 k&2 resistor feeding A2 may be altered if
different gainis required. In general, more gain does not nec-
essarily result in increased range. This is due to 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/Alcoswitch

Aries Electronics

The above companies may not have the switches in a DIP.
For more information. call them or consult eem Electronic En-
gineers 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 one supplier over another
and in no way suggests that this is a complete listing of trinary
switch manufacturers.

MC145026eMC1450270MC145028SC41343.SC41344
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MC14011UB

SELECT FOR
200 mA TO 300 mA

220 k82

TE Dout
MC145026
Rs Crc R1C
of 1000 pF
SWITCHES 220 k02 100 k2 FOR

APPROX. 4 kHz

47 kQ FOR APPROX. 9 kHz

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

MC14011UB

B S

ANt
f " Sy~

400 kHz CERAMIC RESONATOR
PANASONIC EFD-A400K048
OR EQUIVALENT

‘ USE OF 2 MLED81s
MLED81 \is OPTIONAL
MPSA13
OR
MPSW13
MC14011UB
3
0.01uF
ADJUST/SELECT FOR
f= 50 kHz (APPROX. 100 k¢2)
MC14024 50 kHZ TO
Q3—> DRIVER
RESET TRANSISTOR
v+ MC14011UB
Dout
FROM MC145026

Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency
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10 ke A 1 mH — TOKO TYPE 7PA OR 10PA
L ¢ —VWN—@ OR EQUIVALENT
i i ot
4 10uF N
GuF 2320 I
I T 0.01 uF
2N5086 5
I e —i—1
0.01uF 1kQ
S ] | AN -
B 4 I z A2
4 i
M 88K 2250
OPTICAL 114 MC34074
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= I 1uF
ING 14 X = i
——— 47 KQ Oj)1| uF
INg14 —W_y {
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100 k82 g
) 4 ! - A 1 MO
—AA-
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b— AN\~ + ING14 1k 22 k2
Vi A4 —p—VW—9 — VWN—0—
v2— - A
1/4MC34074 9 J_ V3 ——/
1/4 MC34074 1000 pF 47 k2
]: 1/4 MC34074
P 390 k(2 FOR APPROX. 4 kHz +5V
4 180 k(2 FOR APPROX. 8 kHz e 750 k(2 FOR APPROX. 4 kHz
_L—'H_—ﬁ’— I k< > 360 k() FOR APPROX. 3 kHz
— 1k 1 4.7k
V2=27V
C R1 R2/C2
_J—SS—-I_ 390 Q2
Din MC145027/28 e e V1=25V
|~ DATAOUT
v v MC145027 ONLY
ol o 4 : V3=13V
i __l__ L' 9 FOR MC145027
N - = 5 FOR MC145028
ADDRESS
SWITCHES
Figure 20. Infrared Receiver
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PACKAGE DIMENSIONS

- SEATING

PLANE

P SUFFIX
PLASTIC DIP (DUAL IN-LINE PACKAGE)
CASE 648-08
’T‘ NOTES
=] 1 DIMENSION'NG AND TOLERANCING PLR ANS
Y14 5M 1982
.f'? Y U B s W B 2 CONTROLLNG DIMENSION INCH
€ 9 f 3 DIMENSIONL 0 CENTER OF LEADS WHEN
FORMED PARALLEL
B
¢ DIMENSION B DOES NOT INCLUDE MOLD FLASH
¥ 5 ROUNDED CORNERS OPTIONAL
INCHES MILLIMETERS
DM| MIN | MAX | MIN | MAX
Eres j=— L—| A | 0740 [ 0770 | 1880 | 1955
i B 535 | 085
i c 369 | 444
| D 03 | 053
SEATING \\ F 102 177
PLANE G 232 BSC
e il b G 3\ H 127 B5C
al -’ M J o021 ] 238
JL J 39 K 280 | 330
i 750 | 774
D 16 PL m m
(@] 025 0010@] T[A @] 5 TS ] o

D SUFFIX
SOG (SMALL OUTLINE GULL-WING) PACKAGE
CASE 751B-05

{=A-}

H—H— H_H— H" H_ H“‘H Elg]njsr:isgrzzme AND TOLERANCING PER ANS
16 9 _f CONTROLLING DIMENSION MILLIMETER

DIMENSIONS A AND B DO NOT INCLUDE

w

P spL MOLD PROTRUSION
4 MAXIMUMMOLD PROTRUSION 0 15 (0 008)
[@]0250010@]8 O] PER SDE
5 DIMENSION D DOES NOT INCLUGE CAMBAR

D 8
H H H H H_H PROTRUSION ALLOWABLE DAMBAR
—b-yg-u_u_u_ PROTRUS ON SHALL BE € 127 (4 005) 0" AL
NEXCESS OF "HE D DIMLNSION A”
G MAX MUM MA'LR AL COND * ON

MILLIMETERS INCHES

DIM| MIN MAX MIN | MAX

A 980 ] 1000 | 9388 | 0393
B 380 200 f 0150 | 0157
c 135 175 | 0054 | 0088
D 335 043 | 0014 | 0019
F

G

J

K

M

P

R

0016 | 0043
0050 BSC
0008 | 6009
0004 | €009 |
(il e
0229 | 02ee

2010 | 0013

D 16pPL

[@]025000@]T[8 OJAQ)
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DW SUFFIX
SOG (SMALL OUTLINE GULL-WING) PACKAGE
CASE 751G-02

JARARARARA:

NOTES
+ 1 DIMENSIONING AND 'OLERANCING PER ANS
i 14 5M. 1982
k [=B-] | sxP 2 CONTROLLING DIMENSION MILLIMETER
3 DIMENSIONS A AND B DO NOT INCLUDE MOI
> [$[0'010(0'25)®l 8 ®] PROTRUSION . 2
4 H H H H H H H H,s____}_ 4 MAXIMUM MOLD PROTRUSION 0 15 (0 008) PER
SIDE
5 DIMENSION D DOES NOT INCLUDE DAMBAR
J PROTRUSION ALLOWABLE DAMBAR
16x D [ PROTRUSION SHALL BE C 13 (0 005) TOTAL IN
EXCESS OF D DIMENSION AT MAXIMUM
[@I 0.010 «o.zsy@] Tl A @I B @l ' MATERIAL CONDITION
F MILLIMETERS | INCHES
oM[ MIN | MAX | MIN | MAX
A | 1015 [ 1045 | 0400 | 04
r_—qu- B | 740 | 7580|0292 | 0299
1 c | 235 [ 265 ] 0093 | 0108
‘ i é , D | 035 | 043 0014 | 0018
i c / F | 05 [ 030 ] 002 | 0035
oy G 1278SC 4050 BSC
SEATING M J | 025 [ 0320010 J o012
K PLANE K-]-010 | 025 [goos | 0009
M 0 73 0 7%
P | 1005 [ 1055 [ 0395 | 0415
R | 025 [ o75] 9010 ] 0029
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