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ABSTRACT

THE HIGH GROWTH RATE OF ECONOMIC IN THAI LAND
GROWS CONSECUTIVELY. IT EFFRCTED TO THE NATIONAL INCOME
IS INCREASE TOO AND THE POPULATION NEED A BETTER LIVING.
NOT ONLY THE GENERAL PRODUCTS ARE NEEDED BUT ALSO THEY
bo NEED THE FACILITY PRODUCTS FOR THEIR LIVING.
ESPECIALLY THE HIGH TECHNOLOGY PRODUCTS ARE CONSUMED
MUCH MORE THAN BEFORE, SUCH AS THE AUTOMATION EQUIPMENT
OF THE OFFICE, HOUSE AND THE SECURITY SYSTEM. THE PRICE
OF THESE PRODUCTS ARE QUITE HIGH BECAUSE ALLS ARF
IMPORTED FROM ABROAD.
SO THIS PROJECT WAS CREATED FOR 2 PURPOSES
1. TO SUPFLY THE REQUIREMENT OF THE CONSUMMER.
2. TO BE. THE MASTER PRODUCTS.
THIS PROJECT HAS BEEN DIVIDED INTO .2
PART, THE FIRST PART IS THE CAR AUTOMATION AND THE
SECOND PART IS THE 'HOME AUTOMATION.
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37 SGS-THOMSON
MY/, iicrosLEcTROMGS

"¢ M145026 ENCODER ,
‘o M145027/M145028 DECODERS

o MAY BE ADDRESSED N EITHER BINARY
OR TRINARY

¢ TRINARY ADDRESSING MAXIMIZES
NUMBER OF CODES

o INTERFACES WITH RF, ULTRASONIC, OR
! INFRARED TRANSMISSION MEDIAS

' o DOUBLE TRANSMISSIONS FOR ERROR
i CHECKING

.# 4.5V TO 18V OPERATION

 # ON-CHIP R/C OSCILLATOR, NO CRYSTAL
! * REQUIRED

® HIGH EXTERNAL COMPONENT TOLER-
ANCE, CAN USE 5% COMPONENTS

¥ STANDARD CMOS B-SERIES INPUT AND

i OUTPUT CHARACTERISTICS

¢ APPLICATIONS INCLUDE GARAGE DOOR
i OPENERS, REMOTE CONTROLLED TOYS,
I> SECURITY MONITORING, ANTITHEFT
‘¥ SYSTEMS, LOW END DATA TRANSMIS-

REMOTE CONTROL ENCODER/DECODER CIRCUITS

data (0, 1, open) to aliow 3° (19,683} different
codes,

Two decoders are presently available. Both use
the same transmitter - the M145026. The de-
coders will receive the 9-bit word and will in-
terpret some of the bits as address codes and
some as data. The M145028 treats al! nine bits
as address. If np errors are received, the M145027
outputs the four data bits when the transmitter

can be produced with different address/data
ratios.

All the devices are available in 16 lead plastic
package.

L ]

DIP-16 Plastic

(0.25)
1% SIONS, WIRE LESS TELEPHONES N
The M145026 encodes nine bits of information ORDER CODE: M145026 81
®nd serially Aransmits this information upon M145027 B1
{®ceipt of a transmit enable, TE, (active low) M145028 B1
i 59nal. Nine inputs may be encoded with trinary
EONNECTION DIAGRAMS
: Encoder Decoder Decoder
% ——_—
- Yoo s [ ub oo
;"3 ¥$[j Data out a fa ull as
," n A3 [J u] a7
: "“ fre M1£5027 sofle musom w) .
oy cre as is 2 a
”S & e u]' %
avrpy o [ ol rares
N vse fle # [oaram




M145026 -M145027 -M145028 !

ABSOLUTE MAXIMUM RATINGS

Voo DC Supply Voltage _-05tw0+18 v
Vi Input Voltage, All Inputs -0.5 to Vpp +0.5 v
I DC Current Drain Per Pin . 10 ma
Texg Storage Temperature Range -65 to +150 °¢C
Top Operating Temperature Range -40 to 485 °c

Stresses above those listed under “Absolute Maximum Ratings” may causes permanent damage to the device. This isa
stress rating only and functional operation of the device at these or any other conditions above those indicated in the
Operational sections of this specification is not implied, Exposure to absolute maximum rating conditions for extended
periods may affect device reliability. '

SWITCHING CHARACTERISTICS {CL =50 pF, Tymp = 25°C)

Parameter VpD Min Typ Max Unit
TTLH Outwput Rise and Fall Time 5 - 100 200
TTHL 10 - 50 100 ns
15 - 40 80
TTLH Data in Rise and Fall Time (M145027, M145028) 5 - = 15
TTHL 4] 10 - - 15 #s
15 - - 15
£ Encoder Clock Frequency - 5 o] - 2\
c 10 (0] - 5 MHz
15 o} - 5
foL Maximum Decoder Fraquency 5 - - 240
(Referenced to Encoder Clock) (See Figure 9) 10 - - 410 kHz
15 - ~ | as0
twi TE Pulse Width 5 65 - -
10 30 - - ns
1 | 20 | - -
System Propagation Delay - - 182 - Clock
{TE 1o Valid Transmission} Cycles
Tolerance on Timing Componenys
{ARTC + ACTC + AR1 +4C1) - - - 225 o
(aR2 + AC2) - - - +25

2710 Ly, SCS-THOMSON
~ BICROELECTRORCS
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r . M145026 -M145027- M145028

—

eLECTRICAL CHARACTERISTICS

. -40°C 25°C +85°C
Parameter VoD Unit
v Min Max Min Typ Max Min Max
Output Voltage 5o - ggg - 0 ().055J - 0.05
! V= Vppor0 0" Level 1 - X - [+ 0.0 - 0.05 v
voL Vi= VoD 15 | - | oos| - 0 005 [ - | oos
V, Vi=0orV 5 495 - 495 5 - 495 -
OH i po “1"Levet | 10 | 995 | - | 995 | 10 - Jess| - | v
15 14,95 - 1495 15 - 1485 -
input Voltage
ViL (Vo = 4.5 or 0.5V) 5 - 15 - 225 15 - 15
(Vo =0.20r1V) 0" Level 0 - 3 = 4.50 3 - 3 \Y
(Vo = 135 or 1.5V) 15 - .1 4 - 6.25 4 - 4
ViH (Vo =0.50r45V) 5 35 - 35 2.75 - 35 -
(Vo= 1.00r 9V) 1" Level 10 7 - 7 5.50 - 7 - v
(Vo= 1.50r 13.5V) 15 11 - 11 8.25 - 11 -
. Output Drive Current
loH (VOH = 2.5V) 5 =25 - ~2.1 -4.2 - -1.7 -
{(VOH = 4.6V) Source s -0.52 - -0.44 -0.88 - -0.36 - A
Voy = 6.5V) 10 § -13 = -1 -2.25 - -09 - m
(Vo = 13.5V) 15 -36 - -3 8.8 - -2.4 -
oL (VoL = 0.4V} 5 [os2| - Joss| o088 | - o3| -
(VoL = 0.5V) Sink 10 1.3 - 1.1 225 - 0.9 - mA
VoL = 1.5V) 15 3.6 i 3 88 - 2.4 -
] {nput Current « 5 - - 3 4 7 - £
TE (M145026, Puliup Davice) 10 - - 16 20 26 - - BA
{ 18 - - 35 45 55 — .
[ Input Current
RS (M145026) 15 - 0.3 - *0.00001 | =0.3 - 21.0 ] A
Data In (M145027, M145028)
I input Current
A1/D1-A9/D9 (M145026) 5 - - - +55 280 - -
A1-A5 (M145027) 10 - N = 2300 2340 - - BA
A1-AS (M145028) 15 - - - 2850 =725 .- -
C) Input Capacitance (V} = 0) T = - > 5 75 - - pF
Ipp Quiescent Current - M145026 & - - - 0.0050 0.10 - -
10 - - - 0.0100 020 - - | rA
15 - - - 0.0150 { 0.30 - -
ipp Quiescent Current 5 - - - 30 50 - -
M145027, M145028 0 - - - 60 100 - - LA
15 = - - 90 150 - -
T Total Supply Current 5 il Lt - . 100 200 - -
M145026 {fo = 20 kHa2) 10 - | - - 200 400 - - | BA
15 - 7 - - 300 600 - -
I Total Supply Current 5 - - - 200 400 - -
M145027, M145028 tie L= 20 kMz) 10 - - - 400 800 - - A
15 - - - 600 1200 - -
3/10
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M145026 -M145027- M145028

OPERATING CHARACTERISTICS :

M145026

The encoder will serially transmit nine bits of trinary data as defined by the state of the A1/D1-A9/D9
input pins. These pins can be in either of three states (0, 1, open) allowing 3° = 19683 possible codes,
The transmit sequence will be initiated by a low level of the TE input pin. Each time the TE input is
forced low the encoder will output two identical data words. This redundant information is used by the
receiver to reduce errors. If ‘the TE input is kept low, the encoder will continuously transmit the data

low, then high. If only a high state results from the two tests, the input is assumed to be hard wired to
Vpp. Hf only a low state is obtained, the input is assumed to be hard wired to Vgs. {f both a high and a
low can be forced at an input, it is assumed to be open and is encoded as such.

The transmit sequence is enabled by a logic zero on, the TE input. This input has an internal pullup de-
vice so that a simple switch may be used to force the input fow. While TE is high the encoder is compie-
tely disabled, the oscillator is inhibited and the current drain is reduced to quiescent current, When TE
is brought low, the oscillator is started, and an internal reset is generated to initialize the transmit se-
quence. Each input is then sequentially selected and a determination is made as to input logic state. This
information is serially transmitted via the Data Out output pin. ’

M145027

The decoder will receive the serial data from the encoder, check it for errors and.output data if valid,
The transmitted data consisting of two identical data words is examined bit by bit as it is received. The
first five bits are assumed to be address bits and must be encoded to match the address inputs at the
receiver, If the address bits match, the next four (data) bits are stored and compared to the last valid
data stored. If this data matches, the VT pin will go high on the 2nd rising edge of the 9th bit of the
first word. Between the two data words no signal is sent for three data bit times. As the second encoded
word is received, the address must again match, and if it does, the data bits are checked against.the
previously stored data bits. 1f the two words of data {four bits each) match, the data is transferred to the
output data latches and will remain until new data replaces it. At the same time, the Valid Transmission
output pin is brought high and will remain high until an error, is received or until no input signal is
received for four data bit times.

Although the address information is encoded in trinary fashion, the data information must be either a
one or a zero, A trinary (open) will be decoded as a logic one,

M145028 R

This receiver operates in the same manner as the M145027 except that nine address bits are used and no
data output is available. The Valid Transmission output is used to indicate that a valid signal has been
received,

DOUBLE TRANSMISSION DECODING

Although the encoder sends two words for error checking, a decoder does not necessarily wait for two
transmitted words to be received before issuing a valid transmission output. Refer to the flowcharts in
Figure 7 and 8.

4/10 -
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M145026-M145027-M145028.

:}:;g, 1 - Encoder block diagram M145026 i
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Fig. 2 - Decoder block diagram M145027
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M145026 - M145027 - M145028

Fig. 3 - Decoder block diagram M145028
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PIN DESCRIPTION

M145026 ENCODER

A1/D1-A9/D9

These inputs will be encoded and the data serially output from the encoder.
Vss

The most negative supply {usually ground).

RS, CTC, RTC

These pins are part of the oscillator section of the encoder. If an external signal source is used instead

of the internal oscillator it should be connected to the RS input and the RTC and CTC pins shouid be
left open. -

TE :
This Transmit-Enable (active low) input will initiate transmission wh
keep this input high normally,

Data Out
This is the output of the encoder that will present the serially encoded signals,

Voo .
The most positive supply.

en forced low. A pullup device will

M145027/M 145028 DECODERS

A1-A5 (M145027) / A1-AQ {M145028)

These are the address inputs that must match the encoder inputs A1/D1-A5/DS in the case of M 145027
or A1/D1-A0/D@in the case of M 145028, in order for the decoder to output data.

6/10
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M145026 - M145027-M145028

—

(M145027)
ese outputs will give the information that is presented to the encoder inputs AB/D6-AS/DS.

:yote: Only binary data will be acknowledged, a trinary open will be decoded as logic one.
1,C1 . .
hese pins accept a resistor and capacitor that are used to determine whether a narrow pulse or a wide
e has been encoded. The time constant R1 x C1 should be set to 1.72 transmit clock periods.

Ric1 = 3.95 RTC x CTC.

c2
?:i/; pin accepts a resistor t0 Vss and a capacitor to Vgg that are used to detect both the end of an en-
coded word and the end of transmission. The time constant R2 x C2 should be 33.5 transmit clock
riods (four data bit periods). This time constant is used to determine that the Data In input has re-
mained low for four data bit times {end of transmission). A separate comparator looks at a voltage equi-
valent two data bit times (0.4 R2C2) to detect the dead time between transmitted words.

g2C2 =77 x RTC x CTC.
¢ Valid Transmission, VT p
! This output will go high when the following conditions are satisfied:
I 4, the transmitted address matches the receiver address, and
' 2. the transmitted data matches the last valid data received (M145028 only).

vT will remain high until either a mismatch is received, or no input signal is received for four data data
bit times.

i
. Voo
The most positive supply

»

Vss
The mast negative §upply {usually ground).

|

Figure 4 - Encoder Oscillator Information

; . This oscillator will operate st a frequency determined
l by the external RC network; i.e..

{Hz)

§= ___1___
23x RTCxCTC

for 1 kH2 < 1 € 400 kHz

where: CTC = CTC + Clayout + 12 pF

RS ~2 RTC
RS >20k
RTC =10k
.. 400 pF < CTC< uF

The value for RS should be chosen to be about 2 times RTC. This range will ensure that current through
RS is insignificant compared to current through RTC.The upper limit for RS must ensure that RS x 5 pF
{input capacitance) is small compared 1o RTC x CTC.

Ly7. $55:THOMSON 1ae
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—
.

For frequencies outside the indicated range, the formula will be less accurate. The actual oscillation
rarige of this circuit is from less than 1 Hz to over 1 MHz.

Figure 5 - Encoder/Decoder Timing Diagram
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Figure 6 - Encoder Data Waveforms (M145026)
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M145026 -M145027-M145028
Figure 9 - M145027/M145028 (f,nyy v5. Cypy00)
tmas
1L12Y)
WUI0MN
ot
s00
510 'S 20 13 ) W w g s >
Cayos (p21en pins 1n$ANLI0TIY Myng 15 pma 18 wsKSQT ~
. . e 7 Ve
Figure 10 - Typical Application
o T - o0
I v
| ea far/ ‘
i - ‘ |-5 :; ™
5 - il* = Iu 1 £y
N ol
% Ll 1 1L} $ * ~ - ) l
‘; g ?u 2 . 2 x': ¢ 0; !
D oeiare 2 ) A I
3&."‘::‘5:’!5 . } o !,sr--vunv
a3 .’. 3« "1 eoomenscs
Al . .[' ~»|. < 1
; 4 " LI !
L P o Mwsozy P, U
H AN [ A ~
. % s o _RTC s=c
i 4‘ :—L—:’g_jl 4 P e
sowr | i oy 7 -—{i—-. VS S3C T Ltaynastor
nomv{ ! . " oy T
:nn h " . — 3 ::’tv-)::ﬂ'
« o s
h
NI = . S
I i Ne: e 7 “Se
< T ' .
1 * LR AL Loga
. —_— 4 L2420 1 il ded
.
—em]

{CTC = CTC + 20 pF)

Exampie R/C Values
{All Resistors and Capacitors are + 5%)

toctkHz) | ATC cTe RS R1 c1 A2 c2
362 10k | 120pF 20 & 0k | 4700F | 100k | st0pF
18 10k | 240pF 20% 0k | 9106F | 100k | 1800pF
88.7 10k | 490pF | 20« 10k | 2000pF | 100k | 3900 pF
426 M0k 1020 pF 20k ‘!0 k 3800 pF 100 k 7500 pF.
215 10k | 2020pF [ 20k 0k | 8200pF | 100k | 0.0154F
853 0k | 5100pF | 20k 10k | 0.024F [ 200k | 0.02uF
17 50k | 5100pF | 100k S0k | 0.02sF | 200k | 0.1uF

10/10
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SCL401SB : &

CMOS QUAD:
AND-OR SELECT GATE

FEATURES .

¢ Replaces Thres Simple Gate Padugn

4 Meodium Speed Operation

¢ All'inputs Diode-Protactsd

¢ All Outputs Buffered - .

¢ Balanced Output Drivé Current Speclﬁatlom

.DESCRIPTION

The SCL40198B is eompnsed of four "AND-
OR Select” gate configurations, each consisting of
two 2-input AND gates driving a single 2-input
OR gate. Selection is accomplished by control
bits K5 and Ky, In addition to selection of either
channel A or channel B information, the contro!

-

y

(4
=
i |

* CONNECTION DIAGRAM

b

{all packages) 5
Vpp Ag Kp Dg D3 Dy Dy K, &
1 | 1 | { | I I o
16 15 14 13 12 11 10 9 o=
SCL4019A

- Bg Az B3 Ay By Ay By Vgg y

1 2 3 4 5 6 7 8
T 1T T 1 1T 11

Add sutfix for psckage:

bits can be applied simuitaneously ‘to accomphsh C 16-pin Cerdip ~
the logmal A + B function: D  16-pin Ceramic
~* E 16-pin Epoxy-
.- T e F  16-pin Flat
TRUTH TABLE . b b H Chip
. {one of four gates) A VR 3
J{ Ka | Kp D "} ¥ 7o RECOMMENDED OPERATING conomons
0 o 0 For maximum reliability:
1 0 A OC Supply Voltage  Vpp - VSS
0 1 B Operating Temperature Ta
1 1 A+B C. D, F, H Device : -55 1o +125
] E Device ’ 40 to +85 . %
SCHEMATIC DIAGRAM ~ ™ -
{one of four gates) .- s LOGIC DIAGRAM
Voo . -
A l‘l'
o Ae
S F »
h i I!..__ s 1
' b F— .
il .
— . F — Sa
e - - W
., '— L — 0 N
] 1..
) — — f— ;o L
' — -!L"—" g o $— .
- — i [ ——ee e
—— e Vyy
— — ' .
Y l"‘— l—v— ©
L e T
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ELECTRICAL CHARAQTERIéTICS .-

STATIC CHARACTERISTICS®

FITIEENN TR ey, 3o

t

ey

N

. 3 - .
PARAMETER Voo | conpitions T 45 C Tuhn” | ynpy
. {vdel | = Min. | Max. | Min. [ Typ. [ Max_ | Min. | Max.
QUIESCENT DEVICE CURRENTlps| 6 [Vyn=Vgs 0f Vpo | — B - Joos| 5| — | 150 Juade
) 10 Al valid input - 10 - -1 0.1 10 - 300
E A 15 {combinations - 15 - | 0.2 20 | = 600 ]
OUTPUT HIGH {SOURCE) o : |
CURRENT . . - .
C. D,-F, H device . 5 [Vou =4.6V 0151 - |-0.12 {-085 - {008 - imAdc
10 {Vou =05V 0371 — |03 |-115) - (021 -
15 Vow =135V 11287 £ 110 {45 | - |loss{ —
VineVss or Vo | ned i o ] ] -
£ device 4 5 [Vow =48V 0341 — }-012°|-05 - 1010 - |mAde
10 WVop =95v - 1035 = {03 l-195| — j025! -
15 Vou =135V |12 | — |10 |45 - {-085| -
Vin=Vss 0f Voo i -
OUTPUT LOW (SINK) loe
CURRENT - -
C. D, F, H device 5 {Vo_ = 0.4V — jmAdc
. . 10 VoL =0.5V".." -
_ 15 VOL =315V - T
: o Vin=Ves of Voo " >
| Edevice - 5 Vo =04V~ 1DMJs— 1012105 { = [010] = nAc
. 10 Vo =05V = 0 | — [025] -
15 Vo, = 1.5V 3 {68 ~ {oss| —
1 Vin=Vss or Voo Jq°
NOTES: ! Remaining Sun: Electrica! Characteristics are hs;n; under— ‘SCI;EOOB Senn F.rmlv Speaf cations”.
? Tiow =-55° CforC D, F, H device.
= -40° C for € devlce =
Tricn = +125°C for C, D, F, H device. o g SN A
-+85€forEdevnce V.. i .
DYNAMIC CHARACTERISTICS (C, = 50pF, Ta= el
=4 Vpp - B l i
PARAMETER ‘! v ‘ Min, I “Typ. [ Max; Units
CLOCKED OPERATION “ L ;
PROPAGATION DELAY TIME . 7
Clock 10 Q1 oK. TP 5 - 200 400 ns
10 . = 100 200
- 15 = 80 160
Q10 Q; +1 teLn. trug 5 . - 150 300 ns
. -10 -—_ 75 150
- 15. - 60 120
OUTPUT TRANSITION TIME trom. trae 5 - 180 360 ns
o 10 £ 80 180
5 15 - 65 130
MINIMUM CLOCK PULSE WIDTH JPwe, 5 ~ 5 100 200 ns
10 - 50 100
15 - 40 80
MAXIMUM CLOCK FREQUENCY for 5 2.0 4.0 - MHz
10 40 8 -
15 5 10 -
MAXIMUM CLOCK RISE AND FALL TIME treLs bl 5 15 - - us
10 15 - - -
15 5 - -
RESET OPERATION
PROPAGATION DELAY TIME tonL 5 - 300 600 s
10 - 150 300
15 - 120 240
MINIMUM RESET PULSE WIDTH PWgn 5 - 150 300 ns
10 - 75 150
15 - 60 120
RESET REMOVAL TIME Lram 5 - 250 500 ns
: - 10. - 125 250
15 - 100 200




SCL4019B

, ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS 13 " -

PARAMETER " ™~

- 2 ° 2
CONDITIONS |__TLow 5 C Tuign” | ynis

Min. 1 Mex. | Min. { Typ. | Max. | Min. | Max.

QUIESCENT DEVICE

ST,
X gt

- Dol
AT e Iy Vin=Vgs or Voo —~ 1.0 - {0.005] 1.0 - 30 | :Adc
- All valid input - 20 - |o.01 2.0 - 60
combinations - 4.0 — 1002 | 40 — 120

Y NOTES: ! Remaining Static Electri
2 —55 Cfor C, D, F, H device.

= -40°C for E devcce
ThigH = +125° Cfor,c D,F, H dcvlce. .
=+ B5°Ctor E device. -

3 This device has been deslg'zed .for balanced output drive current specifications. Consult Family Specifications.

cal Charlctermu: are listed under “SCL4000B Series Family Specif’icaxions".

o DYNAMIC CHARACTERISTICS {C, = 50pF, Ta = 25°C)

PARAMETER i

.r-\..;’

..-.,v.,-\

b Sags
Vos. nmu WLTAES (w) .~<‘
©-20 18 -16 14 .12 10" 08.

<rv»

T

A, 5
— Voem=§ V=

&

ik S -/ T Y
B R BT
v5=-1nm~ 7- 3
1 L i
s
Tam 250 -
1 i

“ lamv) m:ui;_nj Mividg Sy

A

VDD "
. (Vde) .Min, Typ. Max. Units
TR T
o 5 - 150 300 ns
, 't 10 - 60 120
. 15 = 50 100
’ trim, trne g - 100 200 ns
’ E 10 - 50 100
B 15 - 40 80
é] 50 U7
- %‘ :: Ve = 15 Vic
e - 35 “
=] E 3 v
E 2
| . § bro 2217 Vos = 10 Vit
1 & sl A
1 (=1 10 7)
2 s | Tv=sva Tieas ¢
= '4 | I 4 1
0 € & 8 10-12 14 16 18 20
Vi DRAIN VOLTAGE (Vdzc)

Pt [Xa 0 XY ST
L -

-

L3

Typicel P-Channel -
Sourct: Current Characteristics

Typical N-Channe!
Sink Current Characteristics

ier e

Hy

|

-

-]
I
1
e
1

a
1
]
1

#*SCLADIIB

——===..J

—————

e
Coam tatw?
SELECY

“Shift left/shift right” register.

“True/complement”’ selector.
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< CMOS

BCD-TO-DECIMAL DECODER

,. BCD-to-Decimal or Binary-to-Octal Decoding CONNECTION DIAGRAM

. Buffered Outputs go High on Selection {all packages) .

" Low Outputs for all Hlegal Input Combinations

.‘Batanced Output Drive Current Specifications - .\ N

. . Vop 311 /8 ¢ D A 8 .
. ) | | 1 | i |

R DESCRIPTION * 16 15 14 13 12 11 10 9
e The SCL402BB types are BCD-to-Decimal or ' SCL4028R

”inarv-u?Octat Decoders-consisting of pulse shap- i 2 3 4 5 6 7 8

Y%y circuits on sl 4 inputs, decoding/iogic gates, 1 | TN T T

and 10 output buffers. A BCD code applied to the . &Ry e 79 s 6 Vss
E¥our.inputs, A to D, results in a high level at the — = -
E-selected one of 10 decima! decoded outputs. .
%Similarlv, & 3-bit binary code applied to inputs A Add suffix for package:
awthrough C is decoded in octal code at output Oto 7. s =
A high-level signal at the D input inhibits octal de. e~~1 gg:r': g::r'f"ic
E}’poding and causes outputs 0 through 7 t0 go low. . . E _16-pin Epoxy
F@_ﬁuhused, the D input must be connected 10 Veg. . F " 16-pin Flat
ef—é* Expanded decoding such as binary-to-hexadeci- N i
#-mal (1-0f-16), etc., can be achieved by using other
&:'SCL402BB devices. This part is useful for code -

;_‘f«conversion, address decoding, memory selection
é‘%pmrol, demultiplexing, and readout decoding.

RECOMMENDED OPERATING CONDITIONS

= TRUTH TABLE " For maximum reliability:
T Tinput Output ] DC Supply Voltage ~ Vpp-Vgs 31015 Vde
E1 DCB A9 B 7654 33 10 Operating Temperature  Tp
0000|000 OCOOGOOGO O 1 C. D, F, H Device -55t0+125 ©C
.0 00 110000000010 E Device 4010 +85 ©C
0 01 0/000o000O0O417 00 -
001 1/0o 000001000
01 0 0{0 DO 0 O 1 0 0 0O
0 101/0000 3100000
01 10/0001 000000
01 1 1|/0010000D0GO0TGO0O
1 00O0{0 1 00 O 0 0 0 0 O
100 1/1 000000000
101 0/0 000O0UO0GOG OGO GO
101 1]/]000000OGO0GO0CTOD
1 00{60000O0GO0CO00 0O
1101/000000UD0DGOGO0 0
11 1 0l0o 0000 0O 0 0 0 O ¢ BLOCK DIAGRAM
‘T 11 1]0 0 0 O 0 0 0 0 O O
W - ( Wo—da ~orl—03
_:’ 1t —0va
38n v—o2
. Brasry 30— ean— 018 gﬂ::.,”
. . ¥
A R "0 [ oboun r‘é::..’::;
T nputy "B I—06 Ovtpurs
o 12 0—c g f—01
5 e DS
£ g0
%‘: L 1M1o—-D g} — o5
B . .
. v = Pin 16
i‘f_; viz-p.na

)
én
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS -2

Predoadials Ml akva

- . p Fl .
PARAMETER Voo | conpitions | Tt . +5'C Twan” | i
. Vde) ) Min. | Max, | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE -~ oo 5§ |Vie"VesorVpo | — §| — [005] 51 = { 150 |pAde
CURRENT -, 10 [advatiginput | — | 18] — |o1 | 0] = | 30 w3
. 15 binati -1 2| —lo2 ]| 2| - | &0 ?
%
NOTES: | Remaining Sutic Elsctrical Characteristics are listed under “SCLA000B Series Family Specifications®. . #
3 Tiom =-85°C for C, D, F, H device. 3
.-+ =48°C for E device. 3
© Tuiaw *+125°C for C, D, F, H devics. 3
=+ BS°C for € device. b
O This device has been designed for balanced output drive current specifications. Consuit Family Specificatibns. 3
VN » 2
. it
DYNAMIC CHARACTERISTICS {C, = 50pF, T, = 25°C) . :
Voo . }‘
) . PARAMETER oL, Min, Typ. Max, Units 4..;
"PROPAGATION DELAY TIME T [emtea 5 - 225 450 ns 2
- - 10 - 100 200 i
.G . 15 - 70 140 -
OUTPUT TRANSITION TIME trens true s | - 100 200 s 1
- 10 - 50 100 .
- X 15 |- — 40 80 }
p— g '!
=~ Van DRAN VOLTAGE (Vi) .} A\ b
<20 -18 -6 -14 32 g7 2 0 i
20 -18 s.. 'z 1‘0 ;' —-g 4 2 - & Vo = 15 W
S e P i
- : et -10 . =
Y T S ) e E
Veu =m0 Vi /" 15 § g % :
: 20 £ Ve =10 Vie
P 5 Pai 25 e § 20
h L 20 g 15 ~Z
oy W
A w3 2 sl Voo =5 Ve T,m25C -
R T, =280 0] 45 i = - S % - 1 M ]
1T ' % oy 0 -2 4 6 8 10 1214 16 18 20
VYo DRAIN VOLTAQE (Vée)
. Typical P-Channel . Typical N-Channel 1
-’ ' Source Current Characteristics " _Sink Current Characteristics

LOGIC DIAGRAM
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APPLICATIONS INFORMATION

‘particular output. For example: in order 16 get 8 “high” on output No. 8 the input
must be either an 8 expressed in 4-Bit Binary code, 2 15 expressed in 4-Bit Gray code,
or a 5 expressed in Excess-3 code.

V T
64 DutPUTSiStLECTiD QUTPYUT 1§ i)

* 1/6 SCL40sSUB

- T CooTs
Ty - . meeuTs v ouTeuT
o s . 1/6 SCL40E9IUB .{;Q A
. Erdonyin
-5 KT ey
-l ofcTe]alwsled) | -&ov:a-;uﬂtlonv:uu;
clvi0i0] o] @ olelijelole e(oioiojolulel ol ol e ote
Gioiolt) +4 v i ojricleioiofelnolo] e oieinle
elejtlop 2l st si7i3felo]vieleleleletoTele ©loiels
elo "] 3] el sl 8jojofticiofoTolotol el ol ol olelo
] ! oTviole]l o] 717] «le oiofolelrfojololeTelol ol ol o ol
O [3 [ a L] < 2 Dirfeitl vi e]2 aoooonvo-oncooﬂno
. civ]vi0] o] ¢fa 4qejoiolotoioliislolel o] ol ololelo
05‘SCL40285 SC!.40288 ofjv[rit] 7/ s)a ojeloiei0loicliiole] el olotolo e
Plo 12343561800 “ Ot 23436138y viciolel sl s SlefololefololoT Jolol ol oTo e o
OB E T N !l][],]l 71676]1] slvele sloieleofeiefololololile| ol elc, 0l0
) SIVNIzZBMe T[oi fo{wia]rle sjolefoleloisioro[o el 1 o/l 0o]0
RDORIDT D@D ofejelolbiofoiolelelel 1lojoie]0
s oUTRUTS 111v010]13: 8l sle olelofoie ololcicielol ol 116la]s
i jeli{nal s s2b2ojotoloio]o o o]elo]l o] ol 6l Tel s
v lovain s{s/sjololololofciclelo ool olol ol 1o
rptjtishe 70:000|]oojooooon]o[oi 1
Code Conversion Chart
6-BIT BINARY TO 1-OF-54 ADDRESS DECODER
neyUTS .-
il 104
3 Tiwo szLecTion
adcC [
Tscuozsa
[LIY)
; .
?‘. i¢7 &/ *
T
i :
3 1
[asc o N el asc o) Mee R
SCL4028B SCL4028R SCL4p2g8s SCL&OZBB‘ SCL4028Q SCL40288 SCL40288 SCL40288
forzsessran] oocacocesf formnn ... ’L‘,’.'"ﬁ_'r;t"""""" """"
\O!23e387 L LI S B deeenny Weooyy WO oceo4l ey e N
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National

/! Sem:conductor

LM317L3TenmnalAdjustable Regulator S

SIE SmImmcammaa s s aoe

General Descnption

e T

regulator capable of f supplying 100 mA over a 1.2V to 37V .-
output range. !!!szxcemiomlly easy 16 use and requires-

only.two external resistors 1o set the output voltage. Fu-

tixed regulators. Also, the LM317L is packaged in a stan-
derd TO-92 transisior package which Is easy to use.

In addition to- higher performance than fixed regulators»
the LM317L offers full overioad protection. Included onthe
chip are current limit, thermal overload protection and
safe area protection. All overload protection clrcuitry
remains fully funcluonal evenif the ad)ustmem terminalis
disconnected. e

Features

B Adjustable output down 10 1.2V

B Guaranteed 100 mA output current

& Line regulation typically 0.01%/V

8 Load regulation typicalty 0.1%

® Current limit constant with temperature

B Eliminates the need to stock many voliages
B Standard 3-lead transistor package

B 80 dB ripple rejection

Normally, no capacitors are needed unless the device Is
situated far from the input filter capacitors in which case
an input bypass Is needed. An optional output capacitor

can be added to improve transient response. The adjust- .

ment terminal can be bypassed to achieve very high ripple
tejection ratios which are difficult to achieve with stand-
ard 3-terminal regulators.

" is not exceeded.

Also, it makes an especially simple adjustable switchlng
~Tegulator, 8 programmable output regulator, or by connect-
Ing a fixed resistor between the adjustment and output,
“the LM317L can be used as a precision current regulator.
" Supplies with electronic shutdown can be’acmeved by
clamping the adjustment terminal to ground which pro-
grams the output to 1.2V where mosl ioads draw little
current.
The LM317L is packaged in a standard TO-92 transistor
package. The LM317L is rated for operation over a — 25°C
to 125°C range’ =

3 3

Connection Diagram

BOTTOM VIEW

Order Number LM3170LZ
See NS Package Z03A

Typical Applications

Fully Protected (Bulletproof)

1.2V-25V Adjustable Regulator Lamp Driver

[T
Vi 2y
W<
v,
L] ‘m\'ow vour™
< B
>
S
+
o @ owag
G.3F \ uf
<
F<
< 6
1 {\V i i
tesponge

* Needed If device Is far trom
filter capacitors. .

1y, 125v (14 B2
our= *m

wnn

Lamp Flasher ~
L17L
nv
vin Any Vou‘r
20y 20 ma out
INCANDESCENT I MWV naoma
f
T il 1 INCANDESCENT

10 .F

1
2w
T +

<
S
. > l'

Output rate — 4 Hashes per gecond at 10% duty l:yqle

- Besides replacmg ﬂxed regulators the LM317L Is ussfulin J
-a wide yvariety of other applications. Since the regulator is !
= “floating™ and sees only the input- to—output ﬂlﬁergmral
’ voitage, 'supplies of several hundred volts can be regu-

ther, both line and ioad regulatlon arébetteithan standard—~-fated as long asthe maxlmum input- to-output dﬂferenhal 5

0



Absolute Maximum Ratings

Power Dnssipatlon
Input-Outpm Voltape Ditferential

Operating JunctionTemperature Rx'ngo

Storage Temperature

Lead Tempemure (Soldeﬂng,‘lo seconds)

Internally Limited  *-
40V
—40°Cto +125°C

3

. 300‘6

s C =85°C10 4150°C ~ “titi

Load Repulaﬁon :
Thermal Regulation
Adjustment Pin Current
Adjustment Pin Current Change

Reterence Voltage

Line Regulation

Load Regulation
Temperature Stability
Minimum Load Current

Current Limit

.Rms Output Noise, % of Vour
Ripple Rejection Ratio

Long-Term Stability

Ta=25°C, 3VS(Vm-Vom)S4QV.,,_
(Note2) .- -~ Fy-?

e

TA =25°C, 5mAsioyrs 'ka, (Nole 2)
Ta=25C, 10 ms Puise

S5mA=l <100 mA
3Vs(V,N-Vom)<tOV P<625 mW

3V=(Vin-Vour)= 20V, {Note3) -
5 mA < loyr< 100 mA, P=< 625 mi/

3V {Vn-Vour) <40V, (Note 2)
5 mA s lgyr= 100 mA, (Note 2)
TansTisTvax

(Vin-Vout)s 40V

3V (Vin-Vour)= 15V

3V (Vin-Vour)< 13V
(Vin-Vour) = 40V

Tp=25°C, 100 Hzs 1< 10 kHz

"Voyur =10V, {= 120HZ.CADJ—O o

Caps=10sF -
T;=125°C, 1000 Hours

120

1.25

0.02

0.3

-0.07

Fod
tn

g‘g[‘,’, o

Note 1: Unisss otherwise specified, these specifications apply —25°CsT)=125°C for the LM317L: Viy-VouT = 5V and IguT =40 mA Alhoug!
als-lpllion is Internally Hmited, these -pocmunons are applicable for power dissipations up to 625 mW. lyax is 100 mA.

Note 2: Reguiationis d at

Ul

are covered under the spectication for mermzl regulmon

Note 3: Thermatresistance of the TO-R2p
iead length to PC board.

i8180°Crw ionto

H

t using puise testing with ajow duty cycie Changes inpuiput voltage oue 1o num

bi ullrgo.4' leads from a PCboard ano 16C°CIW ;uncnontsrr.buentdk!

.
LT



Typical Performance Characteristics {Output capacitor = 0 xF unless otherwise noted.)

Load

)
5

Regulation =

txt
ol

| |

- R VN

Dropout Voltage P

_ T T 17
H LVpyye W0OmY
T s 1. 1.1
NEIEREN
S a8 = USR]
z s !
b 1 I~ =
H 1
A0
Y )
£
H J

Y

=75-50-28 € 25 50 75 100 125 154

TEMPERATURE (°C)

Ripple Rejection

-
2

LY
Leppy= 14f

h N

-]

I~

Capy* 0

e~

{1V

-
t-1

REPPLE NS RVIDN (an)

I

K3
fs 120 12
T 25°C

n-Voyt* 8V —
» 40 mA

Pt
L1

Line Transient Response

LI H
DUTPUT VDLTAGE (V)

20 25 30 3%

15 T
[ ]
_:AD!'. mCL=1uf

[

Capy= 10 uF_|
\

1ATIOR V)

DUIFRTI VO 1N

\l,.‘

o
b
-

L4
v,
| .Y

7,

fpodtma

N 15V
ouT * 10V,

-

8 2 & 6 3

TIE )

LLER AR THR T

!
e ,
- 1’ . : L .- B ’
i CurrentLimit o2 - -, - .~ Adjustment Current !
;:" . L o !
“, y ".. ;
r//( _ )
N / f) % R I It I
BB

AUTMIT VAL YARE

1naAn

=2l 75,8025 1025 54 F5 390108950

“TEMPERATURE D) T

e -Minimum Operating Current
¥ s - - - .
y as
= 4 z
Z20 . £ - = <
; # :.: 19 el o
= F 5,
R 1 - - 25T = 125°c—
Simo | =Y AT i
s ™~ 2 o —
= = =t
= P
= 8 s1y -25°C
<124 o 18 ] !
- e
10 b L
~75-50-25 0 25 B0 75 100 125 150 s " n »n a
.TEMPERATURE (°C) NPUT-OUTPUT DIFFERENTIAL (V)
Ripple Rejection Output impedance )
" ¥
1 1 g € -
Capy® 100F Capy® W uf
§ 1] I ~ g ]
= & (%3 }
£ ® T,;} N z Capy-8/—
£ TN\ \ S
s 1 i o 1w
= =
= ¢ z::.uv‘-‘;’w : 5 1 4py” oA
£ heddmA £y Vi s 15V
€ w Tense e Youy® V3
- - f°4ma 3
. 1 w2 —
LT I TS e S ] (LT T T T T S T+
FREQUENCY (N2) - FREQUENCY (82)
5
Load Transient Response Thermal Regulation
15 k-]
= 1B = Vo1 7
2 Iy | ¥ » voyr= v |
z “D-"'\IA s 0 LPOWER = IW
s u - $e -
R X TR .
= T N £Z -
-5 vigersv e 1t 2= -
. Capy® 104F - =
18 Vpyy* 10V,
— N e SmA E -3 -
z -15 T;= 15°C = 15 9
x 1 J .E. . L
- < b
E w [ A g u !
o 3 . - ¢
[ ] \1] » »n a2 ] W 28 N 40 .i
TIME () TIME bus}



Apphcatlon Hints -

In operation, the LM317L develops a nommal 125V > ¢ - ln general the bes! type of capacltors 16

reference voltage, Vger, between the output and adjust- 7~ .._tantalum. Solid tantalum capacitors have !ow i

-ment terminal, The reference voltage is impressed across - } -even at high frequencies. Depending upon caps

_ program resistor R1 and, since the voltage is constant, 8 - .-, struction, it takes about 25 yF in aluminum e

_constant current Iy then flows through the output set : .. . : BQUFﬂ 1 uF solid tantalum at high frequencie
glvirig an outpul voliage of oy

types have alarge decrgase in napacnancea G
* around 0.5 MHz. For this reason, 8 0.01 4F dis

o gjustment .
__Gﬂléﬂjjﬂﬁ mLfen'n xbeLM:uZLmasdesngnedxom———ﬂuke -;ny—ieedback circult;” cenaln‘vmues 0]
.. imize 1,p;8nd make it-very constant-with dineand load * capachance can cause excessive rlnglng “This
{—changes,: Tos!o:xhis,:aquuaescentsparating.curventis' with-vélues batween 500 pF.and 5000 pF-A_ o
~“returned 10°the output establishing a minimuniioad cur- 1anta|um {or 25 xF aluminum electrolytic) on"tho i
rent requirement. If there is insuflicient load on the output, : swamps this eﬂect and insures-stability.
the output will rise

B o :
s e otz f e e

. Load Regulation” ~ -

- B\ The LM317L is capable of provvdtng extreme
regulahon but a few precautions are needed!o‘ﬁ’
maximum performance. The current set resisl

f- " L *  -nected between the adjustment termlnal_and the &

terminal (usually 2400) should be tied dlrecllytotﬁe%

.of the regulator rather than near the load. This ]

line drops from appeating effectively in senes‘;nm}

reiere ce and degrading regulation. For examplg,__‘;
regula or with 0.050 resistance between the regulalor.
foad will have a ioad regulation due to line resnsh}ﬁ

0.050 x |,. If the set resistor Is connected near theload

_eHlective line resistance will be 0.050(1+ RZIR‘I)orJni

case, 11.5 times worse.

FIGURE 1 Figure 2 shows the effect of resistance betwesnt
regulator and 2400 set resistor. ,_

External Capacitors
With the TO-92 package, It Is e2sy to minimize then*

An input bypass capacitor is recommended in case the . ance from the case to the set resistor, by ps‘lna)l
reguiator is more than 6 inches away from the usual large . separate leads 1o the output pin. The ground of m‘z-
filter capacitor. A 0.1 xF disc or 1 uF solid tantalum on the - returned near the ground of the load to provndo raﬂa
input is suitable input bypassing for elmost alf applica- . -- ground sensing and improve load regutation. ™

tions. The device is more sensitive to the absence of input

bypassing when adjustment or output capacitors are L LMITTL

used, but the above values will eliminate the possibliityof . Rg

probiems. - Vin'—{ Vix AD}’UU"

The adjustment termina! can be t;ypassed to ground on A1

the LM317L to improve ripple rejection and noise. This 20

bypass capaclior prevents ripple and noise from being Lo p

amplified as the output voltage is increased. With a 10 »F

bypass capacitor 80 dB ripple rejection is obtainable at ‘/:2

any output ievel. increases over 10 uF do not appreciably
impr'ove the ripple rejection at frequencies above 120 Hz. if
the bypass capacitor is used, it is sometimes necessaryto
include protection diodes to prevent the capacitior from .

discharging through internal low current paths and dam- - FIGURE 2. Regutator with Line Resisnnu
aging the device. . . in Output Lead X
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mermal Rogulation : . ico o f

. A AR Lo .
fymen power is diéslpéted inan Ié, atemperature gradier;t - vent the capacitors from.disch.arglng through jow current
occurs 8Cross the IC chip affecting the individual ICcir- __ points into the regulator. Most 10 uF capscitors have low

cut components. With an IC regulator, this gradient can . . _ enough internal series resistance to Celiver-20A spikes

_se especially sevére since powef dissipatiofi is large. “7.". 7 “when shoried. Althoughthe surge Is shorl, there Is enough ™}
<nermal regulation Is the effect of these temperature gra- .- energy to damage paris of the IC, .. - s LT

c.ents on output voltage (in percentage output-change) ~- : .
oar watl of power ‘change ln'_a speciﬂed_ﬁme: J:heyma_l_
seguation error is independent of electrical regulation or
jemperature coefficient, and occurs within5 msto50ms
_suer 2 change in power dissipation. Thermal.regulation
aepends on IC layout as well as electrical design. The they
~a! regulation of a voltage regulator is defined as the
percentage change of Vour. per watt, withinthe first 10ms *
s4er a step of power is applied. The LM317L specification-
16 0.2%/W, maximum.” _ 7 - - Y.y

e L i T I B

=When an oulput capacitor is connected 10 a regulator and
#1he Input is shorted, the output capacitor wiligischarge in—]
“10 the output of the_ fegulator. The discharge current
—depends onthe value of the capacitor, the output voltage -
) of the regulator, and the rale of decrease of V. In the
T ..o -LM317L, this discharge path is through a large junction
--that is able to sustain a 2A surge with no problem. This is
'not true of other types of positive regulators. For output -
L A K __capacitors of 25 uF orless, the LM317L’s ballast resistors
- the Thermal Regulation curve at the bottomn of page 3, a - ~and 'ougpu‘g struéture limit the peak ﬂcu?rém 10 2 low
;zical LM317L's output changes only 7 mV {or 0.07% of . : . enough level 5o that there is no need to use a protection
v,,-= —10V)whena 1W pulse is applied for 10 ms. This - diode. = . - .
~crformance is thus well inside the specification limit of . eqsrs o
£ 25 IW x 1W = 0.2% maximum. When the 1W pulse is
¢aded. the thermal regulation again shows a 7 mV chenge
2« 1he pradients across the LM317L chip die out. Note that
-~ load regulation error of about 14 mV (0.14%}) is addi-
wonal to the thermal regutation error. /

. The bypass capacitor on the adjustment terminal can
dischatge through a low current junction. Discharge
occurs'when eitherthe lnpu} ot output is shorted. Internal
1o the LM317L is,9 500 rgsistor which limits the peak dis-
charge current. No protection is needed for output volt-
ages of 25V or less and 10 4F capacitance. Figure 3shows

Protection Diod
rotection es an LM317L with protection diodes included for use with

when external capacitors are used with any IC regulator it outputs greater than 25V and high values of. output
1 sometimes necessary to add protection diodes to pre- capacitance.
4
I
o1
18062
A EM317L 3
Vi — vis  Vour ——V
[ - = ~ I ouT
o < gy o
wen = I
p : -
> +

VouT = 128V (u _n_z) +R2JADY

™ €2
A2 F A
D1 protects against C1

D2 protects apainst C2

FIGURE 3. Regulstor with Protection Diodes /
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Schematic Diagram
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