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Special Project Title AC Line Control
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Somchai Songsangtum
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Abstract

AC line control system is an electrical device
controlliné electrical device appliances to be tend on
or off with controlling signal sent through the household
AC line, 220V 50Hz. The singnal frequencies used for this
perpose vrange from 30 KHz - 110 KHz. The transmitter
generated controlling signals from the input voltage
using the voltage control oscillator(vCo).Incase that a
computer is used to control the system, digital signal
needed to be fed into a DAC before going to VCO. The
reciever using the obtained signal for turning electrical
appliance on or off, uses the phase lock loop to detect
the controlling signal sended from the transmitter. Each
reciever has two phase lock loop circuits in order to
detect two frequencies, one for turning electrical appli-
ance on and off for the another. Reset-set flipflop will
latch the result of detection to control solid state
relay. There are in more application of this project,
such as on-off timer which needs for electrical appliance
software develop, or link to "Phone Link Controller" °
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3.1.3 TUTHNTURIMTUAITAIVANGIZAANNILADT

[y 4
3.1.3.1 uNuNﬁHﬁﬂQﬂﬂﬁﬂ?UﬂNﬁ?ﬂﬂﬂNﬁ?lﬂﬂ?

A@-him
{ fnput R i

yes

yes

l yes
out &3he,162

| :
’ out &H3BC,200 { T ’
yes
A =7

out &H3BC,180

out &H3BC,%6

out $H3BC,278

no

out &H3BC,228

0o




3.1.3.2 TuunsualuAy

10 CLS

20  PRINT "skeskskstokoskskskokokokskeok sk oo sk ok ok ok sl skeok sk skl sk ke ook ok

30 PRINT "% AC LINE REMOTE CONTROL *"
40 PRINT "% Special Project by: *"
50 PRINT "% Viboonrattana To-sanguan *"
60 PRINT "% Somchai Songsangtum *"
70 PRINT "% Applied Physic KMITL *"

80  PRINT "seskokesfok ook kst skok ok ok sheok ok o shesfe s sk e sk sk sk s sk o sk ok sk ko sk oeokeok

100 PRINT " "

120 PRINT "WHICH CHANNEL DO YOU WANT TO CONTROL? (1-8) "

140 INPUT A

160 REM A IS THE NUMBER OF THE CHANNEL THAT YOU WANT TO CONTROL
180 IF A <= 8 GOTO 220

200 GOTO 10

220 REM THIS ROUTINE FOR CHECK THE NUMBER OF THE CHANNEL

240 PRINT "DO YOU WANT TO TURN CHANNEL ON OR OFF? (ON/OFF) "
260 INPUT Bs$

280l REM B$ IS "ON" OR "OFF" CHANNEL THAT YOU WANT TO CONTROL

270 1IF Bs "ON" GOTO 320

300 IF B% "OFF" GOTO 480

310 GOTO 580

320 REM THIS ROUTINE TURN CHANNEL A ON

360 REM THIS CONTROLLER IS ATTACHED TO PRINTER PORT
380 REM 162 IS THE DECIMAL ON CODE FOR CHANNEL 1
390 REM 96 IS THE DECIMAL ON CODE FOR CHANNEL 2
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400
425
430
450
460
480
500
520

540

590
600
610
620
640
660
680
700
720
T40
760

770

790

800

IF A =1 THEN OUT &H3BC ,162
IF A=2 THEN OUT &H3BC , 96

IF A=3 THEN OUT &H3BC , 170
IF A=4 THEN OUT &H3BC , 180
IF A=5 THEN OUT &H3BC , 190
IF A=6 THEN OUT &H3BC , 200
IF A=7 THEN OUT &H3BC , 210
IF A=7 THEN OUT &H3BC , 220
OUT &H3BC , 230

GOTO 580

REM THIS ROUTINE TURN CHANNEL A OFF

IF A = 1 THEN OUT &H3BC ,180

REM THE CONTROLLER IS ATTACHED TO PRINTER PORT

REM 180 IS THE DECIMAL OFF CODE FOR CHANNEL 1
REM 118 IS THE DECIMAL OFF CODE FOR CHANNEL 2

IF A=2 THEN OUT &H3BC , 118

IF A=3 THEN OUT &H3BC , 230

IF A=4 THEN OUT &H3BC , 240

IF A=5 THEN OUT &H3BC , 250

IF A=6 THEN OUT &H3BC , 260

IF A=7 THEN OUT &H3BC , 270

OUT &H3BC , 280

PRINT "DO YOU WANT TO CONTROL ANOTHER CHANNEL? (Y/N)"
INPUT C$

REM C$ IS "YES" OR "NO" FOR CONTROL ANOTHER CHANNEL
IF C$ = "Y" GOTO 10

END
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MOTOROLA

= SEVIIC ONDUCTOR s

TECHNICAL DATA

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

designed for use where the output.current is.a linear product

of an e:ght-bit dig'tal word and an analog input voltage

® Eight Bit Accuracy Available in Both Temperature Ranges

Relative Accuracy: 20.19% Error maximum
(MC14DELE, MC1408P8, MC1508L8B)

Seven and Six-Bit Accuracy Available with MC1408 Designated

by 7 or € Suttix after Package Suffix
Fast Settling Time — 300 ns typical

Noninverting Digita! Inputs are MTTL and
CMOS Compatible a4
Output Voliage Swing - +D4 V1o -50V
High-Speed Multiplying Input
Slew Rate 4.0 mA/ps

Stancdard Supply Voltages: +5 0V and
-50Vtc-15V

MC1408
: MC1508

EIGHT-BIT MULTIPLYING
DIGITAL-TO-ANALOG
CONVERTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CEPAMIC PACKAGE
CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

10, OUTPUT CURRENT (mA)

FIGURE 1 — D-1o ATRANSFER CHARACTERISTICS

(00000000)

INPUT DIGITAL WORD

|

(ARRERRAR

FIGURE 2 - BLOCK DIAGRAM

wsE LSE

A10 220 A0 £4C ASQ AFD ATC AB
BANGE ]'. je 17 T! is ?vc }\\ ?u

CONTROL )
10 Courrent Sarchey O 4
T
F 2R Lanoe:
Vet ) T
20 8O0
Wo—qg—1
Vet )
0
COMPEN
Vee b3
N
NP Current
Source Fau

TYPICAL APPLICATIONS

Tracking A-10D Converters

2 1/2 Digit Pane’ Meters anc DVM's
Waveform S, nthesis

Sample and Hold

Peat Detector

Progremmable Gain anc Attenustion
CRT Cheracier Generarion

Successive Approximation A10-D Converters

Audic Digitizing and Decoding
Programmable Power Supplies
Analog Digital Muluiplication
Digita'-Digital Multiplication
Analog Digita' Division

Digiwa! Aodition and Subtraction
Speech Compression and Expension
Siepping Moror Drive




MC1408, MC1508

"MAXIMUM RATINGS (T, = +25°C unless otherwise note= !

Reting Symbo! Vatue Unit

Powe: Supply Voliage Vee +55 Voc
Vee -165

Dignat Input Vo'tage Vg thru Vyg Oto+65 Vdc
Apphied Output Volisge Vo +05,.-52 Vdc
Reterence Curremt 144 50 mA
Reterence Amplitier Inputs Via.Vig Vee Vee Vde
Opersung Temperatuse Range Ta oc

MC1508 . -85 104125

MC140B Series Ot +75
Siorege Temperature Range Tag 65 10 +150 °c

ELECTRICAL CHARACTERISTICS (Vec+ +5.0 Ve Vg = -15 Ve, o

re
—_—

R14

MCI140BL Seres T = 010 +75°C unless otherwise noted. & digitat inputs a1 high logic level.)

2.0 mA, MC1508LB. T = -55°C 10 +125°C,

Characteristic Figure Symbe! Min Typ Max Unnt
Relatve Acturacy {Error relative 1o full scale I} 4 E, i
MC1508LE, MC1408LB, MC1408PE . - - 1019
MC1408P7, MC1408L7, See Note 1 - - 10.39
MC140BPE, MC1408LE, See Note 1 \ - - 10.78
Settling Time to within :1/2 LSB Imciudes tp 1117 o= «25°C1S2e Note 2) 5 ts = 300 . ns
Propagation Delay Time > . 5 wLHPHL] - 30 100 n
Ta=+25°C
Ouput Full Scale Curcent Drift TClg - -20 - PPM/OC
Dwite tnput Logic Levels (MSB) 3 Vde
High Level, Lopic 1"~ ViH 20 - -
Low Leve!, Logic 0" VL - - os
Digiw! input Current (MSB) 3 mA
High Level, V= S0V Ly - 0 004
Low Level, Vi =08V h = -04 -08
Reference Input Bias Curemt (Pin 15) 3 g b= -1.0 -50 HA
Output Curtent Range _ 3 IoR A
VEE=-50V 0 2.0 2.4
Vg = -15 V, Ty = 25°%C i ] 2.0 a2
Output Current - 3 0 . mA
Vet + 2000V, R14 = 1000 N . 19 1.99 21
Output Current 3 10 min) - [} a0 ph
(AN bits low} P b
Output Volisge Compliance (€, = 0.19% a1 Ty = +25°C} 3 Vo Vo
Pin 1 grounded - - ° [ -055.404
Pin 1 open, Vg below 10V - - -5.0,40.4
Reterence Current Stew Rate 6 SR beet - 4.0 - mA us
Output Current Power Supply Sensitivity PSRR{-) - 03 27 pAIV
Power Supply Curcent 3 ice el +13.5 +22 mA
{AN birs low) Ige - -7% -13
.§ Powe: Supply Vaolwage Range 3 VeeR +4.5 450 56 Ve
(Tg = +25°C) VEER 45 -15 -16.8
Power Dissipation 3 Pp mW
Al tets low
VEE = -5.0 Vdc - 105 170
VEE = -15 Vde - 190 305
Al brts high - -
VEg = -50Vdc - - %0 -
VEg = -15 Vde - 160 -

Note 1.

Al cutrent saniches are tested 10 guarantee 81 least 50% of rated output cusrent.
Note 2. Al bits swached




MC1408, MC1508

TEST CIRCUITS
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT

Vee
¥
$C tvpcavene Bla- B
" Vgt~ *20V
1ha € 5pf Vand 1, appiy 10 inputy A1

thee AB

The resstor 1pd 10 Pin 15 15 10 1e™peraiure compenssate the
bias current ang may not be necessary for all apphicstions

Veet (o1

Dignet) A4 gcigps 3 i A A2 A3 ARG AS A6 A7 A8
et 25 02 geces Iorx{ ._._‘_._.4.~.-._}
a6 o0 wmCiS08 |4 = Vo 2 a 8 % 32 64 128 256
R —® Outhut o Veel
12 16 = whee kK = ' .
ap o [ R18 B
% & Ry .
Y .7 2 c and Ay = 1t Apy is 81 high teve!
Vil 4 ) Ax = O Ay 13 8t iow fevet
y & ‘t!" tSer tex1 100
Ve vaum ot C1
FIGURE 4 - RELATIVE ACCURACY TEST CIRCUIT
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TEST CIRCUITS (continued)

FIGURE 6 — REFERENCE CURRENT SLEW
RATE MEASUREMENT
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FIGURE ® — MC140E, MC1508 SERIES ECUIVALENT

CIRCUIT SCHEMATIC
DIGITAL 'NPUTS

msg LSe to
SQA1 6ga2 7943 8QAs 80 A5 |0TA6 1" TA7 120 A8 ag
b 1.7 1.7 38 I,: 3 |
E k B 3 8 k, {-3% 8 8k Bk " 3k
: P
- N 3
¥
1k
CURRENT .
SWITCHES
R2R
LADDER
(<} . £
13 4
vee -
to° §REFERENCE « - .
- § CURRENT - ) i -
wa B lamPLirieRr o §
Vnik,:‘ - N
3 A : ‘o
[. s U 62+ Y F L
Ry b ) 4 Loy 4 A
45 - 4 17 CIRCUIT . ..
L 'Y 2 1
aso 2aso = \ § .
! 3 4
¥ - e MW 47 AU
Sy O S
16¢ 120 1 02
COMPENSATION  V,gi.y Veg OUTPUT GND
RANGE
: CONTROL
CIRCUIT DESCRIPTION
The MCY408 of a ref current plifier, an 8 low impedente terminstion of equs! voltage for 8!l legs of
R-2R ladder, and eight high-spred current swiiches. For many the ladder.
plesti only a ref sesutor and el voltage need The R-2R lsdder divides the reference smplifier current imo
be added. binsrily-1elated componenis, which are fed to the switches Note
The switches sre ting in op therefore a high thal there is elways 8 remainder current which it equal 10 the

state on the input turns on the specified output curtent component.
The switch uses Current steering for hugh spred, snd 8 terminstion
amplidisr consisting of an active lcad gain swge with unity gein
feedback. The termination smplifier holds the paresitic capscitence
of the iadder at & constant voltape duting switching, snd provides

le_st significant bit. This cusrent is shunted 10 ground, and the
maximum ouwPul curtent is 255/256 of the ielerence amphtier
cutrent, or 1.982 mA for 8 2.0 mA relerence smplifier current
if the NPN current source pair is pertectly maiched.




MC1408, ViC1508

GENERAL INFORMATION

Reference Amplifier Drive and Compensation

The reference amplifier provides 8 voltage 81 pin 14 {01 con-
verting the reference voltage 1c 2 current, 8nd 8 turn-around circuit
or curtent mirro* tor feeding the ladder. The reference amphifier
input current, 114, must alweys flow m1o pin 14 regardiess of the
setup method or reference voliage polarity.

Connections for 8 positive reference voltape sre shown in Figure
7. The reference voltage source supples the full current 114, For
bipolar reference signals, as in the mumplym;, mode, Fl15 can be

tied 10 & negstive voltape cor g 10 the mi input
level. It is possible to eliminate RS mlh only ‘s small secrifice
in y end p orift. A d for bipotar

inputs is shown in Figure 25.

The compensation capacitor velue mus1 be increased with in-
creases in R14 10 maintain proper phase margin, for R14 values
of 1.0, 2.5 8nd 5.0 kilohm, minimmum capacitor values sre 15,
37, and 75 pF. The cepacitor should be tisd 10 VEg 88 this in-
creases negs’ rve supply. rejection.

A negative tefgrence voltape may be used if R14 is grounded
and the reference voliage is epplied to R15 a3 shomm in Figure 8.
A high mpui umpedance s the main sdvaniage of this method.
Compe olves e to VEg on pin 16, using the
velues of the previous paragreph. The negatve reference voltage
must be a1 least 3.0-volts above the VEE subply. Bipotar input
signals may be handled by connecting R14 to & positive reference
voltage equa! 10 the peak positive input teve! a1 pin 15.

Véhen 2 de reference voliage is used, capacitive bypass 10 ground
is recommended. The 5.0-V logic supply is not recommended as
o reference voltage. i o well regulated 5.0-V nipply whith drives
{ogic is to be used as the reference, R14 should be decoupted by
connecting it 10 +5.0 V through snother tesisior and bypaessing
the junction of the two resisiors with 0.1 pF to ground. For
reference voltoges grester than 5.0 V, » clamp diode is rewmmer\
ded between pin 14 gnd ground.

It pin 14 is driven by & high impedance such 25 & 1ransistor
current source, none of the sbove compensation merhods apply
and the emplifier must be heavily compenseted, decreasing the
overall bandwidth.

Output Voltage Range

The vol on pin & is 1o 8 range of -0.55 10 +04
volis 8t ~25% due 10 the current switching methods employed
in the MC1408. When » current switch & turned “off”, the posi-
tive voltege on the output lermina! can twrn “'pn™ the output
diode and increase the output current lgve! When s cutrent switch
# turned “‘on”, the nepstive Outpul woltage ranpe is resiricted.
The base of *he termindlion circuit Datlingion transistor is one
diode voltage below ground when pin 1 s grounded, 50 b negative
voltage below the specified safe fevel will drive the low current
device of the Derlington mlq saturation, decreating the outpul
current level.

The negative output voltage compliance of the MC1408 meay
be extended 10 -5.0 V volts by opening the circuit at pin 1. The
negdtive supply voltage mutt be more negative than -10 voits.
Using & full scale current of 1.8992 mA and loed vesistor of 2.6
kilohms between pin & snd ground will yield 8 voltage output
of 256 tevels between 0 and -4.980 woits. Flosting pin 1 does
not aifect the converier speed or Power dusipation. NHowever, the
value ©f the load resistor determines the switching time due to
increesed voltage swing. Values of Ry up o 500 ohms do not sig-
nificantly affect performance, but 8 2.5kiiohm load increases
“worst cese’’ se1tling time 10 1.2 us (when 3!t Bats are switched on).

Reler 10 the rubsequent teat section cn Serthng Tume for more
details on outpul loading

1t & power supply value between -50 V and -10 V 15 desired,
8 voltage of beiween 0 and -5 0 V may be appled to pin 1 The
value of this voltage will be the maxrmum aliowable negative out
pul swing.

Output Current Range

The ouiputl cutrent maximum ranung of 4.2 mA may be used
only for negstive supply voltages typicslly more negauwve than
8.0 vo'ts, due to the increased voltage drop across the 350.0bm
resistors in the reference current smplifier.

Accuracy

Abtsolute eccuracy is the measure of eath ocutput current level
with respect 10 its imended value, 8nd 15 dependent upon relatve
accuracy and full scele current drft.  Relative sccuracy 15 the
measure of each cutput current feve! as a frection of the full scale
cusrent, The relotive sccuracy of the MC140B is essentially
comstant with temperatute due 10 the excellen) temperature teack-
ing of the monotithic resisior lsdder. The seference cutrent may
drift with tempersture, causing 8 change in the absolute accuracy
of output current, However, the MC140B has o very low full
scale current drift with tempersiure.

The MC1408/MC150B Series & guaranteed 8ccurate 10 with-
in £1/2 LSB 81 +259C a1 2 full scale output currem of 1.882 mA.
This corresponds 10 & reference smplifier output curient drive to
the ledder network of 2.0 mA, with the loss of one LSB - 8.0 uA
which is the Iadder remaindes shunted to ground. The input current
10 pin 14 hes a guaranteed value of between 1.9 and 2.1 mA,
ellowing some mismaich in the NPN cuirent source parr. The
STCUTECY 1est Circuit is shown in Figuse 4. The 12-bit converter
is calibrated for 8 full scele output current of 1.992 mA. This s
an options! step since the MC140B sccurtacy is essentially the
same between 15 and 2.6 mA. Then the MC1408 circuits’ full
scale current is timmed 10 the same value with R14 50 thet 8 ze10
value sppears Bt the error emplifier cutput. The counter is ectivated
end-the error band mey be displayed or an oscilloscope, detected
by comparators, D1 stored in 8 peak detector.

Two B-bit D-10-A converters may not be used 10 construct @
16-bit accurste D-to-A converter. 16-bit accuracy implies a 10tal
error of $1/2 of one part in 65, 536, or 20.00076%, which is much
more sccursle than the 10.18% specification provided by the
MC1408x8.

tAuliiply ing Accurscy

The MCI408 may be used in the muhiplying mode with
eighi-bit accuracy when the reference current is varied over & ronpe
of 256:1. The major source of etror is the biss curient of the
termination amplifier. Under “worst case” conditions, these eight
emphiiers can contribiie & tole!l of 1.6 gA extia cuirent gt the
outpul termingl. H the reference cutrent in the multiplying mode
ranges from 16 pA 10 40 mA, the 16 pA conuibuies an error
of 0.1 LSB. This is well within eight-bil accuracy seferenced to
4.0mA.

A monotonic converter is one which supplies sn incresse

cutrent for esch increment in the binsry word. Typicelly, the |

WC1408 i monolonic for alt vatues of reference current sbove
0.5mA. The recormmended range for aperation with » dc reference
cureent 8 05 104.0mA.

A
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GENERAL INFORMATION (Continued)

Settling Time

The “worst case’ switching conditior: occurs when ait burs are
switched “on™, which cortesponds 10 8 fow to-high transition for
ait bits This time is typically 300 ns for settling 10 within £ 1/2
LSB. for B-bit accuracy, and 200 ns 10 1/2 LSB for 7 and 6 bit
accuracy. The turn off 15 typically under 100 ns. These times
apply when R € 500 ohms and Cp < 25 pF

The slowest single switch is the least significant bit, which turns
“on™ and setties in 250 ns and turns “off” i BD ns  In.applica
uons where the D-1o A converter funclions in 8 positive-going
amp mode, the “‘worst case’’ switching condition does not occur,
and 8 settling time of less than 300 ns moay be resleed Bun A7
wens “on’ in 200 ns and “otf” in BO ns, white bit AB turns “on”
in 150 ns and "ot in 80 ns

TYPICAL CHARACTERISTICS
(Vee = 450V, VEE * -15 V, T4 = +259C unless other wise noted )

FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE
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Vi. LOGIC INPUT VDLTAGE {Ver}

FIGURE 12 — OUTPUT CURRENT versus OUTPUT VOLYAGE
{See text for pin 1 restrictions}
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The test cocuit of Figure S requires & smaller voltage swingfor !
the current switches due 10 mterna! voliage clemping in the MC. !
1408. A 1.0-kilohm load resistor from pin & to ground gives i
8 typecal setthng ume of 400 ns. Thus, i1 is vo'tage swing and not l
the output RC time constant that determines settting time for
most epplications . |

Exwa care must be 10ken in board lay out since this is ususlly
the dominant factor in satisfactory test resutts when measuring
settiing tume  Short leads, 100 uF supply bypassing for fow fre-
quencies, end mmimum scope lead length are o!) mandatory

FIGURE 11 ~ TRANSFER CHARACTERISTIC versus TEMPERATURE
(A5 thru AB thresholds lie within range for A1 thru A8)
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FIGURE 13 - OUTPUYT VOLTAGE versus TEMPERATURE
(Negstive range with pin 1 open i ~5.0 Vdc over tull temperature rangs)
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MC1408, MC1508

TYPICAL CHARACTERISTICS (conunued)
. Ve ® 5.0 V. Vg = -15 V, Ta = +259C unless otherwise noted |

FIGURE 14 ~ REFERENCE INPUT FREODUENCY RESPONSE

<80
<60

40

+20
6
20—

RELATIVE QUTPUT (B}
e
T

1
L)
o

&
=

'

H \ 1 .

: ! \ il

LA} 10 10
1, FREQUENCY (MH7)

-
t ..

Unless otherwise gpeciieed
R4 r Rib = 1OKS
C=15pf, pin 16 10 VEE
Ry = 8052, pmd 1o GND

POWER SUPPLY CURRENT imA)

POWER SUPPLY CURRENT (mA)

FIGURE 15 — TYPICAL POWER SUPPLY. CURRENT
versus TEMPERATURE (all bits low)
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FIGURE 16 — TYPICAL POWER SUPPLY CURRENT
versus VEE (81l bits low) N
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. APPLICATIONS iNFORMATION
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION

Cutvt A Larpe Signal Bandwndih
Method of Frgure 7
Viet* 2.0 Vip p! oflse 1.0 V sbove GND
Corve B Smalt Sgna’ Bangdwsdth ’
Wethod o Figure 7 By s 25082
Vet ® S50mVip p! ot'ser 200 mV sbowe GND 4
Cutve € Lowg? e Smat! Sgna’ Banswidih .
Wethyd of Figure 28 {ne op amp!, B} = 5012
Ag» 8042 :
Vgt 20V
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MC1408, MC1508

APPLICATIONS INFORMATION (continued)

Vo'ltege outputs of 8 larger magnitude sre oblainable with thig
civcuit which uses an external operational amplifer a5 @ current
to woltage converter. This configuration sutometically kecpe the
output of the MC1408 at ground potentia! and the operstiona!
smphifier con generate & positive voltage limited on'y by its pos:tive
supply voitage. Frequency response and settling time are primanily
determined by the characieristics of the operstional emptifier. In
asadition, the operstiona! emplifier must be compented for unity
gan, end in some cases overcompensation may be desireble.

Note that this tonfiguration results it 8 positive output voltage
oy, the magnitude of which s dependent on the digita! input.

The following tircuit shows how the MLAM301AG can be used
in & feedforward mode resuviting in 2 full scale settling time on
the order of 2.0 us.

FIGURE 18

Topin 4 ) -
of MCI508LE}

&n alternative method is 10 use the MC1539G and input com-
pensation.  Response of this circuit is 8150 on the prder of 2.0 us.
Ser Motorols Application Note AN-459 for more details on this
oonzept.

FIGURE 19

(Topind
of MC1508L.8)

240

02 uF

The positive vollage range may be extended by tascading the
output witk a high bets common base transistor, Q1, 83 shown.

FIGURE 20 ~ EXTENDING POSITIVE
VOLTAGE RANGE

{R®1010° ana
@ie0e OF Lionar
-e temi) -

The output voltege rang: for this circuit is 0 volts 10 BVego
of the transistor. If pin 113 left open, the transistor base may be
grounded, eliminating both the resistor and the diode. Veristions
in beta must be idered for wide temp e renge sppt
tions. An inverted outpul waveform may be obwined by using s
Ioad sesistor from a positive reference voltage 10 the collector of
the transistor. Also, high-speed operation is possible with s lasge
outpul voltage swing, because pin 4 is held 8t » constant voltage.
The resistor (R} 1o VEE meintsins the transistor emitier voltape
when all bits are “off” snd insures fost turn-on of the least
sgnificant bet.

Combined Output Amplifier snd Voltape Referance

Fot many of its spplicstions the MCY40B requires 8 reference
voltage end an op iona! amplifier. N, Yy the operstionat
amplifier is used a1 8 current 10 voliage converter and its output
need only go positive. With the populsr MC1723G voltape regule-
tor both of these functions are provided in e single packsge w.th
the added bonus of up 10 150 mA of output current. See Figure
21. The MC1723G uses both 8 positive and negative power supply.
The seference voltape of the MC1723G is then developed with
respect to the negative voltepe snd appesrs s 8 common-mode
sipnal to the reference smplifier in the D-10-A converter. This
allows use of its output amplifier as 8 classic current-to-voitape
converter with the non-inverting input grounded.

Since 315 V and 5.0 V are normally avadable in » combins:
tion degital -to snslog system, only the -5 0 V need be developed.
A resistor divider is sutficiently accurate since the sllowable range
on pin 5 is from -2.0 10 -B 0 volts. The 5.0 kilohm pulidown
resistor on the smplifier output is necessery for fast negatwe
transitions.

Full scale outpul mey be increased 10 88 much as 32 volts by
increasing R and reising the 415 V sunply voltege 1o 35 V maxi-
mum. The resistor divider should be sltered 10 comply with the
maximum limit of 40 volts across the MC1723G. Cg may be
decressed 10 maintain the same ROCQ product if maximum speed
is desired.




MC1408, MC1508

APPLICATIONS INFORMATION - {continued)

Progrsmmable Power Supply

The circuit of Figure 21 car be used as » digitally programmed
power supply by the addition of thumbwhee! switches end & BCD-
to-binery converter. The output voltage can be scaled in several
weys, including 010 +25.€ volts in 0 1-volt increments, 20.05 volt;
or 0105 1 volts in 20 mV increments, 2 10 mV.

FIGURE 21 — COMBINED OUTPUT AMPLIFIER and
VOLTAGE REFERENCE CIRCUIT

Vec 8V Co 25 pF
i

MC 1408 Sevins
wMCy508

¢
Ve -8V

Ro
Vo * Vier = e (A)
Satiling 1ime tor @ 10 voht sep X 1.0 e

Bipolsr or Nepgative Dutput Vohage

The circuit of Figure 22 is a variation from the standard volt-
sge output circuit g eitl produce bipolsr outbut signals. A
positive current may be sourced into the summing node 10 otfset
the output voltage in the negstive direction. For exsmple, if
spproximeitly 1.0 A is used & bipo'sr output signs! results which
may be described as » 6-bit "1s” complement offset binary. Vit
may be used a3 this sunilisry seference. Note that Rg has been
doubled 1o 10 kilohms becsuse of the anticipsted 20 Vip-p)

output renge.

FIGURE 22 ~ BIPOLAR OR NEGATIVE OUTPUT
VOLTAGE ORCUIT

Viet
Ri1a R
1 : [:3 Rg
148 L)
8ol
1
" n
X3 b
as| WMC1408 Seriss 2 ‘2
a8 MC1508
a3 . le Vo
a2 75
o . MC17416
a1e or Equey
3 J
¢ X
+c = =
v
v Rg = 2 R14
cCé.1v n1b - A1a
Vee

Viet a1 A2 &3 A4 ab A6 A7 48] Vi
vo* o o= e S e e e [T ¥
. R1e 7 48 6 X 68 128 736 Rg

HGURE 23 - BIPOLAR OR INVERTED NEGATIVE
OUTPUT VOLTAGE CIRCUIT

A ,
e
A1A7A3AIASA6A7AB Y
(2

ik

MC 1408 Series 4
MCIBES

MCi17a4t0G
Vo

o Eaviv
1 21 |~., 121
For A = DDOODODD
B contiguration
Vo *© -Veny
For a2 D wolt Dutpul renge
=& "1 { Vg1 ® -8 00 voiTs

vVee ypv Ri4 - RIB= 2540
@V -V..- €= 37 pF (min)
Ro * 5281

Decrasse Rg 10 2.5 kf) for » O 10 -5.0-vo!1 Dutput renge.

This k p wides hat lowsr speed, 8 eviously

discussed in the Dutput Voltage Ranpe section of the General
N Information.
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Polanty Switching Circun, 8 Bit Magnitude
Pius Sign D 10 A Converter

Bipolar outputs may 8's0 be obtaned by using  polarity switch
mg cercuit. The crcuit of Figure 24 gives 8-bit magnitude plus
8ngn bit. in this configuration the operational smplifier is switched
between & gain of 41.0 and -1.0. Although another opersiional

smptifier is required, nc more space is teken when 8 dust operstions! - — -

ampliier such as the MC1558G is used. The transistor shpuid be
setected for a very low saturation voltage and resistance.

FIGURE 24 — POLARITY SWITCHING CIRCUIT
{8-B:t Magnitude Plus Sign D-to-A Converter}

R
0.
From v '
Output
Op-Amp1

Potarty
P=1 A s 1
Convro! Bu $.0 A:. o
Progs ble Gain Amplifisr or Digitsl A

When wused in the multiplying mode the MC1408 cen be
spplied B3 & digita! attenustor. See Figure 25. One advantage of
this technigue is that it Rg = 50 ohms no compensation capacstor
1 needed The sma'! and large signa' bandwidths are now identical
and ate shown in Figure 14, &

The best is obtained by not allowing 144
1o reach zerp. However, the high impedance node. pin 16, is
clamped 10 prevent utuﬁon and insure fast recovery when the

14

current through R14 goes\to 2er0. Rg can be set for 8 21.0 mA
variation in relation 1o | 14 €31 mever be hegative.

The output cusrent is always unipoler. The Quiescent dc output
cutrent level chanpes with the d»s-ul word which makes ac coupling
necessary. - -—

FIGURE 25 ~- PROGRAMMABLE GAIN AMPLIFIER DR
DIGITAL ATTENUATOR CIRCUIT
v

_ Vo l:""' . ::l(a) Ao

o—
A B MCra0e | o

o5 Sems N3 vee

o MC1508

0

:j" ERAI

Lt

_ APPLICATIONS INFORMATION tcontinued)

Pane! Marer Readout

The MC1408 con be used to resd ocut the status of BCD or
binary regisiers or COunters 1N a digital control sysiem The cunent
output can be used 10 duive directly an enatog panel meter  Ex
ternal meter shunts may be necessary if a meter of tess than 20
mA {utt scale 1s used Full scale calibration can be done by adjust
ng R14 of Vet

FIGURE 26 = PANEL METER READOUT CIRCUIT
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Mse LS|
1414441
R4
Vit e—ar——0'
MCI1408 Series 8
Ris . MC1508
G, Y 21§ 3{ 13 R
c Observe snternat meter
3t sovatana e Hor pin @
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FIGURE 27 — DC COUPLED DIGITAL ATTENUATOR
end DIGITAL SUBTRACTION
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APPLICATIONS INFORMATION (cominued)

FIGURE 36 — TWO DIGIT BCD CONVERSION
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Two B-bit, D-10-A converters can be used 10 build a:1wo digit
BCD D-to'A or A-10-D converter. If both outputs feed the virtuat
ground of en operetional amplifier, 10 1 current scaling can be
achieved with 8 resistive current divider. |f current output is de-
sited, the units may be operated at full scale current levels of

200 O&%

4.0mA and 0 d mA with the outputs connected 10 sum the currents.
The error of the D-to-A converier handiing vhe lgest significant
bits will be scaled down by & factor of 1en end thus an MC1408L8
may be used for the least significant word

FIGURE 37 - DIGITAL OUOTIENT OF TWD ANALOG VARIABLES
ot ANALOG TO DIGLTAL CONVERSION
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MOTOROLA

¥ SEMICONDUCTOR sy

TECHNICAL DATA

LOW VOLTAGE REFERENCE

A precision band-gap voltage reference designed for critical
instrumentation and D A converter spplications. This unit is
designed to work with Motorola MC1508 and MC3510 D A con-
verters, and MC14433 A'D systems. Low temperature drift is a

prime design consideration.

@ Qutput Voltage: 2.5V =25 mV
® Input Voltage Range: 45V 1040V

MC1403,A
MC1503

PRECISION LOW VOLTAGE
REFERENCE
e LASER TRIMMED

“" SILICON MONOLITHIC
INTEGRATED CIRCUIT

U SUFFIX

® Quiescent Current: 1.2 mA Typ {i CERAMIC PACKAGE
® Output Current: 10 mA ! CASE 693 .
® Temperature Coefficient: 10 ppm~C Typ ] D SUFFIX
® Guaranteed Temperature Drift Specification PLASTIC PACKAGE
e Equivalent to AD580 CASE 751
* Standard 8-Pin DIP, and 8-Pin SOIC Package (5081
Typical Applications vin[3] (6] e
® Voltage Reference for 8-12 Bit D'A Converters
¢ ~C
® Low Tg Zener Replacement . Vou 2
® High Stability Current Reference Greafa] 6] e
® Voftmeter System Reference A wefa] (] ne
X -
MAXIMUM RATINGS (T 4 = 25°C unless otherwise noten.)
i ORDERING INFORMATION
Rating Symbol Valve Unit - T )
tngut Voltege Vi 40 v = Device Rangs Pachage
Stomage Temperature LT - 5,fo830 °c MC1503U -§510 -125C | Cerarmic DIP
Jooction Temperature Ty +175 S¢ WMC1203D 508
Op=zating Ambient Temeprature Range Ta P
01503 ~65 10 +125) oc MC1403V bto -0C Ceramic DI
WC1403.A 010470 oc MC1403AU Ceramic DIP
FIGURE 1 ~ A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS
Full- =
. STRIeNy, . S T ST/ N N —_— i &
1.0k Adjust N _:
1 28 v 500
“sov vewsale . Y 1 gm0 |
( S Al R2 14 i Ref. Pin Numbers for |
Ampiitier MC1508 1808 Series |
18 |
1 |
0.1 uF 12k
kel = e g

on the D'A converter.

PROVIDING THE REFERENCE CURRENT
FOR MOTOROLA MONOLI™HIC DA CONVERTERS

The MC1403 1503 makes an ideal reference for the
Motorols monolithic D Aconverters. The MC1408 1508 con-
verter requires 8 stable cunent reference of nominally
2.0 mA. This can be easily obtained from the MC1403 1503
with the addition o & seties resistor, R1. A varigble resistor,
R2, is vecormmended to provide means for full-scate adjust

The

resistor R3 improves temperpture performance by

matching the impedance on both inputs of the D A refer-

ence &
on the

mplifier. The capacitor decouples any noise present
reference line. 1t is essential it the D A converter is

foceted any appreciable distance from the reference.
A single MC1403 1503 reference cen provide the required

current

tinput for up 10 five of the monolithic D A converters.




MC1403,A, MC1503

ELECTRICAL CHARACTERISTICS (Vin = 15V, TA = 25 C uniess otherwise noted.)

Characteristic } Symbo! Min Typ Max Unit
Outpant Voliage - Vourt. _.2475 | 25 2525 v
{ig = 0 mAl
Termperature Coefficient of Output Voltage Avg AT ppm=C
MC1503 - - 85
MC1403° - 10 40
MCIQ03A - 10 25
Output Voltage Change Vo mV
{over specified temperature range)
MCI503 -8°C1o - 125C \ - - 25
MC1403* g / (P 0 g IV b S
MCiagaa 0Ct0 70T pil s 44
Line Regulation (ig - 0mA) Regiing mv
(15V = V| = 80 V) ¢ 12 45
{45V Vi- 15V) _ 0.6 3.0
Loac Regulation Regigad - — 10 mV
(OmA « ig < 10 mA)
Quiescent Current g - 1.2 15 mA
{lp = 0 mA)
“Ths test is a0t applicable to the MC1403D surlace mount device
FIGURE 2 — MC1ADZH503 SCHEMATIC
TVI"
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MC1403,A, MC1503

FIGURE 4 - CHANGE IN OUTPUT VOLTAGE

FIGURE 3 — TYPICAL CHANGE IN Vg ,q versus Vi ©

(NORMALIZED TO V,q = 15V & T¢ = 25°C)

versus LOAD CURRENT

(NORMALIZED TO Vg € V1, = 15 V, lgyq = 0 mA)
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National
Semiconductor

LM555/LM555C Timer

General Description

The LMB5E5 is 8 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 con-
trolled by oné external resistor and capacitor. For estable
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 200 mA or drive TTL circuits.

Features

® Direct replacement for SES55/NES55
® Timing from microseconds through hours
8 QOperates in both astable and monostable modes

lndustrial Blocks |

Adjustable duty cycle

Applications

Precision timing

Pulse generation
Sequential timing
Time delay generation

Linear ramp generator

Pulse width modulation
Pulse position modulation

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

Schematic Diagram
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Order Number LMSS5H, LMSSSCH
See NS Packepe HOBC
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O:dot Numbe: LM555CN
See NS Packape NOBB
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Absolute Maximum

Supply Voltage
Power Dissipation (Note 1)
Operating Temperatute Ranges
LM555C
LM555
Storage Temperature Range

Ratings

-85
—65

Lead Temperature {Soldering, 10 seconds)

+18V
600 mW

0°C10+70°C
“C10+125°C
°C 10 4+150°C

300°C

Electrfcal Characteristics (Ta =25°C, Ve = +5V 10 +15V, unless otherwise specified)

LTS
PARAMETER CONDITIONS LM555 LMSSSC UNITS
MIN VP MAX MIN TYP MAX
Supply Voltage 45 18 45 16 v
Supply Current Vee = SV. R = o [ 3 6 mA
Vee " 15V. R = @ 10 12 3 10 15 mA
{Low State) {Nowe 2)
Timing Etror, Monostable
Initiat Accutacy 05 1 L Y
Dt wath Temperatwe Ra.Rg* 1L10 100k, 30 50 ppm°C
C= 0 tufF, {(Note 3)
Accutpcy ove: Temperature 15 15 %
Drift with Supply 0.05 o1 %V
Timing Error, Astable
tnitiat Actwracy 15 225 %
Drift with Temperature 20 150 ppm’C
Accutacy over Tempeiaiute 25 3o %
Dnift with Supply 015 0.30 - 2V
Threshold Voltage 0.667 0.667 xVee
Trigger Voluage Ve = 15V a8 5 8.2 5 v
Vee ® 5V 1.45 167 19 1.67 v
Trigger Current 00 0s 1 05 09 A
Reset Voliage 04 05 1 04 0% 1 v
Reset Curtent 01 04 01 04 mA
Threshold Corrent {Nore 4) al 01 0.25 0.1 0.25 pA
Contro! Voltage Level o] Vee =18V 26 0 104 ] 0 n -V
Vee = 5V 29 333 38 26 33 a v
Pin 7 Leakege Gutput High > ' 100 1 100 oA
Pin 7 Sot (Note 5}
Output Low Vee * 15V, 15 = 15 mA 150 180 s mV
Outpul Low Ve - 4.5V, 1, = 4.5 mA 70 100 80 20D my
Output Voltage Diop (Low} Voo = 15V "
: fsinv ¢ 1OmMA ot 015 01 025 v
lox = 50 mA 04 08 04 075 v
loin = 100 mA 2 22 2 2% v
bk © 200 mA 25 25 v :
Vce = BV A -
ok = BmA 0.1 025 v
Ionx ® 5 MA : 0.25 0.35 v
Output Vottage Drap (Nigh) lsounct = 200 MA, Ve = 15V 125 128 v
Isounee * 100 MA, Ve = 15V 12 133 12.75 133 v
Vee * 5V 3 33 2.5 33 v
Rise Time of Ouiput 100 100 . - "
Fall Time of Output 100 100 Lod

Note 1: For operating a1 elevated temperatures the device must be dersted based on a +150°C maximum junction temperaiure and 8 thermd!

resistance of 45" C/W junction 1c case for TO-5 and + 150" C/W junciion to embient for both packeges.

Note 2: Supply tunent when putput hiph typicaily 1 mA less 81 Vo * 5V.
Note 3: Tested 3t Voo = 5V and Vg = 15V.
Note 4: This wll determine the maximum value of Ry + Rg for 15V operation. The menimum total (R + Rp) is 20 MN.

Note 5: Nt protection egainst excessive pin 7 current i

ry pr

ing the packege dissip

rating will not be exceeded.



Typical Performance Characteristics
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Applications Information
MONOSTABLE OPERATION

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

+5V 10 <38V

i [T O e
<
»
1 I $"™
4 1
TRIGEER v
NORVAILY ® O—1? 7 prsce$vet
[T
THR]
l 1388 ' TENDL D
] CONTROL
oUTPgY 5 JuDiTARE ] ¢

)
L1 THR] :: R, 1
o 1oas S B
< In )

FIGURE 1. Monosusble

" The voltage across the capacitor then increases exponen-
- tially for a period of t = 1.1 RLAC, at the end of which
" 1ime the voltage equals 2/3 Vc. The compsrator then
resets the flip-flop which in turn discharges the capacitor
and drives the output to its low state. Figure 2 shows
the waveforms generated in this mode of operstion.
Since the charge and the threshold leve! of the com-
parator are both directly proportional to supply voltage,
the timing internal is independent of supply.

A4 11/ AL L/
3 , y |

Ve =8V Top Tmes Japet 3¥/De
WL § TV Wagtis Yoaee Doyt S /De
Racan Boniow Tescs Capanrts Voitag 2¥/Dw
ConoLF

FIGURE 2. Monostable Wavelorms

During the timing ycle when the output is high, the
further application of a trigger pulse will not effect the
circuit. However the circuit can be reset during this time
by the application of a8 negative pulse to the reset
tesminal {pin 4). The output will then remain in the low
state until  trigger pulse is again applied,

When the reset function is not in use, it is recommended
that it be connected to Ve to avoid any possibility of
false triggering.

Figure 3 is @ nomograph for easy determination of R, C
values for various time delays.

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

ASTABLE OPERATION

M the circuit is connected as shown in Figure 4 (pins 2
and 6 connected) it will tigger itself and free run as a

€ - CAPACITANCE (uF)

MWaI00s Tec Wms100ms §s 30s.100s. __ .
1o~ TOME DELAY

FIGURE 3. Time Delay

multivibrator. The external capacitor charges through
Ra + Rp and discharges through Rg. Thus the duty
cycle may be precisely set by the ratio of these two
resistors.

) *Vee
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FIGURE 4. Astabie

In this mode of operation, the capacitor charges and
discharges between 1/3 Ve and 2/3 Vec. As in the
triggered mode, the charge and discharge times, and there-
fore the frequency are independent of the supply voltage.

Figure § shows the waveforms genersted in this mode

of operation,

p / pd
rd

Ve » BV
TME - JRATDY
a, - 3880
LR L]

[ 1%

FIGURE 5. Asuble Waveforms

Tos Vs Dotpet $V/Dw
Boraem Yoo Caperss- Vst 1¥/Dey

The charée time (output high) is given by:
1, =0693(Ry + Rg)C - - -

And the discharge time (output low) by:
’ 1, = 0.693 (Rg) C

Thus the total period is:
T=1t,+1,>0.683(Ry +2R5)C




Applications Information (continveq

The frequency of oscillation is:
1 1.44

fe—=c

T (Ra+2RglC

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

The duty cycle is: D —m
Y Ra+ 2Rg

€ - CAPACITANGE I.F) '

ool

{Ra* 2Rg)
(1] I

LA} W0 08 1 10k 180
14— FREE-RUNNING FREQUENCY (M2}

FIGURE 6. Free Running Freguency

FREQUENCY DIVIDER
The monostable circuit of Figure 7 can be used as 8
frequency divider by adjusting the length of the timing
cycle. Figure 7 shows the wavelorms genersted in a
divide by three circuit.

i

11

i
/._J
i
\/T%4 Vor Tror toge' 8V:Du
VMl <3040 Mata Teste Outpu /D
PRI Sr1eon. Tance Capatcizs 2V Dow

C-e0LF

FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode
and triggered with a continuous pulse 1rain, the output
pulse width can be modulated by a signal applied to pin
. Figure 8 shows the circuit, and in Figure 9 are some
waveform examples.
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FIGURE 8. Pulse Width Modulstor
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FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer tonnected for astable
operation, 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 generated for a triangle
wave moduiation signal.
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FIGURE 10. Pulse Position Modulator
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FIGURE 11. Pulss Pasition Modulator

LINEAR RAMP

When the pullup resistor, R, , in the monostable circuit
is replaced by a constant current sopurce, @ linear ramp is




Applications Information (continuea)

generated. Figure 12 shows a circuit configuration that
will perform this function.

Vee [—-ow“
0 . B N
TRIGEER O—mef 2 ? <
ratzs +
LR 28]
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BUTHT Ot § s j ¢ 9
1
vors
FIGURE 12.

Figure 13 shows waveforms generated by the lincar ramp.

The time interval is given by:
2/3Vee Re (Ry +R3)C
Ry Vee —Vee (Ry + Ry)

Vee =~ 0.6V
L ! L. ||
e
S EE
(PR i
AT
] R

Veco WY Tog Veses tage 3V D
THE < 20uDI.  Witow Trome Ot $VD
=87 a1 Sortom Toms Capaciz Vot 1V/Dw
Ry o 100 ks

[ NS 2 7Y

[ 1I%]

FIGURE 13. Linssr Ramp

50% DUTY CYCLE OSCILLATOR

For » 50% duty cycle, the resistors R, and Rp may be
connected as in Figure 14. The time period for the out-

put high is the same as previous, 1, = 0.693 R, C.
For the output low it is t; =

(R Re)/(Rp + Rgl] Cln |2 20a
+ A |———
a Rpi/iRa 4+ Rg 2Rg - Ry
1
Thus the frequency of oscillation is { =
i+t
Ve
S
[_ 7, 8
) " YA
10888 L3
§e" H : * = :Ilal
L 1)

FIGURE 14. 50% Duty Cycle Oscillator

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

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary 1o protect
associated circuitry. Minimum recommended is 0.14F in
paratle! with 1uF electrolytic.

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This
limits the monosiable pulse width to 10ys minimum,

Delay time reset 1o output is 0.47us typical. Minimum
reset pulse width must be 0.3us, typical.

Pin 7 current switches within 30 ns of the output
{pin 3} voltage.




National
Semiconductor

Industrial Blocks

LM566/LM566C Voltage Controlled Oscillator

General Description

The LM566/LM566C are general purpose voltage
controlled oscillators which may be used to gener-
ate square and triangular waves, the frequency of
which is a very linear function of a controf volt.
age. The frequency is also a function of an external
. resistor and capacitor. z

The LM566 is specified for operation over the
-55°C 10 +125°C military temperature range. The
LMS66C is specified for operation over the 0°C
to +70°C temperature range.

Features

s Wide supply voltage range: 10 to 24 volts
® Very linear modulation characteristics

High temperature stability
Excellent supply voltage rejection
10 to 1 frequency range with fixed capacitor
Frequency programmeble by means of cuttent,
voltage, resistor of copacitor.

Applications

8 FM modulation

& Signa! generation

® Function generation

® Frequency shift keying
® Tone generation

Schematic and Connection Diagrams

T St gy
- .. -

— e
o

Typical Application

1 kMz and 10§ Hz TTL Compstible
Voliage Controlied Oscillator

f—1 ¥,

== 1 YaoNi LAACIVDH

Spusn) wavy
Fied § TeOAL MISTIoK
ThaNtLE s ootsnz
wav: GINFUY oy

0 v

Order Number LM566CN
Set NS Package NOSB

Applications Information

The LM56E may be opersted from either a single supply
as shown in this test circuit, or from & split (+) power
supply. When operpting fiom 8 <plit supply, the square
wave output {pin 4) is TTL compatble (2 mA current
sink) with the sddition of 8 4.7 & Q resistor from pin 3 10
ground,

A 001 uF copscitor is connected between pins S end 6
to prevent parasitic oscillations that mey occur during
VCO switching.

i 2v* - vg)
RyCy V'
where
2K < R, < 20K
and Vg, 1 voltoge between pin Sond pin 1

(-]




Absolute Maximum Ralings

Power Supp!y Voltage
Powser Dissipation {(Note 1)
Operating Temperature Range

LM566
LM566C

Lead Temperature {Soldering, 10 sec)

26V
300 mw
" -55"C10+125°C
0Ctw70'C
300°C

Electrical Characteristics v ¢ - 12V, T4 - 25°C, AC Test Circuit

LM566

LM566C

PARAMETER CONDITIONS
MIN TYP MAX MIN TYP WMAX piNITS
Maximum Operating Frequency RO = 2k 1 1 MHz
CO= 2.7 pF
tnput Voltage Rangs Pin 6 3avee vee [3/4 Vee vee
Average Temperature Coefficient 100 . 200 ppm/°C
of Oprerating Frequency
Supply Voliage Rejection 10 20v 0.1 1 01 2 %IV
fnput impedance Pin 5 0.5 1 05 1 mMQ
VCO Sensitivity For Pin§, Fiom 64 6.6 6.8 6.0 6.6 72 kHz/V
B-10V, 10 = 10 hHz
£M Distortion =10% Devistion’ 02 075 02 15 %
Maximum Sweep Rate 800 1 500 1 MH2z
Sweep Range 101 10:1
Output impedance
Pin 3 50 50 Q
Pind 50 50 Q
Squate Wave Output Level Ryt = 10k 5.0 54 50 54 Vpp
Triang'e Wave Output Level R1 2= 10k 2.0 24 20 24 Vp-p
Square Wave Duty Cycle 45 50 55 40 50 50 %
Square Wave Rise Time 20 20 ns
Square Wave Fall Time 50 50 ns
+1V Segmem at 0.2 0.75 05 1 %

Triangie Wa » Linearity

12 Vee

Note 1: The maximum junction temperdture of the LM566 15 150 C, while that of the LM566C
¥ 100°C. For operating 81 elevated junction tempersiures, devices 1 the 705 packegt must be
derated based on § therma! resstance of 150 C/W. The thermal resistance of the dubl-in-line package

5 100 C/W.




RESISTANCE W1 {12}

FREQUENCY CHANGE (%) SUPPLY CURRENT (mA}

AC QUTPUT VOLTAGE PIN € (V, )

Typical Performance Characieristics
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National
Semiconductor

LM567/LM567C Tone Decoder

General Description

The LM567 and LM567C are general purpose tone
decoders designed to provide a saturated transistor
switch to ground when an input signa! is present
within the passband. The circuit consists of an |
and Q detector driven by a voltage controlled
oscitlator which determines the center frequency
of the decoder. External components are used to
independently set center frequency, bandwidth
and outputl delay.

Features

® 2010 1 frequency range with an external resistor

L] L?gir. compatible output with 100 mA current
sinking capability

® Bandwidth adjusiable from 0 to 14%

Industrial Blocks

High rejection of out of band signa!s and nosse
Immunity to false signals

Highly stable center frequency

Center frequency adjustable from 0.01 Hz to
500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation
Uttrasonic controls

Carrier current remote contiols
Communications paging decoders

Schematic and Connection Diagrams
Meta! Can Package

e

Order Number LM567H or LMSE7CH
- See NS Package HOBC

Duel-in-Line Packape

i L
muuj
oo 2

L2 ooror

L
| o

Lg ey
[ Larstitos

s 1
LA

100 van

Order Number LM567CN
See NS Package NOBB




Absolute Maximum Ratings

Supply Volitage Pin 10V
Power Dissipation (Note 1) 300 mwW
Vg 15v
Vs =10V
Vi Vg+ 0.5V
Storage Temperature Range -65°C 10+150°C

Electrical CharacteristiCs crecren 1. 2cvesw

For operating 81 eleveted temperatures, devices in the TO-5 psckape must be derated bewed on 8 thermal resistance of

150°C/W, junction to ambient ot 45°C/W, junction to cese. For the DIP the d

resistance of 187°C/W, junction to ambient,

evice must we dersted besed on & thermal

LMISE7 LMBEYC LM5E7CN
PARAMETERS CONDITIONS T Ve T T v A UNITS
Powet Supply Voltage Range amn 50 00 as 50 80 v i
Powe Supply Cutrent R, > 20k ’
Quiescent ’ 6 8 7 10 mA
Power Supply Cutrent R, = 20s !
Acinated n 13 2 1% mA
nput Resistance 18 20 22 5 ] 75 [34] E
Smaliest Detectable input Volisge i s 100ma, 1" 1, 20 » 2 2% mVemg
Largest No Output Inpn Voitage Je o V0OmMA 1,01, 10 1Ly 0 1% mVems ’
Lo gest Srmuitanecus Dutband Segnat to tntand Signa) Rateo ) 8 6 a8 ’
Minimum Input Signal 10 Wadsband Nore Rato B." 4D hHZ -6 -6 [} i
Largest Detection Bandwidth ) [H " 1% 10 1 8 Lot :
Lesgest Driection Bandwioth Shew ] 2 2 3 ot f, !
Largest D i with Tempe =01 0.25 201 06 x°C
* Larpest Detectior. Bandwidih Varaton with Supply Voltege | & 75V - 678V 21 22 1] 25 v
#Highest Center Fregquency 100 500 100 500 (13
Center Frequency Stabifity 0<T, <70 360 35+ 60 ppm“C
-5 Ta< 12 351340 3%+ 140 ppm”C
Center Frequency Shift with Supply Voltage 475V - 6 78V 0% 30 o4 20 av
Fastess DN-OFF Cycling Rate . 7 1,720 1,720
Output Leakage Current . Vg 15V oo |2 oor | > Py
Output Saturation Voltage i e 25mV, 02 ca 02 04 v
g 30mA
e-25mV, 08 10 06 10
I3« 00 mA
Output Foll Time 30 30 ns
Output Rise Teme 150 150 ns
Note 1: The i junction temperature of the LM567 is 150°C, while that of the tM567C and LMS5E7CN 11 100°C.




Typical Performance Characleristics
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Typical Applications

Touch Tone Decoder
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Componest wlver (typ)

Oscillator with Qusdrature Output

Connect pin 310 2 BV 10 eneer Botpat

Oscillator with Bouble Frequency Output

Precision Oscillstor Drive 100 mA Loads
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Applications Information

The center frequency of the tone decoder is equal
10 the free running frequency of the VCO. This is
given by

t. 3-1_
1.1R;C,

The bandwidth of the filter may be found from
the approximation

Vn
BW = 1070\,7(:2 in%of f,

V, = Input voltage {volts rms), V, < 200 mV

Where:

C, = Capacitance at Pin 2 (uF)
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