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ABSTRACT

This thesis concerns the use of wireless broadcasting system to control the used area
by using radio frequency wave. The system consists of transmitter and receiver.

The transmitter transmits in stereo system by using the modulation of the sound to
the carrier frequency which is the principle of the stereo multiplex system. The control signal
enters by DTMF code and it is send by modulation of DTMF signal to the sub-carrier
frequency which is the principle of SCA transmission.

r The receiver can be adapted to be stereo signal and mono signal. The control signal
change from DTMF code to control the receiver, and making it possible to control the on-off

switch in each area, all of the area can be controlled by DTMF code of the transmitter.
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9

gilnsal ¥iia Aiued | dwmau
R13 carbon 560 kQ 1
R2 carbon 390 kQ 1
R19 carbon 320 kQ 1
R4R7R12 carbon 220 kQ 3
R5,R20 carbon 100 kQ 2
RI1,R9,R11 carbon 27 kQ 3
RS carbon 10 kQ 1
R15R16,R18 carbon 8.2 kQ 3
R14,R27 carbon 4.7 kQ 2
R17 carbon 33kQ 1
R23 carbon 1.8 kQ 1
R6,R12,R24 R25 carbon 1kQ 4
R3 carbon 680 Q 1
R10 carbon 100 Q2 1
VRI1,VR2,VR3,VR4,VR5,VR6 | potentiometer 100 kQ 6
C5,C7 electrolitics 100 pF 2
C8,C9,C10,C11 electrolitics 10 pF 4
C2,C4 electrolitics 4.7 uF 2
Cc6 electrolitics 22 uF 1
C1 electrolitics 1 p.F 1
C13,C14 milar 0.047 uF 2
C12 milar 0.0022 puF 1
C15,C16 ceramic 390 pF 2
C3 ceramic 100 pF 1
Q1,Q2,Q3,Q4 Si,TR-npn 2N2484 4
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d a
2.7118m3gUnsslesmaminninamesTo

gunsal yila miwed | Smaw
R6,R12.R13 carbon 47 kQ 3
R2,R4,R8.R11 carbon 33 kO 4
R3 carbon 25 kQ 1
R1,R5R7,R15 carbon 4.7 kQ 4
RO carbon 100 Q 1
VRl,VRﬁ,VR3,VR4 potentiometer 25 kQ 4
C1,C2,C3,C4,C5 electrolitics 47 uF 5
IC1 Dual Op Amp LM1458 1
8.91emsgUnsnhsesmmuaudNegine s
gulnTal wila avived | S
R17,R18 carbon 100 kQ 2
R19,R20 carbon 22 k2 2
R30,R31 carbon 33kQ 2
R26,R28 carbon 22 kQ 2
R27 carbon 1.5 kQ 1
R24 carbon 1 kQ 1
R22 carbon 680 Q2 1
R23 carbon 470 Q 1
R25R32 carbon 220 Q2 2
R29 carbon 10 Q2 1
VR21 potentiometer 22 kQ 1
C7,C8,C9,C10,C11,C12 electrolitics 47 uF 6
IC3 balanced mod. MC1496 1
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anamsginsahsnsmadiniadyananiugy

gunal ¥iin Aviued | S
R1,R2 carbon 56 kQ 2
R5.R6,R11 carbon 1 kQ 3
VR4,VR7 potentiometer 100 kQ 2
VR3 potentiometer 50 kQ 1
VR9 potentiometer 25 kQ 1
VR10 potentiometer 1 kQ 1
VRS potentiometer 500 Q 1
C1,C2,C5 electrolitics 10 uF 3
C3 electrolitics 1 puF 1
C4 ceramic 0.001 pF 1
ICS Monophonic XR2206 1

5.519m3gUnsalsesmnseadaiaines

gilnsel ¥iin Mived | S
R42 R45 carbon 560 kQ 2
VR43,VR44 potentiometer 25 kQ 2
C18,C19,C20,C21 ceramic 0.01 pF 4
1c2 Dual] Timing LM556 1

6.71en159UnsalsesmAT Az e F Qe

gunsal yila Amives | dwau
R37 carbon 220 kQ 1
R33,R34,R35,R36,R38,R39 carbon 100 kQ2 6
R40 carbon 1 kQ 1
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R41 potentiometer 25 kQ 1
C13,C17 electrolitics 47 uF 2
Cl11,C16 electrolitics 1 uF 2
Cl4 milar 0.1 uF 1
C15 ceramic 510 pF 1
IC4 Daul Op Amp LM1458 1
7.5wnsqunschsesmanTesds
gilnssl yiia Aies | Swau

R9,R10,R12 carbon 100 kQ 3
R4 carbon 220 kQ 1
R3,R6 carbon 47 kQ 2
R7 carbon 15 kQ 1
R12 carbon 10 kQ 1
R11,R13 carbon 4.7 kQ 2
R8 carbon 22 kQ 1
RS carbon 1kQ 1
R14 carbon 680 Q 1
VR1 potentiometer 10 kQ 1
C3,C10 electrolitics 22 pF 2
C2,C6 electrolitics 10 pF 2
C1 electrolitics 1 ur 1
C4,C9 ceramic 0.047 pr 2
Cs ceramic 0.001 pr

C7,C8 ceramic 27 pF 2
TC1,TC2 timmer 1-50 pF 2
D1 Si diode 1N4001 1
VD1 varicap BB139 1
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Q1,02 Si TR npn BC549 2
Q3,Q4 Si TR npn 28C1947 2
LED LED red 1
8.51m3gUnsalesneasadayananies
gunsal ila Avives | Sau
R12,R13 carbon 820 kQQ 2
R4 carbon 150 kQ2 1
R7 carbon 15kQ 1
R1,R2 carbon 6.8 kQ 2
R10,R11,R14,R15 carbon 4.7 kQ 4
R5 carbon 2.2 kQ2 1
R6,R9 carbon 1 kQ 2
R3 carbon 220 Q 1
VR1 potentiometer 10 kQ2 1
C4 electrolitics 47 uF 1
C3,C10,C11 electrolitics 1 uF 3
C7 milar 0.47 uF 1
C6,C8 milar 0.22 puF 2
co milar 0.047 pF 1
C12,C13,C14,C15 milar 0.0022 pF 4
C2,C5 ceramic 470 pF 2
C1 ceramic 150 pF 1
D1,D2 Si diode 1N4001 2
Q1 Si TR npn BC549 1
IC1 Stereo Demod MCI1310 1
LED LED red 1
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d v s
9.swmsqﬂnsmuqmn1ﬂaaﬂ‘mmﬁycg1mmuqu

gulnsel vHin Avwed | Siau
RS carbon 10 kQ 1
R1,R2 R3,R4 carbon 4.7 kQ 4
R7 carbon 1.8 kQ 1
R8,R9,R10 carbon 1 kQ 3
VRI1 potentiometer 5kQ 1
C6 ceramic 0.0047 pF 1
C4,C5 ceramic 0.0018 uF 2
C3,C7 ceramic 0.001 pF 2
C1,C2 ceramic 510 pF 2
IC1 PLL LMS565 1
10.518m3gUnsahsvsmaFundades
gunsal 5iia Amfues | fwau
R1,R2,R3,R4,R9.R10 carbon 10 kQ 6
R7,R8 carbon 3.6 kQ 2
R6,R7 carbon 1.8 kQ 2
VR2 potentiometer 500 kQ2 1
VR1,Vr3 potentiometer 100 kQ 2
C1 electrolitics 4.7 uF 1
C2 electrolitics 1 pF 1
C3,C4,C5 milar 0.047 pF 3
C6 milar 0.02 uF 1
IC1 Daul Op Amp LF353 1




11.9em3gUnsaisesmavenaides
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gunsal viin Avives | v
R1,R2,R3 carbon 56 kQ 3
RS carbon 30 kQ 1
R4 carbon 33kQ 1
R6,R7 carbon 1.5 kQ 2
R8 carbon 1Q 1
c2 electrolitics 100 pF 1
C3 electrolitics 47 pF 1
Cc4 electrolitics 10 pF 1
C1 milar 0.22 uF 1
D1,D2 Si diode 1N4001 2
Q1 Si TR pap BD908 1
Q2 Si TR npn BD907 1
IC1 Power Amp TDA2030 1
12.518m5gUnsshsesmamuguaIng
gunsal viia Aviwed | Swau
R18 carbon. 500 kQ 1
R3 carbon 300 k2 1
RI1,R2 carbon 100 kQ 2
R11 | carbon 22 kQ 1
R4-R8,R10,R12,R14R17 carbon 4.3 kQ 5
R9,R13,R15R16 carbon 22kQ 4
R19 carbon 6.8 Q 1
Cs electrolitics 10 uF 1
ci,c2 electrolitics 1 pF .2
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c4
C3

D1

D2,D3
Q1,Q2,Q3,Q4,Q5
IC1

IC2

IC3

IC4

ICS

IC6

milar
milar
Si diode
Si diode
Si TR npn
DTMF decode
4 to 16 decoder
Reguator 5 V
Timer/OSC
D flip-flop
Buffer

0.01 pF
0.001 pF

1N4001
1N4148
25C458
MT8870

CD14514 |

78L.05
LMS5SS
CD14013
7407
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‘LINEAR TYPES MC1558, Mcmgg
INTEGRATED - DUAL GENERAL—PUR'PUSE'
. CIRCUITS OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 11457, FEBRUARY 1971—-REVISED OCTOBER 1979

e Short-Circuit Protection o Low Power Consumption
e Wide Common-Mode and ¢ No Latch-up
Differential Voltage Ranges o Designed to be Interchangeable with
¢ No Frequency Compensation Required Motoroia MC1558/MC 1458 and Signetics
S5558/N5558
gdescription

The MC1558 and MC1458 are dual general-purpose operational amplifiers with each half electrically similar to uA741
except that offset null capability is not provided.

The high common-mode input voltage range and the absence of latch-up make these amplifiers ideal for voltage-follower
applications. The devices are short-circuit protected and the internal frequency compensation ensures stability without
external components.

The MC1558 is characterized for operation over the full military temperature range of ~55°C 10 125°C; the MC1458
is characterized for operation from 0°C to 75°C.

JG OR P DUAL-IN-LINE 3 U FLAT PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW)

AMrLIFIEA MO, 3 APy IFICR N0 T

y PO Oy el o ot e W

vege PUT WOUT iNPUT ~C tc. T L )

niBiai (ONONORO;
L L 1 1

L ]
e sitis

OUT- INV_ NOM. YCCa e
PUT NeUT IV

g

3O
HoL
Ok

AMPLIFIER MO, ¥ AL A N0 §

NC~No internal cennesticn

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

MC 1558 MC1458 UNIT

Supply voltage Vo4 (see Note 1) 22 18 v
Supply voltage Voe— (see Note 1) -22 -18 \
Ditferential input voltage (see Note 2) =30 30 v
tnput voitage {any input, see Notes 1 and 3} 215 £15 A"
Duration of output shori<circuit (see Note 4) untimited unlimited
Continuous total dissipation at for below) 25°C Each amplifier 299 5%
free-air temperature {see Note 5} Total package £G or P package 680 589 m

. U Package 675 675
Operating free-sir temperature range —5510 125 0w 75 °C
Storage temperature range —65 to 150 —65 10 150 °c
Lead temperature 1/16 inch (1, 6 mm} from case for 60 seconds JG or U package 300 300 °c
Lead tempersture 1/16 inch {1, 6 mm) from case for 10 seconds P package 260 °c

NOTES: Afl voitage values, unless otherwise noted, sre with respect to the midpoint between Vs 8nd Ve,

s 1.
2. Ditferential voitages are st the noninverting input terminal with respect to the inverting input terminai.
3. The magnituda of the input voltages must never sxcesed the magnitude of the supply voltage or 15 volts, whichever s less,
4, The output may be shorted to ground or either power supply, For the MC1558 only, tha unlimited duration of the short-circuit
»—.  8Dplies at (Or below) 125°C case temperature or 75°C free-air temperaturs,
5. For operstion sbove 25°C free-sir tsmparature, refer to Dissipation Derating Table, In the JG package, MC1558 chips are slioy-
mounted; MC1458 chips sre glass-mounted,

Copyright © 1979 by Texas instruments Incorporated
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MC1458
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DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Voc+ =15V, Vee—-=-15V

MC1558 MC1458
PARAMETER TEST CONDITIONST UNIT
MIN TYP MAX MIN TYP Max
Vio input offset voltage Rg € 10k :i"crm ! : ! 3 : mVv
ho Input offset current 5¢ 2 200 20 200 nA
Full range 500 300
i input bias current 25¢ 80 500 80 500 nA
i3 Py Full range 1500 800
Vier Common-mode 25°C 212 $13 212 $13 v
input voltege range Fuli range 12 212
Ry = 10k | 25°C 24 28 24 28
Voer Maximum pesk-to-pesk Ry 2 10k | Full range 24 24 v
output voltage swing Rp =2k | 25°C 20 26 20 26
R > 2kt | Full range 20 20
Larpe-signal ditferential R > 2Kk, | 25°C 50 200 20 200
Avo voltage amplificstion Vo =210V | Full ran 25 Vimv
0 0e 15
Ry = 2kq,
Sou Mulm.urrpoutput-ming Vp2:10V, 25c 14 14 KMz
bandwidth (closed-loop) Ayp=1,
THO < 5%
By Unity-psin bandwidth 25°C 1 1 MHz
Sra Phese margin Ayp =1 25°C 65° 65°
| Am Gain margin 25°C 11 11 ds
5 Input resistance 25°C 0.3 2 0.3 2 Mo
' Output resistance Vo= O e 75 75 a
See Note 6
[ Input capscitance 25°C 1.4 1.4 pF
Common-rnode o
E 3 {=20Hz 25°C 200 200 MQ
input impedance
CMAR Common-mode rejection ratio | Rg < 10k :i"c"m ;g L ;g L a8
Supply voltage sensitivity 258°C 30 150 30 150
fsvs aviplavee) L (e = s 150 o Raddd
Equivalent input :v;:-oloo,
Va noise voltage ; 3 o 48 45 nV//Hz
{cloved-loop) B =1 Hz
| 05 Short-circuit output current 25°C +26 140 225 240 mA
e Supply current No loed, 25°C 3.4 5 3.4 5.6 mA
{Both smptifiers) No signa! Full range 6.6 6.6
. Total powsr dissipstion No ioed, 25°C 100 150 100 170 i
{8oth amplifiers) No signal Full range 200 200
¥51/Vo2 Channel scparation 25°C 120 120 a8

1Al characterisics ars specHied under open-loop oparstian, unlsss otherwise noted. Full range for MC1558 is ~55°C 1o 125°C and for

MC1458 is 0°Cw 76°C.

lies only st freq

NOTE 6: This typicsl value

operating characteristics, Voc+= 15V, Vee—=-15V, TA =25°C

ies above 8 few hundred hertz because of the effects of drift and thermal feedback.

PARAMETER TEST CONDITIONS MC15%5 MC1458 UNIT
MIN TYP  MAX | MIn TYP  MAX
Rise time V)=20mV, Ry =2kQ, 0.3 0.3 us
Overshoot tactor Cp = 100 pF, See Figure 1 5% 5%
V=10V, Rp=2k1n,
SR Sl te at uni i 05 0s A/
o unity gain Cp = 100 pF, See Figure 1 o

TEXAS INSTRUMENTS
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TYPES MC1558, MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

schematic (each amptifier)

INVERTING
INPUT

NON.
INVERTING
INPUT

3

DISSIPATION DERATING TABLE

POWER DERATING ABOVE
PACKAGE
RATING FACTOR Ta
JG (Alloy-Mounted Chip) 680 mwW 8.4 mW/C 69°C
JG (Gless-Mounted Chip) 680 mw 6.6 mW/°C 47C
P 680 mwW 8.0mwWrC 65°C
U 675 mwW 54 mw/C 25°C

Aiso see Dissipation Derating Curves, Section 2.

TO OTHER
AMPLIFIER

o Vees

Fi_

~N 30 pF

250
—o OUTPUT

=
~ »
. (3
x > X
5 rL )

039 kN2

T 50
. _[
50 kQ kQ 5k 50 k02 500
b } : —0 Voo
» TO OTHER
COMPONENT VALUES SHOWN ARE NOMINAL AMPLIFIER

PARAMETER MEASUREMENT INFORMATION

fremmnems
ourrut
e o
——-—tv =
INPUT VOLTAGE € - 1008 ST 8 o 2an
WAVEFORM

TEST CIRCUITS

FIGURE 1=RISE TIME, OVERSHOOT,
AND SLEWRATE
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TYPES. MC1558,MC1458
DUAL GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS
MAXIMUM PEAK-TO-PEAK

INPUT OFFSET CURRENT INPUT BIAS CURRENT OUTPUT VOLTAGE
vs vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE LOAD RESISTANCE
100 T T “o T 11 3 [Veerav" [
Vece =18V vegsr v ! $ ¥ lecoc-uv
Veg- o -8V vee-=-18v] H Ta-25°C
« 80 00 ! g 24 »;
: i I
3 3 - mcrase v : i
i) »
g’ ha MCHES -: o ; 2o ! ; i : b
[ 3 N T 3 A ; { <
° A\ T ZE 100 \ i ) E N 7
= [ . W S o [ . 7 7 i H
g NG NHEE R S ey
Ll - m— & w0
o P Ea] - h— & >
~60 -40 =20 6 20 40 60 O 0O 120 140 60 ~40 =20 0 20 40 60 B8O 100 120 140 01 02 o0e 07 1% ? e
Ta~fror-Ae Fonporarure C Va=Fror-Aw Tempeesture— C A ~Load Reustance=k il
FIGURE 2 FIGURE 3 FIGURE 4
OPEN-LOOP LARGE-SIGNAL OPEN-LOOP LARGE-SIGNAL
MA XIMUM PEAK-TO-PEAK DIFFERENTIAL DIFFERENTIAL
QUTPUT VOLTAGE VOLTAGE AMPLIFICATION VOLTAGE AMPLIFICATION
i vs vs
FREQUENCY SUPPLY VOLTAGE FREQUENCY
> * i“l ! v By E N ki vecs+ 16V
§ % el s Ny Vegn - <18V
‘5* 1 i f |1 :.i.:-.vou'ns ¥ i 208 Tac 287 | [V e ufc- s ]
> I £ . s .25
3 i gt 7 ol // N N USETEN
é 24 “’I" e ! % Ve 4: 104
: ' .
T 20 l : & 2 o
E ' 2 ?
€ i ¥ T
£ L ' H
s I, .i “ K - E.': w0
3 I V 5 $
. NEZH SR
>
_ | < 10~
ioo " . 0o "” i \ O T 110 100 3. 10h 100M VM 10M 1008
1=F romencymtty e, =Suooty Vonme—v =5 reavency—H2
FIGURE S FIGURE 6 FIGURE 7
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE :
vs vs s VOLTAGE-FOLLOWER
» FREQUENCY ELAPSED TIME LARGE-SIGNAL PULSE RESPONSE
1
$ T T ] s
' vegest5v | bes
? b \-Iscg 1] 2 € :2--1|:v—-
2 ba T
: L \\ Ta=1sC 2 N 3 s / : ::- “-;n“
g \ ? oos{ H ouTeuT "\ Tanme
e N - : 57 :
3 \ 3 /.' 2 t
1 1\ NI I/ !
N -] ST 1
“ £ [ -~ Veges 18V I-2 1 1
0 \ ‘; / . Veg-c =18V - ] '
h \ P v b s = .
. Cp » 10098 <
E E 0 : 7:-7:’: - Ldoa)
S 1w 0 —+ l -
[ - L -
1 0 WS A 06 3006 TA 10M 10OM 0 L1 ' 82 s . 6 10 0 X 4 0 6 70 0 90
N R t=Twrowys 1=Tune—pt
FIGURE S 'GURE 9 FIGURE 10
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DESCRIPTION

The SE/NE385 Phase-Locked Loop (PLL) is
a self-contained. adaptable filter and de-
modulator for the frequency range from
0.001Hz to 500kHz. The circuit comprises a
voltage-controlled oscillator of exceptional
stability and linearity, a phase comparator,
an amplifier and a low-pass filter as shown
in the block diagram. The center frequency
of the PLL isdetermined by the free-running
frequency ofthe VCO; this trequency can be
adjusted extemnally with a resistor or a ca-
pacitor. The iow-pass filter, which deter-
mines the capture characteristics of the
loop, is formedby aninternal resistorand an
external capacitor.

FEATURES

s Highly stable center frequency
(200ppm/°C typ.)

¢ Wida operating voltage range (*6 to 12
voits)-

® Highly linear demodulated output (0.2%
typ.)

e Center trequency programming by
means of a resistor or capacitor, voltage
or current

* TTL and DTL compatible square-wave
output; loop can be opened to insert
digital frequency divider

e Highly linear triangie wave output

¢ Referenceoutput for connection of com-
parator in frequency discriminator

s Bandwidth adjustable {from < =1% to
> +60%

» Frequency adjustable over 10 to 1 range
with same capacitor

APPLICATIONS

Frequency shitt keying

Modems

Telemetry receivers

Tone decoders

SCA receivers

Wideband FM discriminators

Data synchronizers

Tracking fiters

Signai restoration

Frequency muitiplication & division

® & & ® & o s 0 9 o

PIN CONFIGURATIONS

F,N PACKAGE

\ E DES

e (7] E] Ne

, Ut E 3 ~NC

<

veo norror [4] E NC

P“Aﬂvc:::;:‘::mﬁ E E] v
RLFERENCE o] EATERNAL
BIQ LT — — croRzCY
i in D SN

EXTERNAL € FOR vey

INPUT EXTEANAL H FOM V(o
DEMODULATFD

Radl CSuTPUT

VCO OuTPLY REFEAENCE DUTRYY

PHASE COMPARATOR A\ CO INPUT

BLOCK DIAGRAM

10

=
LOW-PASS FILTER .T 4
.
INPUT O— PMASE .. VWA O DEMOD. OUTPUT
o : |u:’;‘(‘::'ronJ_ LrPAenll eos - O REF. OUTPUT
O—,———J
o=
aLr ]
vcoJ
oA
VeV
v J)v’
EQUIVALENT SCHEMATIC
FAEGUENCY SETTING RESISTOR -
S-S - o (4 Y o F -
T = |
rJ J 3 Loty &6
a7
/i — @ bovr
4 R ; l_L o 1_ooutent
3 il G RESIMICT
,,)"‘;‘3 NY A =K
-~ 1 ' y -

; i
I i i

N l 'l I 7 J

- el 1 ™~ ~

e I
i } b4
+ L -
boooweob . b L2 3
v FREQUENGY SETTING WO OIRY sty Syt SCasy oyt
CAPACITOR TOomanATN ‘J

ABSOLUTE MAXIMUM RATINGS T = 25°C unless otherwise specificd.

PARAMETER RATING URIT
Maximum operating voltage 26 \%
Input voltage 3 Vp-p
Storage temperature -65 to +150 °C
Operating temperature range

NE565 0to+70 °C
SES565 =55 to +125 °C
Power dissipation 300 mw

SinRtics
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NE/SES65-F KN

ELECTRICAL CHARACTERISTICS Ta =25°C, Vcc = =6V unless otherwise specified.

B SE565 NE565
PARAMETER TEST CONDITIONS™ - UNIT
Min | Typ | Max | Min | Typ | Max
SUPPLY REQUIREMENTS
Suppfy voltage +6 *12 | +6 *12 v
Supply current 8 12.5 8 125 mA
INPUT CHARACTERISTICS
Input impedance! 7 10 5 10 kQ
Input level required for fo = 50kHz, +10% 10 1 10 1 mVrms
tracking ~ trequency deviation
vCO CHARACTERISTICS
Center frequency
Maximum vaiue C1=27pF 300 | 500 500 kHz
Distribution2 Distribution taken about
fo= 50kHz, Ry = 5.0k{}, Cq = 1200pF| -10 0 {+10] -30 0 |+30 %
Drift with temperature fo 7 50kHz 200 | 525 300 ppm/°C
Drift with supply voltage fo = 50kHz. Vcc = +6 to £7 volts 0.11] 1.0 0.2 |15 %/V
Triangle wave
Output voitage level 1.9 0 1.9 0 A
Amplitude 2.4 3 2.4 3 Vp-p
Linearity 0.2 .| 05, %
Square wave
Logical "1” output voltage fo = 50kHz +4.9| +5.2 +4.9 | +5.2 \
Logical 0" output voltage fo = 50kHz -0.2 | +0.2 -0.2 | +0.2 v
Duty cycle fo = 50kHz 45 | 50 | 55 | 40 | 50 | 60 %
Rise time 20 | 100 20 ns
Fall time 50 | 200 50 ns
Qutput current (sink) 0.6 1 0.6 1 mA
Output current (source) 5 10 5 10 mA
DEMODULATED QUTPUT CHARACTERISTICS
Output voltage level Measured at pin 7 4251 45|475| 40| 45 5.0 v
Maximum voltage swing3 2 2 Vp-p
Output voltage swing +10% frequency deviation 250 | 300 200 | 300 mVp-p
Total harmonic distortion 0.2 | 0.75 04 |15 %
Output impedance4 36 3.6 30
Oftset voltage (V6-V7) 30 | 100 50 | 200 mV
Oftsat voltage vs temperature tdrift) 50 100 uV/°C
AM rejection ! 30 40 10 dB

NOTES

¢ Both inpuyt terminats 1pms 2 and 3) must recewve 1dentical dc bias. This bias may range
trom 0 volis 10 -4 volts.

* The external r for tr y adj tiR11 must have a value between 2k (}
anad 20kl

t Quiput voitage swings negative as input frequency increases.

4 Output not dutlered.

siqnotics
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NE/SESS5-F KN
TYPICAL PERFORMANCE CHARACTERISTICS
POWER SUPPLY CURRENT VCO CONVERSION GAIN LOCK RANGE
AS A FUNCTION OF. AS A FUNCTION OF
SUPPLY VOLTAGE INPUT VOLTAGE
P ay = FREQUENCY SETTING RESISTOR ! ! f j sy i i
H . ! srreey i i i
i ¥ ] 2] N . s vty
| H f : LN
: i i > O Sy
¥ d ' o T
2 % < § i / EON | vy
. - / ¥ ! ' 1 -
: : ELINAL TS
i 7z ] : yd Fol i \\ | /A
vy 3 H
/ i 03— 4—- H /
F ' '
i A
R i ~ {4 s i
% 0 2 76 Y R 67 07 G S8 T i 4 e
T0Tay SUPPLY VOLTAGE (VOLTS) vOLIAGE I('l:(l T’rm iy 0 AN ITED 1008 BanGE
19 = Vi
LOCK RANGE CHANGE IN FREE-RNNING VvCO OUTPUT
AS A FUNCTION OF VCO FREQUENCY AS A WAVEFORM
GAIN SETTING RESISTANCE FUNCTION OF TEMPERATURE
(PINE-7)
A T S V- &vOLTS I p
| )4 i Pl e
" E"u. V7T §VOLTS g a/\\ /\ 1/\ )
Tl % i NN
? R - E 0. £ - f \ \
7 *Ul H N 11
g - ? % g +2
8 g- i
-2 ; -13 S g-: — —
R 3 -:" vovevars
og 2 . LI | 1 W 14 1% 18 2 3 - =30 - o 423 430 T3 <100 45 A y
aLATWE M M'“M".lo TEWPERATURL - C*

DESIGN FORMULAS
(See Figure 1)

Free—running-fr;quency of VCO: fo=
4R1C1

inHz

1)
Lock-range: f =% Voo in Hz

cc
1 2=
‘Capture-range: fc == — /—-—
2w r

where r = (3.6X103 X C2

TYPICAL APPLICATIONS
FM Demodulation

The 565 Phase Locked Loop is a general
purpose circuit designed for highly linear
FM demoduiation. During lock, the average
dc level of the phase comparator output
signal is directly proportional to the fre-
quency of the input signal. As the input
frequency shifts, it is this output signal
which causes the VCO to shift its frequency
to match that of the input. Consequently,
the linearity of the phase comparator output
with frequency is determined by the
volfdge-to-frequency transfer function of
the VCO.

Because of its unique.and highly linear
VCO, the 565 PLL can lock to and track an
input signal over a very wide bandwidth
typically *+60%) with very high linearity
(typically, within 0.5%).

A typical connection diagram is shown in
Figure 1. The VCO free-running frequency is
given approximately by

fo = 4;"""(:‘ and should be adjusted to be at
the center of the input signal frequency
range. C1 can be any value, but A1 should
be within the range of 2000 to 20.000 ohms
with an optimum value on the order of 4000
ohms. The source can be direct coupled if
the dc resistances seen from pins 2and 3 are
equal and there is no dc voltage difference
between the pins. A short between pins 4
and § connects the VCO to the phase com-
parator. Pin 6 provides & d¢ reference voit-
age that is close to the dc potential of the
demodulated output (pin 7). Thus, if a resist-
ance is connected between pins 6and7, the
gain of the output stage can be reduced with
little change in the dc volitage level at the
output. This allows the lock range to be

ENOtiCs

decreased with' little change in the free-
running frequency. in this manner the lock
range can be decreased from *60% of o t0
approximately +20% of fo (at +6V).

A small capacitor (typically 0.001F) should
be connected between pins 7 and 8 to elimi~

-nate possible oscillation in the control cur-

rent source.

A single-pole loop filter is formed by the
capacitor C2, connected between pin 7 and
the positive supply, and an internal resist-
ance of approximately 3600 ohms.

Figure 1
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NE/SES65-F K 1y
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SCL40138
ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS !
7 O 7 3
PARAMETER Voo | conpirions |__Twow’ | B THigH” | ynies
. (vde) Min. | Max. | Min. | Typ. [ Max_ | Min. | Max.
QUIESCENT DEVICE (PP ]
CURRENT 5 [Vin*VgsorVpo| - 1 1.0 - |0.005; 1.0 - | 30 |pAdc
10 jAll vaiid input - ]20 - j001 ;20 - 60
15§ {combinations - (4.0 - 1002 ' 20 - 120
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCLA000B Series Family Specifications”,
? Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Tuicn = +125°C for C, D, F, H device.
=+ 85°C for E device.
3 This device has been designed for balanced output drive current specifications. Consutt Family Specifications.
DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)
4
Voo i | i
PARAMETER (i [ Min, J Tye. 1 Max. | Unit
CLOCKED OPERATION
PROPAGATION DELAY TIME tpy . tPL 5 3 125, 250 ns
10 - 85 130
15 - 45 80
OUTPUT TRANSITION TIME g L T 5 - 100 200 ns
10 - 50 100
; 15 - 20 80
MINIMUM CLOCK PULSE WIDTH PWeL 5 | - 70 140 ns
10 - 30 | 60
15 = 20 ! 40
MAXIMUM CLOCK FREQUENCY i W % 35 70, W MHz
10 8.0 - -
15 12.5 2% -
MAXIMUM CLOCK RISE AND FALL TIME! ey, fecy 5 15 3 - us
10 10 - -
15 5 v B
MINTMUM SETUP TIME (1AY 5 X % i 50 | ns
10 - 10 20
15 - 75 i 15
MINIMUM HOLD TIME Y, 5 = 25 0 0 | ons
10 - -10 ; 0
15 - 5 0
SET AND RESET OPERATIONS
PROPAGATION DELAY TIME
StoQ, Rt T TpLm 5 - 129 250 ns
10 - 65 130
15 - i 5 90
MINIMUM SET AND RESET PULSE WIDTH PWs. PWp S 65 1 130 ns
. 10 - 30 60
15 - 2% . 50
SET AND RESET REMOVAL TIME Trom 5 o | 25 ns
10 ~ 0 10
| E— 15 - 0 5
Twhen units are cascaded, the maximum rise and fall times of the clock input should be equal to or
less than the transition times of the dats outputs driving data tnputs, plus the propagation delay of
- the output driving stage for the output capacitive joad.
Vis, DRA YOLTAGE (Vdc) 50
20 18 16 -14 12 .10 8 -6 -4 2 0 LI
f lo T 2 g 4 Ves = 15 Ve
r Ve ==§ VocT— -5 §~ E 40
[ A .10 - 3
R A 15 3 E 4 V.
Ves == 10 Vde 7 -20 E £ 2
- 2 Ves =10 Ve )
+ /] 25 & L 20 VA ks
E-]
30 B g 15 //
35 = a8 7
Vo= =15 Vee L 40 % S 54 Vulgsjv“ T,=28°¢C
§ o [ |
T 1 Tam2C465 2 072 4 6 & 10 12 14 1 8 2
-50 ¥eu DRAIK VOLTAGE (Vde)

Typical P-Channe!l

Source Current Characteristics

Typical N-Channel

Sink Current Characteristics
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SCL40138B

CMOS DUAL D-TYPE FLIP-FLOP

FEATURES

Independent Set and Reset Controls

Static Operation

Logic Edge-Clocked Design

16MHz Toggle Rate @ 10Vde

Balanced Output Drive Current Specifications

LR 2K & B 4

DESCRIPTION

The SCL4013B consists of two identical, inde-
pendent D-type Flip-Flops. These devices can be
used for shift register applications, ;and, by con-
necting the Q output to the Data input, for counter
and toggle applications. The logic level present at
the D input is transferred to the Q output during
the positive-going transition of the Ctock pulse.
Setting or resetting is independent of the Clock and
is accomplished by a high level on the Set or Reset
line, respectively.

TRUTH TABLE

NO CRANGE

TEIARE

"
wlo|s|ololeln

«|o]l=|otfe]| =0l

sl=slo|ojolo|wn

»

= Level Change
x = Don’t Care

LOGIC DIAGRAM

LS

a

CONNECTION DIAGRAM
{alt packages}

vpp Q@2 G €Lz Rz D2 S

| ] | ] ] L
14 13 12 11 10 9 8
SCL40138

3 4 5 6 1

2
g I | I |
Q

1
|
Qy Qi Cty Ry D3 S5 Vss

Add suffix for package:

C  14-pin Cerdip
D 14-pin Ceramic
£ 14-pin Epoxy
F  14-pin Flat

H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp-Vss 3t 15 Vde

Operating Temperature Ta

C, D, F, H Device 55 t0 +125 ©°C

E Device 4010 +85 ©C
BLOCK DIAGRAM
Voo
4
ser,
0y 24— 2.3,
coe, Mt M Lo
peser, 4 ¢
se1; Y
03 21— 123
cu:c-.i nl _|esezl p3 o:
reser, 2
11
Vss
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SCL4514B
SCLA5158

CMOS 4-70-16 LINE:
DECODERS WITH LATCH

FEATURES

¢ Strobed Input Latch

4 Inhibit Control

4 Selected Output Active High (SCL4514B) or
Active Low {SCL45158)

DESCRIPTION

The SCL4514B and SCL4515B are two out-

put options of a 4to-16 Line Decoder with
Latched Inputs. The SCL4514B presents a logic
“1* at the selected output, and the SCL45158
presents a logic ‘0" at the selected output. The
latches hold the last input data presented prior to
the Strobe transition from 1" to “0”. Inhibit
allows all outputs to be placed; at “0”
{SCL4514B), or “1”" {SCL45158B), regardless of
the state of the Data or Strobe inputs.

Applications include code conversion, address
decoding memory selection control, demultiplex-
ing and readout decoding

TRUTH TABLE (Strobe = 1)

Dats inputs Selected Output
SCL4514B = Logic “1”
Inhibit | D C B A | SCLA4515B = Logic:'O"
o] 0 0 0O So
o] 0 0 0 1 S1
] o0 1 0 S2
0 g 0 1 1 S3
0 o1 00O sS4
o] o 1 0 1 S5
o} o1 1 0 S6
[+] 01 11 §7
o] 10 00 S8
0 1 0 0 1 59
(o] 1 0 1 0 S10
[+] 1.0 1 1 S11
o] 3 1 0 O S12
[s] 11 01 Si3
o] 1 1 10 s14
0 1T 1 1 1 S15
1 X X X X {All Outputs
= Q" SCLAS148B
All Qutputs
= 1", SCL45158
X = Don’t Care

CONNECTION DIAGRAM
{all packages)

Data
Inputs Qutputs
—m
s8 S14 S12

VDD D4 S10
INH [ D3 | 511 | sS9 ' S18 I s13
| N I i

24 2322 21 20 19 18 17 16 15 14 13
SCL4514B SCLAS158B

1 2 3 4 5 6 7 8 9101112

i 1 |

ST l D2 A Sso

D1 2 VvV

e e S N SREPRES ss

Deata Outputs

tnputs

l gG I Sl4 I 5[1
s7 S5 s3

Add suffix for package:
D 24-pin Ceramic
E 24-pin Epoxy
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage ~ Vpp-Vss 31015 Vdc
Operating Temperature Ta
D, H Device -55to +125 ©°C
E Device 40t0+485 °C

BLOCK DIAGRAM

so.-‘LoAICE
S|—1’TOAEEB
VoD " Fin 24 s2H20XeCB

Vss - fin 12 SJv:—OABCB
sa}—o0aBch

Dots 1 0—2 ks ss%—c:icb
N » SGEAn_:b

Dot 2 0—— a01s ST anch
oamaol U € Decoser  s81—o0XBEZO
22 ° sggo:u’.'o

Date 4 O—— s1of—oaalo0
st —:iO:IED

4
Strobe 1 [ 312;73—0A:CD

si3f—-—oa8co
siaf—oAsCD
S1s}~—0ABCD

23 I

tnhibit
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R T T ~£§1,5§148, SCL4515B
e, .
T . ELECTRICAL CHARACTERISTICS
\.._‘. - .
STATIC CHARACTERISTIES ..,
LN, 2 ° 2
PARAMETER Voo |"cBNpiTIONS | TLow 15C THIGH_ | ynits
| (Vde) ) Min. | Max. | Min. | Typ. | Max. | Min. | Max,
QUIESCENT DEVICE CURRENT! o h . .
5 |Vin=VesofrVopo | — 55~ < 0.05 5 - 150 | pAde
10 | All valid input - 10 — =h 9.1 10 - 300
15 | combinations - l 20 - jo2~] 20 | - 600

R ey
NOTES: ' Remaining Static Electrical Characteristics are listed under “SCL40008 Series Family Specifications”.
2 o . S
Trow =-55 C for C, D, F, H device, Ny -
= —40°C for E device. .
Thiou = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C =50pF, Ta= 25°C)

Voo . .
PARAMETER vde) Min, Typ. Max. Units
PROPAGATION DELAY TIME teLHs terL
From Data Inputs 5 - 550 1100 ns
10 - 225 450 ,
15 - 150 300
3
From Inhibit Input 5 - 400 800 ns
10 - 150 300
15 - 100 200
OUTPUT TRANSITION TIME trins trrd
5 - 130 260 ns
10 - 65 130
15 - 50 100
MINIMUM DATA INPUT SETUP TIME teerup
5 - 125 250 ns
10 - 50 100
15 - 40, 80
MINIMUM STROBE PULSE WIDTH PWst .
5 - 175 350 ns
10 - 50 100
15 - 40 80

Vo, DRAIN YOLTAGE {Vdc)
20 18 16 -14 412 10 8 6 -4 2 O _
v I ;ve 5 H
2= - {4 b —
al . /' 10 g E’
Ve as 3 =
Ves =-10 Ve - E £, [ L Vou = 15 Vée
= 2 3 3
Voo =15 V4 B 5 £ - |
es =~15 Vd¢ 2 =15 < Voo = 10 Véc
- S 10 ]'
z B4 N T V=30
] 1 1
T.l-ﬁl'ﬁ* < 0 2 4 6 8 10 12 14 16 18 20
Voo, DRAIN YOLYAGE (Vdc)
Typical P-Channel Typical N-Channel

Source Current Characteristics Sink Current Characteristics
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SCLA4514B, SCL45158
LOGIC DIAGRAM
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TYPES SEB55, NES5S55
PRECISION TIMERS

BULLETIN NO, DL-S 12053, SEPTEMSER 1973--REVISED OCTOHER 1979

P
e Timing from Microseconds to Hours '
e Astable or Monostable Operation
e Adjustable Duty Cycle JG OR P DUAL-IN-LINE PACKAGE
- (TOP VIEW)
e TTL-Compatible Output Can Sink or
CONTROL
Source up to 200 mA DIS. THRES VOLT-
e Designed to be Interchangeable with VocCHARGEROLD A3
Signetics SEE55/NEB55 si7pieys
description
The SE555 and NESSS are monolithic timing circuits
capable of producing accurate time delays or oscilla-
tion. In the time-delay or monostable mode of opera-
tion, the timed interval is controiled by a single ex- 1 2 3 4
ternal resistor and capacitor network. In the astable - SND TRIG. OUT- RESET
mode of operation, the frequency and duty cycle GER PUT
may be independently controlled with two external

resistors and a single external capacitor.

The threshold and trigger levels are normally two-
thirds and one-third, respectively, of Vce. These
{evels can be altered by use of the control voltage
terminal. When the trigger input falls below the
trigger level, the flip-flop is set and the output goes
high. When the threshold input rises above the
threshold level, the flip-flop is reset and the output
goes low. The reset input can override all other inputs
and can be used to initiate 2 new timing cycle. When
the reset input goes low, the flip-flop is reset and the
output goes low. When the output is low, a low-
impedance path is provided between the discharge
terminal and ground.

The output circuit is capable of sinking or sourcing
current up to 200 milliamperes. Operation is specified
for supplies of 5 to 15volts. With a 5-volt supply,
output levels are compatible with TTL inputs.

functional block diagram

CONTROL
Vee VOLTAGE RESET
w 18 i
R
5
N out: =]
comr T outrut
! " o
S
3" FLIPFLOP
| s
L

a0 DISCHARGE

Copyright © 1878 by Texss |nsouments incorporated
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TYPES SES55, NE555

PRECISION TIMERS

109

schematic
vee B _o . " o .
47k 830 4Tk 1k
[
A
5kg
s 39k
b
{61 N .
THRESHOLD ’5——1 210k &L cutrur
i
CONTROL _{5) &
VOLTAGE
TRIGGER —2 -
RESET 4L =
(7}
DISCHARGE {
Hi % 10k %100 X 47k
GrounD —1 ,;, - 0 o3 <
100
Resistor velues shown sre nominat snd in ohms,
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vc( (see Note 1) S N 1BV
Input voltage {controf voltage, reset, threshold, tr:gger) P o o
Qutput current . ) 1225 mA
Continuous total dls:paxlon at (or below) 25 C free -air temperature (see Note 2) 600 mW
Operating free-air temperature range: ~ SE555 . .. —55 C1o 125°C
NES55 . . ...... 0cCw70°C
Storage temperature range i .. —65°C to 160°C
L.ead temperature 1/16 inch (1,6 mm) from case for 60 seconds JG package 300°C

Lead temperature 1/16 inch (1,6 mm) from case for 10 seconds: P package

NOTES:

1. All voltage values ere with respect to network ground terminel,

e e .. ... 280°C

2. For operstion sbove 25°C {ree-sir temperature, rater to Dissipstion Dersting Table, In the JG package, SESE5 chips are slioy-

mounted, NESS5 chips ere plsss-mounted.
recommended operating conditions

- SES55 NESS5
UNIT
MIN NOM MAX IMIN NOM MAX
Supply voltage, Voo 4.5 18 ] 45 6] V
Input voltage, V| {controt voltage, reset, threshold, trigger} Vee Veel V
Qutput Current, g 2200 2200] mA
Operating free-sir temperature, TA -55 125 0 70| °C

TEXAs INSTRUMENTS

INCORPORATED

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES SES55, NES5S
PRECISION TIMERS

electrical characteristics at 25°C free-air temperatute, VCC =5V to 15V {unless otherwise noted)

PARAMETER TEST CONDITIONS SESSS NESSS UNIT
MIN TYP MAX ['MIN TYP MAX
Threshold volt level
reshold voltage level as a 66.7 66.7 "
percentage of supply voltage
Threshold current (see Note 3) 0.1 025 0.1 0.25 HA
Vee= 15V 4.8 5 5.2 5
Tri it level v
rigger voltage Jeve Vec =5V 145 167 19 167
Trigger current 0.5 0.5 HA
Reset voltage level 0.4 0.7 1 0.4 0.7 1 v
Reset current 0.1 0.1 mA
Control voitage Veg= 15V 9.6 10 104 9 10 11 v
{open-circuit) Vee=5V 29 33 3.8 2.6 33 4
1oL = 10mA 0. 0.15 0.1 0.25
lop = 50 mA 0.4 0.5 04 075
Vee= 15V oL
loL = 100 mA 2 2.2 2 2.5
Low-level output voltage v
loL = 200mA 25 25
oL =5mA ..
Vec=5V oL=5m 0.25 0.35
oL = 8 mA 0.1 0.25
loH = =100 mA 13 133 12,75 133
. Veg=15V.
High-leve! output voltage loH = ~200 mA 12.8 12.5 v
Vec=5V lon = —100 mA 3 33 275 33
Output low, Veg=15V 10 12 10 15
No load Veg=5V 3 5 3 6
Suppl! t mA
o Ry Output high, Vog= 15V R T 14
No load Vee=5V 2 4 2 5

NOTE 3: This psrameter Influances the maximum velue of the timing resistol

Ve = B V the maximum value is R = Ra+Rg = 20 M.

operating characteristics, Vcc =5 Vand 15V

rs Ry and Rg in the circuit of Figure 13, For exsmple when

SES55 NESS5
PARAMETER TEST CONDITIONS? UNIT
MIN TYP MAX |MIN TYP MAX

i

nitial error of Ra=1k210 100 k2,1 Ta = 25°C 0.5 2 1 %
timing interval
Tempersture coefficient Ta=MIN

Rg = 1 30 100 50 rc
of timing interval B =0t 100ka, to MAX pom .
Supply voltage sensitivi
poly voltage sensitvity C=0.14F Tp=25°C 005 02 0.1 %V

of timing interval
a] 1 pulse rise ti 100 100

utput pulse rise jm! CL -15 pF, TA = 25°C ns
Qutput puise {sll time 100 100 ns

Tror comditions shown 88 MIN or MAX, use the sppropriste value specitied under recommended op:

DISSIPATION DERATING TABLE

erating conditions.

POWER DERATING ABOVE
PACKAGE
RATING FACTOR TA
JG (Alloy-Mounted Chip) 600 mW 8.4 mW/°C 79°C
JG (Glass-Mounted Chip) 600 mW 6.6 mW/C s9°C
[4 600 mW 8.0mwW/ C 75°C

Also see Dissipation Dersting Curves, Section 2.

FIGURE 1

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TYPES SE555, REBSS
PRECISION TIMERS

111

TYPICAL CHARACTERISTICS?

LOW-LEVEL QUTPUT VOLTAGE

LOW-LEVEL OUTPUT VOLTAGE
A Al
LOW-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
L] 10 ==
akvec=5V =: H 7EVee " 10V E——1, L 125°C
% T > 4 T T Lvy
> 1 ] I T T
2 22 N B Ta=25°C
g H — == 2
2 — 5
£ 5 3 > 1
: o =i : 3 o7 Ta=~55°C
& g 7 10 = 125 c O 5 04
3 y/a + SE0 o -
3 B 11 T o2 7
s ) 3
7 &) e o1
A == 3 o
5 = A
z e 3 0.04
> o $ 0.02
t
am < 0.01
T2 4 70 20 40 7000 12 4 710 20 40 70100
1oL —LowsLevel Output Cawrent—mA 1oL =Low-Levei Output Current—mA
FIGURE 1 FIGURE 2
DROP BETWEEN SUPPLY VOLTAGE AND OUTPUT SUPPLY CUnncrv1
» 0 vi
HIGH-LEVEL OUTPUT CURRENT SUPPLY VOLTAGE
20 10
R LT = <t
13 = 1 [~ No load
> 28
(R = 8
H e Ta® 25*C |t % Tan25°C
g 2 4
: LI B 3
ina 5 — $e
3 Ta= 125°CI P
318 == _E
f“ 3 Wine NI Ta=-85°C
gos 8 b}
3 Ta=125°C
> os 3 Ac
Veg s5 V015V
az
LT \
v 2 4 7 10 1 4 7010 s 6 7 B 9 10 11 1213 415
Ion—Hgh-Level Outpunt Curreni—mA Veg=-Supply Voltge-V
FIGURE 4 FIGUREB
NORMALIZED OUTPUT PULSE WIDTH NORMALIZED OUTPUT PULSE WIDTH
PAONOSTABLE OPERATION] (MONOSTABLE OPERATION)
L3 A
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
5 108 1018 T 1
] .‘: vee= 10V
:& 0 T 1010
> <
s vo0s : 1.005
K] - -
> \ — > T
2 1000 2 1.000
z T )
= 3 \\
€ 0905 = 0988
£ £
* 5
% a0 2 oo
H 2
ases 0.985
° 5 10 5 2 215 50 -2 0 25 $0 75 100 125
Veg=Supoly Vohuge—V Ta-Froe-ir Temonratuse—"C
FIGURE 7 FIGURE 8

1 Dsmfor temperatures below 0°C and sbove 70°C are applicable for SES55 clrcults only,

{

LOW-LEVEL OUTPUT VOLTAGE
A
LOW-LEVEL OUTPUT CURRENT
10 e
Tivec=18Vv
> 4
! 2 P —
._i-' Ta=-s5"cfi{}]
F |
g o7 e
S o4 T
8 TA®25°C =
< 02 AL // +
k1 o Ta=-58'C
: 01 =
§ 007 LA = 125°C=
), 004
3]
> o
(Y]
1 2 4 710 20 40 70100
1o —Low-Level Qutput Currant—mA
FIGURE 3
MINIMUM PULSE WIDTH REQUIRED
FOR TRIGGERING
™
LOWEST VOLTAGE LEVEL OF
TRIGGER PULSE
150
No losd
f 15
£
B
% 100
] Ta=-55°C
-]
Em
2 Tas0Cl—"
E
z / /\}-’ |-
Z w0 — TA=35C —
P
£ — —
s \ Ta=125°C
'
Ta = 70°C
o A
o 0.axvee 02avee 0J=vee DdsVee
Lowest Voitage Level of Trigger Pulse
FIGURE &
PROPAGATION DELAY TIME
n
LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE
x0
g =0
£ .
- -
> Ha )
- Ta=—55 %
o ‘ 4
§ w0 7
4 L L
L A .
2 o0 s \ Ta=28°C
H [
1 T\ M
& o— Ta I7o c
n® NS
TA=125
° !
4] 01xVer O2xvee 03xvee 0A4xVee

Lowest Voitage Lavel of Trigger Pulse

FIGURE®

TEXAS INSTRUMENTS

" INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



112

TYPES SE555, NE5BE
PRECISION TIMERS

[V

TYPICAL APPLICATION DATA

1

LTRA AR

monostable operation c-asiaf
_l: Fopure 11
vee (B V te 15 V)
L b U LS L
L VOLTAGE,
(4} | (8} RL Ra >
RESET vee @) ;<
ouTPUT OuTPUT F— L —tm .
mrut —2rRiGGER 1 - -

SES55/NES55 - s

DISCHARGE S

OUTPUT VOLTAGE
{5) |CONTROL
5
l VOLTAGE  rypesuoLp (oL / / A A
0.01,F GND =2
I lm
= ir WIACIYOI VDI.‘IlAGE
Time~0.1 ms/div
FIGURE 10—CIRCUIT FOR MONOSTABLE OPERATION FIGURE 11—TYPICAL MONOSTABLE WAVEFORMS

For monostable operation, the SES55/NES55 may be connected as shown in Figure 10. If the output is low, applica-
tion of a negative-going pulse to the trigger input sets the flip-flop {Q goes low), drives the output high, and turns off
£r1. Capacitor C is then charged through R until the voltage across the capacitor reaches the threshold voltage of the
Hireshoid input. If the trigger input has returned 1o a high level, the output of the threshold comparator will reset the
flip-flop (@ goes high), drive the output low, and discharge C through Q1.

tonostable operation is initiated when the trigger input voltage falls below the trigger threshold. Once initiated, the se-
guence will complete only if the trigger input is high at the end of the timing interval. Because of the threshold level and
saturation voltage of Q1, the output pulse width is

approximately ty, = 1.1 RAC. Figure 12 is a plot of 10
the: time constant for various values of Ra and C. The
threshold levels and charge rates are both directly ”
proportional to the supply voltage, VCC. The timing Y 1
mterval is therefore independent of the supply }:
soltage, so long as the supply voltage is constant b 10~
during the time interval. f /

3
Applying a negative-going trigger pulse simul- ! 1072
mneously 10 the reset and trigger terminals during the g
#ming interval will discharge C and re-initiate the 8 10-3
orcle, commencing on the positive edge of the reset l;
guise, The output is held low as fong as the reset e
aulse is low, When the reset input is not used, it 1074
should be connected to Vg to prevent false
wiggering.

10-%
0.001 0.01 0.1 1 10 100
C—Capacitance—uF

FIGURE 12—OUTPUT PULSE WIDTH vs CAPACITANCE

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265
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TYPES SE555, NE555 ,
PRECISION TIMERS

TYPICAL APPLICATION DATA

astable operation

. Aacarn
Rg e« 120
vee 5Vt 15V) »-:-:.‘u.;r
5 Frre 14
(4)| {8} Ry RA
RESET vee s
2) OUTPUT 3 ouTeuT
TRIGGER 3
>
SES55/NESSS 5
piscHARGE L. !
>
R 1,
OPEN _ (5} [cONTROL B
(See Note A} VOLTAGE  THRESHOLD 8} ROV N OUTPUT VOLTAGE
GND =L
1o 1N AL AN
. VTV Y[\
NOTE A: Decoupling the control voitags input (pin 6) to l |V°L|

ground with a capsacltor may improve operation,
This shouid be svaluated {or individual applications.
FIGURE 13—-CIRCUIT FOR ASTABLE OPERATION

Tiva—0.5 muidry

FIGURE 14-TYPICAL ASTABLE WAVEFORMS

Addition of a second resistor, Rg, t0 the circuit of Figure 10, as shown in Figure 13, and connection of the trigger
input to the threshoid input will cause the SE555/NESSS to self-trigger and run as a multivibrator. The capacitor C will
charge through R and Rg then discharge through Rp only. The duty cycle may be controlled, therefore, by the values

of Rp and Rp.

This astable connection results in capacitor C charging and discharging between the thresholdwoltage level
(=0.67-Vce) and the trigger-voltage level (=0.33:Vce). Asin the monostable circuit, charge and discharge times (and
therefore the frequency and duty cycle) are independent of the supply voltage.

Figure 14 shows typical waveforms generated during astable operation. The output high-level duration ti4 and lowdeve!
duration t|_ may be found by:

100 k
tH = 0.693 (Ra + Rp) Cc
tL = 0.693 (Rg) C N 10k P
I
Other useful relationships are shown below. §
g 1k
o
period = ty + t_ = 0.693 (RaA+2Rp)C E
o B M,
frequency = AL N % 10 -
{Ra+ 2RB) C 5
o« N
& 10
Output driver duty cycle = T tk T = = ’iBZR ﬁl: 7 \
H¥L A B - 1 4,0 N L
tH Rp . \ \ \
Output waveform duty cycle I =1 - Ra+2RB o L
) ) 1 Rg 0.001 0.01 0.1 1 10 100 .
Low-to-high ratio — “RatRp C—Capacitance—pF -

FIGURE 15—FREE-RUNNING FREQUENCY

TeEXAS INSTRUM ENTS

INCORPORATED
POST QFFICE BOX 225012 @ DALLAS, TEXAS 75265
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TYPES SE555, NESSE
PRECISION TIMERS

.

missing-pulse detector

Vec (5 Vo 15V) -

] B __ R 3 IRa

TYPICAL APPLICATION DATA

¥ i I
veesS v
LIS
SEAMY
Sae Figurs 17 3

54

INPUT RESET  Vce @ 3 ! |
(2) OUTPUT OUTPUT > BPUT VOLTAGE
[TRIGGER &
SE555/NESS5 (7') &
- DISCHARGE 5
>

(5) JCONTROL

0.01xF

OUTPUT VOLTAGE

M
2
(2]

F -J—_p)

[ VOLTAGE  THRESHOLD |HELd
I - GND /

@;STEE casacst voulact
g Time—0.1 ms/div

FISURE 16—CIRCUIT FOR MISSING-PULSE DETECTOR FIGURE 17--MISSING-PULSE DETECTOR WAVEFORMS

The circuit shown in Figure 16 may be utilized to detect a missing pulse or abnormally long spacing between consecutive
_pulses in a train of pulses. The timing interval of the monostable circuit is continuously retriggered by the input pulse

train as long as the pulse
pulse train will permit the

frequency divider

spacing is less than the timing interval. A longer pulse spacing, missing pulse, or terminated
timing interval to be completed, thereby generating an output pulse as illustrated in Figure 17

By adjusting the length of the timing cycle, the basic circuit of Figure 10 can be made to operéte asa frequency divider
Figure 18 illustrates a divide-by-3 circuit that makes use of the fact that retriggering cannot-occur-during the timing

cycle.

vec=bV
Ra- 1800
e C*0024F
LRI
Sas Pigure 11
t
2 y | Y | _
'E INPUT VOLTAGE N
>
o ]
9 e
@
4
3
>
- - OUTPUT VOLTAGE "
[ > >
e P e i . T e .-
/ / / / s . . o
bt - — VOLTAGE = | = -.':.‘ ,-F:..‘ . LR D
. 1 1 1 1T -
2. e - Time—0.1 ms/div. il sy ce L mme .. -
""" FIGURE 18-DIVIDES8Y-THREE CIRCUIT WAVEFORMS :

TEXAS INSTRUMENTS
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POST OFFICE BOX 225012 8. DALLAS, TEXAS 75285



115

TYPES SE555, NEG55

PRECISION TIMERS

pulse-width modulation

TYPICAL APPLICATION DATA

Ra "ilﬂ T -
Ve {5V 1o 15 V) Laoonar
Bas Figure X
L~ ™~
1 =~
@] ®  RLE 3Ra LA N~
RESET vcc HOOULATION IePUT VOLTAGE
{3)

crock _2) | rrigeer ouTPUT SUTEUL §
INPUT ;
SES55/NESES =~

DISCHARGE 7) é} ELOCK WPUT VOLTAGE
OO BLICONTROL S

(See Nots A VOLTAGE  THRESHOLD (&L
A
GN:J" ]Pc Uguyuuuy At vouic; U
l‘ = ‘ / / '/ " I
BOTE A: The moduisting signal msy be d}nn or cepack o l A I i !n ]“ T
tively coupled to the control voits, tcm-ln-l. For voLtagk
direct coupling, the effects of rnooulnlon Ssource . = ol

voltage and Impedsnce on t‘h' biss of "the
SES55/NES555 should be considerad,

FIGURE 19—CIRCUIT FOR PULSE-WIDTH MODULATION FIGURE 20—PULSE-WIDTH-MODULATION WAVEFORMS
The operation of the timer may be modified by modulating the internal threshold and trigger voltages. This is
accomplished by applying an external voltage (or,current) to the control voitage pin. Figure 19 is a circuit for
pulse-width moduiation. The rf‘ronostable circuit is triggered by & continuous input puise train and the threshold voltage
is 'modulated by a control s»gnal The resuttant effect is a modulation qf the output. pulsé width, as shown in Figure 20,
A sine-wave modulation sxgna} is iltustrated, but any wave-shape could be used.

L

pulse-position modulation e SR
Aa s 3
vee {5Vt 15V) :c;:o_-:
may s Yan
Soe Popure 23
| f AL Ra
{4) {8) 1
// N e \\
RESET vee @ 4 ~ ~
2 OUTPUT OUTPUT 2 \
TRIGGER el TION NIT VOL TAGE
>
SES55/NESES o o~
DISCHARGE - -8 l I
o
WOOULATION _(5) |conTAoL (;) I S l I
VOLTAGE
{See Nota A) THRESHOLD l l
GNOD  Jo.... L _ OUTIUT VOLTAGL
(}}] ¢
1 - ——I - . AV 4y/1 A [ AVA
NOTE A: The moduisting signal mey be-direct or capeci- i MV WM‘ i /
tively coupled to the control voltage terminsl. For J .
direct coupling, the effects of modulstion sourcs - howtodbiithbinirand - -
voitage snd impedsnce on the bias of the . Time—0.1 ms/div
SEBS5/NESSS shouid be considered. - , .
FIGURE 21—-CIRCUIT FOR PULSE-POSITION MODULATION = ~ ' FIGURE 22-PULSE POSITION-MODULATION WAVEFORNS

The SES55/NESS55 may be used 2s a pulse-position modulator as shown in anure 21. In this .pphmtnon the threshold
voltage, and thereby the time delay, of 8 free-running oscillator is modulated. Figure 22 shows such a circuit, with a
triangular-wave modulation signal, however, any modulating wave-shape could be used. ) TEoed -

) © TEXAS INSTRUMENTS
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TYPES SE555, NE5ES
PRECISION TIMERS

TYPICAL APPLICATION DATA -
sequential timer

Vee
) | ‘ ) S (4 Js) S i | 118 <
RA  33k0 R >R
RESET . Voc A RESET Voo | 3he =ia TRESET Voo (3): ¢
3 ] | 2 ouTPUT
O-‘m‘rmcssn ourrut 2 rriceen  OUTPUT i 2 TRIGGER
s SEB55/NESSS 6.001 SES55/NESS5 0.001 SES55/NESSES |
DISCHARGE Kilg #F DISCHARGE }2i¢ uF DISCHARGE |——g
5) {CONTROL 15} jconTROL {S} JCONTROL
VOLTAGE TrRes. ({611 VOLTAGE THRES. |i6) VOLTAGE  THRES. [(6) |
onp MOLD "j HOLD j o HOLD j
N GND
0.0 ~ca | 0.01 cg [0.01 ~Cc
o T fen - # T ) & »F T IR T™
& & & & <
CA=104¢ | €~ 147 uF
Ra = 100 k02 - Rc = 100 k1
OUTPUTA Ca=aTuF OUTPUT B ouTPUT C
S closes momentarily att = 0, Ro = 1000

FIGURE 23-SEQUENTIAL TIMER CIRCUIT

Many applications, such as computers, require signals for initializing conditions during start-up. Other applications such
as test equipment require activation of test signals in sequence. SES55/NES55 circuits may be connected to provide
such sequential control. The timers may be used in various combinations of astable or monostable circuit connections,
with or without modulation, for extremely flexible waveform control. Figure 23 illustrates & sequencer circuit with
possible applications in many systems and Figure 24 shows the output waveforms.

1
See Figure 24
OUTPUT A  fletya-d twA=1.1RACH
—*itwg

z — ¢
3 OUTPUT B twB = 1.1 RgCg
i
I
(]
g
o
>

OUTPUTC twc—p4 twC=1.1RcCe

.P—tﬂo

t—Time—1 s/div

FIGURE 24~SEQUENTIAL TIMER WAVEFORMS
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iMionolithic Function Generator

GENERAL DESCRIFTION
The XR-2206 is z meon
grated &ircuit carac'e of producing high quality sine,
s uara, thiangie, rame. and pulse waveforms of high-stability
G accuracy, The cutut waveiorms can be both amplitude
i frequency mocdu-zted by an exterral voltage. Frequency
0 Nseration can be ssiected externally over a range of 0.01
Hz <6 mbre than 1 Az,

olithic function generator inte-

The Tircuit is ideal’s suited for communications, instru-
mentation, and funclion generator applications requiring
isnidal tone, AM, 79, or FSK generation. It has a typica!

SILISTI]
dr.f1 soecification of 0 ppm/°C. The oscillator frequency
ran be ineorly swen: over a 2000:1 frequency range, with
are gxierhal contror w2itage. having a very small affect on

histrsion,

FEATURES

5 %. Typ:cal

20 ppm/°C, Typical
2000:1, Typical
0.01%V, Typical

Low-Sire Wave DistcT2n
Excetient Temperaturs Stabitity
Wide Sweep Range
Low-Supply Sensitivity

Linear Amplitude Mocs'ation
TTL Compatible FSK Cantrols
W.de Suoply Range
Adjusiable Duty Cycie

10V to 26V
1% 10 99%

APPLICATIONS

Waveform Generation
Sweaen Generation

ANi/FM Generation

V/F Conversion

ESK Generation

Phage- Locked Loops (VZD)

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Povser Dissipation 750 mwW

Derate Above 25°C 5mwW/°C
Tcta!l Timing Current 6 mA

Storage Temperature

-65°C 10 +150°C

FUNCTIONAL BLOCK DIAGRAM

XR-22
AM I
INPUT 1 16
| SYMMETRY
on ADJ.
~e ~
s [2] 5] ]
MULTIPLIER
MULT. OUT I &R H 14[
SHAPER nax;sFonM
2 =Vee l , 5 13' _J
I 12' GROUND
TIMING
CAPACITOR
11 SYNC
OUTPUT
I 7 1 = 10' BYPASS
B
RESI CURRENT
8 SWITCHES 9 I g

ORDERING INFORMATION

Part Nufmber Package Operating Temperature
XR-2206M Ceramic -55°C 10 +125°C
XR-2206N Ceramic 0°C to +70°C
XR-2206P Plastic 0°C 10 +70°C
XR-2206CN Ceramic 0°C 1o +70°C
XR-2206CP Plastic 0°C to +70°C

SYSTEM DESCRIPTION

The XR-2206 is comprised of .tour functional blocks; a
voliage-controlled oscillator {VCO), an analog multiplier
and sine-shaper; a unity gain buffer amplifier; and a set
of current switches.

The VCO actually produces an output frequency porpor-
tional to an input current, which is produced by a resistor
from the timing terminals to ground, The current switches
route one of the timing pins current to the VCO controlled
by an FSK input pin, 1o produce an oUtput frequency. With
wo timing pins, two discrete output frequencies can be
independently produced for FSK Generation -Applications.

s L
./A. EXAR Integaied Systems, Inc., 750 Palomar Avenue, Sunnyvale, CA 94086 * (408) 732-7970 * TWX 910-339-9233
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XR-2206
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ELECTRICAL CHARACTERISTICS
Test Conditions: Test Circuit of Figure 1,V =12V, Ty = 25°,C=0.01 uF, Ry =100 kR, Ry = 10k§, R3 =25k
unless otherwise specified, S; open for triangle, closed for sine wave.

XR-2206M XR-2206C
PARAMETER MIN. | TYP. | MAX. | MIN. | TYP. | MAX. UNIT CONDITIONS
GENERAL CHARACTERISTCS
Single Supply Voltage 10 26 10 26 v
Split-Supply Voltaoe 25 13 +5 £13 v
Supply Current 12 17 14 20 mA Ry » 10k
OSCILLATOR SECTION
Max. Operating Frequency 0.5 1 05 1 MHz C=10000F Ry =1kQ
Lowest Practical Frequency 0.01 0.01 Hz C=50uF, Ry =2MQ
Frequency Accuracy :1 4 *2 % of g fo = /R C
Temperature Stability =10 +50 £20 ppm/°C 0°C< Ta < 75°C.
Ry =Ry=20kQ
Supply Sensitivity 0.01 0.1 0.01 %/V Viow = 10V, VHiGH = 20V.
Ry =Rz=20k%2,
Sweep Range 1000:1 2000:1 2000:1 1= fH@Ry=1kQ
'L @Ry =2MQ
Sweep Linearity
10:1 Sweep 2 2 % fL=1 kHz, fyy = 10 kHz
1000:1 Sweep 8 % fy, = 100 Hz, t14 = 100 kHz
FM Distortion 0.1 0.1 % +10% Deviation
Recommended Timiag
Components
Timing Capacitor: C 0.001 100 0.001 100 uF See Figure 4. l
Timing Resistors: Ry & l'Rz 1 2000 1 2000 k2 |
Triangle Sine Wave Output See Note 1, Figure 2. {
Triangie Amplitude 160 160 mV/k 2 Figure 1, S; Open
Sine Wave Amplitude 0 60 80 60 mv/k 0 Figure 1, Sy Closed
Max. Qutput Swing - 6 . 6 vp-p
Output Impedance 600 600 o
Triangle Linearity 1 1 %
Amplitude Stability 05 05 dB For 1000:1 Sweep
Sine Wave Amplitude Stability 4800 4800 ppm/°C See Note 2.
Sine Wave Distortion
Without Adjustment 25 25 % Ry =30kQ
With Adjustment 0.4 1.0 05 1.5 % See Figures 6 and 7.
Amplitude Modulation
Input Impedance 50 100 50 100 k1
Modulation Range 100 100 %
Carrier Suppression 55 55 dB8
Linearity 2 2 % For 95% modulation
Square-Wave Output
Amplitude 12 12 Vp-p Measured at Pin 11,
Rise Time 250 250 nsec C_=10pF
Fail Time . 50 50 nsec C = 10pF
Saturation Voltage 0.2 0.4 0.2 0.6 v L =2mA
Leakage Current 0.1 20 0.1 100 BA Vi = 26V
FSK Keying Level {Pin 9) 0.8 1.4 2.4 0.8 1.4 24 v See section on ¢circuit controls
Reference Bypass Voltage 29 3.1 33 25 3 35 v Measured at Pin 10,

Note 1: . Output amplitude is directly proportional to the resistance, R3, on Pin 3, See Figure 2.
Note 2: For maximurn amplitude stability. R3 should be a positive temperature coefficient resistor.
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Frequency-Shift Keying:

The XR-2206 can be operated with two separate timing
resistors, Ry-and Rg. connected to the timing Pin 7 and 8,
respectively, as shown in Figure 12. Depending on the
polarity of the logic signal at Pin 9, either one or the other
of these timing resistors is activated. If Pin 9 is open-
circuited or connected 10 a bias voltage 2V, only Ry is
activated. Similarly, if the voltage level at Pin 9 is <1V,
only Rq is activated. Thus, the output frequency can be
keyed between two levels, f; and fy.as:

fy=1/R1Cand fy = 1/R2C

For split-supply operation, the keying voltage at Pin 9 is
referenced to V-

Output DC Level Control:

The dc level at the output {Pin 2) is approximately the
same as the dc bias at Pin 3. In Figures 10, 11 and 12, Pin 3
is biased midway between V* and ground, to give an
output dc level of =V /2,

APPLICATIONS INFORMATION

Sine Wave Generation

Without External Adjustment:

Figure 10 shows the circuit connection for generating a
sinusoidal outpul from the XR-2206. The potentiometer,
Ry at Pin 7, provides the desired frequency tuning. The
maximum output swing is greater than V*/2, and the
typical distortion (THD) is <2.5%. If lower sine wave
distortion is desired, additional adjustments can be provided
as described in the following section.

The circuit of Figure 10 can be converted 10 sp!it-supply.
operation, simply by replacing all ground connections with
V-, For split-supply operation, Ry can be directly connected
to ground,

With External Adjustment:

The harmonic content of sinusoidal output can be reduced
to =0.5% by additional adjustments as shown in Figure 11,
The potentiometer, Ra. adjusts the sine-shaping resistor,
and Rg provides the fine adjustment for the waveform
symmetry. The adjustment procedure is as follows:

1. Set Rg at midpoint, and adjust Rp for minimum
distortion.

2. With R set as above, adjust Rg to further reduce
distortion,

Triangle Wave Generation

The circuits of Figures 10 and 11 can be converted to
triangle wave generation, by simply open-circuiting Pin 13
and 14 (i.e., S1 open). Amplitude of the triangle is approxi-
mately twice the sine wave output.

FSK Generation

Figure 12 shows the circuit connection for sinusoidal FSK
sianal operation. Mark and space frequencies can be inde-
pendently adjusted, by the choice of timing resistors, R
and R2- the output is phase-continuous during transitions.
The keying signal is applied to Pin 9. The circuit can be
converted 1o split-supply operation by simply replacing
ground with V™,

Pulse and Ramp Generation

Figure 13 shows the circuit for pulse and ramp waveform

-generation. In this mode of operation, the FSK keying ter-

minal {Pin 9) is shorted to the square-wave output (Pin 11},
and the circuit automatically frequency-shift keys ijtself
between two separate frequencies during the positive-going
and negative-going output waveforms, The pulse width and
duty cycle can be adjusted from 1% to 99%, by the choice
of Ry and Rp. The values of R; and Ry should be in the
range of 1 k2 10 2 MQ.
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Figure 1:

Basic Test Circuit.

Figure 5:

Normalized Output Amplitude versus DC
Bias at AM Input (Pin 1).
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Figure 2:

Output Amplitude as a Function of the
Resistor, Rg, at Pin 3.

Figure 6:

Trimmed Distortion versus Timing
Resistor.

Figure 4:
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Figure 3:  Supply Current versus Supply Voltage, Figure 7:  Sine Wave Distortion versus Operating
Timing, R. Frequency with Timing Capacitors Varied.
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