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PROJECT REPORT TITLE APPLICATION OF TELEPHONE SYSTEM
FOR HOME AUTOMATION

NAME MR. JUKKAPUN PHETSAKORN
MR. TIAN SRIPAIJIT
MR. YUTTASAK BUNSIRIUARFUAR

PROJECT REPORT ADVISOR ASST.PROF.PIPAT LAOHASONGKHRAM

Abplication of Telephone System for Home Automation‘Projcct further
developed from Home Automation Project using microcontroller MCS-51 as
main central control.

This system was equipped with sensor. In case of emergency, fire or
robbery, said sensor sent a signal to MCS-51 resulting not only in alarming in a
home but also in automatically calling to or leaving a message on receiver’s
beeper, fire station, police station or any desired number.

In addition, sajd system could calculate telephone’s charge, duration, and
destination, then the result was displayed. Existing working system, time setting
system, automatic answering machine, and calling system to control home’s

electrical devices were included.
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NNFAT BW

wld BW = 15.38%
wragludeanudoiud  372.33 Hz - 507.67 Hz

C,=2C, = 4.4 UF ~ 4.7 UF
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DESCRIPTION
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willh twO @x14rnal 18551075 ANC 2n@ capaci-
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an talhng wavelorms, ana tne ouisut struc-
ture 230 SSUCe Or Ik LP to ZSIMA.

ABSOLUTE MAXIMUM RATINGS

SE/NES55/SESSSC
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s High output current

¢ Agjustable duly cycle

¢ TTU compatible

o Temperature siabliity ol 0.005% per *°C

APPLICATIONS

Praclslon timing
Pulse generstlion
* Sequentlal timing
¢ Time delay generation
s Pulae width modulatlon
Puise position modulattan
* Missing pulse dalector
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TIMER

SE/NES35/SE555C

OC ELECTRICAL CHARACTERISTICS T, = 25°

a

C. Vec = +3V tg 15 unless otherwise specifieq.

SESSS | NEsss/sesssc | T
AMETE! T CONOITIONS UN{
PARAMETZR TEsTC Min | Typ | Max , Min | Typ | Max
Suooty voitae j 4.5 [ 18 ] as 16 v
Supply currant JUow s:aiar! Vo =3V R = = k) 3 l J [ mA
’ Vg2 = 1SVRA = » l 10 , 12 10 15 mA
Timing arroc \moncsiasier Aa = 2K(1 to 1COKN
Inar accuracy? C=0.1uF 0.5 2.0 1.0 30 b
Ot witn tamperature 30 100 S0 150 ppm*C
Qrut wun supoly veitage 0.05 .} 2.2 0.1 0.5 Yy
i Timing error tastasie Aa, Ag = k210 100K{}
initial accuracy? C=0.1.7 4 3 5 13 5
Qatt with temperature Viz =18V Ee] 30 {ppm.°C
Orift wun suppty vertags 01s 0.3 0.3 1 23
Contret voitage level Ves = 15v 9.5 W00 i0.4 3.0 10.0 § 1.0 v
Vece =35V 2.3 3.33 23 2.8 3.2 .2 v
i Taresnaia voitage Voo = 15V 3.4 100 | 105 8.3 100 ¢} 1.2 v
Vcz = 3V a7 3.33 {0 2.4 3.33 42 v
Thresncta currentd 9.1 0.25 0.1 Q.25 “A
Tngger voitaga Vee = 15V 44 5.0 5.2 .3 5.0 3.8 v
Voo =5V 158 1.67 1.9 1.1 1.87 22 v
Tngger current Vraig = 0V 0.5 0.9 0.5 2.0 nA
Resut voltagys 0.3 1.0 0.3 1.0 v
Aeseat cuyrrent | Q.1 0.4 0.1 .4 mA
Reset current { VReser = OV 0.4 10 0.4 1.5 mA
Qutput scitage tiow: Veg = 18V i
ISing = 10MA Q.1 Q.15 0.1 0.25 v
Ising = SQmMA 0.4 Q.3 Q0.4 Q.75 v
Isink = 100mA 2.0 22 2.0 2.5 2
Ising = 200mMA 2.5 2.3 v
Yo =3V
| Ising = BmA 0.1 a.2s 0.3 g4 v
! Ising = SmA 0 0s 02 025 i023s v
Cutput ~oitaGe tign Ver = 15V
Isource = 200mA 12,5 12,5 \%
IsQuAce = 100mA 130 ! 133 1275 | 133 v
Vee = 5V
! Isouncs = 100mA 30 1.1 2.7% 3.3 Vv
Turn oM mes ! Vagser = Veg P05 | 20 los 120 | s
Rise ume of output ‘ | 100 i 200 | 100 300 i s
Fatl ime o1 output i 1 160 2c0 100 200 as
Ciscnarge ieakage current ’ 20 1o 20 100 na

NQTES -

¥
2

1

‘
S

Suooty current wnen Quidul MgN tygiCaily ImA tess.
Tested at Vez = ¢V ang Vee = 15y

Tas win determine the Masimum vaiue ot AL - A, tar 15V aAoerstian, the maa total
A =10 meqgonm na for SV cperanon, the maa to1a1 A = 3 4 meqonm

Sowcited witn 111QQer 10Ut Aign,

Time measurea trom 3 DOJILve GOING 1NOWL Duize rom O t0 0 4 « Vg into the thresnoia

19 1he arao 110m Awgn 10 10w of the Gutous, TnQger s tiea to

tNresngiQ.




TIMER

SE/Nz555/SES55C

TYPICAL PERFORMANCE CHARACTERISTICS

s
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yPICAL APPLICATIONS
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SE/NES55/SE3330

ASTABLE OPERATION

Veg
a
N $55 OH 12 358 _
DISCHARGE O— L 3
: 1’_ ' o}
' |
Ay %n |
o . CONTHOL 5 i
T aemed T T T o> ¥
{  THRESHCLO O : X
= .anf | |
.
. 1 |
= A U N 3 l ‘ l
) f — R QUTPUT |——0 —
! outeuT
!
—
4 7 Comm )
THIGGER O i
' t
R
| s {
! - l
..
Tc R OLVE D ‘ - %% ! 149
§ @ ———
7 Q Ay + 18y,C
RESET

OISCHARQE O—v

MONOSTABLE OPERATION

Vee

333.0R 112 334

%,r" ——————————————— 1

— —_.CONTACL
VOLTAGE

TRIGGERO

0 '
THAEINOLD Oy}

!
i %u
|
o

T ar

1L

|
!
l N
|
1
|
!

Fue

-]
fop [ OUTPVT —50
fquteur
t
|
T |
| |
| |
I = |
b I J
J)l
RESET ATeLIAC

t



e

=

o

TIMER

—

SE/NESSS/SESSSC

Trigger Puise Width Requirements
and Time Delays

Oue (o tna naturs of the trigger circuitry, the
umer will tngger on the nggalve going eage of
tne ingut pulsa. For the gevice to ime out pro-
peny, it is necessary that tha tngyer voitage
lavel D2 returned 1o scme voltage greatar (nan
one turd of tne susply dbetore the time out
pendd. This can Se acnieved by making asthar
tng tngger puise suthciently snet or by AC
caughing into the tngger. 3y AC couphng tne
triggar, see Figure 1, a shert negative going
puise is acnieved wnan tna Incger signal gees
12 ground. AT coucung is mast irequantly used
in conjuncucn witn a switch or a sigral that
Go2s 10 §round win.Sh intiates tna imiag cycle.
Snsu tne ngger Se held low, witncut AC
Scuciing, for alonger Suraticn than tna iming
Cysie (ne auipul wiil remain in a ign s:ata for
the gurat.an ol N2 1w LIgger s.gnal. witnout
re3a:r3 12 i@ NrasnOlC Comparalar staty,
Tris s Cua (3 the Crecominance of O, onthe
case cf Q.4 coniroiming the state of the ti-
siazie Mip-lcp When e tnggaer signal then
felufns (0 @ Mg laval, the Sulpul wiil tall
immed.dtety Tros. tNe duldul $:gnat wal fol
iCw 08 tNGZdr s.57031 10 IS case.

TYPICAL APPLICATIONS

AC COUPLING OF THE TRIGGER PULSE

vee vee
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ALL RERAESE vacult 204 in Onug
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[T T
a1 Tm gt

Figura 1

SCHEMATIC 555 OA 1/2 556 CUAL TIMER

—

Another consiceralion is the “turn oif tima",
Trus 1s the measuremant of the amount 3f uma
required aher tne threshold reaches 213 Ve tg
turn the output low. To explain turtner, Q, attne
thresnold input turns an after reacning 23 Ve,
wrucn thea turns on Qs, wnich tumns 3n Q,
Current trom Qg turns on Qyg whicn tums Q,,
ort. This allows current trom Qg 10 turn en Qy
and Qg; 1o give an output low. These siess
cause the 245 maximum delay as stated n tna
0ata shast.

Also, a gelay comparable to the turn off ima s
tne ingger release ume. When the tngger is
low, Q.4 is on angd turns 0n Q,; whICH turns on
Qig. Qg turns off Q5 ana allows Q,, 1S tuen on,
This turns oft currant 10 Qy ana Qy,, wrich
resuits in gutput high. When the 3 s
released, Qg ana Qy, shut off, Oy turns 37,
Q4 turns on anc the circuit tnen fcllcws the
same Datn and time delay explainec as “tum
ott ume”. This (ngjur release time :s very
IMPOMANt IN estGrng the tNgger duls2 wisih
SO as not 1o nterierg with the output Signa as
axplainea previcusly.

[y

Figure 2
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TONE DECODER/PHASE LOCKED LOCP

W
B e ———————————— e e e

PESCRIPTION

The SE/NE3&T tane and frequancy dacocsr
is a hignly stadie pnasa-tockad loop witn
synchrenous AM iock datection and power
cutput Circuntry. Its primary function s (o
arive a loaa wnenever a sustained trequen-
¢y within its cetection band is present at:na
self-bidsed input. The banawiath center
frequency, and autput aslay ars indepena-
antly determineq by means of {aur external
cicmponems.

FEATURES

* Wide requency range {.01Hz to S00kHz)
* High stability ot canter frequency

* Independently controliabie bandwidth
{up to 14 percent)

High cut-band signal and noisa rejection
Logic-compatibie output with 100mA
current sinking capability

Inherent Immunity to false signals
Frequency adfusiment over a 20 ta 1
range with an external resistor

¢ MHitary processing available

-

SEINESS7

PIN CONFIGURATIONS -

FE, D, N PACKAGE

QuUIPUT FNLTER
CAPACITOA Cy
LOw. 7488 AILTER ——
casaciron ¢, L]

[

[ 21aursur

* 1 GAQuUAmO

L
Lt

R ! |5 ¢ ELEuEnis 3,
a0 C,
SuseLy (— — A
voitace v Li ! Tmms
ELEMEnr A
0P VIEW
F PACKAGE
aursur 7] [ smo
s T T -«
e i 1Y~
€ 3] 771 A,
et (5] R
~ T ~c
— —
ves 37 G
TOR NIEW

APPLICATICNS
¢ Touch Tone? decgding
¢ Carrter current remote controls
* Ullrasanlc cantrols (remate TV, etc.)
¢+ Communications paging
* Frequency monttaring and cantral
¢ Wireiess Intercom
. ¢ Preclsion osclilatar
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Qoaerating lamperature
NE3E7 0to ~70 °C
. SES87 = IS ‘Cc
Cperantng voltage 10 v
Positive vattage at inout Q0.5 - Vg v
Negative voltage at input -3 Vac
Cutsut voltags \cliecior 15 vee
of cutout transister!
Storage temperature -850 =130 °c
Paowaer cissioatcn iR mw
BLOCK DIAGRAM
?
iy
1 1
{ | 1ex
vt t avere b z
s | ! [
. t
Ll s ' '._.)OP
tsmatnt Pt
L[ e Lt
20 e [N
i I ! ;. -
- 1 1 =
= — § .
Duadnarus
T adveerea || E .
4 e
J v
4] *
N €y Ovimns =X
S
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EQUIVALENT SCHEMATIC
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TONE DECODER/PHASE LOCKED LOOP SEINESS7

DC ELECTRICAL CHARACTERISTICS v+ = 5GY: Ta = 25°C uniess otherwise soecitiad.}

ETER - TEST CONDITIONS Sess7 NESST ‘ UNIT
PARAM Min | Typ | Max Min } Tye | Msx !
CENTER FREQUENCY!
Hignest center trequancy tg) 300 :Co kHz
Canter frequency stability? -35 0 ~125°C 352140 33=120 somi°C
0t -70°C 35260 35=3C semC
Center frequency aistritution fy = 100kHz 2 1.1/ R,C, -10 Q 10 -10 Q <10 "
Canter frequency smift with supply voitage ty = 100kmz =1 1/R,C, 0.5 1 0z 2 ny,
CETECTION BANOWIOTH
Largest detection dandwiath 1, =100kHz =t I/ R.C, 12 14 16 10 14 '8 3 0t &
Largest detection oandwidtn skew 2 4 3 5 of ¢
Largest cetection bangwigth— v, = 3C0mvrms =0.1 =01 L4
vanauon with tamgeerature
Largast getection dancwigth— V, = 303mvrms 4 =2 Ly
varnation with suooty volitage
INPUT o
input resistance 13 29 23 13 20 25 L3N
Smallest deteciaote npul voitage V! e = 100mA | =1y e 235 20 - 23 TVems
Largest no-gutput input voltage IL = 100mA, [ ={q 10 15 10 15 mvrms
Greatest simuitaneous outbanag 6 L] cs
signat to inbana signal ratio
Mimumum input signal to wicenand B8na = 140kHZ -5 g -8 18
noisa ratio
CuUTPUT
Fastest on-off cycting rate tyr 29 ty: 20
“1" Qulput leakage current Vg = 15V an 25 0.01 25 -A
“0" qutput voltage Iy = 1CmA 22 03 6.2 < v
- Iy =12ImA 03 1.0 08 12 v
j  Cuiout tail umel Ry = 300 0 30 as
|, Qutcut nse ime3 AL =300 150 130 as
GENEAAL
Ceerating voltage range 473 39 | 475 30 v
Supply current quiescent 5] 3 7 10 mA
Supoly current—acuvated Ry = 23kl 11 13 12 15 mA
Cuiescent power cissipation 20 4 as mw
NOTES .
1 Fr 16¢ Ry snowia Se oetween 2 ang 2081 1 Pn 31020 1 leeQDaCR AL NeIwOrk SRIECIETC 1D ST inALE Dwi G Suiing tuin-gn and
2 Aom-cmlo over 4 7S m 575 vois See 5raons lor More aetaned intormanon turn-Qn
TYPICAL PERFORMANCE CHARACTERISTICS
BANOWIOTH vs INPUT LARGEZST OETECTION DETECTION BANOWIDTH AS
SIGNAL AMPLITUDE - BANDWIOTH vs A FUNCTIONQF C2and C3
OPERATING FREQUENCY )
00 [ 15 — - 104 I
! i
| l l I ! RN g !
250 — Frama =
h 3 T H ] T . l = l
IR I HE o {
00 0 < % w0 *
[ ] | [ =5 1
/ / / !
150 H
i

»

7
|
!
|
i

!

IHPUT VOLTAGE — mVims

16C2 {1z +F)

. 7 /(/ }7/(/ : . \\Q$c

g 2 1 & 4 10 12 14 18 a 1 10 100 1000 9 2 4 ] 10 12 18 8
BANOWIOTH — % OF 1, CENTEA FREQUENCT ~ une au«omorn - % OF 1y

\
H § ]
LARGES] BANDWIDIM — % OF I,

| |
HEN
| |
| |




TONE DECODER/PHASE LOCKED LOOP SEINESST

TYPICAL PERFORMANCE CHARACTERISTICS <&onra!

TYPICAL QUTPUT VOLTAGE
vs TEMPERATURE

GREATEST NUMBER OF CYCLES
BEFOQRE CUTPUT

TYPICAL SUPPLY CURRENT
vs SUPPLY YOLTAGE

25 | 1000 10 R
s A S T e s B vy
H o S00 I T T 1 0.3 ! : 1 ! "V,
¢ l /o o 200 ST T s I 1 1=r100ma
NO LOAD N1 Tiesanowiorhumicosr z = 1 T
= o ] H i ol
Z s ON" CURRENT o EXTENNAL RESISTOR = 06 | it ﬁ
= “ N (AINIMUM Cy) b [ . ]
| ! L/ G
5 I g 100 [Prg 5 0s ¥ E i
L © 4 \ , l ‘ S 04— - L
z ' | utsscwr L R - = o3 R ]
z i CURRF:)I'T 10 LIS Y N 1I 2 : b 0 to=30ma !
a H i N\ j 8an0wmOTH 5 Q2 I - : I R
H WUMIFED aY Cy T [=] . ! !
o o —
. | 3 l I o LN T o —
) 5 3 T ] 9 10 1 s 10 50 100 -1 ~-25 0 25 S 7§ 10T 133

SUPPLY VOLTAGE — v BANDWIOTH ~— % ol i, TEMPERATURE = *C

TYPICAL FREQUENCY DRIFT
wITH TEMPERATURE
(MEAN AND S.0.)

TYPICAL FREQUENCY DRIFT
WITH TEMPERATURE
(MEAN ANO S.0.)

TYPICAL FRECUENCY ORIFT
WITH TEMPERATURE
{MEAN AND S.0.)

.5 : 77T = L5 0 AR [ 5.0 2 {1 ~vaiavouis.
cvaily | g = Va7 )
) l oyl = 8 ISR S I ; L )N'\ | -v=3ssvolrs..
1.0 — — 10 : - T 25—
S ' l ’ L R P I AN i
) . H i H H ' | { { ! ' : HE i
L AR o S ! i . T NG =
¥ H - I H R — N~
* R L= | ' |y | T~
[ | e —e ™y X I Vi ) B AL NS
2 ; 27 T 2 — ' \\\ = 1 1] T
i ' = — ) = . SN
A ] i ’,/(/ ' l i i A i T ! ! N 7 = | : : i R
-5 PRt ; ~0.5 = - ‘ —ic ~5.4 : T
1/ {31 R ERREED | < ¥ !
‘i l N / === P ) ! i
-1.0 77 ‘ ] ' - 1.0 T = - -1 - - -
: ! ] ’ ! ! T f
-15 / ! ! ! L —s ! . ! 10 : |
-75 =25 0 25 75 125 -75 =235 0 28 75 12§ -75 =25 0 15 75

TEMPERATURE — TEMPERATURE — °C TEMPERATUKE — *C

TYPICAL BANDWIDTH VARIATION
VITH TEMPERATURE

CENTER FREQUENCY

SHIFT WITH SUPPLY

VOLTAGE CHANGE vs
OPERATING FREQUENCY

CENTER FREQUEHCY
TEMPEHATURE COEFFICIENT
(MEAN AND S.D.)

Bl N e - T — I 159 —
- T i ! ! 3 H 1
z i = 0.9 WE 7 l T |'-{ \
= ~ vl b L ! o 125 2
3 1 ~ L i ot i = o ;
2 0 N o or } | / 5 |1 N
. | HRER : = 1T J /- e 100 e ——]
3 < T < & 08 : ey ‘ iy
32 I ! N ETEREEY | - ]
- £ -100 e ! 0.5 — : - = 1.5 I
g I | I N 2 s RN Z { L6t
2 T3 111111 ~N| A [ LT AT ESP F B S ———
= .. LR AL I A Q.3 7 A a 4
Z -0 - — oz T z T—ﬁ\
z 1= o 10°C .2 T ER !
= 1 N 1 i a.1 T i ~za
-300 L ! ! [ o [ I I o b 8ANOWITH AT 23'C
4.5 3.0 55 50 85 710 t 2345 10 19 40 160 -7 ~25 0 3 s 3]
SUPPLY VOLTAGE — v CENTER FREQUENCY — \Mz TEMPSAATURE — °C



TONE DECODER/PHASE LOCKED LOOP

SE/NES67

DESIGN FORMULAS

ACh
i
aw = 1070 0 % ot 1o, V, S 200mVems
Qe
Where

V. = lacut Yottage Vrms)
Caz = Low-Pass Futer Capacitor uF

PHASE LOCKED LOOP
TERMINCLOGY CENTER
FREQUENCY (fo)

The .‘ree-run.-.mg !requency of the current

controtled ssc:ttator iICC31 i tne ansence
St an inpul 35020

Detection 3andwidth (BW)

Tne irgquency range. centerad atour fq,
within Which_an input signal abave the
infesnold voitage typicaily 20mVems: wil
cause a logical zero state on the outout. The
dete€uon bancwidin carresoonds to the
loop capture range.

Lock Range

The targest iraquency range within wicn
an iNput signal apove the thresnoia veitage
wll nolge 2 lc;;:al Ie02 stata 9n the autsul.

Detection Band Skew

A measure ot nc'w well the cetaction danc:s
centerec agout tne canter trequency. !9, The
skew 1s getinec 35 fmas + fimn -2151/2a
~nere IMax 373 fmin are ine trequancies
¢arresgcnaing 1o the sages ot the detection
Sang. The skew can e recuced 0 zero if
necessary oy means of 2n oouonal center-
Ng adustment,

QOPERATING INSTRUCTIONS

Figure 1 snows 2 typical conneciicn cia-
3fam for the S67. for most aoghcatens, the
‘cliowing three-sien procecure wiil be
.ullicient lor S2B0esInG (ne external camco-
ants Ry, Ci, Czana Cs.

i. Select A1 ang C lor the cesired canter
requency. For best temperature stadihily,
A1should pe tetween 2K ang 20K ohm, ang
ine comoined temperature coefficient of tHe
A1Cy product should have sutticient s:apili-
ly over the projec:ed temperature range to
Teet the necessary requirements,

1 Select tne low pass casacitor, Ca oy
‘2ferring (0 ne BangwiCtn versus !nout
3ignal Ampiuuce grapn. it the inout ampli-
‘ude variatcn is kngwn, ra apprecprnate
Alue ¢31,C, necessary 1o Give (he cesireg
landwigin may ce tound. Conversery, an
1rea of gperation mav ge seleciedg an tnrs
#aon anag ine inout level anc C, mMmay de
iusteg accereingly  Fer axamole, can-

TYPICAL RESPONSE

Aesponse (0 100mVrms tone Durst,
Ay = 100 onmg.

-~ -
T Omagfd M "
Ju '
a7 ]
L3
tom e
A Gy
W ": ? [
l les, ow
T:, = prend = -
_ ..l:"’"“'_.. irtite
Figure 1

Response (0 same input tone burst
with wigeoand noise.

S = -8abd AL = 100 onms
N Noise Sangwiatn = 130M2

stant bancwidin operation requires that
inout amplitude oe aoove 200mVrms. The
dangwiatn, as noteg on tne grapn, is then
controlled solely oy the 15Cz aroduct i
tHz:, Caiutan,

J. The vatue of Cyis generally non-critical.
Cj3 sets the bang ecge of a low pass filter
which gttencales lreguencies odulsice the
cetection bang (0 etminate sSPurious out-
puts. It C3 is 100 small, frequencies just
outside [ne deteciion 5ang will switch the
outout stage on and ot! at the beat [requen-
Cy. Or the output may puise on and oft
during the turn-on transient. it C3 1s too
large. turn-on and turn-off of the output
stage will be delayea until the voltage an C3
Fasses the tnresnold voitage. (Such delay
May Je desiracte (o avoid spurious Culpuls
due 10 translent frequencies. A typical
Mmimimum vaiue tor C31s 2C;,,

AVAILABLE QUTPUTS Figure 21

The pOmary output 1s the uncommitted
output transistor collector, pin 8, When an
in-bana input $1gnal s present, this transis-
tar saturates; its ccllectorvoitage being less
than 1.0 valt (typically 0.6V) at fult output
Current 1100mA). The voltage at pin 2 1s the
phase getector outout wmcn is a hnear
lunction of frequency over tne range 0f0.95
13 1.05 1o with a siope of about 20mv per
percentof frequency geviation. The average
vottage at oin 11s, durnng tock, a function of
Ihe 1n0ang Inout ameiituce n accorgance
‘win the transter charactensuc given Pin 3
'S iNe controlled oscilator square wave

10

cuisut of magniiude i~V ~2Vnel = (+V =1.4V)
Raving aacaverage of +V/72_ A ik{lloag may
Se ariven trom pin 5. Pin 515 an exconental
riangte of 1 von peax-io-peak with an
average dc level ot +V/2. Onty nigh imoeq-
ance lcads may be ccnnected to pin 5
without artecting the CCO duty cycte or
{emperature stability.

OPERATING PRECAUTIONS

A Oriet review of the tallowing pracautions
will neto ine user acnieve tne hign level qf
gertormance of wnicn the 367 1s capaole.

1. Coeration in the nign input tevel moge
lagove 200mV) wul free ine user (rom
Sanawicth vanatons due to changes-in the
in-banda signal amontuce. The ngut stageis
now limiting, however, so inat Jut-bang
signals or high noise !evais can causa an
acparant dancwidin requction as the in-
banag signal is suppresseq. Also, the hmuting
action wil create in-0ana comgonents from
suo-harmonic signals. so tne 567 becomes
sensitive to signais at (o/3. /5, elc.

2. The 387 will lock onta signats near 12n +
U tx an@ wiil give an output for signais near
4n 1 {owheren =0, 1,2, ete. Thys, signals
at Sto ang 9o can cause an unwanted
Qutout. If such signals are anticipated, they
snoulg be attenuated beiore reaching the
S67 input.

3. Maximuym immunity from noise and gut-
band signals is afforged in the low input
level (betow 200mVrms! and requced bang-
width gperating mode. However, decreased
loop damping causes the worse-case lock-
up time to increase. as snhown by tne
Greatest Number of Cyctes Selore Qutput
vs Banagwidtn grapn.

4. Due ta the hign switching speadas (20ns)
23sociated with 567 aperatian, care snouig
be taken in lead routing, Leaa lengtns
should be keot to a mimmum, The power
Sueply should be adequatety typasseq
close to the S67 with a 0.014F or greater
cagacitor! grounding paths snould be
Caretully chosen tc avoid grouna loops and
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unwanted voitage variations. Another factor
which must be consigdered 13 the altuct of
lcad energization on the power supply. For
example, an incancescent lamp typically
draws 10 umes rated curreat atturn-on. This
can cause supply voltage fluctuations
which could, for example, shift the gatec-
ton band of narrow-band systems sulfi-
ciently to cause momentary loss of lock.
Tne result is a low-frequency oscillation
into and out of lock. Such etfects can be
preventea by supplying heavy load currents
from a separate supply or increasing the
sugsply tilter capacitor.

SPZZD OF OPERATION

Miumum lock-up ume s reldted to the
natural frequency of the logp. The lower it
1§, ne longer decomes ine turn-on tran-
s:2nt. Thus, maximum ooerating soeed is
cstamned wnen Cz 5 at a maimum, When
e SiGNal is first apphied, the shase may be
sush as to nitally cnive the controlled
csaitator away form the incaming frequen-
Cy ratner than toward it. Unger this condi-
ucn, ~nich s of course unpregictable, the
tSsk-up transtent is at its worst and the
necretical mimmimum [ock-up time s not
asnigvasle. YWe must simgly wait for the
ransient 1o i@ Cul.

ne letovnng 2xprassions give the vatues of

z anc C3 wnicn allow rnigheast operatng
2225 !0r various canacantacireGuenc:es.
Tamum rate at wnen cigital informa-
usA M2y 08 cerected winsut Intormanocn
IZS5 Qua to the lurn-0n transient or oulput
Cnalter 1s accut 10 cycles per bit, corre-
sscacing to an informanon iransfer rate of
{510 daua.

0O

Bt ]

- 330
Cz= oF
ta
250 -

ln s2s2s wnare turn-ctf time can be sacri-
fiz22 1 acnigve !fas! wrn-on, the optional
s2nsitivity agjusiment cirguit can be uses to
move ine quiescant Civoltage iower (Closer
menresncic voltagel Mowever, sensitiv-
1ty 13 seal trequencies, noise and extrane-
cuSs signats wiil ce increasea.

CPTIONAL CONTROLS (Figure 3

237 nas 220 cesignec so tnat, for mast
&zzucaucns, N eaternal adjusiments are
rezuirea. Cernain apphicauons, nowever,
wail e greaily {acilitated o tuil acvantage s

te wAND

oyt
VOLfaGE

1
- Qurrut
e — - 1 ;._r_._.___.v.
{ L i e e

veg cunl-: vav " -

Vet

Figure 2

N
z

DECREASE
Stamfiviry

w

Figure

s

]

o

[ L)
i !
!

INCALASE
StmssfivaTY

ve

? QECAEAE
a, bensinvery

&
NCREASE
Sénailnly

a:

i

W siLiIcon
310088 s0m
TimrtALTUAE
COMPENLaTIIN
OPTONAL

@ - R

taken oL -the acdded contrcl possibilities
availatle through the use of acaitional ex-
tarnal comoonents. In (he dagrarns given,
typical values are suggested wnerse appir-
cdole. For best results the resistors used,
axcept wnere noted, srould Nave e same

11

tempearature ccefficient. is2ally $inssa S
C38s WQUIC 32 !0w-=rasisuvily s
as 0iward-3.252C 1ransisicr 233
JUNCHONS. FICwever, Jrdinary Sn-v3 1332
C1oces sNOUIC S¢ sCsauale Ior midl
cauens,
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SENSITIVITY ADJUSTMENT
(Figure JJ

When oparatad as a very narrow band de-
tgcior (ess tnan 3 paccant), both Cz ana Cy
are macs quite large in ordger 0 improve
notse and cutdanc signal rejection. This will
insvitazly slow the responsa time. if, how-
aver, iNg cutput stage 18 ti1ased closerto the
thresnoid level, the turn-on time can be
improved. This s accomolished by drawing
acaitional current o terminal 1, Undar this
concitica, tne 567 will aiso give an output
{or icwer-lavel signals 110mV or lower),

By accing current to tarminal 1, the cutput
stage is biased {urtner away [rom the
tnresnola voltags. Thus 1s mostusafui when,
t0 octain maximum operating speed, Czand
C1 are maca vary smat. Normaily, fraquen-
cigs ruSt Juisics e Jatection bang coula
causa {alsa cutduls uncer this concition. 8y
Jesensitizing tne cutdut stage, the outdand
Ieatngias co notlead tnrough (o the output
siage. 3inca tha wnput lavel must ba somae-
wnat jreater when (he Quiput stage is mage
lass sensitive. rejection of third harmanics
or n-0and narmdnics to! lower {raquency
signals! is also improved.

CHATTER PREVENTION (Figure 4)
Chatter sccurs 1n the outout siage wnen Cy
is relativaly small, so nat tne locx transient
ang the AC ccmponents at the quagrature
pnase cetecicr tock detecior outout causo
the outout stage to move througn Its thresn-
cla more than 3nce, Many 10acs. for exam-
ple iamgs ana re1ays, wil not resganato the
chatter mowever, 10QIC M3y raccgmize the
chatter as a senes of dutputs. By feeaing the
Qutput stage output cack to 1Its ingut tpin 1)
the chatter can be ehminated. Three
schemes or doing this are givenn Figure 4,
All aperate by leeaing tne tirst output step
ieither cn or ctt) back (0 the input, fusning
the input past the thresnoid until the tran-
sient conaitions are qQver. It 1S onty neces-
sary to assure that ina feegoacx ume con-
stant s nat so large as (c arevent ogeraton
4t the nignast anticiocaled speed. Altnough
chatter can atways ne gtiminated 5y making
Cs large, ine teeaback circuit wili enaole
faster coeraticn of the 587 by allowing C3 to
be keot smatl. Note that «f the feegback ime
constant s Made quite large, a SNOt durst at
ine input tfrequency can be stretcned into a
long output gutse. This may be usetul to
arive. lor 2xampta, st2oping retays.

DETECTION BAND CENTERING
(OR SKEW) ADJUSTMENT
iFigure 3)

‘Whean it 1s casirad !0 aler tne locaucn ot the
Cetecuon ganag corresponcing !3 tne loap
capture range! within e Iock range, the

Ay LN
“w s “ L,
1 S 1 a
l 1 1an
Ryt C‘
ey 1k
= o
*OPTIONAL = PEAMITY 10
LOWER VALUL OF Cy o) b
Figure &
-V
Q
N
wr 1 F—-‘L - 1 —_T_c_!l
Cy - a
Lawens I AMSER I, J_
v
9 LOWEIRS 1g

[T I | SNSEENDY'» I ) |

s

{/
annes i,
A2
1.3x

Z ULICIN
0100€S
! (1)

VA 20MPENSA NS
4 ormonay

TEMPERATURE

Flgure §

circuits shown acove can 08 used. By mov-
1ng the cetection bana (o one 2age of the
range, lor axamgie, nout signal variatons
will 8xpand the ceatection tand in only one
gicection. This may prove useful when a
strong but undesiraota signaiis expected on
one side or the cther ot tNacantar fraquaen-
¢y. Sinca Ag also alters the Cuty cycte slignt-
ly. this method may oe used lo obtain a
prectse duty cycle wnan tne 567 Is usag as
an oscillator.

ALTERNATE METHOD OF
BANOWIDTH REDUCTION

(Figure 6)

Aitnough a large vaiue of Cz will recuca the
bangwidtn, 1t also reduces he loco damo-
g SO as 10 siow tne circuit response timae.
This may be undestraota. Banawidth can ce
reduced by regucing the loep gain. This
scneme will imgrove damping ang permit
taster operation under narrow-band congi-
tigns. Note that 'ne rsduced ipecance
lavel at terminal 2 will require that a larger

12

vaiye of C2 be used for a given filter cutott
iraquency. {f more than (Nree 3675 are tg Da
useda. tha networx of Rg and A¢ can be
eliminatea and the Ra resisiors connected
logetner. A caoacitor detwesn this junciion
ana ground may Je required o snunt high
{requency camocnents.

OUTPUT LATCHING tFigure

To latch the output on after a signai is
recasved, It is necsssary (o provide-a feed-
back resistor around the oulput stage 'be~
tween pins 8 anc 1). Pin 1 i3 pulled uo lo
unlatcn the cutput stage.

REDUCTION OF C1 VALUE
(Figure 8)

For precision very low-Irequency aoptica-
nons, where tne vaiue cf Cy becomes large,
an overall cost savings may be achieved by
inserting a voltage tollowar cetwaeen ths Ay
C1 junction and cin 6. 50 as to allow amgner
value of Ry ana a lower value of C; lor a
given trequency.
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PROGRAMMING

To change the center frequancy, the value

TYPICAL APPLICATIONS

cf Ry can De changed with a mechanical or * TOUCH-TONEZ DECODER
sohid state switch, or aaditional C1 capaci- 7
tors may be accec Dy grouncing them
through saturzting Agn 1ansistors.
]
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a

TYPICAL APPLICATIONS (Cont'al

CARRIER-CURRENT REMOTE
CONTROL QR INTERCOM
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€] P e e =
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i
TYPICAL APPLICATIONS Cont'a)

a

>

QOSCILLATOR WITH
QUADRATURE
QUTPUT

.||—-l
|
1
5

COmmECT »th 3
1IC2av IO
INVEAT QUTPUT

I
—LC
-5

QOSCILLATOR WITH
DOUBLE FREQUENCY

QUTPUT
A
wo o= M~
? 3

PRECISION OSCILLATOR
WITH 20ns SWITCHING

Se?
Z: s $
| {
veco
TEAMINAY, Pﬂ
(E )
Ay A > wa
—
[} <

A=

PULSE GENERATOR
WITH 25%
DUTY CYCLE

°
A

T iainiy
i1
L

.

i "y
:i;s

—
| £

PRECISION OSCILLATOR TQ
SWITCH 1060ma LOADS

i
.y —
\C | TR

|
woo—t |
TEAmInAL
o | 3.

L1

] Y
i} »2!«

PULSS GENERATQOR

|

J

°For additional intormation, consult the Applications Seaction.
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dev'ces are desngned fof. use as hex CMOS-to; Df—

" or TTL logic level converters or hex CMOS current

drivers. Conversion ranges are from CMOS logic
operating at 3Vdc to 18Vdc supply levels to DTL
or TTL logic operating at 3Vdc to 6Vdc supply.
levels. Conversion to logic output levels greater
than §Vdc is permntted provmg Vcc <VDD

. SCHEMATIC DIAGRAMS

. SCL400SUB -

Tv” T vee . Eoa T

e j i

“¥oo outeyt vee
(] - U.m

Ll

SCL4009UB Invertmg’ ~ ) ]
SCL40108 Non Invemng )
{

St "3""- T 4
_FEATURES. - i — 4
’ Direct Drive of 2 TTL/DTL Loads ~ 7 >~ CONNECTLON OIAGRAM-. S

L 4 Opontuon from Single or Dual Supplies . - (alt packages) T . '
¢ All Iiists Diods-Protected =~ LT R I I
. SRR B S - VDD‘ s 6A¥ NC SV ‘55 4v 3 !
DESCRIPTION o - ) . T | 1 A IW' I aal

"\ The SCL4009UB ‘and SCL4010B are smg|e<:h|p _ M R R R 15; 14 13 12 Al 100 i
monolithic silicon integrated circuits. containing ... - . ‘SCL4°°9'~!B %CL‘“:‘_wi' 5 ;
. elghteen N-Channel and twelve P-Channel enhance-- - " « { 1 g T3y Fg TgEy 8 o
“ ment-mode MOS transustors connectec'l to form §i ;:x __L;—;,;F:;;l: % l-q,‘ Tom Towe Liga LonliR )
.-mdependentbuffer}cogwerterconﬁgutaxlons.D:ese. . Vcc IYIIAT 2V 243 _,éﬁ‘..;}_’ssﬁ i

- Add Suff:x for Packagc"‘ S

c 16-pm Cerdnp T
- _ D- 16-pin Ceramic - ., .. .. .

_E 16-pin Epoxy oo

" F 16-pin Flat
-—H= Chip- -

e e f e re v

N = e g P
(o ettt P .a ey F ¥

. RECOMMENDED OPEEATING conomons o
i For mx:mum rohablhty. X LT .
VDD - VS ,.7 3 to 15 Vdc
Voo -Vss' 31015 Vde
\ T Vee: <. VDD-~ |
. . 7. Operating Temperature. TA i,

- CD,FH Device 5

& Devnce 3

DC Supply Voltage

~55 to +125 °C
g 40 to +85 oC"

LoGIC DIAGRAMS

e _SCLA008UB SCL401OB

R m
B LT AN B o i et Pt e
1A o——{>o—'o v 1A O’LD—’O vl
3 R A -.-.V .. - e . *

1>
5A O 2osY 5A O~ 2o 5Y
6A 14 15 6Y 6A e 13 &Y
wec 02 Y=A w02 Y = A
vee o—'.- v:;o—'
vss O— ves O—2
oo O voo O
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS !-?

SCL400SUB, SCLA010B

Voo | conDiTions | TLow’ +257C T | yniny
(Vde) Min. | Max. | Min. { Typ. | Max. | Min. | Max.
5 |Vin.=Vggor Voo| — 1.0 ~ 10.005 1.0 - 30 | uAde
10 | All valid input - 2.0 - 1001 2.0 - 60
5 15 |combinations - 4.0 - 10.02 4.0 - 120
MINIMUM INPUT HIGH Vi
; VOLTAGE 5 |Vo, =0.5V -~ | 40| - |275 | 40| - | 40]|vde
scL4009UB 10 Ivg =1.0v - 8.0 - |55 80| - 8.0
o 15 Vg, =15V - {120 - [825 | 120] -] 120
il o < 1pA . ]
IMaximuM INPUT LOW Vi
: §VOLTAGE 5 {Vou = 3.6V 10| - 101225 - 1.0 - |vde
4 5(:]_400908 10 [Vou = 7.2V 20 - 20 145 - 2.0 -
15 {Vou = 10.8V 3.0 - 3.0 | 6.75 - 3.0 -
lo € 1uA
4OUTPUT LOW (SINK) lov
’cuRRENT 5 |VoL = 0.4V 38! - 30140 | - | 22| - |[mAde
] c,o F. H device 10 |Vo = 0.5V 00| - | 8010 - | 58] -
. ! 18 |Vor =15V 30. - |24 |36 - 416 -
- Vin = Vss or Voo c
AT "
E devics 5 |Vor =04V 3.6 - 3.0 40 — 24 - | mAde
e - 10 |Voe =05V 96| = | 80|10 - 6.4 -
. . 15 Vo, =15V 28 —-..| 24 _35 b - 20. -
e " |Vin = Viss or Vg I X e L-
TEs..?» Romammg Sta‘uc Elecmcal Charactenstlcs are listed under '%LAOOOB Senes Famxly Spouf‘ cmons ”
I Tiow™ -55 Cfor C, D, F, H device A
/ = —40°C for E device. v
Trign = +125° C for C, D, F, H device -
=+ 85°C for E device.
S 3 Vee = VDD
e -
iDYNAMIC CHARACTERISTIGS {CL =50pF, T, = 25°C)
E2 VDD X vm . K .
™ PARAMETER (vao) vae Min. Typ. Mo, Units
5 OPAGATION DELAY TIME _ ! .
ving CMOS S tpLn - .
5n 5 - . 60 120 ns
10 10 - 35 70
. W\ & , 15 15 =4 .28 T |wssn | o .
ng TTL/OTL o
5 5 - 45 90 " ns
o0 5 - 20 40 :
- 15 5 - 15 30
¥ Driving CMOS teHL
5° 5 - 30 80 ns
10 10 - 18 36
15 15 - 12 24
ng TTL/DTL
5 5 - 35 70 ns
10 5 - 15 30 *
] 15 5 - 10 20
LOUTPUT TRANSITION TIME trim
5 5 - 150, 300 o
10 10 - 75 150
15 15 - 60- 120
Trme 5 5 - 30 60 ns
10 10 - 20 40
15 15 - r12 24
CAPACITANCE lew _ 1 .. ] e e LT
- - - 10 15" pF
- i - 5 75 |
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SCL400SUB, SCL4010B™ ™

R

—
Vou. DRAIN VOLTAGE (Vic)
<20 -18 -6 -4 12 .10 3 6 -4 2 0 _ !
T 1 . i |
Yes = =5 Vde S~
c’l t /4" -10 5. E-
‘-——/;/( =] = !
Voo = =10 vnc/ 152 o : '
— 20 = & 100 H —— Yas = 15 Vac
- ‘ S .25 € 5 gl — ‘
= - ] 3 = <L T 0 j
|1 Vo= =15 T“ : : 30 2 s 60 ’] Voo = 10 Ve d
| — z S . [
; 5 = > 40 s !
-40 2 Ry} Ve = § Vde T.=28°C
Taezscd4s & e et L]
AT = 0 2 4 & 8 10 12 14 16 18 20
50 Vos. DRAIN VOLTAGE (Vd)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
-
@zmw"ﬁ;aﬁnnal --S;—‘—“""““‘—E ‘ TCoLLECTor WY VLT Iveer e 3 S 5—-: rr::;.[z:.: ;
Ty 0 128°C e o] =
= = Al i === ==
— '] === e =
- 4 s T S i e
£3 e 11
. = = ==
z . = e :: %_’—"5
f 2 eI K ‘%S
2 z e [
3 mg 8 ==t
= =
i ] i a
S o Re e\ S
o 2 10 2 L] H 4 i} ] e 17 u

temperature — SCL4009UB

‘mm vsus lv:l
Typ. voltage transfer characteristics as function of

LAMBIENT TEMPEANATURE ITg1e28°C o] — MAX
m— T e
T T
— T v vo
bt % o0
™ 1 'y T
~ 8 - T
y: T TEST Vee 5 M
z S CONOITION" "CC
P, Co
v 4 > o ¥ T
2 Ry Y
= e te—n G Y
R e e N 7
: s t 1
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5 -+t K .
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L W L‘ - AW b -
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WOUT VOLTS (V)

Min. & max. voitage transfer charac-
teristics — SCL4009UB
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YT YOLTS ()}

Typ. voltage transfer characteristics as a function
of temperature — SCL40108

104 n-n.uv TEMPERATURE 1T4)s 23°C T VL] j!
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x T v —
i i I > i
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Tyn. dissipation characteristics —
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SCL4016AB

FEATURES

€ Wide Range of Digital and Analog Signal Levels-
Digitai or Analog Signals to 18 Volts peak

¢ Low ON Resistance —
200 §2 typ. over 15Vp-p Signsl Input Range, @
15Vde

¢ Matched Switch Characteristics - 10§2 typ. Dif-
ference between RpN-: Values at a Fixed Bias
Point over 15Vp-p Signal input Range & 15Vdc

¢ High On/O# Output Voltage Ratio - 65 dB typ.

@ f;5 = 10kHz, Ry = 10KQ2

¢ High degree of Linearity - € 0.4% Distortion
typ. @ fis = 1kHz, Vis = 5Vp.p. VDD -VgsF10V,
RL = 10k

¢ Extremely Low OFF Switch Leakage Resulting
in Very Low Offset Current and High Effective
OFF resistance - 10pA typ. @ Vpp-Vgg = 10V,
Ta=25°

4 Extremely High Control Input impedance (Con-
trol Circuit Isolated from Signal Circuit) -
101202 typ.

# Low Crosstalk between Switches - -50dB typ.
© fis = 0.9MHz, Ry = 1§

¢ Marched Control-input to Signai-Output Capac-
itances - Reduces Output Signal Transients

® Transmits Frequencies up to 40MHz

DESCRIPTION

The SCL4016AB is a single<chip monolithic
silicon integrated circuit containing eight N-
channel and eight P-channel enhancement-mode
MOQOS transistors connected to form four indepen-
dent bilateral signal switches. Each switch consists
of both P- and N-channel devices with common
source and drain connections. A single control sig-
nal is required per switch., Both P and N devices in

. a given switch are biased ON or OFF by the control

signal. The CMOS switch permits peak input-signal
voltage swings equal 10 the full supply voltage, a
considerable advantage over single-channel types.

SCHEMATIC DIAGRAM

CMOS QUAD ANALOG SWITCH'

e ———

{all packages)

SWITCH SWITCH SWITCH
A [v]

e T e S NP IR

Vpp € € INOUTOUT IN
i ! ! ] | L1
14 13 12 11 10 9 8

SCL4016A8B
1 2 3 4 5 6 7

1 | | i

INOUTOUT IN C C Vgs

N — et S

SWITCH SWITCH SWITCH
A (o4

Add suffix for package:

C 14.pin Cerdip
. D 14-pin Ceramic

E 14-pin Epoxy

F  14-pin Flat

H Chip

b

CONNECTION DIAGRAM

RECOMMENDED OPERATING CONDITIONS
For maximum relisbility:

Tl 3 e
- _.P T '
T T T T ||

DC Supply Voltage Vpp-Vgs 3t015 Vdac
Operating Temperature Ta
C, D, F, H Device -55t0+125 ©C
E Device- 40to+85 ©C
L}
LOGIC DIAGRAM
T
_] cowTROL & siomar &
= " L ourmur
T eyt
. SGRAL 8

3
-yl AGuaLS Tver ' L Z i
TENwmAL e 1A W l I CONTRC, © Soma. C
ve - I em ym : " oy
QT ot vt | V 1 . ! T,
poaLae 3 [ e o= Ho =L v L J— =) cowtmaL, © T
et ¢ st * —_— e - -
i : | oumt
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STATIC CHARACTERISTICS '

ELECTRICAL CHARACTERISTICS

- sCcL401648

Ve Voo | Tiow! s'c Tran®  |unin
PARAMETER CONDITIONS
{Vde) | Vel "Min. | Wax. ] Min. | Typ. | Max, | Min. ] Max.
QUIESCENT DEVICE loo '
CURRENT Vin =Vegat Voo | 0 5/ - |005| - 00008 006] - | 1.5 | uAae
All valid input Q 10| - {01 - 10,001 0.1 - 10
combinations o] 15| - {02 - 10.002] 0.2 - 5.0
MINIMUM INPUT HIGH Yin
VOLTAGE Vis 2 Veg "] 5! - 2.9 - 115 29 - 2.4 | Vde
{Controt Input) Vos * Yoo "] 10§ - | 29 - |15 2.7 - 24
log = 10uA [} 15 - 2.9 - (1.5 2.7 - 24
MAXIMUM INPUT LOW Vi [
VOLTAGE Vig *Vag 0 $1 09| - a7 s - |04 | Yae
{Control Input) Vas =Yoo Q 10y 09 | - Q7 {15 - |04 ! -
os * 1uA [+] 15 09| - Q.7 s ~ ;04 ; -
SWITCH INPUT/QUTPUT lops | Ve = Vig  Vig i
LSEAKAG'S) YR 151 +1.8 - =250 - 0.1 | 22%0| - i:m RAdC]
{Switeh o *5 -5 *5 - [5125] - }=2001] 2126] - 1= 1250
ON-RESISTANCE Rome Vig
C.0, F, H device Vg *Vpo  (Vde)
Aot 551 asfars| - | 30| - | 20| wo| - | so0]
-1.5 - 360| - 200 400 - 800
£0.25 - 75 - 80| 850 - 1230
+5 -5 +5 - 600 - 250} 660| - 90| 0
-5 - 800 | - 250| 68680 -~ 360
£0.25 - | 1870} - 580 { 2000 - 2000
+15 [+] +18 - Jeo| - 200| 400 -~ 800 ( 0
+0.25 - 360f - 2001 400f - 800
+9.3 - 718§ - 300 ) s8sof -~ 1230
10 Q +10 - 600{ - 250 660| - 60§ Q
+0,25 - 600 - 50| ss0| - 980
’ +5.6 - {1870 - 580 | 2000 - 2500 .
€ device Ron Vig
Ye2Vog  [Vda
o1 ] as|ons) = w0l - | 200] wo| - | s0|a
-1.5 - 370 - 00| am| - 520
20.25 - 790 - 80| 80| - 1080
+5 5 +5 - 610 | - 2501 e80f -~ 40| QO
-5 . - g10| - 250 | e80] - 8401}
2Q.25 - |ts00] - 580 | 2000 - 2380
+18 [+] +15 - 370] - 200} 400| - 20| Q
+Q.25 - 370 - 200 | 4«00} - 520
+9.3 - 90 - 300 8so| - 1080
10 ) =10 - §10y -~ 250 880| -~ 8| Q
-0.25 - | s10| - %0 | 860( - 340
5.8 - {1900| - | ssof2000| - |2380
ON-RESISTANCE MATCH ARap Vig
{Same peckage) Ve aVag  (Vda
A0 55T gsfers] - | - | - ef - | - | ~4a
25 -5 ] - - - 1s| - - -
NOTES: ' Rtmamlnq‘S(lnc Electricat Charactensuics are listed under "SCL40008 Saries Famuly Soecifications®.
* Tiow = -55°Cfor C, O, F, H dewscs.
* —40°C for € dewice,
Trrgw = =125°C tar €, D, F. H dewice.
= ~ 85°C for E device.
’ This device has been designea for balanced output drive cusrent specifications, Consult Femily Sowerfications,
OYNAMIC CHARACTERISTICS (CL =50 pF, T, = 25°C)
‘ Vst | Voo :
) PARAMETER CONDITIONS tvde) | (vdel Ml‘n. Typ. | Max. UnNIT
! SIGNAL INPUTS (Vg) AND QUTPUTS (Vos)
PROPAGATION DELAY TIME | [ .I !
. Swnal inout to teu | Ve *Vgpo 0 5 - ' B
{ signal sutput Vis * Muare wave 0 10 - | 10 20| i
| AL = 10k} o 1s | - l s s ! H
SANOWIDTH {.3a8) | aw Ry
{Sine Waver i Ve * Voo e -5 -5 - S4 - MHe
Vig = SV 10 - 40 -
u'vs\llr'd e 100Kk (2 - 38 -3
! Q@0.0vde M - J -
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ELECTRICAL CHARACTERISTICS (Continued) :

DYNAMIC CHARACTERISTICS (C, = 50 pF, T, = 25°C} {Continued) .
-~
Vss.| Voos .
PARAMETER couom?ns vier | tvaor | M. | Typ. | Max. | Unin
SIGNAL INPUTS (Vi3) AND OUTPUTS Vgt {Continued)
INSERTION LOSS " L
(9
. v
{= 2W0log 0By Ve * Voo g s s b b aal o e
P 10T | - 0. -
SV, TOOKL: i ___3__d -
centered M0 00
@0.0vac ! } | )
SIGNAL DISTORTION N
{Sine Waves Ve = Voo I -5 4 - oe - *»
Vis " SV,
centered
@0.0vee .
f,g = 1.0kH2
R« 10k
FEEOTHROUGH (-5008) . .
Ve * Ve Ry
Vig = 5Vpo | ~§ -5 - 1250 - | kM2
cantered o - 130, . ~
@0.0vVee 700K - 184, -
™ - -
CROSSTALK {-5008) ’ :
{Batween two swritches) Ve iAl = Voo 5 -5 - 09 - MM
Vg (B) & Vey
ViglAl = 8V,
centered
@0.0Voe
Ry » 1.k
—
CAPACITANCE
Input Cis - 4 - of
Output Cos Ve = Vg -5 +5 - 4 - pF
Festithrough Cios - 0.2 - of
CONTROL INPUT (Vc)* .
PROPAGATION DELAY TIME ton,
ue | Vas € Vig € Voo 0 s - | a0 B8O ™
Turn on g R, 1k 0 10 - 20 40
[+] 15 - 15 30
MAXIMUM INPUT FHEQUENCY [ Vs € Vis € Vg [\ 5 - H - MHz
R, = 1.0kf) 0 10 - 10 -
0 15 — 12 -
CROSSTALX [
{To signal port) E Ve * Sauare wave . [} 5 - 30 mv
R = 102 0 10 - | % -
Ry = 10RO 0 15 - ]100
‘TYPICAL ON-RESISTANCE CHARACTERISTICS
. [exarac- T "suseLy LOAD
TERISTIC*| CONDITIONS COMDITIONS
LAY Ry = oW1 | Ay > 100Rf] |
] Voo wr:ﬁ:rv_—vmh Ve IVALUE] v,
(A 4] ™M [0} wj [F24] (4] ($4] (3 4]
T
fon .18 0 200 Bk 200 *1§ 180 15
r 3 200 0 200 [ 200 o
Ropimesi| +18 o 30 [e1v | 200 | w3 | 320 | 62
2% [+10 | 230 | 10 | 240 | <10
Ron *10 0 *
%0 o | 250 o | 300 [
Agyimexs| +10 0 [300 |+74 | 580 | 48 | 610 | 55
800 -4 470 K 450 P
Ron .5 °
o0 o | s ¢ | s [}
Royimexd| = 5 6 |t |2 | m “29 | 3x | <27
200 [+75 | 200 [ +25 [ 10 | .18
Ron *18 | -18
20 |-78 | 200 |-75 | 180 |-758
Roytmex]{ +78 | —75 | 290 | 025| 280 | =5 | 40 | DX ]
. s P N O N N
. on 310 {6 | 20 | -5 | 240 | -6
Ronimen){ + 6 | — 5 [e00 |:028| se0 | r028[ 760 | 2028
. 28 2 500 .25 450 28 490 25
o -
oN # % |25 | s |35 | 50 | i3
Royimasi| +28 | -28 | 3 | r025] 300n | :025[ 870k | 2025 .

21
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INPUT SIGNAL YOLTS (vig}

g SUPPLY VOLTS, Voo =13, Va3 0
oy AMOIENT TEMPERATURE (T4) + 28°C
e at ST
5 [ == o
F e )

p o Q; ~-\°__'

¢! == 2

i"

S == =2

g s OV

¢ X ]

== e -t
2.8 - Ve*Voo
-
= L%
] 18 s s W Zs 8

Typ. ON characteristics for 1 of 4 switches
with Vpp=+15V, Vgg=0V

SUPPLY YOLTS:Vpgees, Vgg° O - .-

AMBIENT TEMPERATURE {T,) « 25°C - -

B 0.5 e

sk
ey
e

e §

snsam ] et

»
)4
.

HH 4 H

Tl

,_
44
FH

CUTPUT S1ENAL VOLTY (vgg)
aitl
H
MY :
NINS L
44 ﬁ
1 1]
nr
1 Hi ]
e
+H
8
1
1H

HH
s =
p‘\. l"j.
'.,l
g -
232 :
i1
38k H
§) .4 .

re
[
14

1
o 1454 14

IPUT SIGRAL VOLTS (vy3)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+5V, Vgg=0V

o] SUPPLY YOLTS : Vo =+ 9;Vgge =3 %
ANBIENT TEMPTRATURE (T,)=28°C

OUTPUT MENAL VOLTS (Vpg)

- -2 ] 2
INPUT SIGNAL YOLTS (Vig)

ey

Typ. ON characteristics for 1 of 4 switches
with Vpp=+5V, Vgg=-5V
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SCL4016AB

S
SUPTLY YOLTS Vanee0; 0
AMMIENT TEMPERUTINE (?.’n-n-c BE=
)
T = =
f e =
- <
F = ==
e o =
i e A 5
XX —os
- 2= = ==
g -« == —_— Q¥n R
3

o 2 . D . )
BPUT SIGNAL VOLTS Ivig)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+10V, Vgg=0V

RIWY VLTS Vg "o T3; Ngg o -T3 T, v

OUTPUT SIGNAL YOLTS tVos)

~18 s -2 ° 23 B s
INPUT SIORAL YOLTS (vig)

Typ. ON characteristics for 1 of 4 switches
with Vpp=+7.5V, Vgg=-7.5V

RPPLY VOLTS Vog * = 25V, g * =23V |-

AMEENT TEMPERATURE (Ty) « 29°C

w

i

. ow
HHH
saage
H HH
§ a
4
: R
3 %
BN
1‘0 Ao
1444 IHF
. 2
b

OUTRJT SIGNAL VOLTS [\pg)
° -
.

=t OVn
-4 (-' I
T e - ot |
* T 1 Y 3 e O\
> T -L Y
- -2 - - 2

Typ. ON characteristics for 1 of 4 switches
with Vpp=+2.5V, Vgg=-2.5V
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1¥,4105 vop Sk WAV (17T RMS)

AT mIAT KON taR?

}
SCL4016AB
h - 1‘
UPRLY YOLTS  vpo©+ 3. veg® -3 Cios R ovO, TMETEN, — - -
(NPUT SIGNAL VOLTS Lviahs 3 vp.o , &, domiow Rapdi :mm'.:o:rs';ec.- DECTIRE)
ety % Ca O welhe-S
SINE WAV L1 77 Ru$} ~ ' of toun . MPUT SIGRAL VOLTS
CONTIOL YOLTS tvelo o8 [ ¢ v 5 3Ue 1000 CAPRCITANCL (C 1+Crix TunE ~Cang TER
hod g e b v L FIATUAE AND METER MmaslD OUTY
*W0MD CAPACITANCE «(Cs g * Cugg rem} AR bl -
! - e
Ot 2 s
vy v dd s - z
T §. =‘L' 1 IS 3.
; “ oot i FE
H Vo T oW I 3 ¥ 70
| : i :
. ) i -
L3 W oac mesisTawCE (R torma Tt v g >
€ A . H Pl
- z
I oW [
22 I -
i'::‘ Y 13
T2 0f -~ . e e—— - T——— 13 e e o
& & 3
'
& os ! 2 '
FYE IO T g o
Pyl SIGNAL FREQUENCY “‘.IHII WPUT SIGRAL FREQUENCY helamg

Typ. switch frequency response - switch ON

Typ. feedthru vs. freq. - switch OFF

iSUBBLY VOLTS vpgeed. vggeed
LINFUT SIGNAL VOLTS (Voo S vaoe SN
lb_ FITTURE AMO METER WA, (L0 OUT

T It
-an'.-sl‘}
e D 1 1Y

1
i

LT} oxa -

k3
1>
:.'.'. : v urd
S 29 P ————aars. 37 10V ve
RN R P/ W S
- . re " 3 : > =, o
] l&'_‘}vc'——'\ ' Y . i s * wetts 20m
12 SN A Sl 2
i2 : NI REE :ll °
IH . - - 1" ot Vhl %
i" 19— - v, T vOLTMETES TR
1 M "l VSS BOOWTON RADWO ¢ Tll -
13 : oz
2 1
- i h
Q ; .
'3 s
i

o ' © o?
NOUT SIGNAL TREOUENCY Lf,

ENLY]

Typ. crogstalk between switch circuits in the

same package

AL sasSED TERmALS
ARE CONMECTED YO Veg

Crosstalk-contr

APPLICATIONS INFORMATION

LOGIC FUNCTIONS USING THE SCL4016AB

ol input to signal output

23
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SCL4016AB

APPLICATIONS INFORMATION (Continued)

LATCHING DPDT SWITCH

The l!atch feature insures positive switching action in response to non-repetitive or

erratic commands. A HIGH input to A4 turns S3 and $4°ON, a HIGH 10 A9 turns Sy and
S2 ON. Desirable for use with limit detectors, peak detectors, or mechanical contact

closures.

-

1/2 SCL40118B

TRUTH TABLE

State of Switches
Command After Command
Ag Aq Sq & Sga Sq1 &85,
0 o} Same Same
¥ 0. 1 On Oft
1 o] Off On
{ 1 1 INDETERMINATE

X

.

SELECT INPUTS

8
SCLa016A8
T

A

®

E
t

§
]

300 x - kL)

——
E. ?
b Vg
L, f 230«
i

.

| —

&

Digitally controiled resistor network

~

s ~OH
s —@H
ver ‘@"

SCL4016AB

>

3200
»¥

©0o
r = »F

1

-

24

Digitally-controlled capacitor network.
(Vg1 = V7 are Select inputs)



SCL4017AB

CMOS DECADE
COUNTER/DIVIDER

FEATURES

4 10 Decoded Decimal Outputs

#: Direct Reset

#f Trigger trom either Edge of Clock Input

4 Carry Output for Cascading Stages

0§: Fully Static Operation - DC to 5MHz @ 10Vde

DESCRIPTION

The SCL4017AB consists of a 5-stage Johnson
éecede Counter and an Output Decoder. Inputs
include Clock, Reset, and Clock Enable signals.

¥ The counter has interchangeable Clock and
Clock Enable lines for incrementing on either a
positive-going or negative-going transition, respec-
tively. A high Reset signal clears the counter to its
zero count.

Use of the Johnson decade counter configur-
ation permits high-speed operation, 2-input decode
gating, and spike-free decoded outputs. Anti-lock
gating is provided, thus assuring proper counting
sequence. The 10 decoded outputs are normally
low and go high only at their respective decoded
time slot.-Each decoded output remains high for
one full clock cycle. A Carry-out (CoyT) signal
completes one cycle every 10 clock input cycles
and is used to directly clock the succeeding counter
in multi-stage applications.

This part can be used in frequency division
circuits as well as decade counter or decimal decode
display applications.

FUNCTIONAL TRUTH TABLE
(Positive Logic)

e fa sor

. Clock Decode
Clock Enable Ressat Output=n
"o X ) n
X 1 o] n
L X 1 -0~
— o] o] n+1
—~— X o] n
£ X —— o] n
i 1 - 0 n+1

%= Don’'t Care

I1f n<{5 Carry = 1", Otherwise = *‘0**
}

25
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, CONNECTION DIAGRAM

{all packages)
Vpp R CL CE Cgoyt “9” "4 *8"
| | | | i ] L.
16 15 14 13 12 11 10 9
SCL4017AB
1 2 3 4 5 6 7 8

' R i [ 1
T uQu g g e uge Yoo

Add suffix for psckage:

C 16-pin Cerdip
D  16-pin Ceramic
E  16-pin Epoxy
F  16-pin Flat

H  Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

VbD - Vss
Ta

DC Supply Voitage 3t015 Vda

Operating Temperature
C, D, F, H Device
E Device

550 +125 ©°C
<40 t0 +85 °C

BLOCK DIAGRAM

Cloex 14 O—o —o 3
—o 2
l—oc «
b0 7
—o 10
—o 1
—0 5
—-0 &
—-
p——aQ 11
—-0 12

Cloek
Enstle

a
L R I N A A VN -]

Resst 15 O—— .-

{

Vop = Pin1g
Vss = Ping




STATIC CHARACTERISTICS '

ELECTRICAL CHARACTERISTICS

SCL4017AB!

2 ° 2
PARAMETER Voo | coNDITIONS Tiow B C Tuign Units
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
"GUIESCENT DEVICE loo| 5 [Vin®VesorVgp| - 5§ - 1005} 5 ~ | 150 | uAde
CURRENT 10 JAll valid input - io - {01 10 - | 300
15 lcombinations — 20 — 0.2 20 - 600
T 6UTPUT HIGH (SOURCE)
CURRENT
¢, D, F.H device lon
Decoded Outputs 5 Vou= 4.6V <005 - 1-0.04 |-0.3 ~ |-0.028] -~ {mAde
10 Vou= 9.5V -0129 - |-0.1 [-0.75 | - |-007]| -
15 Mou=135V  [-0.37 - [-0.3 {-25 - |21
IVin=Vgs or Vpp
Carry Output 5 Vou=4.6V -0.25 - -0.2 [-0.75 ~ 1-0.14 -~ | mAde
10 Now=9.5V -062| - |-05 [-11 - |-035 | -
15 Mon=135v  |-1.9 - |15 |-35 -~ j-11 -
Vin =Vsg or Voo
E device Yomi
Decoded Outputs 5 Mow= 4.6V -0.048 - 1-0.04 {-0.3 - 1-0032) - {mAdc
10 Nown=9.5v =012} - [-01 |-075| - |-0.08] =
15 Now=135v  |-036| - |03 |-25 - 024 | -
#-.‘.‘ 4 Vin=Vss or Vpp
P~ Carry Outout 5 Non=4.6V 024 - 02 |-075| - |-016 | - |mAde
. 10 Mow=9.5V -0.6 - |05 [-11 |+ = [-04 -
15 Mou=13.5V -1.8 - |5 |-35 - |12 -
Vin=Vss of Voo
TLOW (SINK)
CURRENT )
€, D, F, H device log| E R
“Decoded Outputs 5 Vo_=04V 0.05{ — 1004 |04 ~ | 0028 ~.{mAdec
] 10 VoL =05V 0128 - {01 |10 - loo7| -
15 Vo = 1.5V 0379 - {03 |30 - {021 -
= V|~=Vss oerD
i Carry Output 5 [VoL=04V 025| - |02 |075| - {014 | - |mAde
: 10 Vop =05V 062| - |05 |13 - lo3s | -
15 VoL=1.5V 1.9 - |15 |ao0 - |y -
IVin=Vss 0r Vpo L
ﬁdwice IOL
Decoded Outputs 5 NoL=0.4V 0.048 -~ {0.04 | 04 - 10032]. -~ |mAde
{3 10 Vg = 0.5V 012} - {o1 {10 - |oo8| -
15 NoL= 1.5V 036| - |03 |30 - 024 | -
Vin=Vss or Vop
“Carry Output 5 Vou=0.4V 024 - 102 [075| = [016] - |mAde
. 10 [Vo_=0.5V 0.6 - 105 |13 - {04 -
- 15 Vo =1.5V 1.8 - 115 |40 - 112 -
I Vin=Vsg of Vg

_NOTES: ! Remaining Static Eiectrical Characteristics are Ii

Trow = -55°C for C, D, F, H device.
= ~40°C for E device.
Trigw ® +125°C for C, D, F, H device.
=+ 85°C for E device.

26

sted under “SCL4000B Series Family Specifications”.



SCL4017AB

ELECTRICAL CHARACTERISTICS {Continued)

DYNAMIC CHARACTERISTICS (C, =50pF, T, = 25°C)
Voo ; nie
PARAMETER (vde) Min. Typ. Max. Unit
CLOCKED OPERATION —
PROPAGATION DELAY TIME
To Decoded OQutputs oLHs top 5 - 600 1200 M
10 - 240 480 :
15 - 180 360 .
To Carry Output teLm, PHL 5 - 500 1000 ns
¢ 10 - 200 400
15 - 150 300 ,
s
OUTPUT TRANSITION TIME |
Decoded Outputs trim. treL 5 >, 250 ~ 500 s
10 = 125 250 |
15 - 90 180 H
Carry Output trim. Ty S - 180 360 ns
10 - 90 180
15 - 65 130 )
MINIMUM CLOCK PULSE WIDTH PWeL 5 - 200 400 o
10 L 100 200 i
15 - 80 160 i
MAXIMUM CLOCK FREQUENCY feL 5 1.25 25 = MMz
10 25 5.0 - Je
15 3.0 6.0 - !
MAXIMUM CLOCK OR ENABLE RISE AND T
FALL TIME 5 5 15 - - Hs
10 15 = -
15 5 £ - .
MINIMUM ENABLE SETUP TIME tamup 5 - 175 350 ns .
10 =] 75 150 i
15 L 55 110 '
MINIMUM ENABLE REMOVAL TIME trem 5 - 250 500 ns
10 - 100 200 .
] 15 - 75 150 ’
RESET OPERATION !
PROPAGATION DELAY TIME ..
To Decoded Outputs teLH. tPHL 5 - 500 1000 ns
10 - 200 400
15 - 140 280
To Carry Output tun 5 - 400 800 | ns
10 - 150 300
15 - 110 220
MINIMUM RESET PULSE WIDTH PWg 5 - 150 300 ns |
10 - 75 150 i
15 - 60 120 T
RESET REMOVAL TIME tram 5 - 250 500 ns |
10 - 100 200 :
15 - 80 160

27 '
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SCL4017AB

APPLICATIONS INFORMATION

COUNTER EXPANSION

This figure shows a technique for extending the number of decoded output states
for the SCL4017AB. Decoded outputs are sequential within each stage and from stage -
10 stage, with no dead time (except propagation delay).

A R R
cL y cL cL
SCL4017A8 SCL4017A8B SCL4017A8
CE CE CE
0 1e s+ 8 9 01 ee¢e 8 9 1 e0e¢ 8 9
) G i { I l 1
11 |
\___V"_/ \—V'_—J 8 Decodea
9 Decooed 8 Decooed Outpun
Oumvts Outouts
Clock <+ —_—— e —
First Stage Intermediais Stages Last Stage

DIVIDE-BY-N COUNTER

When the Nth decoded output is reached {Nth clock puise), the S-R flip-fiop
lconstructed from the SCL4001B) generates a reset pulse which clears the SCL4017AB
to its zero count. At this time, if the Nth decoded output is greater than or equal t0 6,
the CoyT line goes high to ciock the next counter section. The “O” decoded output
also goes high at this time. Coincidence of the clock “low’ and decoded ““O* output
“high” resets the S-R flip-flop to enable the SCL4017AB.

If the Nth decoded output is less than 6, the CouT line will not go high, and,
therefore, cannot be used. in this case, the *O* decoded autput may be used to perform
the clock function for the next counter.

cLock
Qo FORuey
oaag| SCLA0T17AB eeser e CLOCK z w0
ol T
 DECDOED
nm & ecoen oureyy ALTERATE Couy
FOR W7 TO 1
te CLOCK ;
PO SR S,
[ scLeo018 1
i
' :
1 i
1 .
i )
i 1
] '
: '
I
:
J
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sat A R A,
S400./74Q0 Quadruple 2-Input Pasitive-N "
. Schottky TTL High- Speed TTL Low-Power Schotixy TTL Standard TTL Low-Power TTL
Package i Package | Package | Package : Package
Device Type Devica Type —~———— Davice Type r Device Type? — Device .Type
YPe TR IMIcH YPe TR IMicE YPe TP IMIcH [cTriMicF P ETP MicH
B INS4300 - (HLING) pwWi| SNSanao- 03 i1} SNSeLS00 1304 Wi SN5400 SO 1 (w2 SNsa oo B DINTAT 4
T.i SNT4SS0 JILINGA SNTaHOY BN SNT4L 530 v TINT SN 1400 1IN SNT4L 20 13 TN T
TMS4S00 FMIScoIspl | TUSEHU0 FMIH00:S 1 i 2lreas, rensn 1 [FD] P 34007 wango |O7T F2 3
; FAIRCHILD SC74500 =C9580 0] #D| TCIIeG0 FCIMO0 M [P | | Foralson - owsao P ¥y FD]FCTe00.7CIN0D IOMLIPE 4
| ! *4£3190 Wil 7 F2 I« f 4 [wvcsesn L 3 3
MOTOROLA 1 *4C 3000 LT F 2 SnTaL 500 20, | | MCTHe I
NS.C { | SMSan0e LI DMS4L300 [ i Jm5400 PUPRE] Wl OmsaL s JDINGY i
; s.C. OMTS0 N SMTaH00 11 TINT DM74L $00 [ ] OM7e00 i LN CMiet 00 OO R
-
briLPs L — — } ]
NTSE VUi | {emntimto 1 T T N T4 S00 [ | [ Fimid Teco } T B
NS4S00 FolAL]  1wWi] S3am00 Sla) weg R i 55400 Flan  w 1
SIGNETICS NTES00 F TIAD) NTam0d FOADl | | NT74LS00 ‘a i | | NTWOO WFLAT] ' N
i . i T
i ] Lt : [} : 14
. SIEMENS DR T EIT ) T ™ 1 [
[ 1 i i § o
) FUJITSY “aso! T LMD 7L 360 T MB40g DIMTL } ‘4
13 ] t t [ H 1
1 | I P | ! ! HE]
HITACHI PTYIET TR T | {~0TaLS00 | e | [ <0700 mo2sed T Py ! ;
T T T T [ [
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