BAB V
KESIMPULAN

5.1 KESIMPULAN

Dari proses perencanaan sampai dengan tahap pengujian serta hasil
pengukuran yang telah dilakukan, dapat diambil beberapa kesimpulan sebagai
berikut:

1. Dari hasil pengujian terlihat bahwa sistem kontrol yang memanfaatkan
jaringan telepon sebagai media transmisinya bekerja dengan baik sesuai
dengan tujuan yang ingin dicapai.

2. Sinyat DTMF yang dibangkitkan oleh pesawat telepon jenis tekan (dial tone)
dapat dipergunakan sebagai masukan dari rangkaian pengendali.

3. Sistem kontroj ini cukup baik walaupun mempunyai ketergantungan pada

pesawat telepon dan jaringannya.
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LM311 voltage comparator

general description

The LM311 is » voitage comparator that has input *
currmts more than g hundred times lower than de
vices like the LM308 or LMTIOC. It s abo de
signed t© Operate over » wider range of supply
voltages: from standard $15V op amp supplies
down to the single 5V supply used for IC logic. its
" putput i compatibie with RTL, DTL and TTL as
well as MOS circuits. Further, it can drive lamps or
relays, switChing voltages up W 40Vat currents as
high a5 50 mA.

features

® Operates trom single 5V supply
® Maximum input current: 250 nA
B Maximum oftset current: 50 nA

Voltage Compar_ator_s

= Ditferential input voltage range: 30V
m Power consumption: 135 mW atei5V -

Both tre input and the output of e LM311 can
be wsolated trom gystern ground, #nd the output
can drive loads referred w0 ground, the positive
supply or the negative supply. OMsrt balancing
and strobe capabilily are provided avd outputs ean |
be wire GR'ed. Although sower than the LN1I06
and LMNOC (200ns resporse time v 40 nsl the
device is also much less prone 0 surious osoilla-
o The LV 3B has the same pra conliguration
B the LVIOS and LMT7I0C. See the “application
hints™ of the LM311 for appti cation help.

auxiliary circuits®

Offsat Balancing Sirobing
typical applications®
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. absolute maximum ratings AT Wh AL
Towl Supply Voltage (W4} - 36V .
Output ©0 Negative Supply Voltage (Va,) - 40V .
Ground to Negative Supply Voltage (V4] v
Dilferential Input Voltge - 130V
Input Voltage (Note 1) 215V
Powsr Dissipation (Note 2)_ 500 mw
Qutput Short Circuit Durstion ~ - 0 sec
Operating Temperature Range 0'C © 70°C
Sworage Temperature Range -65°C w0 150°C
Lead Tempersture {soldering, 10 sec) 300°C
Voltage at Strobe Pin H V-6V
electrical characteristics (Note 21
PARAMETER CONDITIONS MIN TP MAX UNLTS
Input Cffset Voitage (Note 4) Ta =25'C. Ry < 50k 20 75 my
input Ottset Current {Notr 4} Ta=25°C 6.0 50 nA
Input Bias Current T.=25'C 100 250 nA
Voltage Gain Ta=25'C - 40 200 v/mv
Response Time {Note 51 Tao=25°C 200 n
Saturation Voltage Vin<—-10mVY, loyr * 50 mA 0.75 15 v
T.=25°C
Strobe ON Current Ta"25"C ao mA
Output Lesksge Current Vig 2 10mV, Vgo,p =36V 02 50 nA
Ta=25"C. lgymose = 3IMA
input Offset Voltage {Note 4 Rg < 50k 10 mv
Input Offset Current (Note 4} n nA
tnput Bias Current 300 nA
Input Voitage Range ~14.5 13.8,-14.7 13.0 v
Saturation Voltage Vt>4.5V.VTaD 023 04 v
Vin$=10mV, Igne <8 mA
Potitive Suppty Current Ta=25°C 5.1 75 mA
Nagative Supply Current Ta=25°C 4) 50 mA

Nowm 1: This rating sppées for £15Vauppli e, The positive input voltags Eimit i JOV abowe the negative supply. The negmive
input voltage limit is equalto the negetive mpply vohage or JOV bel ow the positrve supply, whichewer i lem.

Nota 2: The pnction mmperature of the LM311 h 110°C. Por opersting at sisvited tempersturen, devices in the
TOSpeckage must be dereted bassd on 4 thermel of 180" CW junction to smblent, or 45°C/W, junction 1o cess. For the
fet package, tha darsting ls beasd on 8 thermal reistance of 185° C/W when mounisd on & 1/16-inch- thick spoxy glass bosrd with
ton, 0.03-mch-wids, 2ounce coPPr conductart. The thermal resistance of the dush-in-line package s 100°C/W  junction w
ambient.

Now 3: Thew specifictons 30Dl lor Vg = 2186V end the Ground pin Biground, end 07 C<J 4 < +70° C, unlews otherwis
wpecifiod, The offert voitage, offet current and bise current mpeci Tications ooty for sny wEply voltege trom g single 5V supply
ot HI5Vpplieg,

Note 4: The offast vol tagw snd offee t Curren tgiven are the Maximum velue requi redio drive the oupyt withing voit of sither
wpply with 1 mA lgsd, Thus, these paramewsn dafi ne an srror bend snd tahe into sccount the worstcass stircts of vol tage gain
sndinput impedance.

MomB: The respones Ui specified (ses definitions) & for & 100 mV input rwp with S mV owverdrive

Now$: Do not short the strobe £in 10 ground; it should be current driven st 3 to B mA. =

517
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typical applications {con’t}

m Ll
i

Positive Peak Detecror

v

;?f:\ .

.
S v
(] .
()
A
- " .
2 1
T A a
‘ i
-y L4 .:- ::l!
— T o= .
.": -
L1 :-.
L] -yt
Switching Power Amplifier < Sentching Power Ampiil.er

520




S < i W e W wirdi it Tnoces aLwra -~ )
U =% i L A S
fschemati: dagram “ S AT e E
BALASCETITROM  GALARCH ; o >
L] L] L2 i
ey b
i
=3 =3
L - l;-
’ s em -
- e - S
b 9 1 1:.
n, '%“ :l-
L] Y

e ‘._'_[..."'}
¥ > {:u mn }—1,
KH e Y ] o | 43
""“{ -I?_EP' / j S j
J—_{: "‘:{f i * ug
a b 3o 1
> 8 [ (]
B 1 9 e
m g .
™ -T l: .ll:j :;.“
v l.--'
connection diagrams®
Matal Can Package

Ovder Humber LMJ11F
Son NS Paciaga FIDA

BOTE Aa § ossmarwd ' betias of pubog

SOTE gl semred TOF vitl
orvike
Dusl-ln-Lina Package Dual-In-Line Paciage
U B 1 — U -3
EAOUNE | et - B "
ERD e 13 W
Order Numbar LM31IN e f T vt ) 5 b 17 . 0E Ovdbor Number LMITID
Son NS Pachage NOES Baw NSPachege D148
Ordar Numbar LMJ 11,8 AT —r weyt 4 > 1 ¥ Ovgor Mymber LMIT1IN-14
Sou NS Pachage JORA steomM el - Seu NS Paciisge NTSA
o % W — e § BALABCL Order Number LM311J
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LM311

application hints

CIRCUIT TECHNIdUES FOR AVCIDING
OSCILLATIONS N COMPARATOR APPLICATIONS

Whan 8 high-4peed Comparator such as the LMIT1 is
used with fest input signals and low source impedances,
the output response will normally be fast end stable,
asuming that the power suppies have been bypesed
{with 0.1 uF disc capacitors), and that the output signal
it routed well awsy from the inputs (pins 2 snd 3} and
aho away from pins 5 and B

However, when the input signal is g voltage ramp or a
slow sing wave, or i the 1ignal source impedance i high
{1 kT tw 100 k), the comparator may burst into
oscillation nesr the crosting point. This s due to the
high gain and wide bandwidth of comparators fike the
LM, To svoid oscillation or instsbility in such a
usage, several precautions are recommended, as shown
in Figure 1 below.

1. The trim pins {pins 5 and 6} act a5 unwanted auxil-
iary inputs. If thess pins are not connected 10 a trim-
pot, they should be shorted together. If they sm
connectsd to 3 trim-pot, & 0.01 pgA capacitor C1
between ping 5 snd 8 will minimize the susceptibility
o AC coupling. A smaller capaciter i \sad if pin § s
wed for positive feedback as in Figure 1.

2. Cartain sources will produce & cleaner comparator
output waveform it & 100 pF o 1000 pF capacitor
C2is connecred directly across the input pins.

3. When the signal source is applied through a resistive
network, R, it i usuaily advantageous © choow an
R’ of substantially the same valus, both for DC and
for dynamic {AC) considerstions. Carbon, tin-oxide,
and metal-film resistors have all been used successtully
in comparator input gircuitry. Inductive wirgwound
resistors are not suitable,

4.

When comparator circuits we input resistors (eg
jumming resistors), their value and placement are
particularly important. In 38 cises Uw body of the
resistor should be close 1o the device or socket In
other words there should be very little lead length or
printedcircuit foil run between comparator and
tesistor o radiate or pick up sighals. The same applies
o capacitors, pots, ete. For example, it Ry = 10kS, a
little as 5 inches of lead between the resistors and the
input pins can resull in oscillations that are very hard
w damp. Twisting these input leads tightly i the
only {second best] alternative 0 placing resistors
close to the Comparator,

Since feedback w almost sny pin of a comparator
can result in oacitlation, the printed-circuit layout
thould be angineered thoughtfully. Preferably therg
should be a groundplane under the L M111 circuitry,
for example, one side of a double-fayer circuit card,
Ground foil (o1, positive supply of negative supply
foil}) should extend betwesn the output and the
inputs, 1o act ss a guard. The foit connections for the
inputs shoutd be a3 small and compact a5 possible,
and should be ersentially surrounded by ground foil
on all sides, 1 guard against capacitive coupling from
any high-level signals {such as the output). If pins §
and § are not used, they should be shorted together.
If they am connected to 8 trim.pot, the trim-pot
should be located, at most,a few inches awyy from the
LM111, and the .01 uF capacitor should be installed.
If this capacitor cannot be used, a shielding printed-
circuit foil may be sdvitable between pins 6§ and 7.
The power supply bypass capacitors should be located
within a couple inches of the LM111. {Some other
comparators require the powersupply bypass 0 be
located immaediately adjacent o the comparator.)

Pin connections shown are for LM1 1M in 8-lead TO-§ hermetc pecitage

FIGURE 1. Improved Positive Feedback
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LM555/LM555C

National
Semt'conductor

LMS555/LM555C timer

general description

The LMSSS s g highly stable devics for generating
sccursie time delsys or oscillation. Additions! terminals
are provided for triggering of rewetting # desired. In the
time delay mode of operation, the time is precisely con-
trolled by one external resisior snd capacitor, For astable
operation 8 an oscillator, the free running fregquency snd
duty cycle are accurately controlied with two external
resistors and one capacitor. The circuit may be triggered
and reset on falling waveforms, and the output circuit
can source of sink uwp t© 200 mA or drive TTL circuits,

features

® Direct replacement for SESS5/NESSS
= Timing from microseconds through hours
® Opersies in both astabla and monostable mndn

Adjustable duty cycle

Industrial/ Automotive/Functional
Blocks/ Telecommunications

Output can source or sink 200 mA

Temperature stability bensr twn 0.005% per “C

-
[ |
5 Output and supply TTL compatible
-
L]

Normalty on and normatly off outaut

applications

Precision timing
Pulss generation
Sequantial timing

Pulse width modyutation
Pulse position modulation

[ ]
]
.
5 Time deloy generation
[ ]
]
]

Linear ramp generator

schematic diagram
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s
sbsolute maximum. fatings’ IiliiatiitL ST
e\ i slinraeeceinl aanls, | - W i
power Dissipation (Nots Ii . 600 mW i

ating Temperature Ranges 3 -
LMS55C 0C wo+70°C b g i, T s e £t
LM555 -55°C o +1258°C - ’ % -
grorge Temperature Range ~£5°C © +150:C ; : T g
Lsad Temperaturs {Soldering, 10 seconds) 300°C : : u

electrical characteristics (Ti «25°C,V¢c =+5V w +15V. unless otherwise wecified) .

LimiTS
PARAMETER CONDITIONS - LmSsS LMLLED UNITS
MIN TYP A MiN TP MAX
Supply Voltsge . 45 " 45 = 18 v
supply Current Ve TSV.A == 3 5 3 [} i
Ve * 15V A == ] w w 18 ik
£ ow State) (Nots A
Timing Error, Monostatie 1
Initial Accuracy 0s 2 1 -
Daift with Tampsritare Pa. Ry = 1kt 100k, i ] 50 T =
Ca0.uF, (Now 3}
Accunty over Temperaune 185 an 15 -
Dritt with Supply Q0% 02 o1 LY
Timng Error, Asteble
Initigl Accumcy 15 5 228 t L
Drift with Temperature 90 150 -
Accuticy over TemDrtature 15 30 L
Drift wan Supety 0% 02 o3 05 v
Threshold Vollage ] 0867 0667 % Ve
T g Voltigs Vee = 15V 48 H] 82 -] v
Vee SV ] 145 | 187 9 187 v
Yogper Cutren ; 0.0t 08 05 09 uA
Rrset Voltage 04 as 1 04 05 (] v
Reset Curront a1 0 (K ] 04 mik
Theeshold Current Note 4 o 02§ o1 025 A
Cantrol Voltsge Level Voo = 18V 28 0 104 9 ) n v
. Ve = W 29 i E¥ ] 28 33 4 v
Pas 7 Luakage QutputHgh 1 X0 t L] Y
An 7581 [Note S
Output Low Vee =15V.1;=15mA 150 180 -V
Outout Low Vo "4 5V 1pd SmA n 100 [ 1] 200 mv
Outout Voltage Drop (Low) Vee = 15V
Iyma = 0 MA o1 015 o 02s v
g = 50 mA 04 03 04 ars v
laine ® 100 mA 2 22 2 15 v
Iyiys * 200 mA 25 s v
Vo *SV
Iy =S mA R} [, v
by, = 5 A 02% 01s v
Output Voltage Drop (Hwghl Igounce * 200 mAVeg = 15V 125 125 v
lsounce * WO MA Ve = 15V 1 02 1 133 v
Ve BV 3 13 278 13 v
Riss Ty of Ouiput 0 0 ™
Fall Time of Output 00 ] -

Nots %: For oparating i eleveted temperitures the device must be deratedbased on 8+ 150" Cmaximum junction temperstureand & thermat
resttence of +45°CIW junction 10 cam for TO-S and 150" C/W junchon w0 smbient for Both pacesgr.

Nots 2: Supply Current whan oulpul hgh typscally 1 mA lemat Voo = BV,

Now 3 Tesed a1 Voo = 5V sndVe © 15V,

Nows & Thin will determne the masimum velua of R, 4R g for 15V operition, The maximum feesd [Ry + Rgl b 20MN.
Now 8: Noprotection sgsinst #xcewive pin 7ousrenis Recesaary provding thepachags dissipsnon Mg will Aol be Exceded.
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Discherge Transister {Pin 7}
Voltags v Siak Current
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sppli cations information

MONCSTABLE OPERATION

In wsmdmnﬁm.ﬁdmhmﬁmul
one-shot (Figure 1). The external capacitor is initialty
hekd discharged by a transistor inside the timer. Upon ap-
pication of » negative trigger pulsa of lems then 1/3V e

© pin 2, the flip-flop is et which both releases the short
circuit across the capacitor and dives the output high.

heada KL

At 4—"{_° T

]
| : T--- I
o
| L
(Y

TORIN o
sy O | [ Lo

)

THAT a0

] e L

Sy _:l,:_T

FIGURE 1. Monostable

The voltage acroes the capacitor than incremes exponen-
tially for & period of t = 1.1 R,C, &t the end of which
time the volage squals 2/3 Ve, The comparator then
resats the flip-flop which in turn discharges the capacitor
and drives the output 1 its low state, Figure 2 shown
the waveforms generated In this mode of operation.
Since the charge and the threshold leve! of the com-
parstor are both directly proportional w0 supply voltage,
the timing intarnal i independent of supply.

i i gl
| {1 |
| | ] 1
| 111
1 ¥
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i i i
Ny = Tap oo b P e
e 00 o T e -
By et o LA B P
LN

FIGURE 1 Mpaaeisble Wovel grme

During the timing cycle when the output s hgh the
further application of a trigger pulss will not effect the
tircuit. However the Circuit can be resst during this time
by the sppication of & negative pulse to the reset
terminal (pin 4). The output will then remain in the low
Ftate until » trigger pulse is again spplied.

When the reset function is not in use, it Is recommended
that ik be connected to Ve to svoid sny possibility of
fatwe triggering.

Figure 3 n o nomograph for sasy detsrmination of R, C
values for various time delays.

ASTABLE OPERATION

if the cirait 13 connectsd ss shown in Figure € [pins 2
ond 8 connected] It will wigger itself and free run s &

NNN

i ~ L atiTanct (ol)

Thatlhs 16 = W= Wi W
Y -TEM #LAY

FIGURED. Time Deley

multivibrator. The extsmal capacitor charges through
R, + Ry and dischurges through Ry Thus the duty
cycle may be precisely set by the ratio of thess two
resistors.
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FICUREA. Astsbie

In this mode of operation, the capacitor charges and
discharges betwsen 13 Ve and 23V e, As in the
viggered mode, the charge and discharge limes, and thers-
fore the frequancy are independent of the supply voitage.

Figurw 5 shows the waveforms generzted in Cis mode
of operation.
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FOURER. Astsbis Wavef orme
The charge time (output high) is givin by: ;
t =0.693(R,+ RgiC /
And tha discharge time (output low)by: §
ta =0.693{R,)C

Thiss the total period s [
Tety+#1,=0.003(R, +2R,})C ¢
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LM555/LM555C"

appli cations information (con't)

The frequency of oscilstion i
1., 144
fm—

T (Ra+2Rg)C

Fipre & may be used for quick determinstion of these
RAC valuer. - P .

The cle i D = e
e s " Ra 2R,

N
SN
MALNALN
s NN

FIGURE 6. Fres Running Frequency

£ = Earatitanet 1

FREQUENCY DIVIDER

The monostable circuit of Figre T can be used 5 »
frequency divider by adjusting the length of the timing
cycle. Figure 7 shows the waveforms generated in 3
divide by three circuit
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FIGURET. Prequency Dhvider

PULSE WiDTH MODULATOR

Whan the timer is connected in tha monolable mode
and trigoered with g continuous puhe train, the output
pulse width can be modulated by a signal applied to pin
5 Figure 8 shows the circuit, and in Figure 9 are some
waveform examples,
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FIGURES. Pules Width Madul stor
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FIGURE 9. Pubm Width Modulator

PULSE POSITION MODULATOR

This application uses the limer connected for astabie
operation, as n Figure 10, with a modulating signal
again applied to the control voltage terminal. The pulse
position varies with the modulating signal, since the
theeshold voltage and hence tha time delay & varied
Figure 11 shows the waveicrms gererated for a triangle
wave modidation signal.
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FIGURE 10. Pulse Position Modulstor
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FIGURE 11, Pulss Powben Modulstor

LINEAR RAMP

When the pullup resistor, A, , in the monostable circuit
b replaced by » conitant current source, alinear rame s
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CD40178, CDA0223 Types

CMOS Counter/Dividers

High-Valtags Types (20-Veolt Rating}

CO40178-0vcade Counter with

10 Oecpded Ouiputs

CD40228-~Q¢tal Countar with

8 Dacoded Qutputs

The RCA-COLDIT0- and CO40228 are &
stage and datage Johnson counters having,
10 g B decoded outputs, reipectively.
tnputs include 3 CLOCK, 3 RESEY. and 2
CLOCK INMIBIT signal, Schemitt Lrigger
acton in e CLOCK input circuit provides
eulig shiping that “allews unlimited ciock
input pulie e

Thete counters ae ddvanced one count at
the pasitive glack ugnal transition i the
CLOCK INHIBLT signal i low. Counter
advancement via the clock ling s inhibled
when the CLOCK INHIBIT signal is high.
A high RESET sgnal clears the counter Yo
ity 2ero eount. Use- of the Johnson counter
conliguration permits highaperd operation,
2input deccda-gating and  spvkelree de
~oded outouts. Anti-lack gating is provided.
thut ‘asuring proper scunti ng sequence. The
cecoded outputl g normally Jow Jnd go
high only at their ressective ‘decoded tima
siol. €ich decoded outzur remaing high lor
ote Wt glock cyele. A CARRY -OUT ugnal
compiates one cycle every 10 clock input
cycles in ha CDA01TA or avery B clock
input cyclas in the CD30228 and is uied 1o

and 1l tirnes,

RECOMMENDED OPERATING CONDITIONS
- For mzimu.n reliabilicy, nominal cperating conditicns should be selected 30 that operstion

A Mwdys within the following ranpes:

Festures..

= Fully static oparation

8 Medium-speed oparation..
10MHs {typ.)at Vop = W0 V

® Standardired, symmatrical ovtput *
chatactatisti €t

= 100% tested for guiercant currant a1 20 V

® 5.V, 10-V,and 15.V parametric ratings

& "Magts 38 requiremants of JEDEC Tentative
Standard No. VIA, "Standard Specificatiom
for Daseription ¢f ‘B’ Swties CMOS Devien™

Applications:

s Decada counterfdesimal decods display
jC0401781

Binary counter/decoder

Frequency division

Counter eontrol/timarn

Divide-by-N caunting

For further applicati on information,

e ICAN-6166 “COS/MOS MSI

Countgr and Register Design and
Applications™

tipple-clock tha suéceading device in a muiti-
davice counting <¢hain, '
The CD4017B and CO40228-38rieslypesare
supplied In 18-ledd hermetic  dual-in-ine
cetarnic packages (O and F sullizes), 18-
lasd dual-in:line plastic pac\ngo {E sulfin},
{6-lead ceramic Hat pachages(K sufiix). and
in chip form (H sulliz}.

-

CHARACTERISTICS S T UNITS
v Min. Max.
Supply-Voltage Range (For Ty = Full Pn\ugt-
Temperature Range) 3 13 M
5 - 5
Clock Input Frequency, loy 10 - 5. MHz [-.
15 - 55
5 00 -
Clock Pube Width, ty; 10 80 - n
16 &0 -
] $ -
Clock Rived Fall Time. LoL Yo 10 UNLIMITED®
15 N,
s | 20 -2
Clock Inhibit S qup Time, T 10 100 - ?:b .
. 15 7 =
i 5 | %0 - 5
Aeser Pulse Widih, 1y 10 1o - g
15 21] -
. 5 | 400 -
flerer Removat Tima,tem 10 | mo - n
. 15 150 - *

“Ondy T M ivused 83 1ha chock lnghal. 1PIn 113usad 8 thaclonk Input and Pin 14 s bod high (los advanciag
court on nagatlye uansillan of the cloch), fae snd la Bima should b &8 x 9.
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CD4017B, CD4022B Types
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CD4017B, CD4022B Types

MAXIMUM RATINGS, Absolute-Maximum Yaluss:

£C SUPPLY-VOLTAGE RANGE. (Vygl
(Voltagwelerenced 10 Ver Tarminall ..

INPUT VOLTAGE RANGE, ALL INPUTS ...

cire. NG00V
-0 50Ypp ~0.8¥

. |
]
]
DC INPUT CURRENT, ANY CNE INPUT L .o0vuniannnn s R e S E e e e see- 210M A i
POWER CISSIPATION PER PACKAGE {Pgi: i
; ‘ ForT , »~40t0+ & CiP ACKAGE TYPEE) ... .. .. BEER I PR e I L. 500 m Y 3~
i Forl ,++6010 +RS*CIPACKAGE TYPEE).....ceuurnnres Oecale Linasrly ap \Tmw/"C o 200 miw i
t ForT,e55 1001000 C(PACKAGE TYPES O .F. ), tcouunmrssasnrrsimminrmsanrsinsracions 300 my :
g~ ForT ,=«10018+123 C(PACKAGE TYPESO F.K) .coonuen . Derale Uinearty 31 12 mw/” Clo 300 mwW .
3 DEVICE DISSIPATION PEA QUTPUT TRANSISTOR: . I
t ForT, sFULL PACKAGE-TEMPERA TURE RANGE (Al Package Typat) .5\ rieeeeercenienns 100 mv 1
} OPERATING-TEMPERATURE RANGE (Ty): '
1 PACKAGE TYPESD.FKM .opvesreene seenes d ot e T S SRS e 851012558 ® S A
i) PACKAG ETY PEE, ... b f iy L . =0 #5°C ey 2 -
£ ‘ STORAGE TEMPERATURE RANG E{Ty(g)errrmreunranernsnsansrnsnemmsieassn S 1o 150°C Fig 5= Typiesloutput low [rink] current
il LEAD TEMPERATURE (OGRING SOLDERING): LR ectmli s
{ A gistance 118 2432ncn ﬂs.oo.nmlmmmmmsmu ..... R L Ll
|
i . ’ 1
i ;
l : STATIC ELECTRICAL CHARACTERISTICS .
i LIMITS AT INDICATED TEMPERATURES (°C)
- CHARAC- conomous Yalue s sl 35, #25, +12% Apply toD,F, K, H, Packages
I ‘ TEHISTIC Valuar at —40, 435, 485 Apply to E Pachage
+. .
i; Yo Vin |Voo - $a0- T A § WY S0 Iyt =%
: v [0 A I —40 +85 |+125 | Min | Typ. |Max. O - o
4 Fig. §- Minimum ovtput low Tim) evrrent
3 uiescent - (LS 5 5 5 150 150 - o004 -] charscionitics.
n = {1} -
: Device 5 0,10 10 0| w] 30| 300 - 004 | 0], ol
. f"'"ﬁ‘- - Joas| ] 20| 20| eof e0[- | 0oa| 20 ST S
X, » e
; i — |oz0] 20| 10| 100 ] 3000] 300 | - | oos | %o ot [ D 1
& : ca- | 05| 5| o64| 061 | 042| 08| oSt 1 o i lI' F" *" 1}
i Ou:.pul Low T ittt m [HES TR
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DYNAMIC ELECTRIC.AL CHARACTERISTICS 1
r AT 5 =25°C, Inputt, y= 20 ni G, =50 pF, Ry = 200 k{2 = :
—I .
L] - 1
| CHARACTERISTIC . CONDITIONS LIATS UNLTS 2
Voo V) Min.l Typ.}Ma:. ;‘ s
CLOCKED OPERATION i 1
1
5 - | 325 |&%0 3 I i
Propagation Delay Time, Gy . tpLy 0 - [13s |270 '- ri
Decods Out . 15 - |esve | L Fl
5 - |20 &0 T
Carry Out 0 - - 1125 250 Eas AO&S LAP schimct .:\n--: ROV e !
T 13 =} %o B Fig. 10 = Tygical transition time 452 function !
Traraition T 5 - [1co f200 aflload capeitance. :
FMT AHA T SER 10 - | 50 100 n et TORPEAATVR (1,10 13° et E
Carry Ot or Decode Out Line . A
r 15 - 4 | 80 ¢
= 25 51 - g
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15 SsS|nj- .
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. H] - |wo J00
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Clock Risr o Fall Time, 1,CL, tCL 510,15 UNLIMITED
Minimum Clock Inhibit g o e zgg m . T 0 T P B i
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Features

¢ Complete OTMF Receiver
LowPower Consumption
Internal Gain Setting Amplifier,
Adjustable Guard Time

Central Qffice Quality

Applications

® Recaiver System for British Telecom (BY) or
CEPT Spec (MT84708-1)

® Paging Systems

¢ Repeater Systems/Mobile Radio

® Credit Card Systems *

# Remote Control

& Peronal Computers

Description

The MTB3708/MT88708-1 is a complete DTMF
receiver Integrating both the bandspilt filter and
digital decoder functions, fabricated in Mitel’s
double poly 1502.CMOS technology. The fiiter
section uses switched capacitor technigues for high
and low group filters; the decodar uses digital

$161-002-051.-NA

,.u.,- "

" 1502-CMOS I‘A7887OB/|‘~""JU7OB 1

Integrated DTMF R—ecé?ver

SIVE 2

| * Connected w VIS

Pin Connections

me 1 Voo
N- E F war
GS k] i
VRet 4 %0
©* (] Qs
g é Q3
o<1 1 Q2 %,
[+ l= Qf
vis k| o8 L

Ordering Information

MTB8708E/MTBS70BE.1  Plastic DIP
MT8S708C/MTB8708C.1 Cerdip
-40'C 10 +85°C

counting techniques 0 detect and decode all 16
DTMF tone pairs into a 4-bit <ode. External
component count i minimized by on chip provision
of a differential input amplifier, clock osillator and
latched three-state but interface.

VOO  ViS$ VRet
BLAS —‘[
orCuUIT Via!
SUPFLR
I l = :
7
ow ' "cue KIGH GROUP p—
POVWIA  BIAS FLTIR Al DIGITAL <oot a
DETECTION CONVERTIR
m
2 DAL ZIRO CAOSSING ALGORITHM | | ANT LATCH
o TONE DETECTORS
ﬁl L- I FILTEN
¢1 LOWGROUP b—
FILTER -[r '
—D}D—--—w T n st
QOCKs G e
L L
osct o3 SVGT T
Figure 1- Functional Blo<k Diagram 125
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MT8870B/MTE870B-1 1502-CMOS

LS 2T 3

olute Maximum Ratings’

m——

v e,

T T Paramaetar Symbaol M3x .| Units’
Power supply voltage Voo-Vss § v
‘Voitage on any pin o Vg -0.3 Vea+2.3' | V

. Qurant at any pin (other than supply) L] * mA
Operating temparature Ta +85 . *C
Storage temperature +150 i
Package power dissipation 1000 mw

"Excred Ag thets values may Cause permanent damage. Funchonsl gparation under these conditions 15 notimplied,
" Carate above?$ CatiEmw/°C. Allleads woldered 1o board.

Recommended Operating Conditions .voragessre win respect 10 ground (Viy) uniess ctherwise stated

Characteristics Sym | Min Typ* Max | Units Test Conditions
Posiuve Supply Valtages Voo S | Vssm OV
Oxcillator Qock Frequency fc 3.579545 | MHZ '
Oscillator Frequency Tolerance | Afe $041

'Tyeecal figures are a1 15°Cand are for denign a6 only; Act guaranteed and not ubject 19 productson testing

DC Electrical Characteristics- v, -30v2swu,v,, =0V voltages are wih retpect 1 ground (Vy,) ualets otherwne ttated

Charactaristics Sym| Min | Yyp | Max |Units Test Conditions

$ |Operating supply veoltage Voo | 4.75 5.2%
I: Oparating supply current lop 9.0
: Power cantumption 43 {u3. 38 MHI; Voo . (Y]
. .
) High level input Vin 35
N {Lowlevel input voltage Vi 15
:, Inpul leakage current I/l Vinm Vg of Voo
; Pull-up (source) current Iso 15 TOE (pin 10) = OV

Input impedance (IN + ,IN =}| Ry @1kH:z

Steering threshold voltage Vrge 2.2 2.5

Low level output voltage Vou Yy, +0.03 No load
O [Figh level cutput voitags | Vom | vee0.03 No load
: Qutput low (sink) current o 1 Vour = 0.4V
u |Cutput high(source) current | loy 0.4 Vouyr =4.6V
: Vet cutput voltage Vet 24 2.7 No load

Vagt cutlpul resistance Ror

* Typecal hguores are at 15°C and are for dewgn awd only: Ot guaranteed and not tubgect to production testing

'l“

o
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1502-CmM0Os MT8870B/MT8870B«1 , i
3]
Jperating Characteristics'.vorages sre with respect £0 ground (V) unlens otharwine ated o 5
itin Setting Amplifier S
Charscteristics Sym | Min | Typ' | Max | Units Test Conditions 1
1| input leakage current Lisi 100 nA | VssS Vin SVpo ,_':f
2 | Input resistarce Rey 10 MQ 1'
3| Input offset voltage Vos 25 myV
4 | Power supply rejection PSRR &0 dB | 1KH2
5 | Common mode rejection CMRR 60 dB |-3.0VS V), =3.0V
6 | DC open loop voltage gain Avor | 65 ds
7 | Open loop unity gain
bandwidth fe 15 MH2
8 | Output voltage swing Vo 4.5 Voo | Ry 1OOK() to Vg
9. IMaximum capacitive load (GS) | - C, 100 pF
0 | Maximum resistive load (GS) R 50 K
1 | Common mode range Vom 3.0 ‘Vpe | NO Load "

oY KOV, T,+25C _
el figures areat 25°C andare for deugn ad only: Nt guaranteed and ACt fubject 10 PrOdUCIoA Lo1ting

‘B870B AC Electrical Characteristics’ = Yoltagesars with respect 1o ground (Vi) unlen otherwie stated

Characteristics Sym Min Typ | Max | Units Notes
g | valid input ﬁgtﬁl levels ~29 ! d8m 1.2,3.5,6.9
1 (.llCh tone of composite 7.5 mVams 1,2,35,6.9
n [Hena) S1 | dom [ 1.23.5.69 :
~ 369 | mVews | 1.2.3.5,6.9
¢ |Ponitive twist accept | 10 d8 2,369
2 Negative twist accept 7 10 dB 2369
o | Freq. devistion accept £21.5%2 2Hz Nom. 2,359
1 [Freq. deviation reject 23.5% Nom. |235.9
é Third tone tolerance 16 d8 - |2,3459
’s‘ Noise tolerance 12 ds 2,3,4,5,7,9.10
Dist tone 1olerance .22 dB 2,3,4,58,9.11

IV V= 0, T, =25 Cand g =3 379545 MHI wung 1ast Grtuit thown i Figues 2

= deGibals sbove or below srelarence powe of 1mWwito 5600 ohm doed.
HQuence conts ofall DTME tong
durs tomdd m i tonepausesdd my

condricn torints of nominal DTMF frequenciet

Onet in OMpOLlengnalhasvesnsdu mpintud o .
wadeviatad by 21.5%¢ 2Mg
i hmaad (JeMz)Gaviian none.
thal tone frequenciciare (150MZ and 480HE) £2%.
rroe rate of betlar than 1 in 10,000,
mcard o lowettlevel fraguency comnponent in D T Mufnsl.
pnced 10 The munimum valid accopt lyvel

3127
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Pro oo o= ™
il FAT8 870B/MT8E70B-1 1502-CMOs 3
== ,
! i MTB8 7 0B- 1A C Bl ctrial Characteristics® -V oitac 41 2re with reioect to ground (Vi uniem otherens rtated
I“: Charzctaristics Sym |—_Min Typ | Max Units * Notas
]r' - | Valid input signal leveis -3 d8m |12,3569
by (sach tone of composite 38 mVas | 1.2.3.5.5.9
1 Y3 | dgnan 1 | d8m |[1.2.356)
41| I A . * 35,6,
l ] =15 859 mVYrug 1,2,3.5.69
] 2] ¢ {input Signal Level Raject -37 d8m [123,5,6.9
¢ 10.9 mMVaaag 1,2,3,5.6.9
3 g Positive twist accept & dB 23,69
4| o | Negative twist accept & d8 2,369
5| + |Freq. deviation accept £1.5%% 2Hz 2.3,5.9
6 é freq. deviation rejsct 23.5% 2,35.9
7 ;' Third tone tolerance -18.5 das 2,3,4,59,12
3 Noite tolerance | -12 ds 2,3,4,5,7,9.10
3] [Olal'tone toierance | +22 d8 | 2,3,4,589,0
VogeSV.Vyd, To=s15Cand 1,03 5THILSMNI unng test crcuit thown in Figured,
NOTZS

L.dhma dechels sbove o baiowr areferencs power of 1 mW vito 8 600 ohm load.
2.Dagit s0queencn corsars of sl DTMF tones

1.Tone duration = 40 mi..tone pauke = 40 m1.

4 Signal wondition comust of nominal DTME frequencies

5. Both 100t in compurte sighal have an equal amplitude,

€. Tone pawr s devatedby 21.5%22Hz

1. handharndth mr ed (kM 1) Gautuan noie.

§.Tha precns dial tone Irequancies are (350HE and 440K1) T 1%.

9.5or an error rate of batter than 1 In 10,000,

10.Refor enced 10 lowest livel frequency component la OTMS signal.

11.Referenced 10 the munmum vahd accapt level.
12 Rater encad to Fig. 10 lnput DTMF Tone Lavel at-25 dim (28 dBm a¢GS Pin)intarference Srequency Range batween 480.3400H L.

B s 1P A L B

i
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« J 5

Electrical Characteristics..voltager are with cospecito ground (Vi) uniens otherwae stated ; w?
Characraristics Sym | Min | Typ® | Max | Units | Test Conditions:
Tone present detect timg to» 5 1 14 ms | see Figure 3
% . Tone absent detect time toa 05 4 85 mi | see Figure3
3| 1 | Tone duration accept Lagg 40 ms | User adjustable
- M i
t :‘ Tone duration reject treC 20 ms | User adjustable
ﬂ G | interdigit pause accept tip 40 ms | User adjustable
5 interdigit pause reject : oo 20 mi | User adiustable
1| | Propagation delay (5t 10 Q) Lo 8 | 1 | m JVREmVGg
3 o Propagation delay (5t to 5tD) trsio 12 u | TOE=Voo
'] T [Ovtputdata setup(Qto 5t0) touo 34 ps | TOE = vpp
v g ; AL = WOK0Q
Propagation delay (TOE 1o Q ENABLE t 50 nt
! ? Pag y Q } pIE CLe50 pF
Propagation delay (TOE to Q DISABLE) | P10 300 rs | RLs 10K
Cl= 50 pF
1 Crystal klock frequency fc 13.57593.5795|3.5831 | MHz
f Clock inputvise time e 10 ns | Ext. clock
0 | Qock input fall time 1T 110 ns | Ext. clock
| i Tock input duty cyde Oy 40 50 &0 % | Ext, clock
Capacitive load (O5C2) Cwo 30 oF

aSOV.V a0V, T,229Coandf, =« 3.5795 4%, vi n g o3t tcurt shown in higure 2
<l figures are 8 L 2T and are for deugn ad only: ROt Quatanteed and not Jubject 10 ploduction telling

Voo
orme O—f : ¢
tnput % MTBE70B/MTEE2708.1 3= : )
L LG
~C me U Yoo 1

— ™~ sver Pt 5 ;
ren—t—{] G gy ¢ S
b v 50 D——O v
O—-]x o« b——O !
o——(«x @ p——0 2
rﬂ osct a: p——O NOTES: e g
x-ul 4 0—] osc2 a1 p——0 Bk = TD0ER1 % =
Vs tor O— Ry« 00RO Y% . ol

I € Cye 100RFS% 3
XL o) STISASMME20AN |, 'l;

5

r
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MTEE708/MT8870B-1 1502-CMOs
Pin Description
| Pna Nama Cesuiption
: 1 N+ | Non<nverting Op-Amp (Input).
1 2 = |inverting Op-Amp {lnput).
3 GS Gain Selact. Gives a<cess to output of front snd differential amplifier for connection.
of feedback resistor.
4 Vet Reference Voltage {Output), Nominaliy Vpo/2 isusad to bias inputs at mid-rail (see
Fig.2). /
s o internal Connection. Must be tied to Vs,
¢ K Internal Connection. Must be tied to Vs,
] 03C1 | Clock (Input).
05Q | Cock (Output), A 3.579545 MHz crystal connected between pins OSCY and OSC2
completes the internal oscillator circuit.
9 Vg Negative Powar Supply (Input).
10 TOE Thres State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up intemaily,
. 11-14 Q1-Q4 | Three State Data {Output). When enabled by TOE, brovide the code corresponding to
= the last valid tone-pair received (vee Table 1). Whan TOE islogic low, the data
« | cutputs are high impedance. :
15 Sto Delayed Steering {Output).Presents a logi¢ high when a received tone-pair has been
registered and the cutput latch updated; returms 10 logic low when the voitage on
SUGT fails below Vg,
L ESt Early Steering (Qutput). Presants a logic high once the digital algorithm has detectied
= a valid tone pair (signal condition). Any momantary loss of signal condition will cause
€St to retum to a logic low,
7 SVGT | Staering Input/Guard time (Output) Bidirectional, A voltage grester than Vig,
detected at Steausas the device to regliter the detected tone pair and update the
"| output latch, A voltage less than Veg, frees the device 1o sccept anaw tone palr. The
QT cutput acts to resat the external steering tima—constant; its state is a function of
ESt and tha voltage on St
13 Voo Positive powaer tupply (Input).
]
=]
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8870B/MT8870B-1 1s02.cMOS

ctional Description

|MTA8708/MTB8708-1 monolithic DTMF receiver
irs small size, low power contumption and high
formance. tts architecture consists of a bandsplit
ir section, which separates the high and low
up tones, followed by a digital counting section
<h verifies the frequency and duration of the
rived tonas before passing the corresponding
¢ 1o the output bus,

or Section

aration of the fow group and high group tones
ichieved by applying the OTMF signal 10 the
uts of two sixth-order switched capacitor
ydpass filters, the bandwidths of which
respond to the low and high group frequencies.
+ filter section also incorporates notches at. 350
| 440 Hz for exceptional dial tone rejection.(see
ure 4). Each filter output is followed by a single
ler switched capacitor filter section which
saths the signals prier to limiting. Limlting Is
formed by high-gain comparators which are
mided with hysteresis to prevent detection of
wanted low-level signals. The outputs of the
nparators provide full rall logic swings at the
guencies of the incoming DTMF signaly,

toder Section

lowing the filter section it a decoder employing
fital counting techniques to determine the
quencies of the incoming 1ones and to verify that
ty correspond to standard DTMF frequencias. A
nplex averaging algorithm protects against tone

timulztion by extraneous signals such 8 voice while
providing tolerance to small frequency deviations
and variations. This averaging slgerithm has been
developed to ensure an optimum combination of
immunity to talk-ofl and tolerance ‘o the presance
of intecfering frequencies {third tones} and noise.
When the detecior recognizes the presence of two
valid tones {this is referred to as the “signal
condition” in some industry specifications) the
*Early Steering® (ES1) output will go 1o an active
state. Any subsaquent loss of. signal tendition will
cause ESt to assume an inactive state (see "Steering
Circult®).

Stesring Clreuit

Before registration of a decoded tone pair, the

receiver checks for a valid signal duration {(referred

to a5 character recognition condition). This chec is

performed by an external RC time constant driven
by ESt. A Jogic high on ESt causes v; (see Figure 5) to
rise as the capacitor discharges.Provided signal
conditlon is maintained (ESt remains high) for the
validation period {lgrs). v, reaches the threshold
(Vrse) of the steering logic 1o register the tone pair,
latching its corresponding 4-bit code (1ee Table )
Into the output latch. At thiy peint the GT cutput s
activated and drives v lo Vpp. GT continues to drive
high a1 long a3 ESL remains high. Finally, after &
short delay to allow the cutput latch to settle, the
delayed steering-output flag (51D) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch #re

made svailable on the 4-bit output bus by ralsing .

the three state ¢ontrol input (TOE) 10 a loglc high.
The steering circull works in reverie to validste

° g . —
/ ‘L\ 2 T~ DiaL Tomes
10 !J Y.l.' \ a3 :-z‘igl:;
i Oar TOMNIES
5 [I I 1‘ AmEITHZ
ATTIMUA TION B=T70Mz
(ae) ] F \ CotSlix
] 4 ?: “:0‘0“0:1
f ! 'i e ers
W ol i HelET3 e
| ol 3 . .
| BEE e E o
E Y A B CoOD t G "
FREQUENCY {Ha} :
Figure 4- Flitar Rasponse
/
L e B, B
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the interdigit pause between signals. Thus, a8 well
¥ rejecting signals too short 1o be comiderad valid,
the receiver will tolerate signal interruptions
{dropout} 1o short 10 be considered a valid pause.
This facility, together with the capability of
seleting the steering time constants externally,
tliows the designer to tailor performance to meet a
wide variety of system requirements.

Guard Time Adjustmant

In many situstions not requiring selection of tone
duration and interdigital pause, the simpie steering
circuit shown in Figure S is applicable. Component
values are chosen according to the formula:

trec= top + tgTp
tio = tpa +tGTA

The value of top is & device paramaeter {see Figure 3)
and tage is the minimum signal duration to be
recognized by the receiver. A value for Cof 0.1 uFis
recommended for most applications, leaving R to be
selected by the designer.

Ditterent steering arrangements may be used to
seect independently the guard times for tone
present (o)} and tone absent {tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and imerdigitsl pause. Guard time adjustment also
dllows the designer to tailor system parameters
tuch at talk off and noise immunity. Increasing tage
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enocugh to be
registered, Alternatively, & relatively short Lage with
3 long too would be sppropriate for extremaly noity
environments where fast acquisition time and
immunity to tone dropouts sre required. Design
information for guard time adjustment is shown in
Figure 6.

DiHerantisl Input Configuration

The input arrangement of the MTBE708/MT28708-1
srovides a differential-input operational amplifier
35 well 24 a biss source{Vzy) which is used to bias
he inputt at mid-rall. Provition i3 made for
‘onnection of a feedback resistor to the op-amp
wtpwt {GS) for adjustment of gain. In a single-
tnded configuration, the input ping are connected
1sthown in Figure 2 with the op-amp connected for
inity gain anéd Va,y biming the input at $Vpp.
igure 7 ¢thows the differential conliguration, which
ermiss the adjustment of gain with the feecback
e 5t0r A

|
1Iso2-cMos MT8870B/MT8870B-1 i3

B | e | WO | TOE | @ | @ | Q@ | @
697 (1200 | v | H | g | O] O |
€97 | 1336 2 H 0 0 1 0
697 | 1477 | 3 | H | o | 0] 1
770 | 1209 | 4 | H ]l o | V| O] @
770 | 1336 S H 0 1 0 1
770 1477 6 H 0 ] 1 0
252 1209 7l H 0 ] 1 ]
852 | 13386 8 H. 1 0 0 0
852 | 1477 |-% H 1 0 0 }
941 | 1336 | 0 M 1 (¢] H 0
941 | 1209 | -* M 1 0 1 1
941 | 1477 | # | K | 1] 0] o
697 | 1633 | A | 4 | 1 1o}
77C 1633 8 H ] | ] 0
852 | 1633 o H 1 1 1 1
941 1633 o] H 0 0 0 0

2 4 axr L 2 Z :&' F 4

La LOGIKCLOW . We LOGIC HIGH, T o MIGH WPL DANCE
Table 1. Functional Decode Table

Veo 3 -
= €
-~
Yoo
oy f—— .
ESt g
o -
MTeSTON tora +{RQ) In (Voo ¥e)
MTBE708-1
toton(RCHAIY oo IV 001V 4, )]

Figure 5-Basic Stearing Circuit
Crystal Oscillator

The internal clock gircuit is completed with |.hol
addition of an external 3.579545 MHz ¢rystal and is

l'



(M T8870B/MT8870B-1 1502-CMOS

""'(locg‘lvu’(vao'vlu,l

- L]

r
W O—sy
<
QT
R, L
ESt

tera=(RCy)in (Voo / Vi)

Ry w (RR) 7 (R, + Ry)

o ——

3) decreasing tam (tam <tera)

tore = (RGN Vg 1 (Vg i)l

tora = (ReCy) In (Vg / Viyy)

R, -(‘|l}”('| - .1’

b) decreasing tyra: (tars > tora)

OWFEREN TIAL INPUT AMPLIPIER

Ci=C, « 10ONF
RyeR, =Ry 10080
Ry =60KM,R, 2375100

Ry el
"Ry

VOLTAGE GAN (&, ditl} =
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Figure?- Differential Input Conflguration

Figure 6~ Guard Tima Adjustmaent

normally connected as shown in Figure 2 (Single
Ended Input Configuration). However, it is possible
o configure several MTBBTOR/MTEB70B.1 devices
employing only a single oscillator ¢rystal. The
oxillator output of the first device in the chain is
coupled through a 30 pF capacitor to the osillator
input (OSC1) of the next device. Subsequent
davices are connected in a similar fagshion. Refer to
Figure 8 for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, ie; precision balancing
Lapacitors are not required.

To OSC1 of next

MT88708/ MT28708-1

T
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Figure 8- Oscillator Connection
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APPLICATION

RECEIVER SYSTEM FOR BRITISH TELECOM SPEC
POR 1151

The decuit shown in fig. 10 ilustrates the use of
MTB8708-1 device in a typical receiver system, BT
Spec defines the input signals less than «34 dBm as
the non-operate level.

This condition ¢an be 3
ittained by choosing a witable values of Ry and R;
o provide 3 dB attenustion, such that .34 dB

input signal will correspond to -37 dBm at the gain
setting pin GS of MT88708-1. As shown in the
diagram, the component valves of R; and C; are
the guard time requirements when the total
component tolerance is 8%, For better
performance, it is recommended 10 use the non-
symmetric guard time circuit in Fig, 9.
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Figure 9-Non-Symme tric Guard Time Greuit
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Figure 10 - Single-Ended Input Contiguration for 8T or CEPT Spec




