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ABSTRACT

This thesis proposes the telephone line extender by VHF transceiver. It is the most
convenient and economic in communication for user. The project consists of 6 parts which
work together. There are the encoder and decoder, call signalling oscillator, automatic
microphone and automatic hook-on, power supply and standby power system, remote
control part which is controlled from the transmit/receive radio, another part is the main
circuit. When they work together if can use in the transmit/receive radio system and the

telephone system.
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Hex Invarter

Schottky TTL High-Speed TTL Low-Power Schattky TTL Standard TTL Low-Power TTL
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sbselute mazimum ratings over operating free-sir temperature range
Suowsy vehage. Vo© ™v Coorsteyg vow-aw SNSILS =35C 0 s .
o v ,V semomrenre g ]'WE R Schematics (each gate)
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L 7Y S N D Bt
Swwry vertage, Voo e 3 $.3 478 3 1. v
MOuvel Bt aeTent, (G el -y Py Vee
Lowreet oot owrront, 1oy . [l ] - ~ Ry
Duwsing Fosow tempursnws, Ta -9 18 L n b4
5 T
slectrical characteristics over recommended operating A ®TPUT ¥
free-air temperature range X :
PARAMETER TEST CONOITIONS t MIN TYP t MaAX | UNIT
Vg Hgn-evel wout_vaitege 2 v AR
vis Low-avel wout voitage 0.8 v
Vv, Ineut_clamp voitage Vog=MIN, = ~1ima -1.5| v  TRECFRETRET)
CIAEwT 1§
VEC=MIN. Vi =Vy max, >
v High-levet it volti . . 24 46 1061130 | in
oM L4 utpy 490 \ow aMAX 2.7 34 v T st ioeTHe
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VoL Lowdewel outout voitsge 1oy = 4ma RN INSAL TINTAL * circuira, *$04 CIRCUIT
lrout eurent ot - o -
i (7 MA 04. ‘LO4 CIRCUITS
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Shart-carcust l S4L. S Famay -2 -~ 100/
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95 outout curemt * TEERAY s e i i) ™
] Supoty current ¥ [Total. outouts tegn 1.2 2.4] mAa
veo=MAX
10t Supety current cc Total, outputyiow 36 6.81 ma
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[l S ourfent A\ i 1
cc_ Swew ce (50% auty cyce) % 2
Propagstior detay time,
PLH 10w-10-nigh-tavel utput veo® SV,  Ta=pme, . 5] s
Procagaton delay ime, Cy =1SPF, Ry =2k
LT o . output 10 15] ns
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® @ By f_Iu
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pesitive logic :
Y= Resistor vaiues shown are nominal and in ohme
1For conditiens shown cs MIN o MAX. use ine Woropriste valve under

AN 1ymost vaies ave ot VCe= SV, Ta=25C,
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: Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
v
. Package Package Package . Package . Package
4 Device T Device T ice T Device Type Device Type
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Electricsl Cheracteristics SNS4LSI4/SN74LS14
sbuslute mazimum ratings over operating ireecsir lamperature range .
Sweery vonem, VOO ~ Oomerwy Fer-w [swsns ~9T » 13¢ Schematics (each gate)
ot vonops v wopwonse v | SNpeLS 5w WE
Burege Wwaparanre fonas =0T w8
NS4S 14 SNTALS 14
M. 1L 1T —
] MO ___MAX_| W wou__wax | T
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electrical characteristics over recommended operating SR <
free-sir temperature range NOW ¢
PARAMETER TEST CONDITIONS ¢ MIN TYPE MAX | UNIT
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P
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? "
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pesitive logic:
YaX . Rewstor values shown are nominsl and in onms.
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Dual 4-input Positive-NAND Gate
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Device T Device T Devi Devics T Device T
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T TO20A Ir Dy
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Suanty veragr. ™ Qe roves SNINLS -$C Bt . .
——— T et oo Y I T = Schematics(each gate)
e e o . SHregs lomgaraise tong -4T » e
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Sumery venege. Ve O “s $ 1.3 [R;] 1) 3.8 v fene 2
P Vel G U, ey -0 -ag8 Py y 174
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Oorroory Toree Wamriwrs, Ta o s 0 w ] * Hana

slectrical charactsristics over recommended operating
free-air temperature range

I 2
v PARAMETER TEST CONDITIONST |MiN TYPT MAX]ONIT
Vpi  Hgh-level wout voltage 2 v
v Low-tevel rput voitage 0.8) Vv
Vi Input clems vorege VGG =MN. Ii=—itmd 1.8 Vv ¢
VEe =MW, vy ~Vy max, taput el dlades nob on
VoM High-evel outsut veitage |°c:-\ul LTV 2.1 . 3.4 v 3.;‘\7:'7".' clrevits.
VoC=MN, Vy=1v, ‘20, "L20 CIRCUITS

VoL  Low-levst cutmst voitage 19y =ima 8.4f v

nout orrent et
W rout VeeTMAX. Vi~ 1} ma e
Ini Hugh-level voul oaTent VGG =MAX, Vy=2.7v 0] #A 4 g e L
[ Low-evel rout curront Voo —MAX, Vp =0.4V 0.4] mA i T gy .'“

] SALS Famiy | ~20 ~100 nevevs
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05  Short ¢ |[Voo=MAx [Focs Fomey T =23 s L) " a _z p
i Suoety current Voo —iax (2L Sve hon 0.4 0.8] ma [3a=d T v b —h- i
1GCL  Swoly curent cc ol oviouts bw 1.2 2.7 m i 4 6l wr
Aversgs per gure M Ta -

! ont Vee=Sv .
[]+] Supply curr: cC 1509 autv ) .4 mA i e 213 -
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oLw ':‘::' frme Vee~tV.  Ta-mC s 5|

Propagetion delay teme, H20 CIRCUIY ‘L820 CIRCUIT
(I CL=i%F. A -2d 10 1$| na

Pin Assignments (Top View)
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Vec 1D 1€ NC 29 4 2v 10 1C 18 OND I¥Y 20 20
vol fesi el Jul Jeel fo] fs (I ={[)S[INT] %M $
i

¥ PTG T BaBisDagDglad

ta 18 M 1IC 10 1Y ONO 0 1] o 24

oositive logic : YwABCD
NC -Ne internal cennection Resistor values shown are nominsl and in ohms

T For conanions snhown as MIN o MAX, vee a00rooriets vakm unge”

SAR typcs! vehws are at Voo =SV, T4~ 25T,

ONot mere Then one oviDut SRouM Be 2Orted ot & lwma, and fr SNSIH/SNTIH®

a

ond-SNSAS'/SNTUS’, araion of shart-owowt sviukd not exosed | seomnd,
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b retings ever ree-aic renge
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— — s AT B Pin Assignments (Top View)
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- - H %
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Sunty winga. VOT a8 $ 58 {40 3 'n v B
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54154 /74154

4-Line-to- | 8-Line Decoder /Demultiplexer

Schottky TLL High- Spead TTL Low-Power Schottky TTL Standard TTUL Low-Power TTL
Package Package Package . Package X P ackage
H Device T Device T — D T Device T
Device Type [oToTMICF P TR IMIC YP® IETPIMICH YPe [ ETRImMICF P TR M
SN54154 3@ WO} SnsaLisa 3
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0 -
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|
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554154 FOINOD |
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SIEMENS v 5
FUJTSU
HITACHI HOTLSIS PR CIE YA~ 0]
MITSUBISHI W53354 PO
NEC P 70)
TOSHIBA
Electrical Characteristics SN54154 /SN74154 Function Table
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L LML N HOH MW WL HKRKNERNRNNH
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Supply voltage, Voo 4.5 $ 55|47 5.8| v Pa il LHNN MM MWW HNL N R HNNHNY
i output 3 o . % L S S 8 HOH NN M PN NL HHH NN NN
Hugn-lovel current, 1QH ] 209 N 5 O HLLN H M MHANAHHKHLMNHNNAKH
Low-lavel owtpwt current, 1oy 16 16| ma LU {mHeL#L MM MMM OHHHKHHLNNKNNHK
Gperaing frew-aw temperature, To | -s5 128 0 0| T )T ML HW W OH M HHHMHNH®RHNLMNNN"
electrical characteristics over recommended operating B VT R w R E MR
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LU NHHWN KM HHNHUN HHNHHNL
PARMETER * TEST CONDITIONS! |MIN TYPT MAX [UMT e 81500 o B _.‘“_n"““:““u“u""
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Vi Low-levai 10wl voltage 3 0.8] v L] X X Xk X Mo HHHHHK KN W N NN
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54293,/74293 Asynchronous 4-Bit Binary Counter

Schottky TTL. High- Speed TTL Low- Power Schottky TTL Standard TTL LLow- Power TTL
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LM555/LM555C

National
Semiconductor
Corporation

LM555/LM555C Timer

General Description .

The LMS55 is a highly stable device {or generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desived. In the time delay mode
of oparation, the time is precisety controlied by one extarnal
resistor and capacitor. For astable operation as an oscilla-
tor, the fres running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and rasset on tafiing waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features

@ Direct replacement for SES55/NE5S5S

u Timing from microseconds through hours

u Operates in both astabie and monostable modes

a Adjustable duty cycle

s Output can source or sink 200 mA

= Output and supply T¥L compatible

= Temperature stability better than 0.005% per °C
u Normally on and normally off output

Applications

® Precision timing

= Puise generation

8 Sequential timing

a Time delay generation

® Pulse width modulation

® Pulse position modulation
R Linsar ramp generator

Schematic Diagram

>
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Absolute Maximum Ratings

!t Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avaliabllity and specifications.

Soldering Information
Dual-in-Line Package

Soldering (10 Seconds) 260°C
Small Qutline Package

Vapor Phase {60 Seconds) 215°C

Infrared (15 Seconds) -220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability™ 19: other methods of soldering sur-

Supply Voltage - +18V

Power Dissipation (Note 1) LMS555H, LM555CH 760 mw
Operating Temperature Ranges’ :

LMSSSN, LM555CN 1180 mw

LMS55C 0°Cto +70°C

LMS55 ~55°Cto + 125°C

Storage Temperature Range —65°Cto +150°C

face mount devices.

Electrical Characteristics (7, = 25:c,vec = +5V o + 15V, unless othewise specified)

Limits
Parameter Condltions LM555 LMS55C Units
Min Typ Max Min Typ Max
Supply Voltage 4.5 18 4.5 16 v
Supply Current Voo = 5V, A = o 3 S 3 [} mA
Vec = 5V,R = = 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
Initial Accuracy 0.5 1 %
Drift with Temperature Ra,Rg = 1kto 100 k, 30 50 ppm/*C
C = 0.1 uF, (Note 3)
Accuracy over Temperature 1.5 1.5 %
Dritt with Supply 0.05 0.1 %/V
Timing Error, Astable -
Initial Accuracy 1.5 225 %
Drift with Temperature 90 150 ppm/*C
Accuracy over Temperature 2.5 3.0 %
Drift with Supply 0.15 0.30 %/V
Thrashold Voltage 0.667 0.667 xVee
Trigger Voitage Veg = 15V 4.8 5 5.2 5 v
Voe = 5V 1.45 1.87 1.9 1.67 \
Trigger Current 0.01 0.5 0.5 0.9 nA
Reset Voitage 0.4 0.5 1 0.4 Q0.5 1 v
Reset Current 0.1 0.4 0.1 04 mA
Threghold Current {Note 4) 0.1 0.25 0.1 0.25 pA
Control Voltage Leve! Voo = 15V 9.6 10 10.4 9 10 11 v
Ve = 5V 2.9 3.33 3.8 2.6 3.33 4 v
Pin 7 Leakage Output High 1 100 1 100 nA
Pin 7 Sat (Note 5)
Output Low Voo = 15V, 17 = 15mA 150 180 mv
Qutput Low Veg = 4.5V, 17 = 45mA 70 100 80 200 mv

JS5SWT1/99GKN
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LM555/LM555C

Electrical Characteristics 7, = 25:C, vee = +5V to + 15V, (unless othewise specified) (Continued)

Order Number LM555J, LM555C.,
LM5S5CM or LMSSSCN
See NS Package Number JOSA, MOSA or NOSB

Limits
Parameter Conditions LMS55 LMS55C Units
Min Typ Max Min Typ Max
Output Voltage Drop (Low) Voo = 15V
Ising = 10 mA 0.1 0.15 0.1 0.25 v
Ising = 50 mA, 0.4 0.5 04 | 075 v
Iging = 100 mA 2 2.2 2 2.5 v
IsiNg = 200 mA 2.5 25 v
Voo = 5V .
IsiNg = 8 mA 0.1 0.25 \'
ISiINK ™ 5 mA 0.25 0.35 \
Output Voltage Drop {High) | 1soyrce = 200 mA, Vg = 15V 125 12,5 v
Isoyrce = 100 mA, Vg = 15V 13 13.3 12.75 13.3 v
Voo = 5V 3 3.3 2.75 3.3 \'/
Rise Time of Qutput 100 100 ns
Fail Time of Oulput 100 100 ns
Note 1; For the device must be derated above 25°C based on a +150°C = P and a th
resistance of mre/w(ro-sy. 1otclwmw1wuw(so-o)nmbum
Note 2 Supply current when output high typically 1 mA less at Voo = SV,
Note $: Tested at Vg = 5V end Voo = 15V.
Note 4: This will determine the maximum value of Ry + Rg for 15V operstion, The maximum total (R, + Ag) is 20 MO,
Nate & No protection sgainst sxcessive pin 7 current is Y Ading the package o rating will not be exceeded.
Note 6: Refer 1o RETSS55X drawing of miitary LMSSSH snd LMS555J versions for specifications.
Connection Diagrams
Metal Can Package Duak-in-Line and Smail Outiine Packages
anp .—'. r—‘—— U Wee
T = Ll oiscuance
n -
outrur = =} THRESWOLD
d [—S- v S contRoL
TUHTeS-2 Bey| voLTAGE
Top View
TUH/TES1-3
Order Number LMS55H or LM555CH Top View
Soee NS Package Number H08C
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LM555/LM555C

Application Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The axternal capacitor is initiaily held discharged
by a transistor inside the timer, Upon application of a nega-
tive trigger puise of less than 1/3 Vg to pin 2, the flip-flop is
set which both releases the short circuit across the capaci-
tor and drives the output high,

*5V 70 +18V

—() oV,
|r nEser bt
- - .
<
> R,
«
| T- b
L} ]
TCCER DISCHANGE
NORMALLY o—i2 ’
‘o104 S ™
THR
| W a0
1 aureur cONTAOL
s sjyourace _L_
NORMALLY ::. 1
-ors- 8
OFF™ LOAD 1» T"" ¢
=
TW/H/TES1-5

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 Ry, C, at the end of which time

" the voltage equais 2/3 Voc. The comparator then resets

the flip-flop which in tum discharges the capacitor and
drives the output to its low state. Figure 2 shows the wave-
forms generated in this mode of operation. Since the charge
and the thrashold level of the comparator are both directly
proportional to supply voltage, the timing intemal is inde-
pendent of supply.

/] . / /]
TWH/T851-8
Veg = SV Top Trace: inpust SV/Div.
TIME = 0.3 me/DIV.  Middle Trace: Output 5V/Div.
Ry = 9.1 kN Bottom Trace: Capacilor Voltage 2V/Div.
C = 0.01 uF

FIGURE 2. Monostable Waveforms
During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit. How-
evar the circuit can be reset during this time by the applica-
tion of a negative pulse to the reset terminal (pin 4). The
output will then remain in the low state until a trigger pulse is
again applied.

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

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

NOTE: in monostsbie cperation. the trigger shouid be driven high before the
end of timing cycle.

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 {pins 2 and 6
connected) it will trigger itself and free run as a

- %
/Y

1

1

(8]

€ - CAPACITANCE {uF)

Lt

10rsi00s T (Cas 100 m 15 103 1883
tg - TIME OELAY
TUH/T8S1-7
FIGURE 3. Time Delay
multivibrator. The external capacitor charges through Ry +
Rpg and discharges through Rg. Thus the duty cycle may be
precisely set by the ratio of these two resistors.
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TUNH/TE51-8
FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
charges between 1/3 Vcc and 2/3 V. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.




Applications Information (continueq)
Figure § shows the waveforms generated in this mode of
operation.

TUH/TE51-9
Vg = SV Top Trace: Output 5V/Div.
TIME = 20 us/DiV.  Bottom Trace: Capacitor Voitage 1V/Div.
AL = 38Kk0
Ag = 3kN
C = 0.01 ufF
FIGURE 5. Astable Waveforms
The charge time (output high) is given by:
t1 = 0.693 (Rp + Rg)C
And the discharge time (output low) by:
ty = 0.693 (Rg) C
Thus the total period is:
T=1ty + 1t = 0.693(Rs +2Rg)C
The frequency of oscillation is:
1.44
f o e
T (Ra+2Rg)C
Figure 6 may be used for quick determination of these RC
values,

o Rg
The duty cycleis: D Fa + 2Ag
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1 = FREE-AURNING FREQUENCY (He)
TW/H/T8S1-10
FIGURE €. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by
three circuit.
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€ = CAPACITANCE {.F)

4
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o=

TL/H/7881-11
Vee = 8V Top Trace: Input 4V/Dlv.
TIME = 20 ua/OIV. Midaie Trace: Output 2V/Div.
A = 8.1k0 Bottom Trace: Capscitor 2V/Div.
C = 0.0t uF
FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR
When the timer is connected in the monostable mods and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 8. Figure
8 shows the circuit, and in Figure 9 are some waveform
examples.
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y |oiscHance

TRGGER O—A

wasss v THRESHOLO

MODULATION
wryy
oUTIUT O—t) sf—0 .

. TUNH/T881-12
FIGURE 8. Pulse Width Modulator

TUH/7851-12
Veo = SV Top Trace: Modulation 1V/Div.
TIME = 0.2 ms/DIV, Botiom Trace: Capacitor Vaitage 2V/Div.
Ra = 0.1 k02
C = 0.01 uF
FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application usas the timer connected for astabile opera-
ton, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The puise position varies
with the modulating signal, since the threshold voltage and
hence the time delay Is varied. Figwe 17 shows the wave-
forms generatad for a triangie wave modulation signal.
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Applications Information (continueq)
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FIGURE 10. Pulse Position Modulator
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TU/H/T8S1-18

Veg = 5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DIV. Bottorn Trace: Output 2V/Div.
Ra = 3.9k
Ag = 3kN
C = 0.01 uF

FIGURE 11. Puise Position Modulator
LINEAR RAMP

When the pullup resistor, Ry, in the monostable circuit is
replaced by a constant current source, a finesr ramp is gen-
erated. Figure 12 shows a circuit configuration that will per-
form this function.

TMGCEROQ=—q 1

ME259
OR £QUIV

T |

T

FIGURE 12
Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:

T = 2/3VocRe Ry + Ryl C
Ry Veo = Ve (Ry + RY)

L}
QUTAUT Oty 3 5

TL/H/TE51-18

Vpe = 0.6V
il
,// 4 i £ ,/7
3 Z
TUHITES1-17
Ve = 5V Top Tracs: input 3V/Div. ’
TIME = 20 us/DIV. Miodle Tracs: Output 5V/Div,
Ay = 47X Botiom Trace: Capachor Voltage 1V/Div.
Ry = 100 kD
Rg = 27k
C = 001 pF
FIGURE 13, Uneer Ramp

50% DUTY CYCLE OSCILLATOR

For & 50% duty cycle, the resistors Ry and Rg may be
connected as in Figure 14. The time period for the out-




e

output low it is tp =

[(HA Ra)/{Ra + RB)] Cln [

1
Thus the frequency of oscillationis { = T
1

t2

GUTPUT Omemed 3

Applications Information (continued)
put high is the same as previous. t; = 0.693 R, C. Forthe  Note that this circuit will not oscillate if Rp is greater than

1/2 Ry, because the junction of Ry, and Rg cannot bring pin

Ap - zna] 2 down to 1/3 V¢ and trigger the lower comparator.
2Rp - Rg ADDITIONAL INFORMATION

« Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended Is 0.1 uF in
paraliel with 1 uF alectrotytic.

Yee Lower comparator storage time can be as long as 10 ns
", when pin 2 is driven fully to ground for triggering. This limits
2 ik the monostable puise width to 10 us minimum.

‘. o Delay time reset to output is 0.47 us typical. Minimum reset

1 AN puise width must be 0.3 us, typical.
Pin 7 current switches within 30 ns of the output (pin 3)

- . ¢ voitage.
s =t
5 = 0.01.F
‘l % L.0N.F

TU/H/T851-16

FIGURE 14. 50% Duty Cycle Osclliator
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