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ELECTRONICA APLICADA llI. INTRODUCCION

EA Il = CIRCUITOS DE RADIOFRECUENCIA

PROFESOR: Ing. Jorge Rodriguez Mallo
Email: jorge.rodriguez-mallo@total.com

lorgermallo@hotmail.com
Tel.: 15-6670-0627

JTP: Ing. Carlos Navarro
Email: chavarro@electron.frba.utn.edu.ar
Tel: 15-5567-9763
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EAII-INTRODUCCION-GENERALIDADES

P CURSADA:

= Anual con dos parciales sobre temas practicos y cuatro fechas de recuperaciéon (2 en
Diciembre y 2 en Marzo)

P PROGRAMA:
= Circuitos de Adaptacion
= Amplificadores Sintonizados
= Amplificador Pasabanda Real
» Detector de AM y AGC
* Ruido
= Amplificador Clase C
= Osciladores
» Mezcladores
= Modulacion Angular (Generacién y deteccion)
= PLL
= BLU / Amplificadores de Alto Rendimiento
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Mi Bella Dama

D The rain in Spain stays mainly in the plain

D In Hoxford, Hereford and Hampshire, hurricanes
hardly happens
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HAMLET (William Shakespeare)

Horatio says 'tis but our fantasy, And will not let belief take hold of him

Touching this dreaded sight, twice seen of us: Ther efore | have entreated
him along

With us to watch the minutes of this night; That, | f again this apparition
come He may approve our eyes and speak to it.

Tush, tush, 'twill not appear.

Sit down awhile,And let us once again assail your ea  rs,That are so
fortified against our story,What we two nights have seen.

When yond same star that's westward from the pole Had made his
course to illume that part of heaven Where now it burns, Marcellus and

myself,
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HINWEIS: Rastet der Monitor in der untersten Position ein, driiken Sie
den Monitoy mit einer Hand so weit wie moglich nach unten.

Um die Hohe des Stianders einzustellen, driicken Sie den Vemegeln/
Entriegeln Knopf an der Rickseite des Standers.

REMARQUE : Si le moniteur est verrouilié en position extréme basse,
enfoncez le vers le bas d'une main, jusqu'en fin de course. Pour régler la
hauteur du support, appuyez sur le bouton de verrouillage/
déverrouillage du support a l'arriére du support.

NOTA: Si el monitor se bloquca en la pcsicion mas baja, mas. Para ajustar
la altura del soporte situado en la parte superior del soporte.

UWAGA: Jezeli monitor zablokuje sie w najnizszym potozenlu, nacisnac
monitor pjonowo w dot, do opporu jedng reka. Aby wyregulowad
wysokc$¢ stojaka nacisngé przycisk blokacy/zwalniania sotjak
znajdujacy sie z tytu stojaka.

NOTA:se o monitor ficar travado na posi¢cdao mais baixa Pressione o para
baixo.em linga reta com uma mao até que nao desca mais. Para ajustar a
altura da base pressione o botao de travamento/liberacao na parte
traseira da base.

NOTA: Se il monitor si blocca nella posizione piu bassa, con una mano
abbassarlo fino in fondo. Per regolare | altezza della base, premere il
tasto di blocco/sblocco sul retro della base.
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EAII-INTRODUCCION- INFORMACION

P INFORMACION
= Definicion

= Formula de Hartley Shannon: C=8B L092(1+S/N)

= Tipos de Informacion
= Velocidad de Informacion

P EL CANAL DE COMUNICACION

= Esquema Basico
= (Ver esquema en slide siguiente)

= Calidad
= S/N
» BER
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EAII-INTRODUCCION- INFORMACION

TRANS
DUCTOR MO.EH‘I:QDOR X RX DEMOD bpucTor
4‘1'/‘\,;,
CONVIERTE A PROVEE
FRECUENCIA DE SELECTIVIDAD
CANAL Y PROVEE (Filtrado) Y
AMPLIFICACION DE SENSIBILIDAD
POTENCIA (Amplificacion)
PROCESA LA SENAL Y LA LA TRAYECTORIA ENTRE RECUPERA LA SENAL
MODULA OCUPANDO UN ANTENAS ATENUA MODULANTE
ANCHO DE BANDA FUERTEMENTE LA SENAL Y SE PUEDE PROVEER
ADMITIDO POR EL CANAL ADICIONA RUIDO FILTRADO ADICIONAL
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EAII-INTRODUCCION- INFORMACION

i BLU

POT TX=100W FREC=10Mhz BW=3Khz SENAL RX = 1 Micro Volt S/N= 15 DB
| = GANANCIA

SENAL ANALOGICA Bw= ANTENA BW= SIN =

BW= 3Khz 3 Khz 0DB 3 Khz 10 DB

MODULADOR X RX DEMOD
A : A

A SENAL DIGITAL Bw= G:::EN : AA Bw=
l VEL. BIN.= 155 Mb/s 30 Mhz 30 DB C/U 30 Mhz
: POTTX=05W FREC=7Ghz BW=30Mhz SENAL RX = 500 Micro VoIt S/N=25DB
R 4

LOS VALORES EXPUESTOS EN EL PRESENTE GRAFICO SON REFERENCIALES, NO CORRESPONDEN A
NINGUN ENLACE PARTICULAR Y SE INCLUYEN SOLO CON FINES DIDACTICOS
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ATENUACION —

TRAYECTO= 140 DB

POT TX CON ANTENAS SIN GANANCIA DEBERIA SER DE
S/N =26 DB

8 KW PARA OBTENER IGUAL S/N EN EL RECEPTOR
SIN =
S=8 pW 20 DB

MODULADOR X RX DEMOD ‘
4 N= 0,020 pW
NF Rx =6 DB
GAN ANT Tx = GAN ANT Rx = 20 DB
POT TX REAL=0,8 W PERDIDA FEEDER Tx = Perd Feed Rx = 5 DB

LOS VALORES EXPUESTOS EN EL PRESENTE GRAFICO SON REFERENCIALES, NO CORRESPONDEN A
NINGUN ENLACE PARTICULAR Y SE INCLUYEN SOLO CON FINES DIDACTICOS



SENSIBILIDAD RX

Potencia Disponible = Pa=kTB
Quponiendo T = 300°Kelvin

é; =4KTRB k=138.10" Joule/ °Kelvin: ConstantedeBoltzmann

BW Pa ruido V de ruido Vseial 20Db Pseiial Pseiial

SERVICIO KHz pWwW MicroV/50 Ohms MicroV pWwW Dbm
TELEGRAFIA 0,2 8,28E-07 0,00643 0,0643 0,0000828 -131
BLU 3 1,242E-05 0,02492 0,2492 0,001242 -119

AM 10 0,0000414 0,04550 0,4550 0,00414 -114
VHF 25 0,0001035 0,07194 0,7194 0,01035 -110
RADIO E1 2000 0,00828 0,64343 6,4343 0,828 -91
TV 6000 0,02484 1,11445 11,1445 2,484 -86
RADIO STM1 30000 0,1242 2,49199 24,9199 12,42 -79
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EAII-INTRODUCCION- MEDIOS DE ENLACE

P COBRE

PAR TRENZADO
UTP /STP
COAXIL

GUIA DE ONDA

P FIBRA OPTICA
= ESTRUCTURA
= MONOMODO / MULTIMODO
= CONECTORES Y EMPALMES
= ATENUACION Y MEDICIONES

P ONDAS DE RADIO
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EAII-INTRODUCCION- MEDIOS DE ENLACE

Satellite

ONDA ESPACIAL

IONOSFERA
TROPOSFERICA

ONDA ESPACIAL

TERRESTRE




EAII-INTRODUCCION- MEDIOS DE ENLACE

ONDAS DE RADIO

P PROPAGACION

* TERRESTRE <2 Mhz
* TROPOSFERICA 2 Mhz < Troposf < 30 Mhz
= ESPACIAL > 30 Mhz

» SISTEMAS SATELITALES
» ORBITAS GEO Ej.: Inmarsat
» ORBITAS LEO Ej.: GPS

P DISTRIBUCION ESPECTRAL / ANCHO DE BANDA

P POTENCIA

P TIPO DE MODULACION
= ANALOGICA: AM/FM / BLU
= DIGITAL: 2PSK / 4PSK / 16 QAM / 64 QAM / 256 TCM
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ONDA ESPACIAL. ATENUACION DE TRAYECTORIA

ELIFSCOHDE DE FRESNELL

; TRAYECTORIA OPTICA
e

e -
CURVATURA e _ e —
TEFEHESTREE___——-"—__ =

-"H--- s
-"-F -\-H-"-\.
e ety
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1-ALTURA DE TORRES PARA LOGRAR VISIBILIDAD OPTICA S OBRE TIERRA PLANA

LONGITUD DEL SALTO EN KM

10 20 30 40 50 60 70 80 90 100
1.47 6 13 24 37 53 72 94 119 147
ALTURA DE AMBAS TORRES EN METROS
2-RADIO MAXIMO DE FRESNEL (En metros)
FREC LONGITUD DEL SALTO EN KM
Mhz 10 20 30 40 50 60 70 80 90 100
10 274 387 474 548 612 671 725 775 822 866
50 122 173 212 245 274 300 324 346 367 387
100 87 122 150 173 194 212 229 245 260 274
500 39 55 67 77 87 95 102 110 116 122
1000 27 39 47 55 61 67 72 77 82 87
5000 12 17 21 24 27 30 32 35 37 39
10000 9 12 15 17 19 21 23 24 26 27
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EAII-INTRODUCCION- MEDIOS DE ENLACE

3- ATENUACION DE ESPACIO LIBRE EN DB

FREC LONGITUD DEL SALTO EN KM
Mhz 10 20 30 40 50 60 70 80 90 100
10 72 78 82 84 86 88 89 91 92 92

50 86 92 96 98 100 102 103 104 106 106

100 92 98 102 104 106 108 109 111 112 112

500 106 112 116 118 120 122 123 124 126 126

1000 112 118 122 124 126 128 129 131 132 132

5000 126 132 136 138 140 142 143 144 146 146

10000 132 138 142 144 146 148 149 151 152 152
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EAII-INTRODUCCION- MEDIOS DE ENLACE

P ATENUACIONES ADICIONALES. La propagacion atmosféric a produce:
D -refraccidon en la atmosfera (levantamiento del hori  zonte);

D -difraccion por zonas de Fresnel (atenuacion por obs  taculo);

P -atenuacion por reflexiones en el terreno;

P -desvanecimiento por multiple trayectoria (formacio n de ductos);

D -absorcion por arboledas cercanas a la antena;

P -absorcion por gases o hidrometeoros (lluvia, nieve , etc);

D -dispersion de energia debido a precipitaciones;

P -desacoplamiento de la polarizacion de la onda.
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Medios de Transmisién Guiados 7t
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EAII-INTRODUCCION- MEDIOS DE ENLACE

P POTENCIA'YY ANCHO DE BANDA

P > 1 Mwatt: Radioayudas BW: < 1 Khz
D 110 Kw: BC AM BW: 10 Khz
P 1I0Kw: BCTVyYy FM BW: 6 Mhz
D 1 Kw: BLU (Serv Public) BW: 3 Khz

P 100 W: Pto PBLUYy VHF BW: 25 Khz

P 1 W: RE microondas BW: 30 Mhz (STM 1)
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MODULACION EN AM. FASORIALES

Sehal de AM
modulada al 50%

Vbis

L

Amplitud
M Bl .
¥ A -‘
e i
F
Vili Viis i Vearrier
< ¥
) 3
- = i
@ =5 :
£ a = Vhii
o ®
: ] T
-
-]

Frecuencia

Senal de AM luego de
pasar por el flanco
del filtre FI
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A
Seial de AM modulada al 50%
Vcarrier
Vbli Vbls
-
Frecuencia
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MODULACION AM 70%
Fport = 20 Fmoduladora
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Amplitud

Senal de AM
modulada al 100%
Por 2 tonos puros a la
entrada

Vcarrier

Frecuencia
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MODULACION DE AM CON 2 TONOS
ARMONICOS Y C/U AL 35%

8?({0

.................................................



AM SOBREMODULADO
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Amplitud

Senal de AM
Sobremodulada
(Un tono puro a la
entrada)

Vbli Vbls

Frecuencia
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Amplitud

Senal de AM con FM
incidental (Fuera de
escala)

Frecuencia

35 Ing. Jorge Rodriguez Mallo- Reference, date, place



Amplitud ‘
A
Senal de AM
modulada al 50% por
un tono puro de audio
Vecarrier
Vhii Vils
-
Frecuencia
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Amplitud Vearrier o

A
Sefal de AM
Ancho de Banda
Vbli Vbis
Frecuencia
i 5Khz i 5 Khz

Frecuencia



PORTADORA DE CANAL 4 4
g | SUBPOR
SENAL DE LUMINANCIA | TADORA
' DE
SUBPORTADORA DE CROMINANCIA ! AUDIO
BANDA ;
LATERAL :
: SENAL
UEST'G'AL SENAL DE E DE
CROMINANCIA : LD
DSBSC i FM
! UARDA
: Enwnn
05|, 0.75Mh 3,579545 Mhz _l
1,25 Mhz 4,25 Mhz
4,5 Mhz |
6 Mhz g
ESPECTRO DE CANALDE TV

NORMA NORTEAMERICANA



POSRTADORA DE CANAL 1
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EAII-INTRODUCCION- EL RECEPTOR DE RADIO

CARACTERISTICAS

P SELECTIVIDAD

» Capacidad para recibir un canal determinado y rechazar los no deseados

P SINTONIZABILIDAD

» Capacidad para cambiar de canal
= Algunos receptores no la requieren

D LINEALIDAD

» La falta de linealidad produce intermodulacion y modulacion cruzada

P AMPLIFICACION

P DEMODULACION

39 Ing. Jorge Rodriguez Mallo- Reference, date, place



RECEPTORES: SELECTIVIDAD

CANAL
ADYACENTE

AMP (Dbr)
A FILTRO
W SRR
___T‘E__._.._
- _;S
< W <
= 0 = w
o o ]
UE L‘I-E
<
=
Ad —/ \—

SENAL

1 Volt

DE

AMP (D u
{ h‘? i'% FILTRO 0.1 mv
30 L Eg.. e
o=
(i | 1]
o) -
28
q <
1 Micra/ Lo
[ =
.-.-.Iﬁ "
o
¥\
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RECEPTORES: LINEALIDAD

‘Vnut ‘Vnut
Vout = K x Vin Vout # K x Vin
Vin Vin
o |
SISTEMA LINEAL SISTEMA ALINEAL
Amplltud Amplitud
A & A
MODULACION INTERMODULACION A
CRUZADA
\ lMportadora
Portadora Propia
Propia / \
I I % \‘ CANAL F.r; ““CANAL e R W
/ DESEADD \ EXTERNO Z / DESEADO CANALES EXTERNOS ree
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AMPLIFICADORES
LINEALIDAD

BACK OFF

BANGD DINAMICO L
ANGO DINAMICO A ;th

El nivel de Back Off se establece en
funcion de la cantidad de senales
independientes a procesary la
linealidad total tolerada

A Pout

GANANCIA
EXTRAPOLADA

LIMITE DE
OPERACION
LINEAL

*,
b

3

|
Pin
PUNTO DE COMPRESION A 3 Db
PUNTO DE INTERCEPTACION IDM

-




RECEPTORES. RETARDO DE GRUPO

Frec (Khz)

Fase No Lineal
RL Vo W0 f------2

Frec =1 Khz L 71 | R ——

Fas® Lineal

Frec =3 Khz Fase (Grados)

1Khz —» T=1mSeq —» 180°=0,5 mSeg

3Khz — T=0,333 mSeg —» 540° = 0,5 mSeg

\

360° = 0,333 mSeg
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TRANSFERENCIA DE FASE LINEAL

-1.5000
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TRANSFERENCIA DE FASE ALINEAL

L
(&)
<C
—
—
(@)
=

-1.5000
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EAII-INTRODUCCION- EL RECEPTOR DE RADIO

P NEUTRODINO

P HOMODINO

P HETERODINO

P SUPERHETERODINO
= SIMPLE CONVERSION
= DOBLE CONVERSION
= BANDA ANCHA

P EL RADIO DIGITAL

P FILTROS
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RECEPTOR NEUTRODINO 6 RF SINTONIZADO

ANTENA

Y

N AMPLIFICADORES DE RF SINT{]NIZADDS DETECTOR

/ AMPLIFICADOR

ST T
Fige O A o 5

CONTROL

| — ¥ —— ¥ — . 1 DE

VOLUMEN




RECEPTOR HOMODINO

ANTENA

\%

N AMPLIFICADORES DE AUDIO

LPF / \ \
» AMPLIFICADOR
>< % I :: e PDTI;EICIA
‘
A U] ESPECTRO EN ANTENA E

CONTROL
DE

i ] VOLUMEN
OSCILADOR —
LOCAL

MEZCLADOR

S—
\ Frec
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RECEPTOR HETERODINO

G 1910 Khz

ANTENA

e 1000 kHZ
950 kHZ AMPLIFICADOR DE FI

\\ e AMPLIFICADOR
DE
_D e 1)\ @ AUDIO
Frec Fl = 455 Khz :
%

¥
\ / ———— 1050kHZ

DETECTOR
MEZCLADOR

/

f_

)Id

CONTROL
o2l — e — DE
OSCILADOR VOLUMEN
LOCAL A —
Fol = 1455 Khz ’— . _\
—_— - ¢’ - h
405 Khz 455 Khz 505 Khz

o ‘l T "
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RECEPTOR SUPERHETERODINO

ANTENA S = 1910 Khz

¥
e 1050kHZ
\V

A 1000 kHZ
AMPLIFICADOR DE FI

A §5() kKHZ,
AMPLIF RF MEZCLADOR
] l Frec Fl = 455 Khz
| “¥FILTRO RF v = == |
l 3 -~ OSCILADOR FILTRO DE FI 1
5 s & T o ¥ & l . . _ LocAaL
Fol = 1455 Khz

DETECTOR

AMPLIFICADOR

_..@ AUDIG
Lo ehs

455 Khz ) 505 Khz
CONTROL

DE
. J L e VOLUMEN
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SUPERHETERODINO SIMPLE CONVERSION

ANTENA

Sefal =1 micro V

\ / C. Adyacente =1 mV

AMPLIFICADOR DE FI

AMP RF MEZCLADOR FILTRO DE FI / \\

— > g

: :: : AL DETECTOR

£l

W
: ./_ OSCILADOR
I___..__ LOCAL
* 455 Khz % 505 Khz
\% AMP RF MEZCLADOR ko e J L .
AMPLIFICADOR FI RO
/ AL DETECTOR

0

<) FILTRO — \ S
7T RF |
= Ea OSGILADDR

LOCAL
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RECEPTOR SUPERHETERODINO

P FRECUENCIAS DE FI NORMALIZADAS:
» 455 Khz BC AM
= 10,7 Mhz BC FMy VHF
= 21,4 Mhz VHF
= 40 Mhz TV
= 70 Mhz RE
= 140 Mhz RE

P EJEMPLO BC-AM

= BANDA RX: 550 Khz /1600 Khz Ffi= 455 Khz
= POSIBLES FoL FolH= 1005 / 2055 Khz
FolL= 95/ 1145 Khz
» FRECUENCIA IMAGEN: Fc+ 6 - 2Ff
Fc= 550 Khz Fimagen= 1460 Khz
Fc= 1000 Khz Fimagen= 1910 Khz

Fc= 1600 Khz Fimagen= 2510 Khz
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RECEPCION DE SENALES NO DESEADAS

P ESENCIALES
= Interferencia en banda
» Canales adyacentes: Los debe eliminar el filtradoen F |
= Frecuencia Imagen: La debe eliminar el filtrado de RF

P POR ALINEALIDAD
= |IDM
* CROSS-MODULATION

= MEDIA FI: Ej.. BC-AM
= Fc= 1000 Khz. Ffi: 455 Khz Fol= 1455 Khz 2 X Fol=2910 Khz
= Finterferente= 1227,5 2 X Finterf= 2455 Khz
» 2Fol — 2Fint = 2910 — 2455 = 455 Khz

P OTRAS
= ESPUREAS DEL O.L
= IRRADIACION DE ARMONICAS DE FlI
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RECEPTOR SUPERHETERODINO

» EJEMPLO BC-FM
P BANDA RX 88 Mhz a 108 Mhz

D ler CASO Ffi=455Khz Fimagen separada 910 Khz de Fc
= OBLIGA A USAR UN FILTRADO DE RF MUY EXIGENTE

P 2do CASO Ffi=10,7 Mhz Fimagen separada 21,4 Mhz de Fc

» Fc= 88 Mhz Fol= 77,3 Mhz Fimagen= 66,6 Mhz
» Fc= 100 Mhz  Fol= 89,3 Mhz Fimagen= 78,6 Mhz
» Fc= 108 Mhz Fol=97,3 Mhz Fimagen= 86,6 Mhz

P CONCLUSIONES
» Ffi = 455 Khz resulta dificil hacer el filtro de RF
» Ffi= 10,7 Mhz resulta dificil lograr el rechazo de canal adyacente

= |La solucidon es usar ambos filtros: EL RECEPTOR SUPERHETERODINO DE DOBLE
CONVERSION
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SUPERHETERODINO DOBLE CONVERSION

Fc=100 Mhz

ANTENA AMPLIFICADOR DE

Sefial =1 micro V FRIMERA FI

\/ / C.Adyacente =1 mV
FILTRO DE / \
AMP RF 1er MEZCLADOR PRIMERA FI «\
4> e
. \\
Fprim fi = 10,7 Mhz
P F"i;rFR 0 Al . 1 microV
Tk AT v
-//-‘-‘-\' /

OSCILADOR Fol = 89,3 Mhz

b & ol LOCAL
2do MEZCLADOR  AMPLIFICADOR DE FILTRO DE DETECTOR
SEGUNDA FI SEGUNDA FI AMPLIFICADOR
DE
>< 7K @ AUDIO
seq fi = 455 Khz /
1 Volt
SCILADOR DE
SEGUNDA Fosc= 10,245 Mhz CONTROL
CONVERSION DE

VOLUMEN
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SUPERHET. DOBLE CONV. BANDA ANCHA

\/ BANDA RX = 0,1 A 30 Mhz

FILTRO DE AMPLIFICADOR DE
AMP RF 1er MEZCLADOR PRIMERA FI PRIMERA FI
s
\ / \ Fprim fi = 70 Mhz
FILTRO 1 microV
RF Fol=70,1 Mhz a
100 Mhz
OSCILADOR
LOCAL
2do MEZCLADOR AMPLIEICADOR DE FILTRO DE DETECTOR
SEGUNDA FI SEGUNDA FI AMPLIFICADOR

DE
L~ @ AUDIO
seq fi /
1 Volt D
SCILADOR DE

SEGUNDA Fosc= 70,455 Mhz CONTROL —_—
CONVERSION DE
VOLUMEN

56 Ing. Jorge Rodriguez Mallo- Reference, date, place



RECEPTOR SUPERHETERODINO BB CON OL “Por Arriba de la  FI”

Para recibir 10 Mhz

A PasABAJOS FRONT END Se fijaelOL en
R T La Frec Imagen se encuentra en 150 Mhz

| Ll L .

1
10 2530 55 70 80 90 100 140 150 170 Frec
F Rango OL R Frec. |
BANDA RX t PO [ O g¢ ango Frec. Imagen
0,1 a 30 Mhz

Frecuencia Interferente
Minima (Segunda

armanica “cae” en Fl) LA MEDIA FI SEEMPRE ESTA “POR ARRIBA"
DE 35 MhZ

EJEMPLO: Media Fl para 10 Mhz Rx =
45 Mhz

OL: 80x2=160
IN:45x 2 =90
160 - 90 = FI

Maxima Frecuencia a
Recibir

EL PASABAJOS FRONT END INCLUYE
UN NOTCH REMOVIBLE EN BC AM
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RECEPTOR SUPERHETERODINO BB CON OL “Por Abajo de la FI”

Para recibir 10 Mhz
Se fija el OL en
La Frec Imagen se encuentra en 130 Mhz

_I 10 30 40 60 70 80 100 110 130 140 150 170

BANDA RX Rango Ol Rl ' e Rango Frec. Imagen

PARA CASI TODOS LOS VALORES DE Frec Rx LA MEDIA FI
“CAE DENTRO DE LA BANDA Rx

EJEMPLO: MEDIA Fl para 10 Mhz. Rx = 25 Mhz

OL:60x2=120
In:25x2=50
FI:120-50=70
LOS RECEPTORES DE BANDA ANCHA REALIZAN LA PRIMERA CONVERSION CON EL OL
“POR ARRIBA” PARA MINIMIZAR EL EFECTO DE LAS ALINEALIDADES DE LA ETAPA DE
RF Y CONVERSOR YA QUE EL PASABAJOS DE ENTRADA NO PUEDE ATENUAR LA MEDIA
FI SALVO PARA Frec FI MAS ELEVADAS
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RECEPTOR SUPERHETERODINO

ANTENA S = 1910 Khz

¥
e 1050kHZ
\V

A 1000 kHZ
AMPLIFICADOR DE FI

A §5() kKHZ,
AMPLIF RF MEZCLADOR
] l Frec Fl = 455 Khz
| “¥FILTRO RF v = == |
l 3 -~ OSCILADOR FILTRO DE FI 1
5 s & T o ¥ & l . . _ LocAaL
Fol = 1455 Khz

DETECTOR

AMPLIFICADOR

_..@ AUDIG
Lo ehs

455 Khz ) 505 Khz
CONTROL

DE
. J L e VOLUMEN

QY IMy. Jurgye xoaurigues idllo- xeiererice, udlte, piace




|A| = SIMPLE
1+ Q2. — SINTONIZADO

100 1000 10000

—— Q=20 —— Q=5
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SIMPLE SINTONIZADO.ORDENADAS EN DB

10

-10

R 20
-30
-40
-50
100 1000
Khz
Q=20 Q=5
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10000



2,00

0,00

-2,00

-4,00

-6,00

-8,00

-10,00

——/ANorm letapa DB ——/A/Norm 2 etapa DB /AINorm 3 etapa DB
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ESPECTRO DE AM EN ANTENA

120
100
80
60
40

20

0
SESESEL LSS ,\,@Q
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PRIMER RESONADOR DE RF. Q=22

45
40
35
30

25

DB

20

15

10

0

Q (O O O
L K L »
SN RN

SIS S AR DD
S FESEFER DS FS S PSSP S E S

Khz

O PrimerResonador de RF
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SEGUNDO RESONADOR DE RF. Q=22




SALIDA DE MEZCLADOR=ENTRADA DE FlI

205 255 305 355 405 455 505 555 605 655
Khz
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SALIDA DE FI = ENTRADA DEL DETECTOR

120
100
80
60

40

DB

20

-20

40

-60

kHZ
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FI. PASABANDA CERCANO

440 445 450 455 460 465 470
Khz
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I SENAL DE AM CENTRADA EN FI




I SENAL DE AM NO CENTRADA EN Fl

440 H45 450 435 480 485 i



SENAL AM m= 70%

MODULACION AM 70%
Fport = 20 Fmoduladora

\
UJ\/\/\/\[“

000000000000000000000000000
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ENVOLVENTE DE AM. MODULACION LINEAL




ENVOLVENTE DE AM. MODULACION ALINEAL
Vport=1 Vbls=0,8 Vbli=0,1




COMPARACION DE SENALES

== Sin Distorsion === Distorsionada
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CONTENIDO ARMONICO DEL AUDIO DETECTADO
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Technical Handbook

RA-7202
VHE/AM Ground to Air Receiver

3280 TIODALYNG, NORWAY



2 CHMNT P

Frequency rangs:
Channel sgparation:

Fregquency stability:

Frequency selection:
Pre-set channels
Type of modulation

Sensitivity:

Squelch:

THD:

5N ratio:

Adijacent channal selectivity:
Cross modulation rejection:
Blocking / desensitisation:
Spurious response immunity:

Intermodulation immunity:

Image frequency rejection
IF ezjection
Permissible input kevel:

EF input impedance:

118 - 137 MHz (144 MHz optional)
23 kHz / 8.33 kHz. {Selectabla)

25 kHz version:
£.23 kHz version:

+ 2.5 ppm
1.5 ppm, (£1 ppm { - 40°C).

" 25/ 8.33 kHz steps.

99
AM (A3E)

10.dB SINAD at 1pV pd, 30 % modulation,
Weighted to ITU-T,

Signal to noise weighting, combined with BF carrier.

Adjustable frommin. 1 gV pd, to 250V pd.
Squelch level adjustable from front panel and
remote.

Hysteresis: < 3 dB.

Openingfclosing: < 50 ms

< 5%, 9% mod, , L mV, 1 kHz

=40 dB, 100 pVv, 30%, 1 kHz.

=70 dB 25 kHz / > 60 dB §.33 kHz

= 83 4B, =100kHz frequency offset

= 00 dB, >1MHz frequency offsel

= B0 dB

= 80 dB rel. 1nY EMF, 2 interfering zignals
=100kHz offset from receiving frequency.

=100 dB
=100 dB

5V EMF

50 £¥, N-conngctor,

JOTROMNM electronics a.s.
04.02.02
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AT

Radiaied spurious components:

Audio response:

AMNGT

Moise cancelling system:

Audio outputs:

Remote control

Sertings:

Operating temperatura:

Storage emperature:

Operating voltage

Power consumption:

= 3 dB from - 107 to + 5 dBm input signal.
Attack time: < 50 ms
Recovery time: < 200 ms

<2nW {<-57 dBm) to 1GH=z
<20 nW (< - 47 dBm) 10 4 GHz

25 kHz:

+1/-34dB rel to 1 kHz, 300 - 3400 Hz.
<25 dB at 5000 Hz.

8.33 kHz:

+1 /-3 dB el ta | kKHz, 300 - 2500 Hz.
-25 dB at 3200 Hz

<1dB 30% - 90 % modulation,
(Selectable by software).

MNoise blanker, eliminates ignition noise and radar
bursts. (Selectable by software)

Loudspeaker: Max 0.5W, BQ.
Headphone: Max 0.1W, B0,

Line: 600£ symmetrical, —20 to +10 dBm. Ling level
adjustable from front panel and remote.

E5-485 or R5-232.

1200b/z or 960005, selactable.
Cmtput line level adjustable from front panel and
remote.

=20 to + 55°C

{Performance according 1o ETS 300 676)

=40 1o + 70 *C.

230/115 VAC £ 10%
21.6-31.2VDC

= 10W
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Figure C, Typical response, RF bandpass input filter.
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80 Ing. Jorge R«

Figure D, Typical passband response, RF bandpass input filter.




signal is amplified in the IF amplifier (Q1, Q2). The gain of the IF amplifier is controlled by
the AGC voltage, by controlling the feedback level with Pin diodes (D3, D4).

- 4 \
dB -30 / \

Y ™~
-40 & A
e N
-50 —
L
-60
g § 8 8 @ © 2 8 88 © B8
kH=z

Figure E, Typical 45 MHz IF response

2nd Mixer, 455 kHz IF filter.

The 2nd mixer is part of IC2. The 45 MHz IF signal is mixed with a fixed 44.545 MHz signal.
This signal is supplied from the synthesiser section, which is described separately in the next
section.

The 455 kHz signal is fed to the 455 kHz ceramic filter block.

This block consists of two ceramic filters, one for 25 kHz channels, and one for 8.33 kHz
channels. Selection between the filters is done with the integrated switches IC6 and IC7. The
setting is controlled from the microcontroller, so that when an 8.33 kHz channel is selected,
the 8.33 kHz filter is automatically selected.



=10
-20
-30
-40
dB8 -50
-60

-80

=100

-0 -

"""--...___m

25

-15

<10

kHz

10

15
20

25

Figure ¥, Typical 455 kHz IF response (25 kHz channels)

=10

=
=70
-80

8888

de

=100

—

25

15

10

kHz

15
20

25

Figure G, Typical 455 kHz IF response (8.33 kHz channels)

2nd IF Amplifier, Demodulator, AGC Amplifiers.

T2 romtaine alea tha 7nd TE amnlifiar domadnlatoes and tha sissaites far manaenbine fha A2
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EAII-INTRODUCCION- CLASIFICACION

SENTIDO:
= SIMPLEX Ej.: TV BC
» SEMI-DUPLEX Ej.: Handy push to talk
= DUPLEX Ej.: Teléfono

P TOPOLOGIA
= PUNTO A PUNTO Ej.: Radioenlace
= PUNTO — MULTIPUNTO Ej.: TVBC
= MULTIPUNTO — MULTIPUNTO Ej.: PSTN

P BANDA BASE
* MONOCANAL  Ej.: PSTN
= MULTICANAL  Ej.: ISDN

D SENAL
= ANALOGICO Ej.: BC AM
= DIGITAL Ej.: ADSL
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TRANSMISORES

TRANSMISOR DE TELEGRAFIA POR
INTERRUPCION DE PORTADORA

OSCILADOR

DE PORTADORA SEPARADOR AMPLIF DERF  DRIVER RF PA T
o) N
\ MANIPULADOR
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TRANSMISORES
TRANSMISOR DE AM MODULADO EN ALTO NIVEL

OSCILADOR
DE PORTADORA SEPARADO

R AMPLIF DE RF

PROCESADOR |
DE AUDIO |

-
Exmmnoaj

DRIVER RF PA T

AMPLIFICADORES
DE AUDIO

TRAFO DE
MODU LACION

O+Ebb



TRANSMISORES

TRANSMISOR MODULADO EN BAJO NIVEL

AMy BLU:
AMPLIFICADORES

OSCILADOR
MODULA LINEALES DERF  DRIVER RF PA
SEPARADOR A
DE PORTADORA DOR " N

O

, rd

= == FI:!:
XTAL [ MULTIPLICADORES

l - \ AMPLIFICADORES

PROCESADOR | DE AUDIO
DE AUDIO |
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TRANSMISORES

TRANSMISOR MODULADO EN BAJO NIVEL-DOBLE CONVERSION
MEZCLA

OSCILADOR SEPARA MODULA AMP DE DOR DE AMP DE
DE PORTADORA  DOR DOR FI c Kol CANAL
XTAL ] DRIVER RF PA
OSCILADOR
DE CANAL
AMPLIFICADORES

DE AUDIO

MIKE O—[> D
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PROCESADOR | DE AUDIO
I
|




SISTEMA TRANSMISOR SATELITAL TERRESTRE

-— — _l _—— )
OSCILADOR | —
DE PORTADORA  MODULA AMP DE ap AMP DE
DOR  SALIDA Siih CANAL
i SEPARA
OR I | DRIVER RF PA Y
— PROCE I
lxm. SADOR | ~I>—[>—
DATA N | | J_ OSCILADOR
| = DE CANAL
MODEM < — — [ - » TRANCEPTOR



MODULACION AM 70%
Fport = 100 Fmoduladora

1,5

0,5 -

. -.1; 31; 2l; 'W-: 40000

-0,5

15 -

-2
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MODULACION EN AM. ESPECTRO

Amplitud
'y
Sefial de AM
modulada al 50%
Vearrier
Whli Vhis
==
Frecuencia
Amplitud
4 Sefial de AM
modulada al 100%
Por 2 tonos purcs a la
emrada
Voarrier
Wil Vhis

i

:

| Frecuencia
=

k2 F1
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F1 F2

Amglitud

A

Vearrier ‘

Violi

f

Senfal de AM
Sobremodulada
{Un tono purc a la
entrada)

Armanicas de |a
Vbls  Mpduladors

5

Amplitud

Frecusncia

Sefial de AM con FM
.i. incidental (Fuera de
escala)

1 Frecuencia

>



—

AMP A

TX 10Mhz BLS

Transmision de UN tono de 1 Khz
BLI BLS
—

| |
| ' '
| 300 Hz | :
' 2,7 Khz : .
o >
|
f 3Khz FREC
o (KHz)
- -

ﬂ

PORTADORA (No emitida)
Frec= 10.000 Khz

]
|
|
A |
19.997 9999?-/ 10.000 3 10.003

Transmision de
TRES tonos

A A

T

A

Transmision de DOS
tonos de 1y 2 Khz

Portadora
(No emitida)

» & A

|
|
:_- 2Khz
|
|
|

FREC

| 1Khz (Khz)

l L | L.
_I 10.000 10.001 10.002

2 TONOS CON
INTERMODULACION

1.300 1.800

A

ﬂ

10.001,3 10.001,8

10.000






BLU 3 TONOS SIMULTANEQS

70000

2 I I
1 MM |I“| M,
'l Hn'&“f'" i l‘“l! !|“||'|" u't“”' ‘iumu M ;IH'“;‘:H nuh‘“
Jf ) H”HI!,...I ik 1" g
4 R
: | '
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= Pprom

PEP

R e i R

= PEP/2

Pprom

Wl

Y

70000

Pprom= PEP/3

< i ~ - o - o @ 5

il
[T

,,.,||||tu|h’;!!}!,,,,
it

WLl

'!'!‘||h’|”“"|l||"l L

P

place

allo
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GENERADOR TRANSMISOR

DE EN
SENAL PRUEBA ACOPLADOR
DIRECCIONAL
H *H
/_. 4 oirecTa REFLEJADA
CARGA
FANTASMA
OSCILOSCOPIO |l gl BOLOMETRO
ANALIZADOR
OE e
ESPECTRO

ESQUEMA DE PRUEBA DE UN TRANSMISOR DE RF

LAS CONEXIONES CON DOBLE FLECHA IMPLICAN CABLE CONECTORIZADO

PUEDE UTILIZARSE INSTRUMENTAL ADICIONAL (P. Ej.: MEDIDOR DE DESVIACION)
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ESPECTRO FM

k. 15—Vector representation of AM and narrow-band

1. From P. F. Panter, “Modulation, Noise, and Spectral —sinwt 2 Ja(8) sinncwni
valysis,” Fig. -5, (© 1965, M cGraw-Hill Book Company. e
JolB)
&
Jy(B)
&
J3(8)
L owosn | o 1t
we = 2wy we  Wetwy Wotl2wy @t 3wy v

Fig. 16—Composition of FI
wave into sidebands. From 1
F. Panter, “Modulation, Nois
J_x(B8) and Spectral Analysis,” Fi
v 7-6, © 19865, McGraw-Hi

J_y(B) Book Company.




REFERENCE DATA FOR RADIO ENGINEERs

B
&
2 o]

o

CARRIER

o
™

o
o

b

10TH (1TH (oTH
N A -

| e 2 21
A [ AR N
g p’ N7
CAZEXSEN

o
™~

SRR
;%MM&
Q)
X

o

o

CARRIER AND SIDEBAND AMPLITUDE
)

s

MODULATION INDEX B

Fig. 17—Plot of Bessel fung,
tions of first kind as a funetigy
of argument . From P, p
Panter, “ Modulation, Noise, qng
Speciral Analygis,” Fig. 7§
© 1965, MeGraw-Hill Bogk
Company.




I MODULACION 2PSK
R

@ LO vcohk
Modulador 2PSK _9‘(1)?'

o X e

Demodulador 2PSK

> BB

A 02

Banda Base BB

BB filtrada

. A - ™\ aN

Y lbed |

Seiial (Tiempo) Espectro (Frecuencia)
C3-01

v

\ 4

\ 4




MODULACION 4PSK

L

dl

N

K |
< X
T
— T
Datos
90°
A
K
— N > X [
Modulador 4PSK
1 \L Té
———
Modulador 4PSK

Guia Hibrida-Paralelo

X >
T AGC
VCO
Datos
— I >3
90° Reloj
J
X >
Demodulador 4PSK
01 11 ° o
S . 180 90 \
‘N \
| 1 1N
o o U vv/« J/Tiempo
00 10
Constelacion 4PSK Sefial Filtrada




MODULACION QAM

K
i [~ X
——
T DR D
90°
e
D/A | 7%
HZH X
Modulador QAM
AQ
0 o + O 0
0 o + O o)
; ; ; —> |
00 01 11 10
0 0] 0 0
0 o] o) o
16 QAM

C3-03

HelHx

>H-CE
AGC T
— X a%—-}
Demodulador Heterodino QAM
AQ
O 0O 0 0+0 O O O
O 0O 0 0+40 O O O
0O 0O 0 00 O O O
0 00010000,
0O O 0 00 O O O
0 0 060 010 O O O
0 0O 0 0+40 O O O
O 0O 0 0+40 O O O
64 QAM

P/S




COMPARACION MODULACIONES DIGITALES

exp BER vs C/N dB

Eficiencia Espectral (bit/seg/Hz) vs C/N dB

15

20

25

30
C3-09

FDM-FM
o
TCM QAM
128/ o4
PSK
8
10 20 30 40 50




BACK OFF

exp BER vs C/N dB

Intermodulacion dB vs Backoff dB

Sin Linealizador

Con Linealizador

g | |

2F1-F2 F1 F2 2F2-F1

140 Mb/s-16QAM
30 4
40 -

Back-Off= 4dB
50-
5 dB

60 A

7 dB

20 25 30

C3-10

10

5 0




EAII-INTRODUCCION- MEDIOS DE ENLACE

REDUNDANCIA EN RADIOENLACES
P1+0
P 1+1 HSB
D 1+1 DIVERSIDAD DE FRECUENCIA
P 1+1 DIVERSIDAD DE ESPACIO

P N+1
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EAII-INTRODUCCION- MEDIOS DE ENLACE

P COBRE

PAR TRENZADO
UTP /STP
COAXIL

GUIA DE ONDA

P FIBRA OPTICA
= ESTRUCTURA
= MONOMODO / MULTIMODO
= CONECTORES Y EMPALMES
= ATENUACION Y MEDICIONES

P ONDAS DE RADIO
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1/4" Superiflexible
Foam Dielectric,

FS.J Series — 75-ofirn

--""—’.‘l'L

FSJ1-75

Cable Ordering Information

Standard Cable

18" Stoncard sesparilecobla F5J11-TH
Fire Retardant Cabklas
144" Fare Hetardamt Jacke! | AT FEJIRN-THA
14" Firs Fetardant dacket [ CATVE ) FEIMRN-THA
Characierisiics
Eloctriaal
I padee, ohms ™ =3
Maamum Froguency, GH: i
Wakacity, parcent Fiz
Papk Poswor Bahling, EW 8T
di Resistence, ohms 000 #t { V000 /)
wanar 15 (42 2)
o0t 18 (5.9y
do Braskdovers, wol b5 Sk
dactoat Bpark; wvelis RME SICCY
Capsciimnon, pFAT{im) 174 [57.0%
Inductarsce, pHfM {m) 0058 (0-321)
Meshanical
Ciutar Condag bor Copspaar
InmEr Canductar Coofpear-Clawd Siaal
Diamater owver Jagkat, m {mm) 029 (7 4)
Diamater over Copper Tter Cornedya ol in (mm ) 025 (64)
Minimum Barvling Racdoes, 0 (mm) 1 £26)
Mumber of Bands, mirmmuom | pdeal) 15 {50}
Eandimg Maomant, -1t {M=rm} 05 0 8y
Calvle Wisi g, v, {kodm) N.0=E [ 10 DGy
Tansle Swremgth, b ogl 150 | G8Y
Flat Plate Crush Swangih, ibAn [Kgamm) 100 (1.8)

Attenuation and Average Power Ratings

Fr-ﬁullw Amenuation Attenuation MIO?
Hz dB/ 100 fr dE 100 m Fower, kW
05 0.1 0413 g43
1 0.1 78 [il=3- 5 65
1.5 o219 o714 4 BS
z 0253 0 B30 e ey
16 0570 1,87 1 BE
20 oR12 268 131
=1 ] o S 328 1 A
50 ¥ 427 D817
BE 1.7 572 A
100 ¥ 612 0570
10g T 54 [ 0SAT
158 3 T ey 1 i
174 250 /14 R e
bl 1] Z Bz 0 2
300 34 1.0 0.3 ¥
400 Z a1 128 o 272
450 417 13.7 0255
S 447 145 0741
512 Ak 14,7 OZET
L] 455 160 oz
o 532 145 o 20
B 5 74 Tea 0_VES
B2 583 191 o e
B 511 200 T4
SEO e 208 oET
1060 51 214 ooTER
1250 7oAy = o Tad
1500 B =2 2r.n 0 TES
1700 a4 290 o 13
1800 a 14 0.0 n1TE
Pl a7 21.9 o 1
210k 1o 329 o Re
22 103 I3.8 R s
2300 10 347 L Rl |
S0 124 07 ks
230 p Fripg L | CrOeE
S 134 3.4 R n o]
ATH0 T4 2 AR 8 OO7Fe
5D 165 552 O O3
B0 14,1 627 0 85
B e D8 s
1000 26T 876 O g
12000 e g 838 0 0 OES
14000 G 1100 0 Oz
165000 b 5 1207 s
1B 58 1210 o0FT
1 S0 415 13681 IR o
20000 A3 40 141 nEs
23000 A0 151 O [ e
Erandsnd Conditrans

For Anerdation WEWR 10 armbant ferrperaturs P00 FEETFL atrming Fer

Dressuie, Jne e

Foi Averags Power, VEARF 10, inmst Tarnoeraturs 070 (104 ), mred oonelictor

Furr g af oe s POINESC (21 27F), e ol ar bossoling



HJ9HP-50

ca_hlu Ordering Information

“E* Etandard Hign Powar Cable
A5 — T0OMHZ 1 06 EEWE e

OF — 108 MHz, 1 05 VSW R, max, over broadesst channial
170 — 2300 MHZ, 108 WEW R, max ovar broadoast chammasd
ST = G0 MHEz, 110 YW R, max  ower broadoas! channnl

" Fi¢ brosdcast ADDNCAtion s, S08city Rt and Fa0us oy

Characteristics
Electrical

Impsdancs, ohms
Maximum Fraguesney, GHz
Wabocity | patcerd
Panls Powear Rabmg, k8
de Rasistancs, obfmnsTo0Q i {1000 fi)
P
Chrler
dc Brealchowmn, ol ts
dacket Spark, volts RRE
Gapacitence, pFiil {m)
Ingductarea, pHM (m)

A 205
LIS
95 4
T

01 (0 ad
LR B
25

TR0

20 @ (685 1)
{054 (0. 176)

Machanieal

Ciuiter Comdue ior

I r Condociar

Drimmatar owar Jagicat, n (mm j

Criamiatar coar Curkar Comeductor, in (mim |
[riarnater Inner Corwie bor_in (mmm )
Nominal Fside Transverse D ersions | {om )
Minirmom Bending Radas, ino{mm |
Numbar o1 Bands, meimum | fypacal)
Banding Momani, b=t (N.-tn:l

Cable Weaght, B (kg/m)

Tenstle Strargth, b (k)

Flate Pinia Crush Strangth, An {kgmm)

Coppar
Cospatt
520 ( 132)
SO0 128
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Elliptical Waveguide
Types EWPIT and EWIT

Characterislics
Tepe Numbers
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1 Core @= Spum
2 Cladding ©= 125 pm
3 Coating ©= 250 pm -

Figure 6.2
Single-mode fiber

1 Core @= 50pm
2 Cladding © = 125 pm
3 Coating ©= 250 pm

Figure 6.1
Multimode fiber



video conferences and videophone.

Multimode fiber

| ' | : ingle-mode
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Figure 9.12

Attenuation coefficient as a function of the frequency of modulation for balanced
and coaxial copper cables and for various optical cables
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SATELITE
il Vs, Tl

BANDA C= 6Ghz Z@ BANDA C= 4Ghz

RUIDO
BANDA Ku = 14Ghz BANDA Ku = 12Ghz

‘ [ ] [ ]
ysip speeg usip alees

MODULADOR RX DEMOD

LOS VALORES EXPUESTOS EN EL PRESENTE GRAFICO SON REFERENCIALES, NO CORRESPONDEN A
NINGUN ENLACE PARTICULAR Y SE INCLUYEN SOLO CON FINES DIDACTICOS



ATENUACION
TRAYECTO= 200 DB

Potencia Tx equivalente = 100 Kw (Para Gant terr= 0Db - =
con Gantsat= 46 Db) Senal = 40 pW

Por Tx eq= 4 Gw (Para ambas ant G = 0 Db) SIN =
24 DB
\ |
MODULADOR X RX DEMOD
4 N= 0,10 pW
NF Rx=2DB
GAN ANT Terrestre = 36 DB
POT TX REAL=25W GAN ANT Satelite = 46 DB

LOS VALORES EXPUESTOS EN EL PRESENTE GRAFICO SON REFERENCIALES, NO CORRESPONDEN A
NINGUN ENLACE PARTICULAR Y SE INCLUYEN SOLO CON FINES DIDACTICOS
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+he WorldPhone provides communication with the public
ielephone network via satellite, which reguires free line
ofsight. : :
Four satellites are positioned stationary above equator.
Lhesatellites provide tha coverage shown on the map
below. : S

The WorldPhone searches any satellite as default.

Efuator
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Lamina 32 La constelacitn Globalstar consiste de 48 satélites en Grbita baja. (Coirtesia l
de Globalstar). Véase mmmbifn la Fig. 8-20_pp 453,



Subsistema

Funcidén

Recibir y transmitir las sefiales de radiofrecuencia
desde o hacia las direcciones y zonas de cobertura
deseadas.

2 Comunicaciones

Amplificar las sefiales recibidas, cambiar su
frecuencia y entregdrselas a las antenas para que
sean retransmitidas hacia la Tierra. Posibilidades
de conmutacién y procesamiento. ;':-5

s et e b o B R A LG D Tl i Ll

3 Energia eléctrica

Suministrar electricidad a todos los equipos, con
los niveles adecuados de voltaje y corriente, bajo
condiciones normales y también en los casos de

eclipses.

4 Control térmico

Regular la temperatura del conjunto, durante el dia
y la noche.

5 Posicién y
orientacion

Determinar y mantener la posicién y orientacién
del satélite. Estabilizacién y orientacién correcta de
las antenas y paneles de células solares.

Proporcionar incrementos de velocidad y pares
para corregir las desviaciones en posicion y
orientacién. Ultima etapa empleada para la
colocacién del satélite en la Orbita geoestacionaria
al inicio de su vida ttil.

7 Rastreo, telemetria
y comando

Intercambiar informacién con el centro de control
en Tierra para conservar el funcionamiento del
satélite. Monitoreo de su “estado de salud”.

8 Estructural

i

125 Ing. Jorge Rodriguez Mallo- Reference, date, place

Alojar todos los equipos y darle rigidez al
conjunto, tanto durante el lanzamiento cOmo €n su
medio de trabajo.
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ANTENAS

PROFESIONALES 8.A.

YAGI

D11E-150BAS 120 A 200 MHz

SOLDADA 12 DB

i DESCRIFCION DEL PRODUCTO I

La yagl soldsds OM1E-1S0RAS, a8 unm mn-
oo di wal ey 11 o AL cer bl qncie, B
i bAneDA ol TR0 A 200 MHI_ E6 miSm s aflrega
rweclih sy fovrma inddviduml, on lo que se reflera @
FLOVE. elocky anles e in iTecuoncia minema ¥ el
rrshi Rt ol mdnhna aspocifioada,

Mo nooeska 00 ningln apsds on ol uges do
Inslsincion ¥ a8 proved oon lodas sus grumoes do
U i,

| DESCRIPCION ELECTRICA |

L yagi sokidn 0 1E-TR0EA S o6 U ahians
diecolumal Didea 4n b lbcnice dosarolack peir Yagl

| | Lo

& puscen obbenar oon - los D11 E-1S08AS
PANAACERE an asral ¥ alevaGin pafs clafuntae aecs,
Lo B iofad mokbre el Wbuio, il al

tanto b gansncin como o cubrimlanls aecasario.
Paodemaes proveasr los armesds de  snlasada

v s # Crarpras e Enwoat ¥
Desarrolo ha oplienizeds b mismmea o fin oo cbioner un
Qran Encho. Sa banda, @ml como muy bela FUOE, ¥
glmancia constonis o thawda da ke i bandn g
cxpTRchn,

El nlemmonto imacdiane, se un dipolo plegado
i bsanatin mivc hon, nlmntacs oo un Balur, E| conector
Eambnd cle enBrace os hombrs "M son plnes e contacto
o Cabioe-Beic,

| CONSTRUCCION ]

L eomaiceiciry clesl bavbum v o linen 50 IPardnitkie
il el 1 £ nEn Remii OO0 Lifsa “LSIGN
MCLECIALAR INTERMETALICA LAMMADA® LIBIL
Eala whidn g ia B Rl 1 W
dora iggaren charie. deben uninse o B o Ianssrsn
¥ ol balun (cobs) con In oloackin da aburrisk del
R L] in B Ao d8 esla 1eonica @il
ECIAITRe e b reiieeiin o B Dol el dabicn an
al Bairpa, sl como los problomas ok inlemodiseskin
Qs 86 gefaran por kol cormosidn da conbacios (untss
MO NOGCorks), fultos de recepckin ¥ varsoknes
viid byl ol ool Trines v Rk,
umd‘ldm“mm.
¥ 5 i k minbiticns surmamanic
¥ onn bacckin contra s Bockin da ko
raypos LIV, Eslis fihinas han shiio profiadas ampla-
monle por mes da 20 afios on oires prodechos da
Fuaesten, ahFcaciin gue IEConan expusElon & ke in-
PRTDOkY, SN (il S axpearimeo SopTacackin. dgurm
Enire lom prusobdd gue de ks realzan al dipebs, figure b
disamatorio 8 inmerabén sn aguaa 0,50 i, durents
iﬂq!hmw&hwmmqm
EF masestal yiilizado en i commieiin as -
Taasion s li VAT e Ao,
Levs glovmentos oe Sujsckin, son de aoars gekankada
Por Inmarshin on cillinie ¥ os aoero o ke,

L_ SUMA DE YAGIS |

Las yagis DM 1E-T60BAS pusdan asr suma-

apfamiants fade & lndo yio unk anchms de b oo o
iy e b e (e rieco il
@ W i1 Lol e I Tl e T

N Gl Sl .
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[ CARACTERISTICAS ELECTRICAS |

| CARACTERISTICAS MECAMICAS |
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ANTENAS

PROFESIONALES S.A.

PARA-DIEDRO 10 DB
DER-2130S 210 a 300 MHz

| DESCRIPCION DEL PRODUCTD |

| SUMA DE DIEDRGS |

EN para-dindro rafecier DER-2110%, == unn
entenn drecciona de benda ancha que apart anire
20y 300 MHZ. Ln misma s aorecs mesdids sn fomms
Inefivictiesd. &n do gue Ba reflere & AUOLE, dakda aeiles
o b freouoncls nonbmea, i Fecis fods alkh oo B meakirm
aEpasiiicana,

Mo phcasita de ningin afoste an & lugar @a
nelalncion ¥ oS¢ sniroga oon todas M grvnpes de
Sl i,

| DESCRIPCION ELECTRICA |
[El DER-2130G a5 o pasra-clkdm rofecior do

Lo DER-21 30 $ puodon saer susmacdos, o i
oy oDr e g [ bk, camo
Por spmpls Facdibn bl-direccional; on axta coas
e S vo rodeeios an mp famemio 3 di
on cada oo oo oy santidon.

S praden ot diagramse oo ialss o
Tin oy lagrnr genancias on AZEMUE Y ekAackin pars
difmreniec Usdm, por emplo, an TV, codillcmss,

an bos

=
ﬂ::g
==

|

0, cpass Inciunyre ol wes ool ¥
PN, COMOTETRCION, GUHE S Asbdmedan on parfomancg
£ un péana parabaino.

El slammnta. Irradianie, oo un dipols plepsds
o banea ancha, alimontado con On balun, Esta
cumbinackin e oo de flecton y dipolo pesmia lograr

una gAnAncin =12 o, wll como Una relsalsn Bl
i
L

CARACTERISTICAS MECANICAS

B o oo & cubrmisalo
[[TE T
o bt i B o

SO o FErEpacs.

| CARACTERISTICAS ELECTRICAS |
Rango da fracienc 210 @ 300 MHZ*)
Impdincti nominal B axhim,
Folackin de ondas asineiona i W gprd e
Anecho col il arizcntsl {-30H0) 58°
Mrvzho-dial Bbulo wortioak (-3 D) ag"

I (Sobre madb aoda)

ot 3= 35 By un grmn e e che branca para B0,
da 1.2 El ! il ch
o pinzm do contach o8 Colie-Beriin,

CONSTRUCCION ]

L coneciin sl Bahm ¥l linea da Transmi-aidn
ol mierrenle redlador oot reakzada con una TL-NDOM
MROLECLUIL AR BINT ERMETALBCA LAMIBATDN" LML,
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Bo ligparens chindds dobon uniese la e de iransensEkie
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¥ i itmedfinn, E1 7 liado da sata it
kbl nte b reducchin de ba periomancs del fls n
al dimp, o Gl low problemas do b modiscaiin
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samicondicionas), rakdos de recepcitn v varkaclones
dal nilvol oo salal wansmilics, :
La estanguaicnd dol dipake $6 fmagara me-

citmnbe al " af
resistuning y 0O prOGcTEN Somrs manclin do lo
rayos. UV, Esles resinas kan sids proBadas amplia-
mania por mels da 20 afice ean otres productos de
nuasim Fabricacin que funclonan epuealos @ ki in-
tamparke, 3in qui S5 axperimento depradackin algun,
Endfa e piueda qiis aa isoresinan sl dipolo, Bours i
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ANTENAS

PROFESIONALES S.A.

SUMA DE 8 DIPOLOS COLINEALES
MODELO FVHF-8A DE 136 A 174 MHZ

| DESCRIFCION DEL PRODUCTD ;

Lax surma da ocho dipolos sokdada FVHF-8A
a8 una Antena onmidreccional o Enidrecconal  Oe
bencks aincha, on o banda @e 1998 3 174 MMz La
TR B Entngn medicy an fowmes insividon en o
e a0 radisrs a BLOE, desds anles da o Uacuancs
minira v hosta mids ald do la ieeisma sspeciicad.

mwmmmmuulmﬂ
mmrmmwmm“mm
ARG,

[ oescrwcion ELECTRICA |

La surta ce ocho dipolos o6y shlarm
aifmditacc o unkdireeciomal Basada on la Monkca
do suma sapacisd di los campos da cche dipdlos,
MNissiro Departnmonts de Imsstigecidn y Desarmodo
haa cptierzacks & 1y he ol un grivn ancho
oo banda, asl ¢ome mdy bep ROE ¥y pananch
condlints & trads do bocs & banda de operecin.
Las alamanias irradianies, son dipoloa
Pligaios: de banda anchi, alimentasan con wnbskn y

[ DIAGRAMA DE RADIACION |

B p £ " el T
e radERchin, SO So mossine mds abejo, e souendo
A b i iy boe dipolos con e s @ b asirso-

tura de Sopaile, en ol momeno ded armsde 9o in
Tormackin shendo 08 mismos valdos cuknds e fen-
das saan debidamenta conadas ooh sestadores o Fhi-
Estran (producie de mersira vendah. Sn Caso de man-
Tarrr 4l coutado de ka loire of dEagrams ee abactade por
ol famade di la sslruchim,

| cAmacTEmISTICAS ELECTRICAS |

Enaas o paossia oy Tase cukiar 2 e (e
forma inaivigosd). Bl corecion coainl da anfrada 65
Brnbed AT Gon pinza oo contaels de Colire-Terita.

[ CONSTRUCCION |

Lo comaxkin dol tsakan v s finea de ransmislsn
A kg slamenlos mdladores Gabd realizads con una
SUMICM MOLECULAR INTERMETALICA
LAMINADAT LIRTIL. Esta unidn garartize b acksncis
bt oo evsfrosidn en los lgares doncde debar anirs s B

Ranga fe Fecusnia 138 & 174 MHE(")
I de entrado 50 ohien
Cimnanck (Selwe rwedis opda)

Uinidireocional 12 dB

Crrnicdraccioral BdB
Ancho dm Kbalo vonical (-3 DE) "
Mldima FOE - 151
Ancho da Banda 10 %
Potarizacian varikcal
Alraniackn dirgcta
hszirma polencis de enfraca 300 Wiazt
Prataccién tontra descarga & Horrm

, ticar frecusncds e ol peaciido
CARACTERISTICAS MECAMICAS ]

Diotaddin B0 X 3.0 .

hu&lwﬂnydmmmuh (harfla= I
do adumings do ke ok El rimutaco o cadn
Ui R EotRment t recducciin de I pertomanae
el sninco an ol tempo, A como lof problsmas do
imarmeahataciin Que 58 QERGran por i comroaekba de
cortmolos (Juni i o ). oA
¥ warkaciones del ndsal de safiad transmilida.

La atgnguakiad do los ofpolon &9 ARegIES

al ey pn ' SINEECAS 6L
IR ¥ 0N
tom ranson LAY, Exdan iesinms han sldo probadas smpde-
faenito. por mels of 20 Afol en olros producios da
nuigeslra fabricackin qua Turcionan expussios a i in-
FeTparks win quas e exp it chagrack:kn akp
Enire ks prichas qQee se e renkzan o los dipobo, ligura
i s someterios @ inmensiGn en agua a 0,50 mt.
durambi 10° & fin d8 comprobar su total estaragueicad,

El rratasial utilizndo an f consirucsin es a-
loaokim ol ik, soidacko s Aimdsiara e (Arodn).
Lo plomemos do sulacddn, soan da acero gahanizado
Par inmarsidn en calbonte e Besn incddabie.

&1.44 x 2.85 mam.

B4 3 &6 mm.

Elsrmpnion irradiantes 127 x 1.5 mim.
LonpRus me. e ta suma 16,00 mits,
Pl dred Aepiaes O m?
Lt g o b VEERED TR0 Km. ¥ hora
DTG, S vl il e 2 Cojos dis 1100 x 890

= 200 mm. y 2 de 3000 x 135 % 126 mm.

Poso sin anmtakgo
Pesn con eembalaje (an carant
o

26,50 Kg.
#1530 Kg.
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ANTENA CASSEGRAIN. GENERAL DYNAMICS
21 MTS GAN=60Db BANDA C
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LIGHTNING
PROTECTORS

INTRODUCTION : QWS

QUARTER WAVE STUB (QWS) PROTECTION

Somea RADMALL lightning protectors utillize a guarier wave
stul dasign. This technology is based ona 3 port coaxial
device. One of thesao ports s a mealallic shor -circuit
bertwaen the irwer and the outer conductors, whose ength
is one guarter of  wavelangmh a8t the centered frecguancy,
Cuarter wave profectors work ke band pass fliiters. They
operate within a specified frequency band.

In normal use {,.e within the working frequency band}, The
RF signal fiows through the gquarter wave lHghtning
protector 1o the protected egquiporent.

Whanaver lightning hits the Infrastructure {ex : Antenna
mast), current will low through the cable (feeder cable) to
the lightning protector installed at the entrance to the
cridcal egquipment o be protecied (Base Transcetser
Statnon)

As lightning strikes operate at low friequencles | & outside
of tha protector working fregquaency band, curmant will be
instantaneousty diverted through the short-cirowt to the
around.

Sinca it s a mechanical systern, it can handle repeated
surgas. Any Iimpulse at any time will always be shunted to
the ground. Only alow resicual voltage, less than 15V, can
pass through the edquiprent,

Single band devices for common wireless bands like
ChOMAe, CEM, PCS, DCE are avalable as standard
products. Cuarer wave proteciors working at other
frequency bands or using other coaxial interfaces can be
developed upon request.

Cable assamblles made with singie band quarter wawve
protectors on SHF type cables are avaeilable as weall.

RADMALL has already designed the next generation of
gquarier wave protectors @ Mulliband protectors. The saame
protector can work within several frequency bands. Owr
standard mukiband protecitors can provide the same
axcellent protoection, whether 1o CDMA, GEWMN, PCS,. DCS
of LIMTS commanication networks,

Main features :

Chearter wave protectors do not nequire any maintenance,
thay achleve high passive intermodulation perfformance
{(-110dBm/-1563d8Bs) and they only pass the lowest
resiciual voltage.

Bun, disadvantages are that they can Not pass D signais
and must Incorporate a fairty long stub element.

Frame
Wiasher
ﬁl.ﬂm—\..__\_\_\_
eI o
- s >
f"-’.r‘:“_.f__.- - r o

\!rrnl:n' conbact

Uriter rnormal conditions

Burge

Wheart lightrvirng strikes

E RADIALL




LIGHTNING

INTRODUCTION : GDT

GAS DISCHARGE TUBE (GDT) PROTECTION

RADIALL SDT surge protectors ook like indine coaxial
edapters using intarfaces like N or 7716, and that contain a
fleld replacaeable gas capsule placed betweoen their inner
ancd outer conduciors. Unlike single Band quiarter Wasve
profectors, gas Tube surge arresiers can be usedd Tor
broadoand applicatons. Their opersiing frequency band
s DC 1o 2.55Hz.

Cas discrmfga protectors work as Wltﬂﬁﬂ filters.,

During normal operation, the gas inside thae tube is sl
remains Inert. Signal can pass through the surge arester
1o the eguiprment.

VWi hen a lightning strikes the infrastructure . current will flow
throwugh the cable to the surgs protector. The voltage,
appearing across the gas capsule, increases. When It
reaches the DC sparkover voltage, the gas ionizes and
b ctrrue s conchuctive, Curtent s then diverted thiraug b the
gas coapsule o the ground, cantsice of the equipment, A
residusl voltage will neverthaless reach the eogulperment.
Oryce the pulse has boen discharged to the growund e
when the vollage: |s less than the holdover vallage, The gas
capsule comes Dback o s Inltial State.

Life of the gas capsule daepends on the number of strilkkes
and of their intensity. Tha same capsula can divert to thea
grournd efther few impuilses of 20KA or only one of 20R0A
Regular control and  maimtenancse are thoerefore  bighty
recommended. Howewver it s preferabbie o replace any
suspclous gas Tube

CEas dscharge protectors are delivered withoout gas
capsule. A cholce of gas capsules s avallable offering
different static sparkover wvoltages. Selection should be
rmadse soecording to the maxirmum trensmilssion poswern.

Uinder rrommal conditions

Frame

Surges

Uil
o

Whean fighitming strikes

Main features :

Cas discharge capsule protectors arne the only solution
wihwen DO ingection is reguirad, for example when a Tower
Mount Aamplifier s utiliized, Moreover, they offer a wide
band peaerforrmance and benafit from thelr redouced
dimensions. But Jdisasdvaniages are the need of
maintenancsa and mon naegligibie residual voitage.

RADIALL




INTRODUCTION

CONCLUSION

In order to be able 1o choose the best suited lighitning protector to their application between a quarter wave lightning
protector and a gas discharge profector, users showld answer the following questions °

7 Should DC signad pass 7 Are there somse tower mount alectronics 2
= Is maintenance possitile ?
£ VWhat is the desired operating frequency range 7

= What is the maximum voltage that can withstand the equipment io be protected?
= Is Intermodulation level critical?

ADVANTAGES MMSADVANTAGES
Maintenanscs Foea Me DG capability
Lower residual voltage Marrcywibard
Lo Intermochllation level {except rmulitiband onas)
D capability . ;
Wide band DC-2 5GHz2 O .00 o bmdamren s o
Reduce dimensions negligibae e




LIGHTNING

CHARACTERISTICS

r P T TiI1Te
ELECTRICAL
gt faarws e 50
Frn%unnu’y fftate I Apcording to |.:r|=|:.!un|::l: spa cification
WEWVVR T 20 rrvEas
Inesrtion loss {clél-} 0 Z2dB
RF leaksge ((B) 100
=25

Swrge current capab ity (KA (B30 s test pulsa)
Residual voltage | )
WS and MBOWS
SOT

15Y max at 2. .60 kA, B20 =
FA50% max at 2,50 kA, 8520 =

Irmterreociulsticon products (202 0W) 3cd ordar
AW E and MBOWYS

1 10dBm (- 153dBc)

RF powesrs (W) for WEWR= 1, ses level sad 2090

1.2 mt 059 GHz, OB at 1.8 GHz | Z2 ot D9 GH:, 1.7 ot 1.9 GHe=

OV E et MIBIOWS
GOT aceording o seleched pas capsubs
DO currant (A GDT anly 8 -"T“. N
MECHAMNICA L
Dtrr:nlhil-i.'y {rruatisvgy s ) 5{){3
R cerrrrsnoied coupdiegg ool oague (Poormd 170 500
Bulkhead mounting oogue (P_emd 500 3500

T armypeer sl range
Moisturs resistance

—A0/+B5 C
IP&T (IP 65 for crimp type)

Thermal = hvooks
High termparatane best

CECC 40+ 155°C/5 cyclas IEC -S55°C/+ 155" Cr5 cycias
CECC 1000h120°C CECC 10001550

Salt spracy COmosion

CECC 48h IEC 48h/Me C GW/aE5~C

CECC 98rmus2 - 10 Hz gt 500 He

Wil st
MATERIALS
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Zanbter cornbmot ol Bross
foerrrembey CuBeZ
Cin=adator - PTFE
s bt Silicon mubbor | Silicon rubbor or coppar
FiIMNISH
Bocy Silvar {+ Nash BGBR"}
TRut T BBRS
Camarvboar oorvis ot rriasloy Sivar {+ flash BBR")
Tamshs Sihvar {+ flash BER®)
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EAIII-INTRODUCCION-REDES DE COMUNICACIONES

P PSTN: FIJOS — CELULARES - TRUNKING

P WWW

P REDES LAN - WAN

P BROADCASTING: RADIO — CATV- TV SATELITAL

P PUNTO A PUNTO

P CONVERGENCIA — NGN — TRIPLE PLAY
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EAII-INTRODUCCION-REDES DE COMUNICACIONES
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EAIII-INTRODUCCION-REDES DE COMUNICACIONES

PSTN CAPA DE TX

P EL MUX
= ANALOGICO
= DIGITAL

P JERARQUIAS PDH:
= E1 -2 Mb/s
= E2 -8 Mb/s
» E3 - 34 Mb/s
= E4 — 140 Mb/s

P JERARQUIAS SDH:
= STM1 - 155 Mb/s
= STM4 — 620 Mb/s
= STM 16 - 2,5 Gb/s
= STM 64 — 10 Gb/s
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2HILOS TX
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i W dicecc W HIBRIDA 2 HILOS RX 4 HILOS
TELEFONICA ]
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f PILOTO DE
| SENALIZACION

-
300HZ 3Khz 3825 HZ

GRUPQO TELEFONICO / 12 CANALES / BW = 60 kHZ

-
I\ o I I L RN I~
L
16 19 20 23 o4 27 *° 55 55 591 Frec (Khz)
4 v SUPERGRUPO / 60 CANALES / BW = 300 KHZ
GRUPO 1 GRUPO 2 GRUFPO 3 GRUPO 4 I GRUPO 5
L
60 KHZ 4 Erec
+ H MASTERGRUPO / 300 CANALES / BW = 1,5 MHZ
SUPERGR 1 SUPERGR 2 SUPERGR 3 SUPERGR 4 I SUPERGR 5
>
ol A Frec
A + EXTRAGRUPO / 1500 CANALES / BW 4,5 MHZ
MAST GRUP 1 MAST GRUP 2 MAST GRUP 3 MAST GRUP 4 I MAST GRUP 5
.

1,5 MHZ
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MUX ANALOGICO

AUDIO + ESPUREAS AUDIO

DSB-SC
nugir? Btin:;:m I RECUP
—\ Hiﬂﬁ&tﬂﬂm ANALOGICO 7
Aunlo % e 7 | MUX BLU ‘w“~ ¥ ;Q(-J
R !

R
l

e AT

E b

FILTRO
PASABANDA

FILTRO
PASABAJOS

CANAL 1

FILTRO FILTRO

PASABANDA PASABAJOS
Osc
CANAL 1

CANAL 2

/ >
CANAL N CANAL N
>
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1 Jerarquia digital plesiécrona (PDH)

1.1 Velocldades binarias normalizadas (PDH)
(CCITT G.702)

Hasta ahora ha habido en todo el mundo dos jerarquias multiplex.

En los Estados Unidos y en algunos otros paises se ha utilizado una jerarquia con

velocidad binaria basica de 1.5 kbit/s.
Las velocidades binarias empleadas han sido o son:

- 1.544 kbit/'s
= 6.312 kbit's
-  44.736 kbit's

En Europa, Australia y en algunas otras regiones se ha basado la técnica en una
velocidad binaria basica de 2 Mbit's segtin el ETSI (European Telecommunications

Standards Institute).
Esto ha supuesto la utilizacion de las siguientes velocidades binarias:

2.048 kbit's
- B.448 kbit's

34.388 kbit/'s
139.284 kbit/s

Ambas variantes han sido resumidas por el CCITT en la Recomendacion G.702 de
jerarquia digital plesidcrona PDH.




ﬁ-—"'\J
{
|

ar Comminsatusn

e nrng

ﬁgg?f;@&tmm

e ———

BREEY. ' USA
jerargquia
digital
eses
{ " SONET
_l_ (USA)
jerarquia
e )
rona .
(CEPT) degﬁal
plesidcrona
(UBA)

Fig. 4 Comparacion de las jerarquias multiplex CEPT y USA
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JERARQUIAS DIGITALES
PLESIOCRONA SINCRONA

64 1.6 Mbit/s
Kbitrel 153 SONUIAR r
: & Mbi
r oe lt:::lll E Iulbl't STM-1
Jorarguia EEUD 155 Mbit/s
E

140 HHE> :
1920 canales
- STM-2

Jerarquia Europa | ﬁ;u"::‘“:" 4 Nx155 Mbit/s
B Mbi
Eﬂu G:I::Ill 3
2 Mbits
KI:‘I:!:' _au cnn;n 2
NIVEL 1

STM-Mdadulo de Transporte Sincrono

Fig. 5.5. Evolucién de la jerarquia digital plesidcrona (JDP) hacia
la sincrona (JDS).
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Fig. 5.2. La técnica de modulacién MIC se bas
codificacion de una senal analdgica,
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a en el muestreo, cuantificacion y
para su transformacion en digital.




Codificacian de Datos
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MUX DIGITAL TRAMA E1

PAT —

C1 %—p S&H —» AID

il

C15 | = |
%—h S&H —» AID

NRZHDB3 4>< SCRAMBLER }—b

S 30 CANALES + PAT+ SENALIZACION = 32 TIME SLOTS
32 TIME SLOTS DE 8 BIT C/U = 256 BIT/TTRAMA

256 BIT/TRAMA )\ _
8000 TRAMAS!SEG} = 2048 Kbls

SENALIZACION

C 30 | =~ —»| S&H —! AD

]
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Training Center

Y e

MNetworks

CATUTVARC B

(
ok 125 ps s
] Coded telephone Signaling Coded telephone
signals 1 to 15 or information or signals 16 to 30 or
digital signals digital signal digital signals
110 15 channels 31 16 o 30
- i — | ~ Al =5}
T — e —— —— — . e S S
i a o] 1]2 15 |16 |17 30 |at
its € ——
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Fig. 1
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JERARQUIA PDH

E1=2Mb/s = 30 Canales

—_—
E2 =8 Mb/s =120 Canales
—_—
P
E1 . E3 =34 Mb/s = 480 Canales
—
—_— o
—
— E4 =140 Mb/s
73 .. g
1920 Canales
—_— | —>

E3




et e et

La trama STM 1 contiene 3 bloques:

a) Blogue section-overhead (SOH)
b) Bloque de senal util (Payload)
c) Bloque de pointers (PTR)

Duracion de la
trama

4 125
l_,,..--' ns

SOH (Section Overhead): Informacion de transporte _
PTR (Pointer): _ Direccion de comienzo de la informacion atil

Todas las indicaciones en bytes

Fig. 2 Estructura de la trama STM 1

Los bytes individuales de la trama STM se transmiten por renglones, comenzando
por la primera columna y el primer renglén. Con ello se transmiten alternadamente g
bytes SOH (4o0. rengién: S bytes PTR), seguidos de 261 bytes de informacion til.



TOPOLOGIAS SDH
TERMINAL

STM1

REPTIDORA
STM 1 STM 1

r———z D e
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STM 1

STM 1

ADD DROP

STM1
AD -

E1 E2

CROSS-CONNECT

STM 1




RECONFIGURACION DEL ANILLO FDDI EN CASO DE ROTURA

DAS

SAS  Anillo
T primario

Anillo
secundario

Anillo
primario

DAS Estacion de doble conexion
SAS Estacién de simple conexién

Fig.5.10. Configuracion en doble anillo de una red FDD,
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PRECAUCIONES

Siemens Telecomunicazioni Documento 08-0D001-501/S
Edicidn 2, Noviembrea 12890

a3 IDENTIFICACION DE LOS COMPONENTES ESDS

Todas lag unidades, los grupos de micreondas v los sub-grupas que conlienan las
dispositivos ESDS estan senalados como se indica en los pdrralos siguientes.

En el caso de cperaciones relacionadas con los componantes que contienan
dizpositivos sensibles a las descargas electroestditicas, hay quea equiparse con
una adecuada proteccion para reducir eventuales dafios,

La proteccion consiste en (vedse Figura 1):

- una pulsera que se ata a la mufieca
un corddn espiral que s& conecta con la pulsera y con la respectiva toma
siluvada en el bastidor.

FIGURA 1



Siemens Telecomunicazioni

PRECAUCIONES

Documents O8-0001-501/5
Ediciin 2, Noviernbra 1990

am Identificacidn de las unidades con compgnantes ESOS
Las unidades que contienen los componentes BSOS ectan sofaladas con una
tarjeta adhesiva ESDS situada en la parte frontal, o blen sobre I caja,
Algunas unidades no GBenen la tarjeta; en substilucién de &sta, las lefras
serigrafadas sobrela parte frortal de ka unidad, son de color rojo.
3.02 Identificacidn de Ios gr it n mircoondas con compoenentes ESDS
Los grupos mecdnicos de microondas, sa pueden identificar por madio de ja
e tarjeta autoadhasiva indicada en la Figura 2.
A ATTENTION
DEMEL FRECAUT NS
O 1 (L e
‘ % \ ELECTAOS TATIS
EERHSITIWE
D N
FIGURA 2 )
3.03 ldentfficacion de los circultos hibridos de Hizal ada con nies
ESDS a0
Los circuilos hibridos de pelicula delgada, se pusden |dentilicar por medio de la
aenal de la Figura 2 fotograbada sobre & placa,
FIGURA 3
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TRANSMISORES
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Figure D-2. Functional Block Diagram of the

Upconverter Section
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Figure D-1 Functional block diagram of the downconverter section



TRANSCEPTOR
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B Power Supply
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I TRANSCEPTOR 1 +1
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Fiaure B-1. Typical CSAT Redundant System



TRANSCEPTOR 1 + 1. LOGICA DE CONTROL
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Figure B-3 RSU-5060 Functional Block Diagram
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RADIO DIGITAL

Siemens Telecomunicazioni

Doocumanto S52-210F- 1020075
Edicidn 1, Mar=a 19491
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Siemens Telecomunicazioni Documento 52-2107-103/S

> uy

Edicién 2, Octubre 1991
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RADIO DIGITAL. TRANSCEPTOR

Siemens Telecomunicazioni Documents 52-2107-501/S

Edicion 2, Oclubre 1991
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Fig. 4 - Estacion terminal 1+ 1 Hot-Standby a 2.8 Mb/s
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TRANSCEPTORES. ESQUEMAS DE REDUNDANCIA

Siemens Telecomunicazioni Documents 52-2107-10005

Edician 2, Octubre 1991

Fig. & - Sistema 1 + 1 Hot Stand-by - Dos antenas

(EEEE TR

Fig. 9 - Sistema 1 + 1 heterofrecusncia
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TRANSCEPTORES. ESQUEMAS DE REDUNDANCIA

Siemens Telecomunicarzioni Documaents S2.2107-100/5
Edicidén 2, Octubra 1991
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Fig. ¥ - Sistema 1+ 1 Hot Stand-by - Antena dnica
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TRANSCEPTORES. ESQUEMAS DE REDUNDANCIA

187 Ing. Jorg:

Siemens Telecomunicazioni

Documento 52-2107-100/5
Edicidn 2, Octubre 1991
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Fig. 10 - Sistema 1 + 1 heterofrecuencia con dos antenas
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DESCRIPCION ELECTRICA
Descripcion general del Transceplor




Siemens Telecomunicazioni Documento 52-2107-103/S
Edicion 2, Octubre 1991
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RADIO DIGITAL. BANDA BASE

Siemens Telecomunicazioni

Documents 612-30801.03-TWS
Edlckin 2, Qokibre 1991
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Fig. 4 - Sub-unidad Banda Base a 2-8 Mb/s




Como se puede observar en la Figura 5, el reloj de leclura esla enganchado al de
escritura por medio de un PLL cuyos liltro y amplilicador de anillo =on externos al

Gate Array.

Jan por medio de un decodificador conslituido

Todas las temporizaciones se efecid
por divisores predisponibies, obleniendose todas las sincronizaciones de trama ¥

de sector; el mismo decodificador. mediante GEN. FIN, permile ademas Ia
lemporizacién para el blogue de las direcciones de lectura de la memoria elastica
en los intervalos de liempo en los cuales se deben insertar en la trama los bitios

de servicio.
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Fig. 5 - Gate Array Bit Insertion



RADIO DIGITAL. BIT EXTRACTION

Siameans Telecomunicazioni

Drocurmanto S12-Z3095901 03-TRASS

Ediciaon 2, Octubrea 1991
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RADIO DIGITAL. CARACTERISTICAS

Siemens Telecomunicazioni Documanto S52-23107-107/5
Edicidn 2, Oclubre 1999

CTR 210/1.5
SISTEMA RADIOD DNGITAL A 1,5 GH=

CARACTERISTICAS ELECTRICAS DEL EGQUIPO

COMNTEMIDO:

= 1. CARACTERISTICAS TRANSMISOR RF
2. CARACTERISTICAS AMPLIFICADDOR DE ALTA POTERCLA
I CARACTERISTICAS RECEFPTOR RFE
4. CARACTERISTICAS OSCILADOR LCTAL
5. CARACTERISTICAS PMODER
G, CARACTERISTICAS ALIMEMNTADOR
7. CARACTERISTICAS MUX- DEMUX 222 RMb/s
2 CARACTERISTICAS PROTECCIHOMN 1 + 1 ER BAMNDA BASE
9. CARACTERISTICAS CAMNALES DE SERWVICIHD {LADMD USLUARIC)

a4, CARACTERISTICAS TRAMSMISOR RF
= Folencia de salida (en la salida del
amplificcacior) = 27 dBmn
Impadancia circuilos de entraca O,
salida FRF y monitoria S50 ohmios
- Impedancia doe entrada Fr S0 abwnios
- Miveal nominal entrada FI S5 cBm o+ 1 JdB
- Folencia de salida rmonitoria = -5 dBm |
- Mivel nominal entrada ©_L. + T2 dBm x 1 dB
Limbral alarma 3 dB infericr al mivel nominal de
salida (histeresia aprox. 1 dEa) |
- Adaptacion de salida RF = 22 dB i
Supresidn de la 2 o = 20 dB M)
- FRachazo de imadgoen = 15 dB& (™)

("} Con respeclo a la poradora RF.

192 Ing. Jorge Rodriguez - YT -



RADIO DIGITAL. CARACTERISTICAS

Siemens Telecomunicazioni

193 Ing. Jorge Rodrigue

Drocumoento SR-2107-107/S
Edicidn 2, Qctubre 1991

CARACTERISTICAS AMPLIFICADOR DE ALTA POTEMCIA

Impedancia caracteristiion de los conaclioroes
de snirada, salida vy monilaria RFE

- Potencia de entrada AF

- Patencia salida FF {(en toda la garma}
- Folencia de salida moniloria

- Polencia de salida on saturacicn

- Pérdidas de relorno entrada FFE

- Paérdicias da relarmo salicda BE

CARACTERISTICAS RECEPTOR AF

- Factor de ruido (@n la entrada dal "lronl-and”)

- hAximo nival nominal de entrada FF:
2 hiabds

2=z hMbs

8 M=

- Ganancia RFF)

- Impedancia de antrada RF

E Impadancia de salida Fi

- Impedancla de entracda O

- Adaptacion de enleada RF

- Mival nominal de entrada L
- Umbral BER = 1xi0-3

50 ohmiosa

= + 27 dBEm

+ 34 d8m + 0.5 o8
I dBm >+ 2 dB

= 35.5d8

= 15 B

= 22 JdB

= 2.5 d8

-35 i3m
=35 dBEme
=35 dBrm

3I5.dBm £ 1 s

50 ohmilos

S0 ohirricos

Sohmios '
= 22 dB

+ 12 dBm = 1 dB

{excluidas las pérdidas del sislema de doerivacian):

g P;At.:;i: -87,5 dEm
3 o = -84 5 dBm
] " Mb's -31.5 dBm
- A para 1 dB de degradacidn
del umbral de BEMR ix1003 = 27T dB
CARACTERISTICAS OSCILADRDOR LOCAL
- FPaso de sinlesis frocuencia O.L B2,5 kHz :

= Gama de recuencia (Mota):
- Semigama baja
- Semigama aila
- Estabilidad de frecuencia (8 + 8070

- Mivel de salida
Pl

local; la frecuencia wviroal del QL. os
lrabajan los converlidores de Tx v de Fix.

B77 = TOSD3ATSE MHz
FHE ¢ BOE 93TE M4z

2 10 ppm

+ 12 dBmy & 1 di3

fa frecuencia de simesis 0,1, 22 la recueencia real de trabajo del csciladar
Ia  segunda armdnica a a cuat



RADIO DIGITAL. SENSIBILIDAD RX

Siemens Telecomunicas=ioni

194 Ing. Jorge Rodriguez Mallo- R«

Documeanto H2-2T07-501/5
Edicidn 2, Ocicbre 1991

Tatla 4 - Curvas de BER en funcicn del campo recibldo

Fx3 Mbrs

| Conflguracidn Frac, da 2 Mibvs 2 Mhis BEH
ahifer
{PARZ)
P . s
My redundada 40+51 = -85, 5d8m =25 B =508 c8m
51 ¢ 665 = -0, 2clThm = -3, 7 gy =-81,2 dfm
Heterobao, 1+ 1 40 +51 = B e = -82.5 fdBm =5 -80,% dBm
CON EnE Sivdonn o1 + 65,6 -85, 7 dBm =832 dim =-81 dBm o
= 10
Hol- Skanad-by 40451 =-94,E dBn =-89%,7 dBm 5-50.2 dBm
wisk pralerancial 51 +B55 =-095.4 dRm =84 5 cifEm =-00,5 dim
Haxl- Stand- -y 403 51 % -85 dBm %5-02.5 dBm =80 d8m
vid Seoundana 51 +85.5 = -6 dHm = -03.6 dflm = -81 d8m
Mo redursdsda A0 4 51 =-04,1 4Bm = -52 dBm = . BE{ B
81 < 66,6 =504, 0 = -0 7 dBm = -55.8 (Hm
Helerodres. 141 a0+ 51 =536 dBn = -81.5 dSm =-00.6 d8m
TN NG Bntena 51+E685 =04 3 clfhen =822 difm =893 dBm
= e
Hoi- Stand- by 40 % 51 = 83,2 e =-80,7F dBm =-B7 5 dBm
wim prafecencial 512666 =-38 g3m =-31,5 dEm = :BE.6 FBm
Hat- Band by A +51 = -82.6 ofm = -81.5 dBm =-74.6 d8m
via spcundarks 81848 5-34.6 d8m =-64.5 ddm =746 dim
Mo redundada 40 % 51 =925 dBm = -90,7 dBm =-87 9 dBm
51 455,65 5-893.6 dBm =-91 4 dBm < CBRE dfinm
Haterolnec, 1+ 1 43+ 81 =824 dBm = 51,2 i = 874 dBen
GO U andana GT+ 655 = -£51.1 dEm =-90.% dBm = -f8.1 dBm %
= o
Hed- Siand-tey A0 =51 =-92 d8m = <B84 dBrn = -B4.6 dBm
wiln praforoncial B + 65,5 =-53 17 dEBm = -5 dBrm = -8, 2 dBm
Hot- Stand-by A0+ 51 =04 4 dEn =002 £Bm = -7 ¥ 4 diffm
winl EoCunar 51 +B5. & = A A B =B .3 gBm =-7O_4 dBm
Mo redundods anssr =-81.7 diim = -BR.1 dBm = -BE,7 J8m
51+ 668 =-82.4 dBm =-%0,8 dBm = =BT, 4 FBm
Blaterslres, 1+ 1 A+ 51 =51,2 dBm =-00.8 dBm =-836, 1 dBm
COn una aniarna 51+ B85 =-91,3 dilm = 89,3 diim =-84,1 dEm
= 0E: )
Hal- Stand-by 40 % 51 = -80.8 fEm = -87.8 dBm 5 -A5.4 dBm
vin prataramcial 514688 =-01,6 <Bm =BG dBm = -8G5 dBm
Hat- Stand-tiy 40+ 59 =-81,2 dBm =786 dBm =02 cEm
Vi secundaria 51+ 885 =822 diln = < THE dBm =-06,2 d8m
Sigue
- ROVET -




RADIO DIGITAL. SENSIBILIDAD RX

Siemens Telecomunicazioni

Conlinuacidn

Documento 52-2107-501/5
Edicidn 2, Oclubre 1991

Configuracidn Frec. de 2 Mb/s 2232 Mbis 2 Mb/s BER
shifter
(M=)
Mo redundada 40 £ 51 = -90.5 dBm =-88.2 dBm =-85.4 dBm
51 + 65,5 =-91.2 dBm = -85.9 dBm =-858,1 dBm
Hatarofrac, 1+ 1 40+ 51 = -390 dBm =-A7.7 dBm =-84,9 dBm
COon una antena 57 + 65,5 = -890.3 dBm =-B7 .6 dBm = -84.8 dBm
= 107
Hot- Stand—by 40 =+ 51 =-89.6 dBm =-86,92 dBm = -84,1 dBm
via prefercncial 51 <+ 65,5 = -90.4 dBm =-B7.6 dBm = -84,9 dBm
Hot- Stand-by 40 + 51 = -80 dBm = «FF. 7 dBm =-74.2 dBm
via sacundaria 51+ 855 = -81 dBm =-78,7 dBm =-75.2 dBm

195




RADIO DIGITAL. SENSIBILIDAD RX

Siemens Telecomunicazioni

Documentio 52-2107-501/8
Edician 2, Ociubre 1991
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Fig. 123 - Curva de BER a 2 Mbis
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Siemens Telecomunicazioni Documenta 52-2107-501/S
Edicidn 2, Oclubre 1991
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TRANSCEPTOR DE DATOS. EJEMPLO

e ) i Non-ETSI

LEOR 4005 a
LEDR 9005 o
LEDR 14015 1330.1
LEDR Protected

LEDR tional T1AE]
Interface

E MDS.. . Gilohal wireless solutions. Industrial Wirsless Ferfermance.
For nearly two decades, Microwave Data Systems [MDS] has boen providing highily
FEATURES secure, industrial strength mission critical wireless communications solutions for o

broad spectrum of public and private sector clients worldwide. With an installed basa
approaching 1,000,000 radios in 110 countries, MDS offers bath licensed and
Fiee soalulions wWith applications in SCADA, telematiy, pilblic safely, Bales o mi
and anline Transaclion marksts

= Freqguency Range: 330 MHz to
512 MHez, BOO MH: b 960 MHz,
or 1350 MHz to 1535 MH:z

= [Data Rabtes; Scalable from 64 kbps
to 768 kbps APPLICATIONS

+ Spectcaky Efficient: Salactable = Polint-to-peint transmission applications
G QA 33 QAEL 8 DRR or GRSl « Cast efféctive thin route applications

= Emcellent Sensitivity: Better than

102 dBm @ 10-6 BER at 64 kbps = Long haul telecommurcation links
= Adwvanced Modem Features: FEC, = Cellular backhaul
Irtisr =mvmr and Adapiive Equalizer = Last mile links
#= Front Panel Displays for Easy = Trunked radio
Maintenance and Link Monitaring s SCADA
=  Huilt-in MMS Element Manager
= SPHMP Metwork Management for Product Dverview
Fault, Canfiguration, Performance The few subrate LEDR microwase radio Family provides foll doples, scalables bandwidth
aned Security Managemeant and capacity from 64 kbps to 768 kbps in o 2000 kHz chonnel. These radios are designed
= Integrated HTML web server allows to operate In a point-to-point environment with a wide range of applications. They are
nebwark wide management via the especially effective for telecommunications access and transport links, wireless back-
"yt ey bomes for SCADA systems, and For Ushe as backhauls to extend existing Celacommunica
- . " . tion chanmeis. The subrate LEDR microwave radio is designed to connect to any industry
= E:'“ ""'9*"”“ B p- LN SR i standard EIA-S30, V.35, fractional T1 ar BT source
EL TS
= Local Loopback and Remote
Loopback

= B Relay Alarm Contacts per Radio

= DTMF Compatibla Ordersine

=  Opticnal interfaces For direct con-
nection (o Fractional T17E T circuirs

= Optiornal 1+1 hot stamdby protectad
configuraticn

= Opticaal space diversity
configuration

= Opticnal integrated voice/data
multiplexer

* Cansult Factory

induserial/wirslsss/parformsances

MMDS 2

198 Ing.



TRANSCEPTOR DE DATOS. EJEMPLO

LEDR™ Subrate Series Specifications

e el 8 A s Db
Froquency Rarges
LEDR: 4005

LEDR 900%

LEDR 14005

RE Occuplied Bandwidl b
ser Data Hatcs

1350~ 1535 MHz
25, 50,700, and 200 kKHz
64 kbps, 128 kbps, 256 kbps,

Madulation Typs

B4 CRARS, 32 AM, 16 QAM, OPSK

FEC Rerwed Sodarnan

Tanmpad atune: Rarge —10*" o 50" C
Hurmidity S8 SR - Condensing
Woltage Range 12

v A
Prear oo st s

Wole (vl st eroal pnwtr :Isl.hr.'-plﬂ [EdekA]

Vi, or c48 Vo (22

HMoan-Pratected, =0 G0 bW p!::llﬂ. Euaady =C

IEA kbpw, 512 khps, FER khps Shiw GG (TUY = 4B|.rr| = FOerm
A.F5im = B4R X
Syalom Parformmsnos
_ 25 kHx 50 kM= 100 KHE 200 KHz
e, cverbiead F P Ehps TLY kbp= WL kb HIHY khps
G4 kbipas 128 kbps e FEE kbps
R Caidil Sensilivily
(10" BER) (16 k) 'ICII-JI dBim 1 I.'ICI- uBm a2 ?.d.Hl.ﬂ- : 92. -\.IBn:
System Gain 3 -
(05 BER) [ 16 QAR T34 cFEA T471 A 108 ol ¥T23 ok
PGl lan Ty Threshald DIFferential System Galn DIFFferential Floymmalized Bamd sl dth Harmallzed Rats
| For Fixed Rate For Fixed Bandwidth
=15t - 3 -3 dB | - - - s
16 QAR o ais 0 dE 1.0 1.4
S A AR v 1.5 dH v EL 5 e o 20 1.5
A A A e via B ik 7 1,560

Tramamiiitor

Proerier Clast paat
WL dmi Lo pras

1, Receiver opnsitiviry cper =, foar 10! RER are typicaliy 3 dA beroec

w51 diEm {16 QAM]
+ 30 dBrn i3] QAM]'I

" Consult Factory

+ 25 ofbm (i AR AoGeERaTios
Cutput Control Hange 10 stops of up to 10 il P02 A0 Var , SOVYED He Power Saupgly
Frapuasncy Stability 1.5 pywmi Ol wire Hamdser
LGpruficsss Duluks =50 dBc G.FO2 120 Dhms 1o 75 Ofns Dalun

FEe o wesr

Residual BER
Dynamic Range
Imtarfnces

Dates

E3r s i

Data Serwvice Charnroesl
Elfmrraet MPS
Cerrimesie Pt

Mlarims

=1 x 1019
=65 dB

EIA-SA0 £ 6, 70 [oprion mvailabie]
MY capatile

RS-ZR 2, ANO-DEDE L

10 Bame-T

RS-Z3Z, 300 bps e | 157 kbhps

A prirop aanrnable aulpuls,

o bl
ConTiguration
Tatal hize

Z % LEDR radios, connectod wa provected switch bos

2 w1

Transmit Branching Loss L 2]
Recwivn ranching Loas S odis
Hitlams

Hecareve Sweilehong

Bgency Approvals
LEDVR 4005

LEDME SO0%

U high = 1T % 2 HLLhigh

Tranmmiswion. FOC Pare ‘31.'! Il' RSS-113
Fod 15

ERT

ETS 3000 185

Transmis<ion: FCL Part Ii,'!lI M RSS-11%9

ErC:

FOC Pare 15

A paroicpr smrrsbde npet s

4
S0 Ohms impee dsnces LEDR 1400%

Transmission: ETS 300 &30, MPT 17 17, Class 3
Emwiroaymentsl: ET% 200 019, Class 3.2
EMLC: ETS 300 285

Talfptyr UF Mark

AntErnes

D Rien

Space Diversiky

Hir - standby Protected

Bandwidbh Upgrade Kits fconsult Bactory For debails)
Bandpass Duplesers

Intmagrated alt e i [wpa weparate apedsitications mhemi}

LEDR Fractional T17E1 Interface Card

Gencial Spocificaiions
Larver raala

Chuarirmel Saee

Data Rata

TI [1.544 pMbyrsl; E'1 [(Z.048 Mirpm]
F00 kHz
FEE kbhps (12 % B4 kKbhps)

Metworkh Managoaent
Lecal LED Erdecatars Fraae Pasnel LED stabus irdicatn; Powier, A bivie,

Gereral Adacos, Be Alarm, T= Alarm, BT A s,

Fromt Fanel LOD EFbspulay B kF?’D—H-ﬂ For mansgement of locat Framing SE, ESF [T 1) FAS, CAS, CRC (E1)
rabrmcaln vadio. Shgrialing HBS (T 1k Time Slot 16 CAS (E1)
Elaamrant P oo dnge i Full rmaamagenent of LEDR nelwork wia Lire oo AR, HAFS BFES (T 1k A, Hira2 {E1)
cammand lne oterface. Iritesr Facim RISRL Malanced Interface

MM ManasgeEment Fusll IP-Gaserd management of LELHE aetwork
and SHMP-cnabled peripherals via cusbom
moterprias MIB

Full iIP-bhasnd management of LEDR network
and web-enalled pergrhe cals via any web
browwser (g, Metscape'™ o internet Uxplorsr ')

190 OfFpns (T 8], 120 Ohoas (E 1]

Phywsicsi
T 1524 cm w 12.7 cm [B inx S i)
ConTiguraticon Dprion card, fitted interns o LEOR chassis
Anrmilabilivy Froactionsl Tl: LEDR AD05%, LEDR S00%,
LEDR 14005
Fractamnal El. LEDR 4005, LEDR 9005,
LEDR T80

MOS produrts ars memefacred wnder & gualsty aya!
150 200 b, MOS reces e megiet o make Chang
e i Gata <Rl ar any
ur higation o moHly sny persan of such charmes

HEMEL Wanbsnerver

Micbowave DatTe SyarTems Iso,

VTTh Sriener PaAnKtray

Rocupaten, Hrw Tonk §4670, WSA
Pucue (SB5) ZAZ-SE00

FPax [SW5] Za4Z-F620 Lok
B 2004 MOS Inc. (Parg Ho. LEDR Subratel SLOOED fev. §, 051 1-0%

industrial/wirslessz perfarmancs

19¢ %
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EAII-INTRODUCCION- EL RECEPTOR DE RADIO

FILTROS DE RF
»LC
» RESONADOR HELICOIDAL
» CAVIDAD
» CERAMICOS
» CRISTAL

P MECANICOS

200 Ing. Jorge Rodriguez Mallo- Reference, date, place



FILTROS COMPARACION DE RESONADORES

[muRata] Ceramic Resonators ("CERALOCK™) Information FPage

following table.

The features of each type of resonator

Initial
Name Symbol Price Size Adjustment |frequency
tolerance
LC + o, « |[INnexpensivel|lLarge] Necessary +/-2.0%
CR Ty :’ Inexpensive|Small] Necessary +/-2.0%
Quart= e
crystal —‘ — | Expensive |Large|Unnecessary 0.001°%%
resonator
Ceramic | . : = =
el ‘ Inexpensive|SmalljUnnecessary| +/-0.5%
| Site Map | History | Terms of use | Privacy — _ —

Policy |



FILTROS. LC PASABANDA

LC Filters for HDTV and VCR / 4FFH / ##692CF-0152

Page 1 of 1
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30 kW UHF Band-pass D-MasK™ Filters

for DTV Broadcast
« Muiti-Mode
«  Low insertion Loss
. Superior Rejection
Tarnperaitre Cornpensated
Lightweight Aluminnam Construction
Compact Size
Low v5WR
Average Powers fo 30 kW

D MasK Series DTV Bandpass Filters

Andrew has recently revolutionized the DTV filter markat
with a temperature compensated. miced mode, band-pass
filter to meal the latest FOC performance specifications.

These paterit pending fifters are the rmost practicsl This filter uses patented fechinclogy to suppress

sofution for single amplifier instalfations. Modular system umyanted spurious signals to desirable levels while

desigr econormically preserves your exparision opiions, compensating for drifts in tempeature due to RF heating
and ambient changes.
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Applications and Data of SAW Resonator

W Apypication
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2opoort typa

1ot SA0% RESOMNATOR s basically a 2 termunal desvios
el it s lon s sherdlar Bo thal of uare bolk siaa
TESONEkr Of CRrannc rasonator RMost of he appdication
circuit i Colpitis or strlar type thal cin be made with ke
oosl 1-por] SAW RESONATOR m alvo spsphicable o WO
Ovoltagye Cotirodiact ORcillabor ) apeication

Fopot SANY RESOHNAT OR [ a ki off wary narmoas’, ey Boss
band-pass fiter Oscilation arcull s mosily ke 5 RF
armplilies with feedback ko

SARCC sartes s 1-port 500 RESOMNAT O L alar
appicathon dala s oscllathon croul by 1-port S8
RESOMNATOR

W Basic structure of T-port S0 RESCMA TR
1-paart SA RESOMAT QR huas cwse DT {ntes Ceepital
Transduscor) . wich gomnaeratos ard reooives SAM . ared fwo
gEating reflectons, wihhch raflect SAWY and generato a

Sl wiired Wit d Bratuwaort had Peaos rofloctors, DT
refléciors are fabncated on guarts orystal subsirate by
Pkt aplec PrOcdEs . Ol gl of e solvatrste shall
b selacied carafully. SAW RESOMATOR clap s
encapsulad N & Coranic package

W Test Circint

e
L Lo
saw{mal ; fjf‘ bl
(i -'-l-‘ e d

W Transmission Characiensnes of 1-port 5AW RES0OMNATOR

SRR O AT GRS X T SR O AR RPATFEN D
. i___— —— e b S ———_ e s
—— ™ o
@ S , Y
o . ED 3 o g = - L
o i = oRem : & amkm
H iy w S g k5 el ol
i ap i i [ % i Pl i
e} — -
S i e 7
i e o - i
‘D: el i el o
T T el TR T s ABA T FTTT Tl e ey FrriT ana
Fmoaancy ATy F rscrom e p (B

Cmenam el oo ke Folbomrmyg pegs m

213109 :



214 Ing

SEubdobm Pl ool TR G nc T TRIEM [ Sho et cared oo vk vt foy, o o e 00 GRan T, RR el i i s P Covbngl B DTt il e kEnd Snessn Berhngs ok

Th e b by Do vl Las b g s DR Lo, T DCoiie P, ok i dnC e armiond e i fuich e ot £ i W e ARCecs 0 0 Wi et | e o imadn o buta il Womd o o] e i i s iy A 0 G

SAVV Resonators

SARCC Series
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Home = Ceramic Resonators (' CERALOCK"™) = Principles = Vibration Mod:

A piezoelectric element is a resonator using the mechanical
resonance of piezoelectric ceramics. The vibration behaviors (mode
vary depending on the resonant fregquency.

T he relationship between resonant frequency and vibration mode c=
be summarized in the following table.

| Vibraning mode

Tk 10K 100K 1A 10M  100M 16 AppRcason

e e e e
Lia =)
| Pinroaioctric burzor

———— Lersgih mada
;ﬁ _—. HFy Cormrmic fiflsr

A G =

Hz Ceramic fikar
-::1’} Thickress dxpansion MiHz Ceramic resonalor
r’/ 1 / | I
* 1
/] Surtacd Acoustic Wave .
] T
¥
f g Ej | BGES Wave'SH Wase FF trap |
[( il | HIF Conrarmbs resscrstor
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The differing vibration modes provide the following characteristics:

1. Flextural vibration
VWibration in bending directions.

2. Length vibration
Length vibration that expands or contracts a thin plate.
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How mechanical filters work
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Seven-resonator torsional mechanical filter

The principles of operation of a mechanical filter are guite simple. By analogy,
electrical tuned circuits are replaced by mechanical metal alloy resonators, and the
coupling inductors are replaced by stff coupling wires, as shown in the filter drawing
on thiz page. An electrical signal applied te one of the filter's ports will produce an
wlectrical fimld across the piezoelectric transducer. This causes the transducer
rezsonator, to vibrate in torsion. The mechanical vibration s coupled from resonator to
resonator by means of the coupling wires, Vibration of the output transducer causes a
filtered voltage to be generated at the filter's output port.

Types of Mechanical Filters

Rockwell produces three types of mechanical filter. These are a torsional mode, a bar
flexural mode and a disk flexure mode filter,

The torsional mode filter uses rods that vibrate in torsion. Electrical energy s coupled
in by means of a plezoelectric ceramic ransducer into torsional motion, We build these
Filters with center frequencies from below 100 kHz to above 700 kHz.

Bandwidths range from .05 te 5 percent of canter frequeancy, Designs can have as
many as twelve poles.

- m— -

Bar Flexural Mode Filter

The bar flexural mode mechanical filter is used for low freguency designs. The
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available center frequency rangs is from 5 to 100 kHz and bandwidths of .2 to 1.5
percent,

Disk Wire Filter

Disk wire filters use a drumhead mode of vibration of a disk, While these are na longer
designed, we still produce many of the 2000 designs created over the years.
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Application Range

Our englnesrs are prepared ko design filkters for vour specific applications. The centar
frequency range of torsional filters is from wunder 100 kHz to over 700 kHz with
bandwidths as low as 0,02 percent and as high as 5 percent af the center freguency.
Bandwidths above 1 percent may require tuning inductors in the termination circuit.
The inductor-less filters simply reguire a specified parallel capacitance and resistance
for proper termination as shown in the typical test circuit. We design and manufacture
fFilters that have as few as bwo resonators and as many as twelve resonators.

Please provide us with vour frequency, phase or delay response requirsments, and we

will quickly give you an estimate of the complexity and characteristics of a mechanical
filter that will do the job.

The FP and PS packages will enclose up to 2 resonators and the LP and PL packages
will enclose up to 12 resonators. The FP and LP are hearmetically sealed metal
packages. The PS and PL are non-hermetic plastic packages. Smaller plastic packages
are available for owo resonator filbers., A surface mount package is also available
similar to the PSS package in size.
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Ripple

Insertion loss

Delay

Intermodulation distortion
Shock and vibration
Phase matching

Packages
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Selectivity

Rockwell Collins builds filters from bwo poles to 12 poles; sefectivity s a function of the
number of poles and the type of design. The adjacent figure shows the selectivity for

a .01 dB Chebyshev design with 3, 5, 7, 9 and 11 poles. The 3 dB bandwidth of all the
Filters is 3 kMHz,
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The cloeser a design is to a Butterworth function the greater its stability but the lower
the selectivity, For opbtimum stability, Rockwell Collins designs all filcers of more than
threa poles with designs ranging from Butterworth to .05 dB Chebyshev.

The filters are designed using theoretical models with ripple less than .05 dB. Actual
ripple, due to process variations, will be higher. A typical Low-cost filter has room

temperature ripple of less than 1 dB. Ripple over temperature is conservatively
specified as less than 3 dB.
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Ripple iz defined in several ways, The definition we use most often iz the difference
betweesn the minimum loss and the lowest dip within the passband. Using this method
a monotonic round top filbker would have O dB ripple. A second method to define ripple
iz fram the highest o lowest points within a specified frequency range, A cthird
method, which is never used by Rockwaell Collins Fifter Products, is to use the largest
adjacent peak to dip value. This meathod understates the true ripple.

Insertion loss

Insertion loss, for our torsional series, s typically two dB or |less for filcers with a
bandwidth of greater than 1000 Hertz, Filters of lesser bandwidth can have insartion
losses that are several dB higher. Loss will increase with temperature, nearly doubling
at B5°C.
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Delay is also a function of the number of poles and type of design. A Chebychev filter
will have more delay than a Butterworth filcer. The delay for a 32 dB bandwidth .01 dB
Chebychev is shown above for 3, 5, 7, 9and 11 poles.

Crelay compensation can be achieved by bridging across two resonators within a filber.
This is shown in the plot below.
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COLLINS TORSIONAL MECHANICAL FILTER

7- POLE DESIGN

ELECTREICAL CC TO +60°C
VALUE TOLERANCE

CENTER FREQUENCY 455,00 kHz £ 0.09 kHz
BANDWIDTHS

F2H - F3L 0. 200 kHz + 0,06 kHz

F&0H - FEoL 1.000 kHz .
PASSBAND RIPPLE 3.0 dB i
vserTION LOSS 10.0 48 s
STOPBAND

355 kHz to FEOL 60 4B i,

ES0H B 555 kHz 50 4B miin,

MNOTE: The maximum signal input voltage is 1.0 volt RMS,

14101 MYFORD ROAD, 526-8733-010
Enginesr: 0. P. Havens Filber Ty SYM Rev. Ltr. B
Approved: L. G. Cornett FSCM No.: 2X481 Date: 5-27-88
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ENYIRONMENTAL REQUIREMENTS:
OPERATING TEMPERATLRE RAMNGE: 07 to FEON0
FOM-OPERATIMNG TEMPERATURE RAMNGE: 307 to +85°0

VIBRATION:  MIL-STR-202, Method 204 10G's, 10 Hz to 55 He

SHHOCK: RAIL-STE 2002, Method 2438, 50 G's, 11 ms, half-sine

MECHAMICAL REQUIREMENTS:

GO S TR TIC SHaphed, Mon-Hanmelic
CASE STYLE: =]
PSRRI

Heckowell Codlins Part Mumter
Date Code

TEST CIRCUIT:

MECHAMNICAL FILTER
2k 0
ey IN/OUT QUT/IN
- 1%
GND. 2k &
@ == 30 pF 30 pF ——= + 1%
4+ 3 pF + 3 pF

NOTE: 30 pF Includes any board stray capacitance.

ROCEWHELL OO LLINS

CTeRPROOUCTS 526-8733-010
La: 01 M PRI ROAL TLISTIN, 28 9ETE0
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