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FACUL TAO DE INGENIEAIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

CENTRO DE INFORMACIÓN Y DOCUMENTACIÓN 
" ING. BRUNO MASCANZONI " 

E1 Centro de Información y Documentación lng. Bruno Mascanzoni tiene por 

objetivo satisfacer las necesidades de actualización y proporcionar una 

adecuada información que permita a los ingenieros, profesores y alumnos estar 

al tanto del estado actual del conocimiento sobre temas específicos, enfatizando 

las investigaciones de vanguardia de los campos de la ingeniería, tanto 

nacionales como extranjeras. 

Es por ello qu,~ñe.;,a~osición de los asistentes a los cursos de la DECFI, 

así como del ~úJ¡¡~~nera111os siguientes servicios: · 
; !~]li ~~0~;, 
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1
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1 1' 11 . ""l 11 L,.."""'' &1; :'CO. 

• Préstamo' extei{,o.L.,: '• !J " ~ !;] 0,.'--1:::, ( 
i iljl;¡¡¡¡¡,¡l:l'l~fi:'llljl{& ' '"' 
~ P~~~.m~¡ i1n~[blilb11i11~tr~c1 a,ri~-~·¡- ~,;.~ ~'\\ . 
~ Serviá!§ ciMó~9cópi3:'do! · ~~ f;tfl~ ~~ . 
1 ·""', ~ ~: .-,}¡;.;) 0 .... ~ 1¡.¡, DI.~,¡ JI ~-~':Y"-o 
• Consulta la·los l)ancos,decdatos:llibrunam;·seriunam en cd-rom. 
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. i ~~~1; ¡L:~ 1 ~)h0 ~~r¡:::G<- . ~- ~W(:~ 
Lo• m•te••••¡ ·~·····""'"'''"51' ~'"'"' o~t~nr ' QDII!l!IJ ¡¡; 

- i , ~~-.Bts - n ~~~~~@-- · ~ ~ ~t~-ri~ ~[¡¡ 
• Tesis·de·p_o§grado:, )(o ~·, 1 ~-1111 h ¿6t!l tJ1:lS1 : ~---.""1 :..Ji' b,-! '1 ¡1 . 1 2.-2- lj- ' ~ 
• Publicaciones periódicas. d. · -
L- Publica·ci~·la~demia Mexicana de Ingeniería. 
= • Notas de los cursos que se han impartido de 1988 a la fecha. 

En las áreas de ingeniería industrial, civil, electrónica, ciencias de la tierra, 

computación y, mecánica y eléctrica. 

El CID se encuentra ubicado en el mezzanine del Palacio de Minería, lado 

oriente. 

El horario de servicio es de 10:00 a 14:30 y 16:00 a 17:30 de lunes a viernes. 

Palacio de Mineria Calle de Tacuba 5 Primer piso Oeleg. Cuauhtemoc 06000 Mexico, D.F. APDO. Postal M-2285 
Telefonos: 512-8955 512-5121 521-7335 521-1987 Fax 51G-a;73 521-4020 AL 26 



FACUL TAO DE INGENIEAIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

·A LOS ASISTENTES A LOS CURSOS 

las autoridades de la Facultad de Ingeniería, por conducto del jefe de la 

División de Educ:ación Continua, otorgan una constancia de asistencia a 

quienes cumplan con los requisitos establecidos para cada curso. 

Con el objeto de mejorar los servicios que la División de Educación Continua 

ofrece, al final del curso "deberán entregar la evaluación a través de un 

cuestionario diseñado para emitir juicios anónimos. 

Se recomienda llenar dicha evaluación conforme los profesores impartan sus 

clases, a efecto de no llenar en la última sesión las evaluaciones y con esto 

sean más fehacientes sus apreciaciones. 

Palacio de Minería Calle de Tacuba 5 
Teléfonos: 512-8955 

Atentamente 
División de Educación Continua. 

Primer piso Deleg. Cuauh!émoc 06000 México, D.F. APDO. Pos !al M-2285 
512·5121 521-7335 521-1987 Fax 510·0573 521-4020 AL26 
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GUÍA DE LOCALIZACIÓN 
l. ACCESO 

2. BIBLIOTECA IDSTÓRICA 

3. LIBRERÍA UNAM 

4. CENTRO DE INFORMACIÓN Y DOCUMENTACIÓN 
"ING. BRUNO MASCANZONI" 

5. PROGRAMA DE APOYO A LA TITULACIÓN 

6. OFICINAS GENERALES 

7. ENTREGA DE MATERIAL Y CONTROL DE ASISTENCIA 

8. SALA DE DESCANSO 

SANITARIOS 

* AULAS 

DMSION DE EDUCACION CONTINUA DIVISIÓN DE EDUCACIÓN CONTINUA 

' FACUlLTAD DE INGENIERBA U.N.A.M. 
CURSOS ABIERfOS 

• 



DIVISION DE EDUCACIOi\ COi\TINL\ 
FACULTAD DE INGEi\IERIA, Li\.-\;'\1 

CURSOS ABIERTOS 

01VI$1ÓM DIE (01/CACIÓOI CootliNU" 

(ESCALA DE EVALUACIÓN. 1 A 101 

CONFERENCISTA DOMINIO USO DE AYUDAS COMUNICACION PUNTUALIDAD 

DEL TEMA AUDIOVISUALES CON EL ASISTENTE 

ADR/AN MAGAÑA C/SNEROS 

Promedio ----
EVALUACIÓN DE LA ENSEÑANZA 
CONCEPTO CALIF 

ORGANIZACIÓN Y DESARROLLO DEL CURSO 

GRADO DE PROFUNDIDAD DEL CURSO 

ACTUAUZACION DEL CURSO 

APLICACION PRACTICA DEL CURSO Promedio ----

EVALUACIÓN DEL CURSO 
" 

CONCEPTO CALIF 

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

CONTINUIDAD EN LOS TEMAS 

CALIDAD DEL MATERIAL DIDÁCTICO UTILIZADO Promedio ----
Evaluac1ón total del curso ____ _ Continúa ... 2 



1. ¿Le agradó su estancra en la División de Educación Continua? 

SI NO 

Si indica que·"NO'' drga porqué: 

2. Medio a través del cual se enteró del curso: 

Periódico La Jornada 

Folleto anual 

Folleto del curso 

Gaceta UNAM 

Revistas técnicas 

Otro medio (Indique cuál) 

3. ¿Qué cambios sugenria al curso para mejorarlo? 

4. ¿Recomendaría el curso a otra(s) persona(s) ? 

SI NO 

S.¿Qué cursos sugiere que imparta la Divrsión de Educación Continua? 

6. Otras sugerencras: 



FACULTAD DE INGENIEAIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

MATERIAL DIDACTICO 

DEL CURSO 

CABLEADO 

ESTRUCTURADO 

NOVIEMBRE, 2000 

·¡;¡,¡;,c¡o de·M·;nér~a Calle de Tacuba 5 Priml!f piso Deleg. Cuauhtémoc 06000 Méx1co. D.F. APDO. Posta11H285 
Teléfonos: .. 512~955 512·5121 521·7335 521·1987 Fax 510-{)573 521-4020 AL 26 
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Dtplomado l!n Redes de Conlpwadoras y telecomumcudones · 

DIVISIÓN DE EDUCACIÓN CONTINUA DE 
LA FACULTAD DE INGENIERIA. 

DIPLONlADO EN REDES DE 
\ 

CONIPUTADORAS Y TELECOl\fUNICACIONES. 

Cableado o 
(lngenietia y Certificación) 

Coord. Académico: Ing. Saúl S. Magaña Cisneros 



a. e d 1 1::..&... ...... --L. (Dg:t ¡j¿( y Ce fñ ·', ~ t:)~ u 1 111 

PRESENTACIÓN: 

En la actualidad empresas y 
organismos utilizan sus equ1pos de 
computo mterconectados en redes y 
a su vez estas redes conectadas a 
otras redes y a Internet. En el 
surgimiento de las redes locales de 
computadoras la tecnología utilizada 
en los medios de comun1cac1ón no 
era tan rígida ni podla ofrecer el 
potencial de las del día de hoy. En 
un s1stema de Cableado 
Estructurado modemo ex1sten 
muchas consideraciones técn1cas 
de diseño, de rend1m1ento' 
económicas, de mercado, d~ 
nomnas, etc. Por lo que es 
trascendental que dentro de un 
diplomado de esta naturaleza se 
dedique un modulo al estudio 
completo de los med1os tlsico de 
comumcación en una red de 
computadoras lo que se ha 
denotado Cableado Estructurado. 

En primera instancia Cableado 
Estructurado debe concebirse 
como el . establec1m1ento de los 
medio de comunicación integrales 
que cubran las necesidades de 
empresas y organ1smos. Cableado 
integral que debe contemplar datos, 
voz e imagen con los anchos de 
banda y velocidades adecuadas 
además de tener un crecimiento 
modular. 

Desgraciadamente en mercados 
como él nuestro todavía hay 
empresas que hacen inversiones en 
un cableado para voz y otro para 
datos y ni siqUiera contemplan la 
posibilidad de transmisión de video. 
De aqui la importancia del 
conocimiento de la tecnología de 
Cableado Estructurado 

En este curso se analizaran las 
nomnas internacionales que regulan 
el Cableado Estructurado, se 
definirán las reglas de ingenierla 
para el diseño de sistemas de 
Cableado Estructurado, se 
estudiarán las diferentes opciones 
que el mercado mex1cano ofrece y 
se definirán los mecanismos de 
diagnostiCO y cert1ficac1ones del 
Cableado Estructurado 

OBJETIVO: 

Lograr que el participante sea capaz 
de diseñar, Implementar y superv1sar 
un sistema de Cableado 
Estructurado cubriendo la· 
transmisión de voz. datos y video. 
Así como el establecimiento de los 
criterios de certificación de un 
sistema de Cableado Estructurado: 

A QUIEN VA DIRIGIDO 

A ejecutivos, profes1onístas; técnicos 
y personas que por sus necesidades 
profesionales, requ1eran diseñar 
implementar, superv1sar: 
diagnosticar o certificar un s1stema 
de Cableado Estructurado 

Al personal técnico administrativo 
de toma de decisiones en 
proyectos de infraestructura de 
comunicaciones de empresas u 
organismos 

REQUISI~"[QS 

Los participantes que 
sustentando el diplomado 
cursado los módulos 1 y 11 

estén 
haber 

Para. los participantes que tomen 
este modulo como un curso abierto, 
es necesario tener un buen nivel de 
conocimientos en redes de 
computadoras sobre todo en las 
tecnologías de comunicaciones. 
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TEMARIO 

¡;¡ 1. INTRODUCCIÓN 
""' Que es el cableado estructurado 
-'1' Venta1as y jusnficacones de un 

SIStema de cableado estructurado 
~ Conceptos de cableado 

estructurado 
-':: Funconahdad y tecnologías 
-':: Necesidades actuales y futuras 
~ Normas rntemacwnales 
~ Normas amencanas 
A Normas europeas 

¡;;¡ 2. TECNOLOGÍAS DE REDES Y 
MEDIOS DE COMUNICACIÓN 

""' Tecnologías de Redes " A Elhemet. Fast Ethernet, Giga 
Ethernet 

"" Token Rmg, FDDI 

""' ATM o 
A Tecnologías de Cableado ·o 

""' UTP categoría V y VI 
A STP 
A FTP v 

-':: Fibra Optica 
A Medios mult1pares 

¡;;¡ 3. ESPECIFICACIONES Y 
DISEÑO 

A Parámetros de Rendimiento e• 

• Atenuación 

• Paradiafonia 

• Gráficas ACR 
A SubSistemas 

• Vert1cal, Honzontal. Campus. etc 

• Glose! de Telecomunicaciones 
"Site" ..,. 
Puntos de acceso 

J> Dificultades del amb1ente 

""' Distnbución de rutas 
-1 Defimcrón de rutas del cab • ...: 

"" Distnbución de Metg1a v 

"" Panel de parchéo . e 

"" Terminadores 
.!<lo Cordones ópticos 

""' Consideraciones para la e 

transmisión de Datos 
J> Consideraciones para la 

transmrsrón de Voz 
"el Consideradories para la 

transmrsión de Video 

¡;;¡ 4 DIAGNOSTICO Y 
CERTIFICAION 

.!<lo Verificaaón de conexión de la red u 

"" Venficación del sistema de V 

cableado 

"" Topología e identificacón ' 
.!<lo Medicrón de paradrafonra y u 

atenuacrón 

""' Hojas de control 

""' Certificacón ,• 

Q 5 ANALISIS DEL MERCADO 
-':: Princ1pales Fabricantes 

""' Caso de Estudio 

""' Análisis de Costos u 

•. 



Diplomado en Redes de Computadoras(LAN, W AN y GAN) Modulo IV 

DIPLOMADO EN REDES DE 
CO:MPUfADORAS (LAN, WANYGAN) 
CABLEADO ES1RUOURADO 
(INGENIERIA Y CERI'IFICAOON) 
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DIPLOMADO EN REDES DE 
COMPUTADORAS 
(LAN, WAN y GAN). 

MODULO V 

CABLEADO ESTRUCTURADO 

(INGENIERIA Y CERTIFICACION) 

1"' 

1-2 
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CABLEADO ESTRUCTURADO 

EXPOSITORES 

• ING. SAUL S. MAGAÑA CISNEROS 

• ING. WAN C. MAGAÑA CISNEROS 

• ING. GABRIEL PRADO 

• ING. ADRIAN MAGAÑA CISNEROS 

• ING. VICTOR MANUEL RIVERA CONTRERAS 

Ing. Certificados en Sistemas de Cableado 

! -_, .. 



PRESENTACION 

En un sistema de Cableado Estructurado moderno 
existen muchas consideraciones técnicas, de diseño, 
de rendimiento, económ1cas, de mercado, de normas, 
etc. 

1-4 



PRESENTACION 

En este curso se analizaran las normas internacionales 
que regulan el Cableado Estructurado, se definirán 
las reglas de ingeniería para el diseño de Sistemas de 
Cableado Estructurado, se estudiarán las diferentes 
opciones que el mercado mexicano ofrece y se 
definirán los mecanismos de diagnostico y 
.certificaciones. 

1-5 



ORIENTACION 

. A ejecutivos, profesionistas, técnicos y personas que 
por sus necesidades profesionales. requieran diseñar, 
implementar, supervisar, diagnosticar o certificar un 
sistema de Cableado Estructurado 

1-6 



CABLEADO. ESTRUCTURADO 

TEMARIO 
• 1. Introducción 

'1JQue es el cableado estructurado 

'1JVentajas y JUStificaciones de un sistema de 
cableado estructurado 

'1JConceptos de cableado estructurado 

'1JFuncionalidad y tecnologías 

'1JNecesidades actuales y futuras 

'1JNormas internacionales 

'1:Normas amencanas 

'1:Normas europeas 

1-7 



CABLEADO ESTRUCTURADO 

TEMA~ lO 
• 2. Tecnologías de Redes y Medios de 

Comunicación 
'1!Tecnologias de Redes 

'1!Ethemet. Fast Ethemet, Giga Ethernet 

'1!Token Ring , FDDI 

-1JATM 

'1!Tecnologias de Cableado 

-1JUTP categoría V y VI 

n 
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CABLEADO ESTRUCTURADO 

TEMARIO 

• 2. Tecnologías de Redes y Medíos de 
Comunicación 

~STP 

'1JFTP 
'1!Fibra Optica 

'1!Medios multipares 

1-9 



CABLEADO ESTRUCTURADO 

TEMARIO 

3. Especificaciones y Diseño 

'1!Parámetros de Rendimiento 
• Atenuación 

• Paradiafonia 

• Gráficas ACR 

'1!Subsistemas 
• Vertical, Horizontal, Campus, etc 

• Closet de Telecomunicaciones "Site" 



CABLEADO ESTRUCTURADO 

TEMARI.O 
3. Especificaciones y Diseño 

'11Puntos de acceso 

'11Dificultades del ambierne 

'11Distribución de rutas 

'11Definición de rutas del cable 

.15Distribución de energía 

'11Panel de parcheo 

'11Terminadores 

... 
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CABLEADO ESTRUCTURADO 

• TEMARIO 

• 3. Especificaciones y Diseño 

• Cordones ópticos 

• Consideraciones para la transmisión de Datos 

• Consideraciones para la transmisión de Voz 

• Consideraciones para la transmisión de Vídeo 

--~--~~-~~~-----------------------------

= 

,. 
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CABLEADO ESTRUCTURADO 

TEMARIO 

4 DIAGNOSTICO Y CERTIFICAION 
~Verificación de conexión de la red 

~Verificación del sistema de cableado 

'1JTopología e identificación 
'1!Medición de paradiafonia y atenuación 

'1JHojas de control 

~Certificación 



CABLEADO ESTRUCTURADO 

TEMARIO 

5 Analisis del Mercado 

'1JPrincipales Fabricantes 

'1JCaso de Estudio 

'1JAnálisis de Costos 



CABLEADO ESTRUCTURADO 

INTRODUCCION 
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CABLEADO ESTRUCTURADO 

¿QUE ES? 

----¡;;;;-'-----"· [W~~-· ------------------·"1---

=-

1-16 



/ 

DEFINICION 

Es el diseño, la instalación y las pruebas de los medios 
de comunicación necesarios para satisfacer las 
necesidades de información de un organismo en su 
area o areas de trabajo, con la filosofia de minrmizar las 
fallas y ser un sistema totálmente admrnistrable y 
homogeneo. 



CABLEADO ESTRUCTURADO 
Costo de Inversion de Red 

la Estacmrws de Tnb.jo • Sol"hnre 

O Cabludo • Acce~nos para Red Lan 

~~~--------------------------------~1----
-~~--~--· 
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CABLEADO ESTRUCTURADO 

Tiempo Improductivo en Redes de Computadoras 

JO% 

70% 

-·., 



ANTECEDENTES. 

En todos los sectores de actividad empresas y 
organizaciones publicas y privadas recurren cada vez 
más a la informatica y a las tecnicas de 
telecomunicaciones. 

La orientación de las herramientas informaticas 
modernas esta dada hacia las redes de transmisón de 

. información: voz, datos, texto, video e imágenes. 



ANTECEDENTES 

El increible aumento de la demanda de Sistemas de 
telecomunicaciones para las empresas ha puesto de 
manifiesto la creciente necesidad de dotar a nuestros 
edificios de un autentico Sitema Nervioso: Confiable, 
Economice y Ampliable. 



'11 Administración. 

'11 Confiabilidad 

VENTAJAS 

'11 Minimizar fallas en los SI 

'11 Reconfiguración inmediata 

'11 Servicios· multipropositos 

'11 Multimedios 

'11 Soporte a nuevas técnologias 

'1ilndependencia de la tecnologia y marcas de los 
equipos a interconectar 



JUSTIFICACIONES 

'1!1nversión a largo plazo 

-11 Amortización a corto plazo 

-11 Elevar el valor del inmueble -· ' . 
'1ilnversión en la Infraestructura de información de una 

empresa 

-11 Confiabilidad en los SI 
-11 Elemento necesario para obtener certificaciones de 

· · calidad 

-11 Buen negocio 

r 

,, 
·¡~ 
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CABLEADO ESTRUCTURADO 

CONCEPTOS 



CABLEADO ESTRUCTURADO 

Soluciones completas para 

-Voz 

-Dato 
-Video· 

1-25 
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CABLEADO ESTRUCTURADO 

ENFOQUE TRADICIONAL 

• Instalación de cables específicos al tipo de servicio 

• Nueva instalación de cables al modificar o ampliar 
las áreas de trabajo 

• Periodo de instalación largo 

• Interrupción temporal del sistema al realizar 
modificaciones 



/.-
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CARACTERISTICAS DE UN 
SISTEMA DE CABLEADO. 

ESTRUCTURADO 

•Infraestructura común para todos los servicios con 
requerimientos básicos 

•La infraestructura inicial incluye posibles ampliaciones 
o modificaciones de loas áreas de trabajo sin necesidad 
de instalar más cables 

. t 
•'"· •,p 

"' 



REQUERIMIENTOS DE UN 
SISTEMA DE CABLEADO 

ESTRUCTURADO 

•Todos los elementos deben cumplir con iguales o 
superiores requenmientos 

•Deben de instalarse y utilizarse adecuadamente 
•La reconfiguración consta de operaciones sencillas y 
es inmediata 

•En la mayoría de los casos no se requiere interrumpir 
el sistema, y si fuese necesano hacerlo, es durante un 
intervalo de tiempo pequeño 



BENEFICIOS 

Los beneficios que se obtienen 

• , Inversión recuperable y redituable a mediano plazo 

• Facilidad de mantenimiento 

• Flexibilidad, al no estar sujeto a marcas. 



CONCEPTOS 

Administración: el método para etiquetado, 
identificación, documentación y uso necesario para 

· implantar mov1m1entos, adic1ones y cambios en la 
Infraestructura de TelecomunicaCiones. (CIC NMX-1-
248-1998-NYCE 394) 



NORMAS 

•NORMAS INTERNACIONALES 

En el plano internacional, el comité ejecutivo 
ISO/IEC/JTC1/CS25 WG3 ha emitido 

CABLEADO GENERAL PARA LOCALES DE CLIENTE, 
con referencia ISO/lEC 11801 

., 
' .,, 



NORMAS 

•NORMASAMERICANAS 
En Estados Unidos, la EIA !TIA (Asociación de 
industrias electrónicas Asociación de industrias de 
telecomunicaciones)ha em1tido normas referentes a: 
•cables de distribución horizontal en el documento TSB 
36 ( T echnical System Bulletin 36 ) 

•tomas murales en el documento TSB 40 
· •diseño y aprobación de una cadena de enlace en el 
documento TSB 67 



NORMAS 

•NORMAS EUROPEAS 

En el plano europeo, el CENELEC ha emitido normas 
basadas parcialmente en las normas ISO/lEC 11801 

•Norma EN 50167 (cables de distribución) 

•Norma EN 50168 (cables de parcheo y terminales) 

•Norma EN 50169 (cables de distribución vertical) 

•Norma EN 50173 (Cadena de enlace) 

•Proyecto de norma prEN50174 (normas de instalación) 

/ 

.,-
~ 



NORMAS 

• NORMA MEXICANA 
PREFACIO 
a) La presmtc nonna Mexicana fue elaborada en el seno del Comité TCcnico de 

Normahzación Nac10naJ de Telecomumcacaones de !\YCE y aprobada por las 
siguientes Instituciones y Em¡:wesas: 

-DIRECCION GENERAL DE NORMAS (SECOFl) 

-COM!SION FEDERAL DE TELECOMUNICACIONES 
(SUBDIRECC!ON DE FOMENTO DE LOS SERVICIOS) 

-PROCURADURIA FEDERAL DEL CONSUMIDOR 

-UNIVERSISDAD NACIONAL AUTONOMA DE MEXICO 



NORMAS 

• NORMA MEXICANA 
- ASOCIACION 1\.fEXICANA DE ESTIJDIOS PARA LA 

DEFENSA DEL CONSUMIDOR 
- CAMARA NACIONAL DE LA moUSTRIA ELECTRONICA. 

TELECOMUNICACIONES E INFORMA TICA 
- CAMARA NACIONAL DE LA INDUSTRIA HULERA 
- SISTEMA NACIONAL DE ACREDIT AMIENTO DE 

· LABORATORIOS DE PRUEB, RAMA ELECTRICA­
ELECTRONICA 

- SOLUCIONES INTEGRALES PARA OFICINAS. S.A. DE C.V. 

- RETO INDUSTRIAL. S.A. DE C.V. 

., 
·¡.:· ,, 



NORMAS 

• NORMA MEXICANA 
- DIGITER, S.A. DE C.V. 

- l\.1X TELECOMUNICACIONES, S.A. DE C.V. 

- NORDX /CDT !NC. (MEXICO) 

- TELEFONOS DE MEXICO. S.A. DE C. V. 

- POUYRT MEXICO, S.A. DE C. V. 

- STAFF 84, S.A. DE C.V. 

- ENLACE DE DATOS, S.A. DE C.V. 

- PANDUITMEXICO, S EN N C DE C.V. 



NORMAS 
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ESTANDARES Y NORMAS EN EL CABLEADO ESTRUCTURADO 

Este sistema se basa en la norma EL~!TIA 568b para edificios, normando todos sus 
componentes a esta norma. El bloque de conexión básico es el JI O, desarrollado por "Bell 
Laboratorios", este bloque creado especialmente tiene varias ventajas y características entre las que 
se cuentan: alta densidad, reutilización al aceptar más de 10,000 conexiones en el mismo lugar sin 
afectar el comportamiento: no existe ningún tipo de conductor expuesto después de instalado, 
evitando así el riesgo de probables cortos circuitos accidentales y/o degradación por oxidación de 
metales expuestos. 

El citado bloque es la base para la conexión y ad!llinistración del sistema, facilitando esta al no 
tener diversidad de productos y conectores. Siguiendo con los estándares cada salida de información 
(roseta) debe contener un conector Rj-45, el cual es un jack de tipo telefónico de 4 pares (8 hilos), 
es precisamente por contar con 4 pares por lo que se puede garantizar compatibilidad con cualquier 
sistema existente en el mercado. 

Ya que se .cuenta con salidas RJ-45, se corren cables de cuatro pares del cuarto de alambrado a 
cada roseta, este -cable de cuatro pares puede ser de nivel 3 con una velocidad de hasta 1 O MBPS o 
nivel 5 para velocidades de transmisión de hasta 100 MBPS. Cada uno de los cuatro pares con los 
que cuenta el cable, tiene una función especifica, empleándose el primer par para servicios de voz, 
los pares 2 y 3 para servicios de datos y él ultimo par para señales de control de baja potencia. 

Además de tener norrnado el cable de cobre, la fibra óptica esta norrnada de igual 
forma, utilizando fibra multimodo de 62.5/125 micrones, conectorizado con conectores ST­
JI, el empleo de esta fibra obedece a que las distancias dentro de un predio no justifican 
el empleo de fibra unimodo, máxime que la electrónica asociada a esa fibra, es mucho 
más costosa que la electrónica para fibra multimodo. 

En este apartado se determinan las características de un sistema de cableado 
estructurado para establecer las especificaciones técnicas del presente documento. 

Los sistemas que conforman un cableado estructurado son los siguientes: 

SUBSISTEMA ESTACIÓN DE TRABAJO 

Este subsistema contempla todos los adaptadores necesarios para conectar el equipo del 
usuario a la salida de información, logrando aquí la conexión fisica a cualquier teléfono, 
computadora o terminal de la red de cableado. 

SUBSISTEMA HORIZONTAL 

Aqui se contempla el cableado que corre de cada salida de información (roseta), al cuarto 
de alambrado de piso (IDF), se cuenta con diferentes cables y componentes para adecuarse a los 
requerimientos de los niveles de sistema, Esto es, se cuenta con cables de nivel 3 para sistemas 
telefónicos y/o de computo que transmitan a velocidades menores a 1 O MBPS y con cable nivel 5 
para sistemas que requieren velocidades de comunicación de hasta 100 MBPS. 

En este subsistema se incluyen las salidas de información, rosetas que van de 
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Acuerdo con el cable y velocidad requerida para ello. 

SUBSISTEMA VERTICAL 

Este subsistema contempla la comunicación necesaria entre cada piso (IDF'S) y el distribuidor 
principal (MDF) Este enlace se logra mediante el uso de cable multipar o bien con Fibra Optica 
dependiendo de los requerimientos de velocidad que se tengan. 

SUBSITEMA DE ADMINISTRACIÓN 

Aqui convergen los subsistemas venical y horizontal. siendo el lugar donde se logra la 
interconexión de ambos subsistemas. En el también radica una de las principales vinudes del 
sistema que es el etiquetado, cada uno de los sistemas quedan perfectamente identificados con un 
color característico, de manera que los cambios y movimientos que se soliciten, se podrán hacer en 
unos minutos, logrando así abatir imponantemente los gastos de administración y mantenimiento de 
la red de comunicaciones. · 

SUBSISTEMAS DE CUARTO DE EQUIPO 

Este es el punto central de administración y control del sistema. donde se aloja normalmente el 
distribuidor principal del cableado estructurado con el PBX. el sistema central de proceso de datos 
(MAIN FRAME), y/o el punto neurálgico de administración de las redes locales (LAN), y distribuir 
las señales en toda la red, empleando la fibra óptica y el cable de par trenzado sin blindar UTP 
existentes en los otros subsistemas. 

SUBSISTEMA CAMPUS 

Este subsistema contempla la interconexión de diferentes edificios dentro de un mismo predio, 
empleando fibra óptica y/o cable multipar especialmente diseñado para instalarse en exteriores. 

Como se observa, la definición precisa de cada subsistema. es acorde con el concepto de 
modularidad, garantizando la independencia de cada uno de ellos, de tal suene que al diseñar este 
sistema. se pueda hacer por partes que se puedan integrar y conformar un sistema completo, es por 
ello que se puede diseñar e instalar este sistema por módulos o secciones y/o en forma integral. 
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Ethernet Media 

Tñis chapter examines the physical characteristics and requirements of both phystcal cabling and the 
connectors and ports used wtth the cablmg in Ethernet, Fu/1-Dup/ex Ethernet, and i=ast Ethernet 

· environments,. 

Cabling Types 

Attachment Unit Interface (AUI) 

Attachment Unit Interface cable (referred to hereafter as AUI cable) is a shielded, 
multistranded cable that is used to connect Ethernet network devices to Ethernet 
transceivers. AUI cable should be used for no other purpose. AUI cable is 
available in two basic types: standard AUI and office AUI. 

AUI cable is made up of four individually shielded pairs of wire surrounded by 
an overall cable sluelding sheath. The doubled shielding makes AV! cable more 
resistant to electrical signa! interference than other, lighter cables, but increases 
the signa! attenuation suffered over long distances. 

AUI cables are connected to other devices through 0615 connectors. The 
connectors of an AUI cable run from Male to Female at all times. Any transcei\ · r 
cable that uses a Male/Male or Female/Female configuration is a non-standarJ 
cable, and should be avoided. 
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Ethernet Media 

Standard 

,. 

!l.-5 

YES 

NO NO 184Sn01 

Figure 4-1. A lJl Cable Configurallons 

· The reason for the configuration of A!Jl cables as Male to Female onlv is due to 
their intended use. A!Jl cables are designed to attach transceivers to _:,.orkstations 
or other active network equipment. Transcetvers require power to operate, and 
that power is supplied either by an externa! power supply or by a prur of wtres 
dedicated to power in the cable. A Male/Male or Female/Female AUJ cable does 
not correctly supply power and grounding to the transceiver. lf you use a 
Female/Female AUI cable between two transcetver devices, both transceivers will 
try to draw power from each other. Neither is capable of providing thts power. 
Therefore, this configuration will not function. Likewise, two AUI device ports 
should never be directly attached without using transceivers. 

11 you find yourself in need of a.gender changer to connect a 
device with AUI cable, you are doing something wrong. 

The gau¡ · o' te interna! wires that make up the cable determines the thickness 
and relallve flexibility of the A!Jl cable. Standard AUI cable (containing pairs of 
AWG 20 or 22 ·vire) is capable of reaching a maximum distance of SO meters 
between tranc .eivers and the network device, but is thick, (0.420 inch) and 
somewhat inflexible. = _ 

Standard AUI cables, dueto their bulk, are typically used in environments that 
require the SO meter distances that standard A!Jl cables can provide. In situations 
where the workstations or networking equipment are clase to the transceivers 
they are to be connected to, Office A!Jl cable, being more easily managed and 
more flexible, is often used. 

Cabling Tjtpes 



Off lee 

Ethernet Media 

Office AUI cable is a thinner cable that is more convenient to use on manv 
environments than standard AUI. This lighter-gaugeAUI cable is made up of four 
pairs of AWG 28 wire, which is thinner (at 0.26 inch) and much more easily flexed, 
but can only be run toa maximurn distance of 16.5 meters. 

Office AUI cable is intended to be used in places where standard AUI cable would 
be cumbersome and inflexible. Typ•callv, office AUI is used in locations where a 
large number of workstations are concentrated in a single area. 

Coaxial Cable 

Coaxial cable 1s a cabling type where two or more separa te materials share a 
common central axis. While severa! types oi networking cables could be 
identified as havmg coaXJal components or constructions, there are only two cable 
types that can support network operation usmg only one strand of cabling with a 
shared axis. These are commonly accepted as the coaxial aables, and are divided 
into two main categories: thick and thin coaxial cable. 

Thick Coaxial Cable 

Cabling Types 

Thick coaxial cable (also known as thick Ethernet cable, "thicknet," or !OBASES 
cable), is a cable constructed with a single solid core, which carnes the network 
signals, and a series of layers of shielding and insulator material. The shielding of 
thick coaxial cable consists of four stages. The outennost shield is a braided metal 
screen. The second stage shield, working inward, is usually a metal foil, but in 
sorne brands of coaxial cable may be made up of a second screen. The third stage 
consists of a second braided shield followed by the fourth stage, a second foil' 
shield. The various shields are separated by non-conductive insulator materials. 

Figure 4-2. Thick Coaxial Cable Diagram 
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Ethemet Media 

TIUck coaxial cable is a media used exclusively in Ethernet installations, 
commonly as a backbone media. Transceivers are connected to the cable at 
specified distances from one another, and standard transceiver cables connect 
these transceivers to the network devices. 

Dueto the extensive shielding, thick coaxial cable is highly resistan! to electrical 
interference by outside sources such as lighting. machinery, etc. Beca use of the 
bulkiness (typically 0.405 inch in diameter or thicker) and limited flexibility of the 
cable, thick coaxial cable is primarily used as a backbone media and is placed in 
cable runways or laid above ceiling tiles to Keep 1t out of the way. 

TIUck coaxial cable is designed to be accessed as a shared media. Multiple 
transceivers can be attached to the thick coaxial cable at multiple points on the 
cable itself. A P.roperly installed length of thick coax1al cable can support up to 
100 transceivers. 

1-2'•-1 (1C8ASE5l 

Figure 4-3. Annular Rings 

Multiple transceivers on a thick coaxial cable must be spaced at least 2.5 meters 
from any neighboring transceivers or terminators. TIUck coaxial cable is often 
bright yellow or orange in color. The outer jacket will frequently be marked with 
annular rings, dar k red or black sections of jacketing that are spaced 2.5 meters 
from one another. These annular rings are a useful guide for ensuring that 
terminators and transceivers are spaced not less !han 2.5 m from one another. 

Thin Coaxial Cable 

TIUn coaxial cable (also known as thin Ethernet cable, "thinnet," "cheapernet," 
RG-58 A/U, BNC or 10BASE2 cable) is a less shielded, and ths Jr-• expensive. 
type of coaxial cabling. Also used exclusively for Ethernet ne.wot .s, thin coaxial 
cable is smaller, Iighter, and more flexible than thick coaxial cable. The cable itself 
resembles (but is !lQl identical to) television coaxial cable. 

' TIUn coaxial cable is m a de up of a "'ngle outer copper shield that m ay be braided ~ 
or fóil, a laver beneath that of non-conductive dielectric material, and a stranded 
center conductor. TIUs sluelding makes thin coaxial cable resistan! to 
'electromagnetic interference as the shielding of thick coaxial cable does, but does 
not provide the same extent of protection. Thin coaxial cable, dueto its less 
extensive shielding capadty, can be run toa maximum length of 185 meters 
(606.7 ft). 
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Building Network Coax (BNC) connectors crimp onto a properly prepared cable 
end with a crimping too!. To preven! signa! reflection on the cable, 50 Ohm 
terminators are used on unconnected cable ends. 

As with thick coaxial cable, thin coaxial cable allows multiple dev1ces to connect 
toa single cable. Up to 30 transceivers may be connected toa smgle length of thin 
coaxial cable, spaced a mínimum of 0.5 meter from one another. This mínimum 
spaang requirement keeps the signals from one transceiver from interfering with 
the operation of others. The annular rings on the thin coaxial cable are placed 0.5 
meter apart, and are a useful gwde to transceiver placement. 

Unshielded Twisted Pair (UTP) 

,. 

Cabliñg ljlpes 

Unshielded Twisted Pair cabling (referred to here as tJTP, but also may be termed 
copper wire, IOBASE-Twire, Category 3, 4, or 5 Ethernet wire, telephone cable, or 
twisted pair without shielded or unshielded qualifier) is commonly made up of 
two, four, or 25 pairs of 22, 24, oi 26 AWG unshielded copper so lid or st~anded 
wires. These pairs of wires are twlsted together throughout the length of the 
cable, and are broken up into transmit and receive pairs. In each pair, one wire 
carries the normal Ethernet transmission, while its associated wire carries a copy 
of the transmission that has been in verted. 

., 
·-

Figure 4-4. UTP Cable Pair Association 

· The twisting of associated pairs helps to reduce the interference of the other 
strands of wire throughout the cable. This is dueto the method of transmission 
used with twisted pair transmissions. 

In anv transceiver or Network Interface Card (NIC), the nPtwork protocol signals 
to be 'transmitted are in the form of changes of electrical <, •te. The means by 
which the ones and zeroes of IJetwork communications are turned into these . 
signals is called enéoding. In a-~sted pair environment, once .;-·transceiver has 
been given an encoded signa! to transmit, it will copy the signa! and invert the 

- polarity of that signa! (see Figure 4-5). The result of this inverted signa! is a mirror 
opposite of the original signa!. 

:.-8 

',-¡ 

·.( 



Elhemet Media 

Both the original and the inverted signa! are then transmitted, the original signa! 
over the TX+ wire, the inverted signa! over the TX- wire. As these wu-es are the 
same length and of the same construction, the signa! travels (propagates) at the 
sarne rate through the cable. Since the pairs are twisted together, any outside 
electrical interference that affects one member of the pair will have the sarne effect 
on the other member of that pair. 

The transmissions travel through the cable, eventually reaching a destination 
transceiver. At this loca !ion, both signals are read in. The original signa! is 
unchanged, but the signa! that had previously been inverted is reverted to the 
original state. When this is done, it returns the encoded transmission to its 
original state, but reverses the polanty oí any signa! interference that the encoded 
transmission may ha ve suffered. 

Once the inverted transmission has been retumed to the normal encoded state, 
the transceiver adds the two signals together. As the encoded transmissions are 
now identical, there is no change to the data content. Une noise spikes, however, 
are combined with noise spikes oí their exact opposite polarity, causing them to 
cancel one another out. 

lnduced 
Normal Noise Spike 

Transmission _----:;---- .. Noise spikes 
cancel out 

or~ginal s;gnaJ ~· U1Jl----~·lrJl .·. 
UlilJl < J~-ili~~- uvüu-l>~'-'um- lJliU1 

,. 

lnverted Reversion of lnverted Resulting Signal 

Transmission Transmission 

Figure 4-5. U1P Signa! Equalization 

The U1P cable used in network installations is the same type of cable used in the 
installation oí telephone lines within buildings. U1P cabling is differentiated by 
the quality category oí the cable itself, which is an indicator oí the type and 
quality of wire used and the number oí times the wires are twisted around each 
other per íoot. The categories range írom Category 1 to Category 5, with Category 
S cabling being oí.the highest quality. 

The wires that ~ake up a length qf{JTI' cable are numbered and color coded. 
These color codes allow the installer oí the networking cable to detennme which 
wires are connected to the pins of the RJ45 ports or patch panels. The numbering 
of the wires in EIA /TIA standard cables is based on the color of the msulating 
jacket that surrounds the core of each wire. 

Cabling ljtpes 



Four-Pair Cable 

Cabling Types 

Ethernet Media 

The association of pairs of wire within the UTP cable jacket are decided by the 
specifications to which the cable is built. There are two main specification"s in use 
around the world for the production of UTP cabling: EIA /TIA 568A and the 
EIA/TIA5688. The two wiring standards are different from one another in the 
way that the wires are associated with one another at the connectors. 

The arrangement of the wires in the two EIA 1 TIA specifications does not affect 
the usability of either type of connector style for 108ASE-T purposes. As the 
arrangement of the wires mto pairs and the twisting of the pairs throughout the 
cable remain the same regardless of the EIA /TIA specification being u sed, the 
two specifications can be considered equivalen!. As the specifications terrninate 
the wires into different arrangements, care must be taken to keep all the cables at 
a facility terrninated to the same EIA/TIA standard. Failure todo so can result in 
the mis-association of wires at the connectors, making the cabling unable to 
provide a connection between Ethernet devices. The arrangement of the wires 
and pairs in the two EIA /TIA speafications is discussed in the UTP Cable 
portian of the Connector Types section oí this chapter. 

Keep in mind that the selection oían EIA/TIA wiring scheme determines the 
characteristics of Wallplates, Patch Panels, and other UTP interconnect hardware 
you add to the network. Most manuíacturers supply hardware built to both oí 
these specifications. The more common of the two specificattons in 108ASE-T 
applications is EIA/TIA 568A. 

The typical single UTP cable is a polyvinyl ch!oride (PVC) or plenum-rated plastic 
jacket containing íour pairs of wire. The majority of facility cabling in curren! and 
new installations is four-patr cable of this sort. The dedicated single connections 
made using four-pair cable are easier to troubleshoot and replace than the 
altemative, bulk multipair cable such as 25-pair cable. 

The jacket of each wire in a four-pair cable will ha vean overall color: brown, blue, 
orange, green, or white. In a four-pair UTP cable (the typical UTP used in 
networking installations) there is one wire each of brown, blue, green, and 
orange, and four wires whose overall color is white. The white wires are 
distinguished from one another by periodically placed (usually within 1/2 inch of 
one another) rings of the other four colors. 

Wires with a unique base color are identified by that base color: blue, brown, 
green, or orange. Those wires that are primarily white are identified as 

'white 1 <color>, where <color;,.,indicates the color of the rings oLthe other four 
1 colors in the white insulator. 

The i08ASE-T and 1008ASE-TX standards are concemed with the use of two 
pairs, Patr 2 and Pair 3 (of either EIA/TIA568 specification). The 108ASE-T and 
1008ASE-TX standards configure devices to transmit over Pair 3 of the EIA/TIA 
568A specification (Pair 2 of EIA/TIA 5688), and to receive from Pair 2 of the 
EIA/TIA568A specification (Pair 3 of EIA/TIA 5688). The use of the wires of a 
UTP cable is shown in Table 4-1. 
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. Table 4-1. lOBASE-T /IOOBASE-TX Four-Pair Wire Use 

Ethernet Signa! Use 
WueColor El.A/TIA Pair 

1 
568A 5688 

White/Biue (W-BL) 
Pair 1 NotUsed 

Blue (BL) 

White/Orange (W-OR) RX+ TX+ 
Pair 2 

Orange (OR) RX- TX-

White/Green (W-GR) 
1 Pair3 

TX+ RX+ 

Green (GR) TX-
1 

RX-

White /Brown (W-BR) 

Brown (BR) 

.~ s--

Pair4 NotUsed 

Do not split pairs in a twisted pair installation. While you may 
consider combining your voice and data cabling into ene piece 
of horizontal facility cabling, the Crosstalk and 1nterference 
produced by this practice greatly reduces the viability of the 
cable for either application. The use of the pairs of cabling in 
this fashion can also preven! the future usage of advanced 
networking technologies such as FDDI TP-PMD and 
100BASE-T4, that require the use of all tour pairs in a twisted 
pair cable. 

Twenty-Five Pair Cable 

:L-11 

UTP cabling in Iarge installations re..,uiri~g severa! cable runs between two points 
is often 25-pair cable. This is a heav .er, e JCker forrn of UTP. The wires within the 
plastic jacket are of the same construction, and are twisted around associated 
wires to forrn pairs, but there are 50 indiv jual w1res twisted into 25 pairs in these 
larger cables. In most cases, 25-pair cable is used to connect wiring closets to one 
another, orto distribute large amount:S of cable to intermedia te distrThution 
points, from which four-pair cable is run to the end stations. 

Cabling Tjpes 



Port Nurnber 

1 

1 

2 

1 

1 
1 

3 
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As with four-pair cable, the wires within a 25-pair cable are identified by color. 
The jacket of each wire in a 25-pair cable has an overall color: violet, green, brown. 
blue, red, orange, yellow, gray, black, and white. In a 25-pair UTP cable all wires 
in the cable are identified by two colors. The first color is the base color of the 
insulator, while the second is the color of narrow bands painted onto the base 
color. These identifying rings are periodically placed on the wire, and repeat at 
regular intervals. When a wire is identified in a 25-pair cable, it is identified first 
by its base color, and then further specified by the color of the bands or nngs. 

As a 25-pair cable can be used to make up to 12 connections between Ethernet 
stations (two wires in the 25-pair cable are typically not used), the w1re pa1rs need 
to be identified not only as transmit or receive pa1rs, but what other pa1r they are 
associated with. There are two ways of identifying sets of pairs in a 25-pair cable. 
The first IS based on the connection of a 25-pair cable to a specific type of 
connector designed especially for it, the RJ21 connector. The second is based on 
connection to a punchdown block. a cable management device typically used to 
make the transition from a single 25-pair cable to a series o.f four-pair cables 
easier. 

For further infonnation on the RJ21 connector, refer to the Connector Types 
section later in this chapter. A description of punchdown blocks may be found in 
Chapter 13, Cabling Devices, and details of the punchdowns may be found in the 
Connector Types section la ter in this chapter. 

Table 4-2. 25-Pair Cable Pair Mapping 

WueUse Wue Color 
RJ21 Pin Punchdown Punchdown 
Nurnber In Nurnber OutNumber. 

RX+ White/8lue 26 Al 1 81 

RX- / 8lue/White 1 
1 

A2 182 
1 

/27 
1 

' TX+ White/Orange A3 83 

TX- Orange 1 White /2 1 
A4 1 B4 

RX+ White/Green 1 -'8 
1 

AS 
1 

85 

RX- Green/White 1 :. 
1 

A6 
1 

86 

1 

' 
TX+ White/8rown f.-29. 1 

A7 /Jl7 

TX- 8rown/White 4 A8 1 
88 

RX+ / White/Gray 1 30 
1 

A9 89 

RX- Gray/White S A lO 
1 

810 

TX+ Red/Blue /31 All 811 

TX- 8lue/Red 6 A12 812 

~-1.2. 
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Table 4-2. 25-Pair Cable Pair Mapping (Continued) 

PortNumber WueUse Wire Color RJ21 Pin Punchdown Punchdown 
Number In Number ·outNumber 

RX+ Red/Orange 1 32 IA13 IBB 

RX- Orange/Red 7 A14 614 1 4 
1 33 1 AIS TX+ Red/Creen BIS 

TX- Creen/Red 18 1 Al6 616 1 
RX+ Red/Brown 134 1 Al7 1 617 

1 
RX- Brown/Red [9 Al8 

1 
618 

S 
1 A!9 TX+ Red/Cray 3S 619 

TX- Gray/Red [10 1 A20 620 

RX+ Black/Blue 136 
1 

A21 ! 621 
1 

RX- 1 Blue/Black In A22 622 
6 

137 1 
TX+ Black/Orange A23 623 

TX- Orange 1 Black 12 A24 1 624 

RX+ Black/Creen 138 A25 ¡ 625 1 
1 

RX- Creen 1 Black 13 1 A26 626 
7 

139 1 
TX+ Black/Brown A27 627 

1 TX- 1 Brown/Black 114 1 A28 1 628 

RX+ Black/Cray 140 1 A29 1 629 

RX- Cray/Black 1S A30 
1 

630 
8 

1 1 TX+ Yellow /Blue 41 A31 631 

TX- 1 Blue/Yellow i 16 1 A32 1 632 1 

1 RX+ 1 Yellow 1 Orange 42 
1 

A33 1 633 

1 RX- 1 Orange 1 Yellow 17 A34 634 
1. 9 -
1 1 TX+ Yellow 1 Creen 43 

1 
A3S 1 B3S 

1 

¡ 1 TX- Creen /Yellow 18 A36 636 
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Table 4-2. 25-Pair Cable Pair Mapping (Continued) 

Port Number WueUse WueColor 
RJ21 Pin Punchdown Punchdown 
Number lnNumber OutNumber 

RX+ Yellow 1 8rown 44 A37 
1 

837 

RX- 8rown/Yellow 19 A38 1 838 
!O 

TX+ Yellow 1 Gray 45 A39 839 
' 

TX- / Gray /Yellow 1 20 .• A40 1 B40 
1 

RX+ Violet/ 8lue 146 1 A41. 
1 

841 

RX- 8lue /Violet 21 A42 1 842 
11 

147 TX+ Violet/Orange A43 843 

TX- Orange 1 Violet 22 1 A44 B44 

RX+ Violet/Green j48 1 
A45 

1 
845 

1 

1 
RX- Green /Violet 23 A46 B46 

12 

1 TX+ Violet/ 8rown 49 A47 847 

TX- 1 8rown/Violet 24 
1 

A48 B48 

1 Unused Pair ~~ -~-;:----~~-:--------~~~:--------+-~-;-:------~~-;A-A----~1. 

= -

1" 
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Crossovers 

The IOBASE-T and IOOBASE-TX specifications require that sorne UTP connections 
be crossed over. Crossing over is the reversa! of the transmit and receive pairs at 
opposite ends of a single cable. Each cable that swaps the location of the transmit 
and receive pairs at orliy one end is called a crossover cable. Those cables that 
maintain the same pin numbers for transmit and receive pairs at both ends are 
called straight-through cables. 

The IOBASE-T and IOOBASE·TX speáfications are designed around connections 
from network.mg hardware to end user stations being made through 
straight-through cabling. Because of this. the transmit wires of a networking 
device such as a standalone hub or repeater connect to the receive pins of a 
!OBASE-Tor IOOBASE-TX end station. 

It two similarly-designed network devices are connected using a straight-through 
cable, the transmit pms of one deVIce are connected to the transmit pins of the 
other device. In effect, the two devices will both attempt to transmit on the same 
pair of the cable between them. 

To overcome this, a crossover must be placed between two like devices on a 
network, forcing the transmit pins of one deVJce to connect to the receive pms of 
the other device. When two like devices are being connected to one another using 
UTP cabling, an odd number of crossover cables, preferably one, must be part of 
the cabling between them. 

Path of Transmission 

Straight-Through 
Tx+ Tx+ 

::~:: 
Rx+ · · · · · · · ·· Rx+ 

Path of Transmission 

Figure 4-6. Straight-Through vs. Crossover Cables 
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UTP Cable Quallty 

Category3 

Category 4 

Category 5 

Cabling Tj!pes 

U1'P cabling is produced in a number of overall quality levels, called Categories. 
The requirements of networking limit UTP cabling for Ethernet to Categories 3, 4, 
and 5. Any of these cable Categories can be used in an Ethernet installation, 

. provided tliat the requisite IEEE 802.3 specificahons regarding the cables are met. 

UTP cabling that is built to the Category 3 specification consists of two or more 
pairs of so lid 24 AWG copper strands. Each strand, approximately 0.02 inch thick, 
is surrounded by a layer of insulation. The characteristics of the insulation are 
deterrnined by the fire res1stant construction of the cable (plenum cable 1s th1cker 
and made with slightiy different matenal than normal PVC cabling). 

The individual wires are twisted into pairs. The twisted pairs of cable are laid 
together within an outer jacket, that may be low-smoke PVC plastic ora 
plenum-rated insulating matenal. The outer jacket surrounds, but does not 
adhere to, the wire pairs that make up the cable. 

Category 3 UTP cabling must not produce an attenuation of a 10 MHz signa! 
greater than 98 dB/km at the control temperature of 20° C. 

Category 4 UTP cabling is constructed in the same manner as the Category 3 
cabling discussed previously. Category 4 UTP·is constructed using copper center 
strands of 24 or 22 AWG. The resulting wire pairs are then covered by a second 
layer of insuiatmg jacketing. Higher-quality materials and a closer associatioi):of 
the twisted pairs of wire improve the transmission characteristics of the cable in 
comparison to Category 3 cabling. 

Category 4 UTP cabling must not produce an attenuation of a 10 MHz signa! 
greater than 72 dB/km at the control temperature of 20° C. 

Cate<;ory S UTP cabling IS manufactured in the same fashion as Category 3 cable, 
but ··,e materials-used are of higher quality and the Wires that make up the pairs 

' are more tightly wound than ~ose in lower Category classes. This closer 
, association helps to reduce thelikelihood that any one memberof a pair may be 

affected by externa! noise sources without the other member of the pair 
·experiencing the same event. Only Category S cable may be used in 1 OOBASE-TX 
networks. 

·• 



Ethemet Media 

Fiber Optics 

,, 

Category 5 UTP consists of 2 or more pairs of 22 or 24 AWG wire. Category 5 cable 
is constructed and insulated such that the maximum attenuation of a 10 MHz 
signa! in a cable run at the control temperature of 20° C is 65 dB/km. A cable that 
has a maxirnum attenuation higher than 65 dB/km does not meet the Category 5 
requirements. 

Fiber optic cable is a high performance media constructed of glass or plastic that 
uses pulses of light as a transmission method. Beca use fiber optics do not utilize 
electrical charges to pass data, they are free of interference dueto proximity to 
electrical fields. Th.is, combined with the extremely low rate of signa! degradation 
and dB loss makes fiber optics able to traverse extreme! y long distan ces. The 
actual maximums are dependent upon the architecture being used, but distances 
upwards of 2 kilometers ( 1.2 miles) are not uncommon. 

Glass optical fiber is made up of a glass strand, the core, that allows for the easy 
transmission of light, the cladding. a less transmissive glass !ayer around the core 
that helps keep the Iight within the core, and a plastic buffer that protects the 
cable. · 

Transm1ssive Cora PVC Buffer {Jadl:etlng) ,._,, 

Figure 4-7. Fiber Optic Cable Consm;ction (multimode) 

There are two basic types of fiber optics, multimode and single mode. The names 
come from the types of light used in the transmission process. Multimode fiber 
uses inexpensive Light Emitting Diodes (LEOs) that produce Iight of a single 
color. Dueto the nature of the LEO, the light produced is made up of a number of 
differing wavelengths of light, fired outward from the cen .·r n' "he LEO. Not all 
the rays of light en ter the fiber, and those that do often do .;o atan angle, which 
reduces the amount of distance the signa! can effectively cover. ~ingle mode fiber 
optics use lasers to achieve greater maximum distances. Since ¡· )lt from a laser is 
all of the same wavelength, and ~av~ls in a coherent ray, the resul\i_ng signa! 
tends to be much clearer at reception than an LEO signa! under the same 
circumstances. 

Cabling ljtpes 
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Fiber optics of both types are measured and identified by a variety of means. The 
usual means of referring to a fiber optic cable type is to identify if it is single mode 
or multimode, and to describe the th.tckness of each strand. Fiber optics are very 
thin. and the diameter of each strand is measured in microns (¡un). Two 
measurements are importan! in fiber optic identification; the diameter of the core, 
where signals travel. and the diameter of the cladding. which surrounds the core. 
Thus, fiber optic measurements will usually provide two numbers separated by 
the "/" symbol. The first number is the diameter, in microns, of the core. The 
second is the diameter of the cladding. Thus, a 62.5/125 multimode cable is a type 
of fiber optic cabling with a 62.5 micron core and 125 micron cladding. which is 
commonly used by LEO driven transmittmg devices. 

In much the same way that lJTP cabling 1s available in two-, four-, 25-, and 50-pair 
cables, strands of fiber optic cabling are often bound together with other strands 
into multiple strand cables. These multiple strand cables are available with 
anywhere from two to 24 or more strands of fiber optics, all gathered together into 
one protective jacket. 

Cabletron Systems recommends that customers planmng to 
install fiber opt1c cabling not install any facility fiber optics 
(non-jumper cabling) conta1ning fewer than six strands of 
usable optical fiber. The minimum number of strands needed to 
make an end-to-end fiber optic link between two network 
devices is two (using the Ethernet network architecture). In the 
event that a strand w1thin the cable is damaged during 
installation or additional fiber pairs become des1red along the 
cable path, the availability of extra strands of optical fiber will 
reduce the likelihood that a new cable must be pulled. The 
existing, unused pairs of optical fiber can be termmated and 
used immediately. 

Multimode fiber optic cabling is designed and formulated to allow the 
propagation of many different wavelengths. or modes, of light. Multimode fiber 
optics are the most commonly encountered fiber type in Ether .et. ;tallations, 
dueto their lower cost compared to other fiber types. 

Multimode fiber optics may be terminated with any type of fiber o".:ic connector; 
SMA, ST, FDDI MIC, or the new and not currently standardized.SC connector. 



Ethemet Media 

Single Mode 

:2.-19 

Single mode fiber optics are designed specifically to allow the transmission of a 
very narrow range of wavelengths w1thin the core of the fiber. As the precise 
wavelength control required to accomplish this is perforrned using lasers, which 
directa single, narrow ray of light, the transmissive core of single mode fiber 
optics is typically very small (8 to 10 ¡un). Single mode fiber is more expensive to 
produce than multimode fiber, and is typically used in long-haul applicatwns. 

Dueto the very demanding tolerances involved in connecting two transmiss1ve 
media with diameters approximately one-quarter as thick as a sheet of paper, 
single mode fiber optics require very precise connectors that wlll not move or 
shift over time. For this reason, smgle mode fiber optics should only be 
terrninated with lock.ing. preferably keyed, connectors. Fiber optic connector 
types such as the ST, SC, or FDDI MIC connector all meet the requ1rements of 
single mode fiber optics, if installed and tested properly. 

Cab/ing JYpes 



Fast Ethernet Network 
Requirements 

Tñis chapter provides test parameters and specification reqwrements for Fast Ethernet network 
cabling. · 

100BASE-TX 

CableType 

-' . 

All Cabletron Systems lOOBASE-TX products require that installed facility cabling 
and cable hardware meet the following minimum specifications. lf a network 
cabling installation is not within the limitations presented here, the operation of 
the lOO BASE-TX products m ay be affected. 

The operation of a IOOBASE-TX network is more demanding than that of standard 
Ethernet, and high-quality cables are reqmred. The lOO BASE-TX specification for 
Fast Ethernet networks requires UTP cabling Category 5. Categories of UTP 
cabling below Category 5 may not meet the quality requirements of the 
networking specification, and may therefore be unable to meet the tested 
characteristics listed below. · 

The Category of cabling used in a network Installation is dependent u pon all the 
components that make up the cabling run. If an installation utilizes Category 5 
cabling. and the wallplates anéfpatch panels to which that cabling is connected 
are Category 3 compliant, the cable does not meet the EIA /TIA end-to-end 
specifications for a Category 5 installation. 

-~ 
·§:] 

Due to the construction of the connectors and organization of 
wires, the 25-pair RJ21 connector is not Category 5 compliant. 



Fast Ethernet Network Requirements 

The TIA 1 EIA 568A cabling specification for Category S compliant UTP 
installations allows the use of two different types of cable: horizontal wire and 
patch wire. The specification allows horizontal wire to be used to cover distances 
of up to 90 m, while patch wire is restricted toa maximum Iength of 10m. 

li'NOTE ·­·--
A third type of TIA/E lA 568 A cabling, backbone wire. does not 

. apply to thrs implementation of the 1 OOBASE-TX standard. and 
is not discussed in this chapte'r. 

Horizontal wire must be coilstructed with salid core wires. Horizontal wire is 
intended to be used as the "in-the-wall" cabling of the network. Patch wire is 
constructed with more flexible stranded core wires, and is usetul in situations 
where bending or movement of the wire rs expected. Patch wire should only be 
used for connections between punchdown blocks, patch panels, or workstations. 

lnsertion Loss (Attenuation) 

lmpedance 

Jitter 

,. 

The maximum allowable insertion loss for any IOOBA5E-TX station on the Fast 
Ethernet network is 24.0 dB ata frequency of 100 MHz. This calculation must take 
all cabling devices in the cable path into account. A typical insertion Ioss test must 
include the jumper cabling used at the station and at the wiring closet, and any 
patch panels, punchdown blocks, and wallplates in the installation. 

Cabletron Systems IOOBASE-TX equipment requires that IOOBA5E-TX cables in 
the Fast Ethernet network ha vean impedance within the range of 75 to 165 Q. 

Typical UTP cables used iri Fast Ethernet environments ha vean impedance 
between 85 and Ill Q. 

Jitter m ay be caused '•y ir ·~rsymbol interference and reflection of signa!. 
Network.ing technoJ,,gi., illat rely on particular timing or dock.ing schemes m ay 
be affected by jitter dueto "xcessive signa! reflection. Any IOOBA5E-TX cable 
installation should not exc· ed 1.4 ns of jitter. If a cable run meets the IOOBA5E-TX 
impedance requirements (detaile<J..abjve), jitter should not be a con~ern. 

100BASE·TX 



Del ay 

Crosstalk 

Noise 

Fast Ethernet Network Requirements 

The maximum propagation delay allowable on a IOOBASE-TX segment is 
1 microsecond (¡!S). lf a Fast Ethernet signa! is unable to traverse the en tire length 
of an installed UTP cable run within 1 ¡!5. Out of Window (OOW) errors will 
occur dueto excessive delays between transmission of signals and notification of 
collisions. This propagation delay reqÚ1rement limits U11' cabling toa total 
maximum length of 100m (328ft). 

Fast Ethernet U11' cables should be checked for Near-End erosstalk. or NEXT, at 
installation. The acceptable amount of NEXT between pairs in a four-pair cable is 
not less than 27 dB ior a 100 MHz link. 

As "noise" is nota readily quantified and tested aspect of installed cables, there 
are no hard and fast rules for the amount of acceptable cable noise on a 
IOOBASE-TX segment. If a cable that meets all other requirements for 
JOOBASE-TX operation 1s experiencing an unusual number of errors, the 
introd uction of no1se. m ay be a problem. 

lf you suspect that noise is causing signa! degradation, examine the cable or 
cables in question. If they are near possible sources of outside noise, su eh as 
lighting fixtures, electric motors, or transforrners, reroute the cable. 

Other Considerations 

IOOBASE-TX 

Dueto the small gauge of the wires in a UTI' cable, it is susceptible to changes in 
attenuation dueto heat. In an installation that exceeds the control temperature of 
20° e (68° F), the attenuation of PVe jacketed U11' cabling that is within the 11 dB 
limitations may fall outside the acceptable range of attenuation. In installations 
where UTP cables areexpected to be -ubic~ted to temperatures of 40° e (104° F) or 
greater, the use of plenum-jacketed ·cabl!r.g is recommended. The thicker 
insulatingjacket of a plenum-rated cable reduces the susceptibility of that cable to 
heat-induced changes m attenuation cha-octeristics. 

The IEEE 802.3 IOOBASE-TX specification requires that aii!OOBASE-TX devices 
support UTP cables up to 100m (328ft) in length. This requirement does not 
factor in Iosses dueto connectors, patch panels, punchdown blocks, or other cable 
management hardware, which introduce additionalloss. 

For each connector or other intrusive cable management device in the total link. 
subtract 12m (39.4 ft) from the total allowable link length for purposes of 
estimation. 

., 
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1 OOBASE-FX (Multimode) 

CableType 

Attenuation . 

Al! Cabletron Systems 100BASE-FX products require that installed facility cabling 
and cable hardware meet the following mínimum specifications. lf a network 
cabling installation is not within the limitations presented here, the operat10n of 
the 100BASE-FX products may be affected. 

Networking deyjces built to the 100BASE-FX specification reqUire specific types 
of cabling. 100BASE-FX multimode fiber optic deyjces manufactured by 
Cabletron Systerns are able to support connections to and from 62.51125 J.Ull 
multimode fiber optics. 

Multimode fiber opbc cables must be tested for attenuation with a fiber opt1c 
attenuation test set. The test set rnust be configured to determine attenuation of 
the cable ata wavelength of 850 nm. The attenuation test will confinn orden y that 
the cable falls within an acceptable leve!. The acceptable leve! of attenuation for a 
100BASE-FX cable is !I.O dB. 

lnsertion Loss 

~-.23 

The 100BASE-FX specification allows for a total dB loss of 10.0 dB or less between 
any two stations or devices connected by fiber optic cabling. When calculating 
insertion loss, you must consider and count any loss introduced by fiber optic 
splices, barre! connectors, distribution boxes or other cable rnanagement devices. 
The typical dB loss for a splice ora connector is less than 1 dB. The loss statistics 
for any fiber optic cable management hardware should be available from the 
manufacturer. 

= 

100BASE-FX (Mu!limode) 



Del ay 

Length 

Fast Ethernet Network Requirements 

As fiber optic cabling is often u sed to make connections between Fas! Ethernet 
repeaters or hubs, the 100BASE·FX specification allows a multimode fiber optic 
link to be configured such that the total propagation delay for the link is Jess !han 
or equal to 2.56 J.lS one--way. Keep in mmd, however, that propagaban del ay mus! 
be calculated for the en tire network.. If there are more stations !han the one 
connected by your fiber optic link. you must also calculate the propagation delay 
for the Iongest of those station links. 

If the total one--way propagation del ay of any signa! path exceeds 2.56 J.lS, the Fas! 
Ethernet network is out of spedficat10ns, and error conditions may result. To 
eliminate propagation delay problems, incorpora te sorne form oi segmentation, 
such as bridging or roubng. into the network to separa te the problem s1gnal paths 
from one another. 

The 100BASE·FX specification limits a mulllmode fiber optic cable segment to 
412 mor Jess. Assuming that a fiber optic cable meets all other limitations for 
IOOBASE·FX usage, it 1s possible to extend a multimode fiber optic link to an 
estimated maximum of 2 km. Ata Jength of more !han 2 km, the propaga !ion 
delay introduced by the multimode fiber optic cable segment may exceed the 
2.56 J.lS limit of the Fas! Ethernet specification and cause excessive OOW errors. 
Cabletron Systems does no! recommend the installation or use of any multimode 
fiber optic cable segment that exceeds IOOBASE·FX limitations of 412 m. 

Hybrid lnstallations 

Hybrtd tnstallations 

In Fast Ethernet networks, the combining of fiber optic and unshielded twisted 
pair media in a single, repeated network requires calculating a network radius. 
This is beca use the de la y requirements for a Fast Ethernet network are so 
demanding that a mixed·media network mus! take the differences between the 
standard media into account. 

The network radius is the calculation of the longest path in the Fas! Ethernet 
repeater domain (from one station toa Fas! Ethernet repeater and out to another 
station). Figure 7-1 shows an example of a mixed media Fas! Ethernet repeater 
domain. 

= -
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--Fast Ethernet Repeater 

Figure 7-1. Fas! Ethernet Network Radius 

If the two longest link.s in the Fast Ethernet repeater domain are both made using 
UTP cable, each UTP segment may be 100 m in length, for a total network radi us 
of 200m. If these link.s were both made using multimode fiber optics, the 
allowable maximum network radi us would be 272 m, less than that allowed bv a 
repeater with a single 100BASE-FX link. • 

When media are mixed in a Fast Ethernet network, the allowable network radius 
changes slightly. In a mixed UTP and multimode fiber optic network, the 
maximum radius is 263 m. This means that the longest UTP segment in the Fast 
Ethernet network may be up to 100m, and the longest IOOBASE-FX link may be 
160m. The maximum network radius for each Fast Ethernet media configuration 
is provided in Table 7-1. 

Repeater Classes 

Repeaters in Fast Ethernet networking are divided into two categories, or 
"classes" by the JOOBASE-TX standard. The difference between these Class 1 and 
Class Il repeaters is the method each uses to handle received signals for 
transmission. The different techniques result in different rules of configuration for 
a Fast Ethernet network. 

Class 1 repeaters receive the 100BASE-TX electrical signa! on one interface and 
translate that signa! from its electrical form into a digital series, much in the same 
way that a Fast Ethernet station r¡¡¡:ei.ves a transmission. The Class l.repeater then 
genera tes a new signa! on each of its interfaces using the translated digital series. 
The Class 1 repeater does not make any decisions based of the received signa!. nor 
does it perform any error-checking. The·translation of the received signa! is 
intended to improve the strength and validity of the repeated Fast Ethernet frame. 

The Class Il repeater receives and immediately repeats ea eh received transrnission 
without performing any translation. The repeating process is a simple electrical 
duplication and strengthening of the signa!. 

Hybrid lnstallations 
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The design and operation of these different repeater types result in different 
operating characteristics and network limitations. Oass 1 repeaters, by translating 
the received signa!. produce a stronger repeated transmission. The translation 
process, however. takes up a number of microseconds. Th.is additional delay 
reduces the total distance a signa! may travel befare the allowable delay for that 
transmission has elapsed. Whi!e Class 11 repeaters are !aster, the signals they 
produce are less precise, and they cannot connect to different media types. 

These differences mean that. in any Fast Ethernet network. there may be a 
maximum of one Class 1 or two Class 11 repeaters between anv two end stations. 
These implementations also result in d1fferent maximum ne~ork radii, as shown 
in Table 7-1. · · 

Buffered Uplinks 

Repeater 
Oass 

Severa! Fast Ethernet devices support the mcorporation of buffered uplinks to 
help alleviate the pressures placed on network design by the small nern(ork 
radius of Fast Ethernet networks. The buffered uplink acts as a non-filtering 
bridge, providing little more than rehming and regenera !ion of signals. In effect, 
the buffered uplink provides only the distance characteristics of a bridged 
connection. Fast Ethernet networks that incorporate a buffered uplink effectively 
extend the maXImum network radius. The multimode fiber optic buffered uplink 
can be up to 400 m in length. The overall allowable network radius for Fast 
Ethernet networks that incorporate buffered uplinks are also provided in 
Table 7-1. · 

Table 7-1. Fast Ethernet Maximum Network Radii 

UTP&Fiber UTP& Fiber Optics 
UTP Fiber Optics Buffered and Buffered 

Optics Uplink Uplink 
' 

Class 1 ¡zoom 
1 

260m 272m SOOm BOOm 

Class 11 200m 
1 

N/A 320m 
1 

NIA NIA 

= -

,. 
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Fuii-Duplex Fast Ethernet Network 
Requirements 

Tñis chapter provides test parameters and specification requirements for Fu/1-Duplex Fast Ethernet 
network cabling. 

100BASE-TX 

CableType 

Al! Cabletron Systems IOOBASE-TX products require that installed fadlity cabling 
and cable hardware meet the followmg mmimum specifications. If a network 
cabling installation is not within the lim1tations presented here, the operation of 
the IOOBASE-TX products may be affected. 

lt is important to remember that full-duplex Fast Ethernet operation requires 
dedicated single links from one port of a Fast Ethernet switch to another Fast 
Ethernet switch ora Fast Ethernet workstanon. If both endstations are not capable 
of full-duplex operation, a standard Fast Ethernet link will be automatically 
established. 

IOOBASE-TX network operations are more demanding than those of standard 
Ethernet, and high-quality cables are required. · he IOOBASE-TX specification for 
Fast Ethernet networks requires UTP cabling meeting Category 5 spedfications. 
Categories of UTP cabling belowCategory 5 may not meet the q¡¡ality -
requirements of the networkmg specification, and may therefore be unable to 
meet the tested .characteristics listed below. 

The Category of cabling used in a network installation is dependent u pon all the 
components that make up the cabling run. If an installation utilizes Category 5 
cabling. and the wallplates and patch panels to which that cabling is connected 
are Category 3 compliant, the cable does not meet the EIA/TIA end-to-end 
spedfications for a Category 5 installation. 



· Fu/1-Duplex Fast Ethernet Network ReqUirements 

·lnsertion Loss (Attenuation) 

lmpedance 

Jitter 

Crosstalk 

1' 

,2-2.8 

The maxirnum allowable insertion loss for anv 100BASE-TX station on the Fast 
Ethernet network is 11.5 dB at frequendes fro;, 5 to 10 MHz. This calculation 
must take all cabling devices in the cable path into account. A typical insertion 
loss test must indude the jumper cabling used at the station and at the wiring 
dosel, and any patch panels, punchdown blocks, and wallplates m the 
installation. 

The insertion loss characteristics of a cable are one of the main determinants of 
link length allowed by the Fast Ethernet and 100BASE-TX spedfications. As long 
as a U11' cable does not exceed the total link length of 11.5 dB, it may be any 
length up to 100m (328ft). Tite 100 meter maximum totallength is based on the 
total allowable propagation delay in the network, and cannot be exceeded. 

As longer cables are more susceptible to other limiting factors, 
Cabletron Systems does not recommend the installation of 
100BASE-TX cabling over 100m in length. 

Cabletron Systems 100BASE-TX equipment requires that IOOBASE-TX cables m 
the Fast Ethernet network ha vean impedance within the range of 75 to 165 Q. 
Typical U11' cables used in Fast Ethernet environments ha vean impedance 
between 85 and 111 !l. · 

' "1 ·-

Jitter may be caused by intersymbol interference and reflection of signa!. 
Networking technologies that rely on particular timing or dock.mg schemes may 
be affected by jitter dueto excessive signa! reflection. Any 100BASE-TX cable 
installation should not exceed 1.4 ns of jitter. If a cable run meets the 100BASE-TX 
impedance requirements (detailed above), jitter should not be a c~nce.,. 

Crosstalk is electrical interference ~etWeen wires. Crosstalk occurs When a cable 
strand absorlis signals lrom other wires that it is adjacent to. Excessive crosstalk 

·can be caused by a-break in the insulation or sltielding that separates wires from 
one another in a bundle. 

Fast Ethernet UTP cables should be checked for Near-End Crosstalk, or NEXT, at 
installation. Tite allowable amount of NEXT for a U11' cable is dependen! u pon 
the type of cable used in the installation. 

100BASE-TX 

,, 

•' 



25-Pair Cable 

Four-Pair Cable 

Noise 

Fu/1-Dup/ex Fast Ethernet Network. Requirements 

The acceptable amount of NEXT between pillrs in a 25-pair cable is at feast 60 dB 
for a 10 MHz link. 

'~ 
~ 

Due to the construction of !he connectors and organization of 
wires, the 25-pair RJ21 connector 1s not Category 5 compliant. 

The acceptable amount of NEXT between pairs m a four-pair cable 1s not less than 
60 dB for a 10 MHz link. 

As "noise" is nota readily quanhfied and tested aspect of installed cables, there 
are no hard and fast rules lar the amount oí acceptable cable noise on a 
100BASE-TX segment. lf a cable that meets all other requirements for 
100BASE-TX operation is experiendng an unusual number of errors, the 
introduction of noise may be a problem. 

If you suspect that noise is causing signa! degradation, examine the cable or 
cables in question. ff they are near possible sources of outside noise, su eh as 
lighting fixtures, electric motors, or transforrners, reroute the cable. 

Other Considerations 

,. 

100BASE-TX 

Due to the. small gauge of the wires in UTP cabling. it is susceptible to changes in 
attenuation dueto heat. In an installation that exceeds the control temperature of 
20° e (68° F), the attenuation of rve jacketed UTP cabling that is within the 11.5 
dB limitations may fall outside the acceptable range. In installations where UTP 
cables are expected to be subjected to temperatures of 40° e (104° F) or greater, the 
use of plenum-jacketed cabling is recommended. The thicker insulating jacket of a 
plenum-rated cable reduces the susceptibility oí that cable to heat-induced 
changes in attenuat10n characteristics. 

The IEEE 802.3 100BASE-TX spedfication requ1res that all100BASE-TX devices 
support UTP cables of not less t:.an·lOO·m (328 ft) in length. This requirement 
does not factor in losses dueto connectors, patch panels, punchdown blocks, or 
other cable management hardware, which mtroduce additional loss. 

For each connector or other intrusive cable management device in the total link. 
subtract 12m (39.4 ft) from the total allowable link Iength. 
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Length 

:1.-30 

The lOOBASE-TX standard speciñes that any lOOBASE·TX compliant device must 
be capable of transmitting a Fast Ethernet signa! not less than 100m (328ft) over a 
UTP cable segment that meets the quality values Jisted above. As long as all 
spedfications are met for the en tire length of the cable, UTP cable segments can be 
run up toa maximum allowable length of 260 m (852 ft). 

,;;¡ 
~--

As longer cables are more susceptible to noise and other 
limiting factors, Cabletron Systems does not recommend the 
installation of 100BASE-TX cabling over 100m in length. 

. '100BASE·TX 



FDDI Media 

This chapter details the standard med1a and connector types that may be used in Rber Distnbuted 
Data Interface (FDDI) networks. 

Cabling Types 

Unshielded Twisted Pair (UTP) 

Unshielded Twisted Pair cabling (referred to here as UTP, but also may be termed 
copper wire, IOBASE-T wire, Category S wire, telephone cable, or twisted pair 
without shielded or unshielded qualifier) is commonly made up of four pairs of 
22, 24, or 26 AWG unshielded copper so lid or stranded wires. These pairs of wires 
are twisted together throughout the length of the cable. These twisted pairs of 
w1re within the UTP cable are broken up into transmit and receive pairs. In each 
pair, one wire carries the normal FDDI transmiss10n, while its associated wire 
carries a copy of the transmission that has been inverted. 

Figure 11-1. UTP Cable Pair Association (2 Pairs Shown) 

The twisting of associated pairs helps to reduce the interference of the other 
strands of wire throughout the cable. This is dueto the method of transmission 
used with twisted pair transmissions. 
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In any transceiver or Network Interface Card (NIC), the network protocol stgnals 
to be transmitted are in the fonn of changes of electrical state. The means by 
wruch the ones and zeroes of network communications are tumed into these 
signals is called encoding. In a twisted ·pair environment, once a transceiver has 
been given an encoded signa! to transmit, it will copy the signa! and invert the 
polarity of that signa! (see Figure IJ-2, below). The result of this m verted stgnal is 
a mirror opposite of the origmal signa!. 

Both the original and the inverted signa! are then transmitted, the original signa! 
over the one transmit wtre, the inverted signa! over the other. As these wtres are 
the same length; the signa! travels at th~ same rate (propagates) through the cable. 
Since the pairs are twtsted together, ariy outside electrtcal interference that affects 
one member of the pair with have the same eifect on the other member of that 
pair. 

The transmission travels through the cable, eventual! y reac!Ung a destinat10n 
transceiver. At t!Us location, both signals are read in. The original signa! is 
unchanged, but the signa! that had previously been in verted is reverted to the 
original state. When this is done, it retums the encoded transmtssion to its 
original state, but reverses the polarity of any signa! interference that the encoded 
transmission may ha ve suffered. 

Once the in verted transmission has been retumed to the normal encoded state. 
the transceiver adds the two signals together. As the encoded transmtsstons are 
now identical, there is no change to the data content. Line noise spikes, however, 
are combined with noise sptkes of their exact opposite polarity, causing them to 
cancel one another out. 

lnduced 
Normal N01se Sptke 

Transm1ssion _...------:--,.... ____ _ 
Noise spikes 
cancel out 

Or~g~al Signa! lJ UUl--... JU 1 n n . 
~ ulJ1 < -~- = -. ~_u_L>u.lful-- uulfl 

_1 1- -

lnverted 
Transmission 

Reversion of lnver.:-d 
Transmission 

Figure IJ-2. UTP Signa! Equali~ .tion 

= -

Resulting Signa! 
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The L"-:1' cable used in network installations is the same type of cable used in the 
installation of telephone lines within bu¡ldings. liTP cabling IS differentiated by 
the quality category of the cable itself. which is an indicator of the type and 
quality of wire used and the number of times the w1res are twisted around each 
other per foot. The categories range from Category 1 to Category 5, with Category 
5 cabling being of the highest qualitv. 

The wires that make up a length of t.:TI' cable are numbered and color ceded. 
These color cedes allow the installer of the networking cable to determme which 
wires are connected to the pms of the Rj45 ports or patch panels. The numbenng 
of the wiTes m EIA /TIA standard cables IS based on the color of the msulating 
jacket that surrounds the core of ea eh w1re. 

The association of pairs of w1re withm the lJTP cable jacket are decided by the 
specificatiOns to which the cable is bu lit. There are two m a in E lA 1 TIA 
speafications m use around the world for the production of UTP cabhng; 
EIA/TIA 568A and the EIA/TIA 5686. The two WITing standards are different 
from one another in the way that the wires are associated with one.another at the 
connectors. 

Since the FDDI Twisted Pair- Physical MediUm Dependent.(TP-PMD) 
specification requires the use of all eight wires in a four-pair cable, the EIA/TIA 
specificabon to wh1ch the cable is constructed is of prime importance. The 
arrangement of the wiTes and pa1rs in the EJA/TIA 568 speafications is discussed 
in the UTP portian of the Connector Types section of this chapter. 

Keep in mind that the selection of an EIA/TIA wiring scheme w11l determme the 
charactenstics of Wallplates, Patch Panels, and other liTP mterconnect hardware 
you add to the network. Most manufacturers supply hardware buiit to both of 
these specifications. 

-NOTE¡ 
TP-PMD Specifications limit the use of UTP cab/ing to Single 
Attached Station connections from FDDI concentrators to 
stations (M ports to S ports). 

As all connectors in the FDDI TP-PMD specification are organized in the ame 
fashion w1th regard to pinouts, the FDDI TP-PMD specification requiTes JTP 
connections between 11'-PMD..:i<>Yices be crossed over. Crossing.over is the 
reversa! ot the transm1t and reéeive pa1rs ~1_2F'posite ends of a single cable. Each 
cable that swaps the location of the transmit and receive pairs at only one end is 
called a crossover cable. Those cables that maintain the same location for transmit 
and receive pairs at both ends are called straight-through cables. 

If two 11'-PMD dev1ces are connected using a straight-through cable, the transmit 
pins of one device will be connected to the transmit pins of the other device. In 
effect, the two devices will both attempt to transmit on the same pair of the cable 
between them. This will cause the FDDI ring to wrap. 
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To overcome this, a crossover must be placed between the FDDI 11'-PMD ports, 
forcing the transm1t pins of one dev1ce to connect to the receive pins of the other 
device. When two devices are being connected to one another using liTP cabling. 
an odd number of crossover cables, preferably one, must be part of the cabling 
between them. For ease of cable management it is preierable to use 
straight-through cabling for horizontal cable runs, and place any necessary 
crossover cables in the w1ring closet or data center. 

Path of Transmission 

T 
Straight-Through 

··5r~~· .. Tx- "-./~·...A· ·· Tx-A>·~=R• Rx+ · · · · Rx+ 

TX+----~~~~~;:~~~~:;~~;:~~~~" _____ Rx+ 
Tx- Rx-

Rx- Tx-
Rx+ Tx+ 

1S45n06 
Path of Transmiss1on 

Figure 11-3. Straight-Through vs. Crossover Cables 

UTP Cable Quality 

Category 5 

liTP cabling is produced in a number of overall quality levels, called Categories. 
The liTP cabling used in FDDI installations must adhere to the mínimum quality 
characteristics detailed in the ANSI X3T9.5 11'-PMD specification. UTP cabling 
that is Category 4 or lower is not capable of meeting the stringent quality 
requ1rements of the TP-PMD specification, and should never be used in an FDDI 
environment. Only cabling of Category 5 may be used for FDDI 11'-PMD 
installations. Desmptions of lower-quality cables may be found in the Ethernet 
and Token Ring sectiOns of this document. 

Category S UTP cabling is manufactured in the same fashion as standard 
telephone installation cable, but the materials used are of higher quality and the 
wires that make up the pairs are more tightly wound. This doser association 
hel ps to red u ce the likelihood that any one member oi a pair m ay be affected by 
externa! noise sources without the other member of the pair experiencing the 
sarne event. 

Cab/ing Types 
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Category S UTP consists of 2 or more pairs of 22 or 24 AWG WJre. Category S cable 
. is construéted and insulated su::, that the maximum attenuation oi a 10 MHz 
signa! in a cable run at the control tempera tu re of 20° C is 6S dB/km. A cable that 
has a higher maXJmum attenuation than 6S dB/km does not meet the Category S 
requirements. 

Shielded Twisted Pair (STP) 

Cablmg JYpes 

The TP-PMD specification IS also able to utihze high-quality Shielded Tw1sted 
Pair. or STP cable. Shielded Twisted Pa~r cabhng 1s a multistranded cable most 
often constructed oi four 26 AWG conductJVe copper salidor stranded core wires. 
Each wire 1s surrounded bv a non-conducbve msulatmg material such a 
Polyvinyl Chloride (PVC). These w~res are tw1sted around one another in a 
specific arrangement to form pa1rs. The pa.rs are made up oi assoaated wires­
transmit wires are paired with transmit Wlres, receive wtres are paired with 
receive wires. 

Each pair in the STP cable 1S then surrounded by a metallic foil slueld that runs 
the length of the cable. Sorne types of STP mcorporate an additionaJ braided or 
foil shield that surrounds each of the shielded pairs m the cable. The overall cable 
is wrapped in an insulating¡acket that covers the sluelds and holds the wires 
together. 

f Overall Sh1eld 

Tx+ 

Tx-

Rx-

Rx+ 
• 

Outer Jacket Pa1r Sh1eld 184Sn21 

Figure 11-4. STP Cable Pair Association 

Twisting the pairs together throughout the cable helps to reduce the effects of 
extemally-induced electrical noise on the s1gnals that pass through the cable.ln 
each pair, one wire carries the.<IOffilal network s1gnal, while its assoc1ated wire 
carnes a copy of the transmiss10n that has been m verted. 

The twisting-of assoaated pa1rs helps to reduce the interference of the other 
strands of w~re throughout the cable. This is dueto the method of transrrussion 
used with twisted pair transmissions. 

l-"35 



FDDI Media 

2_- 3b" 

In any transceiver or Network Interface Card (NIC), the network protocol signals 
to be transm1tted are m the fonn of changes oi electrical state. The means by 
which the ones and zeroes of network commurucabons are tumed into these 
signals is called encoding. In a tWlsted pa1r enVIronment, once a transceiver has 
been given an encoded s1gnal to transmit, it cop1es the s1gnal and inverts the 
voltage (see Figure 11-5, below). The result of this mverted signa! is a mirror 
opposite of the origmal signa!. 

Both the original and the in verted s1gnal are then transmitted, the original signa! 
over the one transm1t Wlre, the mverted signa! over the other. As these w1res are 
the same length, the s1gnal travels at the same rate (propaga tes) through the cable. 
Since the pairs are tw1sted together, any outs1de electr1cal interference that aifects 
one member of the paiC will ha ve the same eiiect on the other member of that pa1r. 

The transmiss10n travels through the cable. eventuallv reaching a desbnation 
transceiver. At t:lus locat10n. both s1gnals are read m. The original S1gnal1s 
unchanged, but the signa! that had prey¡ously been in verted is reverted to the 
original state. When th1s is done, 1t retums the encoded transmiss10n to its 
original state, but reverses the polanty of any s1gnal mterferencé that the encoded 
transmiss10n mav ha ve suffered. 

Once the inverted transmission has been retumed to the norrnal encoded state, 
the transceiver adds the two s1gnals together. As the encoded transm1ssions are 
now identlcal. there 1s no change to the data content. Line noise spikes, however, 
are combmed with nmse sp1kes of the1r exact oppos1te polarity, causing them to 
cancel one another out. 

Normal 
Transm1ssion --

lnverted 
Transnissinn 

lnduced 
Noise Sp1ke 

-·----

Revers1on of lnverted 
Transmission 

-Noise sp1kes 
cancel out 

Figure 11-5. Tw1sted Pair S1gnal Equalization 

lJlJUl 
Resulting Signa! 

STP cable is made up oi four or móre w~res, and each w1re within thE cable has a 
specific insulator color. These colors are part of the industry specificat10ns to 
which the .cable construction process must be held. Ea eh color identifies a 
particular usage for the cable. The four colors are black. red, green, and orange. 
Table 11-1, below, identifies the type of signa! that each wire carries. 

Cabling 7Ypes 
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Table 11-1. STP Cable Wire Identifications 

Cable Color Application 

1 Black TX-

RX• Red 

Green RX-

Orange 1 TX • 

As STP cabling prov1des only two pa1rs of w1re, it may only be 
used lar Single Attached Station connections from FDDI 
concentrators te stat1ons (M ports te S ports). 

STP Cable Quality 

Type 1 

Cabting Types 

STP cable is available in a series of construction and quality styles, known as 
Types. FDDI TP-PMD applications require STP cables that meet the quality and 
construction specificatiOns of Type 1 or Type 2 STP cable, as detruled m the 
sections that follow. 

Type 1 STP consists of two pairs of sol id 22 AWG copper strands. Each strand, 
approximately 0.02 inch thick. is surrounded by a !ayer of insulation. The 
charactenstics of the insulation IS determined by the fire resistance construction of 
the cable (plenum cable is th1cker and made with slightly different material than 
normal PVC cabling). 

The individual w1res are twisted into palfS. Tne pairs that are formed by this 
twisting are thc~ surrounded by a m y lar foil sl 1eld. These shielded pa1rs are then 
Jaid alongs1de one another in an overall braic. d metal slueld. The sh1eld 
contaming the twisted pairs 1sAhen surrounded by a tight outer..covering. Type 1 
STP is heavv and rather inflexible, but provides excellent resistance to 
interferenc~ and noise dueto its construction characieristics. Type 1 STP is most 
commonly used as a facility cabling, while more flexible cabling is used for 
jumper cables and patch panel connections. 
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Type2 

Fiber Optics 

l-38. 

IBM Type 2 cable is constructed in much the same fashion as Type 1 cable. The 
two central shielded pairs and the overall braided shield that surround them are 
constructed of the same materials, and then two additional pairs of AWG 22 
insulated salid copper w1res are laid outs1de the braided shield befare the whole 
cable is surrounded by the tight outer covenng. These outer wires may be used to 
carry telephone traffic, as the shields surrounding the inner, network wires IS 

intended to elimina te the mterierence that might otherwise occur between the 
inner and outer pairs. 

Cabletron Systems does not recommend combining active 
vo1ce and data w1nng in the same cable. Oegradat¡on of 
network performance m ay result from any non-standard uses 
ot cable. 

. . 

. The added pairs of w1re in a Type 2 cable make it even less flexible than Type 1 
cable. For this reason, it is typically used as iaolity cable. 

Fiber optic cable is a high performance media constructed of glass or plastic 
which uses pulses oi light as a transmission method. Beca use fiber optics do not 
utilize electrical charges to pass data, they are free irom the possibility of 
interíerencedue to prox1mity to electrical fields. This, combined w1th the 
extreme! y low rate of signa! degradation and dB loss makes fiber optics able to 
traverse extreme! y long distances. The actual maximums are dependen! u pon the 
architecture being used, but distances oí up to 50 km (164,000 ft) are not unknown 
when using the FDDI technology. 

Glass optical fiber is made up of a glass strand, the core, which allows for the easy 
transmission oí light, the dadding, a less transmissive glass !ayer around the core 
which helps keep the light within the core, anda plastic buffer which protects the 
cable. 

Transm•ss•ve Core PVC Buffer (Jaeketmg) ,.....,7 

Figure 11-6. Fiber Optic Cable Construction 
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There are two basic types of fiber ophcs: multimode and smgle mode. The names 
come lrom the types of light used in the transm!Ssion process. Multimode fiber 
uses inexpensive l..Ight Emittmg Diodes (LEOs) that produce light of a single 
color. Dueto the nature of the LEO, the light produced is made up of a number of 
differing wavelengths of light. fired outward from the center of the LEO. Not all 
the ravs of light en ter the fiber, and those that do often do so atan angle, which 
reduces the amount of distance the signa! can effectively cover. Single mode fiber 
optics use lasers to achieve greater maximum distances. Since light from a laser IS 
all of the same wavelength, and travels in a coherent ray, the resulting signa! 
tends to be much clearer at recepbon than an LEO signa! under the same 
circumstances. 

Fiber optics of both tvpes are measured and identified by a variety of means. The 
usual means of refernng toa fiber optlc cable tvpe IS to identify if it is single mode 
or. multimode, and to describe the thíckness of ea eh strand. Fiber optics are very 
thín, and the Width of each strand is measured m microns (¡tm). Two 
measurements are important m fiber optiC Idenofication: the diameter of the core, 
where signals travel, and the diameter oi the cladding. which surrounds the core. 
Thus, fiber optic measurements will usually provide two numbers separated by 
the "/" symbol. The first number IS the diameter, in rnicrons, of the core. The 
second is the diameter oi the cladding. Thus, a 62.51125 multimode cable is a type 
of fiber optic cabling with a 62.5 ¡tm core and 125 ¡1m cladding. which can be used 
by inexpensive LEO equipment. as It allows multiple modes of light to pass 
through it. Inadentally, 62.5/125 ¡1m mulbmode cabling is a very common type of 
FDDI fiber optics. 

In m u eh the same way that UTI' cabling is available in two-, four-, 25-, and 50-pair 
cables, strands of fiber optic cabling are often bound together with other strands 
into multiple strand cables. These m u! tiple strand cables are available with 
anywhere from two to 24 or more strands of fiber optics, al! gathered together into 
one protective jacket. 

Cabletron Systems recommends that customers planmng to 
install flber optic cabling not install any facility fiber optics 
(non-jumper cabling) containing fewer than six strands of 
usable optical fiber. The minimum number of strands needed to 
make an end-to-end fiber optic link between two FDDI network 
devices is two. In the event that a strand Within the cable ts 
damaged during installation or additional fiber pairs become 
desired along the cable path, the availability of extra strands of 
optical fiber will reduc:e~he likelihood that a new cabla-must be 
pulled. The existing, unused pairs of optical fiber can.be 
termtnated and used immediately. 
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Multimode fiber optic cabling 1s des1gned and fonnulated to allow the 
propagation of many different wavelengths, or modes, of light. Multimode fiber 
optics are the most commonly encountered fiber type in FDDI installations, dueto 
their lower cost compared to other fiber types. 

The FDDt MMF-PMD specification specifies the Media Interface eonnector, or 
MICas the standard connector for MMF-PMD networks. The LeF-PMD 
specification recommends the use of the se-Tvpe connector for all station 
connections. Other connector types are nonstandard and the1r use may result in 
poor network performance. The MI e and Se connectors are desmbed m greater 
detail in the eonnector Types secbon of th1s chapter. 

Single mode fiber optics are designed specifically to allow the transmiss10n of a 
very narrow range of wavelengths within the core of the fiber. As the prense 
wavelength control reqlllred to accomplish tlus is perfonned using lasers, which 
directa single, narrow ray of light, the transmiss1ve core of smgle mode fiber 
opbcs is typically very small (8 to 10 ~m). Single mode fiber is more expensive to 
produce than multimode fiber, and is typically used in long-haul applicabons. 
The FDDI networking technology allows for the creation of single mode fiber 
optic cabling runs of u p to 58 km. 

Dueto the very demanding tolerances involved in connecting two transmiss1ve 
media with diameters approximately one-quarter as thick as a sheet of paper, 
single mode fiber optics require very precise connectors that will not move or 
shift over time. For this reason, single mode fiber optics should only be 
tenninated with locking, preferably keyed, connectors. The FDDI Single Mode 
Fiber Physical Medium Dependent (SMF-PMD) specification requires that all 
fiber optic cabling used in the FDDI network, regardless of type, should be 
connected onlv with MIC connectors, which are discussed in detaillater in this 
chapter. Sorne. FDDI devices for single m o de fiber optics use the Se connector· 
used by the LCF-PMD specification. 

In response to the expensive media and bulky connectors of the MMF-PMD and 
SMF-PMD standards, the Low eost Fiber- Phys1cal MedlUm Dependen t. or 
LeF-PMD has been proposed. Th!>'Le-F-PMD specification uses multimode fiber 
optics, and is terminated with smaller, less expens1ve connectors.The LeF-PMD 
specification allows for connections that are not longer than 500 m (1,640 ft). 
LeF-PMD links are des1gned for connections between concentrators and end 
stations. 

The LCF-PMD specificat1on uses the se eonnector, a modular; keyed connector 
designed much like the FDDI Mie connector (discussed in the eonnector Types 
section of this document). 
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Fu/1-Dup/ex Fast Ethernet Network Requirements 

1 OOBASE-FX (Multimode) 

CableType 

Attenuation 

All Cabletron Systems 100BASE-FX products require that installed faCI!ity cabling 
and cable hardware meet the following mirumum specifications. lf a·network 
cabling installation is not within the limitations presented here, the operation of 
the 100BASE-FX products may be affected. 

Cabletron Systems IOOBASE-FX network devices require spe'cific types of cabling. 
100BASE-FX multimode fiber optic devices manufactured bv Cabletron Svstems 
are able to support connections to and from the tollowmg tYpes ot multi~ode 
fiber optics: 

• 50/125¡un 
• 625/125 ¡1m 

• .! 00/140 ¡1m 

Multimode fiber optic cables must be tested for attenuat10n with a fiber optic 
attenuation test set. The test set must be configured to determine attenuatiOn of 
the cable ata wavelength of 850 nm. The attenuation test will confinn orden y that 
the cable falls within an acceptable level. The acceptable leve! ot attenuabon tora 
100BASE-FX cable is ll.O dB. 

lnsertion Loss 

Del ay 

,. 

The 100BASE-FX specification allows for a total dB loss of 10 dB or less between 
any two stations or devices connected by fiber optic cabling. When calculating 
insertion loss, you must consider and count any loss mtroduced by fiber optic 
splices, barre! connectors, distribution boxes or other cable management devices. 
The typical dB loss for a splice ora connector is less than 1 dB. The loss statistics 
for any fiber o ~ir ble management hardware should be available from the 
manufacturer. 

As fiber optic cabling is often used to make·connections between Fast Ethernet 
repeaters or hubs, the 100BASE-FX specification allows a multimode fiber optic 
link to be configured such that the total propagation del ay for the link is less than 
or equal to 2.56 ¡15 one-way. Keep in mind, however, that propagation delay must 
be calculated for the entire network. lf there are more stations than the one 
connected by your fiber optic link. you must also calcula te the propagation delay 
for the longest of those station links. 

100BASE-FX (Mu/timode) ~-41 



Fu/1-Duplex Fast Ethemet Network Requirements 

Length 

~-4.1 

If there is any signal path whose total on<>-way propagation delay exceeds 2.56 f.LS, 
the Fast Ethernet network is out of specifications, and error conditions m ay result. 
To eliminate propagation delay problems, incorpora te sorne form of 
segmentation, such as bridging or routing, mto the network to separa te the 
problem signa! paths from one another. 

The IOOBASE-FX specification limits a multimode fiber optic cable segment to 
412 mor less. Assummg that a fiber opnc cable meets all other limitatiOns for 
100BASE-FX usage, it is possible to extend a multimode fiber optic link toan 
estimated maximum of 2 km. Ata length oi more than 2 km, the propaga !ion 
del ay introducéd by the multimode fiber opnc cable segment may exceed the 2.56 
f.1S limit of the Fast Ethernet specificallon and cause excessive OOW errors. 
Cabletron Systems does not recommend the mstallation or use of any multimode 
fiber optic cable segment that exceeds !OOBASE-FX limitations of 412 m. 

= -
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This chapter examines the phys1cal characteristics and requirements of both cablmg and the 
connectors and ports used in Token Ring networks. 

Cabling Types 

Shielded Twisted Pair (STP) 

Shielded Twisted Pair cabling is a multistranded cable most often constructed of 
eight 26 AWG conductive copper salid or stranded core wires. Each wire is 
surrounded by a non-conductive insulating material such as Polyvinyl Chloride 
(PVC). These w1res are twisted around one another in a spec1fic arrangement to 
forrn pairs. The pairs are made up of associated wires- transm1t wires are paired 
with transmit wires, receive wires are pa1red w1th receive wires. 

Each pair in the STP cable is then surrounded by a metallic foil shield that runs 
the length of the cable. Sorne types of STP incorpora te an addit10nal braided or 
foil shield that surrounds each of the shielded pairs in the cable. The overall cable 
is wrapped in an insulating jacket which covers the shields and holds the wires 
together. 

= 
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Outer Jacket 

l Overall Shield 

• • 

~---Tx+ 
..._ ___ Tx-

Rx-
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· Pair SH1eld 1845f'l21 

Figure 9-1. STP Cable Pair Assoaation 

Twisting the pairs together throughout the cable helps to reduce the effects of 
extemally-induced electrical noise on the signals that pass through the cable .. In 
each pair, one wire carries the normal network signa!. while its associated wn'e 
carnes a copy of the transmiss10n that has been inverted. 

The twisting of associated pairs helps to reduce the interference of the other 
strands of wire throughout the cable. This is due to the method of transmiss10n 
used with twisted pair transmissions. 

In any transceiver or Desktop Network Interface Card (DNI or NIC), the network 
protocol signals to be transmitted are in the iorm oi changes of electrical state. The 
means by which the ones and zeroes of network communications are tumed mto 
these signals is called encoding. In a twisted pair environment, once a transce1ver 
has been given an encoded signa! to transmit, it copies the signa! and inverts the 
voltage (see Figure 9-2). The result of this inverted signa! is a mirror opposite of 
the orig¡nal signa!. 

8oth the original and the inverted signa! are then transmitted, the origmal signa! 
over the TX + transrrut wtre, the in verted s1gnal over the TX- wire. As these wtres 
are the same length, the signa! travels at the same rate (propagates) through the 
cable. Since the patrs are twisted together, any outs1de electrical interference that 
affects one member of the pair will ha ve the same effect on the other member of 
that pair. 

The transmission travels through the cable, eventually reaching a destination 
transceiver. At this location, both signals are read m. The original signa! is 
unchanged, but the signa! that had prevtOusly been inverted is reverted to the 
original state. When this is done, it"l'eturns the encoded transmiss10rrto its 
ong¡nal state. but reverses the polanty of any s1gnal interierence that the encoded 
transmiss10n may ha ve suffered. 

Once the inverted transmission has been retumed to the normal encoded state, 
the transceiver adds the two signals together. As the encoded transmissions are 
now 1dentical. there is no change to the data content. Line nmse spikes, however, 
are combined with noise spikes of their exact opposite polarity, causing them to 
cancel one another out. 

Cabling ¡ypes 
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Figure 9-2. Twisted Pair Signa! Equalization 
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lflrLH 
Resulting Signal 

STP cable is made up of four or more wires, and each wire within the cable has a 
specific insulator color. These colors are part of the IEEE specifications to which 
the cable constructwn process must be held. Each color identifies a particular 
usage for the cable. The four standard colors are black. red, green, and orange. 
Table 9-1. below, identifies the type of signa! that each wire carnes. 

Table 9-1. STP Cable Wire ldentifications 

Cable Color 1 Application 

Black TX-

Red RX + 

Creen RX-

Orange TX·+ 

STP cabling is available in severa! different arrangements and construction styles, 
called Types. The type definihons are based on the IBM cabling system. STP 
cabling that may be used in Token Ring em••ronments falls into four types. called 
Type l. Type 2. Type 6, and Type 9. Any of these cable Categones can be used in a 
Token Ring installation, provided that the requisite IEEE 802.5 spectfications 
regarding the cables are met. = _ 

Type 1 STP consists of two pairs of solid 22 AWG copper strands. Each strand, 
approximately 0.02 inch thick. is surrounded by a layer of insulation. The 
characteristics of the insulation is deterrnined by the fire resistance construction of 
the cable (plenum cable IS thicker and made with slightly different material than 
normal PVC cabling). 

Cabling Types :L-45 
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Type2 

Type6 

The individual wires are tw1sted into pairs. The pairs that are formed bv this 
twisting are then surrounded by a mylar fml shield. These shielded pan:,; are then 
laid alongside one another in an overall bra1ded metal shield. The shield 
containing the tw1sted pa1rs is then surrounded by a tight outer covenng. Type 1 
STP is heavy and rather 1nflexible. butprovides excellent resistance to 
interference and nmse dueto 1ts construction characterishcs. Type 1 511' 1s most 
commonly used as a faCI!itv cabling. while more flexible cabling is used for 
jumper cables and patch panel connections. 

IBM Type 2 cable is constructed in much the same fashion as Type 1 cable. The 
two central shielded pairs and the overall bra1ded shield which surrounds them 
are constructed oi the same materials. and then two additional pairs oi AWG 22 
msulated sohd copper w~res are la1d outside the braided shield befare the whole 
cable is surrounded by the tight outer covering. These outer w1res may be used to 
carry telephone traific, as the shields surrcunding the inner, network wires is 
in tended to elimmate the mterierence that m1ght otherwise occur between the 
inner and outer pairs. 

g¡ 
.==__1 

Cabletron Systems does not recommend combining act1ve 
voíce and data wiring in the same cable. Degradarían of 
network performance may result from any non-standard uses 
of cable. 

The added pairs of wire in a Type 2 cable make it even less flexible than Tvpe 1 
cable. For this reason, it is typ1cally used as facility cable. Lighter-gauge. more 
flexible cable tvpes, such as Types 6 and 9, discussed below, are frequently used as 
patch cables between networking hardware and Type 2 cable. 

Type 6 cable uses the same dual-shielded construction that Type 1 and Type 2 
cable use, t. t t> materials used in the construction are of a narrower gauge. The 
wires that 1nake up the twisted pairs m a Type 6 cable are constructed of 26 AWG 
stranded conduc~Jrs. 

The construcbon materials used in Tvpe 6 cabling make ita much more fleXJble 
form of STP, but greatlv reduce the=c~51e's ability to carry network slgnals over 
long distances. Type 6 cable 1s in tended for use as jumper or patch panel cabhng 
only. 

Cabling JYpes 
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· Type 9 cable is sim1lar in construction to Type 6 cable, and is intended to be used 
for the same purposes. The center strands ot a Type 9 cable are made of either 
solid or stranded 26 AWG conductors . 

. Unshielded Twisted Pair (UTP) 

Cab/mg ljpes 

Unshielded Tw1sted Pair cabling 1 referred to he re as UTP) 1S commonlv m a de up 
of two or tour pam; of 22. 24. or 26 AWG unshiclded copper solid or stranded 
w~res. These pa1rs of w~res are twisted togethcr throughout the length of the 
cable. These twísted pa1rs oi w¡re w1thm the LTP cable are broken up mto 
transmit and receive pa1rs. The UTP cable used m network installanons ís the 
same type of cable used in the mstallation ot telephone lines wíthin bUIIdings. 
UTP cabling is dífferentJated bv the qualitv category of the cable itself. wh1ch is an 
indicator of the type and quahty of w~re used and the number of times the w~res 
are twisted around each other per foot. The categories range from Category 1 to 
Category 5, With Category 5 cabhng bemg ot the highest quality. 

The wires that make up a length of CTP cable are numbered and color coded. 
These color codes allow the mstaller ot the networkin¡: cable to deterrnme which 
wires are connected to the pms of the R)45 ports or pa;: · panels. The numbering 
of the w~res in USCX: standand cables 1s based on the co.ur of the msulating ¡acket 
that surrounds the core of each wire. 

Each jacket will ha vean overall color: brown. blue. orange, green, or white. In a 
4-pair UTP cable (the typical UTP used in networking installations) there will be 
one wire each of brown, blue, green. and orange. and four wires whose overall 
color is white. The wlute wires will be distinguished from one another by 
periodicallv placed (usually within 112 inch of one another) rings oi the other 
four colors. 

Wires with a umque base color are identified bv that base color: blue. brown, 
green, or orange. Those w~res that are pnmanly white are idennfied as 
white 1 <color>, where <color> indica tes the color of the nngs of the other iour 
colors in the white msulator. 

The association of pairs of wire within f · e· P cable jacket are decíded by the 
specifications to whích the cable is built. There are two main specifications m use 
around the world for the product10n of UTP • 1bling: EIA /TIA 568 and USOC. 
The two wirnig standards are different from. ne another in the wav that the w1res 
are associated with one anothec throughout the cable. 

Thc arrangement of the wires in the two specifications does not affect the 
useiUiness of the resultant cables for Token Ring networkmg. The arrangement of 
the wires and pairs in the EIA/TIA and USOC specifications is discussed in the 
UTP Cable port10n of the Connector Types section of this chapter. 
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While UTP cables are usually bu lit to prov1de four pa~rs of WJre, IEEE 802.5 
standards only require the use of two pa~rs, referred toas Pa~r 1 and Pair 2 (Pair 1 
and Pair 3 of the EIA /TIA S68A specificatiOn). Palf 2 of the connector is the 
transmit pair and Pair 1 of the connector IS the receive pair. This orgamzation of 
wires at the connector is referred toas a pmout. Pmouts will be discussed in 
greater detail in the Connector Types secbon oí this chapter. 

Table 9-2. IEEE 802.5 Wire Use 

Token Ring Signa! Use 
WueColor USOC Pair 

568A 5688 

White/Blue (W-BL) Pa1r 1 TX· RX+ 

Blue (BL) Pins 3 and 4 TX- RX-

White/Orange (W-OR) Pa1r 2 RX+ TX+ 

Orange (OR) Pins 2 and S RX- f TX-

White/Green (W-GR) 1 Pair 3 
Pins 1 and 6 

Not U sed 
Creen (GR) 

1 White/Brown (W-BR) Pair4 
Not U sed 

i Brown (BR) Pms 7 and 8 

Do not split pairs in a tw1sted pair installation. While yo u m ay 
consider comb1ning your voice and data cabling into ene p1ece 
of horizontal fac•lity cabling, the crosstalk and interference 
produced by th1s pract1ce greatly reduces the viability of the 
cable for e1ther applicatlon. The use of the pairs of cabling in 
this fashion can also preven! the future usage of adv<.nc­
networking technologies that require the use of all tour pa1rs in 
a twisted pair cable. 

UTP cabling JS produced m a numóerof overall quality levels, called Categories. 
The requirements ofnetworking limit UTP cabling for Token Ring to Categories 3, 
4.. or S. Any of these cable Categones can be used m a Token Ring installation, 
provided that the requisite IEEE 802.5 specifications regarding the cables are met. 

Cabling ljtpes 
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UTP cabling that is built to the Category 3 specification consists of two or more 
pairs of so lid 24 AWG copper strands. Ea eh strand, approximately 0.02 inch thick, 
is surrounded bv a laver of insulation. The charactenstics of the insulation are 
determined by the fir~ resistant construction of the cable (plenum cable is thicker 
and made with slightly different matenal than normal PVC cabling). 

The individual WJres are twisted into pairs. The twisted pairs of cable are laid 
together along WJth a thin nylon cord. Th1s "npcord" is useíul for strippmg the 
outer jacket of the cable, which may be low-smoke PVC plastic ora plenum-rated 
insulating matenal. The outer ¡acket surrounds, but does not adhere to, the wire 
pairs which make up the cable. 

Category 3 UTP cabling must not produce an attenuation of a 16 MHz Signa! 
greater than 40 dB/ 305m (1000 ft) at the control tempera tu re of 20° C. 

Category 4 UTP cabling IS constructed in the same manner as the Categorv 3 
cabling discussed previously. Category 4 UTP is constructed usmg copper c7nter 
strands of 24 or 22 AWG. Each strand IS insulated and tw1sted together w1th 
another strand to form a pair. The resultmg wire pairs are then covered bv a 
second !ayer of insulating ¡acketmg. 

Category 4 UTP must not produce an attenuation of a 16 MHz signa! greater than 
27 dB/305 m (1000 ft) at the control temperature of 20° C. 

Category 5 UTP cabling is manufactured m the same fashion as Category 3 cable, 
but the materials used are of higher quality and the wires that make up the pairs 
are more tightly wound. 

Category 5 UTP consists of 2 or more pa1rs of 22 or 24 AWG Wlre. Category 5 cable 
is constructed and insulated such that the maximum attenuation of a 16 MHz 
sii;nal in a cable run at the control tempera tu re of 20° C is 0.655 dB/ m 
(25 dB/1000 ft). A cable that has a higher max1mum attenuation than 0.655 dB/m 
does not meet the Category 5 requirements. 

=-
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Fiber optic cable is a high performance med1a constructed of glass or plastic that 
uses pulses of light as a transmission method. Beca use fiber optics do not utilize 
electrical charges to pass data, they are free from the possibility of interference 
dueto prox1mity to electrical fields. This. combined with the extremely low rate of 
s1gnal degrada !ion and dB loss makes fiber apiles able to traverse extreme! y long 
distances. The actual maXJmums are dependen! u pon the architecture bemg used, 
but distances up to 10 km (6.2 miles) are not uncommon. 

Glass optical fiber is made up of a glass strand, the core, which aJiows for the easy 
, transm1ssion of light, the claddmg. a 'glass laver around the core that helps keep 

the light withm the core, and a plas!Jc buffer that protects the cable. 

Transmrssive Core PVC Buffer (JaC.Xetmg) ,._, 

Figure 9-3. Fiber Optic Cable Construction 

There are two basic types of fiber optics: multimode and single mode. The names 
come from the types of light used in the transmiss10n process. Multimode íiber 
uses inexpensive Light Emitting Diodes (LEOs) that produce light of a single 
color. Dueto the nature of the LEO, the light produced is made up of a number of 
differing wavelengths of light, fired outward from the center of the LEO. Not all 
the rays of light enter the fiber, and those that do often do so atan angle, which 
reduces the amount of distance the signa! can effectively cover. Single mode fiber 
apiles use lasers to achieve greater max1mum distances. Since light from a laser is 
all of the same wavelength, and travels m a coherent ray, the resulting signa! 
tends to be much clearer at recepllon than an LEO signa! under the same 
drcumstances. 

Fiber optics of both types are measured and identified by a variety of means. The 
usual means of refemng toa fiber optic cable type is to identify if it is single mode 
or multimode, and to describe the thickness of each strand. Fiber optics are very 
thin, and the width of each strand is measured in microns (¡~.m). Two 
measurements are importan! in fiber optic identification: the diameter of the core, 
where s1gnals travel, and the diame!er of the cladding, which surmunds the core. 
Thus, fiber optic measurements will usually provide two numbers separated by 
the "/" symbol. The first number is the diameter, in microns, oí the core. The 
second is the diameter of the cladding. Thus, a 62.51125 multimode cable is a type 
of fiber optic cabling with a 62.5 micron core and 125 micron cladding, which can 
be used by inexpensive LEO equipment, as it allows multiple modes of light to 
pass through it.lnadentall)\ 62.5/125 ¡~.m multimode cabling is a very common 
type of fiber optics . 

Cabling ljtpes 
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In much the same way that UTP cabling rs avallable in two-, four-, 25-, and 50-pair 
cables, stranas oi ñber opnc cabling are often bound together with other strands 
into multiple strand cables. These mulbple strand cables are available with 
anywhere irom two to 24 or more strands oi ñber optics, aH gathered together into 
one protective jacket. 

Cabletron Systems recommends that customers planning to 
install fiber optrc cabling not mstall any facrlity frber optrcs 
(non-¡umper cablrng) contarnrng fewer than six strands of 
usable opncal frber. The mrnímum number of strands needed to 
make an end-to·end frber opnc hnk between two network 
devrces rs two. In tne event that a strand wíthin the cable is 
damaged durrng rnstallation or addrtronal fiber parrs become 
desrred along the cable path. !he avarlability of extra strands of 
optical fiber will reduce the lrkelihOOd that a new cable must be 
pulled. The existing, unused parrs of optical fiber can be 
terminated and used immediately. 

Multimode ñber optic cabling is designed and lormulated to aJJow the 
propagation oí many diiferent wavelengths, or modes, oi lignt .. Multimode fiber 
opncs are the most commonlv encountered ñber type in network instaJJations, 
dueto their Jower cost compared to other fiber types. 

Token Ring fiber opbc devices that meet the IEEE 802.5j specification are 
terminated with ST connectors. Older network instaJJations may utilize the IBM 
biconic connector or the Sub-Miniature Assembly (SMA) connector. 

Single mode ñber optics are designed specificaJJy to aJJow the transmissron oi a 
very narrow ronge oi wavelengths wrthin the core oi the fiber. As the preose 
wavelength co:-rtrol required to accomplish this is perlormed usrng lasers, which 
directa singl . r> • ow ray oi light, the transmissive core oi single mode fiber 
opbcs is typrcaJJy very smaJJ (8 to 12 )lm). Single mode fiber is more expensive to 
produce than mult'mode fiber, and is typically used in long-haul applications. 

Dueto the very demanding toler~nces rnvolved in connecting ~o transmissive 
media wrth diameters approxrmately one-quarter as thick as a sheet of paper, 
srngle mode fiber optrcs require very precise connectors that wiJJ not move or 
shift uver time. For this reason, srngle mode fiber optics should only be 
terminated with locking, preferably keyed, connectors. Token Ring fiber optic 
rnsta!Jations must use the ST connector to be compliant with the IEEE 802.5j 
specification. 
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About ATM 

This chapter d1scusses the evolution and prom1se of ATM as a multiple media networkmg technology, 
and gwes s1mpte explanat1ons for what ATM 1s and what it does. 

lntroduction to ATM 

,. ' ,. 

There are two basic types of communicatwn networks: public networks and 
priva te networks. Pul:ilic networks are owned and operated by telephone 
companies and television cable comparues, and proVlde worldwide access to 
voice, data, and video communication servíces. They are conSidered to be public 
because this network can be accessed from anywhere in the world when a user 
decides to pickup a telephone, tum on a televisíon, or gain access to the intemet 
through a computer and modem. 

Prívate networks such as Local Area Networks (LANs) are owned, operated and 
controlled by corporations, companies, govemment agencies and universrties. 
These LANs were once geographically isolated to individual companies or si tes. 
Today these same networks use public networks as intermedia te connections to 
other private networks. LANs are mainly data communications networks, but are 
recently beginning to transmit more and more broadband commurucatiOns like 
voice and video. 

Both public and priva te networko pr, .ess large amounts of information. These 
networks provide reliable service and good response t::zme. However, as 
bandwrdth demands for greater speeri efficiency, and reliability, an emerging 
technology called Asvnchronous Transfer Mode (ATM), has matured to fulfill the 
networking requirements of modern public and priva te computE" networks. 
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Where ATM Started 
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Telecommunications carriers were the first to develop ATM. The goal of their 
project was to define and standardize a transmission over anv svnchronous 
channel that would unite media services and deliver them m' a Íast, inexpensive, 
reliable and efficient manner. Once the ATM technology met these goals, it 
became .the vehicie for a Broadband-lntegrated Services Digital Network 
(B-ISDN), which IS a digital transm1ssion standard defirung communicabon 
protocols permittmg telephone networks to carrv data streams over Wide Area 
Networks (WANs). · 

Carriers understand the need for a medium to carrv broadband commumcations. 
over a high-capacity network. beca use they are mte~ested in reducmg the cost and 
number of difieren! networks that thev must maintain for a varietv of users. 
These difieren! networks are becommgexpens1ve to operate and ¿upport as the 
demand for bandwidth rises. For this reason, ATM has become an attractive 
networking technology for both WAN carriers and LAN environments. lt 
provides high bandwidth and does not use network capacity unless there is 
information to be sent. When there is inforrnation to be sen t. it is packaged into 
cells that travel along an assigned channel. When a particular device 15 not 
transmitting. the spare capacity can be used by other devices. When no devíces 
are transrnitting. the channel is filled w1th idle cells. 

By allocating only the bandwidth needed by a user's applications, ATM could 
lead to greater network efficiency and producbvity in LAN env1ronments w1th 
significan! cost savings. In the future, Na ti ve ATM technology (ATM networks 
without connected legacy networks) has the potent1al to make both LANs and 
WANs more transparent by offering a homogenous connection between any two 
points on the globe. This connection would be direct, without having to be routed 
or bridged over difieren! technologies before finally making a link. 

One of the importan! questions facing network des1gners examimng ATM 
technology is "how will it fit into my exisbng network"? Dueto the relatlve 
expense and the pre-standardized nature of the ATM technology, ATM is being 
gradually 1mplemented into today's LANs, most often as a backbone technology. 

= -
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ATM Workgroups and LAN Backbones 

ATM backbones currently used in LANs create high-speed commurucation links 
between users in different workgroups or between different users located in 
different areas. Backbones are the central transmission media of larger networks 
carrying large amounts of data at high speeds. 

ATM is becoming more wtdely accepted as a LAN backbone technology, but its 
transition has not been smooth due to the complex1ty of the technology needed to 
mesh ATM backbones with existing Ethernet, Token Ring. and FDDI LANs. The 
slow adoption of LAN Emulaban, and the status of specifications for Oassical IP 
have complicated the migration to ATM backbones for sorne users. However, 
ATM's speed and ability to multiplex different commurucation media types 
makes it an"attractive networking solution. 

ATM backbones provide high transm1ssion speeds and bandwidth in a way that 
supports user mobihty, easily modified workgroup connectivity, and the base of 
existing network-onented applications in LANs. As a LAN backbone, ATM is 
used to connect centralized workgroup hubs supporting hundreds of 
connections. ATM prov1des large amounts of bandwidth and is implemented as 
high-speed switchmg matrixes within the backplane f:!l ATM switches and next 
generation smart hubs. Within the backplane, ATM will proVIde the high-speed 
interconnection between modules and networks in the same manner as u sed in 
the physical backbone, essentially bringing the ATM backbone network into the" 
switch or smart hub. ATM used as a WAN backbone solution can ha ve the · 
capacity to carry transmissiOns between maJar cities, states, or countries. ATM 
WANs are currently being implemented by sorne telecommumcahons carriers. lt 
is quite likely that this event will spark even more implementations in LAN 
backbones in the near future. 

The Promise of ATM 

lntroductJon to ATM 

If the computer industry had the ability to turn back time and start with a clean 
slate conceming cemputer netwerking. it might well ha ve gene with Na ti ve ATM. 
Mest el the ATM concepts and features discussed in this guide would be 
optimized in any type of data applications. ATM has been an evolving technelogy 
that has taken years (1991-1997) el netwerk development, inveshnent and 
implementation to migra te and complement sizable. established, legacy-network 
environments. 

Although ATM has shewn much prom1se m 1ts geals for w¡de-spread 
'",'PiementatiOn m both LANsano WANs as a lar reachmg andrevolutiOnary 
network solutien, it has gene threugh sorne growing pains. The acceptance and 
implementation ef ATM has been gradual because el its cost, development, and 
investrnent in ex1sting networking technologies. Network designers are 
beginrung to utilize ATM backbone sw1tches for their existmg networks where it 
has made the most practica! and cost-effective sense. The type and volume el 
traffic may alse affect decisiens to use ATM as a netwerk.ing solution. ATM may 
be a more practica! network.ing approach fer users that have h1gh multimedia 
traffic er exceedingly high-bandwidth demands. 

.. , 
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The hope of implementing Native ATM in all networks over time rests in 
encouraging the technology to migrate and coexist with legacy LANs and WANs 
until it gradually positions itself to live up to its potential as a unifying 
technology. Native ATM to the desktop will win wide-spread acceptance when 
applications drive users to find a faster, more capable transport service. ATM to 
the desktop will become more widespread when an ATM infrastructure that 
supports it becomes more fully developed m both LANs and WANs. 

In WANs, carriers have the resources to create a major ATM infrastructure, and 
are motivated todo this beca use ATM "tlattens the network," decreasmg the 
number of multiple separate networks they need to support. Carriers are now 
investing in equipment to upgrade their infrastructure and are buying ATM WAN 
and LAN switches along w1th other access devices to build ATM networks that 
pave the way for a smgle, high-speed. and universal network.mg architecture that 
is compatible with current and planned electncal and optical cables. 

lnteroperability, the Ideal of Networking 

~-55 

Ideal! y, all devices placed on any network should be able to transfer infonnation 
in a usable fashion and understandable fonnat to any other station. For sorne 
time, however, this was not always the case. Different companies, even within the 
same industry, ha ve different ways of des1gning. developmg. and constructing 
their prod ucts. Different views of how a network should opera te led to radical! y 
different products and methods of network.ing. These early network.ing 
implementations were specific to one particular vendar, and would often onlv 
work in homogenous environments, where all components used in the network 
were produced by that single vendar. Tius method of networking locked 
customers in to relying on a single vendor for all their network.ing needs, curren! 
and future, which could lead to problems if the network implementa han was 
unsatisfactary. Replacing all present netwark.ing equipment with the proprietary 
salutian of another vendar •s an extremely costly propasitian. 

To comba! this, the idea af interoperability grew in papulanty. ldeally. 
interaperability means that the network.ing dev•ces af Vendar X can 
communicate, problem-free, with the network.ing devices af Vendar Y. 

= 
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Standards and Compliance 

Interoperability requires the following of standards: distmct rules and finite 
margins within which network operation and performance must be kept. If a 
network does not meet the minimurns, or exceeds the maximums of the 
networking standard that the industry uses, it is said to be "out of specifications," 
and may not operate atan acceptable leve!. 

Standards are defined by committee through the operation of standards inshtutes. 
Standards Institutes are made up of personnel from severa! firms in the mdustry 
who volunteerthe~r time and effoJ1. These volunteers work to compose and ratify 
an acceptable standard that must ·be met by any product that refers to 1tself as 
"standards-comphant." Products that are not standards-compliant mav cause or 
experience mteroperability problems when operating in a standards-based 
network.. Of course, even in a fullv standards-based network.. there mav still be 
problerns. Most vendors in the industry realize the importance of providmg a 
flexible and open network to all customers, and they seek to elimina te any 
interoperability problems they notice. · 

The OSI Model, Basis of Standards 

The Intemational Organization for Standardization (ISO) Open Svstems 
Interconnect (OSI) Model provides a framework for the development of system 
connection standards by defining a consisten t hierarchv of rules. The OSI m o del 
defines 'where the needed tasks of system interconnection are performed but not 
haw they are periormed. How tasks are performed on a given !ayer is determined 
by the protocols, or rules, written for that particular network based on the OSI 
model. The layers may be implemented in hardware, software, or both. Each !ayer 
in a network based on the OSI model performs specific types of functions 
required for proper system interconnection. 

There are seven layers in the OSI Model (see Figure 2-1). They begin with the 
Physical Layer and end with the Application Layer. Each !ayer provides serv¡ces 
to the !ayer above it. As the seventh !ayer is the 'topmost' !ayer, it serves the user 
directly, and is conSidered the top of the OSI model. 

= -
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7. AppbcatiOn j 

6. Presenta11on 

1 5. Sessoon 

4 Transpon 

; 3 Network 

1 i 2. Data L..mk 

1 1 . Physocal 

205l><ll 

Figure 2-1 OSI Model 

Layer Seven: Application 

The Application Laver IS the user's interface with the network. This !ayer directly 
interacts with user application programs to prov1de access to the network. All 
other layers exist to support the requirements oi the Application !ayer. The 
ApplicatiOn !ayer is usually invoived with network-oriented end-user tasks su eh 
as electronic mail, network file transfers, and collaborative document preparation. 

Layer Six: Presentation 

The Presentation Laver deals with data translatiOn and code conversion between 
devices with different data formats (i.e., ASCII to EBCDIC). This laver also 
handles translatiÓn between differing dev1ce types and file formats', as well as 
data encryption and decryption services. In the transmit mode. the presentation 
!ayer passes information irom the applicabon !ayer to the Session !ayer after it has 
appropriately modified or converted the data. In the rece1ve mode, the 
Presentation !ayer works in reverse passmg information from the Session !ayer to 
the Application laver. 

Layer Five: Session 

~-51 

The Session !ayer manages the' communications dialogue between two 
communicating devices. The Session la ver esta>- ishes rules for imtiating and 
terminating communications between devices and can provide error recovery. 

~ -
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Layer Four: Transport 

Thé Transport !ayer deals with the optimization of data transfer from source to 
destinal!on by managmg network data flow and implementing the quality of 
service requested bv the Sess1on !ayer. The Transport !ayer determines the packet 
size reqwrements for transmission based on the amount of data to be sent and the 
maximum packet s1ze allowed by the network arclutecture. Jf the data to be sent is 
larger than the maximum packet s1ze allowed on the network. the Transport !ayer 
is respons1ble for div1dmg the data into acceptable s1zes and sequences each 
packet for transmiSSion. 

When receiving data from the Network la ver, the Transport laver ensures that the 
data is received m arder and checks tor duphcate and lost packets. lf data is 
received out oi arder, the Transport layer correctly orders the data and passes the 
data up to the Session !ayer for add1tional processing. 

Layer Three: · Network 

The Network laver accepts data from the Transport !ayer and adds the 
appropriate miorrnallon to the packet to proVJde proper network routing and 
sorne leve! of error control. Data is iormatted by this !ayer for the appropriate 
communications pro toco!. such as IP, IPX, or X.25. 

Layer Two: Data Link 

The Data Link laver is m volved with transmission, error detection, and flow 
control of the data. The ma1or function of the Data Link laye~ is to actas a slueld 
for the higher layers of the OSI model, controlling the actual processes of 
transmiss10n and recepllon. Error detection and control of the Physicallaver are· 
the primarv tunct10ns of this !ayer, ensuring that data received by the upper 
layers is error-free. For purposes of understanding networking. 1t is useiul to 
divide the Data Link !ayer mto two sub-lavers: the Logical Link Controllayer and 
the Media Access Controllayer (see Figure 2-2). 

j 7. Applrcatron ) 

! 6. Presematron 1 

Sessron 

Figure 2-2 Data Link Layer 

lnteroperability, the Ideal of Networking .2-SB 
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Logical Link Control 

The Logical Link Control Sublayer shields the upper layers from any particular 
access method or media. The upper layers are not concemed about whether they 
are connected toa Token Ring or Ethernet network because the Log1cal Link 
Control Sublayer handles the interface. The Log~cal Link Control prov1des for a 
common interface of the layers above to any phvsical network •mplementahon. 

Media Access Control 

. The Media Access Control. or MAC. Sublaver 1s responsible for severa! areas of 
operation. On the transm1t side. the MAC ~.o ver rece1ves data from the Logical 
Lmk Control Sub la ver and encapsulates ,. ··:o a packet ready for transmission. 
The MAC Sublaver determmes ¡f the commumcahons channe!IS available for 
handling retransmission m the event of a coiiJSJon on sorne networks. 

Layer One: Physical 

:¿-59 

At this !ayer, the transm1ssion med1a 15 defined. That definition includes cables 
and connectors, connector pmouts, voltage le,·els that represent digitallogic 
levels, bit timing. and the actual network dev1ce interface. 

lnteroperability, the Ideal of Networking 
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Application of the OSI Model 

A user's perception of network operation appears as direct peer-to-peer 
communications. The user message appears to go from the sending application 
directly to the receiVIng applicahon. In actualtty, the user message IS routed from 
the sending applicat10n down through the othcr OSI Modellayers of the system 
(see Figure 2-3). Each !ayer adds to or modifics the message according to the 
network operatmg svstem's protocol for each !ayer. The message passes through 
all the layers of the system beíore appeanng on the data channel at the PhysiCal 
!ayer, where transmiSsion and recept10n ot s1gnals takes place. 

Perceived Path 

--r- 7. Appllcat•on 1 
! 7 Apphcallon 

1 
... 

1 6. Presentat•on 1 j 6 PresentaiiOn f: 

i S. Sess1on ! S. Sess•on 1 

11• Transpon ! 4 Transport 
1! 

1 J.'letwork 1 J.Network 

1! 
1 2.Data Lmk i 2. Data L.mk 11 

)11 Physocal 1 , Phys1cal 1' .1 
Actual Path 205!>-03 

Figure 2-3 Transmíss10n through OSI Model 

From the data channel the message passes upward through the same layers at the 
destination device. As the message proceeds írom !ayer to !ayer, each !ayer stríps 
off iníormation that was added by 1ts .counterpart in the transmittmg stabon. The 
result is the message as it was origínally sent, arnving at the destinat10n station's 
Application Laver. 

- - - + -

lnteroperabtlity. the Ideal of Networking ~-60 
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ATM Model 

::L- 6 i 

The ATM model provides a framework for the development of system corinection 
standards similar to the OSI model. The AT\1 model borrows the upper four 
layers of the OSI model without change, however, from the Network Layer down, 
the ATM model uses a completely different framework for the way connection 
standards are developed and implemented. lt is important to keep in mind that 
the ATM Adaptation Layer (AAU ATM Layer, and the Physical Layer prov1de a 
new framework designed to accommodate ATM technology similar to the way 
the Network. Data Link. and Physical Lavers are used as a framework to 
accommodate standards for Ethernet, Token Ring. and FDDI networking 
technolog¡es. lt is also 1mportant to understand that the ATM AdaptatJOn Layer, 
for example, does not necessarilv replace or dismiss Network Layer íunctJOns. 
Figure 2-l. shows how the OSI and ATM modeis relativelv compare to one 
another considering the basic iramework íor each model. 

ATM Model OSI Model 

7. Appll~fiOn 7 Appllcat•on 

6. Presenta! ion ': 6. Presentat10n 

5. Sess1on S. Session 

4. Transpon 4. Transport 

J. AAL AA~ 
Networ1f 

J. Network 

2 ATM AA~ Data Lmk 
2. Data l.Jnk 

1 Phys1cal Phys¡ca/ 1. Phys1ca1 
-------

t 
(This column 1s not actually a part of e1ther model ) 

Figure 2-4 ATM and OSI Models 
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ATM Adaptation Layer 

ATMModel 

The AlM Adaptation Layer (AAL) translates and pro vides a path between the 
AlM !.ayer and higher layers. Asmformatlon passes down the AlM model, the 
AAL converts and breaks up user intormation (Protocol Data Units) into 53-byte 
cells. The reverse process occurs when the AAL converts and reassembles cells 
into Protocol Data Uruts as user mformation passes up the AlM modellayers. 

The AlM Adaptation laver 1s designed to reduce the amount of overhead 
functions for wh1ch a network would otherw1se be respons1ble. The purpose of 
the AAL is to allow most of the o-:erhead tunctlons, like the segmentation and 
reassembly process, to occur on the end svstcm of a Virtual Channel ConnectJon 
(VCC), hke a Nallve AlM workstatton. and not on the AlM swttches themselves. 
The AAL contatns the Convergence Sublaver (CS) and the Segmentation and 
Reassembly (SAR) sublayer. F1gure 2-5 shows a more deta1led Vlew of the lower 
ATM modellayers and the1r sublayers. 

Cell Formal 

TransmiSSIOn Convergence 
-----------------------Physlcal Medium 

2059_05 

ATM 
Adapta/ion La yer 

ATMLayer 

PhySICai 
Layer 

Figure 2-5 AlM Adaptallon Layer, AlM Layer, and Phystcal Layer 

The Convergence Sublayer prepares the higher !ayer data for conversion to cells. 
User mformatton 1s then divided into segments suitable ior packaging in a series 
of cells for transm1ssion between the endpoints of the communications process by 
the Segmentation and Reassembly Sublaver. This sublayer segments the recetved 
data from the es mto 44, 47, o: 48 r~:te cell data fields depending on the type of 
ATM adaptation la,;er service jass,iication they are bemg prepared for. 

Depending on the adapt<..;on process. not all48 bytes of the data field 
are required to be u:;;eunformauon and up to four bytes can be used by 
the adaptation process itself. 
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For the incoming cell, the Segmentation and Reassembly Sublayer and 
Convergence Sublayer rebuild the cells into data that can be processed by the 
higher layers, such as the Transport. Session, Presentation, and Application 
Layers. How and wiuch ATM Adaptation Layer process is usect and completed 
depends on the type ol tralfic bemg transmitted. The AAL is whar liberales the 
network lrom concemtng itsell with dilterent tralfic types. and it 1s the ATM 
Layer's respons1bility to route cells lrom one point to another based on the 
inlormation contained m the header. The AAL also provides extra services 
including recovery of clocking infonnatJOn, error correction, retransmiSSIOn and 
support lor specialized ATM. 

Quality of Service lssues 

When an ATM stat10n connects to the ATM network. 1t arranges a contract with 
the network based on Quahty oiService (QoS) speafications .. This contrae! 
specifies an envelope that describes the user's tralfic flow parameters spec1fied by 
the ATM Forum User-to-Network lnteriace (UNI) 3.0, 3.1, and 4.0 specifications. 
These specifications mdude the traffic tvpe. cellloss ratio, sus lamed and peak 
bandwidth, burst length. and Quality oiService dass. The Quality oiService 
parameter also requires timmg Cell Transler Delay (CID) and Cell Delay 
Variation (CDV). Both part1es negotiate and agree on a Quality oiService contrae! 
when it is determined what the ATM network can provide, and what the 
transm1ssion requirements are of the user. 

ATM Adaptation Layer Service Classification 

,. 

:J..-63 

The ATM model currently has thnee difieren! classes ol Adaptation Layers in use. 
Each ol the ATM Adaptation Layer dass¡fications is based on the serv1ce 
requirements ol the mlormation being translerred or received lrom either higher 
or lower layers ol the ATM model. Table 2-l shows the thnee difieren! classes ol 
inlormation categonzed under the Broadband-lntegrated Services Digital 
Network (B-ISDN) standard lor the ATM Adaptation Layer. B-ISDN is the digital 
standard delining communication protocols allowing telephone networks to 
carry data, vmce, and video over Wide Area Networks (WANs). 

ATMModel 
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Each class of the ATM Adaptation Layer is identified by two factors: the type of 
bit rate and the connection mode, which can provide a constan! or variable bit 
rate service, and a connection or connectionless-orientated mode of operatton. 
Table 2-1 shows the characterist:Jcs and servtces supported by each ATM 
Adaptation Layer. 

Characteristics 

Timing relationship 
between source 
and destination 

Bit rate 

Connection mode 

Table 2-1. ATM Adaptation Layers 

AALl 

required 

constant 

connection onented 

AAL3/4 AALS 

not requtred 

variable 

connection oriented 
connectionless 

1 Traffic types 
i voice, vtdeo and channel 
1 emulation 

data 

1 

1 Class 
1 

Class A (voice) 
Class B (video) 1 Class C and D (data) 

ATM Adaptation Layer 2 is no longer being used. AAL2 was 
designed te suppert variable bit rate service ter synchrenous, 
time-senstlive compressed video traffic. Thts functton is 
currently accomplished by ATM Adaptatien Layer 3/4. 

A constan! bit rate is intended for services requiring guaranteed synchronous 
timing or clocking between source and destination end points, and are usually 
voice and video transmissions. A variable bit rate is intended to Jet the bit rate 
change as the service requirement changes. This service is ideal for data beca use 
of its bursty nature and tolerance of delay. In other words, the timing requirement 
between two endpomts on a network does not have to remain constan!. 

A connection-onented mode, like ATM, uses a deterministic access method 
simtlar toa telephone call in a public network where the call is set up and the 
connection is established befare iniormation is transierred. During the call setup 
procedure, speaal cells hold aa.dressing information in their data fields that is. 
accessed by the network to create a connection. However, when data is bemg 
transmitted over an established connection, only the S-byte cell header needs to 
be referenced by an ATM switch, to direct information across the Virtual Channel 
Connection instead of the cell's 48-byte data field. 

ATMMode! 



AboutATM 

ATM Layer 

Most legacy LANs, such as Token Ring, Ethernet, and FDDI, ha ve a 
connectionless·mode of operation that uses a shared-medium access method 
among all attached deVJces. A protocol procedure orgaruzes the sharing process 
and allows all network devices to use the medium. 

When data is shared between connection-oriented and connectionless networks, a 
procedure must be accepted and used. before they can work with each other. The 
connectioruess-mode is supported by AAL3/ 4 and AAL5, and. works together 
with the LAN Emulation protocol to set up an ATM connection. For more 
information on the LAN Emulaban protocol. refer to Chapter i, ATM in the LAN. 

The ATM Layer is responsible ior all cell header processing. Titis !ayer makes all 
indentifications oi ATM connections, and prov1des all cell multiplex.mg and 
demultiplexing services. The ATM Layer is also where cell construction and 
processing occurs. 

Physical Layer. 

The Physical Layer defines the phys1cal interface on wh1ch the A TM Layer will be 
running. lt takes care of all error control sequences, and places id le cells in the 
transmitting time slots while stripping them from rece1ved time slots. The 
Physical Layer is concemed with bit transmiSSions and coding schemes. and 
generates or recovers time slots. The ATM Physical Layer is designed to work 
with any existing physical media specification. 

ATM Standard Making Bodies 

,. 

Currently, there is not one accepted standard for ATM, but there are speaficanons 
being established ior it. The lnternational Telecommunications Union­
Telecommunications (ITU-T) is a standards mak.ing body that sponsors the 
American National Standards Jnstitute (ANSI). ANSI is a smaller standards body 
work.ing within ITU-T that develops world-wide telecommunication and data 
communication documents and speafications. lt IS respons1ble ior makmg a 
standard ior ATM. The Internet Engineenng Task Force (IETF), another standards 
mal\ing body, is responsible for creanng various addressing.protocols for ATM. 

= 

ATM Standard Making Bodies 
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Specifications working toward the implementation of a standard have been 
maintained and put forward by a group called the ATM Forum. The ATM 
Forum's goal has also been to accelerate the deployment of ATM products and 
services through interoperability specification. It was formed in October 1991 as 
an impromptu arganizatwn af carriers, netwark equipment providers, 
serrucanductar vendars, gavemment agenaes, research graups and custamers. 
facused an creating speaficatians for a smgle standard. The group has naw 
grown ta 900 members making a cambmed effart ta coaperate and agree on 
specificatians befare standards are finally set by the ITIJ-T, ANSI, and the IETF. 
The ITIJ-Tstandard bady recognizes the ATM Farum as a credible graup wark.ing 
towards this goal. The ratwnale amang different graups for building consensus 
thraugh the ATM Farum is ta ensure that once ATM techn'ólogy has a set 
standard, their products and technolagy adhere ta them wtthaut becarning 
proprietary,.ar absolete. Once a set standard is in place, haw well ATM netwarks 
opera te depends largely an the archttecture and design chasen by the variaus 
vendors far thetr ATM praducts. 

The ATM Farum has drafted the U ser ta Netwark Interface (UN!) specificatian 
that became the foundattan u pan wluch severa! ather basel:ne speCificatians were 
built. Many af the key baseline specificatians are complete and cans1st of the 
fallawing: LAN Emulaban (LANE), channel emulation, audio/vtsual multimedia 
service, Native ATM services, testing spectfications, and suppart of frame relay, 
Switched Multi-megabit Data Services (SMDS) and Internet Protocol (IP) 
averATM. 

Cabletron Supported Specifications 
Cabletron Systems products currently support sorne or all of the following ATM 
specifications: 

• LAN Emulation (LANE vl.O) 

• User-ta-Netwark Interface (UN! v3.0/ 3.1 1 4.0) 

Switched Virtual Channel Signaling (Q.2931) 

lnterim Local Management Interface (ILMI) 

Address Registrahon 

' ' 
Pl·ysical Layer Specificat10ns 

• RFC 1483- IETF Multi-Pr~ocol Encapsulation over AAL5 -
\ 
• RFC 1577- Classical IP 

• RFC 1695 -AToM MIB 

In additian, a number of wtdely used proprietary implementatians are supparted 
by Cabletron Systems in arder to ensure the maximum interaperability in 
heterogeneous networks. 

Cabletron Supported SpecificatJons ~-{;6 
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Requisitos y proceso de certificación de POUYET DE MÉXICO, S.A de C.V. 

CERTIFICACION A PERSONA CAPACITADA EN LA INGENIERJA E INSTALACION DEL SCQ: 

La persona certificada lendrá{a que aprobar satisfactoriameme con W13 calificación minima de 8 00 pumas 
(en escala de 0.00 a 10.00 punlos) un curso denonunado "curso de certúicactón de Stslemas A\"anz.ados de 
Cableado Estrucrurado SCQ-POUYET·. el cuál será írnparudo por POUYET MEXICO. S.A DE C V. u arra 
Instiructón Especializada (un rercero) debtdamenle aprobado por POUYET MEXICO. S.A. DE C. V .. que 
cuente con su contrato vigente. 

l) Entre los reqirisilos básicos para poder mscriblrSC al curso de certúicación son· 
1.1 Presentar una copia del cumculum \'ltae que incluya la si gwente tnformaciOn: 

~ Datos generales 
;.. Formación académica 
,_ Experiencia laboral 
;;. Objeuvo(s) pnncipal(es) de la certificación 

1.2 Adqumr el material del curso. guia de mgerueria muesrras. ere. 
2) Entre los reqwsnos básicos para truciar el curso de cenificactón serán: 

:;. Cubrir los reqwsuos antenonneme descriros 
;.. Haber aprobado sansfactoriarneme con un mírumo de 6 00 (en escala de 1.00 a 10.00) el examen 

iructal el cual será basado en la guia de íngerueria. 

3) Para lograr el cenificado es necesano cumphr cuando menos con los reqmsnos stgwemes· 

::,;. Aststir puntualmente a las sesiones. 
;.. Cubrir un 95% de la asisrencia. 
,_ Aprobar satisfacloriarneme el examen reónco practico con una calificación miruma de 8 00 (en W13 

escala de 0.00 a 10.00) 

NOTAS. 

El ccruficado 1endrá W13 \"alidez por 12 meses y no ser.i reno,-able auromáticameme par> ello será necesario 
realizar un curso de acmalización. 

El derecho de admtsión es a crileno de la empresa que tmpane el curso. 
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CERTIFICACION POR COMPAÑIA: 

Requisitos previos a cumplir: 

La empresa a certificar deberá contar con un mínimo de 2 personas cemficadas con POlNET MEXICO. 
Enviar un cumculwn de la empresa que contenga los s1gwentes puntos: 

NOTAS: 

" InstalaciOnes realizadas (fecha nombre del cliente. dirección. teléfono. tipo de instalación) 
" Productos instalados (marcas) 
" EnVJar cop1a del acta consurutiva mcluyendo las Ultimas modificaciones y copia de su RFC. 
_. Objeuvo al solicitar la ceruficacwn 
" Volwnen de compras esumadas por los 12 pnmeros meses. 
,.. Copla de los certificados VJgentes otorgados a cuando menos 2 personas. 

_. Pouyet de MéXIco se reserva el derecho de otorgar la ceruficac1ón. 
_. El ceruficado tendrá una validez por 12 meses y no será renovable autornáucamente y será valido durante 

la vigenc~a del presente contrato. 
_. La empresa que tenga certificación ,;gente. deberá en todo momento presentarse como tal y en las 

taijetas del personal de ventas. mgerueria y mantenimiento tendrá que uulizar el logotipo que le 
corresponda. 

= 
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CERTIFICACJON A OBRA (para mtegradores ceruficados). 

Infonnactón que POUYET MÉXICO le solicitará para definir una fecha de inspección para pruebas que 
realizará nuestro pento al fin del proceso de la ceruficactón. 

1 Datos del cliente fmáJ: 

:;. Razón Soctal 
:;. Dirección de la Razón Soctal 
:;. Dirección de la mstalactón. 
:;... Responsable 

-' Cargo 
-' Teléfono 

2 Planos esquemáucos de la mstalactón 

3 Memona t~cruca 

Cuando menos debe contener: 

:;. Breve descnpctón de los productos 
:;. Diagrama esquemático de la red 
:;. Descnpctón gráfica de los distnbwdores(princtpal y/o secundario) 
:;. Descnpctón para la nomenclatura uulizada para la tdenuficactón 
:;. Ccruficación del 100% de las formas FIRMADAS avaladas de su correcta mstalación por el técnico 

responsable de la mstalactón por pane de Integrador de Ststemas Ceruficado. 

a) Esta certificactón por lo tanto se har:i en base a la norma mundial de cableado ISO/lEC 11801 
,., gente en el año del presente contrato 

b) El analtzador (scanner) deberá hacer el estudio segUn el boletín técnico TIA, TSB-67 Nivel 11 o 
supenor. mostrando el margen de la medictón en decibeles (dB) para cada combtnactón de pares 
(paradtofonia o NEXT) v atenuación. 

Responsable del manterunuento ~·/o adictones por pane del integrador de sistemas. 
El documento deberá tener todas sus hojas foliadas. estando este engargolado. encuadernado o usando alglin 
otro método para la correcta presentactón del nusmo y las págmas numeradas o foliadas. 
La empresa deberá contar con un ceruficado ,;gente de ceruficación de POUYET. 
Anexar una relactón de todos los productos mcluyendo el nombre del dtsuibutdor donde fueron adquiridos los 
pt.J.'uctos. 

NOTAS 

Pouvct de MéXJco. S.A. de C.V. se reserva el derecho de otorgar la ceruficactón o cttalqwera de los 
siguientes motivos: 

:;. Falta de cualquiera de los requtsnos arnba mdicados 
:;. Por no utilizar todos los productos de la marca Pouyet 
:;. Por no adqwnr los productos SCQ con su dtstnbuidor correspondiente. 
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NOAMAUZACION Y CERTIFICACION 

ELECTRONICA, A.C. 

NORMA MEXICANA 

NMX·I-248-1998-NYCE 

TELECOMUNICACIONES - CABLEADO - CABLEADO ESTRUCTURADO - CABLEADO DE 
TELECOMUNICACIONES PARA EDIFICIOS COMERCIALES - ESPECIFICACIONES Y METODOS 
DE PRUEBA 

5.9.2 Requerimientos para cables de 100 n. 

Los cables de 100 n se clasifican en categorías 3, 4 y S de acuerdo a la frecuencia máxima 
hasta la cual están especificadas sus caracterrstlcas de transmisión. En 5.9.2.1 se indican los 
requerimientos comunes a todas las categorías. 

5.9.2.1 Requerimientos generalt::s para cables de 100 n. 

Los cables de 100 n deben cumpli; .:on NMX-1-236-NYCE. 

5.9.2.2 Código de colores 

El código de colores para un cable de 4 pares, debe ser como se muestra en la tabla 3: par 
1 Azul- blanco; par 2 Naranja-blanco; par 3 verde-blanco; par 4 Café-blanco. 

' se ·debe aplicar el código de colores de la norma NMX-1-236-NYCE, para cables de más de 4 
pares. 

~ SI! PROHIBI SU COPIA 0 RIPIDOUCCION P.U:CIAL O TOTAl DIISTA NOUIÁIIIDitAIU. 
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TABLA 2.· características constructivas para cable de cobre de 100 n. 

característica Valor 
al Diámetro del conductor (mm> o. so- 0,64 
bl Diámetro sobre aislamiento (mm> 1,2mm' 
cl Blindaje alrededor de los pares opcional (Véase capítulo de blindaje> 
dl Número de pares: 

secundario (horizontan 4 ó mas 
Vertebral (backbonel 2.4 ó mas 

el Diámetro máximo del cable: 
secundarlo (horiZontan (mm> 6,5 
Vertebral (backbonel 30 

fl Radio de curvatura: 
cableado Horizontal 
Durante la Instalación 8 veces el diámetro del cable 
Ya instalado 4 veces el diámetro del cable 

gJ Radio de curvatura: 
cableado Vertebral 
Durante la Instalación 8 veces el diámetro del cable 
Ya Instalado 6 veces el diámetro del cable 

hl Tensión para instalación' so N/mm' de área de cobre 
il categoría de prueba de flama: según el tipo de Instalación de acuerdo a 

NOM-<J001·SEMP 
NOTAS: . 

1 Algunos conectores aceptan diámetros sobre aislamiento máximo de 1,0 mm. 

2 Este limite se establece para ev1tar oue el desempeno del cable se deorade durante la instalación. 

TABLA 3.· Código de colores para cableado horizontal con cable de par trenzado de 100 n 

1 Identificador del Código de colores Abreviación 
1 

i conductor 1 

1 

Par1 Blanco-Azul mota 1· ( B·A l 
1 Azul mota 21 

. 
(A 1 • 

! 
Par 2 Blanco-Naranja (nota 11 ( B·N 1 

1 Naranja (N 1 
1 Par 3 Blanco-verde (nota~> - ( B·V 1 _ 

1 
1 verde (nota 2> (V l 

1 

Par4 Blanco-café (nota 1> ( B·C l 
1 café mota 21 (e> 
1 ! NOTAS. i 

1 El aiSlamiento es de color blanco y se Identifica el cable con una marca de color, para cables con 1 

un trenzado muy pegado 1 todos los pares trenzados a menos de 38,1 mm 1 el conductor de 1 

color puede servir de Identificador del par. 1 

2 una marca blanca es opcional. . 

• SI PlrOHJD SU COPtA O nPitODUCaOII P'AKIAL. O TaTA&. DIBTA MIIIIA ~ 

., 
~· 
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5.9.2.3 caracterfstlcas eléctricas de los cables de 100 n. 

5.9.2.3.1 Parametros primarios 

TABLA 4.· · Parametros primarios para cable de cobre de 100 n. 

al Resistencia óhmica máxima 9,38 nt100 m a 20·°C 
bl oesbalance de resistencia máximo 3% 
el capacitancia <nF/100 mi: 6,6 para categoría 3 

5,6 para categorías 4 v s 
di oesbalance capacitivo a tierra 330 pF/100m máXImO 
el Resistencia de aislamiento mínima 1 soo Mn·100 m 
fl Rigidez dieléctrica mínimalcdl 1 I<V 1 min ó 2,5 I<V 2s 

5.9.2.3.2 características de transmisión 

Las características de transmisión p·ara cable de cobre de 100 n.deben ser de acuerdo con 
lo que se establece en la tabla s. 

TABLA 5.· características de transmisión para cable de cobre de 100 n 

categoría 3 4 S 
al impedancia !nota 11 100± 15 n 
bl Atenuación a: ldB/100 m a 20·CI 

64 I<Hz <nota 21 0,9 0,8 0,8 
256 I<HZ 1,3 1,1 1,1 
512 I<Hz 1,8 1,5 1,5 

1 MHZ 2,6 2,2 2,1 
4MHZ 5,6 4,3 4,1 

10MHZ 9,7 6,9 6,5 
16 MHZ 13,1 8,9 8,2 
20MHZ NA 10,0 9,3 
31,5 MHZ NA NA 11,7 ·-

62,5 MHZ NA NA 17,0 
100 MHZ NA NA 22,0 

el Atenuación mínima de paradiafonía dB en 100m de 
cable<nota 31: 150kHZ - 53 68 - 74 

772kHZ 41 56 64 
.1 MHZ 41 56 62 

4MHZ 32 47 53 
10 MHZ 26 41 47 
16 MHZ 23 38 44 
20MHZ NA 36 42 
3125 MHZ NA NA 40 
62,5 MHZ NA NA 35 

100 MHZ NA NA 32 

• SI PltOHIU SU COPIA O UPaGDU«<IN P.UCUU. O TOTAL O. liSTA IIIOIIIIA IIDICMA 
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Tabla 5 <continua> 
él Péráláa mfnima de retorno áB en 100m de cable 

1·10 MHZ 
10.16 MHZ 
16·20 MHZ 
20.100 MHZ 

el Retraso de propagación a 10 MHZ <nS!m máximo! i 
NOTAS: 

' 

12 
10 
NA 
NA 

5,7 
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21 23 
19 23 
18 23 
NA 23·10Log 

f /20 
5,7 5,7 

1 se debe cumplir con el valor de Jmpecanc1a a las frecuencias desee 1 MHz v nasta la máx1ma aplicable a 
cada categoría. 

2 se Indican Jos valores de· atenuación a las frecuenciaS de Interés. para calcular el valor a otras frecuenc1as 
dentro del limite de operación para caca categona, se ceoe usar 1a SigUiente formula: 

Atenuación Jtl - K1 Jtl'n • K2f + K311tl'n 

Donde 

fes la frecuencia de la se~al v las constantes: 

K1 K2 k3 
categoría 3 2,320 0,238 0,000 
Categoría 4 2.0SO 0,043 O.OS7 
categoría S 1,967 0,023 O,OSO 

3 La paradlafonía se especifica a partir de 772 kHZ v hasta la frecuencia máxima aplicable a cada categoría, 
para calcularlo a una frecuencia Jtl se usa la Siguiente formula: 

Paradlafonía NEXT Jtl • NEXTI7721 · 1S LogJf/772J 

El valor de paradlafonía a 150kHz se da sólo como comparación con cables para uso en telefonía. 

Los valores eléctricos primarios de S.9.2.3.1 son una guía de diseno. v pudieran tener vanaclones Siempre 
v cuando se cumplan las características de tr.lnsmiSJón. Los parámetros de trdnsmlslón de S.9.2.3.2 son Jos 
que determinan el desempe~o del cable con la categoría correspondiente. 

5.9.3 cordones de Interconexión <patch corál 

Están diseñados para usarse en los tableros de distribución o para la conexión final entre 
la salida en la estación de trabajo y el equipo terminal. Estos cordones deben cumplir con 
las m1smas características á e 5.9.2 con las siguientes excepciones: 

5.9.3.1 Conductor 

El conductor debe ser multlfllar para mayor flexibilidad, equivalente al conductor sólido 
correspondiente y el paso de reunido de los alambres no áebe ser mayor a 15 mm. 

5.9.3.2 Atenuación 

La atenuación del cable debe cumplir con la categoría correspondiente, áe acuerdo a la 
tabla 6. 

a a PROM- SU COPlA O nPIOOUCCIDII PUCIAL O TOTAL DI liTA NOitiiA IIIDCMA 
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TABLA 6.· Atenuación de cordones multlfllares ldb/100 m a 20·•CJ 

Frecuencia IMHZl categoría 3 categoría 4 categorías 
0,064 1,1 1,0 1,0 
0,25'0 1,6 

1 
1,6 1,3 

0,512 2,2 1,8 1,8 
0,772 2,7 2.3 2,2 

1 3,1 2,6 2,4 
4 6,7 5,2 4,9 

10 11,7 8,3 7,8 
16 15,7 10,7 9,9 
20 NA 12,0 11,1 

31,5 NA NA 14,1 
62.5 NA NA 20,4 
100 NA NA 26.4 

NOTA: Estos valores corresponoen a un mcremento oe 20 % respecto a los valores para cable con 
conductor sólido. 

5.9.4 Accesorios de conexión 

5.9.4.1 General 

AQuí se especifican los requerimientos de rendimiento mecánicos y de transmisión, para 
los accesorios de conexión que sean consistentes con los cables de cobre especificados en 
5.9.2 y 5.9.3. Esta subcláusula contiene el conjunto mfnlmo de parámetros y sus límites 
asociados necesarios, para asegurar que los conectores Instalados adecuadamente tengan 
un efecto mínimo sobre el rendimiento del cable. Estos requerimientos se aplican 
únicamente a conectores y ensambles de conectores individuales. que incluyen. pero no 
están limitados a salidas/conectores de telecomunicaciones, paneles de parcheo. 
conectores de transición y bloques de conexión cruzada. 

Debe hacerse notar, que los requerimientos para los conectores categoría 3, 4 y s. no son 
suficientes por~· mismos para asegurar el rendimiento requerido del sistema de cableado. 
El rendimiento Jel enlace también depende de las características del cable que incluye 
puentes de conexión cruzada y cordones de parclaeo, el número total de conexiones y el. 
cuidado con el que son instalados y mantenidos. Para los lineamientos y requerimientos 
sobre las prácticas de tennnlnación de conectores. administración del cable, el uso de 
cordones de parcheo o puentes de conexión cruzada y de los efectos de conexiones 
múltiPles. véase 5.9.5. 

Los accesorios deben ser del tipo de contacto de desplazamiento del aislamiento UDCl. 

se instalan accesorios de conexión para el sistema de cableado en los siguientes puntos; 

al conexión cruzada principal; 

•• 



ETHERNET 

Tecnología 

1 Obase-T 
10base2 
JO baseS 
lOO base-TX 
Full Dúplex Ethernet 

Full Dúplex Fast 
Ethernet 
IObase-F 

1 Ethernet FOIRL 

, .. ,. 

Velocidad (Mbps) 
1 

10 

1 10 

1 10 
j 100 

20 

200 

10 

10 

1 Cables 1 Distancias 
1 1 

1 UTP categoría 3.5 i 100m 
1 Coaxial delgado 1 185m 

1 

1 Coaxial grueso 1 500 m 
1 UTP categoría 5 100m 
UTP categoría 3.4 ó lOOm 
5 
4 pares 

¡uTP categoría 5. 41 lOOm 
pares 
Fibra óptica 1 2 Km. 
multimodo 

1 Ftbra opttca ummodo 1 1 Km. 

., 

.1'\ 
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ATM Media 

This cflapter provtdes information for ATM Media Specifications. 

ATM Media Specifications 

Physical 
Interface 

/TAXI 

j STS3c 

053 

O Oc 

OC3c 

[OOc 

/OC12c 

/ OC12c 

1 OC12c 
1 

1' 

Table A-1 shows the ATM Media Specifications for TAXI, OOc Multimode Fiber, 
OOc Single Mode Fiber (intermediate and long range), OC12c Multimode, 
OC12c Single Mode Fiber (intermediate and long range), STS3c, and DS3c 
physical interfaces. 

TableA-l. ATM Media Specifications for Physical Interface 

1 

Media Type 0 1 R 1 Connector Typical Link 
a a ate T Distance ype 

1 Multimode F1ber 1100 Mbps 1 se 12 kilometers , , 
1 Category S Unshielded Twisted Pair /155 Mbps i R}45 / 100 meters 

)75 Ohm Coaxial Cable /45 Mbps /BNC ! 136 meters 

1 Multimode Fiber /155 Mbps ¡se /2 kilometers 

1 Single Mode · ¡155 Mbps ¡se ! 25 kilometers 
Fiber Intermedia te Range 1 1 

/ Single Mode Fiber Long Range /155 Mbps !SC /50 kilometers 

1 Multimode ! 622 M'- JS ¡se ¡soo meters 

/Single Mode Intermediate Range= _j 622 Mbps ¡se /25 _kilometers 
1 

/ Single Mode Long Range /622 Mbps 1 SC or FC i 50 k.ilometers 

A-1 
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FDDI SPECIFICATIONS 

This appendix outlines FDDI specifications and design considerations. 

Table B-1. General Rules and Specifications 

Max. Number of Connections IOOO (500 sations) 
Stations are connected in series on an 
opbcal fiber ring. Since fiber optics 1s 
a point to point media, no taps are 
allowed between stations. 

Data Rate 100 Megabits per second 

Max. Total Ring Length 
1 

lOOkm (or 200 km in wrap state) 1 

Orive Length (Max. Distance -Multimode Fiber: 2 km (1.2 Miles) 
between Sta tions) -Single Mode Fiber: 60 Km (36 Miles) ,.¡\ 

-Category 5 Shielded Twisted Pair 
cable: 100 Meters (328 Feet) 
-Category 5 Unshielded Twisted Pair 
cable: 100 Meters (328 Feet) 

Transmiss10n Media: 
Fiber Optics Multimode Fiber (MMF-PMD) as 

defined by ANSI X3.166-1990. 

Single Mode Fiber (SMF-PMD) as 
defined by ANSI X3.184-1993. 

Proposed Tw1sted Pair Unshielded Twisted Pair (UTP) = - -
Shielded Twisted Pair (STP) 

1 

1 Link Budget 1 S lldB 

8-1 
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TOKEN RING NETWORK CABLING 

Bndqe ,., -

:• 

·~ " :: 
" .. .. 

1 . . .. 

This chapter provides an overv1ew of the different cable types used for 
Token Ring networks. lt covers bas1c cabling terminology and also 
performance and design specificat10ns for shielded twisted pair (STP), 
unshielded twisted pair (UTP), and fiber optic cable types as specified by 
the ANSI /TIA /EIA-568-A standard. Figure 4-1 illustrates how different 
cable types can be used in a Token Ring network installation composed of 
Cabletron Systems Token Ring network products. 

.. .. .. .. .. .. 11 ¡ 1 11 .. .. 1 1 .. .. 11 .. .. .. . 11 : 1 .. .. 
MMAC-BFNB 

Patd'l Panel ........., 

FLJ45 Wal .llck 

.......••. ... . .. . . .... .. . ... .. ... .....•....•• . . . ... .. .. . ...•.....••. 
. ......... . ............ . ......... . 

-··~ ............ -
M1croMMAC-T & STH Stacx 

' • • • • • • • • • • 1 . . . . . . . . . . -: ............ ---------!", -.:::: 
: ......... . : ............ --,--------r¡.-- .:. 

~=~ •••••• ·- --~-

~~.~=· ==¡:: 1~1 ¡=-¡1 

... ::···· 

11 ¡ 1 . Rl 
11 

•,• 

1: .. .. 11· 
11 
11. : 1' 1 .RO 

1 1 .. 11 : ·, 
• • 1 1 

•• 11 :,1_ 1 
•• 1 :: 1 1 1 1 

TRBMIM-T 1-----:=----- ~- _, 
MMAC-BFNB 1 

-- Twlsted Par 
.. - · · Fiber 

RO' ••• _ •••.••••••••• _ •••••••••••••• : 

Figure 4-1. Example Mlxed-Medla lnstallatlon Conflguratlon 
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TOKEN RING NETWORK CABLING 

STP CABLE SPECIFICATIONS 
The following is a summary of cable specifications that apply to STP 
cabling used with Cabletron Systems Token Ring products. Product 
changes could produce differences between this summary and the 
individual product specifications. Always refer to the specific product 
installation guide for curren! specifications. 

Cabletron Systems Token Ring products support IBM Type 1, 2, 6 and 9 
shielded twisted pa1r (STP) cable, wh1ch are described as follows: 

• Type 1 consists of two shielded twisted pairs (STP) of 22 American Wire 
Gauge (AWG) sol id wire for data. lt is typically used for the longest 
cable runs within the walls of buildings. 

• Type 2 is similar to Type 1 data cable, but has four additional 
unshielded twisted pairs of 22 AWG so lid wire carried outside of the 
shield casing. lt is typically used for vmce communii:ation. 

• 

• 

Type 6 consists of two STP of 26 AWG stranded wire for data. Type 6 is 
u sed in patch panels or to connect devices to 1 from wall jacks. 

Type 9 is similar to Type 1, but uses 26 AWG salid wire . 

STP Construction 

An STP cable has a braided metallic shielded enveloping two twisted 
pairs of copper wire. The purpose of the shield is to protect data traffic on 
the wire from intrusive and unwanfed electrical interference from outside 
sources. The shield must be grounded at both ends of the connection. 
Figure 4-2 illustrates STP components. 

Plaste Sheath Sh~eld 

= 
Figure 4-2. Shlelded Twisted Pair Cable 

Recommended Maximum Cable Lengths and Stations 

4-4 

Table 4-1 lists recommended trunk (Rl 1 RO) and Iobe Iengths for STP cable 
types 1 and 2 used with active and passive Cabletron Systerns products at 
4 and 16 Mbps. lt also lists maximum stations supported. 



TOKEN RING NETWORK CABLING 

Tabla 4-t: Recommended Mulmum Cable Langths And Statlon 

1 
STPTypel/2 

RI 1 RO Distance. 4 Mbps 1 i70m 

RI/RO Distance. 16 Mbps i 346m 

Active Device, 16 Mbps 

Maximum Stations : 250 

Maximum Lobe Length 1 150m 

Passive Device, 16 Mbps 

Maximum Stations i 250 
1 ; 

Maximum Lobe Length : 100m 
1 

1 
1 

Active Device, 4 Mbps 

Maximum Stations ! 250 

Maximum Lobe Length /300m 

Passive Oevice, 4 Mbps 

Maximum Stations ¡zso 
Maximum Lobe Length ¡zoom 

Attenuation 
Maximum attenuation for specific cable types at 4 and 16 megahertz is 
shown by Table 4-2. The attenuation values inc!ude the attenuation of the 
cables, connectors, and patch panels. 

Table 4-:- Maxlmum Cable Attenuatlon 

1 

- T 16.0 Mhz 4.0 Mhz 

STP UBM Types 1 & 2) 22 dB/km 145 dB/km 

STP (lB M Types 6 & 9) 33 dB/km 166 dB/km 

4-5 
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TOKEN RING NETWORK CABUNG 

Recommended Maximum Cable Lengths and Stations 

Table 4-3lists recommended trunk (Rl 1 RO) and lobe lengths for UTP 
cable types used with active and passive Cabletron Systems products at 4 
and 16 Mbps. lt also lists maximum station supported. 

Tabla 4-3. Recommondod Maxlmum Cable Longtha and Statlons 

¡ 

1 UTP Cal 3/4 : UTP Cal 5 

RI 1 RO Distance, 4 Mbps ! 200m 250m 

RI/RO.Distance, 16 Mbps i 100m 120m 
1 

1 

Active Device, 16 Mbps 1 

Maximum Stations 1 ISO !50 

Maximum Lobe Length 1 lOOm 
l 

120m 
' 

Passive Device, 16 Mbps 

Maximum Stations IIOO ! 100 
1 

Maximum Lobe Length j60m ! 85m 

Active Device, 4 Mbps 

Maximum Stations (150 
1 150 
1 

Maximum Lobe Length _[ 200m i 250m 
1 

Passive Device, 4 Mbps 

Maximum Stations 1 100 ¡wo 
Maximum Lobe Length ¡100m 1130m 

1 

FIBER OPTIC CABLE SPEClFJCATIONS 

4-8 

Fiber optic cable is a high-performance media used for both baseband and 
broadband transmission. It provides far greater bandwidth and greater 
transmission rates than twisted-pair copper cable and lower attenuation 
as well. Fiber optic cable is immune to Electromagnetic lnterference (EMI) 
and Radio-Frequency lnterference (RFI) and does not radia te EMI. 

Data bits are represented by optical signals, which are generated by and 
transmitted over fiber optic cable by an LED or laser. 



iVKEN R/NG NETVVORK CABUNG 

M ultimada 
There are two types of multimode fiber optic cable: step index and graded 
index. Both types are typically used for short-distance communications, 
shorter distances than are possible with single-mode fiber optic cable, that 
is. Step index fibers ha vean abrupt change in the index of refraction going 
from the. core into the cladding, whereas graded index fibers ha ve an 
index of refraction that decreases gradually going from the core to the 
cladding. 

Recommended Maximum Cable Lengths and Stations 

4-10 
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Table 4-3lists recommended trunk (RI/RO) and lobe lengths for fiber 
optic cable types used with active Cabletron Systems products at 4 and 16 
Mbps. It also lists maximum stations supported. 

Tabla 4-4. Recammended Maxlmum Cable Lengths and Slallans 

Single-Mode 1 Multimode 

RI/RO Distance, 4 Mbps lO km )2km 

RI/RO Distance, 16 Mbps lO km )2km 

Active Device, 16 Mbps 

Maximum Stations lzso )zso 
Maximum Lobe Length lO km )2km 

1 

Active Device, 4 Mbps 
1 

Maximum Stations 250 )zso 
Maximum Lobe Length 10 km )2km 

' . ¡.., 
"\- ' 
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CABLEADO ESTRUCTURADO 
(INGENIERIA Y CERTIFICACION) 

Tabla práctica para calcular la cantidad de cables que 
caben dentro de distintos diámetros de ducteria 

pulg ~ mm Cables de 4 pares Cables de 32 pares 
1/2 12 o o 
3/4 19 4 o 
1 25 6 o 

1 1/4 31 10 1 
1 1/2 38 16 1 

2 50 21 1 
2 1/2 63 34 2.3 

3 76 50 3 
3 1/2 88 . -----· 5 

4 101 -----· 7 
a) Constdera longttudes mtntmas de 1 O y maxtmas de 30 
metros entre registros. 

b) Concidera como maxtmo una suma de dobleces de 
180" a lo largo de la trayectona 

e) Concidera registros adecuados en los extremos (no 
condulets) 

CURSO DE CABLEADO ESTRUCTURADO 

1' 

OfiCillaS)¡SUl 

divisiones 

60mts 

Escalen~s 

smde 
lnfonMtic.a 

Local de comunrcaeión 

., ,.,,_ 

-"' C'\ /: j- .7\.V 
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CONECTARIZACIÓN.CATÁLOGO DE CONCEPTOS 

PRECIO 
UNITARIO 
MATERIAl 

MN 

PRECIO 
TOTAl 

MATERIAl 
MN 

PRECIO 
UNITARIO 

MO 
MN 

PRECIO 
TOTAL 
MO. 
M.N 

·:-· 



CONECTARIZACION-CATALOGO DE CONCEPTOS 

. 

1 

OTAL 

TOTALES 
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Diplomado en Redes de Computadoras(LAN. WANy GAN) Modulo IV 

DIPLOMADO EN REDES DE 
CO:MPUTADORAS (LAN, WANY GAN) 
CABLEADO ESTRUCTURADO 
(INGENIERIA Y CERIIFICAOON) 
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Belden Optical Fibre Spécifications Página 1 de 6 

HomePage 

BELDEN OUTDOOR OPTICAL FIBRE CABLES lBelderi 
App/ications 

Belden outdoor optical jibre cables are suaable for appllcat10n m both digaal and 
analog optlcal transmission systems. 

The optical characteristics of the cabled fibres are compliant with current 
(inter)national specifications such as those set by FDDI, EIA, IEEE, CCITT, IEC, UL 
and VDE as well as the generally accepted specifications of companies such as IBM, 
DEC, Dutch PTT, DBP Telekom, AT&T and France Telecom. 

Al! cable types are watertight, provided with a UV -resistan! polyethylene (PE) outer 
sheath and designed for extemal installation in tubes. ducts, tunnels, trenches and for 
direct burial. 

Although all cables are developed for outdoor applications, they are, in principie, also 
suitable for indoor installations. 

Range ofCables 

Non-metallic (metal-free) optical fibre cables, constructed in compliance with various 
(inter)national and industrial standards. This range-includes cable with a maximum of 
18-48- 72 and 144 fibres. These cables contain no metallic elements which might 
conduct electricity, and are therefore immune to electrical interference (lightning), 
spark-free and therefore safe (from explosion) and ideal for a perfect galvanic 
separatwn. 

Metallic optical fibre cables, con ,tr ~ .ted to various national PTT specifications. This 
range includes cables with a maximlll'1 of 12 - 36 - 72 and 132 fibres. 

Miniature optical fibre cables, with a maximunwf 12 fibres. 

Aerial outdoor optical fibre cables, both metailic and non-metallic, with a maximum 
span of 50 meter's. 

Spedal Options 

Halogen-free (FRNC/LSOH) cables for in- and outdoor application between and inside 
buildings. 

5-:l 
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Thanks to its long-tenn experience and know-how in cables and the flexibility of its 
organization and equipment Belden can supply optical fibre cables which are 'custom 
made to your requirements'. 

Belden has carried out an extensive program to learn what parameters influence the 
process ofblowing cables into tubes <1J1d to what extent they do so. As a result Belden 
can supply cables with improved blow into tube' performance. Moreover, Belden can 
provide support in order to determine a practica! optimum in the combination of cable, 
tube and blowing technology. 

OPTICAL FIBRES 

Construction 
General Specifications: IEC-793 and CCITT G.652. 

d1 

d1 - Mode field diameter or light conducting core of quartz glass with 

dopes: for 0 see table. 

d2- Optical cladding of quartz glass: 0125 ± 2Jlm 

d3 - Primary acrylate coating, which is easy to strip: 0 250 ± 15 Jlffi. 

OPTICAL CHARACTERISTICS 

Single-Mode-Matched Cladded 

Optical Fibres 

Standards 

CCITT 
IEC-793-1 

dl 
¡liT\ . 

9.3 
±0.5 

Wavelength 
nm 

1310 
1550 

Attenuatl.on 
db/km 

<0.38 
<0.25 

Opticaljibre with other specificatJOfiS !Jre available on request 

Dispertion 
ps/nm*km 

<3.5 
<18 

S-3 

w 



Belden Optical Fibre Specifications 

MULTI-MODE OPTICAL FIBRES 

Standards 

IEC-793 
FDDI 

ESCON 

VDE 
IEC-793 
CCITT 
G.651 

dl 
( ll!ll) 

62. 5 
±3 

62.5 
±3 

50 
± 3 

Wavelength 
(nm) 

850 
1300 

850 
1300 

650 
1300 

Attenuation 
(db 1 km) 

< 3.2 
< 0.9 

< 3.2 
< 0.9 

< 2.7 
< 0.8 

Optical fibre with other specificatwns are avallable on request 

SECONDARY COA TING 
LOO SE TUBE, filled with jelly. 

Constructed in accordance with IEC-794. = -

Página 3 de 6 

Bandwidth 
(Mhz*km) 

> 200 
> 500 

> 200 
> 800 

> 400 
> 1000 

From 1 to 12 optical fibres, encapsulated within a p1astic tube filled with silicon-free 
waterproof jelly. 

Colour coding ofthe loase tubes with 

-MM 50/125: green- MM 62.5/125: blue- SM 9-10/125: yellow 

Outer diameter up to and including 3 optical libres: 0 1.5 ± 0.1 O mm 
.! ¡-' 

5-1 
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Outer diameter up to and including 8 optical fibres: 0 2.1 ± O. 15 mm 

Outer diameter up to and including 12 optical fibres: 0 2.6 ± 0.20 mm 

Outer diameter up to and including 12 optical fibres: 0 3.0 ± 0.20 mm (only in 
miniature cables). 

Optical fibres in one loose tu be are differentiated according to the following 
colour codes: natural (fibre 1)- red (2)- blue (3)- yellow (4)- green (5)- violet 
(6)- brown (7)- black (8)- orange (9)- turquoise ( 10)- pink (11) and white (12). 

Oiher colour codes are avai!able on request. 

------------· .. ---------

MINIA TURE OPTICAL FIBRE CABLES 

With up to 12 opfical fibres, with or without an aluminum foil asan extra. 
moisture barrier: 

Special Features 

· These are extremely light and thin optical fibre cables w1th a high maxirnum tensile 
strength of 4 * its own weight for a 1 km length. 

They are suitable for simultaneous - three at a time - installation into HOPE tu bes by 
means of compressed air or pulling wire. 

Although developed for applications between buildings and/or installations, this type 
of optical fibre cable is also suitable for indoor applications. 

Applications 

Temp•rahre range 

- Transpor</storage : -30 to 70°C 

- Installauon : -1 O to 50°C 

- Operation : -30 to 70°C 

Bending radius 

- IrÍstallation : > 15 * cable diameter 

- Operation : >20 * cable diameter. 

¡ •• • ~. ' ' • • • ~ 
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Cable Specijications 

1 Primary coated rnulti-rnode and/or single-rnode 
optical libres: 0 250 ± 15 JliTI. 

2 Jelly filled loose tube, with up to 12 fibres: 0 3.0 ± 
0.20 rrun. 

Individually colour coded optical fibres: natural -red 
-blue -yellow -green -

violet -brown -black -orange -turquoise - pink and 
white. 

Colour coding ofthe loose tube with: 

:MJ'vf 50/125 : green- :MJ'vf 62.5/125 : blue- SM 
9/125 : yellow. 

3 Aramid yarns as strength rnernbers. 

Swelling yarns for longitudinal watertightness. 

5 Black UV-resistant PE outer sheath (other colours available on request). 

Identification: BELDEN OPTiCAL CABLE 'nurnber * "type of fibres' and 
rnetre-rnarking. 

Number Cable Max. pulling Weight 
of fibres di ame ter tension; installation/ PE 

0 (mm) operation 
(N) 

l-12 5.6 ± 0.3 lOOó'/200 23 -

Optionsí·. 

Weight 
PVC 

27 

Cable comprising two, three or four mmiature cables with a common outer sheath. . 
Alurninurn foil (4) beneath the PE outer sheath (delivery length < lOOOm). 

. .... -- ~-~- .... . . .. , ··' '... . .. - ... 
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Krone, Inc. 

,. 

Página 1 de 1 

Krone, lnc. 

6950 South Tucson Way 
Suite R 
Englewood, CO 80112 
USA 

(303) 790-2619 (voice) 
(303) 790-2117 (fax) 

Krone supplies telecomrnunications wire and cable 
connecting hardware including IDC wire tennination 
blocks, patch panels and station outlets. 

Request lnformauon 

Online Ferums 1 Newsletters. Whrte Papers ¡ Cataleg Shewcase 1 Directerres 1 

Heme ¡ Search ¡ L1veEvents! ¡ Preduct Showcase ¡ Ask the Expert' ¡ 
Spensers. Advert1sers 1 Categerres 1 Centracters 1 Cempany lndex 1 

Meet the Publisher 1 Add Yeur Cempany 1 Stte Map 1 Heme 

The Communications Web Sites 

~~ ~~~ ~ivefvenfsl LIGHT~ 
WIRELesS OSP' ' :: " ~.J.l!U~.I 
•Jo.tt¡:CR~f1QN_\/1t~/ ''. · ..•. -~. "' --..-.;.>.-..<-·~>•~ 

Broadband Guide 1 Cuntractors D1rectory 1 LiveEventsl 1 

L/GHTWAVE Xtra' 1 V ·¡reless lntegralion Xtral 1 

OSP Eng1neenng & ConstrucliOn Xtral 1 

Cabling lnsfaltation & Mamtenance Xtra:l 

11 the OptoelectronJcs Web Sites 

the Publisher 

Comments or Questtons about thts Site, please contact the Wchmastcr. 

©Copynght 1995-1998 l'ennWell Media ün!Ine 
This page was updated on 1 2-Jan-99 

5-1 



AMP Incorporated - Cable Management Systems Página l del 

•. 

. -................. . ··········•····················•·····················•··············································· 
AIVIP Pilt!DUCTS INDUSTRIES C~TRIOG ~SOUT AM:> Sl!?PCJH HJHE 

r~uur N1P __ 

Distributors • 
Emplo\ment • CABLE MANAGEMENT SYSTEMS 

F.:edback ~ 

Financia! • AMP provides a range of fiber 
Global :\\ fP • management solutions -

\:ew< Rele3 '"' 
1 including rack-mount systems 

T échnoln"' ~ and patch pan~! and splice 

;<~:; ;:)1:: :~~. enclosures- for the central 
-\ur,:motí,·e • office, headend, and central 

C'mmunicatinn 1 wiring closets. Our newest 
'\et\\ork111~ 1 offering, a 72-port enclosure for fiber optic cable 

E!_ • patching and housing of splitter modules, is designed 
p,:,wer Tcch 4 

TELCO/CA TV 4 for managing high fiber density and for easy access 
and installation. Choose from basic enclosures, 

•::·;~:~-; models pre-loaded with adapter plates, anda variety 
\1 -\-C0\1 • ofpre-stubbed units with cable assemblies made to 

e :m,,IJ Tt'uch • your specifications. 
Pr·~'("lSlCHl <4 

fmcm>nnect . For more detailed infonnation on AMP Cable Management 
Systems, see 
the NETCONNECT 1 Fiber Optic Distribution Products 
section of 

-\\1 P Cmmect, our on-line electronic catalog. Or ,-,,H;lct u<. 

' ' 
\ 

' Cable 
\ [Jnagemem 
S\·skms 

•· Connectors 
& Cable 
Assemblies 

Spiices 

\rtcnuator' 

' C't'lljlit'IS 

... "-~ \lndule~ 

. wa,·den~~h 
o;,.¡,¡(,n 

'.lul t íplexers 
¡\\ 1)\lq 

· Innerduct 
Products 
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AMP lncorporated - Connectors & Cable Assemblies Página 1 de 1 

.................. ····•····•••·················•·•········································•···················•·•••···· 
AIVIP PROD!iCTS INDUSTRIES tllTR!OG ASóUT il"~ .>UPPCRT H1HF. 

Distriburor' • 
Emplmment ~ 

Feedback ~ 
CoNNECTORs & CABLE AsseMsues 

Financia! • AMP offers a wide selection of 
Global AMP 1 fiber connectors in 

"-'e~< ~le,ases ~ industry-standard styles, ready for 
ec o oav "' 

easy termination or as part of 
basic and custom cable 

·\utnmnti,·e 1 assemblies. In line with Bellcore 
Cc,nununicatJon 1 GR-326, Issue 2, AivfP offers 

'-emmkmc: 1 systems at tiered levels of 

Pnwer T~ : perform~ce,.from 50 dB to 6~ dB, to help meet 
TELCO/CA TV 1 your apphcatwn and cost reqwrements. The endface 

geometry of AivfP cable assemblies is in keeping 
with the lEC propasa! for long-term system 

\1'-\-C0\1 <1 expandability and reliability. AivfP Service Cable 
Cmnll TL'uch • Assemblies, used to branch from a splice closure on 

f'' t'mi<m 1 a fiber right-of-way to an active fiber termination 

Management 
Systems 

" e onnector> 
& Cable 
.-\ssemblies 

'· '-;pi1CCS 

· :\tientwtur~ 

· :- C,HI!"ller~· 

'.p!íncr~ 

'"\:. \lnduk .. -. 

. W;n elen!!th 
01\·i~ton 

\, lult 1ple~ers 
(\\f)\1q 

· Innerduct 
Products 

1 merconnecr 
point, are available in a range of connector types and 

,, 

cable lengths. 

F or more detailed information on these products, see the 
Fiber Optic Products section of .-\\1 P C, lllll<X:, our on-line 
electronic catalog. 
Or contart u-... 

5-q 
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AMP Incorporated - Innerduct Products Página l de l 

\" .rl 

.................. ···········•···················································································•····· 
AIVIP 

Distributors ~ 

Emplmmem ~ 

Feecthad, ~ 

l!?_!'N <..:ki: . . 

[NNERDUCT PROOUCTS 

Financia/ ~ OptiDuct liners make maximum 
Global _-\._\/1' 1 use of conduit capacity. 

\.(•\\'< Rele:1s~< 1 
T echnoh"-'' 1 Available in various sizes, 

configurations, and lengths, they 
>~;:.;; ·" feature proven durability to 
'"t.'moli,·¡· 1 eliminate cracking and unitized 

C"m'''umcari<•n 1 construction to minimize 
'-c>!'.\nr~""' 1 spiraling. A couplingjoins 

J:.C• sections in an air-tight splice to 
flt~,\t.~r Te eh 4 

TELCO/CA rv 1 allow cables to be easily blown, 
pushed, or pulled through the 

· · :: • ·, '"· · innerduct. 
\1·-\-C0\1 • For more detailed information on these products, cPntact u<. 

C :nrnll TPt~ch 1 

f'rl..'~o'1"H'11 <f 

; ,_ ; . 

·····-<::::"''. 
.. -, ,·· : .· .: 

·Cable 
Management 
Svstems 

Connectors 
& Cable 
Assemblies 

.-\ t1L'llll;1t < \r-. 

C•upk•rs· 
~~1l!t~er~ 

\.\:. \1\lUllk'" 

\\·:1, dcn-:2th 
Di\·!~I\H1 

\iu!ltnl~xer-. 

¡\\ f)\lc¡ 

!nn·.:-rcll!Lt 
P•od~h..:t5' 
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1995 
LUCENTTEOfNOLOGIES• 

Revenues _______ SZ1bilr~«t 

Assets S20 bllf"l«< 

~ 13'\000. 
•Rrwrrws. tu•U crtd nrtp/11-.rn rrprr~n~t tlrus~ titr urmpan.\' wowld htl\o'l' 
Jhawrt 41 yrar-ntd had iJ uzsud tu tJ srparaJr ctmtpartv 1 tH tltr flfttutcu:JI 
Rntrw •rctttm for WIOfP dnmlll. nr ruuntwr of rmpltn~rJ /¡nnJ don ,.,, 
rrfl«t thr IDUÚ ~~ o{ prrVUHU/V IDfftowtCf!d wn~ jtJ~t f'l>dllNiottJ. 

Bell LabOraieries,widely 
~rded as one ofthe 
worfdS foremost industrial 
research and development 
organizations. 
,;:::: Among its achievements since its inception in 1925: an average of 
one patent each business day, seven Nobel Prize winners. seven U.S. 
National Medals of Science and ti ve National Medals of Technology. 
Its contributions include the transistor. the solar cell. the comrnunica-

. tions satellite, cellular telephony, electronic switching and the UNIX' 
operating system. 
t Umx ts a reg¡stered U':ltkr::omt.liccnsed e:xclustveJy by Sovdl. lnc. 

A global presence. 
·: Lucen! Technologies has offices or distributors in more than 90 

countries or territories. Bell La! h- a presence in 13 countries. 

More than a hundred ¡ears 
of manufacturmg experience. 

1 / . 
· ' During the past ti ve years, our manufacruring practices have eamed 
a Malcolm Baldrige National Quaiity Award. a Deming Prize and i:wo 
Shingo Prizes for excellence in American manufacturing. 

. ... ... . --~-- •.•• ,. ,<! 

-

Lucent Technologies 
f:eU l.J::i IW::'Villl:lr.~ 

s-11. 

o tansive il lb5 wie\¡¡s with a • ••• 
and ortw "'* toders. ~ ~ 

- by darity'" Q" ')¡ll>l>mg wilh 
light." The ,_ logD is a lx*1. nKI, 

hr-'-dnlwn irnovaticn ring. 
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U Supplies network telecornrnunications sysrems, software 
and services to relephone companies around the world, 
the U.S. govemmenr, privare cornrnunications network 
operators, cable companies and wireless service providers. 

J Produces high-perforrnance in1egra1ed circuits. power 
sysrems and optoelecrronic components for Lucent Tech­
nologies and other leading cornrnunications and computer 
manufacrurers. During the last five years. sales to non-AT &T 
cusromers ha ve shown double-digir growth rares. 

--------------

·: Designs, manufactures. insralls and services business 
telecornrnunicarions systems. including privare branch 
exchanges, key sysrems. structured cabling and voice pro­
cessing sysrems. Has provided engineering, installation, · 
maintenance and suppon services ro more than 1.5 million 
cusromer locations in more than 90 countries. 

Sells, services and leases relephones and other telecom­
munications devices through retailers represenring 17.000 
poinr-of-sale locations. Was the firsr in the indusrry ro offer 
cordless telephones with 25-channel capability, which reduces 
imerference. Sold 2.5 mil ·or "rimline®telephones in 1995. 
Offers a bread line of relephone answering sysrems and 
cellular products. 

- -

,:·.~ Focuses on severa] core rechnologies: software; di¡~i!lli __ _ 
signal processing, relecommunicarions networking rechnolo­
gies, rnicroelectronics and phoronics. Emphasizes areas offering 
Lucenr Technologies' operaring unirs a comperitive advan­
tage, such as increased transmission capacity, faster cal! 
processing, increased reliabiliry and reduced network cosrs. 



lñis gaucho in Argentinas 
remate ranch lands now 
hM ~ to telephone 
service, thank.s to a wire­
less networfc: that Netwcxk 
Systems played a key role 
in building. 

B Ranks #l io U.S. public oetwor:k iofrastructure market, 
#2 worldwide. Flagship product, the 5ESSa 2000 Switch, 
has beeo iostalled io 49 couotries aod cao provide aoy media­
digital voice, data, video aod wireless communications. 
Accordiog to data compiled io the U.S. Federal Communi­
catioos Commissioo's Annis Report, it is the most reliable 
switch io the iodustry . 

. ·- ---------------- i------

Máaochips are the very 
he.art of information age 
products and systems, and 
1M!! offer a wide variaty of 
standard, semi-custom and 
custam prodUc:ts. 

-------------

Oetinity~ Enterprise 
Communications Servar 

--anones for businesses, 
.'-edesigned for European 
technieal standards and 
aesthetics, roll off the 
manufactUI"ing fine in 
Saut'l'lur, France. 

B At year-end 1995 the unit' s microelectronics products were 
included in more thao half the world's digital cellular phones. 
Has a research. design, manufacturiog or sales presence in 15 
countries to enable clase design collaboration with custorners. 

111 Offers a broad line of systems and products that can be integrated 
into a business's networ:k and upgraded with new software releases. 
Intelligent diagnostic software built into systems and service centers 
around the world reduces system downtime and provides a key com­
petitive advantage. 

·-----· ·- -----------···· ------+---- ------ ·----------
1ñe l'IM>Line Personal 
lnformation Center 882 
does double-duty as a 
phone and personal data 
organizar for horrle-based 
businesses. 

In 1995 a Bol! Labs 
research team devised 
a way to reliably trans­
mit compressed color 
still irnages over wire­
less c:hannels. 

111 For the nine months ended September 30, 1995, sold twice as 
many corded telephones, cordless telephones and telephone 
answering systems io the U.S. as any competitor in each category. 
Captured a 5 percent share of the market for cellular phones in the 
U.S. since entering the market in 1992 with innova · Jr• .uch as 
user-friendly, on-screen instructions, voice activation and circuitry 
that f!lters out background noise. 

= - -___________ :::: ____ ....:¡ 

11 Integrated with Lucen! Technologies' operating units to 
speed innovation. Focuses on technologies critical to telecom­
munications: software, digital signal processing, networking 
technologies, microelectronics and photonics. 

---------- ------ _____________ ___j 
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DIPLOMADO EN REDES DE 
COMPUTADORAS 
(LAN, WAN y GAN) 

CABLEADO 
ESTRUCTURADO 

c--".o.•cv 

··~ 



SUBSISTEMAS DEL CABLEADO 
ESTRUCTURADO 

• - Subsistema Estación de Trabajo 

• - Subsistema Horizontal 

• - Subsistema Vertical 

• - Subsistema de Administración 

• - Subsistema de Cuarto de Equipo 

• -Subsistema de Campus 

C-'-oLA...CV 

,. """' 

2 



SUBSISTEMA ESTACIÓN DE TRABAJO 

Este subsistema contempla todos los 
adaptadores necesanos para conectar el 
equipo del usuario a la salida de información, 
logrando aquí la conexión fisica a cualquier 
teléfono, computadora o terminal de la red de 
cableado. 

3 



SUBSISTEMA ESTACIÓN DE TRABAJO 

c_-. .. ..,. ... c'" 
TolL~ '" 
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SUBSISTEMA ESTACIÓN DE TRABAJO 

i 
1 
1 

1 

1 

1 

c--~•c.v ,. """' el 
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uno: em 1aCJOD 

SUBSISTEMA HORIZONTAL 

Aquí se contempla el cableado que corre de 
cada salida de información (roseta), al 
cuarto de alambrado de piso (IDF), se 
cuenta con diferentes cables y componentes 
para adecuarse a los requerimientos de los 
niveles de sistema, Esto es, se cuenta con 
cables de nivel 3 para sistemas telefónicos y/o 
de computo que transmitan a velocidades 
menores a 1 O MBPS, y con cable nivel 5 
para sistemas que requieren velocidades de 
comunicación de hasta 100 MBPS. 

1 

¡ 
1 

1 
1 

! 
1 
1 
1 

1 

1 

! 

c-._s. ..... cv .. ~ •1 
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SUBSISTEMA HORIZONTAL 

c~._LA..c.v 

··~ 

PISO 2 

PISO 1 

PB 
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SUBSISTEMA HORIZONTAL 
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SUBSISTEMA VERTICAL 

CONCEPTOS 

• Este subsistema contempla la comunicación 
necesaria entre cada piso (IDF.S) y el 
distribuidor principal (MDF) Este enlace se . 
logra mediante el uso de cable multipar o bien 
con Fibra Optica dependiendo de los 
requerimientos de velocidad que se tengan. 

1 

1 

C"--.s.A.•cv 
T • ..SU'7lll er 
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ndo ln¡m~ru y e aoón 

SUBSISTEMA VERTICAL 

• CONCEPTOS 

- BACKBONE 

• BACKBONE COLA.PSADO 

• BACKBONE LINEAL 

c--.LA.<IICV 

··~ 

... 
:¡: .•.. 
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ructundo n¡m~na y ~r11: 1caaon 

BACK BONE LINEAL 

C-'-"5..\.•CV 
ro~. ..... no 

PISO 2 

PISO 1 

PB 



uno: •bteldo Estnacrun~do hlftUel'\l y rm 1uaon 

c-... -.~.""*cv 
Tol UIJ'fl6 

PISO 2 

PISO 1 

PB 
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SUBSISTEMA DE ADMINISTRACIÓN 

• Aquí convergen los subsistemas vertical y 
horizontal. siendo el lugar donde se logra 
la interconexión de ambos subsistemas. En 
el también radica una de las principales 
virtudes del sistema que es el etiquetado, cada 
uno de los sistemas quedan perfectamente 
identificados con un color característico, de 
manera que los cambios y mov1mientos que se 
soliciten, se podrán. hacer en unos minutos. 
logrando así abatir importantemente los gastos 
de administración y mantenimiento de la red 
de comunicaciones. 

c--~. ..... c ... 
r .. o.11U1lo 
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SUBSISTEMA DE ADMINISTRACIÓN 

Subsistema Horizontal 

Subsistema Horizontal 

Subsistema Horizontal 

14 
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SUBSISTEMA DE CUARTO DE EQUIPO 

• Este es el punto central de administración 
y control del sistema. donde se aloja 
normalmente el distriburdor principal del 
cableado estructurado con el PBX. el sistema 
central de proceso de datos (MAIN FRAME). 
y/o el punto neurálgico de administración de 
las redes locales (LAN). y distriburr las señales 
en toda la red, empleando la fibra óptica y el 
cable de par trenzado sin blindar UTP 
existentes en los otros subsistemas. 

,_-.~. ..... cv 
Toto-.!Tllo 
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SUBSISTEMA DE CUARTO DE EQUIPO 

16 



SUBSISTEMA DE CAMPUS 

Este subsistema contempla la interconexión 
de diferentes edificios dentro de un mismo 
predio, empleando fibra óptica y/o cable 
multipar especialmente diseñado para 
instalarse en exteriores. 

17 
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ructur.do ltJftneru y em 1C.DOn 

ESTÁNDARES Y NORMAS 

• EIA!fiA 568a 

• EIA!fiA 568b 

c_._.~.., .. c., , . ..,. 
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ESTÁNDARES Y NORMAS 

5~brr.1l ~ '~T~l ~ 
2345~~~ ¡;~~45~~~~ 

1 bln~¡a 
2 naran¡a 
3 blverde 
'uul 
Stvuul 
6 verde 
1 blc~e 

8 "'' c--. ....... cv 
Tft .sJ7ll 

'---

1 l:vverde 
2 ~erde 
3 b~naru¡a 
'uul 
5 blazul 
6 naran¡a 
7 b.rcafe 
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DIPLOMADO EN REDES DE 
COMPUTADORAS 
(LAN, WAN y GAN) 

CABLEADO 
ESTRUCTURADO 

c-_ ........ c.. ··-

1-"--'"-•c-tii TIPOS DE CABLES 

\. ·~ ..,.......-: • AUI !ATTACHMENT UNIT lNTERFACE 

~- ¡ • CABLE COAXIAL 
\), ' • UTP (UNSHIELDED TW1STED PAIR 

~ ~ • FffiRA OPTICA 

'ri.' .. [()~ 
'{--; 
,/ 

iY' 
i 
~_; 

,_, __ ..,_,e_ 

-



( 

.. 

'"-_ ...... e~ ··-

·---

;~ TIPOS DE CABlES 

i~/¡¡ 
ti..'f ~ COAXIAL THICK 

~> 
\) '"' ! 
\'~ 
~¿~ 

\ ¡- /, 

~ 
~ 

~-

.2..2 



.:." ~ TIPOS DE CONECTORES 

tf~ Vi • T .CONNECTOR 

~.r--?1 
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~ 

S, 
11un <.:o.u T -<..on.rw:ctor 
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-~ TIPOS DE CABLES 

tl'~ UTP (UNSHIELDED TWISTED PAIR) 

?'~ '(~ 
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, t TIPOS DE CABLES 
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CROSSOVEJtS. 
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~ TIPOS DE CABLES 
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• ~ TIPOS DE CONECTORES 

t ~ V. o RJ4$ 
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~~-
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,::~ TIPOS DE CONECTORES 

~~)~ \~~ ;, • RJ21 (TELCO) 

\f'! 

1~ i 
[(1~ 

\ ,. ~ 
o// 

i}? 
¡¡ 
\..:'; <--~ ..... <:, ··-

•-•-·--·e-
.-~' TIPOS DE CONECTORES 

~":e 
~-'C. ~ 
~/> • RJ21 (ITLCO) 1· .. 

i, ·• 
\) "' 1 

\~ . ,- &. 
.;()v 

\ ¡ -~ 

1 :r 

-1 ¡; ;r 
, .• ! 

:;::: 
tf(. 

·_ ~-
·-

..__...._..,<, ··-

¡· :! 
¡; :¡ 
: •• 1 

i· -1 

~ 

= ~--------------~------~ 

;¿s 



.• 

c-e __ ....,._,~ 

• ~ TIPOS DE CABLES 

tf~---Q • CALIDAD DE CABLES UTP 

~· ··1 

~ 
-~~ 

\j/:5 
~ 
~ 

- CA TEGORlA l 
- CATEG0RlA4 
- CATEGORlA ~ 

"-_ ...... c.. ··-

~-(----·{"-

~ TIPOS DE CABLES 

~~.~-----
{~-/. CATEGORlAJ 

\)(·.i 

'*· .l(l~ 

\Y) 
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e_ 

- 24 AWG 

- ~0 PRODUCE Am..lJACION A lO MHZ 

- no~t 
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e __ .... .,.,, 

··-

c-•-...._.._,c_ 

CATEGORlA 4 
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- NO PRODUCEATENUACION A lO MHZ 

- n DBIKM 
- TBU'ERA1URA zo-c 
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_; ~ TIPOS DE CABLES 

t~J~----
{~ /, CA ITQJRlA 5 

t'i 
~ 
~ 
~ g, 

- PUEDE SEJl USADO EN IOOBASE-TX NETWORJC.S 
- 2l 0 24 AWG WIRE 
- A T'ENUAOON MAX1MA A 10 MHZ 

- 65 DBIKM 
- TEMPEJtA nJltA lO"C 
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(_<; ____ ,..,_ 

FffiRAOPTICA 
- LiNIMODAL 
- "fu l. TIMODAL 
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FIBRA OPTICA 

- SlllAlGiíT-TlP 

- sc'CO~CTOR 
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Table 4-3. AUI Pinouts 

AUI Connector Pin W~re Function 
" 

1 Logic Ref 

2 Collision + 

3 Transrnit + 

4 Logic Ref 
1· . 5 Rece1ve-+ 

6 Power Retum 

7 No Connection 

8 Logic Ref 

9 Collision -

10 Transmit-

11 Log1c Ref 

12 Receive-

13 Power (+12 Y de) 

14 Logic Ref 

15 No Connection 

Table 4-2. 25-Pair Cable Pair Mapping 

Port Number Wue Use Wire Color 
RJ21 Pin Punchdown Punchdown 
Number In Number Out Number 

RX+ Whitc/Biuc 26 Al Bl 

RX- Bluc/White 1 A2 B2 
1 

TX+ White/Orange 27 A3 B3 

TX- Orangc 1 White 2 A4 B4 

RX+ .litc/Grccn ¡zs AS 
1 

BS 

RX- Gr •cn/Whitc 3 A6 B6 
2 

TX+ Whitc/Brown -29 A7 B7 --
TX- Brown/white 4 AB B8 

RX+ Whitc/Gray 30 A9 89 

RX- Gray/White 5 A10 BIO 
.a ,. 

TX+ Rcd/Blue 31 All Bll 

TX- Blue/Red 6 A12 B12 

Cablmg ljlpes 4-9 



Ethernet Media 

Table 4-2. 25-Pair Cable Pair Mapping (Continued) 

PortNumber Wue Use Wue Color RJ21 Pin 1 Punchdown 

1 

Punchdown 
Number lnNumber OutNumber 

RX+ Red/Orange 32 Al3 
1 

Bl3 

RX- Orange/Red 7 Al4 
1 

Bl4 
4 

TX+ Red/Creen 33 1 AIS 
1 

BIS 

TX- Creen/Red 1 8 1 Al6 1 Bl6 

RX+ 1 Red/Brown 1 34 1 Al7 
1 

Bl7 

RX- Brown/Red 1 9 ! Al8 
1 

BIS 
5 

TX+ Red/Crav 35 1 Al9 
1 

Bl9 

TX- Crav/Red lw 1 A20 1 B20 

RX+ 1 Black/ Blue 
1 

36 
1 

A21 1 B'l 
1 -

RX- Blue/Black 11 A22 B22 
6 

TX+ Black/Orange 37 A23 B23 

TX- Orange 1 Black 12 A24 
1 

B24 

RX+ 1 Black/Creen 38 IA25 1 
B25 

RX- Creen/ Black 113 A26 
1 

B26 
7 

1 A27 1 B27 TX+ Black/Brown 39 

TX- 1 Brown/Black· la 1 A28 1 
B28 

RX+ 1 Black/Crav l.j{) 1 A29 
1 

B29 

RX- Crav /Black [15 1 A30 
1 

B30 
8 

1 A31 1 TX+ Yellow 1 Blue 41 ' B31 

TX- 1 Bl u e 1 Yellow 16 ·1 A32 B32 

RX+ 1 Yellow 1 Orange 42 A33 6.33 -
RX- Orange/Yellow 17 A34 B34 

9 
1 A35 TX+ Yellow 1 Creen 4.3 B35 

' 
1 - TX- Creen /Yello\lL 18 A36 B36 

,. 

= 

4-10 Cabling Tjlpes 



E:themet Media -----'--------------

.Table 4-2. 25-Pair Cable Pair Mapping (Continued) 

Port Number 

10 

11 

¡;: 

Unused Pair 

Cablmg JYpes 

Wue Use 

RX+ 

RX-

TX+ 

TX-

RX+ 

RX-

TX+ 

TX-

RX+ 

RX-

TX+ 

TX-

1 N/A 

1 N/A 

\· 
1 

Wue C.:itor 

Yellow 1 6rown 44 

6rown/Yellow 19 

! Yellow 1 Grav 45 

1 Gray 1 Yellow 20 
1 

Violet 1 61ue j46 
Blue 1 Violet 21 

Violet 1 Orange 1 47 

Orange 1 Violet j22 
Violet 1 Green 

1 
48 

Green íViolet 
1 

23 

Violet/ Brown 49 

Brown 1 Violet 24 

1 - 125 

1 -
:50 
1 

= 

RJ21 Pin 
Number 

! !'u...,rhdown 
' InNumbér 

r~ mclulown 
ut Number o 

A37 

1 A38 

: A39 

1 A40 

1 MI 
1 

! AA2 
1 

1 
1 A43 

IA44 

i MS 

·-
B3 

1 63 
' 

7 

8 

~ i [!}• 

t--
-

i 64 
1 

1 , .. e•~ .. 
3 ---~· 

L 
)B4 S 

l A46 ' ~_.,-------=ti· 1 A47 B4 7 

l48 

1 

l A48 1 f' 

1 N/A /NI A 
1 

1 \ N/A 
1 

NI A ..... ..__ ____ 

' -

4-11 
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t'RC::IUCTOS Db. SISTEMA AVANZADO DE 
CABLEADO ESTRUCTURADO 

Df1RfBL- ::!r:JN HOR.aQNTAL 
•:: · .. C.' .Bl.E D 4 Y 32 PRS. CN.5.F.T.P. (JSO 11801) 

. ~~ ; PN JELES >E PAACHEO MOOUI.AAES (1_2 Y 2 4 PUERlOS) 
;•• J,ACK M-)DUlAR (4PRS + DRAIN). CAJ 5, USO SIN HE-­

RRW:E~":A 
- " PltC/ 3 _-E 2 Y 4 POSICIONES (CON TAPA CIEGA Y 

ETI ;}U J.A. ::EGLETAS. RAKS. ETC. . 
fli~·1R.· ,!le; ;JO N VER1T'CAL 1 CAMPUS. 

~ FIB:~ O. lCA (TlGHr BLfFER 6 Y 12, AAMADPS Y 
:)/P.Rfv \F_ 

.._, : >IST~!JUI(X)RES DE FIBRA 
;;;;; ¡ AO '.;~OS (REGLETftS) CM 5 , ETC. 

VC .L 'RAS Y CERTIFICADOS 
;.W"'J.. UL ISO 11801. 00 9001, NOM, COMPATIBIU­
:.>N- EU~CTROf-.IAGNETlCA 

,-------
1 Jbl 1 pr6ctica para calcular la cantidad de cables 

q Je ,_;ab;an dentro de dls:tlnto' diámetros de ductería 

+pe_~ +mm Cctie de 4 paes Cable de 32 potes 

o o 1a -t 12 
3/4_ 19 4 o 
l 25 6 o 

]l.K. 31 10 1 

1112 38 16 1 

2 50 21 1 

21/2 63 34 2.3 

~ 76 50 3 
31/2 88 - 5 

4 l 01 - 7 
a) Consic:,,o ~ rTlÍ"offiiS oo 1 O y fT'Ólo:mclS dé 30 metros enfle regiSITOS. 
b) Con:idaro <Xl<T'.::l rrá.>imo t.na SUTlO de cX>bloces oa 180" o lo largo de lo 

lro')ec 'o<in 

J e) Considere feQ<stros C>deCU:>dOS en lOs e memos \nG c()(){j¡kts) 

-

' . ' 
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:rr!. PARA lA CONEXION DE !.OS CUENTES 

AL\ RED DIGJTA!. INTEGRADA A ·rRAVES DE 

FIBRA OPTJCA, 
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JI lEQUERll\11EN'[OS ELJ!:CTJUCOS PMU1 EQUIPC m; 
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IV FIBRA ÓPTICA. 
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· ·" · ;· -.;-.;nr ··~ ~x¡·-o S A •..• l..¿"'V.V .... - - •• 

:•,f!J DlGI'fAliNT.EG:<r\DA 

I ES.:·'ECli<'C·lCIONES GENERALES. 

1.- i\REL 

:']'e 7(: .. :· :ieTr-' d~ un lucu.! -t'rl el tnmucble del Hsuario con dime::: .ioue.s -i~··a'· _ 
15m2. :.··.a. r.:1u~---·6a ,·.'e e.He c.fp(;.áo u ofu:idizará tl~t:diante la ucepción de un /:lano L·on··la supe:jlcie 
c.suu:dc del ár 1 q¡: · Jf tn~inga, a.s[ como !tE rulas de tuócría de Jw-.:·rza qúr: a.'·mentan al nodo, flhnJ 
ópticil y/..; cc.i: de el te. frecuencia f;aTa rwlio. 

J·:i locci o'dcrá Se--r· de fácil acceso para per.wnal au.torhado .sulam¿: te, de esta utunera .se 
pud,án c.c1mr ... c~uo trabaJQs de ofn~·ación y mantmimimto las 24 horas,; l dz'a los 365 d(as del 
ano. 

3.- OBK CiVIL. 

a) Fn·n.!.! de e:. :~r.ufo Fe= 200 Kgícrn2, sin &ndHlw.:ror.es, ]mm. máximo de desníutil, cubierto con· 

losc!c:"vini:·.ca antiestáiica ó tapete antiejtútico. 

b) Nu oo· recc: .. ic'"''" d piso fa/.w, en el caso el!: 1ue l:ste exista, la instalación·''' adapta,ia. 

e) De J•rcfac::::ia no de/mi de eústirplajones. 

@)se T'qnicr.: almenas un m·uro de tabr~ue rojo rccucido ó de conado. 

e) En r:u.so de q"c ""se cumpla lo anterior el eqwpo .~e deberá anclar al piso y techo. 

f) La dt"r'" ·::rínima del/oca/. Si-TÚ de 2.40 mis. 



f~~ ;tON,. .. )S Df ~~~X)CO :.:t:;~\ L•é C\·y, 
:m.1 OIGIT r\lli'rrEG;;;\DA 

3.00 m 

-con1cclo pur·lc~IIW~do~=====:; 
duole, l -=:Jl 

lo(¡¡f!;) Of'C.,'ONJ'.L [JE TJI.BU.RDC\ 
CASQ;l.J:.P.L.\ (J TAiUQL'f 

ILUM1NACIOI~ 

ú1.1DAD hE u:!'n:v:" 
DL'ClUDLt;,ACQ:-.2>. 

1_ 

A.- TRAYEC1'0RIA PARI1 JiWRA OP'JI('.A CON TUBERL1 
DE 2" A. 2. 5O m DE ALTURA. MINif.L1 P.\~ C. O GALVANI-
7.:\DO TO'TilLJ\IElV'FE GUIAD.A. HASTA POZO DE 1ELMLX 

B -REGISTRO DE 0.56 X 0.56 X 0.13 m 
L:J C:W:l CAMBIO DE DlRECClON. 

J 
Ho\ClA POZO 
CElfWEX 

l 
1 
1 

l 

• 



.. iji~r,:.::~' ;~/" ... 
Tf!.ÉfONO!i DE MÉXICO S.A. Dé C.V • 

ítHJ üiGITJ.\L JNfEGít.'\!JA 

x;~~h;t,~~t: _· < ) ~·:··· 

.·.-. 

JI. REQUERIMIENTOS ELÉCTIUCOS PAR.4 EQUIPO DE 
TRANSMISIÓN Y FUER:Z.41~4.R4 FIBRA ÓfYllCA. 

J.aJ t·~·:._c},o) de com21.nicaciói~ e instalar se alimentan con 48\"ClJ. Para oOtenrr ¿slc vullúJC .st: 

imt,:fan dos rectificadores qnedando 'lll/0 de ellos tomo re;puldo. Dependiendo del cquijm de 
co;n:~nicG.;iú1l u. h:sta.lr.11~ rll Jijlr::ma Jefzu:nu requiere de lo .siguiente: 
l. ;1/, ··u:?.>ttu.ci[JJl lnfú,jJC.f1 I!'galu.da Je 220 l·u[IJ. :t 5 ?lo fJHn:fasr. yjiur. 

2. En /¡¡ acometida se wará cable de calibre 8 TWC. 

3. Lt. inte, nlp~ore.s tmnomagnitico.t d:: 2~.20 ampcrs. con 220 v. entre fa.se )'fa.~ e)'. 2 de 1 x 15 
pa:·a contactos polariz(Jdas confc:sos independientes. 

~'. / ·- ----------------- ~--------------/ 4 

( ~ 
\ 

Ca:;le fon·ado p~ra tierra fisú:a dentro dd !OCOf del cq:lijJc1 rmnc.tado a ll1It1 ha na de r.cbre 
de 16X 4X0.25 pu!gadaJ. El c.alzbro <M ~rl/;/e rldmú. ser de 1/0 A \VG y en la posictón rt!a!Cada 
por TELMEX. Ver o7oqw~ !JI de tim·a física. . ___ .. ---.._ ___ . __ _ 

/----....... 
5. 

6. 

----~ .• 
Un taó/,¡ro independú'1lle Q0-·112 trijJ,icr,,~ wta altura libre de 1.60 mti. a la base deltablr.ro 
co,; retado a 1'·" lr1/Jir.ro getu·ral. 

7. El{'< !.Hu::.o gr!neral mdximr dt.> tnerglc el¿ctrica ~!!Tá dt 300(1 ~VattJ. 

8. Tudas los sistemas nquiercn de 1m par de cunlr1ctos dobles tipo cnmcráules de 12 7 l'wl para 
tject~..·J de in.stalar.ión. 

9. La localización de contrU:lLJJ, tuna jJsica .i' ccntro de c:argu s~ drJtr:rminará1l t'n. la viJíta ténlica. 

10. Se prc.porcianarán al wurnio los come/ores coaxiales para que él refllzce la coae.tión de s11 
eq1új''' tenninal hw;w lo. ,-,pisa de dislribacirín del multiplexor'de R D 1 . 

11. Eu iudus los casos los rq1.áj;o> J.eberdn de contar um u11e acondiciotwdo, tr.mp,ratura de 18 'C 
como m .. tnimo )' 22 ~e máximo. 
I!wrwlad máxirna.dc 40'/o "" condcmacióll. 

12. El área mínima necesarw jHJra e.ste equijmmúmlo .st~rá de 9m2. 

·~ :~w~-~~!l x -·- l~:~*'"""' 
dff"''tfl!>7onc:~ de 

X 

le. 
'1 ~ e\ A hu ' '.' ' .. ·. ' . . . ' . . . .. . • ..·' ~ :·.·· _,f.I..G._ . . • . . . ,., . . ' ~ 

Be.. f'T"t. • 

) 



:··· 
~,:~·:::;:.'. 

- ----

.. ,., .. · 

\','., :LL \ ~-~~~ . LRi'o ~l.D 
l!'i. mm L.:.:.. !./'J.tETitO 
\' ~- :ol-1 or. J.t,:..;Gul'D 

!1· t.o.lJE. u::· .. \...,Clí· ;nu: VARJLt.""-"' 
UN !DAS CON CALILE !c.. O A\\"G lll::SKUDO 

TE_,_ JI'IC.•S DE /M.XICQ S.A. fJE C..V. 

GRAFICA 1 

RED !iiGI'fr\L li'ITEG:<A!JA 

LOCAL RO! 

BARRA DF, C.OnRF. 
m:. 16X4XO.li!5 Pl.C.S 

~ CAJ]¡¡; ).'0 FOKHAJ)Q 

()~----~()~----~() 

L~-

•,' 

/ ······ --·-·· ----

(• la caliduú ~e la ~~rra f"IS~ca ~rcpordouada por el ~l!nt~o debcra .se~ nten?r o igual n ~ oluus, er\l : 
caso contrano se constrlura tma hasta obtener dicha unpcdancLa. (ver gr:úicao arnba). estas 
confi¡;unciones se d~ben realizar cuando la <ÜSiancia de la yarilJa al local de RDl no exceda de 30 
n1t.s en C,!';O de excederse, ver gt·afica ll. 

( 
· * ~ cabl~: de la tierra ru;ica deber;:. -~cr forradv y ~~~-C;l se dcbera acompa.iiar~~u~_ c~b1~.5P:~: tengan 
..__.scJ_li4~~ ál!:::_l'na.~.______ -- ---· ·-· . . -. * "fodo cable de tielTa fJ.Sica nunca se dt::bera pas~ a u·a\'es de duetos ntctalicos, se reconúcnda 
duclcria l'V_C. _______ -- ---- - · ------- -------
.,;- El cable.; de tierra :flSÍca nw1ca dcbera de hacer contacto con los muros o Varilli.15 del edifido, se 
deberan utilizar aislanlcs. ---------- ----------- .. --- . ......_ ______ _ 
"' No debc.:ran existir angu1us de 90 grados Cil el cable de tierra fbko.. 

( ~ El neuu·o _dc:_cOJ:!_ÚSio~_y la _tierra tlsica debt:ra.rt un.i.r:;e en el centro de ca.t"ga u tablero principal.'> 
• La dist:U1cla nmXhna dd c,;;,d,:;c-¡c.r-(Cable.#G(ol;,r >crde) -¡;Ó· d;;bciá exceder los 30 meu·os de 
lon,9tud Jc~de. la b¡¡rra de Lierr3.3 hasta el bastidor del ~;quipo, en caso Ue cx.klllr tuta ntayor 
disUJ1cia, :;e utilizara el cable de l/0 AWG 

• 
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.; :OLÜ:JNC.•:O úf M~XICO S.A. DE c.v. 
RED !:llGIV\LINUG:U.\[1;.\ 

GRAFICAII 

LOCAl, RD.L_, 

11 miJ D~: DJ.q"J'ANClA ENlltE V/llUUAS 
ilN!D/'.5 1:.DN ('..Al:JLE 2/0 AWGlJtSNUDO ---

-----::=0 T BARRAD< VISTR!BUCION DE 1 r.1· ::..-::: 
\,__) ' C.Omu: DENTRO DE LA SALA o ---....._ 

""-,,, /~/' D!Ml:NSIONE.<· 16 X 4 X O 2~ PI.C,S ~~ --~-
Co\BL.E t:Al.JOR.f l/0 AWG - ~ 

'-. '_. / f'ORRAOO ~CM ·' ~= 

¡;:~fru:¡{if:'€o ,_ I ¡., r,-~-:0-.5-0-=-~,--~ __ JE:: 
.-

// AIMA.J\11:5 ()F. 15/J 000 
/ OH.\1.$ COMO ~U~IMO 

BARRA GESE.RAL llt. TlER.RA.S 
( ,4. INST . .o\L\RSE FlJERA. DEL EDIF1Cl0) 
.L>~SlONE.S: -i.X!Ii.:~0.25 PLGS 

• Esta di.stribucio~ ~e recomienda ·cuando la d.is~~i.a entre Ja tic.;~· Üsica y In sala d.~ Rnl ca 
Ju.ayor a 30 mts. 

* la8 Cus barras de cobre dcbet·an estar debidamente al!1ladas. Se recútnienda utilizar el aislador 
tipo barr;rp,u'¡\300 voltios. ___ .. , 

~--- Se debe abl::u- el cab!<: _de _ _tie_rr!']Isica con.P.YC_al pasar a traveo de ld losa. ' 
(.. el cable-se·teud.ra <juc eliquet.a.r (TIERR-1. FlSICA .RDI) cun cliqueL"l:l que no se desprendan y 

sean visibl~s. 
• Se deben ulil.iz;u- coi¡ectores l¡u."¡l}' d~ .. dos poyo~. · 

' ;!- ,. '•' . . ... ·' ' ... __ ~-·. ···-'··. _..J • se· ii:~_o_nUCn~ utilizar. cone.cto_rc.s:ponihabl~_ ~n w~ y~~ ~9-·4~:Jas unionc!i enlrc el cable 
y la·varil.b. por sCr e~tos mas seguros y no requieren nmntenimicnto~ -

... · 1-'l tit:rra. r1.::iÍCa debe de estar tn Uila. zuua dundc pueda redOir humedad constante, se 
rcconllenda u.na zuna de jardin. 

• Ellug:u' donde <¡ucden en1errad"" las varillas deben ser regisl.rables. 

\ 



T;' *roNos Di: MÉxico S.A. Di: .c.v. 
RED DIGITALINHGRADA 

fl-' FIBRA ÓPTICA 

n· . L .PECIFICACIONES DE CANAliZACIÓN PAR.4 FIBRA ÓPI7CA. 

l. Todc :a t~)a"Ía debe-rá ser dos de 2 '' de diámetro cmtduit pr~ra exteriores y j;vc. fl(lm 

i11 ter ores y canalizaciúu j ubterrúnea1 lota.lmenlt' gtúuda. 

2. __ os. ·;istros deberán s<-r de 0.56 x 0.56. x U.IJ m en cada cambio de dirección y u cada 20.00 
.nfs. ,. : !ong¡tud . 

3. 

4. 

5. 

6. 

7. 

. ~as :,'i1 :radas de la lu/;tn.·a alrib"?.stro serán ~Or ·u.na esquina y saldrán j;or el e·xtn:mu cunlnuio. 

Lo.f ?,¡¡;;·os de curvat-u.ra no deberán Jt•f menores a 0.30 m. 

Lu tuóo7'ia deberá conectarse del wcal de RD.I. al pow de TELMEX previamente indicado. En 

ceso :le no existir u.n ¡·eg-.stro de TELIH .. L'í. m las cercanías, cl1tsu.ario crm.ltruirá "" Tegútro de 
visita. La ubicacion y tif;o de re¡f..stm ;¿ determiltará m la visita tir.1li.:a. 

/// 
El ren:<<ic de la 11Limia deberá de estar a ww altum de 2.50 mis. 

Rcgi<t:os rlctabiquede 1.-10 x 0.70 x 0.75 mis. (Pozo~2T). 

8. La traFcfaria de la tulmia ;~rá la más directa. 

( 
•¡ • 



T!• ~;:oNo!i o; M!x1co S.A. ot: c.v. 
RE!i tiiGI'fALINHGRADA 

.....--~-·. '' --.-~·-.-.-.- -. -.-. ··----~.-.. -... ' ... -,·-',' . --.. -.-. ~-- . ,•, .-· ~--:-- ... ~-. - .. 
¡ CL:YTJ-cct pE' ;CJil?GA fA/?A' $.!.! . .Uitg::PE.J:_Jil!J.;f P.f:!Y<:); :'(d\.4,[:!jt)', · ·•· _j 

¡--· 
FASES 

A B e 

N ,-
l X l5A r-1 1 

1 X 15A J E 

u H 2X20A no·•~ 

T 
¡ 

1 r"' v"'" 

R 

' 2X20A f-. o 
1 
1 

CONTACTOS POI ARIZADOS 

VA"' ~ [H ..NllJTR.() 

1 

.r _L Gy 
1 

--

T!E.ZRA F!S!G:\ PARA CON"fAC fOS 
FASE 

POLARIZ..·\llOS CON CAULE # 8 AWG 



T!l ~toHOS DE M!X.IC.O S.A. DE C.. V. 
REú iJIGITI-\liNHG:U\úA 

1"""""""~ ••• ,. 

!. • uT !'k · ··Pr:Pzó,_i¡,vo .tiJi~'Qúiir>. ,j<it::J:i::~] 

COR1'EA·A' 

____j 

B' 

CORTEB-B' 

PLANTA 

fu'! CASO DE UTILIZARSE ESTE REGISTRO PARA CAMBIO DE O!RECCION 
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ESPECIFICACIONES PARA FIBRA OPTICA. 

1. Toda la tub"ria deber6 "er de 3' de diámetro conduit y totalmente guiada .. 
2. Los registro~ deb.eran ~er de 0.56 x 0.56 x O. 13M. en cada cambio de d1rección y A/C 20.00 M. de longitud. 

3. Las entrad~s de tuberi:< a registro sera por una esquina y salir por extrerr.o contrario. 

4. Los radios .:!e cu:-:atu:c- no deberan ser menores a 0.30 M. 

5. La tuberia e: e 3" e u dl-"::1etro deber~ CDnectarse al pozo de TELMEX indicado. 

'·' c. Rc;¡lstros deo: tac-'qua da 0.80 x 0.80 x 1.00 M. 

Q La tierra p::ora eQuipo deberá ~d-e-s-er-1-nd_e_p_e-nd~i-en_,_t_e_fo~rr-a_d_a_co_n_S~oh_,_m_s_d_e-re_s_is-te_n_c_la_rn_á-xi-m~a~ 
r . 

·, ubo ;;" diámetro Registro de 0.56 x 0.56 x 0.13 M. 

3" de diámetro 

a. La trayectoria de tubería será la mas directa, del pozo a la sala. 
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