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9. CONNECTORS, LUGS & TERMINATIONS

9.1 Coaxial Connectors

Coaxial connectors should appear electrically as extensions to the cable; in other words, they should
connect to the cable with as little disruption of the electrical signal as possible. Thus a connector is usu-
ally specified by its nominal impedance and its allowable Voltage Standing Wave Ratio (VSWR). The
nominal impedance of the connector indicates its basic match to the nominal impedance of the cable.
The VSWR indicates the quality of the match.

9.1.1 Selection

Just as MIL-C-17 covers the main types of coaxial cables, MIL-C-39012 covers many popular types of
coaxial connectors. It includes mating and overall dimensions, materials, performance, and testing pro-
cedures for each type of connector covered.

In selecting a connector, users generally consider cable size, frequency range, and coupling method.
Cable Size determines the connector series as subminiature, miniature, medium, or large.

Frequency Range determines the upper frequency limit of the application. The connectors can be
used at lower frequencies but are not recommended at higher frequencies where performance (espe-
cially VSWR) becomes degraded. Both BNC and TNC series connectors, for instance, can be used
with miniature cable. The TNC connector, however, is usable to 11 GHz, while the BNC is limited to
4 GHz. (This is due to the difference between bayonet and screw couplings.) If the highest frequency
of the application is 2 GHz, either connector can be used. If the highest frequency is 8 GHz, the TNC
is the obvious choice.

Coupling Method determines the procedure for joining two mating connectors. The three common
types are bayonet, screw, and snap-on. Often the coupling method is the main difference between two
series of connectors. For example, the BNC connector uses bayonet coupling; the TNC connector is
essentially the same, but with a threaded coupling.

9.1.2 BNC

By far, BNC connectors are the most common for miniature cables because of the easy connection/
disconnection offered by their bayonet coupling. In most versions, BNC connectors are 50-ohm
connectors rated to 4 GHz. 75-ohm, 4 GHz connectors are now available to meet the demand and
usage of 75-ohm coax cable.

Figure 9.1-BNC connectors
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9.1.3 TNC

The TNC connector is essentially identical to the BNC connector, except it replaces the bayonet
coupling with a threaded coupling. The tight interface of the threads, especially when subjected to
vibrations, allows the connector to maintain a low VSWR up to 11 GHz with flexible cable and up to
15 GHz with semirigid cable.

9.1.4 SHV

For medium size cables, SHV connectors are high voltage connectors rated to 5,000 volts (rms) and
featuring bayonet coupling and a nonconstant impedance. They were originally designed for high
energy physics applications.

9.1.5 SMA

Widely used in avionics, radar, military, and high performance test equipment applications, SMA con-
nectors are the most popular type for subminiature cable and offer the highest performance in their
class. They meet MIL-C-39012 requirements up to 12.4 GHz when used on flexible cable and up to
18 GHz on semirigid cable.

Figure 9.3—SMA series coax connectors for flexible cable
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9.1.6 UHF

The first coaxial connectors, designed in the 1930s, UHF connectors exhibit nonconstant impedance
and a low upper-frequency limit of 500 MHz, 2 GHz for the miniature version. Their main application is
in cost sensitive consumer applications.

Figure 9.4 -UHF series coax connectors

9.1.7 N Series

These screw thread connectors were the first true RF connectors, developed during World War 1l to
handle microwave frequencies up to 11 GHz. Despite the connector’s age, it still is widely used, offering
dual-crimp, low cost commercial, and 75-ohm versions in a variety of styles and materials. It is the stan-
dard coaxial connector for many coaxial cable based local area networks, including Ethernet and other
IEEE 802 networks using medium size coaxial cable.

Figure 9.5-N series coax connectors

9.1.8 F Series

The F type connectors are 75-ohm, screw threaded couplers for RG59, RG6, and RG11 type coaxial
cables and are the standard for CATV/MATV systems. The F Connector is simple to install, economical,
and meets the specifications of CATV systems. Most connectors are terminated to the cable by a single
crimp on the attached ferrule.

Figure 9.6—F series coax connector
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9.2 Telecommunication Connectors

Specifications for 100 ohm UTP (Unshielded Twisted Pair) connectors are contained in the document

ANSI/TIA/EIA 568-A Commercial Building Telecommunications Cabling Standard.

The first four pairs of Unshielded Twisted Pair (UTP) cable are connected as follows:

Table 9.1-Connections for the first four pairs of UTP cable

Pair Color Code Connection

one white/blue T1 (Tip side of a Voice line)
blue/white R1 (Ring side of a Voice line)

two white/orange T2 (Tip side of a Voice line)
orange/white R2 (Ring side of a Voice line)

three white/green T3 (Tip side of a Voice line)
green/white R3 (Ring side of a Voice line)

four white/brown T4 (Tip side of a Voice line)

brown/white

R4 (Ring side of a Voice line)
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RJ-11 and RJ-45 modular plugs and jacks are widely used in telecommuncation applications. They
are designed to meet FCC (Federal Communication Commission) specifications and dimensions,
including wire gauge and conductor insulation diameter. Some are designed for use with wires with
solid conductors, others for stranded wire. The wiring configuration varies, depending on the wiring
method selected for the system. The most used standards are ANSI/TIA/EIA 568-A (wiring methods “A”
and “B”) and U.S.0.C. (FCC Universal Service Order Code). With the locking tab down, the conductors
are inserted into the rear of the plug in a specific pattern. The pins of the plug are numbered 1 through
8 from left to right as shown in Figure 9.7.

Rear View Front View Side View
87654321
— — ( )
12345678 |.||.||.||.||.||.||.||.|
00000 —]
=/ \_

5 =

Figure 9.7—-RJ-45 (8 pin) modular plug

ANSI/TIA/EIA 568-A ANSI/TIA/EIA 568-A
Wiring Method A Wiring Method B
R1 BULW WBL Ti R1 BLW wBL T
T2 WOR ORW R2 T3 WG G/W _ R3
R3 GW w/B T4 R2 OW wie T4
T3 WG BW R4 T2 WO B/W R4

£

12345678

Figure 9.8—Wiring methods A (left) and B (right) on an RJ-45 modular jack
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9.3 Power Connectors

9.3.1 3M

Figure 9.9—-3M Scotchlok connector

Table 9.2—3M Scotchlok connector dimensions

Scotchlok
Connector Inside Outside Color
No. Wire Size Length Diameter Diameter Code
AWG/
kemil Inch (mm) Inch (mm) Inch (mm)
10001 6 1.75 (44.4) 0.196 (5.0) 0.290 (7.3) Blue
10002 4 1.75 (44.4) 0.247 (6.2) 0.340 (8.6) Grey
10003 2 1.88 (47.7) 0.307 (7.8) 0.416 (10.6) Brown
10004 1 1.88 (47.7) 0.358 (9.1) 0.462 (11.7) Green
10005 1/0 1.88 (47.7) 0.394 (10.0) 0.512 (13.0) Pink
10006 2/0 2.00 (50.8) 0.439 (11.2) 0.560 (14.2) Black
11006 2/0 3.13(79.4) 0.439 (11.2) 0.560 (14.2) Black
10007 3/0 2.13(54.0) 0.490 (12.4) 0.617 (15.7) Orange
11007 3/0 3.13(79.4) 0.490 (12.4) 0.617 (15.7) Orange
10008 4/0 2.13 (54.0) 0.548 (13.9) 0.687 (17.4) Purple
11008 4/0 3.38 (85.8) 0.548 (13.9) 0.687 (17.4) Purple
10009 250 2.25(57.2) 0.595 (15.1) 0.750 (19.0) Yellow
11009 250 3.38 (85.8) 0.595 (15.1) 0.750 (19.0) Yellow
10010 300 2.25(57.2) 0.650 (16.5) 0.813 (20.7) White
11010 300 4.13 (104.8) 0.650 (16.5) 0.813 (20.7) White
10011 350 2.38 (60.4) 0.700 (17.8) 0.875 (22.2) Red
11011 350 4.13 (104.8) 0.700 (17.8) 0.875 (22.2) Red
10014 500 2.88 (73.1) 0.836 (21.2) 1.060 (27.0) Brown
11014 500 4.63 (117.5) 0.836 (21.2) 1.060 (27.0) Brown
10019 750 3.38(85.8) 1.031 (26.2) 1.299 (33.0) Black
11019 750 5.88 (149.3) 1.031 (26.2) 1.299 (33.0) Black
10024 1,000 3.88(98.5) 1.173 (29.8) 1.500 (38.1) -
11024 1,000 6.13 (155.6) 1.173(29.8) 1.500 (38.1) -

141

©Anixter Inc. 1996



9. CONNECTORS, LUGS & TERMINATIONS

Figure 9.10—3M Scotchlok lugs

Table 9.3-3M Scotchlok lug dimensions

Scotchlok B P W C C
Lug Wire Barrel Pad Pad L One Two Stud | Color
No. Size 1.D. O.D. Length |Length | Width Length Hole Hole | Size |Code*
AWG/ Inch Inch Inch Inch Inch Inch Inch Inch
kemil (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
30014 6 0.196 0.290 0.750 0.750 0.435 1.780 0.375 - #10 BI
(5.0 (7.4) (19.1) (19.1) (11.0) (45.2) (9.5)
30015 6 0.196 0.290 0.750 0.750 0.435 1.780 0.375 - A Bl
(5.0) (7.4) (19.1) (19.1) (11.0) (45.2) (9.5)
30016 6 0.196 0.290 0.750 0.750 0.435 1.780 0.375 - %" BI
(5.0) (7.4) (19.1) (19.1) (11.0) (45.2) (9.5)
30018 4 0.247 0.340 0.750 0.890 0.485 1940 0.375 - #10 Gy
(6.2) (8.6) (19.1) (22.6) (12.3) (49.3) (9.5
30019 4 0.247 0.340 0.750 0.890 0.485 1940 0.375 - n Gy
(6.2) (8.6) (19.1) (22.6) (12.3) (49.3) (9.5)
30021 4 0.247 0.340 0.750 0.890 0.590 1.940 0.375 — %" Gy
(6.2) (8.6) (19.1) (22.6) (15.1) (49.3) (9.5)
30022 2 0.307 0.416 0.810 0.890 0.630 1.970 0.375 - %' Bn
(7.8) (10.5) (20.7) (22.6) (15.9) (50.0) (9.5)
30023 2 0.307 0.416 0.810 0.890 0.630 1.970 0.375 - %6"  Bn
(7.8) (10.5) (20.7) (22.6) (15.9) (50.0) (9.5)
30024 2 0.307 0.416 0.810 0.890 0.630 1.970 0.375 - %" Bn
(7.8) (10.5) (20.7) (22.6) (15.9) (50.0) (9.5)
30027 1 0.358 0.460 0810 0.750 0.690 1.970 0.375 - 76" Gn
(9.1 (11.7) (20.7) (19.1) (17.4) (50.0) (9.5)
30028 1 0.358 0.460 0.810 0.750 0.690 1.970 0.375 - %"  Gn

(9.1) (11.7) (20.7) (19.1) (17.4) (50.0) (9.5

Continued
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Table 9.3—-3M Scotchlok lug dimensions

Continued
Scotchlok B P w C C
Lug Wire Barrel Pad Pad L One Two Stud | Color
No. Size I.D. O.D. Length |[Length | Width | Length Hole Hole | Size |Code*
AWG/ Inch Inch Inch Inch Inch Inch Inch Inch
kemil (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
30031 1/0 0.394 0.510 0.810 0.890 0.750 2.160 0.375 - %" Pk
(10.0) (13.0) (20.7) (22.6) (19.0) (54.8) (9.5)
30032 1/0 0.394 0510 0.810 0.890 0.750 2.160 0.375 - %" Pk
(10.0) (13.0) (20.7) (22.6) (19.0) (54.8) (9.5)
30036 2/0 0439 0560 0870 1.110 0.810 2370 0.375 - %" Bk
(11.2) (14.2) (22.2) (28.2) (20.6) (60.2) (9.5)
31036 2/0 0439 0560 1440 0.890 0.812 2840 0.375 - %" Bk
(11.2) (14.2) (36.5) (22.6) (20.6) (72.2) (9.5)
30041 3/0 0.490 0.620 0.940 1.110 0.910 2.630 0.530 - % Or
(12.4) (15.8) (23.8) (28.2) (23.0) (66.8) (13.4)
31041 3/0 0.490 0.620 1.440 1.110 0.910 3.130 0.530 - % Or
(12.4) (15.8) (36.5) (28.2) (23.0) (79.5) (13.4)
30045 4/0 0.548 0.687 0970 1.110 1.000 2.600 0.530 - %' Pu
(13.9) (17.4) (24.6) (28.2) (25.4) (65.9) (13.4)
31045 4/0 0.548 0.687 1560 1.110 1.000 3.320 0.530 - 7" Pu

(13.9) (17.4) (39.7) (28.2) (25.4) (84.4) (13.4)

31145 4/0 0.548 0.687 1560 3.000 1.000 5.160 0.630 1.750 %" Pu
(13.9) (17.4) (39.7) (76.2) (25.4) (131.0) (15.9) (44.4)

31049 250 0595 0.750 1500 1.110 1.130 3.380 0.530 - % Ye
(15.1) (19.0) (38.0) (28.2) (28.6) (85.8) (13.4)

31149 250 0.595 0.750 1.560 3.000 1.130 5.310 0.630 1.750 %' Ye
(15.1) (19.0) (39.7) (76.2) (28.6) (134.9) (15.9) (44.4)

31053 300 0650 0.812 2.000 1.090 1.220 3.780 0.530 — %" Wh
(16.5) (20.6) (50.8) (27.8) (30.9) (96.0) (13.4)

31153 300 0.650 0.812 1940 3.000 1.220 5.750 0.630 1.750 %" Wh
(16.5) (20.6) (49.2) (76.2) (30.9) (146.0) (15.9) (44.4)

31056 350 0.700 0.880 2.000 1.090 1.310 3.850 0.528 - % Rd
(17.8) (22.4) (50.8) (27.8) (33.4) (97.6) (13.4)

31156 350 0.700 0.875 1940 3.000 1.310 5.750 0.630 1.750 %" Rd
(17.8) (22.2) (49.2) (76.2) (33.4) (146.0) (15.9) (44.4)

31060 400 0762 0.950 2.000 1.340 1.410 4.160 0.630 - % Bl
(19.3) (24.1) (50.8) (34.2) (35.8) (105.7) (15.9)

Continued
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Table 9.3-3M Scotchlok lug dimensions

Continued
Scotchlok B P w C Cc
Lug Wire Barrel Pad Pad L One Two Stud | Color
No. Size 1.D. O.D. Length |Length | Width | Length Hole Hole | Size |Code*
AWG/ Inch Inch Inch Inch Inch Inch Inch Inch
kcmil (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
31160 400 0.762 0.950 2120 3.000 1410 6.000 0.630 1.750 7" Bl
(19.3) (24.1) (53.8) (76.2) (35.8) (152.4) (15.9) (44.4)
31066 500 0.836 1.060 2250 1.340 1530 4.500 0.660 - %" Bn
(21.2) (27.0) (57.2) (34.2) (38.9) (114.3) (16.8)
31067 500 0.836 1.060 2190 1.340 1530 4.500 0.660 - %" Bn
(21.2) (27.0) (55.6) (34.2) (38.9) (114.3) (16.8)
31166 500 0.836 1.060 2190 3.000 1530 6.160 0.630 1.750 %" Bn
(21.2) (27.0) (55.6) (76.2) (38.9) (156.4) (15.9) (44.4)
31068 600 0.923 1.188 2,690 1.750 1.690 5.120 0.630 - %' Gn
(23.4) (30.1) (68.2) (44.4) (42.9) (130.0) (15.9)
31168 600 0.923 1.188 2.620 3.000 1690 6.720 0.630 1.750 %" Gn
(23.4) (30.1) (66.5) (76.2) (42.9) (170.6) (15.9) (44.4)
31172 750 1.031 1.299 2.810 3.000 1.720 7.000 0.630 1.750 7" Bk
(26.2) (33.0) (71.5) (76.2) (43.7) (177.8) (15.9) (44.4)
31178 1,000 1.173 1.500 3.000 2940 1.720 7.280 0.630 1.750 7" -
(29.8) (38.1) (76.2) (74.6) (43.7) (184.9) (15.9) (44.4)
*Bl = Blue Gy = Grey Bn = Brown Gn = Green Pk = Pink Bk = Black
Or = Orange Pu = Purple Ye = Yellow Wh = White Rd = Red

©Anixter Inc. 1996
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9.3.2 Stud Sizes

/ Hole diameter
(]
English Metric
Bolt Size Bolt Diameter | Hole Diameter Bolt Size Bolt Diameter | Hole Diameter

Inch Inch mm mm
# o 086 .095 Mz o 2.0 2.4
#4 [ J 112 120 M2.5 [ ] 2.5 3.0
LI 125 148 M3 @ 3.0 3.8
LA Y 138 148 M35 @ 35 3.8
S ) 164 174 e 40 44

#10 M5
o 190 200 o 5.0 5.1

1/4" M6
o 250 265 6.0 6.7

5/16" M8
. .3125 .328 . 8.0 8.3
3/8" M10

® - o " @

10.0 10.1
7/16" M10
4375 450 ‘ 10.0 11.4
1/2" M12
‘ .500 .515 ‘ 12.0 131
5/8" M16
‘ .625 .656 ‘ 16.0 16.7
3/4" M18
' .750 .781 ‘ 18.0 19.8

Source: ISO 263 for English stud sizes and 1SO 262 for metric stud sizes.

Note: Bolt illustrations not drawn to scale.
Figure 9.11-Terminal stud size chart in English and metric units
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9.4 Fiber Optic Connectors

9.4.1 Selection
Below are the steps required to select a fiber optic connector:

Step 1: Determine the connector type. There are a variety of types available. ST and SC connectors
are the most common types. The opto-electronic equipment used will have an optical interface of a spe-
cific connector type. Therefore, this type must be used at the equipment interface. It is suggested,
though, to use ST or SC type connectors in all of the distribution cabinets and to use custom cable
assembly jumpers from the cabinets to the opto-electronic equipment.

Step 2: Determine the mode type and fiber OD. Fibers are either multimode or single mode.

e Multimode
The fiber OD is the second number of the fiber size; e.g., 62.5/125 indicates a core diameter of
62.5 um and a fiber (cladding) diameter of 125 pum.

* Single mode
Single mode fibers are also 125 um in overall diameter. Core diameter is approximately 8 pm.

Step 3: Determine the cable construction type. There are four basic construction types to choose
from. They are jumper cordage, multifiber tight buffered building cable, multifiber-fanout (breakout) build-
ing cable, and outdoor loose buffer cable.

* Jumper Cordage
Jumper cordage is divided into four construction types: simplex, zipcord duplex, dual subunit
duplex, and round duplex. Simplex, zipcord, and dual subunit cordages can be connectorized with
no additional apparatus. Round duplex requires a breakout kit if: a) the cordage is being used to
make an assembly, and b) connectors other than duplex (such as FDDI) are to be used.

« Multifiber Tight Buffered Building Cable
Multifiber building cable has multiple 900 um (diameter over the tight buffer) tight buffered fibers
under a common jacket with a shared strength member. As a result, a crimping procedure is not
used during the installation of a connector. The connector can be installed directly onto a tight
buffered fiber.

« Fanout/Breakout Cable
Fanout/Breakout cable has individually jacketed and strength membered fiber subunits. Thus, each
subunit is effectively a simplex cable. A connector can be installed directly onto these subunits with
no additional hardware required.

» Qutdoor Loose Buffer Cable
Outdoor loose buffer cable contains the fibers in a buffer tube(s) surrounded by a series of sheath-
ing layers. Virtually all outdoor cables require a breakout kit in order to connectorize the fibers.
Choose a connector which matches the breakout kit subunit type for a proper fit.
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Fiber Optic Connectors
Below are some of the most common fiber optic connector types:

9.4.2 ST

ST is a trade name of AT&T for a connector developed by Bell Laboratories. The ST type connector is
spring-loaded, which keeps the fibers and connector tips in physical contact (PC) inside the coupling
sleeve. These connectors, because they are PC type, have a key to lock the contacting position and pre-
vent tip rotation, protecting the fibers from scratches and chips. The key also ensures performance repeata-
bility from reconnection to reconnection. The bayonet latching offers easier connection and disconnection.

There are several versions available. The variations are mainly the tip material. Materials used are alu-
mina ceramic, zirconia ceramic, ceramic/glass composite, stainless steel, plastic, and plastic/glass com-
posite. Ceramic is the preferred material because it closely matches the thermal characteristics of
glass, and ceramic is a hard, durable material which won't wear after multiple reconnections.
Ceramic/glass composite tips offer easier polishing. The glass insert protrudes slightly from the ceram-
ic, so if the fiber end still needs more polishing even after the fiber end becomes level with the glass
insert, the connector tip can be further polished, thus polishing both the fiber end and the glass insert
simultaneously. With all ceramic tips, once the fiber end becomes flush with the ceramic tip end and the
fiber still has scratches and/or chips, the installer must start all over to obtain a finely polished termina-
tion. Ceramic/glass composite tips also allow the installer to use UV adhesive, which is much faster to
cure than epoxy.

Stainless steel tips offer durability. The stainless steel ST type connector remains durable from recon-
nection to reconnection. Plastic tip connectors offer a low cost solution when loss is not critical. Be
alert, though, that all plastics are NOT alike. Mating different plastics could lead to intermolecular migra-
tion, which means material from one tip will, over time, embed itself in the opposing tip and vice versa.
This will cause an increase in attenuation.

Figure 9.12-SC (top) and ST (bottom) type connectors

9.4.3SC

The SC connector has many positive attributes to compete with other connectors such as the ST type.
These attributes include a 2.5 mm spring-loaded ferrule tip, a keying channel, and a push-pull latching
mechanism. Because of its square design and latching, the SC (subscriber connector) can be arranged
in very high density patching systems. Another feature (and possibly the most important) is the stan-
dard non-optical disconnect incorporated into the design. A pulling force applied on the cable will not
separate the physically contacting tips within a coupler; a feature very attractive to securing a success-
ful transmission of information.
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9.4.4 FDDI

The connector used for FDDI (Fiber Distributed Data Interface) is a duplex connector housing both a
transmit and receive fiber within a single plug. The ANSI (American National Standards Institute) stan-
dard X3T9.5 refers to this connector as the MIC (Media Interface Connector). The PMD document with-
in X3T9.5 defines the receptacle geometry and tolerances into which the connector must fit. This allows
the connector manufacturers flexibility to design their own style into a compliant connector.

The FDDI connector also has a keying system to prevent connections of incompatible network nodes.
There are four receptable keys: A, B, M, and S. The A and B keys are used for dual attach network
devices. The A key accepts the primary ring IN/secondary ring OUT while the B key accepts the prima-
ry ring OUT/secondary ring IN. The M and S keys are used off of the main ring for single attach net-
work connections.

E

S ™

Figure 9.13—-FDDI connector

f“"h _
Qq@@ 7 \

9.4.5 SMA

This connector, before the ST, was the dominant connector in data and closed-circuit video applica-
tions. Originally designed for the military, this connector is small in size and easy to work with. Because
it has been in existence for a long time, many manufacturers produce SMA connectors. Though there
are a few variations in tip material, this connector is most often an epoxy (oven or 24 hour) cure type
installation. Tip materials include stainless steel, nickel-plated brass, ceramic, plastic, and aluminum.

R 8 e il

Figure 9.14-SMA connector
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9.4.6 Mini BNC

Not to be confused with the coaxial connector, this connector originated in Japan and is popular there.
In this country, the only application (with maybe one or two exceptions) is with the IBM 8219, 8220 and
8230 token ring products. They are stainless steel (tip and body) and are virtually all multimode only.

9.4.7 FC

The FC connector has a 2.5 mm ferrule tip with a threaded latching mechanism. The FC is a physical
contacting connector within its coupler as well as being keyed to prevent tip rotation and subsequent
damage. Most FC connectors have a ceramic tip and are an oven or 24 hour cure epoxy type installa-
tion system. These connectors are typically used for single mode applications but multimode connec-
tors are available.

9.4.8 Biconic

Biconic connectors were one of the first types to be used in the fiber optic arena. Since the telephone
industry was the first to use fiber optics, the telephone industry has been the primary user of the bicon-
ic connector. It offers high performance though it is large in size and cumbersome to handle.

—— — Ol

Figure 9.15-Biconic connector
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