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11 equipment connecting to the U.S. telephone network must

meet the technical and marketing regulations set forth in the

FCC's Part 68 rules. Every year, the FCC processes between

o and three thousand applications for registration. A

major segment of Part 68 is devoted to traditional analog tele

phone equipment, with the requirements imposed on analog ter

minal equipment in turn linked to those used in digital telephony.

A review of how the analog telephone network operates may

help readers better understand Part 68. Conceptually, the tele

phone system performs the simple task of providing a switched

two-wire connection. One of the marvels of this system is that it

has retained upward compatibility, so that the telephones our par

ents grew up with still work today. Unfortunately, the burden of

maintaining this continuous equipment compatibility contributes

to some of the difficulties involved in interfacing with the network

today.

The regulation of telephone equipment itself has a long histo

ry. For a long time, the monopoly power of the Bell System was

unquestioned; only Bell equipment could be connected to the net

work. However, a series of court decisions changed this situation,

permitting terminal equipment to be connected if it would neither

harm the network nor impair service. It fell to the FCC to decide

what performance levels were necessary.

In 1976, the FCC issued regulations detailing the specific

requirements that devices must meet in order to be legally con

nected to the network. These regulations are frequently updated;

today they take up more than 150 pages and contain most of the

important specifications needed to produce reliable connections

to the network. Familiarity with Part 68 and a few other specifica

tions can ensure simple, reliable, and direct connections.

The standard two-wire telephone-set connection referred to

as the public switched telephone network [PSTN], the direct-dial

network [DDN], or the plain old telephone service [POTS] is not

the only type of service offered by the telephone companies. Four-

wire services, utilizing separate pairs of wires for transmitting and

receiving, afford improved fidelity; reverse battery services allow

automated PBXs to act as localized central offices, while ground-

start and "E and M" tie trunks provide more reliable methods of

signaling than the conventional ioop system. In addition to the

"public" services, which enable the user to dial a variety of

numbers, there are also a variety of "private" point-to-point ser

vices available in both two- and four-wire formats. While all of the

above services can be used by modems for audio-encoded data

transmission, the data rates available are limited by the 4 kHz

audio bandwidth provided. For higher bandwidth service, digital

services ranging in speed up to 1.544 MBPS are available and

included in the FCC Part 68 attachment program.

Although these services vary in form, most derive their basic

operational characteristics from the plain old telephone network.

Understanding the Plain Old Telephone Network

The drawing in Figure 1 describes the basic structure of the tele

phone network. Each telephone customer or "subscriber" has a

two-wire connection or "subscriber loop" to the local telephone

office, known as the central office. Through a matrix-switching

arrangement, each subscriber's telephone can be connected to any

other telephone served by the central office. Communications

between offices are performed through interoffice trunks. Channel

banks are sometimes used to compress the voice or data signals

from the subscriber loops on multiplexed interoffice trunks.

FIGURE 1: A simplified diagram of the local central office, showing cus

tomer interface subscriber loop, crossbar switching, and channel bank

for connection to other central offices.
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FIGURE 2: A simplified diagram of a typical subscriber ioop. The

current is supplied by a battery in the central office. The telephone

line is captured or "seized" by going off-hook. Make or break contacts

of the rotary dialer perform dialing or "ntwk signaling."

The subscriber loops are shown in more detail in Figure 2. The

central office provides battery power, which is fed through a cur

rent-sensing relay coil. The DC resistance between the central

office and the customer equipment can vary from 400 to 1750

ohms and is dependent on the length of the ioop. Since the two-

wire loop forms a transmission line, the AC impedance, controlled

by the wire's spacing, is 600 ohms. Nominally, telephones match

this 600-ohm impedance over the voice-frequency range and have

a DC resistance of less than 200 ohms when connected to the line

"off-hook". Power for the customer equipment can be drawn

from the central-office battery, which will vary the voltage from

42.5 to 56.5 volts. Loop current is generally in the 20 to 80 mA

range.

When the telephone receiver is on-hook, the telephone draws

no current from the line. Lifting of the receiver causes a connec

tion to be made, allowing current to flow from the central office.

The central office detects this off-hook state and sends a dial tone,

which in its most common form consists of a combination of a

350-hertz and a 440-hertz tone. When the user dials, the telephone

set interrupts the loop current, causing a current sensor relay at

the central office to change state. Alternating make-and-break

contacts signal the central office that digits have been dialed, and

the central office, depending on the number, connects the sub

scriber loop either to an interoffice trunk or to another subscriber.

If the loop sensor at the central office detects that the party being

called has the phone off-hook, the calling party is sent back a busy

tone 480 hertz plus a 620-hertz tone, at -24 dBm. If the party

being called has the phone on-hook, he or she is sent a ringing sig

nal that makes the phone ring typically 20 hertz at 100 volts,

superimposed over the central office's battery voltage. If the party

being called lifts the receiver off-hook, the central office detects the

current being drawn by the second subscriber's loop and stops, or

"trips' the ringing signal. Direct connection is then established

between the two subscribers.

Of course, modern technology has displaced the relays and

pulse dialers used in older telephone systems. Dual-tone multifre

quency DTMF telephone address signaling has largely replaced

the old rotary-pulse dialers, and electronic switching systems

ESSs have superseded the mechanical relay and crossbar switch

ing. I'slonetheless, as far as the user is concerned, the functioning

and electrical parameters of the system are little changed from

when it was built of relays and coils.

Based on these parameters, the FCC has specified a model for

simulating the central office and the subscriber line. This simple

model simulates both the DC and audio-frequency characteristics

of the telephone network Figure 3.

How Part 68 Came into Being

Until 1956, AT&T maintained an effective monopoly on the use of

the telephone network. Only its equipment could be connected,

and only AT&T could provide local and long-distance service. In

the 1956 Hushaphone and 1968 Carterphone cases, AT&T's

monopoly was broken, allowing other companies to interconnect

FIGURE 3: The loop simulator prescribed by FCC Rule 68.3 can be

used to simulate the impedance seen by a telephone or other terminal

device when connected to the central office.

with the telephone network. To protect the network, the telephone

company supplied and required others to use and pay for an

interface device known as the Data Access Arrangement, or DAA.

Although the DAA performed much of the network-interface

function and preserved the integrity of the network, it had its dis

advantages. First, the user had to pay for the device, and second,

the marketing of telephone equipment became awkward due to

the dependence on the cooperation of the Bell System.

With the growth of data communications, the FCC saw a need

for regulations to allow direct interconnection to the telephone

network without the use of the DAA. After an involved rulemak

ing process, the commission in 1976 promulgated the regulations

now contained in Part 68 of Title 47 of the Code of Federal

Regulations. Their purpose is "to provide for uniform standards

for the protection of the telephone network from harms caused by

connections of terminal equipment thereto' Note that the pur

pose of the FCC rules is to protect the telephone network from

harm, not the consumer. Devices can be designed that will meet

the requirements of Part 68 but still not work very well.

The "harms" to the network that are of concern to the FCC fall

into several major categories. First, hazardous voltages and cur

rents placed on the telephone lines by customer equipment can

damage central-office equipment or injure personnel. Second,

signal levels, unless maintained within certain maximum limits,

can cause overloading and crosstalk. On-hook impedances are

specified because the central office uses them to evaluate the con

dition of its lines and because they must drive the telephone

ringer. Balance of the line is also important, as line imbalance will

produce hum and crosstalk. Finally, to address the local operating

companies' concern about billing protection, certain time delays

and the absence of signals on certain prescribed signaling fre

quencies are required.

Checking for Hazardous Voltages and Currents

Part 68 specifies two tests to be performed to check for exposure

of the network to hazardous voltages. The first is a conventional

leakage test, in which a 60-hertz voltage is applied between the

telephone connections known as tip and ring and both of the

following:
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* exposed conductive surfaces; and

* connections to equipment other than registered telephone

equipment known as nonregistered equipment and including

such things as computers, printers, etc..

In order to speed testing, the commission accepts a simplified

procedure, in which only the signal ground connections to non-

registered equipment i.e., 1/0 leads usually have to be consid

ered. Since data and address lines are at virtually the same poten

tial as signal ground, they can be excluded. In performing the

leakage tests, applied voltage is increased from 0 to 1000 volts rms

over a 30-second period and maintained for an additional 60 sec

onds. At no time should the current exceed 10 milliamps Figure

4.

The second test measures the leakage current between the pri

mary of the power supply and the points listed above, as well as

that between the supply's primary and secondary. Here the voltage

is gradually increased from 0 to 1500 volts rms, and again, the cur

rent cannot exceed 10 milliamps.

During the leakage tests, any protective components that will

shunt current, such as varistors and line filters, should be removed.

The purpose of the test is to demonstrate the dielectric strength of

the isolating components.

The FCC is further concerned with hazardous voltages on the

lines, defined as those voltages that exceed 70 volts peak for more

than 1 second. To prevent such occurrences, the commission

requires that telephone leads be physically separated from power

connections and from those leads that feed ports that may be

exposed to hazardous voltages. Furthermore, the commission

requires that PC boards that contain telephone interfaces be

mounted in such a way as not to be exposed to hazardous voltage

within the equipment.

To test for hazardous voltages, the commission generally

requires that exposed conductive surfaces and the signal ground on

the I/O ports be subjected to 120 V AC at 60 cycles. Across a termi

nation consisting of 1500 ohms, center-tapped through 1000 ohms

to ground Figure 5, the voltages from tip to rthg and tip or ring to

ground should not exceed 70 volts for more than one second.

In general, the hazardous-voltage requirement will be met if,

according to good engineering judgment, it is deemed to be

extremely unlikely that internally generated voltages in excess of

70 volts could come into contact with the tip and ring lines, and

the leakage-current requirements mentioned above are met. This

ensures that 1 external sources of high voltage cannot reach the

network, due to the same isolation that allowed the leakage specs

to be met; and 2 no internal high voltages are likely accidentally to

be connected to the network, even if the unit is subject to vibration

and thermal shock

It should be noted that services other than POTS type have

additional requirements imposed on them.

Signal-Power Limitations

The commission specifies signal-level maximums for three rea

sons. First, some telephone lines cover such great distances that

amplification is needed. Since amplifiers have limited dynamic

range, the amount of signal placed on the line in the audio range

200 Hz-'! kHz has to be limited. Second, when communicating

from one central office to another, the telephone network will use

frequency- and time-multiplexing schemes, and it is important

that signals outside the voice band also be limited up to 6 MHz,

since out-of-band signals would interact with the multiplexing to

create spurious in-band signals via frequency aliasing. Finally,

crosstalk between lines must be controlled.

Different limits apply to voice and data signals than to signals

intended for dialing. The latter, known as network-control signals,

can be in the form either of pulse dialing, over which there are no

FCC regulations, or of dual-tone multifrequency dialing DTMF.

The setup shown in Figure 6a can be used for measuring voice,

data, or DTMF transmissions. The equipment under test is con

nected to a loop simulator Figure 3 that mimics its connection to

the telephone network. Since different limits apply in different fre

quency ranges, a frequency-selectable bandpass filter is used.

In the voice-frequency range, the rms reading, integrated over

the entire band, should be below -9 dBm or 9 dB below 1 milli

watt into 600 ohms, averaged over a three-second period. Moving

to the 4 to 12 kilohertz range, voice or data signals should not be

stronger than the limits shown in Figure 6b, averaged over a 100-

millisecond period. Above 12 kilohertz, signal levels are examined

in every 8-kHz segment from 12 kHz to 6 MHz. In each of these 8-

kl-Iz segments, the signal should be below the limits indicated in

the table using the specified termination.

It is permissible to take measurements over a bandwidth wider

than 8-kHz; while the 8-kHz range is the minimum required by

the rules, a wider bandpass will speed testing.

Since 8 kHz is used for sampling by digitizing equipment, the

band from 3995 to 4005 Hz is sensitive. For most applications, sig

nals in this narrow frequency band must be less than -27 dBm.

FIGURE 5: The hazardous-voltage test checks whether failure of

other equipment or the device under test will cause more than 70

volts peak to appear on the tip and ring lines for more than one sec

ond. CAUTION: High voltage requires care.

FIGURE 4: Leakage test: less than 10 mA ofcurrent shouldflow when

voltages are applied to the points indicated. Note that in most designs,

signal ground, power-supply secondary, primary third-wire

ground, and exposed conductive surfaces are connected, makingfewer

tests necessary.
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