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B.S.T.J. Recommendation for Adopting the
International System (SI) of Units

" In 1960, the Eleventh General Conference on Weights and Measures
proposed an International System of Units (designated SI System
from Le Systéme International d'Unites) to be used when referring to
physieal quantities and concepts. This system was given official status
in Resolution No. 12 of the General Conference when it was adopted by
the 36 treaty nation members, including the United States. The SI Sys-
tem was adopted by the International Committee on Weights and Meas-
ures (the executive body of the General Conference) in 1962. Since then,
leading professional societies, such as the American Institute of Physics
(AIP), the Institute of Electrical and Electronic Engineers (IEEE),
the American Society for Testing and Materials (ASTM), and other
national and international organizations have adopted and are actively
promoting the SI System of Units.

The Bell System Technical Journal Editorial Committee feels that a
logical step toward eventual acceptance of the SI System is to use it in
scientific publications wherever practical. In areas where such use is al-
ready established, no interpretative hardship should result. In applica-
tions where the use of the SI units is recent or new, it is recommended
that the SI units be shown, followed by the equivalent conventional
English units in parenthesis. The Committee therefore recommends that
authors use the 8I System alone, or with equivalent conventional Eng-
lish units when preparing manuseripts for publication in the Bell System
Technical Journal. This recommendation is not a prerequisite to publi-
cation in the Journal ; however, the Committee expects authors will adopt
the SI System unless there are opposing considerations which the author

TNeels are justifiable.

& This recommendation is intended to apply only to scientific and tech-
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nical data and should not be interpreted as affecting the choice of units
for deseribing manufacturing standards or processes: i.e., inch sizes of
nuts and bolts, American Wire Gauge sizes of conductors, spacing of
panel mountings in inches, ete.

Information concerning the SI System is available from a number of
sources (see, for example, “TEEE Recommended Practice for Units in
Published Scientifie and Technical Work”, IEEE Spectrum, March,
1966). A list of SI units and conversion factors can be obtained by writ-
ing or calling the B.S.T.J. office.

Editorial Committee
Bell System Technical Journal



The N3 Carrier System:

Objectives and Transmission Features

By G. W. BLEISCH and C. W. IRBY
(Manuscript received March 11, 1966)

The N3 carrier system development completes the second phase of a
comprehensive design program to provide a new family of short-haul
carrier facilities. The system includes a 24-channel, single-sideband,
amplitude modulated multiplex terminal, a common carrier supply,
and an N-repeatered line. Associated development effort was directed
toward the provision of a shop-wired, double-bay framework to com-
bine the carrier terminals, voice-frequency patching jacks, signaling
equipment, and automatic trunk processing facilities in one equipment
package.

Design objectives were established to meet today’s and future strin-
gent transmission performance requirements for direct, toll-connect-
ing, and intertoll trunks. Taking advantage of the rapid growth in
solid-state technology, significant transmission performance improve-
ments have been achieved over earlier vacuum tube systems. In addi-
tion, installation, operating, and maintenance procedures have all been
simplified. The system can be economically applied for distances as
short as 36 mailes, and with satisfactory transmission performance for
distances exceeding 200 miles. A feature of special note 1s the provision
of frequency correction units within the carrier terminal which essen-
tially eliminates the frequency shift error introduced by the N-repeat-
ered line.

[. INTRODUCTION

The Bell System has been engaged continuously in a vigorous pro-
gram of ecarrier telephone system development since the now obsolete
Type A system was introduced in 1918. This development effort has
been aimed at increasing the utilization of available bandwidth, ex-
tending the operational distance, improving transmission performance,
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reducing transmission facility costs (initial and operating), and in-
vestigating new methods of modulation.

Prior to the end of World War 11, the expense of carrier terminals
and repeaters limited their application to the longer toll trunks. The
type N1 carrier system,! which was introduced in 1950, had the design
objective of providing economical telephone trunks in the 15- to 200-
mile range. The N1 carrier system derived 12 voice channels and
utilized double-sideband transmission over two repeatered cable pairs.
A second short-haul carrier system, the type O, was developed subse-
quently for open wire lines. This system derived a maximum of 16
single-sideband voice channels in four groups of four channels over a
single open wire pair. Terminals of the type O carrier system and the
N1 carrier line facilities were then combined to form the ON carrier
system.? The ON2 system derived 24 single-sideband carrier channels
using the same line frequency space utilized by the 12 channel N1 car-
rier system.

In the early 1960’s, a broad program was begun to redesign these
short-haul carrier systems. A comprehensive deseription of this pro-
gram has been published,® so an outline of the pertinent aspects will
suffice here. Several factors prompted this redesign effort. The advent
of Direct Distance Dialing (DDD) demanded a higher grade of trans-
mission performance, which has helped the growth of new services
such as Data-Phone® service. New devices and components, nota-
bly the transistor, improved ferrite induectors and transformers, and
solid tantalum eapacitors, offered smaller size and less power dissipa-
tion. Continued advances in circuit and system design techniques, new
component mounting and equipment packaging methods, and modern
manufacturing techniques gave promise that needed transmission im-
provements could be accomplished at reasonable cost. Indeed, the
present, state of the carrier development art allows the use of complex
circuit designs that give significant transmission performance improve-
ment without space or economic penalty.

The first phase of this over-all improvement program produced the
N2 carrier system. A modern solid-state 12-channel double-sideband,
amplitude modulated multiplex terminal was designed for use with N-
repeatered lines to replace the N1 terminal. The next phase of the re-
design effort was the development and production of the N3 carrier
system. Here a modern solid-state 24-channel single-sideband terminal
was designed for use with N-repeatered lines. The last phase of this
improvement, program involves the development of the N2-repeatered
line. Now going into production, the N2-repeatered line will provide



N3 OBJECTIVES AND TRANSMISSION FEATURES 769

a level of transmission performance commensurate with that of the N2
and N3 carrier terminals,

The system aspects of the N3 carrier terminal, a compandored
24-channel single-sideband frequency division multiplex equipment, are
discussed here. The paper includes a deseription of the system organiza-
tion, a summary of transmission objectives and a review of transmis-
sion performance. In addition, certain performance parameters within
the terminal are given to serve as a foundation for terminal compati-
bility with other manufacturers. Companion papers cover the circuit
designs? and equipment arrangements.’

II. GENERAL CONSIDERATIONS

The basic function of the N3 carrier terminal is to provide a 24-
channel; single-sideband frequency division multiplex for N-repeat-
ered lines. For analog transmission, single-sideband carrier terminals
normally have an economic advantage over double-sideband terminals
for distances greater than 35-50 miles. Below these distances, the
lower costs of the simpler double-sideband circuits and components
outweigh the higher repeatered line costs per channel.

2.1 System Transmission Performance

The design objectives for the N3 carrier system were established to
meet not only the present transmission requirements for direet, toll-
connecting, and intertoll trunks but also the anticipated requirements
of the future. These objectives require that the N3 terminals provide a
significant improvement in transmission performance as compared to
the first short-haul carrier systems (N1, O, ON). The following im-
provements are of particular note: wider channel bandwidth; reduced
crosstalk interference, especially at low voice frequencies; better net
loss stability with temperature and supply voltage variations as well
as component aging; improved compandor tracking; and greater load
capacity with respect to both channel signal level and system activity.

2.2 Repeatered Line

Planning at the very beginning of the N3 development included use
of the existing N-repeatered lines of either vacuum tube or transistor-
ized design. Coordination with existing N1, N2, and ON2 systems was
required to the limited extent that all could operate within the same
cable sheath. This basically required matching of earrier frequencies
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and earrier transmission levels with the ON2 line signal. N3-ON2 ter-
minal-to-terminal compatibility was not deemed essential and was not
provided. This approach is justified by the high growth rate antici-
pated for N3 channels and the significant transmission performance
improvements gained in departing from terminal compatibility.

2.3 Equipment Arrangements

Tt may appear that planned use of existing N-repeatered lines would
reduce the N3 carrier development activity to effort on the carrier ter-
minal alone. In reality, two additional phases of development were
carried out simultaneously with the carrier terminal work: (2) the pro-
vision of a common carrier supply to provide modulating and demod-
ulating carrier frequencies and (i) the provision of an integrated
equipment arrangement including carrier terminals, in-band signaling
units, 4-wire voice-frequency (VF) patching facilities, and automatie
trunk processing equipment.

Costs were continually reviewed throughout the development. As
expected, the desired transmission improvements generally increased
equipment costs. However, the packaging of the carrier terminal, 4-
wire VF patching faeilities, in-band signaling unit mounting arrange-
ments, and trunk processing equipment into an integrated shop-wired
bay frame, made it possible to more than offset the increased equip-
ment costs by savings in floor space, engineering and installation. In ad-
dition, the solid-state circuits offer noteworthy power savings and
should make possible considerable savings in maintenance expense.

2.4 Signaling

The modern in-band single frequency signaling family makes avail-
able the wide range of signaling options needed to provide the requisite
flexibility in trunk supervision. This signaling system makes N3 chan-
nels compatible with channels or trunks provided by long-haul carrier
systems. Signaling economies are achieved from this whenever a trunk
is built up of two or more channels in tandem, since signaling terminals
are required only at the trunk ends, and none are required at the chan-
nel junctions. Also, it was appreciated that the use of in-band signaling
would ease circuit design limitations associated with providing in-
creased channel bandwidth; the 3700-Hz out-oi-band signaling tones
as used in N1, O, and ON systems are necessarily transmitted at high
level to insure adequate signal-to-noise performance. Since a high loss
in the voice circuits is required to diseriminate against the signaling
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frequency energy, this seriously limits the voice-frequency bandwidth
that can be achieved.

2.5 Frequency Precision

The low frequency channel response objective and associated dis-
crimination requirements for the channel filters dictated that the fre-
quency shift of the sideband signal with respect to the channel filter be
limited to 20 Hz. This order of precision was required since voice-fre-
quency equalization of the channel filter band-edge roll-off was desired
to improve adjacent channel suppression. If effective voice-frequency
equalization was to be achieved, the received band had to remain
within the channel filter frequency allocation within the 20-Hz toler-
ance. This made clear the need to eliminate the frequency shift intro-
duced by the N-repeatered line, which can be as large as 100 Hz. In
order to achieve the desired transmission improvements, it was neces-
sary to incorporate frequency correction units in the terminal design
which essentially eliminate this source of frequency error.

Further studies, assuming no repeatered line frequency shift, indi-
cated that the long term frequency stability attainable with economi-
cally practical independent oscillators for the terminal modulators
(similar to those used in existing Bell System short-haul carrier sys-
tems) was marginal for single-sideband operation, particularly with
respect to temperature variations. Ilconomic considerations led to the
provision of a common carrier supply rather than stabilized individual
oscillators. The primary frequency source stability specified was =7
parts per million over a six month period. While this value is substan-
tially better than the precision required for message trunk considera-
tions, it was deemed necessary for possible future program channels
and other special service applications.

11T, SYSTEM ORGANIZATION

3.1 Modulation Plan

The modulation plan adopted for the N3 system derives the 24-
channel line signal within the terminal from two 12-channel groups in
two steps of modulation. Fig. 1 illustrates the frequency allocation.
Twelve channel filter designs, each with a 4-kHz upper sideband allo-
cation, are provided in the frequency range 148-196 kHz. Each set of
twelve channels forms a channel group. Each channel group is then
group-modulated (280 or 232 kHz) to form the N-carrier low group



THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1966

772

""oTyBI0[[E Aouanbaiy waysds Jetired gN — T ‘S

WNYLD3dS
dnoys Mol
ZHY 9 Z ZHY 2€2
2 Ag
A/ By NOILYINAOW
2 31oN 33s-"" | f_| O
5
8 | zdnouo
WNY123ds L | 93NNVHD
dNO¥D HOIH 6 9
5
ZHMEL —
| ! i R
z 47 [z -
JLON-, € ZHY ¥OE =R
335 = aa L :
(G | NOILYINGOW ZHMvE =
€ P
P Wb
. L | 1dnous o]
4 g | T3NNYHD A
& 8
5 01 v 7
I 4
9 i
B S 1 dnoya
ZH omm | | TaNNVHD
1= 2
E z
g v | 2dnouo et S
] 13NNVHD ZHMZE) ZHY 082
s A8
z NOILYINGOW
Ole—1—5
_[®
" ST
1]
el 2l SHIBWNN H314dvD -2
£ivuge SHIIHYYD OILLINSNYHL- |

‘S3LCN

2 dNOY9 TINNVYHD

ZHY e _ ZHY 8¥ ,
—k
s
091 = 091
E vl —7
g9} v 29l —| 2
3 zL— 2
oL = o) —-£
M o8l M
val vl
ol AN T
b 11}
.- I e+l -1
A8
/ NOILYINGOW
} 310N 33
{ 310N 335
% 1 dNOHD TINNVHD
ZHY BYi n ZHY 8vi z
R MM“ :
081 E 09l—-£
L4 91 Ld
g} s agl—I ¢
2 2Ll——
z z
oLl oLI—<
. o8l ——¢
vol- vl
/ o 88l ot
! m
261 STz 26—
ZHY 961 A8
NOILYINAOW

STINNVYHD 3D10A

ST3INNVYHD 3D10A



N3 OBJECTIVES AND TRANSMISSION FEATURES 773

band (36-132 kHz). Depending on the office location, either the 24-
channel low group signal is fed directly to the line or the signal is
given an additional step of modulation (304 kHz) to form the N-car-
rier high group band (172-268 kHz). The carriers associated with even
channels are transmitted on the line to accommodate total power regu-
lation of the type N repeaters; they are inserted separately for each
channel group in the 148-196 kHz band.

The two 12-channel group organization of the N3 terminal was
guided by three major factors: (i) the six, 4-channel group organiza-
tion of the ON2 system, dictated by the use of O-carrier channelizing
equipment, was uneconomical in terms of the excessive number of group
modulators and amplifiers required; (:7) present rates of eircuit
growth normally can justify additions in units of twelve rather than
four channels; (i7) field requests had indicated the desirability of in-
terconnecting short and long-haul carrier facilities at group rather
than voice frequencies. Sideband orientation was chosen on the basis of
(12) above. In the 148-196 kHz band, channel filters select the upper
sideband. A single step of group modulation with a carrier at 256 kHz
could translate the N3 channel group band to the 60-108 kHz lower
sideband oriented group signal long established in the long-haul plant.
Such group interconnecting equipment for short and long-haul systems
is now being developed.

3.2 Terminal Description

The N3 carrier system, as illustrated in Fig. 2, is comprised of a
transmitting and receiving terminal, carrier supplies, and an N-repeat-
ered line. While the over-all N3 development included the packaged
double bay arrangement, the VI jack field, signaling, and trunk proc-
essing components are not normally considered part of the carrier sys-
tem.

For message service the signal in each of the 24 channels in the two
12-channel groups is compressed at a syllabic rate and modulated into
the 148-196 kHz band. Each of the twelve channel filters passes the
upper sideband, provides some suppression to the carrier, and rejects
the lower sideband and other products of the modulator output. A bal-
anced resistive multiple combines the twelve single-sideband filter out-
puts. The transmitted carriers (for the even channels) are also inserted
at this multiple. Each 12-channel group is then modulated into its por-
tion of the low group N carrier band.

A hybrid circuit combines the two channel group signals providing
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a continuous 24-channel spectrum with inserted transmitted carriers
in the low group N-frequency range of 36-132 kHz. The group trans-
mitting unit slope equalizes and amplifies the signal for line trans-
mission. Both low and high group transmitting units are available; the
high group unit contains an additional modulator to provide the fre-
quency translation.

A line terminating unit is placed between the group equipment and
the line pairs. The line terminating unit includes provisions for: (1)
powering the repeaters in the line power section (up to three repeaters)
adjacent to the terminal, (7%) the insertion of optional input and out-
put span pads to adjust receive and transmit levels, and (i) terminal
secondary lightning protection for both line pairs.

In the receiving terminal the modulation steps are reversed. The
group receiving unit slope equalizes, amplifies, and regulates the signal
received from the line. Both high and low group receiving units are
available; the high group receiver contains an additional modulator
for frequency translation. At the output of either group receiving unit,
the composite 24-channel signal is in the low group N-frequency band.
The output signal is fed to two channel group demodulators via a bal-
anced resistive splitting network.

Each channel group demodulator translates the appropriate portion
of the low group N-carrier band to the 148-196 kHz band. The output
of each channel group demodulator is fed to six double-channel regu-
lators; in addition, the terminal frequeney correction and alarm units
are bridged at this point.

Frequency correction units are provided separately for each channel
group. The function of the frequency correction unit is to derive the
channel group demodulator carrier frequency. In order to eliminate the
frequency shift introduced by the N-repeatered line, this derived chan-
nel group demodulator frequency is offset from its nominal value by an
amount equal to the line frequency shift.

Separate alarm units are provided for each 12-channel group; these
function not only to determine a carrier failure but also to determine
when carrier transmission is satisfactory for service restoral.

The double-channel regulators automatically adjust the level of the
two channels immediately adjacent to a transmitted carrier. A double-
channel regulator is associated with each transmitted carrier sinee
amplitude distortion in the repeatered line can create a substantial dif-
ference in the level of the received carriers. A channel demodulating
carrier signal for the associated even channel is also obtained from
this regulator. Odd channel demodulating carriers are obtained from
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the common carrier supply. Each double-channel regulator signal out-
put is fed to two channel demodulators.

The channel demodulator ecircuits include the receiving channel
filter, demodulator, amplifier, and low-pass filter. The amplifier in-
cludes a feedback equalizer to compensate for band-edge amplitude
distortion of both transmitting and receiving channel filters; the low-
pass filter provides a peak of suppression at 4 kHz to suppress any
tone resulting from the transmitted carriers. To complete the N3 chan-
nel, an expandor restores the original level range.

3.3 N-Repeatered Line

Essential features* of the N-repeatered line are also illustrated in
Fig. 2. Originally developed for the N1 carrier system, the N-repeat-
ered line is now also used for Western Electric ON1, ON2, N2, and N3
carrier systems. A separate cable pair is employed for each direction of
transmission, usually within the same cable sheath. Further electrical
separation of these signals is obtained by using different frequency
bands for each direction of transmission; 36-140 kHz (low group) for
one direction and 164-268 kHz (high group) for the other direction.
These high and low group bands allow frequenecy space for 26 single-
sideband (13 double-sideband) channels. In the N3 carrier system
application, however, only 24 channels are transmitted within the
fixed frequency bands 36-132 kHz and 172-268 kHz.

Frequency frogging, a feature of the N-repeatered line, involves the
interchange of high and low group frequency bands at each repeater.
Two types of repeater equipment units are employed; the first is
called high-low (HL) and the second low-high (LH). Both types of re-
peaters interchange the group bands, each including a modulator for
each direction of transmission and a eommon local oscillator operat-
ing at 304 kHz. Frequency frogging blocks a major circulating eross-
talk path around each repeater and provides first-order equalization of
line slope (increasing attenuation at higher frequencies). Other meth-
ods of slope control are also available including fixed slope networks
for significant slope equalization and a slope switch on each repeater
for small slope adjustments. In combination, these slope controls allow
the transmission engineer to minimize line noise by design.

Primary power for N-type repeaters is either provided locally or
transmitted over the cable pairs. For the transistorized designs, as many

* More detailed deseriptions and objectives of N-repeatered lines can be found
in Refs. 1 and 3.



776 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1966

as three repeaters in tandem can be powered via simplex ecircuits on the
cable transmission pairs.

3.4 System Levels

Certain restraints on the transmission levels of the N3 carrier sys-
tem were imposed by the nature of the development. As previously
discussed, use of N-repeatered lines of existing design and the need for
coordination with other N and ON systems operating within the same
cable sheath clearly defines the required levels on the line side of the
terminal. The compandor design chosen is the same as that used in the
N2 carrier system; this defines the levels throughout the compandor
eircuit.

Tig. 3 indicates the transmission levels at major functional points
throughout the N3 system. The voice-frequency and sideband values
shown are those which would be measured if a 0 dBm, 1-kHz sine wave
tone were applied at the zero transmission level point (0 TLP). This
means that the levels shown between the output of the compressor
variolosser and the input of the expandor variolosser are the actual,
compressed levels.”

For that portion of the carrier system where the transmitted earriers
are present, (including all of the repeatered line) system levels are
quoted on the basis of the transmitted carrier amplitude.

The channel sideband power transmitted on the line (compressed)
for a 0 dBm test tone at the 0 TLP is nominally 3.5 dB below the
transmitted carrier power. This is the same carrier-to-sideband ratio
employed in the ON2 system. (Historically, this carrier-to-sideband
ratio was first employed in type O systems to minimize static noise.)
The single sideband has 9 dB more power than is contained in each
sideband of the double-sideband N carrier systems. The two sidebands
of the double-sideband systems add in phase while the noise powers,
being noncoherent, add on a power basis; this results in a 3-dB signal-
to-noise advantage for a double-sideband system over a single-side-
band system with equal sideband amplitudes. Since the N3 single-
sideband power is 9 dB greater, a theoretical 6-dB signal-to-noise ad-
vantage is obtained. This has proved advantageous since the single-
sideband systems are usually applied on the longer eircuits.

Single-sideband systems such as N3 do not have the overmodula-

*In Ref. 1, fictitious “message level” values were given as an indication of what
the level would be if the 0 dBm test signal at the 0 TLP was not compressed. Such

Vﬁh}es can facilitate computations but have been omitted from Fig. 3 for sim-
pheity.
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tion restrictions inherent with double-sideband modulation. Thus, the
carrier-to-sideband ratio employed does not of itself limit the load ca-
pacity of the channel. In the case of O, ON, and N3 systems, the car-
rier-to-sideband ratio has been chosen to maintain the line signal
power reasonably constant with expected variation in system activity.
Because of the total power regulation used in N-type repeaters, varia-
tions in activity result in second-order changes in the signal-to-noise
performance.

Where design choice existed, signal levels within the N3 terminal
were chosen as a compromise between a high level to keep the signal
above noise and a low level to avoid nonlinear distortion. With normal
system and channel loading the controlling noise source of the system
is crosstalk and impulse noise on the N-repeatered line. For back-to-
back terminals, the controlling noise source is the first eireuit noise of
the expandor amplifier on compandored channels and modulator noise
in the high group transmit or high group receive units for noncom-
pandored channels; some external noise from the power supply is also
measurable on noncompandored channels.

One of the sources of noise is the modulation performance of the
group equipment. All of the modulating and transmitted carriers of
the N3 system are developed from a common carrier supply.* There-
fore, all transmitted carriers have a fixed relationship with each other
and the peak amplitude of the carrier tones can be periodically large.
In addition, the peak amplitude of the sideband powers can also be
large if several channels are transmitting the same signal. The sum of
these peak amplitudes imposes a severe load handling requirement on
each of the group units of the N3 terminal. To reduce this power han-
dling requirement, the phase of certain transmitted and channel modu-
lating carriers have been reversed with respect to others. Better modu-
lation performance of the group equipment results.

Nonlinear distortion on compandored message channels is controlled
primarily by the variable loss “variolosser” elements in the compan-
dor. For noncompandored channels, the channel demodulator amplifier
contributes the most nonlinear distortion.

IV. SYSTEM FEATURES

4.1 Compandor

Short-haul earrier systems have enjoyed rapid growth in the Bell
System sinee the introduction of type N1 earrier in 1950. At the end
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of 1965, over 700,000 two-way, short-haul channels derived by fre-
quency division multiplex had been placed in commercial service. This
is now nearly two-thirds of all frequency division carrier channels in
the Bell System. A major factor in this widespread acceptance has been
the relative ease in adapting a great mass of cable pairs, most of them
originally installed for VF transmission, for short-haul carrier use. A
key factor in this ease of application is the built-in compandor, a fea-
ture of all previous short-haul carrier systems retained in type N3.
By compressing the volume range transmitted and by making a corre-
sponding expansion of the received volume range, a compandor affords
a substantial inerease in the amount of crosstalk and noise which can
be tolerated in the carrier frequency part of the system. This includes
the entire line transmission facility as well as most of the carrier ter-
minal. A compandor avoids the need for expensive line treatment such
as crosstalk balancing or short repeater spacing and effectively en-
hances band filter diserimination.

The compandor design chosen for N3 is the same as that employed
in the N2 carrier system.” This choice was made with the benefit of
some operating experience of the N2 compandor in the field; excellent
stability, harmonic distortion, and tracking performance observed on
carly N2 systems gave promise (which has since been verified) that
needed improvements in these areas over early short-haul earrier
systems could be achieved with the chosen design.

4.2 Channel Filters

The over-all performance of a single-sideband, amplitude modu-
lated, frequency division multiplex carrier terminal is influenced in
large measure by the channel filter diserimination and in-band ampli-
tude distortion characteristics. The two-section, quartz crystal channel
filters of new design are a major factor in the improved performance of
the N3 carrier terminal. The insertion loss characteristic of a typical
channel filter is illustrated in Fig. 4.

As opposed to the twin channel (one upper, one lower sideband
about a common carrier) arrangement used in previous O and ON
carrier system designs, the N3 carrier terminal employs the same side-
band orientation for all channels. This was chosen partly to achieve a
substantial improvement in adjacent channel crosstalk, particularly at
low voice frequencies. In the twin channel arrangement, the high-en-
ergy, low frequency portions of the speech spectrum of both channels
are clustered closely around the common carrier. Any vestige of the
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Fig. 4 — N3 channel filter diserimination.

unwanted sideband falls upright in the adjacent channel, placing most
stringent requirements on the channel filter discrimination shape in the
narrow frequency range between pass and stop bands, Common orien-
tation of sidebands separates the high energy portions of adjacent
channels to the full extent of the channel spacing; this provides about
10 dB less crosstalk interference than the twin channel arrangement,
assuming speech type signals and the same discrimination shapes for
both., In addition, the interference for the common sideband orienta-
tion arrangement is inverted in the disturbed channel, even further
reducing the effect of this form of erosstalk,

The decision to depart from the earlier twin-channel arrangement
ruled out the possibility of terminal-to-terminal compatibility with
ON2. Yet the excellent crosstalk performance reported in Seetion 6.5
for back-to-back terminals makes clear the sacrifice of terminal com-
patibility was not without reward.

43 Net Loss Stability

Particular care was taken throughout the N3 terminal design to as-
sure a high order of net loss stability. Liberal use of negative feedback,
close control of compandor tracking, the use of a regulated power con-
verter, group and double channel regulation, precise regulation of the



780 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1966

transmitted carrier insertion level and temperature compensation of
networks all contribute to the excellent stability attained.

No transmit level adjustment is provided and some variation in the
carrier-to-sideband ratio is tolerated from channel-to-channel as a re-
sult of manufacturing tolerances. The absolute power of each trans-
mitted carrier is factory adjusted and maintained at the regulator
output to within =0.05 dB of a nominal value. Variation in the carrier-
to-sideband ratio is acceptable within limits as long as it is not time
variant. Temperature equalization is provided to compensate for the
transmitting crystal channel filter loss variations which are in the
order of 0.015 dB per degree Fahrenheit.

Having established the carrier-to-sideband ratio at an early point
in the transmitting terminal, one can expect the same ratio to be
maintained throughout the broadband terminal ecircuitry and repeat-
ered line. From a general stability point of view, the major considera-
tion involves maintaining the frequency spectrum essentially flat for
each transmitted carrier and its two associated sidebands (a band-
width of 8 kHz). This was accomplished by incorporating amplitude
equalizers in several of the group and channel group filters, reducing
the ripple distortion in these units to less than 0.1 dB over any 4-kHz
inerement, of the band.

The N-repeatered line is a factor in both the stability and channel
frequency response performance of the system. Any amplitude distor-
tion which exists over the bandwidth of a channel is reflected in the
channel frequency response; any time variant change in the amplitude
distortion which exists over the two sidebands associated with each
transmitted carrier results in correlated level changes within the chan-
nels. A well-engineered and maintained N-repeatered line is essential
to obtain the superior transmission performance built into the N3
terminals.

The double-channel regulator automatically maintains the received
carrier level essentially constant at its output. Since the carrier-to-
sideband ratio is fixed, the associated channel sidebands are also regu-
lated. This accommodates flat loss changes in the received signal. Wide
range and extreme regulation stiffness are provided. Part of the need
for good regulation stems from the use of common sideband orienta-
tion; in the odd channels, a 1-kHz test tone is separated from the
transmitted carrier controlling its regulation by 3 kHz. This emphasizes
the need to reduce the amplitude distortion of the repeatered line and
terminal group equipments outlined in the above paragraph. Each
double-channel regulator also supplies the channel demodulator car-
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rier signal for its associated even channel. Two elements within the
double-channel regulator are subject to significant temperature varia-
tion: (7) a voltage reference diode and (iz) the narrowband crystal
pick-off filter. These elements have opposite effects and a net tempera-
ture compensation is accomplished with a single temperature compen-
sating resistor.

In the receiving channel demodulator circuit temperature compensa-
tion is also provided to compensate for the receiving crystal channel
filter variation.

The expandor in the receiving terminal contains the only operating
level adjustment provided for each channel. Its purpose is to accommo-
date the small level variations which accrue from manufacturing toler-
ances and length differences in central office cabling as well as the in-
herent long term aging. Once set there is little likelihood that it will
need readjustment for at least six months,

44 Frequency Correction

As a result of the frequency-frogging process in each N repeater,
small errors in the 304-kHz repeater oscillators tend to shift the trans-
mitted line signal from nominal by the amount of frequency error.
These small errors at each repeater can accumulate, and line frequency
shifts approaching 100 Hz have been observed on long repeatered
lines. Frequency correction units are employed in the N3 terminal to
essentially eliminate this repeatered line frequency shift.

The line frequency shift is eliminated* with the aid of a phase-
locked-loop which compares a received carrier signal at the output of
the channel group demodulator with the correct frequency generated
in the office primary frequency supply. Departure from phase coher-
ence of these two signals is used to control a variable frequeney oscil-
lator within the frequency correction unit. This oscillator provides the
correct channel group demodulator carrier frequency which will syn-
chronize the selected received carrier to the carrier frequency supply
at the receiving terminal.

* Barly N3 frequency correction units eliminated the line frequency shift hy
selecting a particular carrier by means of a pick-off filter and modulating this sig-
nal with a precise local carrier. The upper sideband of this modulation process con-
tained the nominal channel group demodulator frequency plus the line frequency
shift. Using this carrier signal for channel group demodulation resulted in a de-
sired lower sideband output without frequency shift., The transmitted carrier pick-
off filter requirements are rather severe, the range of frequency shift accommodated
being compromised with desirable crosstalk objectives. The new frequency cor-

rection unit, based on the phase-lock principle, has eliminated the need for this
compromise.
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4.4.1 Channel Frequency Stability

The elimination of the line frequency shift makes it possible to ob-
tain odd channel demodulating carriers from the carrier frequency
supply at the receiving terminal. The only frequency error present in
the odd channels after correction is due to the independence of the
carrier frequency supplies at the transmitting and receiving terminals;
this is eontrolled by specifying a long term (six month) stability and
maintenance limit of =7 parts per million for each primary supply.
Sinee the odd channels of the N3 terminal are demodulated with lo-
cally generated carriers, frequency differences between the primary
frequency supplies at transmitting and receiving terminals result in a
frequency error in the detected signal. With the two primary frequency
supplies at opposite tolerance extremes, the maximum frequency error
in an odd channel, demodulated voice-frequency signal is 0.6 Hz. Even
channels are coherently detected with their associated transmitted car-
rier and no frequeney error is present.

45 Voice-Frequency Equalization

The precise control of frequency within the N3 terminal allows
voice-frequency equalization of the carrier frequency amplitude dis-
tortion caused by the channel filter roll-off at the band edges. Equali-
zation is provided at both band edges for amplitude distortion intro-
dueed by the transmit and receive channel filters with a network in the
receiving channel demodulator amplifier.

46 Alarm Provisions

The failure of an N-repeatered line or an N3 terminal group unit
causes the loss of 24 carrier derived trunks; failure in a 12-channel
group equipment or a frequency correction unit causes the loss of 12
trunks. Rather extensive carrier alarm features have been incorporated
in the N3 system design to minimize the effects of such failures on
customer service and office switching equipment. Separate carrier
alarm units are provided for each twelve channel group; these function
independently, not only to determine a carrier failure, but also to de-
termine when {ransmission is satisfactory for service restoral. The
terminal alarm units control auxiliary trunk release and make-busy
panels which “condition” the trunks during the failed interval by de
control of the trunk supervision leads. Trunk conditioning during a
carrier failure interval first involves making the trunk idle to stop sub-
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seriber charges and, for most trunks, automatically disconnecting the
subscriber. Subsequently, the trunks are made busy to avoid selection
of an unusable trunk by the switching machine. The trunk is held in
the busy state until transmission is satisfactory for service restoral; at
such time the trunk conditioning is removed thus making it available
for service.

The carrier alarm units are bridged on the output of the channel
group demodulator eircuit and register an alarm if the reeceived power
drops below threshold for more than about two seconds. Following
registration of the alarm, a forced transmission failure in the same
channel group is induced toward the far* terminal and a control signal
to condition the associated trunks to the idle state is maintained for
about 10 seconds. Note that the forced transmission failure results in
the registration of an alarm in the same channel group at the far ter-
minal. At the end of this 10 second interval a control signal to condi-
tion trunks to the busy state is generated and maintained for the dura-
tion of the carrier failure; also the automatic restoral sequence is
initiated.

The automatic restoral sequence is controlled by the alarm unit as
it applies and monitors transmission test tones on two of the channels
(which are out-of-service during the failure interval). Recalling that
alarms are registered at both near and far terminals, a test tone is
applied on the first test channel of the near terminal which is moni-
tored at the far terminal; also, a test tone applied on the first test
channel of the far terminal is monitored at the near terminal. Within
both alarm units the signal-to-noise ratios are evaluated. When the sig-
nal-to-noise performance in one direction is satisfactory for serviec
restoral, and such performance is maintained for a period of about 10
seconds, tone is applied on a second test channel. In the case of a uni-
directional transmission failure, the signal-to-noise performance is
satisfactory in one direction and unsatisfactory in the other. Service
restoral 1s withheld in this instance since the terminal receiving satis-
factory transmission does not have an indication on the second test
channel that transmission 1s satisfactory in the other direction. When
the fault 1s cleared, both terminals have an indication that transmis-
gion has been satisfactory in both directions. At essentially that in-
stant, both terminals are restored to service by removing the transmis-
sion test tones and trunk conditioning.

In connection with the automatie trunk conditioning provisions, an

* Alarm arrangements at the two terminals of an N3 earrier system are identical.
Because of this symmetry, the terms near and far are used for terminal distinetion
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option is available to allow manual overriding of the trunk condition-
ing. Such overriding of conditioning permits trunks with this applied
option to be restored to service during the carrier failure interval by
patehing to alternate transmission facilities.

4.7 Special Service Provisions

In addition to the conventional use of compandored N3 channels for
direct, toll-connecting, and intertoll message trunks, most of the chan-
nels are satisfactory for Schedule C & D Program service. Exceptions*
are the end channels 1 and 2 of channel group one and end channels 11
and 12 of channel group two. End channel restrictions are imposed as
a result of channel frequency response variations due primarily to re-
peatered line characteristics.

For noncompandored channel applications a VF amplifier is availa-
ble to replace the compandor. One VF amplifier application includes
its use at the junction of two N3 channels wired in tandem to derive
one over-all compandored circuit; use of the VF amplifiers avoids the
use of two compandors in tandem.

Another common use is in the provision of private line, voice band
data transmission ecireuits; for such signals, the signal-to-noise im-
provement obtained with a compandor is limited and a more economi-
cal eircuit is obtained with the VF amplifier.

4.8 Maintenance and Testing

Rapid growth in the number of carrier channels and today’s strin-
gent, transmission performance requirements are but two of many fac-
tors emphasizing the importance and need for simplified maintenance
of a modern carrier system. In the N3 carrier development it was pos-
sible to incorporate many of the operating convenience and mainte-
ance innovations originally introduced and field proven with the N2
carrier system. Included are the automatic carrier alarm and trunk
processing features, the use of a regulated power supply, separate line
terminating units incorporating repeater power feed circuits and plug-
in, flat loss span pads, provision of easily replaceable slope equalizing

* On systems utilizing the original frequency correction unit design, channel 6 of
channel group 1 and channel 2 of channel group two were also excepted for
Schedule C & D Program serviee. These are the channels associated with the fre-
quency correction ecarriers; the restrictions are necessary to avoid crosstalk re-
sulting from the high-energy, low frequency components of program material from
entering other message channels.
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networks in the group transmitting and receiving equipment, and the
use of a single gain control for the adjustment of channel net loss.

The N3 terminal requires 15 distinet carrier frequencies obtained
from a common carrier supply which can accommodate as many as 26
N3 terminals totalling 624 channels. The carrier supply arrangement
allows the optional provision of alternate spares with automatic alarm
and switching features to assure continuity of service. Active N3 ter-
minal units handling 24 channels are provided with in-service switch-
ing capability; a terminal switching set allows essentially hit-free*
in-service switching of the group transmitting unit, group receiving
unit and power supply. This switching set also contains an accurate
voltmeter which allows precise adjustment of the regulated power sup-
ply voltage.

In-service signal level or voltage measurements may be made on
compandors, modems, group transmitting and receiving units, and the
power converter by means of pin jacks on the front of the units or by
connection to switching jacks. Similar pin jacks on the group trans-
mitting and receiving units, channel group modem unit, and frequency
correction unit permit in-service transistor emitter voltage measure-
ments. On an out-of-service basis, a portable test stand allows ter-
minated measurements on the compandor, voice-frequency amplifier,
channel modem or alarm unit, as well as providing bridging access to
all input and output connections of these units.

V. OBJECTIVES

5.1 Broad Objectives

As previously stated, the broad objective of the N3 carrier system
development was to provide a modern replacement for the ON2 car-
rier system with improved performance. More specifically, a single-
sideband, amplitude modulated frequency division multiplex terminal
for N-repeatered lines was desired. Transmission performance capable
of meeting today’s stringent requirements for direect, toll connecting
and intertoll trunks was a must. These are essentially the same broad
objectives set forth for the N2 ecarrier system with the exception of
single-sideband modulation and the replacement of the ON2 carrier
system. Hence, the transmission performance objectives for the N3

*During the switching transient for group transmitting and receiving units,
a 1 dB level reduction oceurs for a duration of about 7 milliseconds; the phase
transient during this interval is negligible.
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TaBLE I — N3 CARRIER SYSTEM — TRANSMISSION
PerrForMANCE OBJECTIVES

Channel gain-frequency response (—3 dB points) 200-3450 Hz
Amplitude Distortion: 600-3000 Hz +1.0 dB
Net loss stability (six months) L
Distribution grade (standard deviation) 0.5 dB
Bias (average) 0.25 dB
Short term loss variations — “beats’ (intrasystem) 0.1 dB peak-to-peak
Compandor tracking (+8 to —40 dBmO) +1.0 dB
Compandor tracking (+10 to —52 dBmO) +2.0 dB
Compandor advantage (average/minimum) 30/28 dB
Channel noise* (at 0 TLP)
Idle terminal (compandored) ] 16 dBrnC
Idle system (compandored over 100 miles) 26 dBrnC
Loaded terminal, (OVu, 409 activity, noncompan- 48 dBrnC
dored)
Loaded terminal, (OVu, 409 activity, compan- 20 dBrnC
dored)
Channel distortion
2A — B; 0 dBmO fundamentals — dB below funda- 30 dB
mentals
Crosstalk —all terminal sources 70 dB

Equal level coupling loss

Repeatered line amplitude distortion
Slope across channel bandwidth 40 repeaters, 200 +0.5 dB
miles (compressed)

* Measured values are given; effective values are usually considered to be
about 5 dB greater due to syllabic operation.

carrier system, as summarized in Table I, are quite similar to those for
N2.

5.2 Detailed Functional Objectives

The over-all performance of the N3 carrier system is controlled by
both the N3 carrier terminal and the N-repeatered line. Performance
objectives for the various functional blocks of the N3 terminal were
determined on the basis of analytical studies. For the N-repeatered
line, the N2 repeater requirements? were assumed. Use of present N-
repeatered line facilities is permissible and it is anticipated that with
few exceptions, all transmission performance objectives can be met.
One significant exception is the repeatered line amplitude distortion
objective which is difficult to maintain on long systems using repeaters
of existing design.
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Substantial analysis effort was directed toward determining specific
performance objectives for the various functional blocks of the N3
carrier terminal. Some of the areas covered by this work inelude:

(7) Study of the various interference mechanisms.
(17) Consideration of today’s state of the art, in particular with re-
spect to filter network, modulator and amplifier preformance.

(71) Selection of a judicious allocation of the over-all performance

objective among the contributing functional blocks.

Table II presents some of the specifie performance objectives derived
with this procedure.

VI. TRANSMISSION PERFORMANCE

The various components of a carrier system may have satisfied their
individual design objectives, but the transmission performance of all
of the assembled individual components is the final eriteria as to how
well the over-all system objectives have been met. The measured
transmission performance of manufactured N3 carrier systems shows
that all objectives for the system have been satisfied with ample mar-
gins,

The transmission results given here represent the performance of the

TaBLE II — FuncrioNnaL UniT PERFORMANCE OBJECTIVE

Unit Parameter Objective

Channel modem

Modulator Carrier leak(?) —32 dBmO

Modulator, demodulator Linearity (i7) —54 dBmO

Receive amplifier Linearity (¢¢) —46 dBmO
Channel group modem Linearity (1) —110 dB
Group transmitter Linearity (777) —95 dB
Group receiver Linearity (ii) —100 dB
Frequency correction unit Distortion (iv) —55 dB

Freq. shift range +100 Hz

Alarm unit Alarm threshold(v) —18 + 2 dB
Double channel regulator

Through transmission amp. Linearity (i¢i) —105 dB

Regulation Range/stifiness (vi) +12 dB/+0.25 dB
Notes:

() excludes channel filter suppression
(i7) (2A — B) distortion produet resulting from 0 dBmO fundamentals
(iii) (2A — B) distortion product relative to transmitted carrier levels.
(iv) second harmonic content relative to fundamental carrier output level.
() received power relative to nominal
(vi) output variation relative to nominal at extremes of regulation range.
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N3 carrier system as measured between the VF IN and VF OUT jacks
of the N3 packaged bays or their equivalent in a centralized patch bay.
In addition, these results include certain interface data within the ter-
minal. Such data will be helpful to manufacturers for non-Bell com-
panies in developing carrier terminals compatible on an end-to-end
basis with N3 terminals. Items included for this reason are compressor
input-output characteristics, compressor intramodulation figures and
carrier-to-sideband ratios for channel voice-frequency inputs from 200-
3500 Hz.

6.1 Frequency Characteristic

The gain-frequency characteristics of N3 channels, illustrated in
Fig. 5, are representative of present N3 carrier product on a system of
about average length having a good high frequency line characteristic.
In general, these N3 channel characteristics compare favorably with
those of the A5 channel bank and the N2 carrier channels.? The princi-
pal concern has been the positive peaks in the response near the band
edges of the characteristic. The return losses of associated VF eireuit
equipment outside of the N3 carrier system at the band edge frequencies
can lead to near-singing distortion if the peaks are not controlled. Some
average bandwidth at the lower frequencies of the N3 channel has been
sacrificed in order to minimize these gain peaks.

The design objective for the earrier-to-sideband ratio of a 0 dBmO,
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1000-Hz compressed tone at the output of the N3 group transmitting
unit is 3.5 dB. The carrier-to-sideband ratio for other voice frequen-
cies that can be transmitted by the channel may vary slightly from
this value, reflecting primarily the response characteristics of the
channel filter of the N3 channel modulators. The mean carrier-to-side-
band ratio for a 1000-Hz, 0 dBmO tone was 3.27 dB. Statistical results
indicate that carrier-to-sideband ratios between 2.52 and 4.07 dB
would encompass 99 per cent of the channels with 95 per cent confi-
dence.

Fig. 6 eliminates the flat loss deviations from the carrier-to-sideband
ratios and shows the transmitted sideband levels for all voice frequen-
cies transmitted in the channel with respect to the sideband level for
1000 Hz. The characteristics shown in Fig. 6 essentially represent the
passband frequency characteristic of the transmitting channel filters.
The receiving channel filters are identical. The variation of the average
curve of Fig. 6 for frequencies at the edge of the voice band multiplied
by four (two filters and an expansion ratio of 2:1) will be worse than
the deviations of the average curve for these same frequencies shown
in Fig. 5. The equalizer at the receiving end of the N3 channel provides
the difference between the two results at the low and high frequency
ends of the voice channel.

6.2 Compandor Tracking

Compandor tracking performance of the N3 channels is indicated by
the curves of Fig. 7.
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The compandor tracking characteristics indicate the high degree of
compatibility of the compressor and expandor circuits and the excel-
lent reproducibility that is obtained with the manufactured product.

The N3 compandor circuit has a nominal 2:1 compression charac-
teristic® and a 1:2 expansion characteristic. As a practical matter, the
compressor and expandor circuits have been allowed to depart from
the ideal 2:1 and 1:2 compression and expansion ratios. Fig. 8 presents
the deviation from ideal 2:1 compression ratio as measured at the out-
put of the compressor.

6.3 Channel Distortion

Table TII summarizes the measured performance of the new N3
compandor units. The frequencies used in making these tests were 740
Hz and 1250 Hz. These frequencies were selected so that the important
second- and third-order products would fall within the bandwidth of
the voice-frequency channels, and none of the higher-order products
would fall at any of the frequencies of the second- or third-order prod-
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Tig. 8 — N3 channel compressor tracking characteristic.

uets. The frequency differences between any two products, up to and
including tenth order, or between fundamentals and modulation prod-
ucts is large enough that the desired modulation product ean be meas-
ured with available test equipment.

Intramodulation produets gencrated in the compressor and expandor
circuits are about equal in magnitude. Their total magnitude will de-
pend upon the phase relationships of the two products. If we assume
that the value of the product is the same for both compressor and ex-
pandor, the maximum value will be for in phase products and have a
magnitude 6 dB greater than the product from either circuit. If the
separate products are 180 degrees out of phase, there will be complete
cancellation and no product at the output of the compandor. The
spread of maximum and minimum values of Table III reflect that dis-
tribution.

The above table gives the values of intramodulation distortion for
all second- and third-order produets. This has been done since there is
considerable spread in the measured values for products of the same
order but different frequencies. It is interesting to note that reduction
of input signal level does not result in any substantial improvement in
modulation distortion. The distortion ecertainly does not follow the
power series law where a reduction of input power by 10 dB would re-
sult in a reduction of 10 dB in the relative level of second-order prod-
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TaABLE IIT — INTRACHANNEL DISTORTION FOR COMPANDORED
N3 CHANNELS

Fundamental to Distortion Product
atio—
Type Frequency Hz Value Avg. Value of | Change in Ratio for Lower
Fund. Power Fund. Power
0 dBmO =10 dBmO —20 dBmOQ

2a 1480 Avg. 47.7 2.3 0.9
Max.* 40.5
Min.* 56.1

2b 2500 Avg. 48.4 2.9 3.9
Max, 41.0
Min. 58.0

a+b 1990 Avg. 43.1 2.0 2.7
Max. 35.8
Min. 58.3

b—a 510 Avg. 42.7 —2.2 —5.0
Max. 35.4
Min. 57.0

3a 2220 Avg. 51.9 2.0 1.7
Max. 46.9
Min. 59.2

22 — b 230 Avg. 40.1 4.6 4.9
Max. 33.9
Min. 46.5

2b —a 1760 Avg. 37.1 2.4 2.9
Max. 34.8
Min. 39.5

2a + b 2730 Avg. 46.6 0.7 —0.6
Max. 38.9
Min. 56.4

2b + a 3240 Avg. 46.0 —0.5 -1.0
Max. 37.0
Min. 66.0

* The maximum and minimum values given in Table III are those obtained
with the relatively small sample of 24 compandor units. The maximum values
are indicative of the values expected. Tolerance limits are not given for this small
sample since the summation of the distortion products developed in the over-all
channel should not result in a normal distribution of values.

uct and 20 dB in the relative level of third-order produet. The distor-
tion products are generated in the variolossers where by design, the
signal current-to-bias current ratio for the various input levels remains
essentially constant; therefore, the level of the distortion products
should remain essentially constant.
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Table IV summarizes the performance of the compressor circuit
alone as measured at the modulator input of an N3 channel.

6.4 Channel Noise

The back-to-back unloaded terminal noise performance of N3 chan-
nels is summarized in Table V. The performance of both compandored
and non-compandored channels is well within the objectives.

TaBLE IV — MopuraTioNn DISTORTION OF THE N3
ComprEssor CIrculT

Fundamental to Distortion Product
Ratio — dB
Type Frequency Hz Value Avg. Value of | Change in Ratio for Lower
Fund. Power Fund. Power
0dBmO —10 dBmO —20 dBmO

2a 1480 Avg. 48.9 0.8 0.3
Max. 43.4
Min. 54.2

2b 2500 Avg. 50.2 1.6 0.9
Max. 43.2
Min. 56.8

a4+ b 1990 Avg. 46.2 0.0 —0.7
Max. 40.2
Min. 4.7

b—a 510 Avg. 43.5 —-1.0 —3.5
Max. 36.9
Min. 47.8

3a 2220 Avg. 58.3 0.9 —0.3
Max. 49.1
Min. 6G3.8

228 — b 230 Avg. 41.9 0.4 —0.2
Max. 36.8
Min. 47.5

2b — a 1760 Avg. 44.9 -1.2 —1.5
Max. 40.6
Min. 49.1

20 + b 2730 Avg. 47.1 1.8 0.4
Max. 39.9
Min. 53.7

2b 4+ a 3240 Avg. 44.8 2.6 1.6
Max. 38.8
Min. 50.0
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TasLe V — UxvoapEp TeErMINAL CHANNEL NOISE

Channel Noise at 0 TLP
Type of Channel - dBmC N dBrn 3 kHz Flat
Average | Max. ) Min. | Average | Max. ‘ Min.
Compandored 8.1 11.4 ‘ 5.7 11.1 14 .4 7.8
Non-Compandored 27.0 33.2 20.9 30.0 34.2 24.5

Measurements of the channel noise introduced by loading various
combinations of channels with simulated speech indicated that certain
types of system loading were detrimental to system performance. For
example, several channels of one system may be loaded with identical
signals by a few of the services offered by the operating companies.
This has been termed “coherent” loading. Table VI gives the magnitude
of noise generated by the loading of N3 channels with simulated speech,
both coherent and non-coherent.

Loading the channels of an N3 carrier system with non-coherent
noise does not impose a message noise problem as shown by the results
when 22 channels are loaded. However, a noise advantage is obtained
by loading certain channels when coherent loads are transmitted. The
maximum reading for line (1) was reduced to 12.5 dB by also loading
channels 2 and 6 of channel group 1 with the same signal for a total of
ten loaded channels, emphasizing the benefit of the reversed phase of
the modulating carriers of channels 2 and 6.

The noise performance of a carrier channel is judged on two bases:
the C message weighted noise interference to a transmitted signal, and
also the magnitude of impulse noise peaks. Large simultaneous ampli-
tude peaks of speech in several channels of the N3 carrier system can

TaBLE VI — CHANNEL NoIsE DUE To CHANNEL LOADING

No. of Input Trsg Noise Message
1] )

I(J:nl:iaﬂrzl:il Type of Load Channel Numbers Grp No E%FL% Sgaﬁe Xglrl;eclﬂn Rating

5 | Coherent Any combination Any | 0 Vu 0 | <10 | Satis
5 | Non-coherent| Any combination o “ 6 | <10 o

(1) 8 | Coherent 1,3,4,5,7,8,9,11 1 “ 0 | 21-26 | Unsat
8 ¢ 3,4,5,7,8,9,11,12 2 4 0 | 26-33 &
8 e 3,4,5,7,8,9,11,12 2 o +6 | 35-40 &

8 e 1,3,4,56,7,8,9, 11 1 ‘o +06 <10 | Satis
10 | Non-eoherent| 1 to 10 inclusive 1 ‘o 0 =10 <
22 L All but chan 11, 12 1 |—5 Vu| +6 =10 L
22 L All but chan 11, 12 1 |—8 Vu| +6 <10 LD
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generate impulse noise peaks in many channels by intermodulation
processes within the group equipment. The input power of each of 22
channels loaded with simulated speech as disturbing signals had to be
reduced from 0 Vu to —8 Vu at 0 TL to satisfy impulse noise objec-
tives when the transmitting slope was +6 dB. This impulse noise per-
formance is considered satisfactory.

The average measured noise advantage of the N3 expandor is 31.8
dB with a range between 30.8 and 32.9 dB. The subjective expandor
advantage® is considered to average 5 dB less than the above figures
when speech is being transmitted on the channel. Comparison of the
unloaded noise performance of the two types of N3 channels shows an
apparent expandor advantage of less than 20 dB. The unloaded noise
of a compandored channel is usually controlled by the noise figure of
the transistor at the input to the expandor amplifier (a low level point)
which follows the expandor variolosser. Hence, the noise from this
source is not reduced by the expandor loss.

6.5 Intrasystem Crosstalk

The far-end crosstalk performance of the N3 carrier terminals was
one area where major improvements were incorporated, and the meas-
ured crosstalk values of the manufactured product reflect these im-
provements.

Near-end intrasystem erosstalk has never been a problem with the
short-haul carrier systems since the carrier frequency allocations and
operational methods were selected to eliminate the common sources of
line near-end crosstalk at carrier frequencies. There were only a few
measurable values of near-end intrasystem crosstalk observed with
the N3 earrier systems, and these were well within the objective.

Only the minimum equal level coupling loss measured for each dis-
turber is given in the results. Any other value would have little mean-
ing since numerous combinations of disturbing and disturbed channels
had no detectable crosstalk. In other combinations, crosstalk could be
heard in the monitoring receiver but the noise of the disturbed chan-
nel masked the crosstalk contribution to the over-all meter reading.
Crosstalk of this magnitude is not a problem. Far-end intrasystem mod-
ulation crosstalk generally had well-defined patterns for single-tone
disturbers. However, it was never the controlling source, even for the
lowest values of erosstalk interference measured.

Table VII gives the minimum equal level crosstalk coupling losses
measured at the expandor output. .

The out-of-band suppression of the channel filters can best be de-
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TaBLE VII — Minimum Far-Exp EQuaLl LEVEL CROSSTALK
CovurLiNng Loss AT Expanpor OurpuT

Loss — dB
Disturbing Frequency
(0 dBmO)
“C Mess Wtg" *3 kHz Flat Wig"
200 Hz 70.1 66.5
1000 Hz 77.4 77.7
3450 Hz 83.1 76.2
5000 Hz 86.4 83.6
Simulated Speech 80.9 75.7

termined by measuring the higher level crosstalk at the output of the
demodulator. The crosstalk-to-noise ratio at this point for a 0 dBmO
disturber is sufficiently large to assure accurate crosstalk measurement.
Table VIII gives the minimum equal level coupling losses measured at
the demodulator output.

6.6 Net Loss Stability

Stability of transmission has generally been referred to in terms of
net loss of the derived trunk, The term net loss has been used in this
section for clarity of association. The net loss stability of the N3 chan-
nels has been determined by measuring the gain at 1000 Hz at frequent
intervals over a period of several months. Net loss stability tests are
in progress on several operating N3 ecarrier systems of about average
length, Table IX summarizes the measurements that have been made
to date.

No adjustments have been made on any of these channels during
the test period. The results are well within design objectives.

TasLE VIII — MinmmuMm Far-Enp EqQuaL LEVEL CROSSTALK
CovrLiNg Loss At DemopurLaTor OQurpuT

Bi — Loss — dB
t
is w;xl-[':'l.l:ﬁ3 mrce)s]uency
“C Mess Wtg"” “3 kHz Flat Wtg"
200 Hz 41.7 38.4*

1000 Hz 43.9 46.9
3450 Hz 49.3 45.7
5000 Hz 55.9 56.3

Simulated speech 48.0 48.0

* All of these equal level coupling losses satisfy the objectives with the excep-
tion of the minimum value for 3 kHz flat weighting at 200 Hz. Only this single
measurement fell short of the 40 dB objective. The average value for a sample
of 48 measurements was 45.5 dB.
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TaBrLE IX — N3 CuanneL NEr Loss STABILITY

Net Loss Stability
System No. of Channels 3 Mos. 6 Mos.
Bias Dist gr Bias Dist gr
(Avg) (Std Dev) (Avg) (Std Dev)
Hartford-Waterbury 96 —0.4 0.16 +0.20% | 0.27*
Dayton-Springfield 78 —0.03 0.13 —0.094 | 0.20

* The elapsed time between initial and these measurements was seven months.

6.7 Envelope Delay

Fig. 9 shows the envelope delay distortion of N3 compandored chan-
nels as measured with terminals connected back-to-back. This distor-
tion is due primarily to the channel filters. The type of voice-frequency
unit (compandor or VF amplifier) has only a small effect on the
magnitude of the distortion. The curve of Fig. 9 is applicable for both
types of channels.

The absolute delay of a carrier channel is also important for some
installations. Table X gives the absolute terminal delay in microsec-
onds applicable to channels equipped with either the compandor or
VF amplifier units. The absolute delay of a typical N-repeatered line
is about 10 microseconds per mile.

2000

@
]
=]
l..n—(

1200

2\ /

DELAY DEVIATION IN MICROSECONDS

3 | . i
200 600 1000 1400 1800 2200 2600 3000 3400
FREQUENCY IN Hz

Fig. 9— N3 channel delay distortion characteristic.
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TaBLE X — N3 CrannNeL Deray AT 1800 Hz

Absolute Terminal Delay in Microseconds

Input Power dBmQO
Limits for 99% of Chans

Avg. Delay with 95% Confidence
+1.0 983 +78.0
Ho . 1001 276.0

—14.0 1006 +74.5

6.8 Alarm Operation

Tests of the carrier failure alarms, automatic trunk conditioning
and automatic service restoral features of the N3 carrier system have
indicated satisfactory performance within design objectives. Mea-
sured alarm thresholds (loss in carrier power sufficient for alarm regis-
tration) ranged from 17 to 20 dB bhelow nominal received carrier
power. Such threshold values had been established to assure satisfac-
tory operation during the restoral gain transient of an N-repeatered
line.

Idle channel noise at the instant of service restoral ranged from 33.5
to 37.0 dBrnCO. While this noise value is above the normal system ob-
jective, experience has shown that any restored N3 carrier system
whose channel noise measurements are in the above range can meet
the severe system objectives within a short time. This prevents restoral
of systems with degraded transmission performance.
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Circuit Design of the N3 Carrier Terminal

By R. L. HANER and 1. E. WOOD
(Manuscript received March 17, 1966)

In the circuit design of the N3 carrier terminal full use has been made
of the advances in solid state art, crystal filter design techniques, and
miniature ferrite transformer performance. Economies have been pro-
vided in power consumption, space requirements, and maintenance ef-
fort. Performance has been significantly improved over its predecessor
the ON2 terminal in the areas of channel response, net loss stability,
compandor tracking, and modulation distortion. Two concepts, new to
the short-haul carrier field, have been employed in the N3 design. Fre-
quency correction circuits are used to precisely correct for frequency
shifts accumulated as the signal is transmitted over the N-repeatered
line. A common carrier supply is utilized to provide extremely precise
carriers economically for terminal use.

I. INTRODUCTION

During the late 1950’s short-haul carrier systems began to undergo
a comprehensive modernization program. The primary objective of this
program was to achieve significant improvement in reliability and
transmission performance of the short-haul family in order to meet
higher standards for transmission of message, program, and data or
other special services over intertoll trunks, Equally desirable improve-
ments were sought in the areas of miniaturization, reduced mainte-
nance, economical installation, lower power requirements, and flexibil-
ity. The first two phases of this program have been completed with the
introduction of the N1A repeater and the N2 terminal — a twelve-chan-
nel double-sideband system. The third phase, the N3 carrier terminal,
is deseribed from a cireuit standpoint in this paper.

The N3 carrier terminal, a new 24-channel single-sideband system,
was designed to provide a considerable transmission improvement
over its predecessor the ON2 system. It has been engineered to provide
a 3-dB channel bandwidth between 200 and 3450 Hz and a net loss
stability of +0.5 dB over extreme operating conditions. A large part

801
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of the performance improvements' have been made possible by the
rapid growth of the solid-state device art. With the N3 terminal, sev-
eral new system concepts have appeared for the first time in the short-
haul family. A common carrier supply for many systems as opposed to
individual per channel oscillators is utilized. This provides for the eco-
nomical generation of many extremely precise carriers for terminal use.
A second new concept is the frequency correction circuit which removes
frequency shifts accumulated along the repeatered line. Improvements
in both erystal filter design and ferrite core transformers have also
played an important role in obtaining the superior performance in the
N3 terminal.

II. CARRIER TERMINAL

2.1 Transmitting Terminal

A block diagram indicating frequencies within a transmitting ter-
minal is shown in Fig. 1. The input voice-frequency signal is first
compressed and then applied to a channel modulator circuit. The
channel modulator translates the signal, selecting the upper sideband,
into a 4-kHz slot in the 148 to 196-kHz range. The twelve resulting
outputs when combined in the resistive combining multiple form a
gsolid lay-up of signals in this spectrum. In addition, six transmitted
carriers (152, 160, 168, 176, 184, and 192 kHz) are combined at a pre-
cise level with the signal in the multiple. This composite signal is
translated a second time to the 36 to 84-kHz band by the channel
group modulator. A second composite signal is similarly translated to
the 84 to 132-kHz band by a second channel group modulator. The
outputs of these two circuits are combined in a hybrid coil network
to form a low group signal consisting of 24 4-kHz channels and 12
carriers. Depending on the type of group units used, this signal can be
transmitted in either the 36 to 132-kHz or the 172 to 268-kHz band.
The line terminating circuit is used to interconnect the group circuits
and the carrier line, The circuit provides plug-in span pads to build
out the loss of short cable sections. Secondary lightning protection is
incorporated to limit surges to approximately 30 volts. Finally, the
line terminating circuit provides a flexible means of simplexing power
over the line to energize up to three remote transistorized NI1A re-
peaters or one electron tube N1 repeater.
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2.2 Receiving Terminal

A block diagram of the receiving terminal is shown in Fig. 2. The
received signal is applied to either a low group or high group re-
ceiver circuit. The output is transmitted to the two channel group
demodulators via a resistive splitting network. Each of the channel
group demodulators selects and translates half of the low group band
to the 148 to 196-kHz range. The appropriate carrier for demodula-
tion is derived in the frequency correction circuit in such a fashion as
to correct, for any frequency shift in the incoming signal. The output
from the channel group demodulator is applied to six double-channel
regulator ecircuits. Each of the regulators dynamically compensates
for over-all system gain variations on a pair of channels by regulat-
ing the carrier pilot between them to a precise level. Each of the dual
outputs of the regulator circuit is applied to a channel demodulator
circuit which contains a crystal channel band filter to separate a par-
ticular 4-kHz signal from the 148 to 196-kHz band. After demodula-
tion to voice frequency the signal is applied to the expandor ecircuit
which restores the original volume range.

A 48 to 21-volt power converter is used for powering each terminal.
Since present types of transistors cannot efficiently operate with sup-
ply voltages much greater than 20 volts, approximately 50 per cent
reduction in power dissipation is realized by using the converter. In
addition, the converter contains a regulator circuit which provides an
extremely well regulated voltage that is practically independent of
wide fluctuations in the —48 volt central office battery. This feature
essentially eliminates dependence of the net loss stability performance
of the system on the office battery voltage variations. An alarm fea-
ture is also included to provide an indication when the converter out-
put is out of limits.

III. COMPANDOR CIRCUIT

The companding technique is utilized to gain a noise and crosstalk
advantage to achieve satisfactory transmission performance using
the economical N-type repeatered lines. The compandor consists of
two complementary circuits: a compressor in the transmitting termi-
nal and an expandor in the receiving terminal.

The compressor reduces the range of signal volumes at its input
by a factor of two. This is accomplished by a diode shunt variolosser
followed by a constant gain three-stage feedback amplifier. A por-
tion of the output of the amplifier is rectified and used as the control
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signal to the variolosser. The action is such that the stronger signals
are relatively unchanged while the weaker tones are raised in level.
Thus, for a 60-dB input range, the output varies by only 30 dB.

The expandor increases the range of signal volumes that it receives
at its input by a factor of two. This is accomplished by a series diode
variolosser followed by a three-stage feedback amplifier. A portion
of the input signal is amplified in a control amplifier, rectified, and
used as the control signal to the variolosser. The action is such that
the stronger signals are relatively unchanged while the weaker tones
are lowered in level. Thus, for a 30-dB input range the output varies
by 60 dB.

When a compressor in the transmitting terminal is followed by an
expandor in the receiving terminal, the original volume range is re-
stored with a tracking error which is typically less than 0.2 dB. The
compandor used in the N2 carrier system, which from a ecircuit stand-
point is identical to the N3 compandor, is described in detail in an-
other article.? It is noteworthy that the expandor contains the only
channel gain adjustment used for normal lineup and maintenance.

1V. CHANNEL MODEM CIRCUIT

41 General

The channel modem circuit consists of both the transmitting chan-
nel modulator circuit and the receiving channel demodulator eireuit,
both of which are packaged in a single plug-in unit. The channel
modulator cireuit provides the first step of modulation from voice to a
4-kHz portion of the 148 to 196-kHz band. The channel demodulator
circuit provides the last step of demodulation from a 4-kHz portion
of the 148 to 196-kHz band to voice frequency. Each of the twenty-
four channel modem ecircuits in a terminal are identical. The various
channel frequencies are selected by inserting the appropriate crystal
channel bandpass filters and making the proper adjustment on the
variable equalizer.

4.2 Channel Modulator Circutt

The channel modulator circuit shown in Fig. 3 consists of a tem-
perature compensating input pad, a transistor switch-type modulator,
a 6-dB isolating pad, and a crystal channel bandpass filter. The
carrier drive for the modulator is supplied externally from the common
carrier supply. The input pad contains a thermistor as one of the ele-
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Fig. 3 — Channel modulator eircuit.

ments such that the pad loss varies inversely with temperature and
compensates for the entire modulator eircuit. The transistor used in
the modulator represents the only new semiconductor device developed
especially for N3. This device consists of a matched pair of ger-
manium alloy transistors with an inverse beta of at least 15 (inverse
beta is the current gain when the collector is used as the emitter).
The high inverse beta is required to minimize the carrier drive neces-
sary for satisfactory operation of the modulator. The transistors are
matched to provide sufficient carrier balance at the output of the
modulator.

The modulator operation is most easily visualized by noting that
the carrier controls the transistor switching; one transistor is “on”
and the other is “off” for a given polarity of the carrier. The transis-
tor operation is reversed for the opposite polarity of the carrier. With
the transistors switching “on” and “off” in this way, the output ter-
mination is switched from one half of the secondary winding of the in-
put transformer to the other at carrier frequency. Therefore, at any in-
stant of time, one half of the secondary is properly terminated and the
other is open-circuited. This operation reverses the polarity of the in-
coming signal at a carrier frequency rate and thus produces a double-
sideband suppressed-carrier signal at the output of the modulator.
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The resistors in the base leads provide a constant current source and
a good carrier drive input impedance. For an input signal level of
—15 dBm and a carrier drive of —6 dBm, the carrier leak at the out-
put is at least 32 dB down on each of the sidebands. The 2A — B
distortion product is approximately 48 dB down on either the A or B
signal (each at —15 dBm). The modulator remains “linear” for input
signals up to —11 dBm which represent +8 dBm at OTL. Following
this modulator is a 6-dB pad to provide isolation between the modu-
lator and crystal channel band filter. The characteristics of the channel
filter which employs two self-equalized quartz crystal filter sections
are shown in Fig. 4. Each of the twelve different filters was designed to
pass the upper sideband (200 to 3450 Hz above the carrier frequency)
in the 148 to 196 kHz range. The diserimination against the lower side-
band is at least 55 dB while 30 dB of discrimination is provided 4 Hz
above the carrier frequency. The in-band ripple is held to less than
+0.15 dB at 80°F and less than =0.25 dB at 120°F.

4.3 Channel Demodulator Circuit

The channel demodulator cireuit shown in Fig. 5 consists of a erys-
tal channel bandpass filter, a 6-dB isolating pad on each side of the
demodulator, a transistor switch type demodulator, a low-pass filter,

80

70 A
L/ VA

& ~ l —|

. \ |

. |
. /
c, )

-4 -3 -2 -1 c 1 2 3 4 5 6
FREQUENCY IN kHzZ
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Fig, 4 — Measured insertion loss N3 channel band filter.
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and a feedback amplifier. The carrier drive for the demodulator is
supplied externally from either the common carrier supply (odd num-
bered channels) or the double channel regulator circuit (even num-
bered channels). The crystal channel bandpass filter, which is identi-
cal to that used in the channel modulator circuit, selects the proper
4-kH7z sideband from the group of twelve present at the output of the
double channel regulator. Following the filter is a 6-dB pad to pro-
vide isolation between the channel filter and the demodulator. The
transistor demodulator translates the 4-kHz sideband down to the
audio range. The low-pass filter, separated from the demodulator by a
6-dB pad, passes the audio band and rejects the higher frequency
energy generated in the demodulator. A loss peak as shown in Tig. 6
is placed at 4 kHz to suppress any adjacent carrier energy present.
The three-stage feedback amplifier following the low-pass filter in-
cludes as part of the feedback circuit a temperature compensating
resistor and a channel equalizer. The positive coefficient resistor com-
pensates for the entire demodulator circuit. The equalizer provides
loss peaks which are transformed by the amplifier to gain peaks at
approximately 120 Hz and 3650 Hz to equalize for the roll-off of
both the transmitting and receiving channel band filters. The char-
acteristics of the equalizer when operating in the feedback circuit of
the amplifier are shown in Fig. 7. The position and shape of these
peaks may be adjusted slightly by means of screw-down options to
accommodate small differences in the various band filters for differ-
ent channels. The open loop gain of the amplifier at midband (1000
Hz) is approximately 24 dB. At the band edges (200 and 3450 Hz)
the feedback is reduced to approximately 22 dB due to the loss peaks
in the equalizer. The open loop gain cut-off is about 1 MHz with more
than 55 degrees phase margin to insure stable operation. The low-pass
filter, equalizer, and temperature compensating resistor Ep are all pack-
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| 1
N1

1 10 20 30 40 50 60 70
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o

Fig. 6 — Low-pass filter.
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Fig. 7— Frequency characteristic of demodulator amplifier including channel
equalizer,

aged as a single piece of apparatus. For an output signal level of —5
dBm, which represents 0 dBm at OTL, the 2A — B distortion product
due to the entire demodulator circuit is approximately 48 dB down on
either the A or B signal. The circuit remains linear for output signals
up to —1 dBm.

V. DOUBLE-CHANNEL REGULATOR CIRCUIT

Since the carrier to reference level sideband ratio is precisely estab-
lished and maintained in the transmitting terminal, the carrier tone
may be used in the receiving terminal as a pilot to provide regula-
tion. The function of the double-channel regulator circuits (AGC cir-
cuit) is to automatically regulate each pair of channels by using the
received carrier between them as a pilot tone. Basically the regula-
tor is an amplifier, the gain of which is inversely proportional to the
input level of a pilot carrier. Each of the twelve double-channel
regulator circuits in a terminal is identical. The specific pair of chan-
nels to be regulated is selected by inserting a particular crystal car-
rier pick-off filter in the regulator unit. The input signal to the double-
channel regulator circuit consists of twelve single-sideband 4-Hz sig-
nals and six carrier tones. Although only two of the signals and the
carrier between them are of interest insofar as regulation is concerned,
the additional carriers and signals which are present impose a severe
intermodulation distortion requirement on the ecireuit. In addition to
providing the regulating function, the regulator supplies one of the
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adjacent channels (even numbered channel) with a channel demodu-
lating carrier. Since this carrier is derived from the carrier supply at
the transmitting terminal, the process provides for error-free voice
frequeney recovery in all the even numbered channels.

The transmission path for the double-channel regulator circuit
shown in Fig. 8 consists of a shunt variolosser and a 4-stage forward
transmission amplifier. Negative feedback around the last three

FORWARD TRANSMISSION AMPLIFIER

SHUNT TO EVEN

VARIOLOSSER
=

ULATOR

CHANNEL
GROUP
DEMOD-

ULATOR

TO ODD
CHANNEL
DEMOD-
ULATOR

-]
“ = CRYSTAL
___ PICK=-OFF
T » X FILTER
! L

[poa] =

=21V iiREFEHENCE
DIODE

—L_"DC AMPLIFIER DETECTOR -21v 21y -21v
N
TC EVEN
CHANNEL
DEMODULATOR
CARRIER
R

Fig. 8 — Double-channel regulator.
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stages, in addition to local feedback on the output stage is employed
to provide the necessary intermodulation distortion performance. At
the normal operating level for a 0 dBm at OTL tone the 2A — B
distortion product is approximately 112 dB down on either the A or B
signal. A plot of the feedback (pB) phase and gain characteristics
for the forward transmission amplifier is shown in Fig. 9. The high
end gain cut-off occurs at approximately 10 MHz with a phase mar-
gin of 50 degrees. The low end gain cut-off occurs at 860 Hz. By us-
ing the following relationship, the phase margin at the low end was
calculated to be approximately 60 degrees:

n 1 1
1 — uB / “‘=‘l—gﬁl=zsing
2
where
# = phase margin
| #| = magnitude of u gain at crossover frequency
‘ T _“ B = magnitude of closed loop gain at erossover frequency.

The transformer output with a split secondary is used to provide
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Fig. 9 — Open loop phase and gain of forward transmission amplifier.
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separate outputs to the odd and even channel demodulators. By using
an emitter-follower output stage and shunt feedback, a high degree
of isolation is achieved between the two outputs. The small resistor
in series with the primary of the output transformer reduces the isola-
tion somewhat but is advantageous in improving the intermodulation
distortion performance of the transformer. If one demodulator is re-
moved, the level in the other will change by less than 0.1 dB. The low
output impedance of the amplifier also permits a lower bridging loss
of the crystal pick-off filter consistent with the ripple objective of 0.05
dB maximum in adjacent channels. Because of the frequency corree-
tion technique employed in the receiving terminal, the earrier pick-
off filter can be made extremely narrow and thus achieve a high dis-
crimination to all other frequencies. The carrier level at the output
of the pick-off filter is amplified, rectified, filtered, and compared
to the reference diode voltage. The difference or error voltage i1s am-
plified and used as the control current in the thermistor variolosser.
Thus, if the regulator output level increases, the error voltage in-
creases, the thermistor impedance decreases, and therefore the loss in
the variolosser increases tending to reduce the output level. The regu-
lation characteristic shown in Fig. 10 indicates approximately a 0.3-
dB output change for a 30-dB input change. The over-all or envelope
open loop gain characteristic is shown in Fig. 11. This characteristic
was obtained by breaking the loop at the input to the de amplifier

-20.0 /
-20.5 /

-21.5 /
-22.5 /
-23.0 /

-51 -46 -4 -36 -31 -26 -2l -16 -11
INPUT IN dBm

T

OUTPUT IN dBm

1
n
n
o

Fig. 10 — Regulation characteristic.
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Fig. 11 — Envelope open loop phase and gain characteristic of double channel
regulator.

and measuring the low frequency gain and phase. The high end cut-
off oeeurs at approximately 1 Hz with a phase margin of 63 degrees.
This extremely low cut-off frequency is very desirable so that the
regulator will tend to discriminate against and not regulate or follow,
carrier beats.

Temperature compensation of the entire regulator circuit is ac-
complished by means of a positive temperature coefficient shunt re-
sistor Ry following the pick-off filter. A tap at the output of the
two stage amplifier is used to provide the even channel demodulating
carrier.

VI. CHANNEL GROUP MODEM CIRCUIT

6.1 Channel Group Modulator

In the transmitting terminal, the input signal to the channel group
modem consists of 12 single-sideband signals plus 6 transmitted car-
riers in the 148 to 196-kHz range. The function of the channel group
modulator is to translate this signal to either the 36 to 84 or 84 to 132-
kHz ranges using a frequency of 232 or 280 kHz supplied from the
common carrier supply. The channel group modulator circuit consists
of a diode ring modulator and a single stage carrier drive amplifier.



816 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1966

The amplifier raises the incoming carrier by 7 dB and provides op-
timum impedances at the input and output for the carrier supply and
modulator. The outputs of two channel group modulators are subse-
quently combined to give a composite signal in the 36 to 132-kHz
band containing 24 sidebands and 12 carriers before being applied to
the group transmitter.

6.2 Channel Group Demodulator

In the receiving terminal, the output of the group receiver is applied
to two channel group demodulator circuits via a resistive splitting
pad. Each half (36 to 84 or 84 to 132 kHz) of the low group signal is
selected and demodulated into the 148 to 196-kHz band. This signal
is then amplified for transmission to the double-channel regulator
circuits. As shown in Fig. 12, the input signal to the channel group
demodulator eireuit is filtered to select the proper half of the low-
group signal before being demodulated. The demodulator consists of
a double-balanced diode ring-type demodulator. The single stage
carrier driver amplifier provides gain, isolation, and optimum input
and output impedances between the carrier source and the demodula-
tor. The low-pass filter following the demodulator passes the 148 to
196-kHz signal and rejects the higher frequencies generated by the
demodulator. Approximately 25 dB of negative feedback is incorpor-
ated in the 2-stage hybrid-feedback amplifier to stabilize the gain and
provide an adequate intermodulation performance. When the modula-
tor and demodulator circuits are connected in tandem the frequency
characteristic obtained is shown in Fig. 13.

VII. FREQUENCY CORRECTION CIRCUIT

The signal entering an N3 receiving terminal, after being trans-
mitted over an N-repeatered line, will have been shifted in frequency:
a large shift being in the order of 100 Hz. This shift is due to an ac-
cumulation of small errors present in each of the 304-kHz oscillators
in the frogging repeaters along the line. A frequency shift of this
magnitude, if not corrected, would greatly deteriorate the over-all N3
performance. Since voice-frequency equalizers are used to equalize
the extremely sharp carrier frequency crystal band filters, a frequency
shift would seriously affect the chanmnel frequency response. In addi-
tion, the frequency error that would remain in those channels using
local carriers for demodulation would be intolerable.

The function of the frequency correction circuit is to introduce a
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Fig. 13 — Frequency characteristic of channel group modulator and demodulator
in tandem.

compensating frequency shift into the received signal so as to elim-
inate any frequenecy error accumulated along the line. In addition,
this circuit substantially reduces the effects of frequency differences
between the transmitting and receiving common carrier supplies. Two
tones or carriers are required for this scheme: one, considered to be
the reference, is derived from the receiving carrier supply and the
other from the incoming signal.

The frequency correction circuit basically works on the phase-
locked-loop principle.* The customary phase-locked loop has a severe
disadvantage for applications of this type. It requires clearing the
frequency spectrum around the carrier tone with which the loop works.
A fundamental incompatibility exists between a wide capture range on
one hand and high diserimination against nearby signals on the other.
The frequency correction circuit overcomes this difficulty by inecorpo-
rating two conventional loops and a switching control circuit to select
the appropriate loop. One of the loops has the characteristic of captur-
ing over a wide range of frequencies; the other is an extremely narrow

*Early N8 terminals used a forward acting frequency correction circuit instead
of the technique described in this section.
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band circuit which offers high discrimination to tones located close
to the wanted carrier in the frequency speetrum. The function of the
switching circuit is to switeh in the wideband loop when the wanted
carrier is sufficiently off-frequency, and then the narrow-band loop
after a frequency lock has been achieved.

The block diagram shown in Fig. 14 will help to illustrate the
operation of the frequeney correction eircuit. An incoming signal to
the channel group demodulator consists of twelve single-sideband and
six transmitted carriers in the 84 to 132-kHz portion of the spectrum.
As indicated on the diagram this received signal has been shifted by
some amount A during the course of its transmission over the N-re-
peatered line. The function of the channel group demodulator is to
transform this signal into the 148-196 kHz range. This is accomplished
by supplying a nominal 280-kHz carrier and selecting the lower
sideband output. Initially, this output band may be shifted in fre-
quency. During this initial period switches 81 and $2 are in the (a)
position. A bridging amplifier connected to the output of the channel
group demodulator amplifies this shifted signal which is applied to the
pick-off filter and bypass pad. The amplifier contains an LC resonant

(84 -132kHzZ)

+A CHANNEL 148-196 kHz
P e — GROUP 1

DEMODUL ATOR

280KkHz +A

lii | FREQUENCY CORRECTION ____-___!
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Fig. 14 — Block diagram of frequency correction circuit.
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cireuit to provide broad selectivity in the vicinity of 168 kHz (at
the output of the channel group demodulator, one of the transmitted
carriers is nominally at 168 kHz). Since the 168-kHz pick-off fil-
ter is only a few cycles wide, transmission is blocked through that
path. The amplifier output signal is transmitted through the bypass
pad, switch S;, the hybrid circuit and into the carrier leg of the
phase detector. The 168-kHz signal drive frequency for the phase
detector is supplied from the precise N3 common carrier supply. The
very low frequency output (nominally de) is passed through the low-
pass filter. Since switch Sp is in the (a) position the low-pass filter is
relatively wide band. The output provides the control signal for the
voltage-controlled oscillator. This complete loop represents the wide-
band loop which aets to bring the output of the voltage-con-
trolled oscillator to a frequency of 280 kHz + A. As this point is
approached, the 168-kHz carrier tone passes through the pick-off filter
to the hybrid circuit. The switching control circuit senses this energy
and after a short time delay switches S; and Ss to the (b) positions
thereby switching out the bypass pad and switching in the very nar-
row low-pass filter. The loop is now in the narrow-band mode and
presents a high degree of diserimination to signals in the vicinity of
the 168-kHz carrier. Therefore, if the incoming signal is shifted by
an amount A, the voltage-controlled oscillator provides a clean chan-
nel group demodulating earrier which is also shifted by an amount
A, Thus, the desired output signal has been corrected in frequency
for the line shift.

The open loop characteristies of both the narrow and wideband loop
are shown in Fig. 15. Except for an inherent 6 dB per octave slope
in the rest of the loop, these characteristics are controlled by the two
low-pass filter configurations. As noted on the curves the capture
range for the wideband loop is 500 Hz and only 30 Hz for the narrow
loop. The 500-Hz range for the wideband loop is required to allow for
initial, temperature, and aging variations on the free-running oscillator
in addition to the line shift error.

Sinee the outputs of the carrier supplies are derived by harmonie
generation, the error at each carrier frequency will be different de-
pending upon the error in the base generators and the particular
harmonie that the carrier represents. Therefore, a residual error re-
mains after frequency correction at all carrier frequencies except
that of the reference tone. Based on a maximum base generator error
of =7 parts per million, the worst case residual error is less than 0.6
cyele per second.
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Fig. 15 — Open loop response of correction eircuit.

VIII. GROUI’ TRANSMITTER CIRCUITS

The outputs of two channel group modulator circuits are combined
in a hybrid coil network and applied to a group transmitter. This eir-
cuit may be required to transmit signals to the repeatered line in
either the low group band (36-132 kHz) or the high group band
(172-268 kHz). Therefore, two types of group transmitter units are
available: a low group transmitter and a high group transmitter.
The basic difference between the two types of group transmitter
circuits is the inclusion of the modulator and associated circuitry in
the high group transmitter. For this reason, only the high group
transmitter shown in Fig. 16 will be discussed.

The single stage amplifier at the input provides approximately 11
dB of gain to the low-level low-group signal. The low-pass filter passes
the 36 to 132-kHz band and rejects the unwanted modulation products
generated in the channel group modulators. The slope equalizer allows
the transmitted signal to be pre-equalized to partially compensate for
the cable loss characteristic. Seven different equalizers are available
for insertion in the circuit to provide a choice in slopes of 0, =3, =86, or
=9 dB for the channel 12 carrier of channel group 2 relative to the
channel 1 carrier of channel group 1. The output of the equalizer is ap-
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plied to the group modulator which consists of four diffused junction
silicon diodes connected as a double-balanced ring modulator. The 304-
kHz carrier for the group modulator is supplied from the common car-
rier supply and is amplified by a single stage buffer amplifier between
the carrier supply and modulator. The bandpass filter following the
group modulator transmits the high group band and rejects the un-
wanted modulation produets from the modulator. The 3-stage amplifier
provides approximately 60 dB of gain to the low level signal to obtain
the proper levels for transmission over the carrier line. The third stage
of the amplifier utilizes two transistors operating in parallel in order to
handle the high output power levels with adequate intermodulation per-
formance (3F/F < —105 dB for F = 0 dBm). As shown in Fig. 17, ap-
proximately 35 dB of negative feedback is employed both to improve
the intermodulation performance and to reduce gain variations. At the
high end cut-off better than 60 degrees of phase margin is achieved in
addition to 17 dB of gain margin to insure the closed loop stability of
the amplifier. The input and output impedances of the amplifier are
precisely controlled by connecting the feedback ecircuit in the hybrid
configuration. The hybrid connections also serve to stabilize the feed-
back independently of the amplifier terminations.
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Fig. 17 — Open loop phase and gain response for hgt amplifier.
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IX. GROUP RECEIVER CIRCUITS

The incoming signal to an N3 terminal may be in either the
low group band (36-132 kHz) or the high group band (172-268 kHz).
Like the group transmitters, it is necessary to provide two types of
group receiver circuits: namely a low group receiver and a high group
receiver. These two circuits are basically the same except for the in-
clusion of a demodulator and associated circuits in the high group
receiver. Only the low group receiver shown in Fig. 18 will be dis-
cussed.

The low-pass filter at the input passes the low group band and re-
jects the unwanted out-of-band frequencies which may have been
picked up due to crosstalk or other sources in the incoming line. As in
the group transmitter circuit, slope equalizers are available for
insertion in the circuit to compensate for the slope across the band due
to the cable loss characteristie. In addition, the incremental slope ad-
justment circuit can be adjusted on a serew option basis to provide 0,
+1, or —1 dB of slope in the gain characteristic across the low group
band. The 3-stage amplifier following the slope equalizer provides ap-
proximately 53 dB of gain to the low level signals. A parallel output
stage is employed to improve the intermodulation distortion perform-
ance. Shunt feedback is employed at the output of the amplifier while
hybrid feedback is employed at the input for low noise performance and
a good return loss. The shunt feedback connection at the output pro-
duces the low output impedance necessary for achieving isolation be-
tween the two channel group demodulators. The unusual shunt feedback
connection on the output utilizes the transformer as an auto-transformer
to provide the proper signal level to the thermistor. The resistor con-
nected between the primary winding and ground is used for low fre-
quency shaping. The open loop characteristics are similar to those
shown for the group transmitter amplifier. However, due to the thermis-
tor and slope adjustment ecircuit in the feedback path, wider variations
oceur in the gain and phase margins as these elements are selected or
change value. The feedback eircuit includes a thermistor for automatic
gain control and an incremental slope adjustment circuit which is used
as a fine adjustment to interpolate between the inserted equalizer val-
ues. The impedance of the thermistor is determined by the total output
power. Thus, as the output level increases, the thermistor impedance
decreases and the gain of the amplifier decreases tending to restore the
output to its nominal level. This action reduces input level changes of
+8 dB to less than 1 dB at the output.
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X. ALARM AND RESTORAL CIRCUIT

Separate carrier alarm circuits are provided for each channel group.
Upon recognition of a received carrier failure, a carrier failure is forced
at the far terminal and provision is made to release customers and
apply a busy signal on the 12 channels. The circuit automatically
monitors the transmission such that when the fault has been cleared
the 12 channels at each end of the system are simultaneously restored
to service.

The alarm and restoral eireuit in conjunction with the external trunk
release and make busy circuit automatically seizes control of the
entire channel group in the event of a failure. When the total carrier
power monitored at the output of the channel group demodulator
cireuit falls below the threshold level, the carrier office alarms are
operated. The input to the channel group modulator is shorted for
a period of 10 seconds to force a carrier failure in the associated alarm
circuit at the far end of the system. By means of a ground signal, all
12 trunks are made idle. After a 10-second delay these trunks are
made busy. The alarm circuits at this point are locked up and service
cannot be restored until the automatic transmission tests are satis-
factorily completed. A 2600-Hz tone is applied to the input of the
channel modulator in the first test channel. The output of the chan-
nel demodulator is monitored for receipt of the 2600 Hz with an ade-
quate signal-to-noise ratio. When this signal is satisfactorily re-
ceived, the circuit in a similar fashion applies the tone to the input of
the second test channel and monitors the output. When the 2600-Hz
signal is satisfactorily received at the output of the second test chan-
nel, the signals to the make-busy circuit are removed and the system
is automatically restored to service. An optional arrangement permits
a single alarm and restoral circuit to control both channel groups in a
terminal. In this case, however, all decisions are made on the trans-
mission performance in only one of the two channel groups.

XI. N3 CARRIER-FREQUENCY SUPPLY

A novel feature of the N3 carrier system is the use of a carrier-
frequency supply unit which furnishes all of the carriers needed for
as many as 26 terminals. This common carrier supply provides the
frequency stability and the amplitude control deemed necessary for
a modern short-haul system and is economically competitive with
other methods of carrier generation in all but the smallest installa-
tions.
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Noteworthy features which enhance the operating flexibility of the
new carrier supply include continuous monitoring to detect substand-
ard performance, built-in automatic protection against service inter-
ruptions, convenient aids for easy maintenance, and alarms for all
trouble conditions. The circuit design takes advantage of solid-state
technology to minimize power consumption and space requirements.
The N3 modulation plan! requires the generation of 16 different fre-
quencies needed for modulation and demodulation. The channel mod-
ulators require 12 frequencies equally spaced at 4-kHz intervals and
ranging from 148 kHz to 192 kHz. Two frequencies, 232 and 280 kHz,
are required for the channel group modulators. One frequency, 304
kHz, is required for the group modulator. The one remaining fre-
quency, 256 kHz, is needed for a modulator which will be part of the
equipment for interconnecting the N3 and L systems. This modulator
will shift the frequencies in the N3 channel group band, 148 to 196
kHz, to the A-type channel bank range (L multiple group band), 60
to 108 kHz. Thus, the N3 and L systems can be interconnected at
channel bank frequencies rather than at voice frequencies.

The generation of many carrier frequencies, accurately and eco-
nomieally, is a basic need for any system and is a erucial requirement
for a short-haul system. A study of the frequency stability attainable
with erystal-controlled oseillators, similar to those used in the existing
short-haul carrier systems, revealed a need for smaller frequency dif-
ferences from terminal to terminal. Consideration of system per-
formance objectives led to the decision to provide a high-grade 4-kHz
oscillator at each location. By allocating all carrier frequencies to
exact multiples of 4 kHz, the carriers can be generated as harmonics
of a 4-kHz base frequency.

Synchronization of the carrier oscillators at the two terminals is
hindered by the random f{requency shifts introduced by the local
oscillators used for transposing and inverting the channel groups at
each repeater, ie., frequency “frogging.” Since a change in the
repeaters is impractical, the only alternative is to correct the re-
ceived carrier frequencies at each tferminal. Frequency correction
can be achieved rather easily if all of the carrier frequencies are har-
moniecs derived from a single primary frequency source. If the carrier
frequencies at the transmitting terminal and at the receiving terminal
are obtained from similar harmonic generation processes, the terminal-
to-terminal frequency errors can be made dependent only upon the
two relatively precise base frequency oseillators at the transmitting
and receiving terminals.

The foregoing considerations are the basis for the specification of
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Fig. 19 — Carrier-supply — general plan.

requirements for the N3 carrier-frequency supply. The block diagram
of Fig. 19 shows the functional plan. A primary frequency source
operating at 4 kIz serves as an input to the carrier generator circuits.
The primary frequency supply for the L Multiplex is a preferred
source, when available, but a stable crystal-controlled oscillator has
been designed for the N3 carrier-frequency supply to meet a frequency
stability objective of =7 parts per million over an ambient temperature
range from 32° to 120°F and including aging for a 12-month period.

All of the carriers are supplied to the terminal bays from the pri-
mary distribution panel in the carrier frequency supply bay. Each of the
arrows shown in Fig. 19 represents a multiconductor cable which con-
nects one secondary circuit to the common carrier supply and transmits
16 carrier frequencies. Each secondary circuit is located conveniently
in a earrier terminal bay and is capable of supplying all carriers for two
terminals.

The carrier voltages at the output of the primary distribution panel
are relatively pure sine waves. The second and third harmonie
content is at least 60 dB below the fundamental. All unwanted ecarrier
frequencies are at least 58 dB below the wanted frequency at each
output. Each carrier is regulated in amplitude to be within 0.5 dB
of the nominal voltage. The 12 channel carriers are distributed at a
level of +11 dBm into each 115-ohm circuit. The other carriers are
furnished at a level of +8 dBm. At the input of each secondary dis-
tribution circuit, the amplitudes are adjusted to equalize the losses in
different lengths of cable and to be within =0.5 dB of the nominal
voltage. The six transmitted carriers which are used for regulation are
maintained within limits of 0.1 dB. Although only 16 different carrier
frequencies are distributed, 30 outputs are needed to furnish all of the
carriers required for each terminal.

Provision of a eommon carrier supply for as many as 624 channels
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increases the importance of continuity of service. To provide the high
degree of reliability required, it is essential that it be possible to
duplicate all active components. A “failure” should cause an auto-
matic transfer from the regular to the standby equipment. The auto-
matic transfer to standby equipment should not be made unless the
standby equipment is operating satisfactorily within the specified
limits. Since such redundancy is costly, and in the smaller installa-
tions may be unwarranted, the addition of the standby equipment is
made optional. Provision is also made for the addition of standby units
when needed without requiring changes in wiring.

XII. GENERAL PLAN FOR CARRIER-FREQUENCY SUPPLY

Analysis of the requirements given in the preceding section leads
to a general plan for the carrier-frequency supply. The important, rela-
tionships can be placed in evidence by considering three functions
separately. (i) Generation: Sixteen carrier frequencies must be pro-
duced as harmonics of a single 4-kHz input voltage from a primary
source. (27) Distribution: A large number of independent output vol-
tages (1482) must be distributed to 26 terminals and each voltage must
have a specified magnitude and frequency. (77) Supervision: A com-
prehensive monitoring and automatic switching and alarm system
must be furnished to assure continuity of service and to provide a
visual status display for supervision.

121 Primary Frequency Supply

The primary frequency source for the carrier supply comprises a
4-kHz oscillator and an amplifier that provides sufficient excitation
current for the harmonic generator. The essential components of the
circuit are shown in Fig. 20. The dotted lines show the optional
standby equipment that will provide protection against failure of a
fully-equipped system. When the 4-kHz signal is available from the
L Multiplex earrier supply, it is fed directly to the inputs of the two
amplifiers. A built-in erystal-controlled osecillator is furnished when-
ever the L. Multiplex carrier supply is not available and an internal
frequency source for a self-contained system is required. In either
case, both amplifiers are fully energized. The working amplifier
drives the harmonic generator, and the standby amplifier delivers full
output to a resistive load at all times. Each amplifier is equipped with
monitoring facilities which determine whether the output current is
within specified limits.

The amplifier shown in the block diagram of Fig. 20 is assembled
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as part of the plug-in unit designated as the 4-kHz generator. The
primary function of the circuit is to provide current to excite the
harmonic generator. A second important function is to provide infor-
mation to the switching and alarm system whenever the 4-kHz output
current is not adequate to excite the harmonic generator properly. A
relay initiates office alarms and an automatic switching transfer
whenever the output is not within preseribed limits,

The 4-kHz amplifier circuit is shown in Fig. 21. It was designed to
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Fig. 21 — 4-kHz amplifier.
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deliver sufficient output current to excite the harmonic generator when
the input current is supplied by either the L carrier multiplex or the
self-contained local oscillator. Both sources are capable of delivering
0 to 2 dBm to a 135-ohm load. However, the local oscillator must
energize an oven alarm circuit which requires about half of the
available power. For this reason, the amplifier was designed to present
a 270-ohm impedance to the source and a 270-ohm shunt resistance
is added whenever the power is supplied by the L-carrier multiplex.
Thus, the input current to the amplifier is 1.5 = 0.2 milliamperes.
Since the current gain of the amplifier is designed to be 24 dB, the
output current delivered to the harmonic generator is between 22
and 28 milliamperes for the range of inputs described above. The
harmonic generator can be excited with smaller currents but this
range is preferred.

The harmonic generator circuit includes a saturable magnetic core
inductor, and the input impedance changes depending upon the mag-
nitude of the input current. Since the harmonic generation process is
controlled by the magnitude of the magnetizing force, a sinusoidal
current waveform is preferred. Therefore, the negative feedback am-
plifier uses current feedback from the output mesh to maintain an
output eurrent amplitude that is relatively insensitive to changes in
the impedance of the load. The ac voltage between the emitters of
transistors Q. and Q4 is proportional to the current through the out-
put transformer. A fraction of this voltage is fed back to the input
mesh. Since the feedback is proportional to the output current, the
amplifier will approximate a constant-current source for exciting the
harmonic generator. Thus, a sinusoidal input produces a sinusoidal
output eurrent even though the load impedance is nonlinear.

12.2 Harmontc Production and Selection

The harmonic generator and the filters which select the carriers for
the N3 carrier supply are shown in Fig. 22. The harmonic generator
cireuit employs a saturable core inductor and produces an output wave-
shape that is very rich in odd harmonies of 4 kHz. Although the even
order components on the spectrum are subjeet to some variation de-
pending upon the symmetry of the hysteresis loop, they are at least 25
dB below the odd order components at the input to the filters. To pro-
duce even harmonics of 4 kHz, a full-wave rectifier is connected across
the odd harmonic output. Fig. 22 shows the ecircuit that produces the
harmonics and the bandpass filters that select the wanted carrier fre-
quencies from the harmonic spectrum. By arranging the filters in two
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groups, one connected to the odd harmonic circuit and the other con-
nected to the rectifier circuit, the unwanted components at the input to
each filter are at least 8 kHz away from the wanted component, and the
filter requirements can be relaxed. Six filters, with their inputs in paral-
lel, are connected to the odd harmonic output terminals. Similarly, nine
filters are connected to the even harmonic output terminals. If the di-
ode bridge used for rectification is well balanced, the odd harmonies of
4 kHz are at least 25 dB below the even order harmonics at the input
to the filters. The bandpass filters use crystal units to obtain narrow
passbands with adequate out-of-band attenuation.

The ecireuit used for the simultaneous generation of a large number
of harmonics of approximately equal amplitude is shown in Fig, 23.
The essential circuit element is the nonlinear inductor, L, , a eoil which
is operated with sufficient magnetizing force to drive its magnetic core
material well into the saturated region. Thus, the inductance of the
coil is large when the current through it is small, and its inductance is
small when the current through it is large. The main performance
features of the circuit can be reproduced by a crude model which
attributes to the inductor, Ly, a sort of switching property. The pri-
mary current is constrained to be sinusoidal by the 4-kHz feedback
amplifier. The impedance of the coil is high near the zero crossings
of the current wave, and the capacitors, C; and Cg are charged
slowly. The impedance is low throughout the peak of the current
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wave, and the capacitors discharge rapidly through the resistance of
the load and the small inductance of Ly.

The waveforms shown in Fig, 24 have been drawn to illustrate the
sequence of events during a complete cycle of the fundamental input
wave. A simplified version of the harmonic generator eircuit shown
in Fig. 23 has been drawn to facilitate the following discussion. The
output current pulse that is characteristic of this type of harmonic
generator is actually more sharply peaked than the sketch shows. It
is the narrowness of the discharge pulse that provides the principal
contribution to the higher harmonics which are needed; and the cir-
cuit, parameters are adjusted to maintain the harmonic distribution as
uniform as possible over the frequency range of interest.

Within the interval (¢, ¢1), the amplitude of the sinusoidal current
I, exceeds the threshold +I,. The nonlinear inductor Iy is in the
saturated state where its inductance is low and the voltage drop
across it is correspondingly small. The current I, which charges
capacitor Cy is very small. Within the interval (¢, t2), the amplitude
of the current I, is not sufficient to cause saturation. The inductance of
L, increases suddenly at the threshold and the voltage drop across it
increases. The current I, which charges capacitor C, increases. Charg-
ing continues until the current through L, is sufficient to cause it to
switch to the saturated state at time {». The capacitor discharges
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through the load resistor. The resistance, capacitance, and saturated in-
ductance effectively in the circuit are adjusted to permit the current
to rise to a high maximum, to damp the pulse, and to shorten the pulse
duration to the point at which the highest harmonic required reaches
the desired amplitude. The pulse dies away before the end of the cycle
at time #5 . At that time, the currents and voltages are the same, except
for reversals of sign, as those at the start. So, the current wave consists
of an alternating succession of these positive and negative pulses. Thus,
only odd-order harmonics are generated when the core of the nonlinear
coil is unpolarized, as is the case here.

123 Amplification and Regulation of Carriers

The harmonic generation and selection process yields tones of the
required purity but the available power is subject to moderate varia-
tion. Since the output of each of the erystal filters is low, an ampli-
fier is required to provide sufficient power for 26 terminals. Therefore,
each amplifier has been designed to provide regulation as well as
power gain. Fifteen amplifiers receive inputs from the 15 bandpass
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filters. The one remaining amplifier receives its input from a fre-
quency doubler; thus, an input of 152 kHz produces an output of
304 kHz. The sixteen amplifiers are all alike and each is equipped
with monitoring facilities which determine whether the output current
is within specified limits. A relay initiates office alarms whenever the
output is not within proper limits.

Two independent amplifiers and a common monitoring circuit
comprise a plug-in assembly which has been designated as the dual
amplifier unit. Two dual amplifier assemblies, a working unit and a
standby unit, are connected as shown in Fig. 25. The “failure” of either
amplifier in the regular dual amplifier unit causes an automatic transfer
to the alternate unit.

The circuit for one of the amplifiers on a dual amplifier unit is
shown in Fig. 26. The nominal input to an amplifier is —5 dBm, but
it may be as low as —14 dBm or as high as 0 dBm. For any input
within this range, the power output is required to be between +22.5 and
+23.5 dBm. Although the amplifier must provide sufficient gain to sat-
isfy the power requirements of the carrier system, its most important
performance characteristic is the ability to regulate autcmatically the
amplitude of the output voltage.

The mechanism by which the regulation is achieved is an interesting
feature of this circuit. The level of the input signal is raised by the
gain of transistor Q, to provide a strong current drive for the ‘“push-
pull” output stage. During a part of each cycle when the signal is close
to a zmero crossing, the output stage acts as a linear amplifier and
produces a corresponding voltage across the load. However, this con-
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dition lasts for a small fraction of the cycle because bias and load
have been chosen to force one of the transistors into saturation and the
other into cut-off. During the subsequent interval, almost all of the
voltage across capacitor Cz appears across one-half of the primary
winding of transformer Tp. The energy stored in Cy is adequate to
maintain a nearly constant voltage across the load during this interval.
The process is repeated during the next half-cycle with the voltage
being applied across the other half of the primary winding. The net
effect is to produce across the load an alternating voltage having a
trapezoidal waveform. The magnitude of this voltage is determined
almost entirely by the voltage on capacitor C;. Resistors R;; and
Ri: aid in producing odd symmetry in this waveshape; and hence,
reduce the even-order harmonies in the output. The magnitudes of
the odd-order harmonies will, of course, be substantial.

This mode of highly nonlinear operation produces a distorted out-
put waveform; but a relatively simple filter will separate the funda-
mental component from the harmonics when the input signal is a
single frequency sinusoid. Measurement shows that the amplitude
of the fundamental component is almost constant for a wide range of
input signal magnitudes.

During the operation of the circuit as a regulating amplifier, the
transistors switch current pulses periodically from one half of the
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primary winding of transformer T, to the other. Alternating current
flows in the output circuit of the transformer, and a voltage builds up
across capacitor Cy. The duration of the current pulse depends upon
the amplitude of the input signal, but the peak magnitude of the
pulse is almost proportional to the voltage across capacitor C;. Reg-
ulation is achieved by allowing this voltage to increase when the
pulse duration is shortened; i.e., when the input signal decreases. This
is accomplished by supplying all the current through resistor R, which
is connected to the —21 volt supply. The constant component of the
voltage across Cs depends upon the area of the current pulses, and this
voltage must equal the supply voltage less the voltage drop across
resistor Ry5 . This resistor, together with trimming resistors as required
by a factory adjustment, provides the means for adjusting the output
voltage to the required magnitude.

The output of the amplifier is delivered to a bandpass filter which
is part of the primary distribution circuit. The unwanted harmonic
voltages are suppressed, leaving a relatively pure sine wave of the
wanted frequeney. By placing the filter on the primary distribution
panel, the plug-in amplifier assemblies ean be made alike. They can
be used interchangeably in all positions requiring the dual amplifier.
Fig. 27 shows typical measurements of the variation in output power
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as the input signal is varied over a wide range. Since the measure-
ments were made at the output of the primary distribution system, the
filter has selected the fundamental and suppressed the harmonics. The
frequency is the same as the input signal, but the variations in ampli-
tude have been drastically reduced.

Fig. 27 also shows the variation in the voltage across capacitor Cy.
The magnitude of this voltage is directly related to the output voltage;
and thus, it is a convenient means for monitoring the amplifier output.
The curve has been labeled “Alarm Voltage” because this voltage is
used to initiate alarms when the output power is not within specified
limits.

The two regulating amplifiers in the dual amplifier unit share the
common monitoring circuit shown in Fig. 28. The diodes CR;, CRas,
CR; and CR, together with the associated resistors form a logic cir-
cuit. If the voltage on either the ALM IN A or the ALM IN B leads
increases or decreases sufficiently, one diode conducts and applies a
signal to the summing amplifier. The output of the summing amplifier
which causes the trigger eircuit to operate the relay K, is taken from
the collector of Q)5 . Either an increase on the Q4 base or a decrease on
the Qg base causes the collector voltage of Qs to decrease. Thus, the
circuit permits establishing both upper and lower limits; and the
relay operates whenever the signal is not between the limits. Tran-
sistors Qp and Qi are connected to form a Schmitt trigger circuit.
Regeneration occurs when the gain of the positive feedback loop

ALARM  ALARM
Js Js IN A INB

Fig. 28 — Monitoring circuit.
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exceeds unity. The switching process proceeds rapidly when the thresh-
old voltage is crossed.

XIII, PRIMARY DISTRIBUTION CIRCUIT

The distribution of carrier-frequency voltages to as many as 26 car-
rier terminals requires a large number of cable pairs. The number
increases rapidly with the number of carrier terminals; and to achieve
economy and convenience, the distribution is accomplished in two
stages. A primary distribution unit which is part of the carrier supply
assembly may be connected to as many as 13 secondary distribution
units. One secondary distribution panel is furnished for every two ter-
minals, and it supplies all of the carrier voltages needed. The 16
carrier frequencies are fed to each secondary distribution panel on
19 pairs in an interconnecting cable. Two pairs are used for each of
the two channel group carriers and for the group carrier. One pair is
used for each of the 12 channel carriers and for the N3 to L transla-
tion carrier. An adjustable pad is provided at each of the 19 inputs
to the secondary distribution unit. These pads provide a means for
compensating for the losses in the interconnecting cable which may
vary in length from a few feet to a maximum of 700 feet.

The primary distribution panel provides means for connecting 13
secondary distribution units to the earrier supply. The cireuit includes
16 bandpass filters, one being used for each carrier frequency. Each
filter suppresses the unwanted harmonies generated in the regulating
amplifier and delivers a sinusoidal wave form having the wanted
carrier frequency to a multiplicity of resistance loads. The resistance
loads are connected through capacitors that are part of the filter struc-
ture. A simplified schematic cireuit for the primary distribution of
one of the 16 carrier frequencies is shown in Fig. 29.

The principal function of each filter is to suppress harmonics, and a
low-pass filter would be adequate for this purpose. However, the net-
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work used is an impedance transforming bandpass filter designed for
insertion between a source impedance, B, and an impedance, R/N,
which represents N loads connected in parallel. The output loads are
independent circuits, and it is important to provide isolation between
them so that one will not react upon another. This has been accom-
plished by placing a capacitor in series with each load. By designing
the filter to include the capacitor, sufficient isolation is achieved
without loss of power. The filter is adjusted to present a resistive
termination of 115 ohms to the limiting amplifier when each output
load is 115 ohms. All of the outputs are terminated in either a cable
pair having a 115-ohm load at the far end or with a 115-ohm resis-
tor which is furnished with the unit. These resistors are removed by
cutting leads when a cable is connected.

X1V. SECONDARY DISTRIBUTION CIRCUIT

Although only 16 different carrier frequencies are needed by each car-
rier terminal, many different voltages are required for the circuits in
each terminal, A fully-loaded earrier frequency supply and the 26 car-
rier terminals that it serves would require 1482 interconnecting pairs.
By locating a secondary distribution unit in each terminal bay the
lengths of the interconnecting cable pairs are minimized. Arranging the
distribution system in two stages is economical and also provides flexi-
bility in locating the carrier terminals.

Each secondary distribution unit receives inputs from 19 pairs which
connect it to the primary distribution panel of the common carrier sup-
ply. Two N3 terminals are connected to a secondary distribution panel
with a total of 114 pairs. Fig. 30 shows the plan for the secondary distri-
bution eircuits.

As shown in Fig. 30, each of the 19 incoming cable pairs is connected
to an attenuator. These pads are adjustable in 0.5 dB steps and are used
to compensate for variations in losses in the cable between the primary
distribution panel and the secondary distribution panel. The output dis-
tribution networks are designed to provide isolation between the outputs.
Six carrier regulator circuits are used to control accurately the ampli-
tudes of the six transmitted carrier frequencies. These regulators are
similar to the output stage of the regulating amplifier shown in Fig. 26.

XV. SWITCHING AND ALARM CIRCUIT

As the number of carrier terminals connected to a common earrier
supply increases, it becomes important to minimize the possibility
of service interruptions. The more vulnerable components of the N3



19 PAIRS
TC

CARRIER |

SUPPLY

N3 CIRCUIT DESIGN

164 =+ 5 ADDITIONAL
172 == ADJUSTING

"REQUENCY
IN KHZ
0-1.5dB B8-L0OAD
148 ADJUSTING ——a DISTRIBUTION
PAD CIRCUIT
156 ——a

5 ADDITIONAL
8-LOAD DISTRIBUTION

180 —= PADS CIRCUITS
188 ——
0-1.5dB 8-LOAD =
256 —= ADJUSTING DISTRIBUTION
PAD CIRCUIT
o-1.5dB 4-L0AD
{60 — ADJUSTING DISTRIBUTION
PAD CIRCUIT .
i
CARRIER
176 — 2 ADDITIONAL REGULATOR
ADJUSTING "
184 — PADS 2 ADDITIONAL 4 -LOAD
DISTRIBUTION CIRCUITS
AND 4-LOAD REGULATORS
0-1.5dB 4-LOAD
192 ADJUSTING DISTRIBUTION
PAD CIRCUIT
CARRIER
REGULATOR
0-1.5dB 6-LOAD
152 = ADJUSTING DISTRIBUTION
PAD CIRCUIT
—
CARRIER
1 ADDITIONAL REGULATOR
168 —— ADJUSTING
PAD 1 ADDITIONAL
DISTRIBUTION CIRCUIT
0-1.5dB AND 4-LOAD REGULATOR
232 —={ ADJUSTING
PAD
oo 4 ADDITIONA
ITIONAL
280 == = DJUSTING —
280 —» PADS R
304 —= —_—
0-1.5dB
304 ADJUSTING
PAD

N

\

8
PAIRS
| 56
PAIRS
8
PAIRS
Ve
N
a
PAIRS
| 4
PAIRS
| 32
PAIRS
L 4
PAIRS
L 4
PAIRS
L 6
PAIRS
| 20
PAIRS
| a
PAIRS
s
i PAIR
| 6
PAIRS
IPAIRJ J

Fig. 30 — Secondary carrier distribution eircuit.

841

114 PAIRS

| TO TWO

N3
TERMINALS



842 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1966

carrier supply have been assembled as plug-in units that can be
replaced easily. Also, the shelves on the bay frame have been equipped
with pairs of receptacles wired so that plug-in components can
be used in duplicate pairs to provide standby protection.

If duplicate units are provided, both the regular and the alternate
units are maintained in an operating condition and their outputs are
monitored at all times. Automatic detection and switching facilities
select from each pair and connect into the system one unit whose out-
put is within specified limits. Manual switches for producing a
transfer are provided as an aid in maintenance. A trouble indicating
lamp near each unit is lighted if the output is not within prescribed
limits. Simultaneously, the appropriate major or minor alarm is
initiated.

The principal function of the automatic switching ecireuit is to
maintain continuity of service by transferring the load to a standby
unit whenever a regular unit becomes defective. Another important
function is to aid maintenance and supervision of the carrier supply
by providing means for making a manual transfer from one unit to
the other. The schematie diagram for the configuration of the contact
network in the control path for a typical transfer relay is shown in
Fig. 31.

The input conditions that initiate and control the action of the
transfer relay are derived from the relays in the moniforing circuits on
the regular unit (designated R), and the alternate unit (designated
A), and a manual key on the switching and alarm panel (designated
8). The schematic diagram represents normally open contacts by
crosses and normally closed contaet by bars. The R and A relays
are in the normal released state when the units are within limits. As
shown in the diagram, the S switch is selecting the regular unit, both
the regular and the alternate units are within limits, the transfer relay
is released, and the load is connected to the regular unit. Current

RELAY

ety L
AX Ts s
A AT
+R ¥R

Fig. 31 — Relay control circuit.
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flows through the closed R and S contacts in the left-hand path and
the relay is prevented from operating. If the R unit fails, this shunt
path is opened, and the relay operates to transfer the load to the
A unit. If the S switch is turned to the alternate position, the shunt
path is opened and a manual transfer is completed when the transfer
relay operates.

The contact designated U is a link through the connector to the
plug-in assembly. It is closed when the alternate unit is inserted. This
interlock eircuit inhibits either automatic or manual transfers when-
ever the carrier supply is not equipped with an alternate unit.

The right-hand path becomes effective whenever both units are
out of limits. The key can be used to select either unit. This feature
is desirable since the system may still be usable (with impaired per-
formance) if one of the units is not too far out of limits.

Both the major and the minor alarm systems include a relay
operated by a flip-flop circuit and means for generating a driving pulse
whenever a monitoring relay operates in any of the protected units.
After the alarm ecircuit has been operated by a pulse, the flip-flop
circuit ean be reset by using the reset button. Thus, a second pulse will
produce a second alarm even though the first trouble has not been
cleared.

The minor alarm is activated whenever either an R or an A relay
operates on one of the plug-in units. The major alarm is activated
whenever both the R and the A relays operate on any pair of plug-in
units, Thus, a minor alarm means that at least one unit is working
without standby protection. A major alarm means that at least one
of the carrier frequencies is out of limits. When an alarm oceurs,
the lamps associated with the separate units indicate which units are
out of limits. Replacement of a defective unit restores the system to
the normal condition.

XVI. PRIMARY SOURCE OF POWER

The primary source of power for the carrier supply is the —48 volt
plant, battery. Since the types of transistors selected for the amplifiers
cannot be operated efficiently with supply voltages much greater than
20 volts, a de-to-de converter is used to provide an efficient internal
—21 volt source. Regulation and voltage transformation are accom-
plished by using a transistor as a switch. A control circuit causes a
transistor to conduct and to be cut off periodically at a nominal
switching rate of 10 kiloHertz per second. The output voltage is
determined by the fraction of the total eycle during which the transis-
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tor is conducting. A large smoothing capacitor is charged by the cur-
rent pulses; and the de output voltage is proportional to the area of
the pulses. The regulator circuit compares a fraction of the output
voltage with a reference voltage provided by an avalanche diode. The
comparison circuit changes the current pulse duration so that the
desired voltage is maintained. The voltage is adjusted initially and
is maintained thereafter within the range —21.0 = 0.1 volts. Since the
carrier voltages delivered to the primary distribution system are
proportional to the voltage of this —21 volt supply, precise regulation
is required. Both high-voltage and low-voltage alarms are provided.
This is the same power supply used in the N3 terminal.

XVII. SUMMARY

A new 24-channel single-sideband terminal has been developed to
supersede the existing ON terminal. The N3 terminal employs such
new circuits as the common carrier supply and the frequency correc-
tion circuits to achieve its excellent performance. Full use has been
made of the advances in the solid-state art, crystal filter design tech-
niques, and high-performance miniature transformers. The N3 sys-
tem performs significantly better than ON while being easier to install
and maintain. It has been designed with a potential for full flexibility
with the long-haul systems.

The first N3 terminals were placed into operation between Texarkana
and Dallas, Texas on December 6, 1964.
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Equipment Design of N3 Carrier
Terminals and Carrier Supply

By W. J. GIGUERE, L. A. BOWIE and J. A. WATTERS
(Manuseript received August 23, 1965)

This paper discusses the equipment aspects of the 24-channel N3
carrier terminals and associated common carrier supply. Arrangements
of the carrier equipment, in shop-wired and tested packages with
associated equipment, are described. The common carrier supply
equipment 1s reviewed. Particular attention was given to those equip-
ment features which have to do with reliability, economy, and instal-
lation and operating convenience.

A variety of package arrangements are described and the numerous
advantages resulting from the “shop-wired package” concept are ex-
plored. The equipment features of the plug-in units which are com-
ponents of both carrier terminal and carrier supply are examined.

I. INTRODUCTION

The N3 carrier terminal is a 24-channel, single-sideband, transis-
torized short-haul carrier terminal designed for use with carrier lines
using N1, NI1A, or N2 repeaters. It may be connected to pairs in the
same cables with N1, N2, ON1, and ON2 systems. It is the successor to
the ON2 carrier terminal and is designed to meet the latest perform-
ance requirements for two-way direet distance dialing or voice band
data channels. The new N3 terminals provide important transmission
improvements, as compared to ON2 terminals, which are discussed in
companion papers.’* For reasons of economy and improved perform-
ance, these new terminals are arranged in shop-wired packages to-
gether with functionally related signaling, trunk processing, carrier
supply, and channel patching jack equipment.

This paper will discuss equipment design features of both the carrier
terminal and the associated common carrier supply as they affect
transmission performance, economy of manufacture, engineering, in-
stallation, maintenance, operating convenience, and system reliability.

845
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II. GENERAL DESCRIPTION

Each 24-channel terminal includes two 12-channel groups rather
than the six 4-channel groups employed in the ON2 terminal. This
reduces the cost per channel through a reduction in the amount and
cost of common group equipment. Additional advantages in having
two 12-channel groups will be discussed in greater detail in com-
panion papers appearing elsewhere in this issue.l:?

The terminals are arranged to include independent 12-channel group
alarm and restoral units and associated trunk release and make busy
units. This equipment functions to provide an alarm in the event of
system failure, to properly process the associated trunks when failure
occurs, and to restore the trunks to service automatically upon system
restoral,

The N3 terminals obtain the various group, channel group, and chan-
nel carrier frequencies from a common ecarrier supply which is de-
signed to provide the necessary frequencies for up to twenty-six N3
terminals. The carrier supply is discussed in greater detail in another
section of this paper and in two companion papers.}?

The terminals are designed for operation with E-type in-band sig-
naling for transmission of dial pulses and supervisory signals over the
N3 channels. The E signaling equipment is included in the same shop-
wired package with the terminal equipment. No provision is made in an
N3 terminal for built-in out-of-band signaling such as was used in
ON2 and N1 systems. All of the currently available E-type signaling
units may be used with N3 carrier channels,

Even though N3 is a superior transmission system with more features
and better performance, the price per installed carrier channel will
generally be less than that for ON2 carrier channels except for small
installations. A substantial price advantage is realized from the shop-
wired “packaged terminal” arrangement, from the reduced power re-
quirements of transistorized circuitry, and from reduced space and
central office cabling requirements. A more detailed description of the
various equipment features follows.

III. CARRIER TERMINAL EQUIPMENT

Except for resistance networks for combining signals and certain
equipment which is common to a “terminal package”, the equipment
for one carrier terminal consists of seventy-one plug-in units. Printed
wiring board extensions on the units interconnect to associated equip-
ment, when inserted into in-line connectors on the terminal mountings.
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Shop-wired strapping and local cable then provide the connections
between unit connectors and to the channel patching jacks, E signaling
equipment, trunk release and make-busy equipment and fuses in the
same package bay. Three important advantages accrue from the
plug-in unit arrangement: (i) inoperative or malfunctioning units
may be easily replaced by spares for prompt service restoral; (i)
relatively inexpensive bay equipment may be engineered and installed
for future growth and the cost of the more expensive units deferred
until later; (%) units needing repair or readjustment may be shipped
to repair centers where the work can be done by well-equipped and
highly-skilled specialists.

The plug-in units for an N3 terminal are contained in six die-cast
aluminum shelves with one shelf cover casting above the top row of
units. Each shelf is provided with cast guides for 12 module positions.
The shelves are located one ahove the other and so designed that
associated plug-in units are held in place laterally by cast guides on
the top of one shelf and the bottom of the shelf above. The shelf cover
casting includes the upper guides for the units on the top shelf. The
arrangement of units is shown pictorially in Fig. 1 and the shelf and
cover castings are shown in Fig. 2.

The plug-in compandor and channel modem units for the 12 chan-
nels in channel group 1 are located on the lower two shelves of a
terminal. Units for channel group 2 are similarly located on the two
upper shelves. The two middle shelves provide space for a plug-in
48-volt to 21-volt de-de converter power supply unit, 12 double-
channel regulators, two channel group modems, two alarm and restoral
units, two frequency correcting units, a group receiver unit, a group
transmitter unit, a combining and switching unit, and a line terminat-
ing unit. Resistance combining networks for each of the two 12-channel
groups are arranged on printed wiring boards attached to a mounting
plate. This plate is mounted on the rear flange of the bay between the
shelves, Designation card holders are located on the bay upright at the
left end of each shelf and are equipped with standard cards having
spaces for essential operating company information.

IV, PACKAGED BAY EQUIPMENT — GENERAL

The equipment arrangements for the N3 carrier terminal have been
designed to locate the ecarrier terminal with other closely associated
equipment in a shop-wired package. In addition to the carrier termi-
nal, the shop-wired package includes signaling equipment, voice-fre-
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Fig. 1 — N3 carrier terminal —location of plug-in units.

quency patching jacks, and jacks and switches for access to and
control of voice-frequency transmission and noise measuring equip-
ment; trunk release and make-busy equipment; battery filtering and
distribution equipment; common bay alarm equipment; and miscel-
laneous common equipment.

Heretofore, the associated major equipment items would have been
located in separate bays and interconnected through the distributing
frame by cabling run and connected in the central office by the in-
staller. The reduction in central office cabling and connections achieved
by this new design concept is clearly demonstrated in Fig. 3. Not only
is a substantial amount of installation and engineering work elimi-
nated, but the interconnections made during manufacture are less ex-
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Fig. 2 — Die-cast shelves.

pensive and are completely and efficiently tested by shop testing con-
soles. The exposure to central office noise and crosstalk pickup is
reduced, and the problems of cable rack congestion and segregation
of voice and signaling cabling from ecarrier line cabling are sub-
stantially lessened. Existing office arrangements were designed to meet
strict resistance limits on some of the E-type signaling leads prior to
the development and addition of trunk release and make-busy equip-
ment. Including this new equipment in the signaling path would often
require office recabling to stay within resistance limits if the various
associated equipments were on separately located bays.

In servicing and maintaining the terminal equipment, there is some
advantage in having associated equipment conveniently located to-
gether. Permanent association of this equipment also permits related
identifieation with permanent designations for carrier channels, sig-
naling unit positions, and channel patching and monitoring jacks.

A variety of “packaged terminal” frames was designed to accommo-
date the needs of different central office terminal room arrangements
and ceiling heights. The voice-frequency patehing and monitoring
jacks and associated voice-frequency transmission and noise measur-
ing equipment may be omitted from the package, in the 11 foot-6 inch



850 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1966

192

576
TRUNK 24
CIRCUIT 432 192 H.F. LINE
TRUNK
DISTRIBUTING e~ E SIGNAL ke CARRIER
FRAME MAKE MONITOR EQUIPMENT
BUSY
CONVENTIONAL SHORT-HAUL INSTALLATION
TRUNK
CIRCUIT 432 H.F. LINE

DISTRIBUTING PACKAGED
FRAME BAY

INSTALLATION WITH PACKAGED BAY

Fig. 3 — Comparison of installer cabling — number of conductors.

bays, where it is desired to locate this equipment in a centralized
patching bay instead. Packaged terminal frames are designed in 11
foot-6 inch, 9 foot, and 7 foot heights.

V. PACKAGED 48-CHANNEL BAY EQUIPMENT

The 48-channel package is mounted on an 11 foot-6 inch double-bay
cable-duct type framework, which is 53 inches wide and 12 inches
deep. This package, shown in Fig. 4, contains the shelves for two
carrier terminals, with a monitor and talk panel between them, lo-
cated in the right side of the framework. The secondary carrier supply
panel, from which all earrier frequencies for the two terminals are ob-
tained, is located above the upper terminal. A 2000-cycle tone supply
for testing EIF signaling units or a 2400-cycle supply for testing E2B
or E3B signaling units is mounted above the secondary carrier supply
when required and specified.? The power alarm and miscellaneous
panel, located above the tone supply, includes power supply fuses for
the terminal, signaling, and trunk release and make-busy equipment;
alarm relays; means for mounting a restoral oscillator; and a terminal
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strip for the carrier line connections and miscellaneous connections to
central office equipment. A distributing terminal strip assembly or a
terminal block for terminating earrier line pairs may be located in the
remaining space at the top of the right side, when required.

In the left side of the double bay, five (a sixth is optional) signaling
unit shelves are located for mounting the E-type signaling units. These
aluminum die-cast shelves, each of which will mount ten units, are the
same parts used in standard E-type signaling bays. Four trunk release
and make-busy panels, one for each of the four 12-channel groups, are
located between associated signaling shelves. The signaling unit con-
nectors, although mounted on the signaling unit shelves, are shop wired
to terminal strips on the trunk release and make busy panel. A jack,
key, and lamp panel, which contains the voice-frequency patching
and monitoring jacks, is mounted at a convenient height between a
signaling shelf and a trunk release and make-busy panel. A 2600-cycle
oscillator and transfer panel is located above the signaling unit shelves,
Optional equipment, which may be located at the top of the left side,
includes oscillator and transfer panels for two frequencies required
for revertive signaling. This optional equipment for revertive signaling
also includes a tone supply resistor panel. The standard 2600-cycle sig-
naling tone supply is located on the rear flanges of the bay behind the
top support of one shelf of signaling units and the bottom shelf of the
row of signaling units above it. The bay also includes a signaling tone
test connector and an optional 20-cyele ringing supply panel.

All interconnections between equipment in the “packaged frame”
are made through shop formed bay local cables. Shielded wire is used
for reduction of noise and crosstalk in carrier frequency leads and the
more sensitive low level leads are placed in a local cable arm located in
the center vertical cable duct. Most of the bay local eable connections
are solderless wrapped to achieve manufacturing economy.

An additional 48-channel package is available in which the jack,
key, and lamp panel is omitted and a terminal strip assembly is pro-
vided through which the voice channels are connected to a centralized
patching bay located elsewhere. The few remaining keys and lamps
associated with the alarm and control functions and the order wire
telephone set jacks are mounted in a jack mounting located between
the carrier equipment for the two terminals,

VI. PACKAGED 24-CHANNEL BAY EQUIPMENT

Packaged terminal frames for one N3 terminal (24 channels) are
available on 9-foot and 7-foot double-bay duct-type frames. None of
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the operational features of the 48-channel bay have been omitted. Each
frame, as shown in Fig. 5, includes the carrier terminal equipment
and units; VF patching and monitoring jacks together with miscel-
laneous jacks, lamps, and keys; an alarm, power and miscellaneous
panel; a secondary carrier supply panel; E-type signaling unit shelves;
signaling tone supply equipment; trunk release and make busy panels
for each 12-channel subgroup; optional test tone supplies; a 20-cycle
ringing supply; and a test connector for signaling test tones and bat-
tery supply for portable test sets.

The first 7 or 9-foot packaged N3 frame in an office (or the first of
an added pair of frames) must include a secondary carrier distribution
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Tig. 5—J99300D N3 carrier 24-channel packaged terminal frame (7 feet high)
with patching jacks.
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panel and an alarm, power and miscellaneous panel. Since these two
panels are capable of feeding carrier frequencies and power to two ter-
minals, considerable savings per channel can be realized by using this
equipment to feed a second N3 packaged frame. For this reason, the
second packaged 24-channel frames use terminal strip panels, in place
of the carrier supply and alarm and power panels, for terminating
interbay cables between the first and second packages.

VII. SIGNALING AND TRUNK CONDITIONING

It will usually be possible to locate all of the E-type signaling units
associated with the carrier channels in the same shop wired package
with the carrier terminal. Where auxiliary EIL-A and EIS-A units are
used, they are matched with companion EIL and EIS units, respec-
tively; each channel so equipped having two signaling units. Where
these auxiliary units are used extensively, some additional unit mount-
ing facilities may be required outside the shop wired package.

As noted earlier, the basic 48-channel packaged frames provide for
mounting 50 E-type signaling units. An optional shelf may be added
within the packaged frame for ten additional signaling units where the
use of EIL-A and EIS-A units requires the additional space. In those
cases where a total of more than 60 E-type signaling units will be as-
sociated with the 48 carrier channels, a signaling shelf is provided at a
location outside the packaged frame and installer wired to the ter-
minal strips on the trunk release and make busy panels in the ter-
minal frame as required.

The 24-channel packaged frames provide mounting space for a
maximum of 40 E-type signaling units in the 9-foot frame and 30
units in the 7-foot frame. Additional units can be accommodated by
use of a supplementary signaling shelf provided at a location out-
side of the packaged frame.

The signaling shelf positions and associated trunk release and make-
busy panels are wired to accommodate all currently existing codes of
E-type signaling units. The optional connections for the various sig-
naling unit and trunk circuit combinations are accomplished by wire
wrapped connections at the terminal strips on the trunk release and
make busy panels. Installer wired cabling to the distributing frame,
for the 24 or 48 channels, is also connected to the terminal strips on
these panels and includes connections for all optional choices of sig-
naling unit codes. Arrangements are included to bypass the signaling
unit connections for direct conmection of the carrier channel to the
distributing frame, if desired.
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Either the 4-wire terminating sets incorporated in some E-type sig-
naling units or separate 4-wire terminating sets located in other bays
may be used with N3 carrier channels.

VIII. TRUNK RELEASE AND MAKE-BUSY PANELS

The trunk release and make-busy panel operates under control of
the alarm and restoral unit to process the associated trunks during
carrier failure and upon subsequent restoral. One panel is provided for
each of the two 12-channel groups in an N3 terminal. When a plug-in
alarm and restoral unit is provided for each of the two 12-channel
groups of an N3 terminal, each trunk release and make-busy circuit
operates independently of the other. This arrangement provides maxi-
mum circuit protection. Alternatively, one alarm and restoral unit
can be used in each N3 terminal to control the two trunk release
and make-busy units associated with the terminal. While this latter
arrangement. does not protect against failure of the channel group
modem or frequency correcting units in one of the two 12-channel
groups, it will be satisfactory for many applications. For most trunk
and line circuits, the functions performed by the trunk release and
make-busy circuits are as follows:

() Conditions the associated trunk or line cireuit of an electrome-
chanical switching system to disconnect the busy message trunk cir-
cuit, stop subscriber charges, and prevent subsequent trunk seizures
during the alarm interval.

(it) Provides alarm indications to a No. 1 electronic switching
system which will then make idle trunks busy, disconnect and “make-
busy” trunks in the pulsing condition, prevent subsequent trunk sei-
zures, stop charges on calls in progress, release calling and called sub-
seriber lines.

(717) Registers each carrier failure experienced by a channel group
on a unidirectional basis; that is, the failure is registered only at one
end of a system to facilitate maintenance.

(7v) Automatically restores alarms and trunks to normal, at both
terminals, under control of the alarm and restoral circuit, when trans-
mission is restored to normal.

The specific circuit functions performed by the trunk release and
make-busy circuit for each message channel differ widely in accord-
ance with the E-type signaling unit and trunk or line circuit assigned.
To provide the requisite flexibility for channel reassignment without
installer effort, separate blocks of terminals on a terminal strip are
assigned to each of the 12 channels in a channel group. This arrange-
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ment permits reassignment of a channel, which is accomplished with
optional straps installed by maintenance personnel, without interrupt-
ing service on other channels. A plastic template which can be in-
stalled on the block of terminals associated with a channel is provided
for each of the channels to indicate the necessary optional strapping
required for a particular trunk circuit and signaling unit combination.
The template also serves as a visual aid to check the strapping. A
wide variety of templates is available covering most of the combina-
tions anticipated for use with N3 channels. Provision of a terminal
strip, subdivided into blocks of terminals for each channel, eliminates
two distributing frame appearances for each channel. The resultant
reduction in office cabling simplifies the problem of meeting critical
lead resistance limitations, reduces noise and crosstalk exposures, and
achieves substantial economies.

The trunk release and make-busy panel consists of a fabricated
steel framework which mounts on the wiring side of the bay and sup-
ports the following:

(¥) A 2-inch mounting panel which is extended forward to the front
face of the bay and is equipped with the control relays and a message
register.

(77) A terminal strip and associated fanning strip attached to hinged
supports at the rear of the framework and arranged to rotate on a
horizontal axis into a position which permits access to both sides of
the terminal strip and to the wiring side of the relays and message
register.

(#7) A small terminal strip having the optional strapping which per-
mits the use of either one or two associated alarm and restoral units
for each 24-channel terminal.

To facilitate wiring and assembly of shop-wired bays, the panel
local cable is wired to E-type signaling connectors for each of chan-
nels 3 to 12 of the associated channel group. These connectors are
later fastened to an adjacent E signaling shelf when the panel is
mounted in the bay. The panel terminal strip provides for connections,
through the bay local cable, to signaling connectors for channels 1 and
2 at a more remote location in the bay. Space is reserved on the terminal
strip for installer connections to three spare E-type signaling unit con-
nectors and their auxiliaries which are occasionally required and may
be mounted external to the packaged frame.

All interconnections between the terminal strip and the relays are
included in a shop-wired panel local cable. The bay local cable and in-
staller cabling connect to the normally exposed side of the terminal
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strip and optional strapping is done on this side. This panel occupies
8 inches of vertical space on the rear flange of the bay uprights, utiliz-
ing the space behind an E-type signaling shelf.

IX. MISCELLANEQOUS EQUIPMENT PANELS

One alarm, power, and miscellaneous panel is used in each packaged
11 foot-6 inch terminal frame and on alternate 7 or 9-foot terminal
frames. This unit includes distribution fuses for the carrier terminals,
signaling units, trunk release and make-busy panels, alarm, and mis-
cellaneous equipment in the frame. It also includes the main —48
volt fuse and fuses for feeding -+130 volt and —130 volt power over
the transmission pairs to remote repeaters. A —48 volt filter is in-
cluded since the signaling units require filtered battery. The panel
provides a mounting and connector for the plug-in restoral oscillator
which provides 2600-cycle tone for transmission tests of the carrier line
made after a system failure and prior to restoration of service. The
relays associated with bay alarm circuits and from which alarm indi-
cations are passed to the central office alarm system are located on this
panel. The panel also includes a terminal strip for miscellaneous in-
terconnections to equipment in the central office. The restoral oscillator
is a plug-in unit and is not furnished as a part of this panel. This panel
occupies three and one-half 2-inch mounting plate spaces and is
mounted and wired in the shop.

A patching, monitoring, and miscellaneous jack, key, and lamp
panel is provided in one version of the packaged 48-channel equip-
ment and in the 24-channel packages. This panel is mounted and
wired into the frame and provides the following:

(1) The 4-wire VF channel patehing and monitoring jacks.
(77) Transmission and noise measuring jacks, keys, lamps, and
gwitches.
(72) The 1000-cycle test supply jacks.
(iv) Interbay patching and testing trunk jacks.
(v) Alarm lamps for transmission failure indication and an alarm
override key and lamp for each 12-channel group.
(vi) Alarm lamps and alarm release keys for power supply unit
voltage alarms.
(vii) Jacks and keys associated with the 4-wire monitor and talk
circuit.

(vit) Telephone set jacks for association with the N carrier order

wire.
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This equipment is arranged on a jack panel approximately 23
inches wide and either 10 or 13 inches high for the 24- and 48-channel
packages, respectively. Permanent designations are stamped on the
panel and designation strips are provided where operating company
circuit designations will be required.

X. DOUBLE-BAY DUCT-TYPE FRAMEWORK

The newly developed double-bay duct-type framework, shown in
Fig. 6, is used for all terminal packages. Its use, instead of single bay

Fig. 6 — Bay framework (front view).
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framework, permits more efficient utilization of space and greater
economy in the shop assembly and wiring of a package. A number of
equipment items which must be in a package of any size can serve
the double bay at no greater cost than for a single one.

This bay has five-inch deep uprights with wide flanges in front and
narrow flanges in the rear. The uprights with their flanges form ca-
ble ducts at the sides and middle of the frame. Both front and rear
flanges are drilled and tapped for mounting bay equipment. The nar-
row rear flanges afford access to the duct for shop wiring or installer
cabling. With this arrangement, low-level leads can be placed in the
middle duet where they are automatically shielded from noisy or
high-level wiring in adjacent bays. High-level wiring and wiring
not too suseceptible to noise is located in the outside ducts of the same
frame. The wide front flanges increase the duct space and also provide
sufficient space for designation eard holders on the uprights.

The bases of the frames include guard rails and commerecial power
outlets on both front and rear for ae supply to testing and mainte-
nance equipment. The bases and upper sections of the frameworks are
designed for ready attachment of tools to facilitate handling in the
shop and in the telephone office during installation. The frame is also
arranged for attachment of installers dolly trucks which permit wheel-
ing the bay into place in an upright position.

XI., TERMINAL PLUG-IN UNIT DESIGN — GENERAL

Sinee it was anticipated that the demand for N3 carrier plug-in
units would be relatively large, it was decided that the equipment
should not be designed around existing hardware and apparatus if
significant penalties were imposed on the design as a result. Tt ap-
peared that development costs involved with new hardware and ap-
paratus could be justified if the new designs would reduce manufactur-
ing or maintenance costs per unit even slightly. Working closely with
the Western Electric Manufacturing Organization, considerable effort
was expended to make the designs as adaptable as possible to auto-
mated machinery.,

The basic plug-in unit consists of a single-sided, glass epoxy,
printed wiring board mounted in an aluminum die-cast frame. Fig. 7
shows a typical hoard, frame, and shield in their relative final posi-
tions.

The shield is mounted to the frame directly adjacent to the wiring
side of the board so as to provide a ground plane between adjacent
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Fig. 7 — Basic frame, printed wiring board, and shield.

units for signal isolation. The shield is made from either aluminum or
permalloy, depending on the amount of isolation required.

Both the printed board and shield are mounted to the frame with
hex washer head thread-forming screws. These screws have a triangu-
lar shaped cross section designed to mount into cored holes in the
frame. As the screw is installed, a thread is rolled in the frame with-
out the formation of chips common to most self-tapping screws. The
screws maintain a high residual torque after installation so that lock-
ing devices are not required. The washer head provides a fine bearing
surface for mounting the board and shield without damaging them.

The frame die casting is of a very simple design, requiring very lit-
tle post-casting machining because of the fact that no tapped holes
are required. The basie frame has two surfaces on which the board
and shield mount. The top and bottom frame rails provide