
The CrafTek™ CT-100 Sub-
scriber Loop Test Set was de-
signed to meet the evolving
needs of the telephony
craftsperson responsible for
turning up advanced services
on the subscriber loop.
Unlike Plain Old Telephone
Service (POTS), the installa-
tion and maintenance re-
quirements for services like
Basic Rate ISDN go beyond
those of a simple butt set. Yet
the familiarity and ease of
use of an analog butt-in is the
foundation for CrafTek
CT-100’s success as the in-
dustry’s standard ISDN Por-
table Test Set.

The CT-100 was designed
with extensive telephone
company involvement. Re-
quirements for portability,
reliability, and ruggedness
went hand-in-hand with high
expectations for standards
compliance and perfor-
mance. Since its introduc-
tion, the CT-100 has also
been continually enhanced,
based on routine customer
feedback, and the on-going
evolution of ISDN standards.
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This application note focuses
briefly on the CT-100’s ISDN
testing capabilities, high-
lighting typical tasks encoun-
tered when turning up and
reliably maintaining ISDN
access services. 

Why ISDN?
Integrated Services Digital
Network, or ISDN, has been
gaining popularity of late as
standards converge and tar-
iffs get approved by local
PUCs. With Basic Rate ISDN,
two high-speed digital chan-
nels co-exist for simulta-
neous 64 kbps (64 kilobits-
per-second) phone calls,
while a separate 16 kbps
channel is used for call man-
agement (call setup, tear-
down, etc.). These three
channels are time-multi-
plexed (see Figure 1) over a
single twisted pair in the
local loop. 
As an “integrated” network,
ISDN is able to efficiently
handle a wide range of ser-
vices, or types of information
(i.e., voice, data, image, and
video) over a standard inter-
face. Furthermore, circuit
costs are reduced, capacity of
the copper plant is better
used, and data integrity is
increased. 
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Figure 1. Three virtual channels time-multiplexed over a single
twisted pair.
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ISDN Installation
In order to install and verify
a new ISDN line, a crafts
technician must typically
complete several steps once
the cable pair has been
assigned:
1. Set up.
2. Verify connectivity.
3. Verify “Dial Tone”.
4. Verify line quality.
Collecting Information – Set-
ting up the CT-100. The
CT-100 was designed to per-
form all the tasks necessary
to turn-up and verify ISDN
lines quickly and efficiently.
The first step is to make sure
that your work order has all
the information necessary to
set up the CT-100. You’ll
need to input the following
information:

• Line coding scheme (2B1Q
or AMI)

• Switch type (NI-1, AT&T,
or NorTel Custom)

• SPIDs/DNs
• Basic service (voice, data,

packet)
• Service details (TEIs, call

appearance)
This information is input
into the CT-100 with the
EASY CONFIGURE (SETUP,
*) menu that prompts the
user for all the information
typically required. After the
instrument is set up, all cur-
rent settings may be viewed
with EASY VIEW (MEA-
SURE, 2, 2).
Verify Connectivity. Once
physically connected to the
line, there are two indica-
tions that the CT-100 has

established communication
with the Central Office (CO).
The first is the sealing cur-
rent indicator on the last line
of the display (Figure 2), or
in the sealing current mea-
surement menu (Figure 3).
The second is the “U” Sync
LED (for the U interface), or
the “T” Sync LED for the S/T
interface. A green light on
the appropriate LED indi-
cates correct basic communi-
cation with the central office.
The CT-100 automatically
begins this synchronization
process when connected to
an active ISDN line.
Once synchronized to the
line, a data link between the
terminal equipment and
switch must be established.
This “Layer 2” process in-
cludes assigning a unique
Terminal Endpoint Identifi-
er, or TEI number, to each
terminal connected to the
S/T loop (remember, ISDN
allows up to eight TE devices
to be attached to a single sub-
scriber loop in what is
known as a “multi-point”
configuration). Again, this is
typically done automatically.
The TE requests a number
from the switch, which re-
sponds by assigning a TEI for
it to use. Once established,
this TEI helps insure mes-
sages and other user data gets
routed to the appropriate
device.
Now that the data link is in
place, the TE is ready to
transmit and receive call
setup and control informa-
tion (Layer 3 protocol). Fig-
ure 4 illustrates a typical call
setup process, where mes-
sages are transmitted
between the telephone and
the network. 

Figure 4. A typical call setup is accomplished by several messages being sent between the telephone and CO.
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Figure 2. The presence of sealing current indicated in the home display. Figure 3. Checking for sealing current to verify an ISDN connection.



In order to explain the process
involved with making an ISDN
phone call, a basic understanding of
subscriber loop network elements
and the role of each is required. The
diagram below illustrates a typical
ISDN digital subscriber loop.
The CT-100 is designed to operate as
a TE device (telephone), an NT1, or
as both (TE + NT1). In this way, the
test set eliminates the need for addi-
tional customer premise equipment
when turning up a new line. It can
also be used to help troubleshoot
problems at various points along the
subscriber loop (e.g., “U” or “S/T”
interfaces).
The technician should also be aware
of how ISDN protocol (or standards)
are described – typically as one of
three “layers” which are required
for an ISDN call. These layers
include:
• A “physical” layer, or Layer 1

(which involves the electrical
connection, line coding schemes,
and data rates).

• A “data link” layer, or Layer 2
(which handles such concerns as
addressing, flow control, and
error checking).

• A “network” layer, or Layer 3
(which defines how calls are
setup, maintained, and released). 

Using the CT-100, we can trace
through a typical call setup proce-

dure to better illustrate these various
protocol layers and their roles.

and attempting to go “off
hook”. The CT-100 can
verify:
• Voice call (CSV)
• Data calls (CSD)
• Packet calls
• Perform mixed service

checks
• Dual-channel calls

In order for the user to hear
dial tone, a call setup request
must first be initiated (i.e.,
going off-hook), then be
acknowledged by the central
office (i.e., that the switch is
ready to begin receiving dig-
its). It’s the receipt of this
positive acknowledgement
that directs the TE to turn on
dial tone (Figure 6).

At this point, the CT-100
attempts to initialize the con-
nection by sending the SPID
(see SPID: Service Profile
Identifier sidebar). The SPID
can also be sent manually to
verify correctness (Figure 5).
Drawing Dial Tone. The next
step is to verify that the line
has been provisioned cor-
rectly by “drawing dial tone”
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The ISDN Digital Subscriber Loop is defined to include various customer premise equipment, as well
as standard “reference” points or interfaces.

"S/T"
Reference

Point

4-Wire S/T-Loop

TE NT1 ET

Customer Premise

2-Wire U-Loop
LT

Subscriber Loop Network

"U"
Reference

Point

• TE1: ISDN Terminal Equipment

– Provides analog to digital conversion,
handles ISDN protocols

• ET: ISDN Exchange Termination

– ISDN compatible central office

• NT1: ISDN Network Termination

– Terminates loop, multiplexes logical
channels, converts two-wire to four-wire
interface, transfers power to TE's

• Reference Points

– Conceptual dividing points for defining
characteristics of interface

Subscriber Loop Network Elements

Figure 5. The SPID has been sent and a response from the switch is pending. Figure 6. The CT-100 has received an acknowledgement, turning on dial tone.

The CT-100’s Home screen displays the current instrument operating mode –
in this case, the CT-100 is functioning as both the TE and NT1.



in a measurement menu. Fig-
ures 8 and 9 illustrate exam-
ples of cause messages being
received after attempting to
initiate a call. 
Since the CT-100 can estab-
lish and maintain two simul-
taneous calls, it can be used
to verify mixed-bearer ser-
vice capability. Select the
appropriate bearer service for
each call (Figure 10), and
establish both calls.
Another type of call which
can be made with the CT-100
is a D-channel “packet-
switched” call. With ISDN,
the D-channel can also be
used for sending user infor-
mation at rates up to 9600

You will always hear dial
tone for a successful call
setup using voice or 3.1 kHz
audio, but may not for Cir-
cuit Switched Data (CSD)
calls. The CT-100 also dis-
plays other causes prevent-
ing dial tone (Figure 7).
Occasionally, the network
may deny a call setup
request or terminate a call in
process. When such a situa-
tion occurs, the network
transmits a “cause” message
to the originating party as an
explanation for why a partic-
ular action was taken. When
received by the CT-100, it
captures and displays this in-
formation both on-screen and
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Figure 10. Verifying a circuit-switched data call involves selecting a new
bearer service.

baud. By specifying the
CT-100’s “D-channel Packet
Data” selection, the test set
can initiate a packet-
switched call by dialing a
device capable of answering
on the D-channel. A “fox”
message can then be sent to
verify data transmission. Any
incoming packet data is also
displayed (Figure 11). 
For more extensive D-chan-
nel transmission testing, an
RS-232 interface (Option 2A)
can also be added to the test
set for connecting an external
computer to the D-channel.
Verify Line Quality. Once
the craftsperson has success-
fully placed calls over an

Figure 7. In addition to colored LED status lights, call progress is also indi-
cated when off-hook.

Figure 9. The requested bearer service is not authorized for the line (in this
case, a circuit-switched data call was requested on a line provisioned for
voice calls only).

Many ISDN lines require the end
user to enter what’s known as a
SPID before the line can be used.
The SPID is part of a line’s transla-
tions, and is used by the switch to
verify the type of facilities, or fea-
tures, for which a particular line has
been provisioned.
When a SPID is required and not
entered correctly, the switch will
deny call setup requests and
respond with a cause message such

as “Requested Facility Not Sub-
scribed” or “Call Rejected.”
Typical SPID formats are as follows:
The SPID is entered using the

CT-100’s Setup menu (SETUP 2,5).
Once sent to the switch, the CT-100
also indicates whether the SPID was
accepted, not required, or rejected
by the switch.

SPID: Service Profile Identifier

Switch Type Typical Format Example

AT&T 4ESS Multi-point* 01 + 7 digit DN + 0 01-677-0048-0

Northern DMS-100 Area Code + 7 digit DN + 0 503-677-0048-0

National ISDN-1 01 + 7 digit DN + 000 01-677-0048-000

* AT&T point-to-point lines do not require a SPID.

Figure 8. The call setup request was rejected, in this case due to an invalid
SPID entry (National switch).



channels simultaneously
with the touch of a button.
The CT-100 also performs
block error tests to measure
the line’s ability to reliably
transmit and receive data.
Block errors, which include
NEBEs (Near End Block
Errors) and FEBEs (Far End
Block Errors) are monitored
as part of the ISDN protocol
standard (Figure 13). Near
end refers to check-sum
errors in blocks of data com-
ing toward you; far end errors
are ones identified at the
other end of the subscriber
loop.
Attenuation can be used to
identify marginal line perfor-
mance. For example, attenua-
tion can be added to an exist-
ing line (Figure 14) and the
impact can be monitored
using the BERT.
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Load Coil Detection
The CT-100 can also be used
to transmit a 40 kHz signal
on a dry pair. The 40 kHz
tone is transmitted to the CO
over the U-interface. A user
at the CO can then measure
the signal level on that inter-
face. Since load coils will not
pass the signal, this can be
used to detect the presence
of a load coil on the line.

Checking Other Performance 
Parameters
Finally, the CrafTek CT-100
performs other tests vital to
ensuring customer satisfac-
tion with the service that you
are providing:
• Feature Translation. Ser-

vices such as “Call For-
warding” or “Conference
Calling”, using the
CT-100’s ability to transmit
feature buttons.

• Power Sources. Checking a
variety of power sources
since the CPE is powered
locally with ISDN.

Figure 11. D-channel packet call capability being verified (here shown dis-
playing the last characters of a fox message).

ISDN line, there are several
other tasks which may be per-
formed to verify the quality of
the service being provided to
the customer. These tasks
include performing:
• Single B-channel BERT

using a loopback call
• Automatic dual B-channel

BERT
• NEBEs and FEBEs
• Attenuation
Bit Error Rate Testing (BERT)
involves generating and
receiving a specific bit pat-
tern and comparing the out-
going bit pattern (Figure 12)
to the returned-bit pattern.
This test can be performed
two ways: calling a loopback
test line (such as a “108 Test
Line”) or performing the
Automatic Dual-Channel
BERT in which the CrafTek
automatically verifies both B-

Figure 12. Monitoring bit errors using the CT-100’s integrated BER testing.

Figure 13. After running for one minute, 99 block errors were detected (18
errored seconds).

Figure 14. Troubleshooting a marginal cable pair by setting loss insertion
equal to 6 dB.



RS-232 Serial Interface
Troubleshooting
The CrafTek CT-100’s RS-232
interface (Option2A) allows
the user to connect an exter-
nal device to the portable test
set over a serial interface.
This option provides two
capabilities: The first is data
sourcing, providing
enhanced testing of ISDN D-
channel packet data capabili-
ties. The other capability is
data logging, allowing the
user to record results of
installation and trou-
bleshooting tasks.
Packet Data Testing Over
RS–232. In the data sourcing
mode, the RS-232 interface
allows the user to connect a
terminal and initiate X.25
packet-switched data calls
over an ISDN data channel.
This mode is useful when
accessing packet gateways
requiring more than a simple
phone number (e.g., pass-
words), or to more fully ver-
ify D-Channel user applica-
tions.
The operator connects the 
computer’s serial interface to
the unit’s auxiliary jack
(DB25-to-RJ45 adaptors
included). A PC communica-
tions software package can
then be used to send stan-
dard Hayes-compatible
modem commands to setup
and maintain a D-channel
packet call.
D-Channel Monitor. In the
data logging mode, the user
can use the RS-232 port to
connect a printer or terminal

directly to the CT-100.
Details such as call setup,
signaling protocols, and mea-
surement results can be
recorded for later analysis.
Figures 16, 17, and 18 pro-
vide examples of the type of
information available when
operating in the data logging
mode. This mode of opera-
tion allows the user to moni-
tor the events that are taking
place on the D-Channel.
For instance, the CrafTek
CT-100 might be used to
monitor a line over an
extended period, recording
time-stamped events such as
synchronization loss or data
transmission errors. A prob-
lem call could be docu-
mented from call setup to
teardown to trace CPE or
switch-related trouble, in the
absence of more complex
protocol analyzers. Or the
technician may simply use
the data logging mode to
record results of the service
verification procedures when
on-site.
Easy Installation. The RS-
232 interface board is
installed in a separate option
slot inside the unit, and is
accessed via the existing
Auxiliary port on the base of
the instrument. Hardware
kits are available for easy
field upgrading of existing
instruments. The interface is
fully isolated as well, pre-
venting the risk of damage
occurring if devices are
directly coupled (e.g., ground
loops).
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Figure 15. The CrafTek CT-100’s Home screen displays the current instrument
operating mode. The last line of the display indicates that data logging has
been enabled.

Figure 16. Example of ISDN call progress.

Figure 17. Example of logging block errors.

Figure 18. Example of results from BER test

14:36:25 [A] CALL Off-Hook

14:36:25 [A] CALL U1: Call Init.

Bearer Svc: SPEECH

Bch Request: ANY

Directory Num: 5551212

Call Appearance: 1

SPID: 01555121200

Switch Type: National ISDN 1

14:36:25 [A] CALL U2:  Overlap Sending

14:36:31 [A] CALL U3:  Out. Call Proc.

Number: 5559999

14:36:35 [A] CALL U10: Call Active

00:03:25 PHYS NEBE/FEBE Test
Started

Test Duration: 00:01:00

U pad attenuation: 0 dB

00:03:35 PHYS NEBE Error: 3

00:03:38 PHYS NEBE Error: 1

00:04:25 PHYS NEBE/FEBE Stopped

Elapsed Time: 00:01:00

U pad attenuation: 0 dB

NEBEs: 4 Error Sec. 2

FEBEs: 0 Error Sec. 0

14:43:01 [B] BERT Test Started

Rate: 64K

B-Channel: B1

SPID: 01555121200

14:43:02 [B] BERT Framed

14:43:02 [B] BERT Status:  0.00E-03

14:43:02 [B] BERT Status:  0.00E-04

14:43:04 [B] BERT Status:  0.00E-05

14:43:19 [B] BERT Status:  0.00E-06

14:43:32 [B] Bit Errors Inserted

14:43:32 [B] BERT Error: 1

14:44:01 [B] BERT Stopped -- Results:

Bit Error Rate: 2.61E-07

Bit Errors: 1

Errored Seconds: 1

Blocks Received: 1929

Block Errors: 1

Sync Losses: 0

Severely Errored Seconds: 0
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EBS (P-Phone) Service
Verification

NOTE: While not part of a
typical ISDN installation,
EBS is a service that can be
tested and repaired using
the CrafTek CT-100.

Enhanced Business Service
(otherwise known as “EBS”
or “P-Phone”) is an analog
Centrex offered by Northern
Telecom (NORTEL). It oper-
ates over a single-pair sub-
scriber wire loop which pro-
vides for full-duplex audio
conversations as well as a
secondary signaling channel.
This secondary channel is a
half-duplex, 8 kHz ampli-
tude-shift-keyed signal,
which is used to transmit sig-
naling information to and
from the NORTEL switch and
the CPE. Thus, the craftsper-
son is faced with a more com-
plex servicing task when
deploying and maintaining
P-Phone lines.
When configured with the
optional EBS interface card
(Option 3B), the CrafTek
CT-100 is capable of emulat-
ing an EBS primary phone
set, as well as several types of
add-ons. A simple set-up
menu allows the user to
select between a primary set,
select add-on sets (18-, 20-,
and 36-button), or a “moni-
tor” mode which allows pas-

sive monitoring of both voice
and signaling channels.
Unlike most EBS test sets on
the market today which
merely draw dial tone and
place calls, the CrafTek
CT-100 portable test set adds
crucial measurement and
debug capabilities to aid the
crafts technician.
In a typical EBS operating
mode, the CrafTek CT-100
begins in place of the primary
set, allowing the user to go
off-hook and place calls. Fea-
ture keys can be sent to emu-
late setting up multiple call
appearances and verifying
features such as call forward-
ing, hold, and release. The
unit’s LCD display simulates
the display unit of the EBS
primary phone, showing such
information as the number
being dialed, the calling
party’s number, and other
information sent by the CO
switch for display.
Powerful Troubleshooting
Tool. The CT-100 provides
several important measure-
ment capabilities to aid in
EBS service verification and
troubleshooting.
DC line voltage and polarity
can be measured to verify
that the voltage found on tip
and ring is within operation
specifications. (Showing red
for reversed, green for cor-

rect).
The peak signal level of the
8 kHz secondary channel
must also fall within certain
parameters for proper signal-
ing between CO and CPE. The
measurement is made in
terms of dB loss, with zero dB
being calibrated to the nomi-
nal signal level found at the
central office. Signal loss due
to loop imperfections or
extended length from the CO,
as well as performance mar-
gin of the existing loop, can
be quickly analyzed using
this measurement.
Another useful tool for trou-
bleshooting is to monitor
messages that are being sent
over the signaling channel.
The CrafTek CT-100 captures
and displays in real-time
these hex data message ele-
ments being sent from the CO
switch. One display allows
the information to be viewed
in raw hex data form (with
the most recent 14 message
elements displayed on
screen). Another displays the
same hex data in a decoded
format (for example a hex
value of “48” decoded is
“Save Indicator Reset”). A
buffer also retains the most
recent 99 decoded message
elements received for review.
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Conclusion
The CrafTek CT-100 offers a
unique combination of con-
venience and performance to
meet the evolving needs of
the telephone craftsperson. In
addition to ISDN capabilities
described in this application
note, the CT-100 excels in
supporting Northern Tele-

com’s Enhanced Business
Services (P-Phone), as well as
new CLASS offerings for
POTS (Calling Line, Calling
Name Identification).
The CT-100’s strengths in-
clude:
• The convenience of an inte-

grated, easy-to-use test tool.

• Its ruggedness to withstand
the rigors of the craft envi-
ronment.

• The flexibility to ensure
your investment is pro-
tected as standards evolve
and service needs change.

• Its backing by Tektronix’
full service and support.


