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V. )
: ) Magistrate Judge Denlow
'HYPEREDGE CORPORATION, ) D 0
)
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) N 14 200

| FIRST AMENDED COMPLAINT FOR PATENT
| INFRINGEMENT AND DEMAND FOR JURY TRIAL
INJUNCTIVE RELIEF REQUESTED

NOW COMES Plaintiff Westell Technologies, Inc., by and through its undersigned
attorneys, and for its Complaint avers as follows:
1. This is an action brought under the Patent Laws of the United States, 35 U.S.C. §§ 1
et seq., for infringement of United States Patent No. 5,444,776 (the ““776 patent™).
| 2. Plaintiff Westell Technologies, Inc. (“Westell”) is a Delaware corporation with a
principal place of business at 750 North Commons Drive, Aurora, Illinois 60504.
| 3. On information and belief, Defendant HyperEdge Corporation (“HyperEdge™} is a

Delaware corporation with a principal place of business at 940 Kingsland Drive, Batavia, Illinois

60510.
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. JURISDICTION AND VENUE

4, This action for patent infringement arises under the acts of Congress relating to
;‘patents, namely the Patent Laws of the United States, 35 U.S.C. §§ 1 et seq., and this Court thereby
has jurisdiction over the subject matter pursuant to 28 U.S.C. §§ 1331 and 1338(a).

J. 5. HyperEdge resides in this District, and this Court thereby has jurisdiction over
‘IHyperEdge’s person generally. In addition, HyperEdge has committed acts of patent infringement in
gthis District, and this Court thereby has jurisdiction over HyperEdge’s person for this action.

6. This District is a proper venue for the bringing of this action pursuant to 28 U.S.C.
| §§ 1391(b) and 1400(b) because HyperEdge resides in this District and has committed acts of

infringement and has a regular and established place of business in this District.

BACKGROUND

7. On August 22, 1995, the United States Patent and Trademark Office duly and legally

i issued the 776 patent, entitled “Bridge for a Network Interface Unit.” Laurence L. Sheets and

| Daniel C. Peterson are the named inventors of the subject matter claimed in the ‘776 patent and, as
!of the date of the issuance of the “776 patent, had assigned their entire interest in the “776 patent to
ZTeltrend Inc. (“Teltrend”). A true and correct copy of the “776 patent is attached hereto as Exhibit A.

8. Westell, as successor-in-interest to Teltrend, is the assignee of all right and title in the

“776 patent.



1 Case: 1:02-cv-03496 Document #: 8 Filed: 06/13/02 Page 3 of 47 PagelD #:49
\

; 9. The invention described in the ‘776 patent relates generally to the telecommunications
|

éin(i'ustry. More specifically, the claims of the ‘776 patent are directed to a variety of network interface
Eunits and office repeaters that form part of an improved testing system for digital transmission lines.
Digital transmission lines, such as twisted copper pairs of wires or fiber optic cables, form the
‘backbone of the telecommunications system. A “network interface unit” is a device located at the

|
‘point where customer equipment ends and network equipment begins that, among other things,

lprovides a test access facility for network technicians. For example, a network interface unit may be
%found on the outside wall of a single family home. An “office repeater” is a device generally located
within the central office of a telecommunications company that generates the current required to power
\

| line repeaters. The line repeaters then remove noise from a signal (whether voice or data
.‘communication) being transmitted along the digital transmission lines. An office repeater may also be
located in a customer’s premises if there is a long span between the central office and the customer’s
j‘premises.

| 10. The network interface units and office repeaters claimed in the ‘776 patent improve the
testing system of digital transmission lines by using passive impedances (including, for example,
lresistors) to reduce problems caused by open circuit reflection or voltage on a customer premises line.
‘In addition, the claimed network interface units and office repeaters have a fast response time, allow
for normal transmission under conditions of loss of local power, and do not consume excess power.

11.  Because network interface units and office repeaters are used in digital transmission

!

I‘_ line infrastructure, thetr primary purchasers and users are telecommunications companies. More

| specifically, the “Baby Bell” companies who operate and maintain the digital transmission line
|

“infrastructure are the primary purchasers and users.
|
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HYPEREDGE’S INFRINGING PRODUCTS

12. At all times since the founding of HyperEdge, its senior management has been well
;aware of Westell and its technology. Indeed, HyperEdge’s president and chief executive officer,

senior vice president of marketing and engineering, vice president of sales, and senior vice president of
\
operations all formerly worked for Westell or Teltrend. As a result, on information and belief,

‘HyperEdge has been aware of the ‘776 patent at all relevant times.

‘ 13.  Despite its knowledge of the *776 patent, HyperEdge is making, using, offering for
|

-sale, and selling telecommunications equipment embodying the claims of the “776 patent. Among
those infringing products is the HyperEdge 520-15SW. The HyperEdge 520-15SW is a network

interface unit that uses passive impedances (specifically, resistors) to reduce problems caused by open
i

| circuit reflection and voltage on a customer premises line as described in the claims of the ‘776 patent.

| A copy of HyperEdge’s website information on the HyperEdge 520-15SW, found at

ihttp://www.hyperedge.com/Pdf/520—1 SSWissuel.pdf as of the date of this Amended Complaint, is

attached hereto as Exhibit B.

PRE-FILING NEGOTIATIONS BETWEEN THE PARTIES

14.  Because it desired to avoid any unnecessary conflict with its neighbor HyperEdge,
Westell carefully investigated HyperEdge’s potential infringement before approaching HyperEdge to
i negotiate over HyperEdge’s infringement. That investigation, of the HyperEdge 520-15SW, showed
‘ clear infringement of several claims of the ‘776 patent. Because HyperEdge’s equipment is sold
primarily to telecommunications companies (and therefore unavailable to Westell directly), Westell

was not able to investigate all of HyperEdge’s network interface units and office repeaters.
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15.  Based on its determination that at least one of HyperEdge’s products infringed the

| claims of the ‘776 patent, Westell’s general counsel contacted HyperEdge’s president and CEO with a
February 1, 2002 letter requesting that HyperEdge cease and desist infringing the claims of the ‘776

! patent. The letter further indicated Westell’s “hope that [the parties] can avoid the expense and burden
of litigation through an informal resolution of [the] matter.” A copy of Westell’s general counsel’s

‘February 1, 2002 letter is attached hereto as Exhibit C.

| 16. HyperEdge responded to Westell’s general counsel’s February 1, 2002 letter with a

i
| February 21, 2002 letter from its outside counsel, Timothy T. Patula. In his letter on behalf of
\

| HyperEdge, Mr. Patula stated, “[W]e have conducted a thorough investigation and have determined
‘that none of HyperEdge’s/Troncom’s products infringe, or have ever infringed, the claims of U.S.

; Patent No. 5,444,776.” A copy of Mr. Patula’s February 21, 2002 letter is attached hereto as Exhibit

j

D. Thus, as of at least February 21, 2002, before the filing of this action, HyperEdge’s outside counsel
iwas able to read the patent, examine HyperEdge’s own actions, and discern a response to allegations

% of infringement of the “776 patent.

17.  Based on Mr. Patula’s forcefully expressed opinion, Westell returned to the question of
J
‘infringement and again determined that at least the HyperEdge 520-15SW infringed claims of the

| . .
.‘ “776 patent. Therefore, Westell’s general counsel contacted Mr. Patula with an April 17, 2002
letter, in which Westell provided clear details of the known infringement and offered a license under

the *776 patent to HyperEdge. A copy of Westell’s general counsel’s April 17, 2002 letter is

-attached hereto as Exhibit E.
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! 18. M. Patula contacted Westell’s general counsel by telephone to gain more time for
|
HyperEdge to consider Westell’s licensing offer. Eventually, however, Mr. Patula responded with a

‘May 10, 2002 letter in which he rejected the possibility of any license and set forth specific claim

| elements from the independent claims of the ‘776 patent that he asserted HyperEdge’s products

J lack. A copy of Mr. Patula’s May 10, 2002 letter is attached hereto as Exhibit F. Mr. Paﬁlla’s May
10, 2002 letter asserted that the HyperEdge 520-158W, Issue 1 was discontinued. However,

} HyperEdge’s website continues to identify and offer for sale the HyperEdge 520-15SW, Issue 1 as

one of HyperEdge’s current products. A screen print of the portion of HyperEdge’s website found

| at http://www.hyperedge.com/index2.cfim as of the date of this Amended Complaint is attached

|

Ehereto as Exhibit G. Mr. Patula’s May 10, 2002 letter also stated, “we are highly confident that

- Westell’s patent is invalid as being anticipated by, and/or obvious to one of ordinary skill in the art
in view of well known prior art.” Thus, as of at least May 10, 2002, HyperEdge was able to re-read
the patent, investigate all of its products, and discern a response to allegations of infringement of the

| “776 patent, as well as review the patent’s claims in light of the prior art.

COUNTL
HYPEREDGE’S DIRECT PATENT INFRINGEMENT

19. Westell incorporates the allegations of paragraphs 1 through 18 as if set forth in full.
20, HyperEdge producfs, including the HyperEdge 520-15SW, incorporate all of the

,elements of claims of the ‘776 patent.

21. By virtue of its actions in making, using, offering for sale, and selling products
|

incorporating all of the elements of claims of the “776 patent, including the HyperEdge 520-15SW,

J
' without authority or license from Westell, HyperEdge has directly infringed the ‘776 patent in

violation of 35 U.S.C. §271(a).
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|
‘been and continues to be willful and deliberate.

22. On information and belief, HyperBdge’s direct infringement of the ‘776 patent has

| 23 HyperEdge’s direct infringement of the ‘776 patent has caused irreparable harm to

Westell and will continue to cause irreparable harm to Westell unless enjoined.

| COUNT II:
f HYPEREDGE’S INDUCEMENT OF INFRINGEMENT BY OTHERS

. 24.  Westell incorporates the allegations of paragraphs 1 through 23 as if set forth in full.
|
|
‘ incorporating all of the elements of claims of the *776 patent, including by distributing, offering for
|

25.  HyperEdge has actively induced others to use, offer for sale, and sell products

| sale, and selling telecommunications equipment incorporating all of the elements of claims of the “776

!;patent with knowledge of how those infringing products would ultimately be used. The parties that
\

,‘HyperEdge has actively induced to infringe the claims of the ‘776 patent include its customers.

26. By virtue of its actions in actively inducing others to use, offer for sale, and sell
“products incorporating all of the elements of claims of the “776 patent without authority or license
]from Westell, HyperEdge has actively induced infringement of the ‘776 patent in violation of 35

U.S.C. §271(b).

|
| 27.  On information and belief, HyperEdge’s active inducement of infringement of the
776 patent has been and continues to be willful and deliberate.

28.  HyperEdge’s active inducement of infringement of the ‘776 patent has caused

irreparable harm to Westell and will continue to cause irreparabie harm to Westell unless enjoined.
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RELIEF REQUESTED

WHEREFORE, Westell prays for judgment and relief including:

|
|
: (A)  Judgment that HyperEdge has been and is infringing one or more of the claims of

, Westell’s “776 patent pursuant to 35 U.S.C. §§ 271(a) and (b);

(B) A preliminary and permanent injunction enjoining HyperEdge, its officers, agents,

Jservants, employees, attorneys, and those in active concert or participation with HyperEdge from
|

[infringing or actively inducing infringement of the ‘776 patent;

\

: (C)  Anaward of damages incurred by Westell as a result of HyperEdge’s infringement;
1
\
(D)  An award trebling the damages pursuant to 35 U.S.C. § 284 as a result of HyperEdge’s

‘willful infringement of the ‘776 patent;

(E)  An assessment of costs, including reasonable attorney fees pursuant to 35 U.S.C. § 285,

‘and prejudgment interest against HyperEdge; and

!
(F) Such other and further relief as this Court may deem just and proper.
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JURY DEMAND

Westell demands trial by jury on all issues so triable.

Dated: June 13, 2002

Respectfully submitted,

Joshua R. Rich

Marcus J. Thym1an

Brian R. Harris

McDonnell Boehnen Hulbert & Berghoff
300 South Wacker Drive

Chicago, Illinois 60606

Tel.: (312) 913-0001

Fax: (312) 913-0002

Y . g

Attorneys for Plaintiff,
WESTELL TECHNOLOGIES, INC.
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CERTIFICATE OF SERVICE

I hereby certify that, on this 13th day of June, 2002, copies of the foregoing WESTELL'S

FIRST AMENDED COMPLAINT AND DEMAND FOR JURY TRIAL and WESTELL'S

: RESPONSE TO HYPEREDGE'S MOTION TO DISMISS OR ALTERNATIVELY FOR MORE
DEFINITE STATEMENT were served by facsimile (without exhibits) and by overnight mail (with

. exhibits) to the following:
Timothy T. Patula
Patula & Associates
116 South Michigan Avenue
Chicago, Illinois 60603
Telephone: 312-201-8220
Facsimile: 312-372-8691

7{@2__,

>\
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A network interface unit interconnected between a
_network span and a customer premises. The network
span includes network transmit lines and network re-
ceive lines. The network interface unit includes a pas-
sive resistance clrcuit in the receive direction path that
allows monitoring of signals from a central office in the
presence of open circuit reflection or noise from the
customer premises.
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1
BRIDGE FOR A NETWORK INTERFACE UNIT

BACKGROQUND OF THE INVENTION

The present invention relates generally to interface
units on digital transmission line systems and, more
particularly, to a Network Interface Unit (“NIU”) that
may report its status to a remote facility. Thus, for ex-
ample, the invention assists a telephone company tech-
nician in identifying, from a central office, the location
of a break in a digital transmission line.

NIUs are typically located at the interface between a
digital transmission line and a customer premises and
usually serve as the demarcation between a telephone
company line and 2 customer premises. In general oper-
ation, when an NIU receives a signal on the digital
transmission line from the central office, the NIU, in
turn, transmits that signal to equipment on the customer
premises. Similarly, when the NIU receives a signal
from the customer premises, the NIU transmits that
signal to the central office on the digital transmission
line.

The present invention may be used with digital trans-
mission lines generally, including, for example, the Re-
gional Bell Telephone Systems in the United States. As
is discussed in Pesetski and Arnone U.S. patent applica-
tion Ser. No. 07/943,859, filed Sep. 11, 1992, the Bell
Telephone System has widely utilized time multiplexed
pulse code modulation systems. Such systems have
generally been designated as “T carriers.” The first
generation of multiplexers designed to feed the T1 sys-
tem was the D1 channel bank. Channel banks have
evolved through the D5 series. The “D” channel bank
provides multiple DS-1 signals that are carried on the
T1 systems. Each T1 system carries twenty-four two-
way channels on two pairs of exchange grade cables.
One pair of cables provides communication in each
direction. The information on such a pulse code modu-
lated system is transmitted in the form of bipolar or
alternate mark inversion (AMI} pulses.

The data to be transmitted over the cables, such as
speech, may be sampled at a rate of 8,000 Hertz, and the
amplitude of each signal is measured. The amplitude of
each sample is compared to a scale of discrete values
and assigned a numeric value. Bach discrete value is
then encoded into a binary form. Representative binary
pulses appear on the transmission lines.

As discussed in Sheets U.S. patent application Ser.
No. 07/844,129 filed Mar. 2, 1992, the data, or “pay-
load,” signals on such transmission lines are typically
sent differentially on a Tip-Ring pair. Payload signals
are received by the telephone company central office
and, generally, are transmitted, via cables, to a series of
regenerative signal repeaters (“line repeater” or “signal
repeater”). Such repeaters are spaced along the cables
approximately every 6,000 feet. The first repeater re-
ceives the data from the central office, but, because of
transmission line losses, noise, interference, and distor-
tion, the signal will have degenerated. The repeater
recognizes the presence or absence of a pulse at a partic~
ular point in time and, thereafter, if appropriate, regen-

5

10

2

gent” line repeaters also include a “dead loop™ feature.
In this mode, a break in the transmission line or a dis-
coneection of the customer’s equipment from the NIU
causes the line repeater or the NIU to “dead loop,” such
that any signal transmitted from the central office is
simply rerouted back to the central office. Accordingly,
the central office is advised of the abnormality along the
transmission cables. The “dead loop” condition may be
released if, for example, the line is corrected or the
customer’s equipment is reconnected to the NIU.

As further noted in Sheets U.S. patent application
Ser. No. 07/844,129 filed Mar. 2, 1992, N1Us commonly
have the capability to identify errors in the data re-
ceived over the cable and responsively provide a signal

. to the central office that the errors have occurred. Er-

rors that can be detected by the NIU include, for exam-

_ ple, errors in signaling, format, bipolar violations, out of

20

frame data, or loss of signal, as well as the disconnection
of equipment by the customer.
NIUs may include regeneration toward the customer

_ premises. Similarly, the NIU may include regeneration
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erates, or “builds up,” a clean, new pulse. A regenera- -

tive repeater is powered by the transmission cable itself
to generate the new pulses. The new pulses are trans-
mitted by the line repeater along more cable to either
another line repeater or to an NIU.

As further explained in Sheets U.S. patent application
Ser. No. 07/844,129 filed Mar. 2, 1992, some “intelli-

63

in the opposite direction. The NIU may also include
analog to digital circuitry to convert an analog signal
from the customer premises to a digital signal for the
central office.

For clarification and simplification of terminology,
the pair of cables carrying signals from the central of
fice to the NIU is designated as a “network receive”
line, and the pair of cables transmitting data from the
NIU is designated as the “network transmit” line. These
designations are conventions in telecommunications
defining directions relative to the end customer. Simi-
larly, the two pairs of lines carrying signals to and from
the NIU to the customer premises is designated as the
“customer premises™ lines. )

NIUs may also include 2 “loopback” feature that
allows the central office to ascertain whether or not a
particular span of cable provides continuity along its
entire length. For example, the central office may send,
via the digital transmission lines, an activating signal,
which does not interfere with normal transmission oper-
ations, that designates the NIU to “loop back™ a signal
to the central office. Xf no break is present on transmis-
sion lines, the NIU will receive the signal on the net-
work receive line, and transmit a loopback signal to the
central office on the network transmit Iine,

If, however, the digital transmission line has a break
on either the network receive line, network transmit
line, or both, then the central office will not receive a
loopback signal in response to an activating signal. That
is, if a break is present on the network receive line, the
NIU will never receive an activating signal, or if a break
is present on the transmit line, the central office will
never receive a loopback signal on the network transmit
line. Use of a loopback feature with repeaters is dis-
cussed in Garcia U.S, Pat. No. 5,224,149, issued Jun. 29,
1993.

In some instances, the activating signal for an NIU
loopback becomes distorted, interrupted, or lost. In
addition, false loopback signals may render the loop-
back procedure worthless for identifying the location of
breaks in transmission lines.

These types of problems may occur because the loop-
back circuitry is coupled not only to the network re-
ceive lines, but also to the customer premises lines.
Thus, a signal on the customer premises line may inter-
fere with the loopback procedure. For example, a volt-
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3

age on the customer premises lines may cause the NIU
to transmit an unprompted loopback signal to the cen-
tral office. Similarly, a voltage on the customer prem-
ises line may interfere with loopback circuitry and dis-
rupt the loopback procedure.

One source of voltage on the customer premises line
is open circuit reflection. An open circuit may appear
on the customer premises line if, for example, lines are

in the process of being installed in the customer prem- -

ises, a customer disconnects equipment from the NIU,
or there is a broken line within the customer premises. If
the customer premises lines are an open circuit, open
circuit reflection may oceur, for example, if the length
of the open circuit customer premises line is equal to
one fourth of the wavelength of the signal from the
central office. Similarly, where the length of the cus-
tomer premises line is equal to the wavelength of the
signal from the central office divided by four and multi-
plied by (2n4-1); where n is 2 positive integer, open
circuit reflection may cause a voltage null on the input
of the sensing regenerator in the loopback circuitry.

One past method of addressing the problem of open
circuit reflection has been to couple a high output impe-
dance amplifier on the line from the NIU to the cus-
tomer premises. This method is not desirable because it
consumes current and is a power drain, and incurs the
expense of a high output impedance amplifier in each
NIU. Worse still, with the loss of local power, the out-
put amplifier would not function and the transmission
would be blocked in the receive direction.

Many of the concepts discussed in this background
are further explained in Tarbos U.S. Pat. No. 3,568,100,
issued Mar. 2, 1971, Garcia U.S. Pat. No. 5,224,149,
issued Jun. 29, 1993, Pesetski and Arnone U.S. patent
application Ser. No. 07/943,859, filed Sep. 11, 1992, and
Sheets U.S. patent application Ser. No. 07/844,129,
filed Mar. 2, 1992, o

SUMMARY OF THE INVENTION

In a preferred embodiment of the invention, a net-
work interface unit (“NIU”) is interconnected between
a network span and a customer premises. The network
span comprises two pairs of digital transmission lines.
One pair of lines carries signals from the central office
to the NIU (receive direction), and one pair of lines
carries signals from the NIU to the central office (trans-
mit direction). Two pairs of lines carry signals to and
from the NIU and the customer premises. The central
office may test the continuity of the network span by
transmitting an activating signal to the NIU, which the
NIU Joops back to the central office.

A passive resistance and amplification means is cou-
pled between the two pairs of network lines and the
monitoring $o that a voltage on the customer premises
lines will not falsely cause the NIU to transmit a signal
to the central office, nor will a voltage on the customer
premises lines interfere with an activating signal sent to
the NIU from the central office.

Thus, an object of the present invention is an im-
proved testing system for digital transmission lines.
Another object of the present invention is a passive
element for reducing problems cansed by open circuit
reflection on the customer premises lines. Yet another
object of the present invention is & passive dement for
reducing problems caused by a voltage on the customer
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premises lines. A further object of the present invention |

is a passive dement for reducing problems caused by
voltages on the customer premises lines that does not

4

consume excess power. Yet another object of the pres-
ent invention is a passive element for reducing problems
cansed by voltages on the customer premises lines that
has a fast response time and that will aflow for normal
transmission with the loss of local power.

Yet another object of the present invention is a testing
system that is simpler, more reliable, and less expensive.
These and other objects, features, and advantages of the
present invention are discussed or are apparent in the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are
described herein with reference to the drawing
wherein:

FIG. 1 is a block diagram of a prior art NIU;

FIG. 2 is a block diagram of an NIU incorporating a
passive bridge and amplifier circuit according to the
invention;

FIG. 3 is a schematic diagram of the passive bridge
circuit; ‘

FIG. 4 is a schematic diagram of a preferred embodi-
ment of the passive bridge circuit;

FIG. 5 is a schematic diagram of the preferred em-
bodiment of FIG. 4 with a capacitor for matching the
impedance of the digital transmission line;

FIG. 6 is a schematic diagram of a passive bridge
circuit and amplification means including a representa-
tion of a digital transmission Jine network and an output
from the NIU to a customer premise; and

FIG. 7 is a schematic diagram of the passive bridge
circuit and amplification means; '

FIG. 8 is a schematic diagram of the passive bridge
circuit in an office repeater. -

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a pictorial representation of a prior art net-
work interface unit (“NIU) 2. A NIU 2 receives signals
from a central office 4 on a network receive line 6 and
a network receive line 8, which are coupled to the NIU
2 at a node 10 and a node 12, respectively. The NIU 2
transmits signals to the central office 4 on a network
transmit line 14 and a network transmit line 16.

‘The desigpations of “network transmit” and “net-
work receive” lines are, of course, arbitrary and Ia-
belled as shown in FIGS, 1-7 only for convenience., A
“network transmit” line becomes a “network receive”
line if the observer merely changes relative position.

A customer premises line 18 and a customer premises
line 20 are also coupled to the node 10 and the node 12,
respectively. In normal operation, the customer prem-
ises lines 18 and 20 are coupled to a customer premises
22. Also coupled to the nodes 10 and 12 are a regenera-
tor input line 24 and a regenerator input line 26, respec-
tively. The regenerator input lines 24 and 26 are cou-
pled to a regenerator 28, the output of which is coupled
to logic detectors and gates 30. The logic detectors and
gates 30 are controlled by a microprocessor 32. The
output of the logic detectors and gates 30 is amplified by
a driver 34, and the output of the driver 34 is coupled to
a driver output line 36 and a driver output line 38, The
driver output lines 36 and 38 are coupled to the network
transmit lines 14 and 16, at a node 40 and a node 42,
respectively. A customer premises line 44 and a cus-
tomer premises line 46 couple the customer premises 22
to the NIU 2 at the nodes 40 and 42, respectively.



- Case: 1:02-cv-03496 Document #: 8 Filed: 06/13/02 Page 19 of 47 PagelD #:65

5,444,776

5

In normal communication operation, the NiU 2 re-
ceives, on network receive lines 6 and 8, signals from
the central office 4. These signals appear at the cus-
tomer premises 22 on customer premises lines 18 and 20.
Similarly, the customer premises 22 transmits signals to
the NIU 2 on the customer premises lines 44 and 46.
Customer premises lines 44 and 46 are coupled, at the
nodes 40 and 42, to the network transmit lines 14 and 16,
respectively, which provide 2 signal to the central of-
fice 4.

It should be nmoted that additional components or
circuitry may appear between the nodes 10 and 12 and
the customer premises 22, between the customer prem-
ises 22 and the nodes 40 and 42, between the nodes 40
and 42 and the central office 4, and between the central
office 4 and the nodes 10 and 12. For example, regenera-
tive signal repeaters (not pictured) may be spaced along
network receive lines 6 and 8 between the central office
4 and the NIU 2. Accordingly, customer premises lines
18, 20, 44, and 46, network transmit lines 14 and 16, and
network receive lines 6 and 8 are all depicted with a
slash mark. This mark does not necessarily indicate a
break in the line.

As was discussed in the background of the invention,
when a test is conducted to determine the continuity of
the transmission lines, the central office 4 transmits an
activating signal to the NIU 2 on the network receive
lines 6 and 8. The network receive lines 6 and 8 are
coupled to the regenerator input lines 24 and 26, so the
received signal is regenerated, processed and amplified
by the regenerator 28, the logic detectors and gates 30
and the driver 34. The output lines of the driver 34, the
driver output lines 36 and 38, are coupled to the net-
work transmit lines 14 and 16 at the nodes 49 and 42,
respectively. Thus, in response to an activating signal,
the central office 4 receives a lmpback signal on the
network transmit lines 14 and 16.

If a break exists anywhere on the network receive
lines 6 and 8 or the network transmit lines 14 and 16, the
central office 4 will not receive a loopback response to
its activating signal. Accordingly, a technician is able to
determine the location of a break in the digital transmis-
sion lines by sending activating signals to the NIUs,

Referring to FIG. 2, an embodiment of the present
invention is shown as the NIU 2. The NIU 2 receives
signals from the central office 4 via the network receive
lines 6 and 8. The network receive lines 6 and 8 are
coupled to a bridge and amplifier circuit 48 at a Port A
54. Also coupled to the bridge and amplifier circuit 48
are a customer premises line 50 and a customer premises
line 2. The customer premises lines 5¢ and 52 are cou-
pled to the bridge and amplifier circuit 48 at a Port B 56.
Again, additional components or circuitry may appear
between the nodes 10 and 12 and the customer premises
22, therefore customer premises lines 50 and 52 are
depicted with a slash.

An output segment line 58 and an output segment line
60 are also coupled to the bridge and amplifier circuit 48
at a Port C 62. The output segment lines 58 and 60 are
also coupled to the regenerator 28. The regenerator 28
regenerates a signal present on the output segment lines
58 and 60, and the signal is further processed by the
logic detectors and gates 30. The logic detectors and
gates 30 are controlled by the microprocessor 32. The
output of the logic detectors and gates 30 is amplified by
the driver 34 and coupled to the driver output lines 36
and 38. The driver output lines 36 and 38 are coupled to
the network transmit lines 14 and 16.

6

In a preferred embodiment, the output segment lines

. 58 and 60 (Port C) comprise an output segment. The

10

25.

term “output segment” refers to the output of the bridge

and amplifier circuit, although the term “ontput” is

arbitrary and is used for convenience. From the per-

spective of the regenerator 28, the output segtoent lines
58 and 60 are input lines.

FIG. 3 depicts schematically the passwe bridge cir-
cuit portion of the bridge and amplifier circuit 48 in
FIG. 2. The network receive lines 6 and 8 provide a
signal from the central office 4 (not pictured in FIG. 3)
to the passive bridge circuit at a node 70 and a node 66, -
respectively. The customer premises Iines 50 and 52 are
coupled to the bridge circuit at a node 64 and the node
66, respectively. Thus, the network receive line 8 is
coupled to the customer premises line 52 at the node 66,
Also coupled to the passive bridge circuit, at a node 68
and the node 70, are a passive bridge output line 72 and
a passive bridge output line 74, respectively. Thus, the
passive bridge output line 74 is coupled directly, at the
node 70, to the network receive line 6.

It should be understood that in certain configurations,
the passive bridge output lines 72 and 74 are coupled
directly to the regenerator 28, shown in FIG. 2. In such

a configuration, the passive bridge output lines 74 and

72 are the same lines as the output segment lines 58 and
60, respectively, depicted in FIG. 2. As depicted in

. FIG. 7, however, the passive bridge output line 74 may
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“also feed an ampiification circnit before being coupled

to the regenerator 28. In this case, the signal present on
the passive bridge output lines 72 and 74 is modified
before the signal appears on the output segment lines 58
and 60. The amplification circuit is further discussed
later in this description.

Referring again to FIG. 3, a resistor 76 is coupled
between the node 66 and the node 68, a resistor 78 is
coupled between the node 68 and the node 64, a resistor
80 is coupled between the node 64 and the node 70, and
a resistor 82 is coupled between the node 70 and the
node 66. In a preferred embodiment, the resistor 82 has
a resistance of R ohms, the resistor 80 has a resistance of
aR ohms, the resistor 78 has a resistance of aSR ohms,
and the resistor 76 has a resistance of aR ohms. There-
fore, the resistance between the node 64 and the node
66, in other words the resistance on the customer prem-
ises lines, equals R(1+a)B/(1+ B). If this resistance is
set equal to the resistance between the node 70 and the
node 66, in other words the network line resistance,

“then 8=1/a. Accordingly, the resistance of the resistor

76 is R/a, the resistance of the resistor 78 is R, the
resistance of resistor 80 is R and the resistance of resis-
tor 82 is R. Therefore the resistance between the node
68 and the node 70 is [R{1+¢) R(1+1/0))/[R(-
1+a)}+R{1+1/a)], which equals R.

As previously discussed, the customer premises lines
50 and 52, in normal operation, are coupled to the cus-
{omer premises 22 {not pictured ie FIG. 3), and no
voltage is generated by the customer premises 22 on the
customer premises lines 50 and 52. Accordingly, in
normal operation, no voltage is present between the
node 64 and the node 66.

In normal communication operation, the NIU 2 re-
ceives, on network receive lines 6 and 8, signals from
the central office 4. These signals appear at the nodes 70
and 66. The customer premises line 50 is coupled to the
node 64 and the customer premises line 52 is coupled to
the node 66. Thus, the voltage drop of the signal be-
tween the node 70 and the node 64, or across the resis-
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tor 80, depends on the resistance values of the resistor
80 and the resistance of the customer premises 22, The
voltage at the node 64 is proportional to the voltage on
the network receive lines 6 and 8. Not shown in FI1G. 3
are customer premises lines 44 and 46 which couple the
output of the customer premises 22 to the NIU 2 and the
network transmit lines 14 and 16.

When a test is conducted to determine the continuity
of the network receive lines 6 and 8 and the network
transmit lines 14 and 16, the central office 4 {ransmits an
activating signal to the NIU 2 on the network receive
lines 6 and 8. The signal on the network receive line 6
appears on the passive bridge output line 74 because the
two lines are coupled at the node 7. The voltage on the
network receive lines 6 and 8 appears as the voltage
between the node 70 and the node 66. The resistor 82 is
interconnected between the node 70 and the node 66,
therefore the voltage between the network receive lines
6 and 8 is across the resistor 82. Similarly, the voltage
across the resistors 80, 78 and 76 is the voltage between
the network receive lines 6 and 8. Accordingly, the
voltage between the node 70 and the node 68 depends
on the resistance of the resistors 80 and 78 and is a
proportion of the voltage on the network receive lines 6
and §.

As a result, the voltage swings on the passive bridge
output line 74 are only a fraction of the voltage swings
on the network receive lines 6 and 8. Using the resis-
tance values discussed above, and assuming a voltage V
on the network receive lines 6 and 8, the voltage drop
along the resistor 80 is aV, the voltage drop along the
resistor 78 is aV, the voltage drop along the resistor 76
is (1—20)V, and the voltage drop between the node 68
and the node 70 is 2a V. Thus, the voltage on the pas-
sive bridge output lines 72 and 74 is 2« V. Accordingly,
the lower voltages allows for faster operation and also
permits the use of less expensive components,

Although not shown in FIG. 3, the result of a signal
on the passive bridge output lines 72 and 74 is a signal
on the output segment line 58 and 66, and a signal on the
network transmit lines 14 and 16. In sum, in response to
an activating signal from the central office 4, the central
office 4 receives a loopback signat on the network trans-
mit Jines 14 and 16. If a breaks exisis anywhere on the
network receive lines 6 and 8 or the network transmit
lines 14 and 16, the central office 4 will not receive a
response to its activating signal, :

As discussed in the Background of the Invention,
when the customer premises 22 is not connected to the
customer premises lines 50 and 52, these lines are an
open circuit, This situation may occur, for example,
when there is no equipment attached to the customer
premises lines 56 and 52. If the customer premises lines
50 and 52 have certain characteristics, an open circuit
reflection may cause a voltage to be present on the
customer premises lines 50 and 52. Thus, a voltage may
exist between the node 64 and the node 66. Due to the
relationship of resistance values of the resistors 78 and
80, discussed above, the voltage drop from the node 64
to the node 68 is the same as the voltage drop from the
node 64 to the node 70. Thus, the voltage at the node 70
is the same as the voltage at the node 68, and, conse-
quently, no signal is present on the passive bridge out-
put lines 72 and 74. Thus, the open circuit reflection
signal does not cause a signal to be sent to the central
office 4, nor does open circuit reflection interfere with
activating signals sent from the central office.
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FIG. 4 depicts a preferred embodiment of the passive
bridge circuit, similar to that shown in FIG. 3, where
a< <1, The resistance of the network is figuratively
depicted as a resistor 84.

FIG. 5 depicts the passive bridge circuit similar to
that shown in FIG. 4. A capacitor 86 is coupled to the
node 68 of the passive bridge circuit. The capacitor 86
is to reduce circuit noise and is grounded.

FIG. 6 shows the passive bridge circuit similar to that
shown in FIG. 5. The resistance of the network is figu-
ratively shown as the resistor 84. Network receive lines
6 and. 8 are shown coupled to an isolating transformer
88 that is matched to an isolating transformer 90. The
isolating transformer 90 is coupled to a network receive
line 92 and a network receive line 94. The customer
premises lines 50 and 52 are shown coupled to an isolat-
ing transformer 96 that is matched to an isolating trans-
former 98. The isolating transformer 98 is coupled to a
customer premises line 134 and a customer premises line
136,

A passive bridge and amplifier circuit is depicted in
FIG. 7. The network receive lines 6 and 8 are shown
coupled to the isolating transformer 88 that is matched
to the isolating transformer 90. The isolating trans-
former 90 is coupled to the network receive line 92 and
the network receive line 94, which are coupled to the
central office 4, The customer premises lines 50 and 52
are shown coupled to the isolating transformer 96 that is
matched to the isolating transformer 98. The isolating
transformer 98 is coupled to a customer premises line
134 and a customer premises line 136 which are coupled
to the customer premises 22. As discussed previously,
additional components or circuitry may appear between
the customer premisges lines 134 and 136 and the cus-
tomer premises 22, and between the central office 4 and
the network receive lines 92 and 94. Accordingly, cus-
tomer premises lines 134 and 136 and network receive
lines 92 and 94 are depicted with a slash mark, This
mark does not necessarily indicate a break in the line.

The network receive lines 6 and 8 provide a signal
from the central office 4 to the passive bridge circuit at
the node 70 and the node 66, respectively. The cus-
tomer premises Jines 50 and 52 are coupled to the bridge
circuit at the node 64 and the node 66, respectively.
Thus, the network receive line 8 is conpled to the cus-
tomer prerises line 52 at the node 66. Also coupled to
the passive bridge circuit, at the node 70, is a passive
bridge output line 74. Thus, the passive bridge output
line 74 is coupled directly, at the node 70, to the net-
work receive line 6.

The resistor 76 is coupled between the node 66 and
the node 68, a resistor 78 is coupled between the node
68 and the node 64, and a resistor 80 is coupled between
the node 64 and the node 70. A capacitor 138 improves
the effectiveness of the circuit by matching the capaci-
tance of the network. The capacitor 138 is connected in
parallel with the resistor 78. A capacitor 140 is coupled
to the node 64 to reduce circuit noise. The capacitor 140
is grounded. Similarly, a capacitor 142 is coupled to the
node 66 to reduce circuit noise. The capacitor 142 is
grounded. A capacitor 86 is also coupled to the node 68
of the passive bridge circuit. The capacitor 86 is to
reduce circuit noise and is grounded, A capacitor 144 is
coupled between the node 70 and the node 68.

The passive bridge output line 74 is generally coupled
to amplification circuitry with the output segment lines
$8 and 60. The amplification cirenitry includes a resistor
146 coupled in parallel with a resistor 148 and also
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coupled in parailel with a capacitor 150 to 2 node 126,
The resistor 146 is also coupled to a reference voltage.
A noninverting input to an amplifier 112 is aiso coupled
to the node 126. A resistor 102 is coupled between the
node 126 and a node 130, An inverting input to an am-
plifier 106 is also coupled to the node 130. A capacitor
108 and a resistor 110 are coupled in paralle] between
the node 130 and the output of the amplifier 106. The
output of the amplifier 106 is coupled in series with the
capacitor 118 and the resistor 122 to the output segment
line 58.

The passive bridge output line 74 is coupled in paral-
lel to a resistor 100 and a resistor 104. The resistor 100
is coupled to a node 128. A capacitor 152 and a resistor
154 are coupled in parallel to the node 128. A nonin-
veriing input of the amplifier 106 is also coupled to the
node 128. The resistor 104 is coupled to a node 132. A
inverting input to the amplifier 112 is coupled to the
node 132. A capacitor 114 and a resistor 116 are coupled
in parallel between the node 132 and the output of the
amplifier 112, The ontput of the amplifier 112 is coupled
in series to a capacitor 120 and a resistor 124 to the
output segment line 60. The resistor 148, the resistor
154, the capacitor 150, and the capacitor 152 are cou-
pled to ground. In sum, when a signal is present on the
passive bridge output line 74, an amplified signal ap-
pears on the output segment lines 58 and 60.

In a preferred embodiment of the invention, the resis-
tor 146 has a resistance of 4.99 k ohms, the resistor 148

5,444,776
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has a resistance of 4.99 k ohms, the capacitor 150 has a 30

capacitance of 1 microfarad, and the resistor 100 has a
resistance of 100 ohms. Furthermore, in this preferred
embodiment, the resistor 102 has a resistance of 100
ohms, the resistor 104 has a resistance of 100 ohms, the
resistor 122 has a resistance of 1.2 k ohm, and the resis-
tor 124 has a resistance of 1.2 k ohm. In addition, the
capacitor 118 has a capacitance of 0.1 microfarads, the
capacitor 120 has a capacitance of 0.1 microfarads, the
capacitor 152 has a capacitance of 270 picofarads, and
the resistor 154 has a resistance of 1.2 k ohms. Also, the
resistor 80 has a resistance of 2 ohmis, the resistor 78 has
a resistance of 100 chms, the resistor 76 has a resistance
of 5.49 k ohms, and the capacitor 138 has a capacitance
of 390 picofarads. Continuing, the capacitor 86 has a
capacitance of 0.47 microfarads, the capacitor 144 has a
capacitance of 470 picofarads, the capacitor 108 has a
capacitance of 270 picofarads, and the resistor 110 has a
resistance of 1.2 k ohms. Furthermare, the capacitor 114
has a capacitance of 270 picofarads, and the resistor 1316
has a resistance of 1.2 k ohms. The resistor 146 is cou-
pled to a 5 volt power supply.

The preceding demonstrates passive resistance means
between a customer premises and a network span in a
network interface unit. One embodiment of the inven-
tion includes a first and a second customer node, a first

output node. In a preferred embodiment, the network
span is comprised of network transmit lines and net-
work receive lines and the network interface unit is a
telephone network interface unit. Further, in a pre-
ferred embodiment, the network transtait lines the net-
work receive lines are digital transmission lines.

It is to be understood, however, that alternative
forms of the described embodiments are covered by the
full scope of equivalents of the claimed invention. As
one example only, the bridge circuit may also be used in
an office repeater, as shown in FIG. 8. The office re-
peater may be connected between a network receive
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line 168 and a network receive line 170 and a fiber multi-
plexer 162. The fiber multiplexer 162 is coupled to the
bridge circuit by a fiber multiplexer output line 164 and
& fiber multiplexer output line 166. The passive bridge
output lines 72 and 74 may be coupled to repeater cir-
cuitry 172, The passive bridge circuit will prevent re-
flection or other signals on the network receive lines
168 and ¥70 from interfering or distorting the signal on
the passive bridge output lines 72 and 74,

Generally, repeater circuitry such as the repeater
circuitry 172 modifies and regenerates a signal that was
transmitted along 2,500 to 5,000 feet of cable. Accord-
ingly, the repeater circuitry 172 is designed to process a
signal that is degraded due to cable loss. As shown in

_FIG. 8, the bridge circuit may be confignred to simulate
_such cable loss, and thus allow normal operation of the

repeater circuitry. First, the bridge circnit attenuates
the signal on the passive bridge output lines 72 and 74
relative to the fiber multiplexer output lines 164 and
166.

In addition, the capacitor 138 and the capacitor 144
may be used to roll off pulses and further simulate cable
loss characteristics. To particularly point out and dis-
tinetly claim the subjects regarded as the invention, the
following claims conclude this specification.

We claim:

% A network interface unit, interconnected between
a network span and a premises segment, said network
interface unit comprising:

an ocutput segment;

first and second customer nodes, interconnected to

said premises segment;

first and second output nodes, at least one of said

output nodes being interconnected to said output
segment;

a first passive impedance between said first output

node and said first customer node;

a second passive impedance between said second

output node and said second customer node; and

a third passive impedance between said first customer

node and said second output node;

said first, second and third passive impedances coop-

eratively defining balancing means for dividing a
reflected signal from said first and second customer
nodes between said first and third passive resis-
tances and substantially preventing said reflected
signal from being provided to said first and second
output nodes.

2. A network interface unit 25 claimed in claim 1
wherein said network span comprises digital receive
lines.

3. A network interface as claimed in claim 2 wherein
said network interface unit further includes capacitance
means, in parallel with said third passive impedance, for
substantially nullifying parasitic capacitance.

4. A network interface unit as claimed in claim 1
wherein said output segment is coupled to amplification
means.

5. An office repeater, interconnected between digital
network receive lines and a muitiplexer, said office
repeater comprising:

repeater circaitry;

first and second customer nodes, interconnected to

said premises segment;

first and second output nodes, at least one of said

output nodes being interconnected to said repeater
circuitry;
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a first passive impedance between said first output

node and said first customer node;

a second passive impedance between said second

output node and said second customer node; and

a third passive impedance between said first customer 3

node and said second output node;

said first, second and third passive impedances coop-

eratively defining balancing means for dividing a
reflected signal from said first and second customer
nodes between said first and third passive imped-
ances and substantially preventing said reflected
signal from being provided to said first and second
output nodes.

6. An office repeater as claimed in claim 5 wherein
said office repeater includes capacitance means, in par-
allel with said third passive impedance, for simulating
cable loss characteristics.

7. An office repeater as claimed in claim § wherein

said multiplexer is a fiber multiplexer. 20

8. A network interface unit a5 claimed in claim 2
wherein said network receive span substantially pres-
ents a resistance of R ohms to said network interface
unit and wherein szid first impedance has a value of
approximately aR ohms, said second impedance has a 25
value of approximately SR ohms, and said third impe-
dance has a value of approximately «8R ohms, where a

. and § are constants.

9. A network interface unit as claimed in claim 8
wherein R defines 2 nominal value of approximately 100 30
ohms and wherein & has a value of approximately 1/8.

10. A network interface unit as claimed in claim 5
wherein said network receive lines substantially present
a resistance of R ohms to said office repeater and
wherein said first impedance has a value of approxi-
mately aR ohms, said second impedance has a value of
approximately SR ohrms, and said third impedance has a
value of approximately aSR ohms, where a and 8 are
constants. :

11. A network interface unit as claimed in claim 10
wherein R defines a nominal value of approximately 100
ohms and wherein o has a value of approximately 1/8.

12. A network interface unit coupled to a network
receive span and a customer premises receive span, said
network interface unit comprising:

logic circuitry for analysis of a loopback signal;

a first port coupled to said network receive span;

a second port coupled to said customer premises

receive span;

a third port coupled to said logic circuitry; and

bridge circuit means for providing, in response to a

first signal on said first port, related signals to said
second and third ports and for dividing a second
signal from said second port among said resistance 55
devices, whereby said second signal is not transmit-
ted to said third port and said logic circuitry, said
bridge circuit means including

a first passive impedance coupling said first and sec-

ond ports,

a second passive impedance coupling said first and

third ports, and

a third passive impedance coupling said second and

third ports.
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13. A petwork interface unit as claimed in claim 12
wherein said network receive span comprises digital
network receive lines.

14. A network interface unit as claimed in claim 13
wherein said network interface unit- further includes
balancing capacitance matching means, in parallel with
said third passive impedance, for substantially nuilifying
parasitic capacitance.

15. A network interface unit as claimed in ¢laim 13
wherein said first, second, and third impedances are,
respectively, first, second, and third resistors.

16. A network interface unit as claimed in claim 15
wherein said network receive span substantially pres-
ents a resistance of R ohms to said network interface
unit and wherein said first impedance has a value of
approximately oR ohms, said second impedance has a
value of approximately SR ohms, and said third impe-
dance has a value of approximately ¢8R chms, where a
and 3 are constants.

17. A network interface unit as claimed in claim 16
wherein R defines a nominal value of approximately 100
ohms and wherein ¢ has a value of approximately 1/8.

18. A network interface unit, coupled to first and
second network receive lines and first and second cus-
tomer premises receive lines, said network receive lines
defining a network resistance, said network interface
unit comprising:

a repeater having first and second repeater lines;

first, second and third resistors;

first and second output nodes, said first output node

defining a first network receive node, said first
output node being coupled to said first network
receive line, said second repeater line, and said first
resistor, said second output node being coupled to
said first repeater line and said second and third .
resistors; )

first and second customer nodes, said second cus-

tomer node defining a second network receive
node, said first customer node being coupled to
said first customer premises receive line and said
first and third resistors, said second customer node
being coupled to said second customer premises
receive line and said second resistor;

said bridge circuit, in response to a first voltage be-

tween said first and second network nodes, produc-
ing related voltages between said first and second
customer nodes and between said first and second
output nodes, and said bridge circuit, in response to
a second voltage between said first and second
customer nodes, balancing said second voltage
between (1) said first resistor and said network
resistance and (2) said second and third resistors to
apply substantially equal portions of said second
voltage at said first and second output nodes;

said first and second network receive nodes present-

ing to said network interface unit a nominal resis-
tance between them of approximately 100 chms, .
said first resistor having a value of approximately
100 ohms, said second resistor having a value of
approximately 8100 ohms, and said third resistor
having a value of approximately 100 ohms, where
« and S are constants and « is substantially smaller
than 8.

¥ k % & %



'+ Case: 1:02-cv-03496 Document #: 8 Filed: 06/13/02 Page 23 of 47 PagelD #:69

EXHIBIT B



=+ Case: 1:02-cv-03496 Document #: 8 Filed: 06/13/02 Page 24 of 47 PagelD #:70

DS1 Digital
Network
Interface Unit

external source N

.I Inband and manual lcopback actlvanon
and deactivation

..M Front Panel LEDs for: Power, LPBK, LEG LOS,
Cl LOS, ESF, ALARM, during CPE LOS unit
provides AIS or LPBK, RGV LBO 0dB or 7.5dB . vecifically designed for indoor or outdoor
and XMT LBO 0dB/7.548/15dB Vironment applications.

M Local Provisioning of Cl LOS Indication of AlS
or Automatlc LPBK and REGEN

] Local Prowsmnlng of RCV and XMT LBO
and REGEN LBO

W Compatible with AM| and B82S line formats

N Temperature Hardened for indoor or outdoor
applications (-40°C to + 65°C})

| W Complies with Bellcore GR-1089 Issue 1 for short
] circuit, lightning surge and power cross protection

W Pintype test jacks for measuring span current H Z‘ E Y ' EXHIBIT
M Bantam jack monitor access from the LEC and CI )7)61‘ e E

tabbies
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Specifications

DS1 Digital Network Interface Unit

iz o i &
rert ST . ”..:\(;CALIMA\H
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QUL - . OO0
al
WL Normal ) . ... Local/ Span Power
Power LED — | 6 6 4~ Loopback LED R Switch
Facility L o0 CPE 038 of e
oo —  ||'Q0 | =— gkl
L ESF 1ndicatlg)lr)1 — 59 ?r.' . AlamLED
- 'G
: g Span Curront
order'n-g_- : : -—— e_asuri‘:{crsagoim
Information :
CPE Signal
Specify HyperEdge Facity Signa T ooy Jack
Model Number:. Monitor Jack -
520'1 5SW g Loca) Provisioning
= . LED Indications
DS1 Network Manual
. PRI '. 3 Loopback N
Interface Uni Buton
Specifications
| Line Rate: 1.544b/s AIS Upon CI LOS: Set via MLB button

during local provisioning

LPBK On CI LOS: Set via ML.B button
during local provisioning

i Insertion Loss: 1.0dB max at 772Khz
Line Impedance: 100 chms (£20%) @ 772Khz

Loop-Up Code: RCV LBO: 0dB or 7,548

Inband {unframed or SF} 11000 (>5 sec.} ) or s

ESF-DL “0001 0010 1111 111" »>16 ms XMT LBO: 0dB, 7.5dB or 15dB
. Loop-Down Code: Power: Span Power at 57 to 63ma or local
. Inband (unframed or SF) 11100 (»5 sec.) power at + 22Vdc to 56Vdc or 24Vac

u “ 1) >
ESF-DL “0010 0100 1111 1111* >16ms DG Voltage Drop (Span Powered):
Loopback Timeout: Less than 15VDC at 60mA

120-minute automatic timeout Maximum Detect Error Rate: <10*

Manual Loopback Activation: . . o
| Press MLB switch (1 sec., then release); Operating Environment: Temperaturs -40

! front panel LPBK LED lights steady to 150°F (-40° t‘? 65°C); Humidiity 0 to 95%
| — No condensation

i Manual Loopback Deactivation:
1 Press MLB second time or by sending
: loop-down code

@ Loopback Regeneration: O to 30dB line
HyperEdge

333 ‘ierce Road
Suite, 200
itasca, IL 60143-3147

Dimensions: Height 5.6"; Width 0.7";
Depth 5.9"

Weight: Approximately 12 oz,

SGB-ITIYPEHEDGE
800-377-8766 Customer Service
630-761-1890 Fax

www.hyperedge.com @2000 HyperEdge
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Via fax and Certified Mail WESTELL

We Listen » We Understand « We Deliver

|

Dwight Swartwood

President & CEO

{yperEdge February 1, 2002
940 Kingsland Drive

Batavia, lllinois 60510

bear Mr. Swartwood:

| I am General Counsel for Westell Technologies, Inc.(“Westell”). It has come to my
4ttention that HyperEdge Corporation is infringing U.S. Patent No. 5,444,776, which is assigned
to Westell, at least with respect to your Troncom design. The ‘776 patent of August 22, 1995,
originally assigned to Teltrend Inc. (a company that Westell later acquired in 1990), relates to a
“Bridge for 2 Network Interface Unit.” A copy of the ‘776 patent is enclosed for your
cionvenience. ' : N : '
" As you know, Westell is a world leader in developing intellectual property relating to
infrastructure for advanced data, video, and voice networks. As such, Westell must do what is
ni‘ecessary to defend, protect, and enforce its intellectual property. In this case, that means that
Westell must demand that HyperEdge immediately cease dnd desist the manufacture, use,
development, sale, importation, and/or marketing of any device that infringes the ‘776 patent.
\%/estell must further demand that you provide to us by February 15, 2002 a sworn statement
that HyperEdge is no longer making, using, developing, selling, importing, and/or marketing any
device that infringes the ‘776 patent. That sworn statement should include an enumeration of the
steps that HyperEdge has taken and is taking to ensure that it will never again infringe the ‘776
platent. Finaily, after you have had a chance to review the ‘776 patent and HyperEdge's records,
pilease contact me to discuss a procedure for accounting for the harm done to Westell by
H‘yperEdge’s infringement up to this point.

|

We hope that we can avoid the expense and burden of litigation through an informal
reLsqution of this matter, However, please be aware that Westell is prepared to avail itself of all
- avenues necessary to protect the fruits of its research and development labors, up to and
iﬁcluding patent infringement litigation in the United States District Court. Should you have any
qustions, please contact me,

Vlery truly yours,

Qeneral Counsel

|
R
TR

Enclosure O SR

‘e Bradley J. Hulbert, Esq.

|
|

EXHIBIT

C

750 N. Commons Drive s Aurora, llinois 60504
(630) 898-2500 = (B0O) 323-6883 « (630) 375-4940 Fax
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PATULA &

& SOUTH
: MICHIGAN
ASSOCIATES
’ | »
ATTORNEIYS & COUNSELORS AT Law CHICAGO
A F'ROFE|SSIONAL CORPORATION ||__. u.s.A.
J 60803
February 21, 2002
i E-MalL:
patula@

Ms. Frances S8. Cook
General Counsel

worldnet.att.net

s PHONE
Westell (312)
750 N, Commons Drive 201-8220
Aurora, Illinois 60504 '

i Fax:
- : (312)
Re: Westell v. HyperEdge Corp. N 372-8681

Allegation of Infringement of U.S. Patent 5,444,776

|
Qur File No.: 5291/55469

Dear Ms. Cook:

‘ As you know, we are intellectual property counsel for HyperEdge.
Your undated letter received February 4, 2002 has been referred to us for
response.

‘ Although your letter does not provide much in the way of
specifics, we have conducted a thorough investigation and have determined
that none of HyperEdge’s/Troncom’s products infringe, or have ever

infri?ged, the claims of U.S. Patent No. 5,444,776.

_ We will now consider this matter closed. If you have any further
omments, please do not hesitate. to contact us.

With sincere regards,

: PATULA & ASSOCIATES, P.C.

[ ]
| Timothy T. Patula

cc: prerEdge Corp.

72C29
|

!

EXHIBIT

0

tabbies
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Via Overnight Mail

o WESTELL
Aprll 17, 2002

Tlmothy T. Patula
i’atula and Associates

‘1 16 S. Michigan Avenue
phicago, Il 60603

‘Be Westell, Inc. v. HyperEdge Corporation
- U. S. Patent No. 5,444,776

|

Pear Mr. Patula:

" We received your letter of February 21, 2002 wherein you state that your client, HyperEdge, had
investigated and determined that none of its products infringe or have ever infringed the claims
of U. S. Patent No. 5,444,776. In light of your denials, we further studied the evidence and ran
careful tests. We now conclude that your denials of infringement are meritless, and we view
your conclusory claims of lack of infringement to be an attempt to throw Westell off of a well-
founded course of conduct. Our conclusion is especially forceful with respect to HyperEdge’s
E20-ISSW network interface unit. If, after a careful consideration of the evidence HyperEdge

elieves that we are incorrect, please provide us a full analysis of HyperEdge’s factual analysis
and legal reasoning immediately.
We take this matter very seriously. With this in mind, attached please find a copy of the
Complaint that we intend to file to preserve and enforce Westell’s patent rights. Although this is
an unfortunate development, it has been caused by HyperEdge’s intransigence in denying
infringement despite what appears to be direct copying of the ‘776 patent. We would instead
Prefer to resolve this matter amicably.

In light of our preference for amicable resolution of this infringement and our belief that it is in
everyone s best interest to avoid the costs and difficulties of litigation, we are willing to discuss
the possibility of settlement with HyperEdge. We believe that a reasonable royalty for
HyperEdge s past infringement could not be less than $§ 6 million. For a prospective license,
Westell would require an up-front payment of $1 million and a $5.00 royalty on each infringing
‘1tem sold.

‘Please contact me to discuss this matter no later than April 26, 2002.
i

Very tguly yours,

#.

rances S. Cook
General Counsel

EXHIBIT

E

750 NORTH COMMONS ORIVE AURORA, IL 8602504

(E301} BSB-Q‘SDD (800) 323-6883

tabbies

WWW. WESTELL.COM
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PATUI A & | B
ASSOGIATES AvenuE

.\Tmme‘fs 5 COUNBILGRS AT Law _ CH'C"__‘SQ
a paore‘.‘;—:ssauu CAORPORATIGHN L, .54,

J S0803

)

‘ E-Maiw
May 10, 2002 . patula®@

| - warldnat,ait.net
-
\

For Settlemeut Purposes Only - PaONE:
Not Amesible Under F. R.E 408 (3121

| 201-8220
Ms. chis S. Cook, Esq. . " Faesimile Transmission e
General Counsel " . To! Ms. Frances S. Caok, Esq. 21e

A7z2-8681

Westell From: Timothy T. Patula, Esq 4V
+750 N, Commons Drive Fax No.: 630-375-4940
Aurorz% Illinois 60504 Pages: 13

‘Re:  Allegation of Infringement of U.S. Patent 8,444,776
: Our File No.: 5281/55469
Dear F‘ran: : :
| This letter is in response to your letter of April 17, 2002, and our subsequent
teleconfcrences
!
| In view of your letter, we have again ¢onducted a thorough infringement investigation,
eclﬁcally with respect 1o HyperEdge’s discontinued 52041SSW network interface unit, which was
old in minimal quantities over a twa year period from 1999. Please be advised that since 2001,
HyperEdge has been shipping the 520-15S'W, Issue 2, which does not use a bridge circuit having three
passive impedances, and as such, clearly does not infringe Westell’s patent. Nonetheless, we have
again determined that none of HyperEdge’s/Troncom’s preducts, including the discontinued 520-158W
network interface unit, infringe or have ever infringed the claims of U.S. Patent No. 5,444,776,

Specifically, HyperEdge’s products, including the discontinued 520-15SW network
interface unit, do not include, inter alia, “balancing means for dividing a reflected signal from said first
and second customer nodes between said first and third passive resistances and .mbsrannally
preventing said reflected signal from being provided to said flvst. and second output nodes,” as required
by independent Claim 1 (and independent Claim 5 directed 1o an office repeater).

|

Similarly, HyperEdge's products do not include, infer alia, a bridge circuit means for
“dividing a second signal from said second port among said resistance devices,” as required by
independent Claim 12; nor a bridge circuit “balancing said second voltage between (1) said first
resistor and said network resistance and (2) said second and third resistors to apply substantially equal

EXHIBIT

c

tabbies®
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Ms. Frances S. Cook, Esq.

Re: 5291/55469

May 10,2002

Page2 |

portions of said second volitage at said first and second output nodes,” as required by independent

Claim 18. As you may know, since the independent claims are not infringed, the dependemt claims’

cannot be infringed. Thus, there is no infringement of the claims of Westell’s patent.

Further, we are highly confident that Westell’s patent is invalid as being anticipated by,
and/or obvious to one of ordinary skill in the art in view of well known prior art, Long used college
engineering textbooks describe numerous “Bridge” circuits of the type claimed in Westell’s patent,
including one commonly known as a Return Loss Bridge. The Returmn Loss Bridge and two other
“Bridge” circuits dating back to at least the early 1980's are specifically described on pages 151-159 in
W_H. Hayward’s 1982 textbook entitled “Introducrion ta Radio Frequency Design” (attached hereto).
In facy, some of HyperEdge’s design engineers worked on “similar bridging techniques at
Rock\gell/Wescom more than one year before the application for Westell’s patent was filed.

Please be assured that our client also takes this matter very seriously, and appreciates
your offer for a license. However, since non-infringement, as well as invalidity, is clear, our client
must decline your offer. Should you believe you have additional information indicating otherwise,

such as the results of your “careful tests,” we would be happy to review the same and indicate where
your belief is mistaken,

Finally, while an amicable resolution to this matter is preferred, please be advised that
our client will vigorously defend jtself from any fiivolous infringement claims, and will seek treble
damages and all avtorney’s fees and costs associated with Westell knowingly attempting to enforce an
invalid patent against products that are known not fo infringe. Our client will further seek any and all
damag#s, attorney’s fees and costs for Westell’s patent misuse, inequitable canduct, fraud, intentional
interference with business, and the like. Any such lawsuit would amount to nothing more than

harassment by Westell of a much smaller competitor, and HyperEdge’s customers would surely be

sympa#hetic.

|
Again, we will now consider this matter closed. If you have any further comments,
please do not hesitate to contact us.
|
With sincere regards,

PATULA & ASSOCIATES, P.C.
: ‘
Timothy T. Pawnula

Enclosure
¢c: HyperEdge Corp.
EsCho :

@oos
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There are pamerous wher . outigoertiom and dapplivations {or the Droudband
Teanamission bne truasformies. Vhe svader 9 vtiered 1o the litetiuuee 149

Catmiruction of wansansdon e ansforoees s ol geneesliv dhcnt, 1e
lengily of the line should he somewlere amumd o cighth wavelengal e the highest
frequeney of aperation, abbous)y sonie irasshirmas work well wish 2 borter bae,
The oharacteristiv impeadanee o, e bne is ordear Fow ampadionee ames ane reguifed
1 to trstorm frapy 3 42 aowi o lower mgedaove— Caxisl gabhos i niatuee
sizet are nvailble witd A, o fow s 23 10 A normed teaned pard o plistie govered
wire with only o few twiss per contimetes will mde se impadanee e 80§23, A
tightly awistesd pair of ehamel covercd wires wil s o chartctetiatie sopedimeg
close (o 50 (1 Lowar unpedatiees are synthesized by windug twe or moee Y on
a core The windings wre then paralleliod an the eads, Pl ww of wiee with different
insulation calors i u preal advintiage duomyg the wmding process,

Low frequeney performange of tramsmisaot line rrasforpiers ix almosi come
pluely deminated hy conventional trassfoemer action Hoeunew, the ¢ore materinl be-
aomes critieal, Bt shongled hyve Bign petaeability to ensure misynale prmary inductsnee.
Care must he aken o seloct @ vore That 19 g axgissnely Iossy, bnoadditbon, siray
inducrunce in the intercotmuey tion of The witslings shoghit be pyvonded, for v van detraet
fromy the high teaquenes perfornmes

4.6 TRANSM{SSION LINE MEASUREMENTS

Teansmission line coneepis Base hevrs sitadived, 10 voltvge and vucnent in the
line abey the nxual physical laws sl aay be analy rad istug teadinonal nrethods,
Haweyer, we found thinl energy propagates alinge o ceananssian line dn the formy of
waves, A method oF apalysia tosed upon e waves, the refleetion coctlicient, was
introduced as 2 analyticad 1ool Further study lea 1o the Stnth vhare,

The urility of the reflectnan wwilivient coiept comes rom the anleraction of
Iwo waves, One is un invident wave while the other s the resadl of o refleciion,
The ideal menspremctn would be one which separstes the mcidenn and refteciod waves.
The taols 1o do this are prosented i this section.

Probably (he most generally ueful mesos for measurtng feflection coeflicients
is rhe return luss bridge, shown whematically w Fig .32 Much of s utithy ey
in 1A simplicity. Additionally {1 will be wseful for other applivations. The bridge
sonsises off three resistorn, o pactidobulun transtormer with o Ba chioadterixiic ing-
pedimee, a spitable cidlosure v threw conxinl conneerors, All threc ristors arc
identicul with a valoe R the gharnenenstic impedines of the tranamiasion line for
which the bridge ix desigaed.

The transfrmer servaes two purpases. [0 alfows o difference in voltage beiween
poinly A and B o appear subiliteed t dhe daestor porl, The transforaser also
causes the detector impedande 1o sppeir across the bridge hetween points A and B,
The bridge will have u toss of & B when terminuied ina load of Re. There 1s then
no voliage differenve between the delecior ponits, A and B, Hence, no power Iy
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Ao detector Rgute 432 A retum ko bidge, a.
e known oa a &8 hybadt Sembinar, Th
alieult ls axiremely el for he mea-
wrernent of camplex impadoncas,

delivered to the detector. The power deliversd by the genemtor s spht into four
equal resistors, anc of them being rhe load, accounting for the 6-dB insertion lass.
The impedance pmmted to the genertor is also R

The bridge action is analyzed in Fig. 4.33. The circuit bas been normalized to
a characteristic impedance of | f. The apen circuited generator voltage is set at
8 V. Arows in the schematic show the assumed eurrent direction. Three unkunown
voltages, corregponding to a three nade circuit, are shown, E is the voltage applied
10 the bridge while V] and V.aretheputcn:ialsatrhcdnmmrpon. At B, the
nadal equation s

B—E=E~WNt+E~V (4.6-1)
The nodal equation at the left' detector poins is
E-V"=Ht+Vh-—V {4.6-2)
while at the unknown load, the sum of the currents is
- Vit E~ V3= Voy (4.6-3)

whete yis the normalized, unknown admimance defined by the load.
a E

L 34

Fgum 433 The creuit used for analy-
dls of the eium loss bridge whaie the
chanelarstic resstance of the brdge
s1 0,
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Simultanecus solution of Eqs. 4.6-] through 4.6-3 yields the three unknoawn
voltages
4
V [ ]
P+l
y+3
W == Ca— "
Pyl (.64
_3y+5
y+1

The voltage differsnce across the detector is calculated, and 2 the normalized
impedance, is factored into the result in place of y, ywld!.n?

—

1—y z—
Va— V= ———m
. 2 ) y +

(4.6-5)

—

This is exactly the definition of the reflection coefficicnt. Hence, the valtage at the
detector, a vector quantity, has a magnitude equal to the reflection coefficient magni-
tude and 3 phase angle with respect to the sonree phase eqnal to that of the reflection
coeflicient.

Axn 8-V source {n an impractical restriction. A generator of arbitrary strength
is attached and the losd pert is cither open circaited or shorted. The power in the
detscror is noted. Then the unknown load is sttached. The power at the detactor
will dacrease. The mugnitude of the decrease is the retum loss in dB. Although not
immediately obvious, the characteristio impadance of the source must be that of
the bridge for sceurate results. The same power will not be seen in the detector
when going fram an open 1o a short circuit at the load port if there ia & genersror
mismaich.

The phase angle of the derectar voltage is usunlly measured with a vector valtmes
ter such as the Hewlett-Packard HP-8407A. It muay also be done with an oscilloscops
1 triggeved from the source gensrator, although aceuracy is poor.

‘ ' Other methods may be used for phase determination. The bridge is first used
R ? a5 desaribed to messre the return loss (magnitude of '), Then, & sample of the
generator is attenuated until it has the same amplitude as the signal at the detector
port. The rezulting two signals are algebraically added or subtracted in a registive
network. The result, still a scalsr measurement, is combined with the value of attenua-
tion used in the generator ssempling line to infer the phase angle. Phasor analyais
zncthnds are used. The writer first leamed of this method from Dr. R. D. Middlebrook
1Q). :

Another application of the return loss bridge (RLB) is as a §-dB hybrid combiner.
This device i2 used to add two signals, The necessary characteristics are that system
impedances be maintained and that the two sources be isolated. Operation of the
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Ry

R, %Ry~ Fgure 434 Uso of a retum less brags
o combing signals froim two soutcas
+ while maintalning lkolation.

RLB ax a combingr iz shown in Fig 4.3¢ where the earlier cirouir iz drawn withoue
the tansfarmer and without any graund. The available energy from each generator
appears at the load, but attenuiated by & dB. The bridge action causes the energy
from cne generutor to be cancelled at the other. A commen application of the 6-dB
hybrid combiner is for distortion measurements on amplifiers, mixers, or complete
systems, discussed in Chap. 6.

The return loss bridge is never perfect, Some resistor values may be different
than the bridge characteristic impedance. Stray capacitance and inductance may canse
some arms of the bridge to differ from others, When a “perfect”™ 2, load is placed
on the ocutput, 2 finite reflection cocfficient, or remm loss wilf be measurad. This is
called the directivity of the bridge

Return lows bridges are easily construsted, even in the home haboratory, with
available companents. They will show a directivity of 30 dB or more in the kf spectrum
and af least 20 R throughont the vhf spectrum if some care Is used in construction
Q1)

RLB’s using the same circuit as presented can be built that perform well into
. the micvowave region. However, lead lengths, symmetry, and component quality all
become eritical (12). ‘

The return loss bridge may be used for cambining or splitting signals. It has
the disadvantage that it dissipates power, Figure 4.35 shows a hybrid that avercomes
this problem, the sowcalied zero-degrae hybrid. The circvit i drawn in two forms
to illustrate the circuite found in the litnrature. The form of Fig 4.35a is used for

anzlysis of the hybrid in a power splitter application. The assumed current directions
are labeled '

Transfarmer current action forces h = 4. A nodal equation st the input shows
is = iy -+ k. Finally, the voltage behavior of the transformer leads to Vo, — W =
Vi — V- These conditions are used to formulate 4 set of equatians that may be
solved for ¥;, V2 and ¥, far specific component valurs. The results of such an
analysis shows that R;. the balancing resistor should have a value of 2R, when R,
and Ry are aqual. The input resistance is then ¥ R;. For example, if the two termina-
tions are each S0 0, a 1001} unit i3 used for Ry and the input resistance is 25 Q.
The available power from the source is evenly split betweea the two loads, Ry and
R;. If one load changes, the power delivered to the other remains constant. The
effect of the change in 3 termination causes the ezcess power to be dissipated in the
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’ Sac. 44  Tramsmisslon Line Mecsurements 458

balancing resister. There is no loss in the circuit when equally terminated, The inpus
esistance will, howaver, chenges as either output tesmination varies.

This circuit is alao used for combining signals, as shown in Fig. 4.35c. The
isolation bezweon input posts is excellent, although driving impedaness will be reflecied
through to the output. There i2 no phase shift caused by the circuit when used in
either splitter or combince applications,

Anothaer hybrid is the so-called quadeature coupler. Thig type is not easily built
w0 cover wide frequency ranges. The usual cirouit at mistowave {requencies uses

1V,

f

{bl

figue 438 A e degree hybrid.
Anclyds as a power spilitar is done with
the chault ot {a), (b} shows e same
chreuit with o diffarent fomn used 10 do-
pict the mongomnar. (¢} shows the
e cheult Lt to camblne twa aig-
{e} nals
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184 Traramisslon Lnes Chap. 4

— 1
"

Ry, detestor

[ 1)

Aa

T e
” n .
(-]
detactar FAgury 434, Coupdors ueing transanmm-
o, That at (a) sampias ihe curerit n
L2

1Mo transmisdon ine while (b) sampies
me voltage on the line.

microstrip techniques (13). The virtue of a quadrature coupler, one with & 90 degres
phase difference berween lnput and output, is that it allows 3 constant impedance
to be prescuted at one port when variations are enconntered at another.

The hybrids discussed have been conceptually simple, Thde aperation is ex-
plained on the basiz of valtages and curranty with no regard for wave phenomeneon.
Orther bridge or coupler circuits come closer to being wave related in their operation.

Flzure 4.36 shows two couplers, devices that sample some of the caergy in a
line. Each coupler uses n transfornmer. The current in the line is sampled ar Fig.
4.36a. Assume that the lasd I matched to the source. The transformer has a aingle-
turn primary and 2 secondary of N turns The R termination on the sevondary
has the offect of placing a resistance of Ra/N® in series with the line. If Nis feasonably
high, the equivalent series resistatice is low. The current flowing is dominated by
the losd and not by the coupler. The curTent fowing in the detector will be thart in
the line divided by N. Hence, the power avallghle at the detestor will be 1/N? of
that flowing into the load. A 20-dB ssupler results if N= 10.

Figars 4.36b is similar gxcept that voltage is sampled. The imipedance presented
at the N-tumn primary is NPR,, a value usuglly high with repect to the load. The
detector voltage is that scross the load diminished by 1/N. An N* power telstionship
still applics.

Both couplers are vssful devices in f measurements, However, they tell us
nothing about impedances. The two may bo combined to farm a directional coupler,
8 device that will provide wave related information. This is shown in Fig. 437,

Assume that all resistors are 1 (3 und that the open cireuit generator voltage
is 2. The current flowing into the load will be 1 A, This current flows into the dot
of the single-turn winding of 71, forcing an output current from the dot of the
N-tur winding of 1/ ampere. Betause of syrametry, 3 ewrent of 1/(2N) is foreed
into each of the detector reslstors.




'05/10/02 FRI 15:44 FAX 830 898 1805

Case: 1:02-cv-03496 Document #: 8 Filed: 06/13/02 Page 43 of 47 PagelD #:89

WESTELL ADSL MARKETING

e
Soc. 44  Troramismion Lne Meaoynrements 157

ot

an | Lisdse—sun
L 1 wng
-.-'-—. - - -r- ;
- b . PR
R, fder) N . iy W N N, lan)
N

Agure 437 A direchonal coupler s
ing Ny ROy,

Transfarmer 73 swuples the voltage across the load. A pasicive load voltage
yiclds an cutput of 1/N volts at the sccandaly. A positive polarity sppears at the
dot oa the single turn of 3. This voltage causey & surrent to flow in the two terminating
reliston, the detectors, The current is 1/(2N). Thess currents are indicated as arrows
separsted from the connecting wires in the schematic. The eurrent resulting fom
the voltage sampling Qows to the left, into the left tenmination, and out of the right
detoctor. The toral currsnt into the left detestor s 1/N while it is zero into the
right detector, The coupling power rasio is again 1/N.

Allow the taole of the luput and the output to be roversed with ths output
terninarion appearing at the “input” tesmsinal and the genarator at the “ourpur.”
The load voltage is identical. However, the direction of the current is oppesite. The
nct vesult is coupling of powsr in the ratio of 1/A7 to the right detector and na
power to the left detestor.

There will be a reflected wave if the Joad bas 2 normalized value other than
L. The power at the tight detector is representative of the reflosted wave whils that
at the left detector is a sample of the incident wave. A Teactive termination will
lezd to phase differcnces between the voltage and current in the load which is again
coupled ta the ports. The function of the directional coupler is exactly the seme as
the seturn loss bridge with the addition of & port that provides informaticn aboyt
incident energy.

There is an asymmetry in the coupler. The eutput of T; is applied to one wide
of the secondary of 7;. The valtage sampling by 73 is from one tide of the ptimary
of Tt This is umally of linle significance if N is large. The Mtum windings of
oach trausformer should veturn to the center of the aingle-tum winding for best
perfornance. This will improve the directivity of the coupler,

The characzeristic impedance of the directional eoupler will change if the im-
pedanas of the detacenrs is altered. Although directional couplers are usually used
sad explained in terms of wave phenomenen, they are really o diffrent than the
reuen loss bridgs. Indesd, we note from See. 4.2 that the very concapt of forward
and reverse voltage waves was defined in terms of 3 specific source impedance. It is

01
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only the rclationship of these concepts to transmission Bne behavior that adds relevance
to the wave interpretation of directional couplers,

The coupler described in Fig. 4.37 is only one of many types, The basis is
common to all though. The chrrent in the line is sampled as is the lead voliags,
The two are compared in both phase and amplitude, producing a “zero reflected
powsT” indication ouly when the laad equals 2. For example, cutrent sampling
may be done with a gmall scries resistor, Voltags sampling can be done with a capacitive
voltage divider.

Directional couplers are often buile wirk transmission line sections (14). An
cxumple is shown in Fig. 438 where microntrip is employed. The figure shows only
the top pattern; the presencs of s diclecyriz substeate with a ground plane is implisit.
Anxlysis of a transmission line directional coupler is cansiderably more complicated
than the other types described. However, the operation is intuitatively reascnable,
Current flowing through the line connecting the soures to.the load establishes a
magnetic Seld. The closs proximiry of the coupled line will allow the field to induse
currents, Similarly, capacitive soupling between lings will catige & sample of the logd
voltage to appear on the coupled fine. This voltage will also lead ta ourput carrent.

The overpll getion ic the same g3 was found with the wansformer coupler of Fig.
4.7,

Load Rgure 438 A tronsmission fine direce
fonal coupiar wsing micrastp. Ony
the fop layor & shown—a dinltctic
leryar v round DIGTe 4 qazymned -

dar the lInea infercction of the mag-
PATC feide of the e cliow cuftent

&fQ

Cgc % sampiing while slectic flala coupling
Foraed
Bmple

aliows tha wlicge on the line o be

sampiod. The oparation (5 then ident-
Rafimted i f0 that of Ag. 433, although the
ample BanchwiaT i3 resitictod.

While our intcrest in the directions! coupler has been for the mewsuzrement of
complex inapecances, with ‘special emphasic on trangmission lines, there are many
other zpplications. It is often desiced to sample encryy from u line for the control
of & system. Alternatively, the symmetry of a directional coupler suggests that energy
may be injected onto a wansmission line through » eoupler. As such, they ate often
usad in mixcr or summing applications.

A wide variety of coupled transmission line type structures are especially usaful
at micrewave frequencies. Figure 4.39 shows a microstrip-type baadpass flter. The
input is a section of line that is short circuired. The input march would be poor if
there Were no other elements availuble, for all of the incident energy would be reflected
by the short. However, the iuput line, X, s part of a direstional coupler with 4
forming the rest. The segond line is not terminated at either ead. 4 is x balf wavelength
at the desived center froquancy, thus forming & resonntor. The third lae s similar
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Fguie 439 A doubia tned clrculf using sactions of miciesip as difectional
couplern.

with the fourth line acting as a means of sxiracting energy from the filtar, Tha response
of this filter may be tailored to whatever flter response desired through the use of
properly designed lines and spacings. All of ths methods of Chap. 3 for Bandpass
filter design may be adapted to thess structuges. Measutements may be performed
with 2 proper sdaptation of the Dishal method,
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