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(57) ABSTRACT

Active optical cable assemblies, and systems, methods, and
adapter modules and integrated circuits for facilitating com-
munication between a host and a client device over a fiber
optic cable are disclosed. In one embodiment, an active opti-
cal cable assembly includes a fiber optic cable having at least
one optical fiber, a host active circuit, a client active circuit, a
host connector, and a client connector. Upon a connection
between the host active circuit and a host device, the client
termination switch closes to couple the client termination
impedance to the ground reference potential. Upon a connec-
tion between the client active circuit and a client device, the
host termination switch closes to the couple the host termi-
nation impedance to the ground reference potential. In
another embodiment, a method includes enabling a host ter-
mination impedance upon a connection of an active optical
cable to a client device.

25 Claims, 6 Drawing Sheets
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APPARATUSES, SYSTEMS, AND METHODS
FOR FACILITATING OPTICAL
COMMUNICATION BETWEEN

ELECTRONIC DEVICES

RELATED APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119 of U.S. Provisional Application Ser. No. 61/420,
450 filed on Dec. 7, 2010 the content of which is relied upon
and incorporated herein by reference in its entirety.

BACKGROUND

1. Field

The present disclosure generally relates to apparatuses,
systems, and methods for facilitating optical communication
between electronic devices.

2. Technical Background

Fiber optic cables are an attractive alternative to bulky
traditional conductor cables, especially as data rates increase.
As the use of fiber optics migrates into numerous consumer
electronics applications, such as connecting computer
peripherals by the use of fiber optic cable assemblies, there
will be a consumer driven expectation for cables having
improved performance, compatibility with future communi-
cation protocols, and a broad range of use. For example, it is
likely that consumer demand will be for a fiber optic cable
that is compatible with universal serial bus specification ver-
sion 3.0 (USB 3.0). However, due to handshaking protocols
within USB 3.0 and the nature of laser diodes and fiber optic
cables, current fiber optic USB cables cause client and/or host
devices to become disabled upon connection of the fiber USB
cables to the client and/or host device.

Accordingly, alternative fiber optic cable assemblies, as
well as apparatuses, systems and methods for facilitating
communication between electronic devices, are desired.

SUMMARY

Embodiments of the present disclosure relate to active
optical cable assemblies and, more specifically, active optical
cable assemblies configured to enable communication
between two or more electronic devices using a communica-
tions standard. Generally, the embodiments described herein
enable fiber optic cable assemblies to be utilized in conjunc-
tion with the USB 3.0 standard by controllably enabling host
and/or client terminations of host and/or client active circuits.
Embodiments also relate to methods, systems, integrated cir-
cuits and adapter modules for facilitating communication
between electronic devices.

Disclosed is an active optical cable assembly including a
fiber optic cable with at least one optical fiber, a host active
circuit optically coupled to the fiber optic cable having a host
termination impedance coupled to a host input line and a host
termination switch, the host termination switch operable to
selectively couple the host termination impedance to a ground
reference potential, a client active circuit optically coupled to
the fiber optic cable comprising a client termination imped-
ance coupled to a client input line and a client termination
switch, the client termination switch operable to selectively
couple the client termination impedance to the ground refer-
ence potential, a host connector, wherein the host active cir-
cuit is positioned between a first end of the host connector and
the fiber optic cable, and the host connector is configured to
be removably coupled to a host port of a host device, a client
connector, wherein the client active circuit is positioned
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between a first end of the client connector and the fiber optic
cable, and the client connector is configured to be removably
coupled to a client port of a client device, and wherein upon a
connection between the host active circuit and a host device,
the client termination switch closes to couple the client ter-
mination impedance to the ground reference potential, and
upon a connection between the client active circuit and a
client device, the host termination switch closes to the couple
the host termination impedance to the ground reference
potential.

Additional features and advantages will be set forth in the
detailed description which follows, and in part will be readily
apparent to those skilled in the art from that description or
recognized by practicing the embodiments as described
herein, including the detailed description which follows, the
claims, as well as the appended drawings.

It is to be understood that both the foregoing general
description and the following detailed description are merely
exemplary, and are intended to provide an overview or frame-
work to understanding the nature and character of the claims.
The accompanying drawings are included to provide a further
understanding, and are incorporated in and constitute a part of
this specification. The drawings illustrate embodiments, and
together with the description serve to explain principles and
operation of the various embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The components of the following figures are illustrated to
emphasize the general principles of the present disclosure and
are not necessarily drawn to scale. The embodiments set forth
in the drawings are illustrative and exemplary in nature and
not intended to limit the subject matter defined by the claims.
The following detailed description of the illustrative embodi-
ments can be understood when read in conjunction with the
following drawings, where like structure is indicated with like
reference numerals and in which:

FIG. 1A graphically depicts a partial exploded perspective
view of an active optical cable assembly according to one or
more embodiments described and illustrated herein;

FIG. 1B schematically depicts a cross-sectional view of the
fiber optical cable of the active optical cable assembly
depicted in FIG. 1A according to one or more embodiments
described and illustrated herein;

FIG. 2 schematically depicts a system having an active
optical cable assembly according to one or more embodi-
ments described and illustrated herein;

FIG. 3 schematically depicts a system having an active
optical cable assembly comprising a host active circuit and
client active circuit that detect client termination through
optical power detection according to one or more embodi-
ments described and illustrated herein;

FIG. 4 schematically depicts a system having an active
optical cable assembly comprising a host active circuit and
client active circuit that detect client termination through
client active circuit power draw according to one or more
embodiments described and illustrated herein;

FIG. 5 schematically depicts a system having an active
optical cable assembly comprising a host active circuit and
client active circuit that detect client termination through the
use of one or more client status bits according to one or more
embodiments described and illustrated herein; and

FIG. 6 schematically depicts an active optical cable assem-
bly comprising a fiber optic cable assembly, a host adapter
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module, and a client adapter module according to one or more
embodiments described and illustrated herein.

DETAILED DESCRIPTION

Some aspects of the present disclosure are directed to
active optical cable assemblies comprising a client active
circuit and a host active circuit that are electrically coupled by
two conductors and optically coupled by a fiber optic cable.
The active optical cable assemblies further comprise host and
client connectors. According to various embodiments, the
active optical cable assemblies, as well as associated meth-
ods, optical cable systems, and integrated circuits, described
herein may prevent an untimely termination detect by con-
trollably enabling host and client terminations within the host
and client active circuits, respectively. By controllably
enabling the host and client terminations of the active optical
cable assembly, a universal serial bus 3.0 (USB 3.0) compli-
ance mode may be avoided when the active optical cable
assembly is connected to a host device prior to being con-
nected to a client device (e.g., a host electronics device and a
client electronics device). Although embodiments may be
described within the context of the USB 3.0 standard,
embodiments are not limited thereto. It is contemplated that
embodiments may be implemented in future standards of
USB, as well as other communication protocols and standards
that detect a client termination impedance before initiating
communication. Active optical cable assemblies, methods for
initializing communication over an active optical cable, sys-
tems comprising an active optical cable, integrated circuits,
and adapters for facilitating communication between a host
device and a client device over a fiber optic cable will be
described in further detail herein with specific reference to the
appended figures.

Generally speaking, due to the high data rates of USB 3.0
(e.g., 4.8 Gb/s), the cable length of reasonably sized tradi-
tional passive electrical conductor cable assemblies is limited
to about 3 meters or less due to skin and dielectric losses
intrinsic to electrical conductors and dielectric materials. Fur-
ther, conductor cables that are compatible with USB 3.0 are
very bulky and put stress on the small connectors that are used
on laptops and consumer devices such as camcorders.
Because of these limitations, there may be interest in a fiber
optic cable for use with USB 3.0. A fiber optic cable may be
dramatically thinner, more flexible, easier to carry for por-
table use, and may put much less stress on the connectors used
in small, handheld devices. Additionally, a fiber optic cable
assembly may comprise cable lengths of 100 meter spans,
allowing USB 3.0to be used in markets such as video delivery
and thin-client computing.

Traditionally, a host communicates digital data bi-direc-
tionally with a client over four copper conductors in a cable.
The data is coded for direct current (DC) balance (i.e., a
substantially constant average value) and sent through cou-
pling capacitors and terminated by resistors at the client side.
Use of a fiber optic cable in a USB 3.0 standard system
presents two problems. First, the USB 3.0 specification pow-
ers-down the link and then sends very short keep-alive signals
with a protocol called Low Frequency Periodic Signaling
(LFPS) in order to conserve end device (i.e., client device)
power. However, most optical transceivers require continu-
ously running data streams to set their laser bias and photo-
diode slicing levels using long-time-constant feedback loops,
which is something that USB 3.0 precludes.

Second, USB 3.0 detects the presence of a client by looking
for the presence of a termination load change when the end of
the cable is mated to the client circuitry. To detect the pres-
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ence of a client device, the host device periodically pulses the
output data line high. It then looks to see how long the voltage
remains high. If there is no client device attached to the other
end of the cable, then the data line will be a high-impedance
open circuit and the voltage will float high for an extended
period of time. However, if a client device is attached, the
voltage will be rapidly pulled to a logic-zero level by termi-
nation resistors in the client device circuitry. Once the host
device detects termination, it will start a handshake to identify
and train the client circuitry prior to sending data.

USB 3.0 assumes a copper cable will be used to connect the
host device to the client device. However, in a standard fiber
optic link, there is not normally any DC communication
between the two sides of the fiber optic like except for explicit
data transferred. In a fiber optic cable, both the host side and
client side of the cable will have some termination load asso-
ciated therewith due to the laser diode drive circuitry and
photodetector circuitry used to convert electrical signals into
optical signals and optical signals into electrical signals. If
such a fiber optic cable is only connected to the host end,
leaving the client end unconnected, the host device will con-
clude that a valid client has been attached. It will then initiate
ahandshake attempt which will fail. USB 3.0 allows the user
360 milliseconds or less time between attaching one end of a
fiber optic cable and completing the attachment at the other
end. The USB 3.0 standard specifies that the host device enter
a compliance mode which causes the system to put out a set of
standard test patterns until the host device is reset. Because
there is no way to exit the compliance mode other than power-
cycling the system, a standard fiber optic link will lock up and
fail. Accordingly, it is desired that the fiber optic cable link be
configured to be connected to the host device or client device
in any order without causing the system to enter compliance
mode.

Briefly described, embodiments ensure that both the client
device and the host device detect a termination only when the
cable has been properly connected at both ends of the fiber
optic link. Embodiments allow an active optical cable to
signal from one end of an active fiber optic cable to another
end to simulate the real-time impedance change that is mea-
surable in an conductor-only cable, and further allow the
active optical cable to be installed either end first with no
constraints on time while avoiding any lock-up due to the
USB 3.0 standard compliance mode circuitry.

One embodiment of an active optical cable assembly 100 is
illustrated in FIG. 1A. The active optical cable assembly 100
generally comprises a host connector 110, a fiber optic cable
102, and a client connector 210. Within a host housing 170 of
the host connector 110 is a host active circuit 120. As
described in more detail below, the host active circuit 120 is
operable to convert electrical and optical signals to provide
communication between a host device and a client device
over the active optical cable using the USB 3.0 standard. In
the illustrated embodiment, the host active circuit 120 gener-
ally comprises a host transceiver circuit 150 that converts the
electrical and optical signals, and a host active integrated
circuit 130 operable to, among other things, selectively
enable a host termination impedance upon certain conditions
(e.g., see host termination impedance 133 of FIG. 3). A first
end 160 of the host connector 110 is configured to be coupled
to a corresponding host port of a host device according to the
USB standard. The terms port and connector are used inter-
changeably herein. It should be understood that the host con-
nector 110 may possess a different configuration when the
active optical cable is implemented in a system that uses a
communication protocol other than USB (e.g., Firewire). It
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should also be understood that no limitations are intended by
the depiction of male and female connector configurations
provided in the figures.

FIG. 1A illustrates the host active circuit 120 as comprising
a host transceiver circuit 150 and a separate host active inte-
grated circuit 130. However, it is contemplated that the com-
ponents of both the host transceiver circuit 150 and the host
active integrated circuit 130 may be provided in a single
integrated circuit according to some embodiments. Addition-
ally, the host active integrated circuit 130 may not be config-
ured as an integrated circuit but rather as a plurality of discrete
components.

A client connector 210 is located at the opposite end of the
fiber optic cable 102 from the host connector 110. Within a
clienthousing 270 of the client connector 210 is a client active
circuit 220. Like the host active circuit 120 described above,
the client active circuit 220 is operable to convert electrical
and optical signals to provide communication between the
host device and the client device. In the illustrated embodi-
ment, the client active circuit 220 generally comprises a client
transceiver circuit 250 that also converts the electrical and
optical signals, and a client active integrated circuit 230 oper-
able to, among other things, selectively enable a client termi-
nation impedance upon certain conditions (e.g., see client
termination impedance 233 of FIG. 3). Both the host trans-
ceiver circuit 150 and the client transceiver circuit 250 may
comprise fixed-bias lasers and detectors capable of optically
communicating the low-duty cycle LFPS protocol of USB
3.0. A first end 260 of the client connector 210 is configured
to be coupled to a corresponding client port of a client device
according to the USB standard. As described above with
respect to the host connector, the client connector 210 may
possess a different configuration when the active optical cable
is implemented in a system that uses a communication pro-
tocol other than USB. Embodiments ofthe present disclosure
may also be configured such that the client transceiver circuit
250 and the client active integrated circuit are implemented in
a single integrated circuit, or comprise a plurality of discrete
components.

It is noted that embodiments are not limited to the packag-
ing configurationillustrated in FIG. 1A. For example, the host
active circuit 120 and the client active circuit 220 need not be
located within the host connector 110 and the client connector
210, respectively. For example, the host active circuit 120 and
the client active circuit 220 may be provided in one or more
adapter modules used to adapt a fiber optic cable to USB
environments. Use of adapters may be particularly advanta-
geous in applications wherein the host device or the client
device uses micro or mini USB connectors that provide for
very small connector housings. One embodiment of an active
optical cable assembly 600 utilizing adaptor modules 800/
900 is illustrated in FIG. 6 and described in detail below. It is
also contemplated that the host active circuit 120 and the
client active circuit 220 may be located within the active
optical cable 100 at locations other than within the host con-
nector 110 and client connector 210, respectively. For
example, the host active circuit 120 may be maintained within
a housing that is located just prior to the host connector 110
along the fiber optic cable 102, and the client active circuit
220 may be maintained within a housing that is located just
prior to the client connector 210 along the fiber optic cable
102. Any number of configurations may be utilized.

Referring now to FIG. 1B, one non-limiting example of the
fiber optic cable 102 is illustrated schematically in cross
section. It should be understood that other fiber optic cable
configurations may be utilized. The fiber optic cable 102
includes a polymer jacket 103 having an outer periphery and
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aninner periphery with the inner periphery defining a channel
105. The channel 105 is the same as an optical fiber envelope.
The polymer jacket 103 may surround the channel 105 and
the channel 105 may extend the entire length of the fiber optic
cable 102. The fiber optic cable 102 further comprises a
plurality of conductors 1044, 1045 (e.g., electrically conduc-
tive wires) that may supply power to peripheral devices. The
two conductors 104a, 1045 are capable of electrically cou-
pling the host active circuit to the client active circuit. For
example, the two conductors 104a, 1045 may receive and
provide a voltage VBUS and a ground reference potential
GND. The two conductors 104a, 1045 may be made of a
conductive material, such as copper. It should be understood
that additional conductors may be utilized to transmit addi-
tional electrical signals through the fiber optic cable 102. In
one embodiment, no conductors may be present within the
fiber optic cable. For example, no conductors may be present
in embodiments wherein the client active circuit receives
power from the client device rather from the host device via
the host active circuit 120. The conductors 104a, 1045 may be
surrounded by an insulating material 1084, 1085, respec-
tively. It is not a requirement that the conductors 104a, 1045
surrounded by an insulating material 1084, 1085.

Data-carrying buffered optical fibers 106a, 1065 are also
included within the fiber optic cable 102. Optical fiber 106a
may be configured to propagate optical signals in a first direc-
tion, and optical fiber 1065 may be configured to propagate
optical signals in a second direction. In another embodiment,
the optical fiber 106a may comprise a plurality of optical
fibers, and optical fiber 1065 may also comprise a plurality of
optical fibers configured to propagate optical signals in a first
direction and second direction, respectively. In yet another
embodiment, a single optical fiber (or a plurality of optical
fibers) may be included in the fiber optic cable 102. The single
optical fiber may be configured to propagate optical signals
bi-directionally (e.g., by operation of a switch, a multiplexer
and/or a beam splitter).

The optical fibers 106a, 1065 depicted in FIG. 1B are also
each surrounded by a jacket 109a, 1095. The conductors
104a, 1045 and the optical fibers 1064, 1065 are positioned
within the channel 105. In some embodiments, the conduc-
tors 104a, 1045 may be arranged within the polymer jacket
103. The optical fibers 1064, 1065 are free to translate within
the channel 105 when the fiber optic cable 102 is bent.

The shape of the channel 105, or optical fiber envelope 105,
is established so that no matter how the fiber optic cable 102
is bent, the optical fibers 1064, 1065 will never be bent below
their minimum bend radius. The channel 105 as illustrated is
“cross” shaped. However, there is no requirement that the
channel 105 be cross shaped and may be any shape necessary
to accommodate optical fiber translation so when the fiber
optic cable 102 is bent, optical fibers 106a, 1065 are not bent
to a radius below the minimum bend radius. The channel 105
shape and orientation may also depend on the preferred of
bending and locations of other elements within the fiber optic
cable 105.

In some embodiments, the fiber optic cable 102 further
includes a strength material, such as an aramid yarn or Kevlar.
The strength material may be arranged within the channel
105. It is not required that the strength material be arranged as
such, or even required, and may be arranged within the jacket
103 or the channel 105 in any convenient orientation or
arrangement. The strength material may surround the optical
fibers 1064, 1065 and conductors 104a, 1045. The strength
material may be positioned in a space between the conductors
104a, 1045, the optical fibers 106a, 1065 and the jacket 103.
The strength material allows the optical fibers 106a, 1065 to
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move to a limited extent within the jacket 103. It should be
understood that other arrangements of the components illus-
trated in FIG. 1B are within the scope of this disclosure.

In one embodiment, the fiber optic cable 102 is capable of
being bent while successfully propagating optical signals. For
example, the optical fibers may have a minimum bend radius
of approximately 1.2 mm or greater. The minimum bend
radius is the smallest radius the optical fibers 106 within the
fiber optic cable 102 may be bent before excessive attenuation
of the optical signals of the optical fibers 106 occurs. In one
embodiment, the predetermined acceptable attenuation range
is about 1.5 dB to 2.0 dB, and the minimum bend radius is
about 1.2 mm or greater. It should be understood that fiber
optic cables having other properties may be used.

FIG. 2 schematically depicts a system 190 generally com-
prising a host device 180 (e.g., a computer), an active optical
cable assembly 100, and a client device 280 (e.g., a camera).
The host device 180 is communicatively coupled to the client
device 280 via the active optical cable assembly 100. The host
device 180 and the client device 280 may communicate by
using the USB 3.0 standard over the active optical cable
assembly 100. As shown in FIG. 2, the host active circuit 120
acts as a host interface and the client active circuit 220 acts as
a client interface for communication over the active optical
cable assembly 100.

The host device comprises a host output 182 and a host
input 185 that are electrically coupled to the host active circuit
120 when the host connector 110 is connected to an associ-
ated host input connector on the host device. The host active
circuit 120 receives the voltage VBUS and the ground refer-
ence potential GND from the host device 180 via the host
connector 110. Transmitted host electrical signals are output-
ted from the host device 180 at the host output 182, and
received client electrical signals are received at the host input
185. As described in more detail below, the host active circuit
120 converts the transmitted host electrical signals into host
optical signals for propagation over the optical fibers 106 of
the fiber optic cable 102. Additionally, the host active circuit
120 converts received client optical signals into the received
client electrical signals.

The client device comprises a client output 282 and a client
input 285 that are electrically coupled to the client active
circuit 220 when the client connector 210 is connected to an
associated client input connector on the client device. The
client active circuit 220 receives the voltage VBUS and the
ground reference potential GND from the host active circuit
120 via the two conductors 104. Transmitted client electrical
signals are outputted from the client device 280 at the client
output 282, and received host electrical signals are received at
the client input 285. The client active circuit 220 converts the
transmitted client electrical signals into client optical signals
for propagation over the optical fibers 106 of the fiber optic
cable 102. Additionally, the client active circuit 220 converts
received host optical signals into the received host electrical
signals. In this manner, the host device 180 and the client
device 280 may communicate via USB 3.0 over the active
optical cable assembly.

Referring now to FIG. 3, one embodiment of an active
optical cable assembly 100 implemented in a system 190 is
illustrated in detail. Generally, the embodiment illustrated in
FIG. 3 uses optical pulses generated by the client device and
client active circuit 220 to detect the presence of a client
device 280 at the client active circuit 220 prior to terminating
the host active circuit 120. Only when the host active circuit
120 detects optical pulses generated by the client active cir-
cuit 220 will the host termination impedance 133 be enabled.
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Starting from the host-side, the host device 180 comprises
a host output 182 that is coupled to a host output driver 181.
The host output driver 181 comprises a high-speed transmit-
ter device as defined in the USB 3.0 specification. The host
output driver 181 passes the transmitted host electrical signals
to the host active circuit 120 through conductive pins of the
first end 160 of the host connector 110. The host input 185 is
coupled to a host input driver 183 that comprises a high-speed
buffer device as defined in the USB 3.0 specification.

The host active circuit 120 illustrated in FIG. 3 generally
comprises host transceiver circuit 150, host input line 137,
host termination switch 134, host termination impedance
133, host interface input module 132, pulse stretcher circuit
145, host output line 141, host interface output module 139,
and host power management module 140. In one embodi-
ment, each of the components except for the host transceiver
circuit 150 is configured as a single integrated circuit. In
another embodiment, all of the components of the host active
circuit 120 are configured as a single integrated circuit. In yet
another embodiment, all of the components of the host active
circuit 120 are discrete components.

Generally, the host transceiver circuit 150 comprises a host
laser diode circuit 152 that includes laser diode drive circuitry
and a laser diode optically coupled to the optical fibers 106.
The host laser diode circuit 152 is operable to receive trans-
mitted host electrical signals from the host device 180 and the
host interface input module 132 such that an output of the
laser diode is modulated by the transmitted host electrical
signals. The host transceiver circuit 150 further comprises a
host photodiode circuit 154 that comprises a photodiode and
related circuitry that are operable to receive client optical
signals and convert the same into received client electrical
signals.

Rather than directly coupling the host transceiver circuit
150 to the host output 182 and the host input 185, the host
output 182 and the host input 185 are coupled to the host
interface input module 132 and the host interface output
module 139 via the host input line 137 and the host output line
141, respectively. The host interface input module 132 and
host interface output module 139 may be configured as high-
speed buffer devices as defined by USB 3.0 specification. The
host termination impedance 133 is electrically coupled to the
host input line 137 and the host interface input module 132.
The host termination impedance 133 of the illustrated
embodiment is depicted as two resistors, with each resistor
coupled to an input of the host interface input module 132.
The other end of the host termination impedance 133 is nor-
mally floating, and is connected to the ground reference
potential GND via host termination switch 134 only when the
host active circuit 120 detects that a client device has been
connected to the client active circuit 220. As depicted in FIG.
3, the host termination switch 134 is illustrated as two
switches that are coupled to the ground reference potential
GND with their contacts being coupled to the resistors of the
host termination impedance 133 when in the closed state. The
host termination switch 134 may be configured as a bipolar
transistor, a MOSFET, or other similar electronic switching
devices.

The host power management module 140 is operable to
receive the voltage VBUS and ground reference potential
GND from the host device at power connection 184 via a
power input. The host power management module 140 is also
operable to provide the voltage VBUS and the ground refer-
ence potential GND to the two conductors 104 at a power
output such that the client active circuit 220 also receives the
voltage VBUS and the ground reference potential GND.
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The pulse stretcher circuit 145, as described in more detail
below, is a switch driver device that receives an output 142 of
the host photodiode circuit 154 when the host photodiode
circuit 154 receives client optical signals from the optical
fibers 106. The received optical signals are generally pulses of
light that the host photodiode circuit 154 converts into elec-
trical pulses. The pulse stretcher circuit 145 receives the
electrical pulses and stretches each pulse to produce a con-
tinuous signal consisting over overlapping, stretched electri-
cal pulses. The output 135 of the pulse stretcher circuit 145 is
provided to the host termination switch 134. In one embodi-
ment, the pulse stretcher circuit 145 is configured as a
monostable circuit, such as may be provided by an industry
standard LM555 timer integrated circuit.

Referring now to the client-side, the client device 280
comprises a client output 282 that is coupled to a client output
driver 281. The client output driver 281 may comprise a
high-speed transmitter device as defined in the USB 3.0
specification. The client output driver 281 passes the trans-
mitted host electrical signals to the client active circuit 220
through conductive pins of the first end 260 of the client
connector 210. The client input 285 is coupled to a client input
driver 283 that may comprise a high-speed buffer device as
defined in the USB 3.0 specification.

The client active circuit 220 shares some similarity with the
host active circuit 120. The client active circuit 220 illustrated
in FIG. 3 generally comprises client transceiver circuit 250,
client input line 237, client termination switch 234, client
termination impedance 233, client interface input module
232, client output line 241, client interface output module
239, and client power management module 240. In one
embodiment, each of the components except for the client
transceiver circuit 250 is configured as a single integrated
circuit. In another embodiment, all of the components of the
client active circuit 220 are configured as a single integrated
circuit. In yet another embodiment, all of the components of
the client active circuit 220 are discrete components. In yet
another embodiment, the client active circuit 220 shares all of
the same components of the host active circuit 120 such that
the two circuits are identical to each other. For example, a
single integrated circuit design may be used for both the host
active circuit and the client active circuit, and the functional-
ity of the integrated circuit would depend whether the inte-
grated circuit is coupled to a host device or a client device.

Similar to the host transceiver circuit 150 described above,
the client transceiver circuit 250 comprises a client laser
diode circuit 252 that includes a laser diode drive circuitry
and a laser diode optically coupled to the optical fibers 106.
The client laser diode circuit is operable to receive transmit-
ted client electrical signals from the client device 280 and the
client interface input module 232 such that an output of the
laser diode is modulated by the transmitted client electrical
signals. The client transceiver circuit 250 further comprises a
client photodiode circuit 254 that comprises a photodiode and
related circuitry that are operable to receive host optical sig-
nals and convert the same into received host electrical signals.

Rather than directly coupling the client transceiver circuit
250 to the client output 282 and the client input 285, the client
output 282 and the client input 285 are coupled to the client
interface input module 232 and the client interface output
module 239 via the client input line 237 and the client output
line 241, respectively. The client interface input module 232
and the client interface output module 239 may be configured
as high-speed buffer devices as defined by USB 3.0 specifi-
cation. The client termination impedance 233 is electrically
coupled to the client input line 237 and the client interface
input module 232. The client termination impedance 233 of
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the illustrated embodiment is depicted as two resistors, with
each resistor coupled to an input of the client interface input
module 232. The other end of the client termination imped-
ance 233 is normally floating, and is connected to the ground
reference potential GND via client termination switch 234.
As depicted in FIG. 3, the client termination switch 234 is
illustrated as two switches that are coupled to the ground
reference potential GND with their contacts being coupled to
the resistors of the client termination impedance 233 when in
the closed state. The client termination switch 234 may be
configured as a bipolar transistor, a MOSFET, or other similar
electronic switching devices.

The client power management module 240 is operable to
receive the voltage VBUS and ground reference potential
GND from the host active circuit 120. In an alternative
embodiment, the client power management module 240
receives a voltage and a ground reference potential from an
external source, or from the client device 280.

As described above, embodiments of the present disclosure
enable a host device and a client device to communicate with
one another over a fiber optic cable without the host device
and/or the client device locking up due to a faulty termination
detection. Embodiments described herein selectively enable
the termination impedances of active optical cable assembly
100 such that the host device 180 properly detects the con-
nection of the client device 280 on the opposite end of the
active optical cable assembly 100, and the client device 280
properly detects the connection of the host device 180 on the
opposite end of the active optical cable assembly 100.

Methods of detecting client and host terminations accord-
ing to the active optical cable assembly 100 illustrated in FIG.
3 will now be described. When the active optical cable assem-
bly 100 is not connected to a host device 180 or a client device
280, the host termination switch 134 and the client termina-
tion switch 234 are normally open.

When a client device 280 is connected to the client active
circuit 220 but no host device 180 is connected to the host
active circuit 120, the host termination switch 134 and the
client termination switch 234 will remain open because 1) the
host active circuit 120 has not received power, and 2) the
client active circuit 220 has not received power because it
depends on the host active circuit 120 for the voltage VBUS
and ground reference potential GND.

When a host device 180 is connected to the host active
circuit 120 but there is no client device 280 connected to the
client active circuit 220 (a condition that would normally
cause the host device 180 to lock up if using a traditional fiber
optic cable), the voltage VBUS and ground reference poten-
tial GND are provided to the host power management module
140 from the host device 180, and provided to the client power
management module 240 via the two conductors 104.
Because the host active circuit 120 has not detected the pres-
ence of a client device 280 at the client active circuit 220, the
host termination switch 134 remains open such that the host
termination impedance 133 is not enabled. Therefore, the
host device 180 sees a high-impedance, open circuit at the
host active circuit 120 and determines that there is no client
device 280 present on the link.

In one embodiment, the client power management module
240 is electrically coupled to the client termination switch
234 and will close the client termination switch 234 upon
receipt of the voltage VBUS and ground reference potential
GND from the two conductors 104. In this manner, the client
active circuit 220 detects the presence of a host device 180
coupled to the host active circuit 120 by receipt of the voltage
VBUS and ground reference potential GND. In an alternative
embodiment, as depicted in FIG. 3, the client interface output
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module 239 is operable to detect a client input termination
impedance 286 associated with the client device 280, and
output a termination detect signal to the client termination
switch 234 on the termination detection line 236 upon a
detection of the client input termination impedance 286. In
this embodiment, the client termination switch 234 only
closes when a client device 280 is connected to the client
active circuit 220 (which is detected by the client interface
module 239) and the client active circuit receives the voltage
VBUS and ground reference potential GND from the host
active circuit 120.

When a host device 180 and a client device 280 are con-
nected to the active optical cable assembly 100, the client
termination switch 234 may activate as described above.
Upon enablement of the client termination impedance 233 via
the client termination switch 234, the client device 280
detects the client termination impedance 233 and begins to
transmit client electrical signals on client input line 237. The
client interface input module 232 passes the transmitted client
electrical signals to the client laser diode circuit 252, which
converts the transmitted client electrical signals into client
optical signals that are propagated through the optical fibers
106. The host photodiode circuit 154 receives the client opti-
cal signal and converts it into a received client electrical
signal comprising a plurality of electrical pulses. The plural-
ity of electrical pulses are provided to the pulse stretcher
circuit 145 that stretches the plurality of electrical pulses into
a continuous signal that is passed to the host termination
switch 134. The continuous signal then activates the host
termination switch 134 to enable the host termination imped-
ance 133. The host device 180 detects the presence of the host
termination impedance 133 and determines that a client
device is present. The host device 180 then starts communi-
cation.

In this manner, the host termination impedance 133 is
enabled when a client device 280 is coupled to the client
active circuit 220, and the client termination impedance 233 is
enabled when a host device 180 is coupled to the host active
circuit 120. In the embodiment illustrated in FIG. 3, the host
active circuit 120 detects the presence of a client device 280
by receipt of optical power from the client active circuit 220
and the client device 280.

Referring now to FIG. 4, another embodiment of an active
optical cable assembly 101 implemented in a system 191 is
illustrated in detail. Generally, the embodiment illustrated in
FIG. 4 uses a power draw generated by the client device 280
and client active circuit 221 to detect the presence of a client
device 280 at the client active circuit 220 prior to terminating
the host active circuit 121. As described in more detail below,
the client active circuit 221 will draw more power from the
host active circuit 121 when a client device 280 is connected
to the client active circuit 221.

Referring first to the host-side, the host active circuit 121
illustrated in FIG. 4 is similar to the embodiment illustrated in
FIG. 3. The host active circuit 121 of the present embodiment
does not include a pulse stretcher circuit 145. Rather, the host
power management module 140 has an output line 147 that is
provided to the host termination switch 134. The host power
management module 140 is configured to sense power drawn
on the two conductors 104 by the client active circuit 221 and
to provide a host switch signal when the client active circuit
power draw level is above a power draw threshold. The
remaining components are similar to the host active circuit
120 described with respect to the embodiment illustrated in
FIG. 3.

Referring now to the client-side, the client active circuit
221 illustrated in FIG. 4 is similar to the embodiment illus-
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trated in FIG. 3. In the present embodiment, the termination
detect line 246 is coupled to the client interface output module
239 and to the client power management module 240. The
client power management module 240 is operable to provide
a client switch signal to the client termination switch 234 on
line 247 upon receipt of the voltage VBUS and ground refer-
ence potential GND from the host active circuit 121 and,
according to one embodiment, a termination detect signal
from the client interface output module 239 when the client
interface output module 239 detects the presence of a client
device 280.

Similar to the optical power embodiment illustrated in FIG.
3, when the active optical cable assembly 101 is not con-
nected to a host device 180 or a client device 280, the host
termination switch 134 and the client termination switch 234
are normally open.

When a client device 280 is connected to the client active
circuit 221 but no host device 180 is connected to the host
active circuit 121, the host termination switch 134 and the
client termination switch 234 will remain open because 1) the
host active circuit 121 has not received power, and 2) the
client active circuit 221 has not received power because it
depends on the host active circuit 121 for the voltage VBUS
and ground reference potential GND.

When a host device 180 is connected to the host active
circuit 121 but there is no client device 280 connected to the
client active circuit 221 (a condition that would normally
cause the host device 180 to lock up if using a traditional fiber
optic cable), the voltage VBUS and ground reference poten-
tial GND are provided to the host power management module
140 from the host device 180, and provided to the client power
management module 240 via the two conductors 104.
Because the host active circuit 121 has not detected the pres-
ence of a client device 280 at the client active circuit 220, the
host termination switch 134 remains open such that the host
termination impedance 133 is not enabled. Therefore, the
host device 180 sees a high-impedance, open circuit at the
host active circuit 121 and determines that there is no client
device 280 present on the link.

In one embodiment, the client power management module
240 provides a client switch signal to activate the client ter-
mination switch 234 upon receipt of the voltage VBUS and
ground reference potential GND from the host active circuit
121. In another embodiment, as depicted in FIG. 4, the client
interface output module 239 is operable to detect a client
input termination impedance 286 associated with the client
device 280, and output a termination detect signal to the client
power management module 240 on the termination detection
line 246 upon a detection of the client input termination
impedance 286. The client power management module 240
will then provide the client switch signal to the client termi-
nation switch 234. In this embodiment, the client termination
switch 234 only closes when a client device 280 is connected
to the client active circuit 221 (which is detected by the client
interface output module 239) and the client active circuit
receives the voltage VBUS and ground reference potential
GND from the host active circuit 120.

When a host device 180 and a client device 280 are con-
nected to the active optical cable assembly 101, the client
termination switch 234 may activate as described above.
Upon enablement of the client termination impedance 233 via
the client termination switch 234, the client device 280
detects the client termination impedance 233 and begins to
transmit client electrical signals on client input line 237. The
client interface input module 232 passes the transmitted client
electrical signals to the client laser diode circuit 252, which
converts the transmitted client electrical signals into client
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optical signals that are propagated through the optical fibers
106. The generation of optical signals by the client laser diode
circuit 252 increases the level of current drawn by the client
active circuit 221 on the two conductors 104. The level of
current will therefore increase when there is a client device
280 coupled to the client active circuit 221. This power draw
information is used by the host active circuit 121 to verify that
aclient device 280 is present on the link. As described above,
the host power management module 140 is operable to sense
the power drawn on the two conductors 104. Power drawn
that is above a threshold value is indicative that a client device
280 is connected to the client active circuit 221 because of the
operation of the client laser diode circuit 252. Accordingly,
the host power management module 140 provides a host
switch signal to the host termination switch 134 when the
power drawn by the client active circuit 221 is above the
power draw threshold value, thereby enabling the host termi-
nation impedance 133. The host device 180 detects the pres-
ence of the host termination impedance 133, determines that
a client device is present, and starts communication.

In this manner, the host termination impedance 133 is
enabled when a client device 280 is coupled to the client
active circuit 221, and the client termination impedance 233 is
enabled when a host device 180 is coupled to the host active
circuit 121. In the embodiment illustrated in FIG. 4, the host
active circuit 121 detects the presence of a client device 280
by sensing power drawn by the client active circuit 220.

Referring now to FIG. 5, another embodiment of an active
optical cable assembly 101" implemented in a system 191' is
illustrated in detail. Generally, the embodiment illustrated in
FIG. 5 uses a client status bit and, in some embodiments, a
host status bit inserted into a data stream that is decoded to
ascertain the present of a client device and/or a host device on
the link provided by the active optical cable assembly 101'.

Referring first to the host-side, the host active circuit 121
illustrated in FIG. 5 is similar to the embodiment illustrated in
FIG. 4. However, FIG. 5 illustrates a host active circuit 121"
having a host coder module 148 electrically coupled to the
host interface input module 132 and the host laser diode
circuit 152, and a host decoder module 149 electrically
coupled to the host interface output module 139 and the host
photodiode circuit 154. The host coder module 148 and host
decoder module 149 are in electrical communication with the
host power management module 140.

The host coder module 148 and host decoder module 149
may be implemented viaa MUX/DEMUX circuit. It is noted
that the MUX/DEMUX circuit may be implemented in the
embodiment illustrated in FIGS. 3 and 4 to perform line-
coding functions according to USB 3.0 to properly modulate
the laser diode assemblies. In the embodiment illustrated in
FIG. 5, the host coder module 148 and the host decoder
module 149 are utilized for client detection purposes in addi-
tion to traditional line-coding functions and are therefore only
illustrated in FIG. 5. The same is true for the client coder
module 248 and client decoder module 249 described below.

The host coder module 148 is operable to receive a host
data stream from the host device 180 and break the host data
stream into a plurality of host data packets. The host decoder
module 149 is operable to receive a plurality of client data
packets from the client active circuit 221' and reassemble the
plurality of client data packets into a client data stream.

Referring now to the client-side, the client active circuit
221" illustrated in FIG. 5 is similar to the embodiment illus-
trated in FIG. 4. In the present embodiment, a termination
detect line is not provided from the client interface output
module 239 to the client power management module 240
(although it may be provided in some embodiments). Similar
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to the host-side, the client active circuit 221' comprises a
client coder module 248 electrically coupled to the client
laser diode circuit 252 and the client interface input module
232, and a client decoder module 249 electrically coupled to
the client photodiode circuit 254 and the client interface out-
put module 239. The client coder module 248 and client
decoder module 249 are in electrical communication with the
client power management module 240. The client coder mod-
ule 248 and client decoder module 249 may be implemented
via a MUX/DEMUX circuit, as described above with respect
to the host active circuit 121'

The client coder module 248 is operable to receive a client
data stream from the client device 280, and break the client
data stream into a plurality of client data packets. The client
decoder module 249 is operable to receive a plurality of host
data packets from the host active circuit 121' and reassemble
the plurality of host data packets into a host data stream.

The client power management module 240 is operable to
provide a client switch signal to the client termination switch
234 on line 247 upon receipt of the voltage VBUS and ground
reference potential GND from the host active circuit 121 and
a termination detect signal from the client interface output
module 239 when the client interface output module 239
detects the presence of a client device 280.

Methods of detecting client and host terminations accord-
ing to some embodiments of the active optical cable assembly
101" illustrated in FIG. 5 will now be described. When the
active optical cable assembly 101" is not connected to a host
device 180 or a client device 280, the host termination switch
134 and the client termination switch 234 are normally open.
As described below, the host termination switch 134 only
closes upon receipt of a client status bit in the client data
packets sent by the client active circuit 221'".

When a client device 280 is connected to the client active
circuit 221" but no host device 180 is connected to the host
active circuit 121', the host termination switch 134 and the
client termination switch 234 will remain open because 1) the
host active circuit 121' has not received power, and 2) the
client active circuit 221' has not received power because it
depends on the host active circuit 121 for the voltage VBUS
and ground reference potential GND.

When a host device 180 is connected to the host active
circuit 121" but there is no client device 280 connected to the
client active circuit 221' (a condition that would normally
cause the host device 180 to lock up if using a traditional fiber
optic cable), the voltage VBUS and ground reference poten-
tial GND are provided to the host power management module
140 from the host device 180, and provided to the client power
management module 240 via the two conductors 104.
Because the host active circuit 121' has not detected the
presence of a client device 280 at the client active circuit 221,
the host termination switch 134 remains open such that the
host termination impedance 133 is not enabled. Therefore,
the host device 180 sees a high-impedance, open circuit at the
host active circuit 121' and determines that there is no client
device 280 present on the link.

In one embodiment, the client power management module
240 provides a client switch signal to activate the client ter-
mination switch 234 upon receipt of the voltage VBUS and
ground reference potential GND from the host active circuit
121' independent of any client termination detection. In
another embodiment, as depicted in FIG. 5, the host coder
module 148, upon receipt of power from the host device 180,
breaks the host data stream into the plurality of host data
packets. The host coder module 148 then may insert a host
status bit (or bits) into one or more of the plurality ot host data
packets. The host status bit is indicative of there being a valid






