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Optically Connecting Computer Components

Background

[01] Portable processor-based systems including laptop computers (laptops), also
termed notebook computers, and hand held computers such as personal digital
assistants (PDAS) or “smart” mobile telephones (devices integrating PDA and mobile
phone functionality) are popular. Such devices are sometimes designed to trade off
capability for portability, for example, a laptop computer may not include an
integrated CD or DVD reader, but allow connection to one using a cable connector of
an external bus, or via a docking station or a port replicator. Similarly, a laptop
display is generally small in size and may be limited in brightness and resolution, but
the laptop may be connected to an external display using for example a Digital Video
Interface (DVI) connector, as specified in the DVI 1.0 Specification available from
the Digital Display Working Group (DDWG) or Video Graphics Array (VGA)
connector, well known in the art, on the laptop and a video signal cable. Asis
known, a docking station is a device that mechanically and electrically couples with a
laptop to provide additional functionality, including, for example, additional external
ports and drives for removable media. Docking stations may also be referred to as
port replicators; alternatively, the term port replicator may also be used to refer to a
docking station with limited functionality. Similarly a PDA or smart phone may come
with no hardware keyboard, but may be connected to one using a cable connector of
an external bus or a docking station designed for the PDA or smart phone.

[02] Cable connection to external peripherals for a laptop is limited because such
cables are limited in length by the physical parameters of their construction and the
nature of the signals they carry, especially for cables that carry high bandwidth
signals such as video or high speed data such as that specified in the Universal Serial

Bus Revision 2.0 Specification (USB 2.0) available from the USB Implementers
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Forum or that specified in the several IEEE 1394 specifications available from the
1394 Trade Association cables (FireWire). Docking stations are often expensive
because they require connectivity to a system bus of the laptop or hand held computer
and may have large, multi-pin electrical connectors that are complex and use

expensive precision-manufactured parts.

Brief Description of the Drawings

Figure 1 depicts a central component and a peripheral component of a processor
based-system that communicate data via optical interfaces in one embodiment.

Figure 2 depicts an optical transmitter and an optical receiver connected by an
optical fiber in one embodiment.

Figure 3 depicts two optical transceivers connected by an optical fiber in one
embodiment.

Figure 4 depicts two optical plug and socket pairs connected by an optical fiber in
one embodiment.

Figure 5 depicts a block diagram of a laptop docking connection in one
embodiment.

Figure 6 depicts a docking station for a PDA in one embodiment.

Figure 7 depicts a processor-based system in one embodiment.

Detailed Description

[03] In figure 1, an embodiment depicting one possible connection scheme between
two components of a processor-based system is depicted. The first component, 105, is
a central or base component and includes a processor of the system. For example, the

component 105 may be the “CPU” unit of a personal computer (PC) that includes the
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mainboard; it may in other embodiments be a laptop, or a server computer, or another
component in a processor-based system that contains a processor of the system. This
component communicates with an external peripheral component 145 using optical
data transmitted from the central component and received at 125 by the peripheral or
transmitted from the peripheral and received by the central component, 120. The
transmission may be over one or more optical fibers comprising an optical cable in
some embodiments, or over another waveguide, or via any optical path through an
optically transmissive medium such as air, vacuum, or glass in other embodiments.
The data 120 and 125 may travel via fiber or another optical waveguide along part of
its transmission and along another type of waveguide or another optical path such as
through air, vacuum, or glass along another part of its transmission. Of course,
components 105 and 145 may also separately be connected by other means such as by
electrical or radio frequency links.

[04] Each of the components has means for interfacing with the optical data
transmitted and received by the component. In the depicted embodiment, the central
component has an optical transceiver 115 and the peripheral component has a
separate optical receiver 130 and a separate optical transmitter 135. In other
embodiments the central component may have a separate transmitter and receiver and
the peripheral may have a transceiver; or both components may have transceivers; or
both components may have separate transmitters and receivers. Furthermore, while
one pair of optical communication paths is shown in the figure, in other components
there may be a plurality of optical connections or optically implemented
communication channels between the two components in other embodiments. In
other embodiments, the two components may be connected by a path for optical data
traveling in only one direction, i.e. with only a transmitter on one component and
only a receiver on the other. As one in the art will appreciate, many other

configurations are possible.
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[05] An optical transmitter receiver pair such as that referenced ab’ove is depicted in
figure 2. An optical transmitter 210 may be a laser emitter, implemented in some
embodiments as a vertical cavity surface emitting laser (VCSEL), or alternatively in
some embodiments a light emitting diode (LED) capable of being switched at a high
frequency implemented as part of a circuit. An optical receiver may include for one
instance a p-i-n or PIN diode or in another instance an Avalanche Photo Diode (APD)
detector component and circuit and further a trans-impedance amplifer/post amplifier
(TIA/Post-amp) circuit as at 230 in fig. 2 in some embodiments. The transmitter and
receiver are shown connected by an optical fiber 220 in the figure. As noted, other
media, and combinations of fiber and other media, including an optical path through a
optically transmissive medium, may also be used between the optical transmitter and
optical receiver in some embodiments.

[06] In other embodiments, an optical transmitter and receiver may be integrated into a
single circuit or integrated circuit as shown abstractly in fig. 3, to form optical
transceivers 310. The circuit may contain a laser emitter such as a VCSEL or Fabry-
Perot laser, or an LED emitter, and a detector or receiver such as a PIN diode and
associated sub-circuits such as a TIA/Post-amp circuit. The transceivers are shown
connected by optical fiber 320 in the figure. Again, other media and combinations of
fiber and other media including an optical path through a optically transmissive
medium may also be used between the optical transmitter and optical receiver in
some embodiments.

[07] When an optical fiber is used to transmit optically encoded data between a
transmitter and a receiver or between transceivers as in figures 2 and 3, the fiber, as
shown in Figure 4 at 430, may be integrated into a cable assembly which may have at
each end a plug 420. As depicted in the figure, plug 420 may mate with a socket 410,
allowing for an optical coupling of optical data traveling between the socket and the

fiber, and between the fiber and the socket. In the figure, an embodiment is shown
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with a plug and socket arrangement at each end. Of course, the plug may either be a
“male” or “female” plug, and similarly the corresponding socket may be either a
“female” or “male” socket in different embodiments as is known in the art. In other
embodiments, one of the ends of the fiber may be integrated directly into a device
without an intervening plug and socket arrangement.

[08] The plug and socket 420 and 410 of fig. 4 may implement an optical transceiver
as previously described with reference to in fig.3 in some embodiments, or an optical
transmitter or receiver as previously described with reference to fig. 2 in others. If an
optical fiber 430 has a plug and socket at each end, the plug and socket at one end is
functionally related to the other. Thus, if the plug and socket combination 420 and
410 at one end of the fiber forms a transceiver, then the other plug and socket
combination at the distal end is also a transceiver. If one plug and socket pair forms a
transmitter, the other plug and socket pair must be a receiver.

[09] In one embodiment the plug and socket 420 and 410 may be implemented as a
VCSEL plastic optical link (VPOL) plug and socket, formed by a molded lead frame,
including a metal lead frame and a molded precision plastic component comprising a
waveguiding and lensing assembly, for example, a mirror and lens assembly and an
integrated circuit providing VCSEL functionality, the detector sensor, and the
detector circuit. Such an embodiment is further described in U.S. Patent Application

number filed by Brian K. Kim et. al. and assigned to Intel

Corporation.

[10] In one embodiment, the plug and socket 420 and 410 may each be connected to a
device and provide for direct optical transmission from one device to another through
air or vacuum, without an optical fiber or other waveguide intervening. For instance,
as shown in fig. 5, a docking connector for a laptop docking station may be

implemented by a plug and socket arrangement similar to the arrangement shown in

fig. 4.
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[11] Infig. 5, alaptop 505 is shown with a docking station 510. In this embodiment, at
least part of the data communication between the laptop and docking station takes
place using an optical plug and socket arrangement 515. The optical plug and socket
may in one embodiment be constructed as shown at 520 and 530, with the plug
integrated into the base of the laptop 525 and the socket integrated into the mating
surface of the docking station at 530. When properly mated the optical transceivers in
the plug 530 and 520 may align and communicate optically through the air and allow
data communication between the laptop 505 and docking station 510. In some
embodiments, there may additionally be electrical connectivity also provided between
the docking station 510 and laptop 505 to allow power and in some embodiments,
some data as well to flow electrically between the devices. In other embodiments, the
plug and socket arrangement to couple the laptop and docking station may include an
intermediate waveguide such as an optical fiber.

[12]  An arrangement allowing docking of a PDA or other hand held portable processor
based device is shown in fig. 6. In this embodiment, a PDA 605 may be connected to
a docking system. The docking system may include a keyboard portion 620 and a
monitor output to connect via connector 615 an external monitor 610 and a mouse
625 to the docking system. Such a system may provide compact connectivity
between the PDA and the docking system using an optical connector 607. This
connector may be an optical fiber cable or other waveguide with plug connectors at
both ends such as that described in fig. 4 and with corresponding sockets in the
docking unit 620 and PDA 605. Alternately, it may be an optical fiber cable
integrated into the docking station with a plug at one end and a corresponding socket
in the PDA.

[13] Many such connectivity solutions using an optical connector system may be
implemented by one skilled in the art. In general, as shown in fig. 7, embodiments

may be part of a general processor based system 700. The system shown includes a
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processor 705, a bus 712 communicatively coupling the processor to a memory 710
and other internal storage 715 such as a hard drive. Such a system may be a desktop
PC, laptop, server computer, other computer, a personal digital assistant, smartphone,
entertainment device such as a game console, or another processor based device. In
the embodiment depicted, the device is connectible to external peripherals 720, 725,
and 730, which may be one or more of several types of devices. One type of
peripheral device connectible to the system may be a mass storage device 720 which
may be, for example, a disk drive such as a CD or DVD storage drive, a hard disk
drive, a non-volatile memory store such as a flash memory based storage device,
among many others, as is known in the art. Alternatively, a peripheral may be a
display device 725 such as a cathode ray tube (CRT) or liquid crystal display (LCD)
or one of many other displays, as is known in the art. Many other peripherals 730 are
similarly connectible to the system, for example, printers, plotters scanners, cameras,
audio devices, and many more.

[14] In asystem connected to a display device 725 in some embodiments, a graphics
processing unit (GPU) may be used to process data from the system 700 for display.
In general, the interconnects 735 between the base component of the system 740 and
the external peripherals may each be implemented as an optical data link in this
embodiment, each of which may be an optical connector such as the ones described
above. In some embodiments the interconnects 735 may additionally carry electrical
power and electronic data over one or more wires. Thus, for example, in some
embodiments, the links 735 may be optical fiber based cables with a plug and socket
connector at one or either end; or docking connectors with plug and socket connectors
that allow a peripheral to directly mechanically and optically mate with the system in
others. Of course, many variations of the internal components, organization and

peripherals shown in fig. 7 are possible in differing embodiments.



WO 2006/074030 PCT/US2005/047342

[15] Inthe preceding description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the described
embodiments, however, one skilled in the art will appreciate that many other
embodiments may be practiced without these specific details.

[16] While the use of molded plastic, lead frame and metal components is described
above relating to embodiments of an optical plug and connector, many other
manufacturing techniques and materials may be used to provide optical interfaces for
components.

[17] Inthe description of the embodiments, reference may be made to accompanying
drawings. In the drawings, like numerals describe substantially similar components
throughout the several views. Other embodiments may be utilized and structural,
logical, and electrical changes may be made. Moreover, it is to be understood that the
various embodiments, although different, are not necessarily mutually exclusive. For
example, a particular feature, structure, or characteristic described in one embodiment
may be included within other embodiments.

[18] Further, a design of an embodiment may go through various stages, from creation
to simulation toA fabrication. Data representing a design may represent the design in a
number of manners. First, as is useful in simulations, the hardware may be
represented using a hardware description language or another functional description
language. Additionally, a circuit level model with logic and/or transistor gates may
be produced at some stages of the design process. Furthermore, most designs, at
some stage, reach a level of data representing the physical placement of various
devices in the hardware model. In the case where conventional semiconductor
fabrication techniques are used, data representing a hardware model may be the data
specifying the presence or absence of various features on different mask layers for
masks used to produce the integrated circuit. In any representation of the design, the

data may be stored in any form of a machine-readable medium. An optical or
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electrical wave modulated or otherwise generated to transmit such information, a
memory, or a magnetic or optical storage such as a disc may be the machine readable
medium. Any of these mediums may “carry” or “indicate” the design or software
information. When an electrical carrier wave indicating or carrying the code or
design is transmitted, to the extent that copying, buffering, or re-transmission of the
electrical signal is performed, a new copy is made. Thus, a communication provider
or a network provider may make copies of an article (a carrier wave) that constitute or
represent an embodiment.

[19] Embodiments may be provided at least in part as a program product that may
include a machine-readable medium having stored thereon data which when accessed
by a machine may cause the machine to perform a process according to the claimed
subject matter. The machine-readable medium may include, but is not limited to,
floppy diskettes, optical disks, DVD-ROM disks, DVD-RAM disks, DVD-RW disks,
DVD+RW disks, CD-R disks, CD-RW disks, CD-ROM disks, and magneto-optical
disks, ROMs, RAMs, EPROMs, EEPROMSs, magnet or optical cards, FLASH
memory, or other type of media / machine-readable medium suitable for storing
electronic instructions. Moreover, embodiments may also be downloaded as a
program product, wherein the program may be transferred from a remote data source
to a requesting device by way of data signals embodied in a carrier wave or other
propagation medium via a communication link (e.g., a modem or network
connection).

[20] Many of the methods are described in their most basic form but steps can be
added to or deleted from any of the methods and information can be added or
subtracted from any of the described messages without departing from the basic scope
of the claimed subject matter. It will be apparent to those skilled in the art that many
further modifications and adaptations can be made. The particular embodiments are

not provided to limit the claimed subject matter but to illustrate it. The scope of the
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claimed subject matter is not to be determined by the specific examples provided

above but only by the claims below.
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Claims
What is claimed is:
1. An apparatus comprising:
a first component of a processor based system, the first component comprising
a processor; and
a first optical interface to
transmit data encoded as an optical signal to a second optical
interface of a second component of the processor based system;
and
to receive data encoded as an optical éignal from the second optical
interface of the second component, the second component
comprising one or more of an external peripheral device, a docking

station, and a port replicator.

2. The apparatus of claim 1 wherein the first and second optical interface each
respectively comprises a socket, the socket comprising at least one of the following:
an optical transmitter;
an optical receiver; and

an optical transceiver.

3. The apparatus of claim 2 wherein the optical signal further comprises an optical
signal transmitted from one or more of
a vertical cavity surface emitting laser (VCSEL) and
a light emitting diode (LED)

and received by one or more of
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a PIN diode; and

an avalanche photo-diode (APD) detector.

4. The apparatus of claim 3 further comprising an optical fiber optically coupled by a
plug to the first socket at one end and optically coupled by a plug to the second socket

at the other end to carry data encoded as an optical signal between the components.

5. The apparatus of claim 4 wherein the second component further comprises an

external display.

6. The apparatus of claim 5 further comprising an electrical link between the first and
second component to provide at least one of
electrical power to the display; and

an electrical data link between the components .

7. The apparatus of claim 4 wherein the second component further comprises a mass

storage device.

8. The apparatus of claim 3 wherein the first and second optical interfaces comprise a
pair of mechanically and optically mating connectors which when mechanically and
optically connected to each other form an optical path to carry data encoded as an

optical signal between the interfaces.

9. The apparatus of claim 8 wherein the first component comprises a laptop computer

and the second component comprises a docking station for the laptop computer.
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10. The apparatus of claim 8 wherein the first component comprises a hand held
computing device and the second component comprises a docking station for the hand

held computing device.

11. An apparatus comprising:
a first component of a processor based system, the first component comprising
one or more of an external peripheral device, a docking station, and a port
replicator; and a first optical interface to
transmit data encoded as an optical signal to a second optical interface of a
second component of the processor based system; and
to receive data encoded as an optical signal from the second optical
interface of the second component, the second component comprising a

Processor.

12. The apparatus of claim 11 wherein the first and second optical interface each
respectively comprises a socket, the socket comprising at least one of the following:
an optical transmitter;
an optical receiver; and

an optical transceiver.

13. The apparatus of claim 12 wherein the optical signal further comprises a optical
signal,ttransmit‘ted from one or more of
a vertical cavity surface emitting laser (VCSEL) and
a light emitting diode (LED)

and received by one or more of
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a PIN diode; and

an avalanche photo-diode (APD) detector.

14. The apparatus of claim 13 further comprising an optical fiber optically coupled by a
plug to the first socket at one end and optically coupled by a plug to the second socket

at the other end.

15. The apparatus of claim 14 wherein the second component further comprises an

external display.

16. The apparatus of claim 15 further comprising an electrical link between the first and
second component to provide at least one of
electrical power to the display; and

an electrical data link between the components

17. The apparatus of claim 14 wherein the first component further comprises a mass

storage device.

18. The apparatus of claim 13 wherein the first and second optical interfaces comprise a
pair of mechanically and optically mating connectors which when mechanically and
optically connected to each other form an optical path to carry data encoded as an

optical signal between the interfaces.

19. The apparatus of claim 18 wherein the first component comprises a docking station

for a laptop computer and the second component comprises the laptop computer.
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20. The apparatus of claim 18 wherein the first component comprises a docking station
for a hand held computing device and the second component comprises the hand held

computing device.

21. A system comprising:

a first component including a processor;

a first optical interface of the first component to
transmit data encoded as an optical signal to a second optical interface of a
second component of the system; and
to receive data encoded as an optical signal from the second optical
interface of the second component, the second component comprising one
or more of an external peripheral device, a docking station, and a port
replicator; and

the second component.

22. The system of claim 21 wherein the first and second optical interface each
respectively comprises a socket, the socket comprising at least one of the following:
an optical transmitter;
an optical receiver; and

an optical transceiver.

23. The system of claim 22 wherein the optical signal further comprises a optical signal,
transmitted from one or more of
a vertical cavity surface emitting laser (VCSEL) and

a light emitting diode (LED)
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24,

25.

26.

27.

28.

29.

16

and received by one or more of
a PIN diode; and

an avalanche photo-diode (APD) detector.

The system of claim 23 further comprising an optical fiber optically coupled by a
plug to the first socket at one end and optically coupled by a plug to the second socket

at the other end to carry data encoded as an optical signal between the components.

The system of claim 24 wherein the second component further comprises an external

display.

The system of claim 25 further comprising an electrical link between the first and
second component to provide at least one of
electrical power to the display; and

an electrical data link between the components

The system of claim 24 wherein the second component further comprises a mass

storage device.

The system of claim 23 wherein the first and second optical interfaces comprise a pair
of mechanically and optically mating connectors which when mechanically and
optically connected to each other form an optical path to carry data encoded as an

optical signal between the interfaces.

The system of claim 28 wherein the first component comprises a laptop computer and

the second component comprises a docking station for the laptop computer.
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30. The system of claim 21 further comprising dynamic random access memory

(DRAM).



WO 2006/074030 PCT/US2005/047342
1/3
115 13}5
Central v
Component . 7 1 | Peripheral
> Component
processor | / 1307
ya 120 125
110/
105 Figure 1 140 15
Optical Optical
Transmitter: / . ) Receiver:
Laser/LED, 1 l[ Optical Fiber. Detector, TIA/Post-
Driver / amp
/ 220 /‘
210 Figure 2 230
Optical ‘ ( . . Optical
Transceiver F Optical Fiber / Transceiver
320
Figure 3
310 g 310

410

D-—-( (—Optical Fiber/—D
430 /‘

/

420

Figure 4

420

=

410



WO 2006/074030 PCT/US2005/047342

2/3

Dock

..................... Flg ure 5

605

607
Flat screen
~ PDA
J — 7 — 7
. /
‘/
s —

Docking Unit with Keyboard
/ and /'/

620 Monitor Out 625 Mouse

Figure 6



WO 2006/074030 PCT/US2005/047342

3/3

700

processor

Mass
Storage
Device

Internal
Storage

Display
Device

712

memory — — 710

Other

Peripherals i
e et e e e e e e |
; Figure 7




Inter

PCT

al application No

INTERNATIONAL SEARCH REPORT
%2005/047342

A. CLASSIFICATION OF SUBJECT MATTER
INV. H04B10/00 GO6F13/38

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4B GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

)

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC

C. DdCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 6 502 997 B1 (LEE BANG WON ET AL) 1-30
7 January 2003 (2003-01-07)

column 1, Tine 27 - column 3, Tine 29
column 4, 1ine 3 - Tine 66

column 6, line 1 - column 7, Tine 17
column 9, 1ine 9 - line 17

column 9, Tine 36 - column 11, 1ine 18
figures 3,5,7-10

X US 2003/113078 Al (TATUM JIMMY A) 1-30
19 June 2003 (2003-06-19)

abstract

figures 2,3

paragraph [0033] - paragraph [0037]

X WO 93/08654 A (FORTE COMMUNICATIONS, INC) - 1-30
29 April 1993 (1993-04-29)
abstract

page 4, Tine 19 - page 7, line 19

D Further documents are listed in the continuation of Box G. See patent family annex.

* Special categories of cited documents :

P d "T* later document published after the international filing date
or priority date and not in conflict with the application but
;:ited to understand the principle or theory underlying the
nvention

"A" document defining the general state of the art which is not
considered to be of parficular relevance

"E* earlier document but published on or after the interational X" docurent of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
"L doc#n;]qnt wﬂhlézit\ ma¥ tgﬁohwigoubt‘sﬂon prior(i’ty claflm(s)t I:)r involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention
citallon or other special reason (as specified) cannot be considered to involve an inventive step when the
"O' document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
26 April 2006 03/05/2006
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31~70) 340-3016 Vaquero, R

Form PCT/SA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

] b Interr’wal application No

ion ol fami .

wormation on patent family members PCT U52005/047342

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6502997 Bl 07-01-2003 KR 2000062142 A 25-10-2000

US 2003113078 Al 19-06-2003 AU 2002360538 Al 30-06-2003
CN 1618189 A 18-05-2005
EP 1454435 A2 08-09-2004
JP 2005513854 T 12-05-2005
WO 03052945 A2 26-06-2003

WO 9308654 A 29-04-1993 AU 2792392 A 21-05-1993

Form PCT/ISA/210 (patent family annex) (Aprii 2005)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

