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ADAPTER FOR ELECTRONIC DEVICES

CROSS-REFERENCES TO RELATED APPLICATIONS
{6601} This application claims priority to U.S. Patent Application No. 13,607,519, filed
September 7, 2012 and to U.S. Provisional Application Nos. 61/694,423, filed August 29, 2012,
61/565,910, filed December 1, 2011 and 61/565,372, filed Noverber 30, 2011, each of which

ar¢ incorporated by reference herein in their entirety for all purposes.

BACKGROUND OF THE INVENTION
{6002] Portable electronic devices, such as portable media players, have become ubiquitous in
today’s society. As they have proliferated, so have the number and types of hardware
accessories that are designed to interact with these portable media players. These accessories
range in coraplexity, including, for example, simple speaker systems and complex autornotive

entertainment systems.

{8603} These accessories commonly communicate with a portable media player using a
conncctor systermn. This connector system typically includes a plug conncector on the accessory
and a receptacle connector on the portable media player. A user fits the plug connector of the
accessory mto the receptacle connector of the portable media player thereby forming physical
and electrical connections between the contacts of each connector that allow data and power to

be exchanged between the devices.

{6004] Uscrs maay have multiple different portable media players. For various reasons, these
media players may have different sized connectors. For example, the media players may be
made by different manufacturers. Also, the media players may be made by the same one
manufacturer, but a newer media player may have a more advanced, smaller sized counector
receptacle than an older media player mamufactured by the same company.

{B005]  For these and other reasons, 4 user may encounter a situation where she has a portable
media players but that is incorapatible with certain accessories designed to operate with a

different media player.
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BRIEF SUMMARY OF THE INVENTION
{6006] Embodiments of the present invention provide circuits, methods, and apparatus that
provide compatibility among juncomwpatible accessories and electrouic devices such as portable
media players. An exemplary embodiment of the present invention provides an adapter having a
receptacie connector to mate with a plug connector attached to an accessory and a plug connector
to mate with a receptacle connector on a portable media player. For convenience, the portabie
media player or other electronic device connected to the plug connector of the adapter is

sometimes referred o herein as the host.

{86071 A plug connector on an accessory may be incompatible with a receptacie connector on
a portable rocdia player in at least two ways. First, this incorapatibility may be physical; the plug
connector of the accessory may not fit the receptacle connector of the portable media player.
Second, this incorapatibility may be clectrical; signals or power received or provided at the plug
connector of the accessory may be clectrically incorapatible with signals or power received or
provided at the receptacie connector of the portable media player. In some instances the

ncompatibility is both physical and clectrical.

{6008]  Where the incompantbility is physical, an ermbodimaent of the present invention provides
an adapter having a connector receptacie to mate with a plug connector on an accessory and a
plug connector to mate with a receptacle connector on a portable media player. One or more
electrical connections may be made between pins of the plug connector and pins of the
receptacle connector on the adapter. Where the incompatibility 1s electrical, an erabodiracnt of
the present invention provides one or more conversion circuits placed in the adapter between
pins of the plug connector and pins of the receptacle connector on the adapter. Where the
incompatibility is both physical and clectrical, both these techniques may be employed by

embodiments of the present invention.

[8009] Some portable media players include authentication circutiry that communicates with
authentication circuitry in an accessory during a mating event {o authenticate the accessory. If
the authentication process is successful, the portable media player and accessory can exchange
data and the accessory can be used to perform whatever function it was intended for. If the

authentication fails, however, the portable media player disables communication with the

[
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accessory. Some erbodimaents of an adapter according to the present invention include circuitry
that performs two levels of two levels of anthentication. In a first level, the adapter authenticates
itself to the portable media player using a first authentication protocol that the portable media
player uses to authenticate accessories designed to operate with 1t I the first authentication
process 18 successfully completed and the adapter is permitted to commumicate with the portable
media player, a second level of authentication can then occur where the adapter authenticates the
accessory connected to the adapter according to a second authentication protoco! that the
accessory would normally eraploy when connecting to a host that the accessory was designed to
operate with. In one embodiment, the circuitry within the adapter can also set selected contacts
ot its receptacle conncctor to an open state and then connect the open contacts to appropriate
circuitry after the first level of anthentication is corapleted. Such an embodiment prevents an
accessory connected to the receptacie connector from recognizing that it is connected to the

adapter and potentially to the host until after the first level of authentication is completed.

{86168} One particular crobodiment of the wvention pertains to an adapter that includes a 30-
pin receptacie connector that has a pinout compatible with Apple iPod and iPhone devices and an
eight contact plug connector that juclades a first pair of data contacts desigoated for the
transmission of data using a differential data protocol, such as USB 2.0, and a second pair of data
contacts designated for the transmission of data using either the Mikeybus protocol developed by
Apple or a UART protocol. Conversion circuitry within the adapter converts signals and
voltages recetved frorn an accessory device connected to the 30-pin receptacle connector into
signals and voltages that can be transmitied over the eight contact plug connector and processed
by a portable media player or other host device connected to the eight contact plug connector.
The conversion circutiry also convert signals and voltages sent to the adapter by the host device
via the cight contact connector to signals and voltages that can be transmitted over the 30-pin
receptacle connector and processed by the accessory. In one particular embodiment the adapter
includes circuitry that transmits data over the differential data contacts of the cight contact
connector using a Mikeybus commmunication protocol that packs both digital audio and USB data
together in a single data stream. The circuitry extracts the digital andio data from the data stream
and sends it to a digital-to-analog converter to be output over left and right audio out contacts of
the 30-pin connector. The circutry can also extract the USB data and transmit it over the USB

differential data contacts of the 30-pin connector.
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{8011} Cortain cmbodiments of the present invention provide an adapter that has a first
connector that can be used to mate with a plug connector on an accessory. The adapter also
includes a second connector that can be used to mate with a receptacle connector on the portable
electronic device. As described above, the plug connector ou the accessory is mmcorapatible with
the receptacle connector receptacle on the portable electronic device. The adapter can further
include conversion circuitry adapted to convert signals received from the accessory to a format
that can be transmitted to and processed by the portable electronic device and to convert signals
received from the portable clectronic device to a format that can be transmitted to and processed
by the accessory. Additionally, the adapter may also include authentication circuitry adapted to
implerment a first level of suthentication that authenticates the adapter to the portable clectronie
device. If the first level of authentication is successful, the authentication civcuttry may then

implement a second level of authentication that authenticates the accessory to the adapter.

{6012} In onc cmbodiment, the first connector of the adapter includes (1) a first contact
configured to receive an accessory 1D signal, (i1) a pair of coutacts configured to carry a
universal serial bus (USB) signal, (111} a second contact configured to carry power to the
accessory from the portable electronic device, (iv) a third contact configured to carry an
accessory detect signal to determine whether the accessory is coupled to the adapter, (v} a first
set of differential data contacts, (vi} a second set of contacts configured to carry audio signals,

and {vii) a third set of contacts configured to carry video signals.

{8013] In a particular embodiment, the second connector of the adapter includes (i} a first
contact configured to carry dentification signal to the portable clectronic device, (i1) a first pair
of data contacts configured to carry differential data signals, (111} a second contact configured to
carry a host power signal from the accessory to the portable clectronic device, (iv}) a third countact
configured to carry accessory power from the portable electronic device to the accessory, (via
second patir of data contacts configured to carry differential data signals, and (vi) a fourth contact

coupled to a ground path.

{6014] An erobodiment of the present invention provides a method for operating an adapter.
The method includes the adapter sending identification and authentication information to a host
device for authenticating the adapter to the host device. The wethoed further includes the adapter

detecting connection of an accessory device to the adapter and receiving identification and
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authentication information from the accessory. The method further includes the adapter
authenticating the accessory and the adapter then enables a power path between the accessory

and the host device based authentication of the accessory.

{6015}  Another particular emboditent of the present invention provided an adapter for
enabling connection between a portable electronic device and an accessory. The adapter
includes a housing that has a first side and a second side. A first connector is disposed at the first
side and a second connector disposed at the second side. The adapter further includes an
identification device that 1s disposed in the housing and coupled to the first connector and a
power control device that is disposed in the housing and coupled to the first and the second
connector. The adapter further includes authentication circuitry coupled to the first connector
and the sccond connector. The adapter can detect connection of g host device to the first
connector and send authentication and identification information to the host device to
authenticate the adapter to the host device. Thereafter, the adapter can detect connection of an
accessory to the second connector and receive authentication 1nformation from the accessory.
Based on the received information, the adapter can authenticate the accessory and enable

communication between the accessory and the host device upon autheoticating the accessory.

{8016]  In some embodiments, the first connector of the adapter may have between 4 and 16
contacts arranged in two rows such that a first row of contacts is disposed on a upper surface of
printed circuit board (PCB) and a second row of contacts is disposed on a lower surface of the
PCB. In a particular embodiment, the contacts are exposed to the environment. The first row
and the sccond row may cach have equal number of contacts. For exaraple, if the first connector
has 16 contacts, then cach of the first row and the second row may have 8 contacts each arranged
such that cach contact on the upper surface of the PCB has another contact located directly

underneath it on the lower surface of the PCB.

{8017] To better understand the nature and advantages of the present invention, reference
should be made to the following deseription and the accompanying figures. isto be
understood, however, that each of the figures is provided for the purpose of tllustration only and
is not intended as a definition of the limits of the scope of the present invention. Also, as a

general rule, and unless it s evident to the coutrary from the description, where elements in
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different figures use identical reference numbers, the elements are generally either identical or at

least similar in function or purpose.

BRIEF DESCRIPTION OF THE DRAWINGS
{6018} Fig 1 ilustrates an clectronic systom that is improved by the incorporation of an

embodiment of the present invention;

{8019 Fig. 2 dlustrates an electronic system that includes an adapter 48 according to an
embaodiment of the present invention that allows cornmunication between an accessory 20 and a

portable media player 30;

{B0208] Fig. 3 illustrates a plug connector 100 that is included in an adapter according to one

crabodiment of the present invention;

(8621} Fig 4A illustrates an exemplary pinout of plug connector according to an embodiment
of the present invention,

{6022} Fig. 4B illustrates an exemplary pinout of plug connector according to another
embaodiment of the present invention;

{8023} Fig 5 illustrates a receptacle connector 140 that is compatible with plug connector
ithastrated in Figs. 4A and 4B8;

{6024} Fig. 6 illustrates an exemplary pinout 120 of a 30-pin receptacle connector that is
mcluded in a portable electronic device according to one eraboditacnt of the present invention;
(6623} Fig 7 illustrates an adapter according to the present invention that includes plug
connector 100 of Fig. 3 along with the 30-pin receptacie connector having pinout shown in Fig.
6:

{8026] Fig. R is a schematic drawing of conversion circuitry 200 according to avother
embodiment of the present invention;

{6027} Fig. 9 is a state diagram showing a mode of operation for adapter 40 according to an

erabodiment of the present invention;
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{6028] Fig. 10 is a representational drawing of conversion circuitry when the adapter is

operating in a first mode of operation according to an embodiment of the present invention;

{B028] Fig 11 is a representational drawing of conversion circuitry when the adapter s
operating in a second rmode of operation according to an embodiment of the present imvention;

and

{8036] Fig. 12 15 a representational drawing of conversion circuitry when the adapter is

operating in 4 third mode of operation sccording to an embodiment of the present mvention.

DETAILED DESCRIPTION OF THE INVENTION
{6031} Fig. 1 illustrates an electronic systern that 15 iraproved by the mcorporation of an
embodiment of the present invention. Shown in Fig. 1 is a hardware accessory 20 that a user
may want fo connect to two different portable electronic devices 10 and 30 in order to, for
example, extend the functionality of each of devices 10 and 30. In this example, portable
clectronic device 10 is a first portable media player that includes a receptacle connector 14 and a
touchscreen 16, Portable media player 10 may be an iPod, iPhone, ot sumilar device designed
and mamufactured by Apple Inc. of Cupertino, California, but it is to be understood that the
present invention i not limited to any particular type of portable electronic media player or other

device.

{8032] Asshown in Fig. 1, accessory 20 is a clock radio. In other emboediments, the accessory
may be an automeotive radio, fransmitter, cable, audio/video receiver, storage device, or other
device. Accessory inchudes control buttons 24, such as volume, tuning, audic source, ¢ic., for
controlling the clock radio and a display 25 that can display the time and other information.
Accessory 20 also includes a plug connector 22 that includes a plurality of contacts (not shown)
that carry electrical signals for one or more of data, audio, video, control functions and power.
In one embodiment plug connector 22 includes between 4 and 30 contacts but the present

invention is not limited to any particular contact count or configuration.

{6033} Receptacle connector 22 includes a cavity in which plurality of pins or contacts (not
shown) are positioned. Plug connector 14 and receptacle connector 22 are designed to mate with
cach other to physically and electrically couple the contacts in connector 14 with the contacts

within connector 22 so that signals can be transraiticd between the contacts, Thus, plug

~1
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connector 14 and receptacle connector 22 can be said to be “corapatible” with cach other. When
the connectors 14 and 22 are mated, portable media player 10 can exchange information with
clock radio 20 to enable, for example, the clock radio to play music that is stored on media

player 10.

{6034} Vanous portable media players and other electronic devices may mcelude receptacle
connectors that are a different shape, size or pin configuration than receptacle connector 14 in
which case these other receptacie connectors may not be compatible with or may be
“incompatible” with plig connector 22. A connector insert on an accessory may not be
cornpatible with a connector receptacle on g portable clectronic device or portable media player
because the connector insert is designed to mate with products made by a first manufacturer,
while the portable media player is 1nstead made by a sccond manufacturer. Alse, a portable
media player manufacturer may change the design of a connector receptacie for some products,
such as newer generation products. For exaraple, a smaller connector ray be incorporated into
newer gencration products to enable the desigo of smaller portable media players. Also, a
connector with a different pinout may support new data communication protocols that could not

be supported by an older legacy connector,

{8035} There are at least two types of incompatibility that may anise between a plug connector
on an accessory and a receptacle connector on a host electronic device. First, the receptacle
connector may be physically incompatible with the plog connector, that 1s, they may have
incompatible sizes and literally cannot be connected together in a mechanical sense. Fig. 1
provides an exaraple of connectors that are physically incompatible with cach other.

Specifically, a portable media player 30 is shown in Fig. 1 that includes a receptacie connector
34 that 1s considerably smaller than receptacle connector 14 incorporated within media player 10,
Plug connector 22 is too large to fit within connector 24 and thus connectors 34 and 22 are

“incompatible” connectors that cannot be mated with cach other.

[B036]  As asecond example of incompatible connectors, a plug connector on an accessory
may not be compatible with a receptacle connector on a portable electronic device or portable
media player because one or more signals or power supply outputs on cither the plug connector
or receptacle conuector are meorapatible with juputs on the other end. This may occur at one or

more levels of signaling. For example, a physical layer used to transmit and receive signals may
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be incompatible between the accessory and media player. Specifically, signal voltages and other
physical parameters may be different. Also, a transport level, which specifies signal frequency
and other paramecters, may be different between the devices. The packet structure layer, which
defines how coramands and data are formatted, and the multi-packet logic levels, which define

sequences of commands, may also vary among devices.

{6637F Embodiments of the present invention provide adapters that allow communication
between a portable media player and an accessory, wherein a receptacle counector on the
portable media player and a plug connector on an accessory are incompatible in one or both of
these ways. One example is shown in Fig. 2 which illustrates an clectronic system according o

an embodiment of the present invention.

{6038} Asshown in Fig. 2 an adapter 40 according to the present invention can be connected
between the otherwise incompatible connectors 22 and 34 of accessory 20 and portable media
player 30, respectively, to allow accessory 20 and portable media player 30 to communicate with
cach other. Adapter 40 includes a receptacle connector 44 and a plug connector 42 formed ina
housing 41. Receptacle connector 44 is configured to mate with and is thus compatible with
plug connector 22 on accessory 20. Plug connector 42 is configured to mate with and is thus
compatible with receptacle connector 34 on portable media player 30, Adapter 40 also includes
conversion circuitry {not shown in Fig. 2) that converts signals and voltages received over
receptacle connector 44 from accessory 20 into signals and voltages that can be transmitted over
plug connector 42 and processed by portable media player 30, The conversion circuitry also
converts signals and voltages sent to the adapter by portable media player 30 via plug connector
42 to signals and voltages that can be transmitted over receptacie connector 44 and processed by

accessory 26

{6039} In one particular embodiment, plug connector 42 1s an cight contact {(plug ground
contacts} in-line dual orientation counnector as shown in Fig. 3, which 1s a simplified perspective
view of a plug connector 100 that can be used as plug connector 42. As shown in Fig. 3,
connector 100 inchudes a body 103 and a tab portion 104 that extends longitadinally away from
body 103 in a direction parallel to the length of the connector. Body 103 can be part of housing
41 of adapter 40 or can be a structural component of connector 100 that enables the connector to

be attached to housing 41. Additionally, in come embodiments, adapter 40 may include a cable
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that extends from housing 41 to plag connector 42 providing more Hlexibility for the plug

connector to be mated with a portable media device.

{B048] Tab 104 is sized to be inserted into a corresponding receptacle connector, such as
receptacle connector 34 of portable media player 30 shown n Fig. 2, during a mating cvent and
fncludes a first contact region 106a formed on a first major surface 104a and a second contact
region 106b (not shown in Fig. 3) formed at a second major surface 104b (also not shown)
opposite surface 104a. Surfaces 104a, 104b extend from a distal tip of the tab to a spine 109 that,
when tab 104 is inserted into a corresponding receptacle connector, abuts a housing of the
receptacle connector or host device the receptacle conmector 1s mcorporated in. Tab 104 also
includes first and second opposing side surfaces 104c¢, 104d that extend between the first and
second major surfaces 104a, 104b. In one particular erobodiment, tab 44 is 6.6 mm wide, 1.5

mim thick and has an insertion depth (the distance from the tip of tab 44 to spine 109} of 7.9 mm.

{6041} The structure and shape of tab 104 is defined by a ground ring 105 that can be made
from stainless steel or another hard conductive material. Connector 100 includes retention
teatures 102a, 102b formed as curved pockets in the sides of ground ring 105 that double as
ground contacts. Body 103 is shown in Fig. 3 in transparent form (via dotted lines) so that
certain components uside the body are visible, As shown, within body 103 1s a printed cirenit
board (PCB) 107 that extends into ground ring 105 between contact regions 106a and 106b
towards the distal tip of conunector 100, One or more integrated circuits (ICs), such as
Application Specific Integrated Circuit (ASIC) chips 108a and 108b, can be operatively coupled
to PCB 107 to provide information regarding connector 100 and adapter 40 and/or to perform
specific functions, such as authentication, identification, contact configuration and current or

power regulation,

{6042]  As an example, in one cmbodiment an 1D module is embodicd within an IC operatively
coupled to the contacts of connector 100, The 1D} module can be programmed with tdentification
and configuration information about the connector and/or its associated accessory that can be
communicated to a host device during a mating event. As another example, an anthentication
medule programmed to perform an authentication routine, for example a public key encryption
routine, with circuitry on the host device can be cmbodied within an IC operatively coupled to

connector 100, The ID module and authentication module can be embodied within the same IC

10
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or within different ICs. As still another example, in ecmbodiments where adapter 40 enables an
accessory to charge the host device connected to connector 42, a current regulator can be
embodied within one of IC’s 108a or 108b. The current regulator can be operatively coupled to
contacts that arve able to deliver power to charge a battery in the host device and regulate current
delivered over those contacts to ensure a constant current regardless of input voltage and even

when the mput voltage varies i a transitory manuer.

{6043] Bonding pads 110 can also be formed within body 103 near the end of PCB 107, Each
bonding pad can be connected to a contact or contact pair within regions 106a and 106b. Wires
{not shown) can then be soldered to the bonding pads to provide an clectrical connection from
the contacts to circuitry within adapter 40, In some embodiments, however, bonding pads are
not necessary and instead all clectrical connections between the contacts and componcnts of
conpector 100 and other circuitry within adapter 40 are made through traces on a PCB that the

circuitry 18 coupled to and/or by interconnects between multiple PCBs within adapter 40.

{6044] As shown in Fig. 3 cight external contacts 106(1)..106(8) arc spaced apart along a
single row in contact region 106a. A similar set of eight contacts are spaced apart along a single
row in contact region 106b. The two rows of contacts are directly opposite cach other and cach
contact in contact region 106a s electrically connected to a correspounding contact in contact
region 106b on the opposite side of the connector. Contacts 106(1)..106(8) can be used to carry
a wide varicty of signals including digital sigoals and analog signals as well as power and

ground.

{8045} Fig. 4A depicts one particular implementation of a pinout for plug connector 160
according to one embodiment of the invention. The pinout shown in Fig. 4A inchudes two
contacts 106(4}, 106(5) that are clectrically coupled together to function as a single countact
dedicated to carrying power; an accessory 1D contact 106(8); an accessory power contact 106(1});
and four data contacts 106(2), 106(3}, 106(6} and 1006(7). Power contacts 106{4), 106(5) can be
sized to handie any reasonable power requirement for a portable clectronic device, and for
example, can be designed to carry between 3-20 Volts from an accessory to charge a host device
connected to connector 100. Power contacts 106(4), 106(5) are positioned in the center of
contact regions 106a, 106b to improve signal integrity by keeping power as far away as possible

trom the sides of ground ring 105,

i1
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[8046] Accessory power contact 106(1) can be used for an accessory power signal that
provides power from the host to an accessory. The accessory power signal is typically a lower
voltage signal than the power in signal received over contacts 106{4) and 106(5), for example,
3.3 volts as compared to 5 volts or higher. The accessory I3 contact provides a communication
channel that enables the host device to authenticate the accessory and enables the accessory to
communicate wnforroation to the host device about the accessory’s capabilities as described n

maore detail below,

{6047] Data contacts 106(2}, 106(3}, 106(0) and 106(7) can be used to cnable communication
between the host and accessory using one or more of several different cornraunication protocols.
Data contacts 106(2) and 106(3) are positioned adjacent to and on one side of the power

contacts, while data contacts 106(6) and 106(7} arc positioned adjacent to but on the other side of
the power contacts. The accessory power and accessory 1D contacts are positioned at cach end
of the connector. The data contacts can be high speed data contacts that operate at rate that is
two or three orders of magnitude faster thav any signals sent over the accessory 1D contact which
makes the accessory 1D signal look essentially like a DBC signal to the high speed data lines.
Thus, postiioning the data countacts between the power contacts and the 1D countact improves
signal integrity by sandwiching the data contacts between contacts designated for DC signals or

essentially DC signals.

[6048] Fig. 4B depicts another particular implerentation of a pinout for plug conuector 100

according to one embodiment of the invention.

{8049] Connector 101 can be also a reversible connector just like connector 100. In other
words, based on the orientation in which connector 101 1s mated with a corresponding connector
of a host device, either the contacts on the surface 106a or 106b are in physical and electrical
contact with the contacts in the correspounding connector of the host device. As illustrated 1 Fig.
IE, connector 141 may have eight contacts arranged on an upper surface of a PCB 150 and eight

contacts arranged on a lower surface of PCB 150,

[8056] Connector 101 inchudes two contacts 112(1) and 114{4) that can function as accessory
I3 contacts to carry the identification signals between the accessory and the portable electronic
device. Contacts 112(1) and 114(4) are clectrically connected to each other as lustrated in Fig.

1E. Connector 101 can have four pairs of data contacts, (a) 112(2y and 112(3), (b} 112(6) and
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FI2(7y, (¢ 114(2) and 11443}, and {(d} 114(6) and 114(7). In this particular crabodiment,
opposing data contacts, ¢.g., 112(2) and 114(2)}, arc electrically connected to cach other via PUB
150 as illustrated in Fig. 1E. Connector 101 may further include host power contacts 112{(4) or
114(3) that may be clectrically connected to cach other. Host power coutacts 112(4) or 114(5)
can carry power to the host device that 1s mated with connector 101, For example, plug
connector 101 may be part of a power supply system designed to provide power to the host
device. In this instance, either contact 112{4) or 114(5) may carry power from the power supply

to the host device, e.g., to charge a battery in the host device.

{6051} Conncctor 101 may further include accessory power contacts 112(5) and 114(8) that
may be electrically connected to each other, e.g., via PCB 150, Accessory power contacts carry
power from the host device to a connected accessory. For example, i some instances, an
accessory connected to the host device may not be self-powered and may derive its power from
the host device. In this instance, the host device can supply power to the accessory over cither of
the accessory contacts, depending on the oriendation of counector 101 with respect to a
corresponding connector of the host device. Connector 101 may further include two ground
contacts 112(8) and 114(1) electrically connected to each other. The ground contacts provide a

ground path for connector 101,

{6052] Similar to connector 100 of Fig. 4A, the data contacts of connector 101 can be high
speed data coutacts that operate at rate that 1s two or three orders of magnitude faster than any
signals sent over the accessory 1D contact which malkes the accessory 1D signal look essentially
like a DC signal to the high speed data lines. Thus, positioning the data contacts between the
host power contacts and the accessory 1 contact improves signal integrity by sandwiching the

data contacts between contacts designated for DC signals or cssentially DC signals.

{6053} Fig. 5 depicts one embodiment of a receptacle connector 140 that connector 100 can be
coupled with. Receptacle connector 140 can, for example, be included in portable media player
30 as connector 34, As shown n Fig. 15, receptacle connector 140 includes cight contacts
146(11..146(8) that are spaced apart in a single row. The contacts are positioned within a cavity
147 that is defined by a housing 142, Receptacie connector 140 also includes side retention
mechanisms 146a, 146b that engage with retention features 102a, 102b m connector 100 to

secure connector 100 within cavity 147 once the connectors are mated. Receptacle connector
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140 also includes two contacts 148(1) and 148(2) that are positioned slightly behind the row of
signal contacts and can be used to detect when connector 100 is inserted within cavity 147 and

detect when connector 100 cxits cavity 147 when the connectors are disengaged from cach other.
Y

{60S4] When tab 104 of connector 100 1s fully inserted within cavity 147 of receptacie
5 connector 140 during a mating event between the plug and receptacle connectors, each of
contacts 106(1}1..106(¥) from one of contact regions 106a or 106b are physically coupled to one
of contacts 146(1}..146(8) depending on the tusertion ortentation of counector 100 with respect
to connector 140. Thus, contact 146(1) will be physically connected to either contact 106(1) or
106(8) depending on the msertion orientation; data contacts 146(2), 146(3) will connect with
10 either data contacts 106(2), 106(3) or with data contacts 106(7}, 106{6) depending on the

insertion orientation, etc.

[8055] Referring again to Fig. 2, in one particular embodirent, receptacie connector 44 is a
30-pin connector compatible with Apple iPod and iPhone devices, such as the iPhone 3 and

iPhone 4. Fig. 6 depicts a pinout 120 of receptacle connector 44 according to onc emnbodiment.

15 {60386} Reference 1s now made to Fig. 7 which illustrates a system according to the present
invention in which an adapter 40 according to the present invention that can enable an accessory
20 that includes a 30-pin Apple compatible plug connector to communicate with g portable
media player 30 that includes a receptacle connector 140 as shown o Fig. 5. Adapter 40
includes a plug connector 100 as shown in Figs. 3 and 4 and a 30-pin receptacle connector 120

20 having piout 44 shown in Fig. 6. Receptacle convector 120 1s compatible with a plug connector
22 of an accessory 20, which 1s shown to be a docking station/clock radio but can be any
electronic accessory that includes a plug connector that can be coupled to adapter 20. Plug
connector 22 is physically incompatible with receptacle connector 140 {and thus receptacle
connector 120 1s also incompatible with plug conmector 100). Adapter 40 allows accessory 20 to

communicate with host 30,

N2
(v

{80571 Asshown in Fig. 7, adapter 48 also includes conversion circuitry 200 within housing
204 that converts signals and voltages transmitted between accessory 20 and host 30 into signals
and voltages that each of accessory 20 and host 30 can process and operate from. In one

embodiment, conversion circuitry 200 inclades an audio/video converter 207, a data converter
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208 and a power converter 209, Other embodiments include only one or two of converters 207,

208 and 209 or include other types of converters altogether.

{B0SB]  Audio/video converter 207 can be 8 one-way converter {€.g., only converts video and/or
audio data scut from the host to a format that can be received and processed by the accessory or
only converts video and/or audio data sent from the accessory to a format that can be received
and processed by the host) or a two-way converter (i.e., converts video and/or audio data sent
between the host and the accessory in both divections). In one particular erabodiment,
audio/video converter 207 1s a gne-way converter that converts digital audio and digital video
data sent over USB data hines of connector 100 into analog audio and analog video signals. In
another embodiment converter 207 only converts audio data and adapter 200 does not support

the conversion of video data between host 215 and accessory 220,

{B059]  Sinularly, data converter 208 can be @ one-way or two-way data converter. In one
embodiment, data converter 208 is capable of translating data signals received over a first
cornrunication protocol used by accessory 20 and connector 205 to cither a USB protocol or
UART protocol used by connector 100 and host 30, In another embodiment, connectors 100 and
120 each support USB and UART commumication protocols and data converter 208 passes USB
signals between the two connectors without conversion but couverts the UART signals received
from cach of host 30 and accessory 20 to a format appropriate for the other of host 30 and
accessory 20. Data converter 208 can also process control and 1D signals received over
connector 120 as may be required to communicate with the accessory. Power converter 209 can
convert a first DC veltage received from accessory 20 over connector 120 to a second DC
voltage that can be transmitted to host 30 over connector 100, and can convert a third DC voltage
received from the host 30 over connector 100 to a fourth DC voltage provided to the accessory

20 through connecior 120.
fad

{806¢] The pinout of connector 100 includes one set of differential data contacts {e.g., USB 2.0
contacts} and one set of UART transmit/receive contacts or Mikeybus contacts as shown n Fig.
44 or 48, The 1D contact is coupled to an 1D module 108a that includes a memory that stores
information to inform the host that two of the data contacts arc dedicated for USB 2.0
corarnunication while the other two data contacts are dedicated to either UART or Mikeybus

signals. A current regulator 108b is operatively coupled to the two centrally located power

[y
(92



10

15

WO 2013/082313 PCT/US2012/067118

contacts 106{4), 106(5) to regulate current to the host when connector 120 15 connecied to an

accessory or other device that enables charging.

{8061] In some embodiments adapter 40 can include two levels of authentication. In a first
cvel, adapter 40 authenticates itself to host 30 through its connection to the host via connector
100 and connector 140, In one ermbodivocnt this level of authentication can be performed by an
authentication module 108¢ over one of the sets of data contacts {either the USB or UART
contacts) after the contacts 1o the host’s receptacle connector are configured, and in another
embodiment it can be done by an authentication module connected to the 1D contact as an initial
part of the handshaking algorithra between the host and adapter 40, After the adapter is
authenticated and in communication with the host over connector 100, a second level of
authentication can occur where an authentication processor 201 1 adapter 40 authenticates
accessory 20 connected to it via connector 120 and connector 22 according to an authentication
protocol that secessory 20 would normally ermploy when connecting to a host that the accessory
20 was designed to operate with. In some emboduments a single authentication module can
perform both the first and second levels of authentication.
{0862] In one particular embodiment where adapter 40 in Fig. 7 converts digital video data
received over connector 100 to analog video data out sent over connector 120, the circuitry of

adapter 40 1s connected to contacts within connectors 100 and 120 as shown in Table 1 below.

Connector 100 Adapter 280 Circuitry Connector 128 Contacis
Contacts
USB: 202(2), 202(3) | Audw/Video Converter Contacts 21, 22, 23, 27, 28
207
USB: 202¢23, 202(3). | Data Converter 208 Contacts 4, 6, 10, 18, 19, 20,
UART: 202(63, 2027 24, 30 {used as iPod detect)
Pwr: 202(4), 202(5);, | Power Converter 209 Contacts 8, 13
Acc Pwr: 202(1)
GND: Ground ring | Ground Contacts 1, 2, 15, 16, and 29
via side contacts
N/A No Ceonnection Contacts 3, 5, 7,9, 11, 12, 14,
17,25, 26
Table 1
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[8063] In another embodiment where adapter 40 does not support the conversion of video data,
the contact-to-adapter circuitry connections set forth in Table 1 can be used expect that contacts
21, 22, and 23 are left in an open state and not connected to active circuitry within the adapter.
Adapter 40 can also include a microcontroller (not shown in Fig. 7) that can communicate with
accessory 20 using a protocol that the accessory would normaliy use to commmunicate with a host
device that the accessory is corapatible with. For example, 1o one embodiment adapter 40
inclhudes a microcontroller that supports communication with accessory 20 using the 1AP
protocoel employed by an Apple 1Pod or iPhone device. Some or all of the conversion circuitry
200 can be part of the microcontroller or it can be separate circuitry. The microcontroller can
also set selected contacts of connector 120 (e.g., contacts 13, 18-20 and 30, which is used as (Pod
detect) to an open state so that the accessory does not recognize that it is connected to a host uutil
after adapter 40 authenticates itself o the host and the host configures its contacts to allow
corarpunication between the host and adapter 40, Once the host and adapter are operatively
connected and in full communication with cach other, adapter 40 can connect the previously
open/tloating contacts with appropriate circuitry so that the accessory recognizes it has been
conpected to the adapter and can respond to any authentication requests from adapter 40 to
initiate and complete a conumunication link between the adapter and accessory and then

pltimately the host to the accessory via adapter 40.

[8064] Fig. 8 is a schematic drawing of conversion circuitry 220 according to another
embaodiment of the present invention. Conversion circuitry 220 can be used in an adapter where
one of the pairs of data contacts of connector 100 are USB contacts and the other of the pairs of
data contacts arc UART contacts. As shown in Fig. 9, conversion circuitry 220 includes a USB
multiplexor that can be set to operate in a USB pass through roode, an audio mode or a USRE

bridge mode as discussed below.,

{8065} Fig. 9 is a state diagram showing a mode of operation for an adapter that includes
conversion circuitry as shown in Fig. 8 according to one embodiment of the present invention.
As shown in Fig. 9, after initialization the adapter is always in one of three possible operating
states: USB bypass mode, audio mode or USB bridge mode. An tAP comimand sent from
accessory 30 can place the adapter in one of the three modes. USB bridge mode is the default

maode that the adapter enters upon initialization. In USB bridge mode, the USB data hines on

-
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30-pin connector 120 are directly connected to the USB data lines of connector 100, While in
this mode, no analog audio s provided by the adapter so the digital-to-analog converter (DAC)
can be shut down to save power. Also, since the USB lines pass directly through between
connector 100 and covnector 140, the conversion circuitry 220 need ouly monitor the UART
ports of cach connector. When the adapter is connected fo the portable clectronic device, the
adapter may receive power froro the portable electronic device and be in a powered ou state 1502
ready to authenticate itself to the portable electronic device. Thereafter, the adapter can identify
and authenticate itself to the portable clectronic device. As part of the autheuntication process or
following the authentication process, the adapter may set up the virtual port connection with the
portable electronic device and be 1n an idle/ready state 1504, In some cmbodiments, the adapter
may automatically transition to a default state 1306 upon being in 1dle/ready state 1504 for a
predetermined time. As described above, in some embodiments, the default state may be the
“bypass” mode. From the default state 1506, the adapter may either cuter “bridge” mode state
1510 or the “analog audin” mode state 1508 after an accessory is connected to the adapter. The
change of state can be effected by the portable clectronic device. Upon discomnection of the
accessory from the adapter, the adapter returns to default state 1506 and waits for the next mode

change message.

{6066] Fig 10 1s a representational drawing of conversion circuitry shown i Fig. ¥ when the
adapter is operating in the USB bypass mode of operation according to an embodiment of the

present invention.

{6067] Afior adapter 1004 is connected to portable clectronic device 1002, adapter 1004 may
send identification and authentication information to portable electronic device 1002, Once
authenticated, adapter 15 ready to receive accessory 1006 connected via port/connector 1104,
Upon completion of the identification and authentication process described above, the portable
clectronic device may instruct the adapter to transition to the bypass mode. In some
embaodiments, the bypass mode may be the defanlt mode that the adapter is placed n upon

connection with the portable electronic device.

{8068} Once accessory 1006 is connected to connector 1104, adapter 1004 may receive
accessory identification inforration from accessory 1006, e.g., via the ACC Detect contact in

connector 1104, Adapter 1004 then authenticates accessory 1006 based on the accessory
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wdentification information. Once accessory 1006 1s authenticated, adapter 1004 can now relay

information between accessory 1006 and portable electronic device 1002,

{606%]  In some embodiments, first connector 1102 can be implemented as plug connector 100
of Fig. 3 and sccond connector 1104 can be implemented as connector 140 of Fig. 5. Both
connectors are etther formed in the housing of the adapter or attached to the housing. Adapter
1004 also inchudes a first USB device 1108 and a second USB device 1110, The two USB
devices enable coupling of signals between connector 1102 and 1104 in various modes of
operation described below. A USB multiplexer 1112 aids in selective activation of various

signal paths within adapter 1004,

(8676} Coutroller 1114 can mnclude, e.g., a microprocessor or microcontroller executing
program code to perform various operations associated with adapter 1004, Controller 1114
controls the operation of adapter 1004 including, but not limited to receiving instructions from a
connected portable electronic device for changing an operation mode of adapter 1004, selectively
activating certain cormaponents/signal paths in conjunction with USB rultiplexer 1112 to place
adapter 1004 into the requested mode, and generally controlling the signal flow to and from

connectors 1102 and 1104,

{8071} Logic circuttry 1116 roay mclude an ASIC that receives signals from connector 1104,
interprets the received signals and provides the information to controller 1114, which can then
perform an action based on the received information. Logic circuitry 1116 can also receive
faputs from controller 1114 and coromunicate information fo a connected accessory via

connector 1104,

{60721 Adapter 1004 may also process signals related to USB, analog audio, UART, power,
and exchange of messages associated with an accessory protocol between a convected portable
clectronic device via connector 1102 and a connected accessory via connector 1104, In addition,
adapter 1004 may also process one or more of the signals, e.g., as tustrated in Fig. 4B and Fig.

6.

{60737 It will be appreciated that the system configurations and components for adapter 1004
described herein are illustrative and that variations and modifications are possible. The adapter

may have other components not specifically described herein. Further, while the adapter is
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described herein with reference to particular blocks, it 1s to be understood that these blocks are
defined for convenience of description and are not intended to imply a particular physical
arrangement of component parts. Further, the blocks need not correspond to physically distinet
coraponents. Blocks can be configured to perforra various operations, ¢.g., by programming a

5  processor or providing appropriate control circuitry, and various blocks might or might not be
reconfigurable depending on how the initial configuration is obtained. Embodiments of the
present invention can be realized in a variety of devices including clectronic devices

implemented using any corabination of circuitry and software.

{6074] When an accessory is capable of consurning analog audio but docs not use the USB
10 transport for AP, the portable electronic device can place conversion circuitry 220 in analog

audio mode. In this roode all 1AP messaging is sent over the UART transport.
{8075} Fig. 11 is a representational drawing of an adapter 1004 including the conversion

circuitry shown in Fig. 8 when the adapter is operating in the analog audio mode of operation

according to an erobodirnent of the present invention. In this instance, upon connection

—
(v

accessory 1000 to adapter 1004, the portable electronic device may determine that accessory
1006, ¢.g., a speaker dock, supports analog aundio input. Based on this determination, portable
electronic device 1002 wnstructs adapter 1004 to cuable the analog audio mode. In this mode,
adapter 1004 enables USB device 1108 and connects to portable electronic device 1002 via the
audio pin of connector 1104 by reconfiguring the connections in USB Mux 1112, USB device
20 1108 acts as a USH andio synchronization device. Portable electronic device 1002 outputs
digital audio to the adapter via a data pin of connector 1102, Adapter 1004 then converts the
digital audio using USE device 1108 and a digital to analog converter 1304 and outputs the
analog audio over the line_out pin of connector 1104, Accessory 1006 can then receive the
analog audio and cutput the audio using, ¢.g., its speakers. If accessory 1006 is also able to
25  provide charging voltage to the portable electronic device, the portable electronic device may
also insiruct the adapter to enable a charge path via the USB signal in this mode. In order o
provide charging voltage to portable clectronic device 1002, adapter 1004 enables USB device
1110 and couples it to the USB pin of counector 1104, This enables portable electronic device

1002 to receive charging voltage over the VBUS line as ilustrated in Fig. 11
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{8076} If an accessory is capable of consurning analog audio and uses the USB transport for
IAP messaging, the accessory can request to place conversion circuitry 220 in USH bridge mode.
Both digital audio and accessory protocol (1AP) messages are sent over the USE lines. Circuitry
220 1oclades two USB devices, a full speed device and a high speed device. A multipiexor

allows these devices to be switched to the USB data lines of conmector 120 as needed.

{80777 Fig. 12 is a representational drawing of conversion circuitry when the adapter is
operating n the USB bridge mode of operation according to an ewnbodiment of the present
invention. This mode may support an accessory 1006 that needs to commumicate with the
portablc electronic device using the accessory protocol over the USB data line and also reqguests

analog audio.

{6078} Initially when accessory 1006 is connected to adapter 1004, the adapter may be in the
“bypass” mode discussed above and accessory 1006 can directly communicate with portable
electronic device 1002, As part of this communication, the portable electronic device can
determine the type of accessory connected and its operating requirements. If portable clectronic
device 1002 determines that accessory 1006 requests communication using the accessory
protocol over the USB line and analog audio input, the portable clectronic device instructs the
adapier to coable the bridge mode. The portable electronic device then cuters a host wmode. In
some cmbodiments, the adapter may disable connector 1104 (thereby disconnecting the
accessory) prior to entering the bridge mode. After entening the bridge wode, the adapter then
re-cnables connector 1104 so that the accessory can communicate with the portable electronic
device. In this mode, USBH device 1108 is coupled to the audio output of the portable electronic
device via USB Mux 1112, USB device 1108 is also coupled to USB device 1110 via controller
1114, USB device 1110 s coupled to the USB data line of conmector 1104 via USB Mux 1112,
USB device 1108 is also coupled to an andio input pin of connector 1104 via controller 1114 in

order to process the audio data.

{8079} In operation, USB device 1108 may receive data from the portable media device via
conpector 1102, USB device 1108 cannot communicate divectly with USB device 11106, Hence,
controller 1114 recetves the data from USB device 1108 and forwards the data to USB device
1116, In some embodiments, the two USB devices may operate using different protocols. For

example, USB device 1108 may be a full-speed USB device while USB device 1110 may be a
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high speed USH device. Alternatively, one of the USB devices may use version 1.1 protocol and
the other USB device may use version 2.0 or 3.0 protocol. In such instances, direct data transfer
between the two USB devices may not be possible. Controller 1114 acts as a “bridge” to
properly convert the recerved data to the appropriate forroat before sending it to the portable

media device and/or the accessory.

{6086} In operation, the portable electronic device cutputs digital audio data using a USB
audio output pin of conuector 1102, The digital audio data is processed by USB device 110K and
microcontroller 1114 and converted to analog audio. The analog audio is then input to the

accessory via the audio input pin of connector 1104,

{6081} 1f accessory 1006 wants to send any messages to the portable electronuc device, e.g., for
invoking some functionality of the portable electronic device or any other digital data, the
message/data is output over the USB data pins of connector 1104, The message/data 1s then
processed by USH device 1110 and sent to controller 1114, Controller 1114 acts as a bridge to
transfer the message/data to USB device 1108, USB device 1108 then communicates the
message/data to portable electronic device 1002 over the same USB audio pin of connector 1102,
If the portable electronic device wants to send message/data to the accessory, then the same path
in reverse can be followed. Thus, portable electronic device 1002 can output audio and other
non-audio data using the same USB data lines and accessory 1006 can receive the messages/non-

analog audio data on its USB lines and receive analog andio data on its audio wput hioe,

[B082] A USB device can only comrounicate with a USB host. In the bridge mode, both the
accessory and the host device act as USB hosts in order to comumunicate with the two USB
devices 1110 and 1108, respectively. As descubed above, the two USB devices caunot directly
communicate with each other. In the bridge mode, the adapter effectively communicates data

between the accessory and the host device by properly processing the data as needed.

[B083] The above description of exemplary erabodiments of the invention bhas been presented
for the purposes of thustration and description. It is not intended to be exhaustive or to Himit the
mnvention to the precise form described, and roany modifications and variations are possible in
light of the teaching above. The embodiments were chosen and described in order to best

explain the principics of the invention and its practical applications to thereby enable others
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skilled n the art to best utilize the invention in various embodiments and with various

modifications as are suited to the particular use contemplated.
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WHAT IS CLAIMED I5:

I. An adapter for providing a corarmunication path between a first electronic
device and an accessory device, the adapter coraprising:

a first connector to mate with a plug connector on an accessory device;

a second counector to mate with a receptacle connector on the first electronic
device, wherein the first connector is incompatible with the second connector; and

conversion circuitry adapted to convert signals received from the accessory to a
format that can be transmitted to and processed by the first electronic device and to convert
signals received frorn the first electronic device to a format that can be transmutted to and
processed by the accessory; and

authentication circuitry adapted to implement a first level of authentication that
authenticates the adapter to the first electronic device and, if the fivst level of autheuntication is
successful, implement a second level of authentication that authenticates the accessory device to

the adapter,

2. The adapter of claim 1 further corprising switching circuitry that scts at
least some contacts of the first connector to an open state prior to the adapter authenticating itself

to the first clectronic device.

3. The adapter of clairn 2 wherein after the adapter 1s authenticated to the
first electronic device, the switching circuitry conuvects at least some of the at least some contacts

of the first connector to other circuitry within the adapter.

4. The adapter of claim 3 wherein the first connector includes an accessory
detect contact that 1s set to an open state by the switching circuitry prior to the adapte
authenticating itself to the first electronic device and is then subsequently connected to other

circuitry upon the adapter and first clectronic device being operatively coupled to cach other.

5. The adapter of claim 1 further comprising identification circuitry
configured to indicate a communication protocol used by the adapter over first and second data

contacts of the second connector to communicate with the electronic device.
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6. The adapter of claim 1 wherein the first connector has 30 contacts
ncluding a first contact configured to receive an accessory 1D signal, a pair of contacts
configured to carry a universal serial bus (USB) signal, a second contact configured to carry
power to the accessory from the portable clectronic device, a third contact configured to carry an
accessory detect sigoal to deterraine whether the accessory is coupled to the adapter, and a pawr

of contacts configured to carry audio signals.

~

7. The adapter of claim 1 wherein the second connector comprises a first
contact configured to carry wlentification signal o the portable clectronic device, a first pair of
data contacts configured to carry differential data signals, a second contact configured to carry a
host power signal frora the aceessory to the portable electronic device, a third contact configured
to carry accessory power from the portable electronic device to the accessory, a second pair of

data contacts, and a fourth contact coupled to a ground path.

. The adapter of claim 7 wherein, in the second connector, the first pair of
data contacts is disposed between the fivst countact and the second contact, and the second pair of

data contacts is disposed between the third contact and the fourth contact.

. The adapter of claim 8 wherein the transmission rate of data carried by
cach of the first and sccond pairs of data contacts 18 two or more orders to magnitude higher than

the transmission rate of information carried by the first contact.

10, The adapter of claam 1 wherein the authentication circuitry coraprises:

an identification device configured to provide identification information of the
adapter to the portable electronic device; and

a power control device configured to control a power path between the accessory

and the portable clectronic device.

. The adapter of claim 10 wheretn cach of the identification device and the

power control device are implement as a single integrated circuit (1C) chip.

12.  The adapter of claim 1 wherein the second connector is configured to mate

with the receptacle connector on the first electronic device in cither of two orientations rotated

[N)
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180 degrees from cach other, wherein the second conuncector includes a first sct of eight external

contacts spaced apart along a first row on a first side of the second connector and a second set of
cight external contacts spaced apart along a sccond row on a second side of the second connector
opposite the first side, and wherein each contact in the first set of contacts is coupled to a contact

in the second set of contacts.

13, A mcthod of using an adapter to cnable an accessory electronic device
having a first connector to exchange data with a host clectronic device having a second
connector that is incompatible with the first connector, the method comprising:

sending identification and authentication information from the adapter to the host
device to enable the host to perform a first level of authentication that authenticates the adapter
to host device upon mating a plug connector on the adapter to the second connector of the host
device;

requesting and receiving identification and authentication information from the
accessory electronic device connected to the adapter if the adapter is successfully authenticate
by the host device, and performing a second level of authentication at the adapter to authenticate
the accessory; and

atter the first and second levels of authentication are successfully completed,

cuabling a power path between the accessory deviee and the host device.

14, The method of claim 12 wherein the adapter comprises a first connector

for coupling with the host device and a second connector for coupling with the accessory,

15, The method of claim 14 wherein the second connector includes 30
contacts and the first connector includes a first set of cight external contacts spaced apart along a
first row on a first side of the first connector and a second set of cight external contacts spaced

apart along a second row on a second side of the first connector opposite the first side.

16, The method of claim 12 wherein enabling the power path further
cornprises sending a signal to a power control device disposed within the adapter based on

receiving the identification 1nformation from the accessory device.

17.  Aun adapter comprising:

26



b3

0y
Lt

16

P

Lh EERS N ]

~~3

WO 2013/082313 PCT/US2012/067118

a first connector to mate with a plag connector on a first accessory device;

a second connector to mate with a receptacle connector on a host electronic
device, wherein the plug connector on the accessory device is incompatible with the receptacle
connector receptacle on the host electronic device;

an identification device coupled to the sccond connector;

a power control device coupled to the first and the second counector; and

authentication circuitry coupled to the first connector and the second connector;

wherein the adapter is configured to: (1) detect connection of 8 host device to the
second connector; (it) send authentication and identification information to the host device to
authenticate the adapter to the host device as a first level of authentication; (i11) detect connection
of an accessory device to the first connector; {1v) receive authentication information from the
accessory device; (v) authenticate the accessory device as a second level of authentication; and
{vi) upon completing the first and second levels of authentication, enable communication
between the accessory device and the host device and enable a power between the accessory

device and the host device,

18.  The adapter of claim 17 wherein the identification device and the power

control device each are implemented as a single integrated circuit (JC) chip.

19, The adapter of claim 17 wherein the first connector has thirty contacts,
and wherein the second connector is configured to mate with a receptacle connector on the first
electronic device 1 either of two orientations rotated 180 degrees from each other, and the
second connector inchudes a first set of cight external contacts spaced apart along a first row on a
first side of the second connector and a second set of eight external coutacts spaced apart along a
second row ou a second side of the second connector opposite the first side with each contact in

the first set of contacts being coupled to 8 contact in the second set of contacts.

20.  The adapter of claim 17 wheretn the adapter further comprises a housing
having a first side and a second side, the first connector disposed at the first side and the second
connector disposed at the seoond side, and wherein the identification device, power control

device and authentication circuitry are all disposed in the housing,



