
FOR REROUTING PHONE CALLS FROM PHONE NETWORKS TO VOIP
CLIENTS FOR ROAMERS AND SUBSCRIBERS WHO DO NOT ANSWER
Related Applications [OOOIJThis application claims the
benefit of U.S. Provisional Patent Application No.
60/733,439, filed Nov 3, 2005, entitled "Integrating
Cellular VoIP Client with Cellular or Fixed Line Phone
Services for Automatic Call Rerouting to Roamers or
Subscribers Away From Phones." This application is
also related to United States Patent Application No.
11/064,200, filed on February 23, 2005 entitled,
"Integrated Cellular VOIP for Call Rerouting"
(hereinafter "VoIP Call Rerouting Patent
Application"), which claims priority from U.S.
Provisional Patent Application No. 60/547,389 filed
February 23, 2004; and is related to United States
Patent Application No. 10/778,970 filed February 13,
2004 entitled, "Integrating GSM and WiFi Services in
Mobile Communications Devices," which claims priority
from U.S. Provisional Patent Application No.
60/448,000 filed February 18, 2003; and is related to
United States Patent Application No. 11/503,301, filed
August 14, 2006, entitled, "Method and System for
Wireless Voice Channel/Data Channel Integration,"
which claims priority from United States Patent
Application No. 09/932,439 filed August 15, 2001, now
U.S. Patent No. 7,092,370 ("the '370 Patent"), bearing
the same title, issued August 15, 2006, the '370
Patent also claiming priority to U.S. Provisional
Patent Application No. 60/226,255 filed August 17,
2000. The entirety of each of the foregoing is
incorporated by reference herein. BACKGROUND OF THE
INVENTION Field of the Invention [0002]The present
invention generally relates to roaming users in mobile
networks. More specifically, the invention relates to
steering the traffic of the roaming users in VoIP
clients. [0003]VolP (Voice Over Internet Protocol)
services use Internet Protocol to carry voice and
related content, and, beside other advantages, offer
better rates than traditional switched-circuit voice
services (so-called "Plain Old Telephone Service" or
POTS), and can also provide better and more efficient
TECH/464 187.1 1'Tntegrafin" ""Other" dStd" fe<vices
as well, such as multimedia, context and video.
[0004]The advent and widespread use of the VoIP client
Skype on personal computers has increased the
popularity of VoIP services. In addition to built-in
presence management and instant messaging, Skype also
provides "Skypeout" for calling out to, and "Skype-in"
for receiving calls from, fixed or mobile phone lines.
Other providers, such as MSN(r), Yahoo(r), and
Google(r), have also added VoIP service to their
instant messaging clients. [0005]Cellular IP phones,
such as a window-enabled mobile GSM WiFi phone,
configured with a Skype client, allow the IP phone
user to enjoy the same free VoIP service as a personal
computer Skype user. This, however, requires a special
WiFi phone, or a dual-system phone with a Skype client
installed. [0006]Skype has also enhanced its VoIP
client and service, to enable a user to receive calls
to his Skype ID or Skype-IN number on an ordinary
mobile, or on a fixed line phone via call forwarding.
Additionally, ISkoot(tm) - a Skype add on service,
allows a user to make outbound Skype calls to either a
phone number or another Skype ID with ordinary mobile
phones, by using SMS to send call out information to
the ISkoot(tm) service. Thus, a two-way call out
bridge, connecting the caller's mobile phone and his
called party, is established. The bridge may use Skype
Out to call both the called party and the caller's
mobile number. Skype also provides a plug-in API,
(Applications Programming Interface), used to develop
presence information applications at network servers
in a scalable manner, as well as server side APIs to
support simultaneous VoIP calls. [0007] However,
whether a GSM/WiFi (or WiMax or VoIP) mobile phone is
used or an ordinary phone is used, these services fail
to address the case in which a mobile user is roaming
when called on his ordinary mobile phone number. For
example, in the case of GSM WiFi phone, even though
the phone can make an inexpensive outbound Skype call
when it is on a WiFi connection, it cannot seamlessly
receive a call over VoIP when called on the WiFi
phone's mobile number. Another unaddressed case is
when an ordinary cell phone is called on its mobile
number while roaming - the call cannot be received via
Skype on the user's laptop, even if the user is
connected online to an IP connection and the mobile is
out of its coverage area. Normally, a' mbile il M ber
mi hf Internationally might prefer to receive calls
over Skype or his VoIP account either to save money on
roaming charges, for improved quality, or in order to
benefit from the additional presence or other services
associated with their chosen VoIP method. [0008]Yet
another missing case is an enhanced Skype call-in
service to forward a call to an SMS alert, or for a
mobile phone to use SMS to set up a bridged VoIP call
via a VolP-to-POTS service such as Skype Out. That
type of call setup would assist an international
roamer to carry on the desired phone call without
needing to pay his home mobile carrier lofty
international roaming charges. [0009]The co-pending
VoIP Call Rerouting Patent Application describes a
service that allows automatic rerouting of a call to a
mobile or fixed line subscriber over an IP network to
the subscriber's phone. That VoIP Call Rerouting
Patent Application teaches a way for a special
cellular VoIP integrated handset to detect a broadband
IP connection, enabling the client to automatically
set call forwarding to the VoIP number that
corresponds to the current IP address. A similar
concept also applies to any ordinary mobile phone, so
that as soon as a mobile goes on roaming, a user may
receive calls on a VoIP phone number corresponding to
the user's location via IP. [OOlOJThat co-pending VoIP
Call Rerouting Patent Application also describes a
service that allows a mobile or fixed line subscriber
to receive a call automatically rerouted over an IP
network at the subscriber' mobile. This application
also teaches howan ordinary phone can accomplish this
rerouting to a VoIP mobile phone, and how VPMN, HPMN
or IP service providers can enable this service based
on various business models. [001I]In accordance with
the foregoing, there is a need in the art for a
system, method, computer product and service which,
will automatically route a call to the subscriber's
non-VoIP wireless or fixed line number over IP to the
subscriber's VoIP client when a subscriber's VoIP
client is online. The subscriber's wireless or fixed
line carrier or home wireless network operator may
perform the routing operation, and can condition the
routing to depend on whether the non-VoIP number is
roaming or not answering.i  it CMSAWINGS [0012] In the
drawings, the same or similar reference numbers
identify similar elements or acts. 



[0013JFIG. 1 represents an Integrated Cellular VoIP
(ICV) System, in accordance with an embodiment of the
invention; [0014]FIG. 2 represents the ICV system
implemented using a Skype service, in accordance with
an embodiment of the invention; [0015JFIG. 3
represents a flow diagram of unconditional call
forwarding implementation of the ICV system using the
Skype service, in accordance with an embodiment of the
invention; [0016JFIGS. 4A and 4B represent a flow
diagram of conditional late call forwarding
implementation of the ICV system using the Skype
service, in accordance with a first embodiment of the
invention; [0017JFIGS. 5A and 5B represent a flow
diagram of conditional late call forwarding
implementation of the ICV system using the Skype
service, in accordance with a second embodiment of the
invention; [0018]FIG. 6 represents a flow diagram for
switching of traffic from a second communication
network to a first communication network, in
accordance with one embodiment of the invention;
[0019] FIG. 7 represents a flow diagram for switching
of traffic from the first communication network to the
second communication network, in accordance with
another embodiment of the invention; [002O]FIG. 8
represents a system for implementing the ICV system
using an IM-VoIP like service, in accordance with an
embodiment of the invention; [002I]FIG. 9 represents a
flow diagram of unconditional call forwarding
implementation of the ICV system using the IM-VoIP
like service, in accordance with an embodiment of the
invention; [0022] FIGS. 10A and 10B represent a flow
diagram of conditional late call forwarding
implementation of the ICV system using the IM-VoIP
like service, in accordance with a first embodiment of
the invention; [0023]FIGS. 11A and 11B represent a
flow diagram of conditional late call forwarding
implementation of the ICV system using the IM-VoIP
like service, in accordance with a second embodiment
of the invention;4] W pr ystem for implementing the
ICV system using a Vonage like service, in accordance
with an embodiment of the invention; [0025]FIG. 13
represents a flow diagram of unconditional call
forwarding implementation of the ICV system using the
Vonage like service, in accordance with an embodiment
of the invention; [0026]FIGS. 14A and 14B represent a
flow diagram of conditional late call forwarding
implementation of the ICV system using the Vonage like
service, in accordance with a first embodiment of the
invention; [0027] FIGS. 15A and 15B represent a flow
diagram of conditional late call forwarding
implementation of the ICV system using the Vonage like
service, in accordance with a second embodiment of the
invention; [0028]FIG. 16 represents a system for
implementing the ICV system using a Skype-IN like
service for a fixed line subscriber, in accordance
with an embodiment of the invention; [0029JFIG. 17
represents a flow diagram representing unconditional
call forwarding implementation of the ICV system using
the Skype-IN like service for the fixed line
subscriber, in accordance with an embodiment of the
invention; [003O]FIG. 18 represents a flow diagram of
conditional call forwarding implementation of the ICV
system using the Skype-IN like service for the fixed
line subscriber, in accordance with an embodiment of
the invention; [003I]FIG. 19 represents a system for
implementing the ICV system using the IM-VoIP like
service for a fixed line subscriber, in accordance
with an embodiment of the invention; [0032]FIG. 20
represents a flow diagram of unconditional call
forwarding implementation of the ICV system using the
IM-VoIP like service for the fixed line subscriber, in
accordance with an embodiment of the invention; [0033]
FIG. 2 1 represents a flow diagram of conditional call
forwarding implementation of the ICV system using the
IM-VoIP like service for the fixed line subscriber, in
accordance with an embodiment of the invention; [0034]
FIG. 22 represents a system for implementing the ICV
system using the Vonage like service for a fixed line
subscriber, in accordance with an embodiment of the
invention;[0035] FIG. 23 represents a flow diagram of
unconditional call forwarding implementation of the
ICV system using the Vonage like service for the fixed
line subscriber, in accordance with an embodiment of
the invention; [0036] FIG. 24 represents a flow
diagram of conditional late call forwarding
implementation of the ICV system using the Vonage like
service for the fixed line subscriber, in accordance
with a first embodiment of the invention; [0037JFIG 25
represents a generic SIP based system diagram for
implementing the ICV system for both wireless and
fixed line subscribers, in accordance with an
embodiment of the invention; [0038]FIG. 26 represents
a flow chart for SMS forwarding via a second
communication network, in accordance with an
embodiment of the invention; [0039JFIG. 27 represents
a flow chart for SMS forwarding via a second
communication network, in accordance with another
embodiment of the invention; and [004O]FIG. 28
represents a flow chart for implementing the ICV
system, in accordance with an embodiment of the
invention. SUMMARY [0041]The present invention is
directed to a service that will automatically route a
call to the subscriber's non-VoIP wireless or fixed
line number over IP to the subscriber's VoIP client,
when a subscriber's VoIP client is online. The
subscriber's wireless or fixed line home operator may
perform the routing, and system can route to different
destinations based on conditions such as whether the
the non-VoIP number is roaming or whether it is not
answering. [0042]An aspect of the present invention
comprises a system for routing a subscriber's calls
associated with a first communication network
including a home network or a visited network, by
means of a gateway coupled to that first
communications network. That gateway monitors roaming
links of the first communication network and detects
the subscriber registering with the visited network,
and which receives location information corresponding
to the location of the subscriber and selects a
routing identifier, associated with at least one
client coupled to the gateway via a second
communication network.with the client, and the gateway
transfers the traffic of the subscriber to the client
at the associated routing identifier, using the first
or second communication network. The gateway further
includes a mechanism to determine status of the client
or the subscriber. [0043]Another aspect of the present
invention provides a system including a gateway
coupled to a first communication system and a client
application coupled to a client, which detects a
coupling with a second communication system and
transfers at least one message to the gateway via the
coupling. 



The message may include identification information of
the client or instructions and status information. The
gateway establishes an association between a
subscriber and a routing identifier associated with
the client on the second communication system, and
determines routing to the client via the second
communication system that corresponds to the routing
identifier of the client. The gateway transfers the
traffic, received at the first communication system to
the client as a VoIP call via the second communication
system, using the routing and the status information.
[0044]Yet another aspect of the present invention
presents a method for routing subscriber traffic that
includes detecting the status or presence of the
subscriber in a visited network. The method includes
detecting a subscriber registration to a visited
network, the subscriber being initially registered to
a home network, the home network and the visited
network being a part of a first communication network,
receiving location information corresponding to a
location of the subscriber, detecting at a gateway,
status of at least one client associated with the
subscriber, the client being coupled to the gateway
via a second communication network, the gateway
coupled to the first communication network, selecting
a routing identifier associated with the client, the
routing identifier corresponding to the location of
the subscriber, and transferring traffic of the
subscriber to the client at the associated routing
identifier using at least one of the first
communication network and the second communication
network, wherein the transfer of traffic is performed
based on the detected status of the client.
[0045]Another aspect of the present invention provides
a computer program product including computer usable
program code for routing subscriber traffic,
detecting,a subscriber registration to a visited
network, in which the subscriberis initially
registered to a home network and the home and visited
networks being a part of a first communication
network, receiving subscriber location information,
detecting client status at a gateway, the client being
coupled to the gateway via a second communication
network, and the gateway being coupled to the first
communication network, selecting a routing identifier
corresponding to the location of the subscriber
associated with the client, and transferring traffic
of the subscriber to the client at the associated
routing identifier using at least one of the first
communication network and the second communication
network, in which the transfer of traffic is performed
based on the detected status of the client. DETAILED
DESCRIPTION [0046]ln the following description, for
purposes of explanation, specific numbers, materials
and configurations are set forth in order to provide a
thorough understanding of the invention. It will be
apparent, however, to one having ordinary skill in the
art, that the invention may be practised without these
specific details. In some instances, well-known
features may be omitted or simplified, so as not to
obscure the present invention. Furthermore, reference
in the specification to "one embodiment" or "an
embodiment" means that a particular feature, structure
or characteristic, described in connection with the
embodiment, is included in at least one embodiment of
the invention. The appearance of the phrase "in an
embodiment," in various places in the specification,
does not necessarily refer to the same embodiment.
[0047] The first communications network or second
communications network under the present invention can
be WiMax. Many embodiments of the present invention
are illustrated in this patent application using
examples of subsribers using the present invention to
integrate phone calls with VoIP and the Internet. In
the current state of the art, phone calls are often
made using POTS or GSM or CDMA cellular networks. VoIP
calls are often received over the Internet, connected
via Ethernet, WiFi, DSL, cable modem connected by
DOCSYS or other physical layers or even by dialup
connections. Integrating presence and routing phone
calls from one such network to any other such network
are possible under the present invention. In addition,
in the state of the art, so-called WiMax networks are
being established worldwide, usingc ;' tru specially
allocated and licensed by governments. WiMax is a very
high bandwidth protocol for transmitting data by radio
frequency carrier wave. It is ammenable to use for
phone calls and video calls such as those known in
todays POTS, cellular and so-called "3G" networks.
WiMax is also ammenable to use by personal computers,
laptops or smart devices for data or Internet
connectivity in the same manner as WiFi connections
are commonly used today. In the present invention,
phone calls to be rerouted may be placed in WiMax
networks using WiMax enabled phone devices, or
alternatively phone calls from any source can be
rerouted to VoIP clients or other second
communications networks to which a subscriber connects
by means of a WiMax transciever. ICV System [0048]
FIG. 1 represents an Integrated Cellular VoIP (ICV)
System 100 for routing traffic of a subscriber 102
associated with a first communication network 104 via
a second communication network 106. First
communication network 104 includes an HPMN (Home
Public Mobile Network) 108, and a VPMN (Visited Public
Mobile Network) 110, which are cellular networks. In
another embodiment of the invention, the first
communication network 104 is POTS, and the subscriber
is a fixed line subscriber. Second communication
network 106 is an IP based network, such as, but not
limited to, a VoIP network, the Internet, a WiFi
network, or a WiMax network. Subscriber 102 is a home
subscriber of the HPMN 108, and may be roaming in VPMN
110, thus making it an outbound roamer from the
perspective of HPMN 108. [0049]ln accordance with an
embodiment of the invention, subscriber 102 uses a
communication device, such as, but not limited to, a
mobile station, a fixed line phone, a Wi-Fi enabled
mobile phone, a WiMax enabled mobile phone, a personal
computer connected to a widely accessible network such
as the Internet, a portable computing device connected
to a widely accessible network such as the Internet, a
portable telephone, a portable communication device, a
phone adaptor, or a personal digital assistant
connected to a communications network. [005O]HPMN 108
includes a GMSC (Gateway Mobile Switching Center) 112
and an HLR (Home Location Register) 114, which
receives subscriber 102'slocation informlation' when '
ft is roaming in VPMN 110 from a VLR/VMSC (Visited
Location Register/Visited Mobile Switching Center) 116
connected to the HLR 114, such as by a SS7 link 118.
There may be a case when subscriber 102 is not in the
coverage of either HPMN 108 or VPMN 110. For example,
the subscriber may have his mobile phone switched off
or may not be picking up the calls. In such cases, a
gateway 120 is able to route any calls intended to
subscriber 102 originally intended for mobile
termination, instead to a client 122 associated with
subscriber 102 via second communication network 106.
Client 122 preferably couples to gateway 120 via
second communication network 106. In accordance with
an embodiment of 



the invention, the gateway can be any sort of gateway
for person to person communications, including but not
limited to, a VoIP gateway, a Skype gateway, a Vonage
like gateway, a SIP/IMS gateway, or an IM-VoIP gateway
or any other type of VoIP, SIP or instant-messaging
type type gateway. Client 122 is a VoIP client such
as, but not limited to, Skype(tm), Yahoo(r),
Google(r), GizmoProject, MSN(r), Vonage or any SIP,
VoIP or messaging client. Client 122 may be a VoIP
based application installed on a PC, a laptop or a
smart device associated with subscriber 102. The
client installed on any one of the devices listed
above hereinafter interchangeably refers to as client
122. [005I]In one embodiment of the invention, gateway
120 couples to both, HPMN 108 and VPMN 110.
Alternatively, HPMN 108 may deploy gateway 120 or a
third network that has access to HPMN 108 may host
gateway 120. If the third network hosts the gateway,
the gateway can support multiple home operators,
thereby making the implementation scalable. In another
embodiment of the invention, the visited network
operator 106 deploys ICV system 100 and gateway 120
couples to VPMN 110. Usually, gateway 120 has an SS7
interface to HLR 114 of HPMN 108 and hence is always
online from HLR's perspective. When subscriber 102
subscribes to the services provided by ICV system 100,
the client 122, installed at subscriber's device, is
able mutually to accept VoIP client interface of
gateway 120 at HPMN 108, as buddies. In other words,
this embodiment enables each client to indicate the
presence of other VoIP clients as being available for
communications, to the extent that each VoIP client
has designated the other as a "buddy" or as being
permitted to indicate presence. Subscriber 102 can
turn on or turn off' oS number via IP when connected
by configuring client's 122 presence indication to the
home operator's VoIP client (at gateway 120). (for
example "visible/invisible (or block/unblock)", or
"visible but not available" or "visible but do not
disturb" or "invisible but available" - a designation
meaning the client will be able to see which buddies
are present, but will not display its own presence to
them_) This client control of visibility to gateway
120 is referred to herein as presence management of
the client. The presence management of a VoIP client
can be controlled via an API (a client application
built on the application programming interface of the
VoIP client), which may also provide a user interface
to the VoIP client. For example, the API of the VoIP
client can switch the visibility status of its client
towards the VoIP gateway. [0052]ln accordance with an
embodiment of the invention, the client application
(i.e. the API) coupled to client 122 detects a
coupling of client 122 with the second communication
system, and transfers one or more messages to the
gateway via the coupling. The messages may include
identification information of client 122 and one or
more instructions and status information pertaining to
client 122. The message may contain in its header,
routing information from client 122 to gateway 120.
The status information is either blocking or
unblocking information of client 122. The status
information may also define the call forwarding status
of client 122 with the required call forwarding
number. Gateway 120 may receive these instructions
including control instructions such as, an Instant
Message (IM) or an SMS. [0053] In one embodiment of
the invention, gateway 120 can support any number of
types of VoIP clients 122 to support different
subscribers. Often, ordinary users will subscribe to a
number of different VoIP or messaging services. For
example, a person might generally use Skype to
communicate with all other Skype subscribers, but
might also operate a SIP client for Vonage Softphone,
in order to make calls from his laptop using his home
Vonage account. Or a person might both subscribe to
AOL Instant Messenger for buddies in the U.S., but
also Neophone to make calls in Europe. Or a person may
have one set of friends that are "buddies" on MSN
Messenger, but another set of friends that use Google
Talk. A gateway 120 that supports multiple types of
VoIP or messaging clients could enable asingle
suB'scriBef to"Have p one calls forwarded to various
VoIP clients based on configurable conditions. [0054]
In particular, gateway 120 supports different
subscribers or phone numbers (fixed or mobile) with a
single VoIP client or multiple VoIP clients. There
could also be one physical gateway 120 supporting
multiple types of VoIP clients, or one gateway for
each type of VoIP client. For example, there may be a
Skype(tm) VoIP gateway for a Skype type client and a
Yahoo(r) VoIP gateway for a Yahoo(r) type client. In
another embodiment of the invention, a subscriber may
have multiple associated VoIP clients of different
types. In such cases, the subscriber may choose to
have a client preferential order such that only the
most preferred client available online (with the VoIP
gateway client), is called. The preference can also be
sequential whereby a caller may call the next
preferred client only when the most preferred client
is unavailable. In yet another embodiment of the
invention, the gateway couples to the HPMN to cater to
multiple subscribers present in the home network.
[0055]Gateway 120 monitors the SS7 link 118 (i.e. the
roaming SCCP link) exchanged between HPMN 108 and VPMN
110, thereby detecting registration of subscriber 102
with VPMN 110. In one embodiment of the invention,
gateway 112 uses a roamer probe database (RPD) 124 to
intercept the SS7 link 118. Gateway 120 connects to
the RPD 124 using an IP protocol. RPD 124 monitors
messages, including but not limited to, MAP location
update, InsertSubscriberData (ISD), Cancel Location,
and PurgeMS messages at the roaming links of the
operator (i.e. HPMN 108). RPD 124 stores the
subscriber's current VLR/VMSC/SGSN locations,
IMSI/MSISDN, conditional forwarding information and
other subscriber profile data. Further, when HPMN 108
receives a PurgeMS or a CancelLocation without a new
location update, the current roamer's RPD deletes the
subscriber record. Gateway 120 may access RPD 122 to
check if subscriber 102 is roaming with VPMN 110.
Thus, gateway 120 receives the location information
corresponding to the location of subscriber 102 from
RPD 124. Hence, gateway 120 embodies a mechanism to
determine the status of both subscriber 102 and client
122. Gateway 120 uses RPD 124 to detect whether
subscriber 102 is in any operator's coverage in first
communication network"'104.' Arsd;"t'l'e "V'olP!'
cTient"Sf"gateway 120 at HPMN 108 receives the
client's status information via the second
communication network 106. [0056]Also, gateway 120
selects a routing identifier associated with client
122. The routing identifier is typically a number
associated with the client. Examples of routing
identifiers may include, but are not limited to, a
Skype-IN number, a mobile number of the subscriber, a
fixed landline number associated with the subscriber,
a temporary assigned routing number corresponding to
the location of the subscriber and a temporarily
assigned late call forwarding number for the
subscriber. Gateway 120 selects the routing identifier
based on the type of VoIP client is used. In addition,
the selection also depends on whether the subscriber
is a wireless or a wireline 



subscriber. The VoIP client may or may not have a
call-in number associated with it. For example, a VoIP
client such as Skype has a Skype-IN number associated
with it. However, a VoIP client like MSN(r) does not
have any associated call-in number. Even in such a
case, it is possible to route the traffic (call
traffic etc.) for the subscriber at a routing
identifier associated with such client. The routing
identifier in this case may be a temporary assigned
routing number. In one embodiment of the invention,
the routing identifier may be corresponding to the
location of the subscriber. In the case of a
temporarily assigned number, the HPMN operator may
configure / program the VoIP Gateway to support
independent VoIP calls between the HPMN's VoIP Client
and each subscriber's VoIP Client. Thereafter, gateway
120 transfers the traffic associated with the
subscriber to client 122 at the associated routing
identifier using second communication network 106. The
traffic associated with the subscriber may be call
traffic or value added services traffic such as an
SMS. In other words, gateway 120 may forward a
subscriber's call, text message, or a text message
indicating the call, to the client. Gateway 120
typically would transfer the traffic to the routing
identifier using second communication network 106,
i.e., the IP based network. The case, in which the IP
network is down, gateway 120 routes the traffic using
first communication network 104, i.e., the cellular
network. However, in such cases, gateway 120 routes
the call to the mobile number of the subscriber and
not to the VoIP client of the subscriber.[0057JTfIe"
lCNTsystem described herein integrates VoIP with SS7
signaling and, in contrast to typical integrated
communication systems, allows roaming subscribers to
receive telephone calls as VoIP calls at the routing
numbers of the client associated with the subscriber.
The ICV system also supports integrated cellular Wi-Fi
services for cellular telephones. The ICS system also
supports multiple cellular technologies including GSM,
CDMA, and TDMA, to name a few. [0058]SS7 signaling is
a Common Channel Signaling ("CCS") system defined by
the International Telecommunications
Union-Telecommunication Standardization Sector
("ITU-T"). SS7 signaling is common in
telecommunication networks and provides a suite of
protocols, which enables routing of circuit and
non-circuit related information within and between
networks. The protocols of SS7 signaling include but
are not limited to Message Transfer Part ("MTP"),
Signaling Connection Control Part ("SCCP"), and
Integrated Service Digital Network ("ISDN") User Part
("ISUP"). [0059] FIG. 2 represents an ICV system 200
implemented using the Skype(tm) service, in accordance
with an embodiment of the invention. This embodiment
applies to wireless subscribers present in first
communication network 104. ICV system 200 is a
modified version of ICV system 100. ICV system 200
includes a Skype gateway 202 as the VoIP gateway, so
as to cater to Skype users. Further, HPMN 108 deploys
Skype gateway 202, with RPD 124 monitoring the roaming
SCCP links between HPMN 108 and VPMN 110. RPD 124
provides the roaming information to Skype gateway 202.
The subscriber may use a laptop, a PC or a smart
device with a Skype client 204 connected to the Skype
gateway 202 using IP protocol. ICV system 200
advantageously utilizes the fact that Skype provides a
call-in number (Skype-IN) facility and assumes that
subscriber 102 has subscribed to the call-in service
of Skype(tm). [006O]FIG. 3 represents a flow diagram
of unconditional call forwarding implementation in ICV
system 200 using the Skype service, in accordance with
an embodiment of the invention. The unconditional call
forwarding implies that routing of any mobile
terminated (MT) call to an outbound roamer at his
mobile number to its associated client over the IP
network. In accordance with various embodiments of the
invention, subscriber 102 is interchangeably referred
to herein as subscriber B. At step 302, subscriber B
connects to the"Ihtefhef network) using the Skype
client 204. At step 304, Skype client 204 informs his
'online' status to the Skype gateway 202 present in
HPMN 108 of subscriber B. Thereafter, in accordance
with an embodiment of the invention, at step 306,
Skype gateway 204 checks subscriber B's roaming status
and other subscriber information with HLR 114. Skype
gateway 204 checks whether unconditional call
forwarding is set against RPD 124. If not, at step
308, Skype gateway 202 sets unconditional call
forwarding for subscriber B to the Skype-IN number. To
do so, Skype gateway 202 issues messages, for example,
MAP RegisterSS in GSM network, to the HLR 114. Next,
at step 310, another subscriber A calls subscriber B
at his mobile number and the call reaches at GMSC 112
of subscriber B's network. Thereafter, at step 312,
GMSC 112 requests subscriber B's routing information
from the HLR 114 by sending a MAP SRI message (in a
GSM implementation) to the HLR. In case of a CDMA
network implementation, an IS 4 1 MAP Location Request
message is used. Thereafter, at step 314, HLR 114
returns subscriber B's Skype-IN number to GMSC 112.
Finally, at step 316, GMSC 112 initiates a call set up
using subscriber A's number, subscriber B's called
number (as the originally called number) and the
Skype-IN number of subscriber B. Hence, the Skype
gateway 202 re-directs the call initially destined to
mobile number of subscriber B, to the Skype-IN number
associated with the Skype client 204. [006I]FIGS. 4A
and 4B represent a flow diagram of conditional late
call forwarding implementation of the ICV system 200
using Skype a VoIP or messaging client or method such
as Skype, in accordance with a first embodiment of the
invention. In the case of Skype, and other
peer-to-peer or client-based VoIP networks, often a
variation of the ordinary client is available that
permits commercial operation of Skype, permits
publishing presence to other applications, and is
configured as a "supernode," that is as a client that
is capable of processing a great deal more peer
traffic than the ordinary freeof- charge client that
ordinary users download and operate on their
computers. Optionally, ICV System 200, or gateway 202
would operate in conjunction with such a "supernode"
or commercial-grade version of a VoIP client. More
information about state-of-the art commercial
extensions on free peer-to-peer'messaging systems is
available in the September 15, 2004 article by Salman
A. Basset which is incorporated herein by this
reference. [0062]This embodiment uses DP 12
terminating trigger to implement the conditional late
call forwarding. At step 402, subscriber B connects to
the Internet (or any other IP based network) using
Skype client 204. At step 404, Skype client 204
informs his 'online' status to Skype gateway 202
present in HPMN 108 of subscriber B. Thereafter, at
step 406, subscriber A calls subscriber B at his
mobile number and the call reaches GMSC 112 of B's
network. At step 408, GMSC 112 requests B's routing
information from HLR 114, by sending a MAP SRI message
(in a GSM implementation) to HLR 114. In case of a
CDMA network implementation, an IS 4 1 MAP Location
Request message is used. Thereafter, at step 410, HLR
114 returns the terminating trigger to GMSC 112. The
terminating trigger may be a Camel T-CSI in GSM 



implantation or a WIN in CDMA implementation. The
terminating trigger used may also depend on specific
switch vendors such as Siemens, Nokia etc. GMSC 112
downloads the terminating trigger only when the
subscriber is roaming. At step 412, GMSC 112 issues a
trigger request, such as Initial DP in IN protocol, to
the Skype gateway 202, which is equipped with support
of IN protocols. [0063]Thereafter, at step 414, Skype
gateway 202 issues a MAP ISD (IMSI-B) message to
VLR/VMSC 116 of subscriber B. The Skype gateway 202
receives VLR/ VMSC 116 information either from Initial
DP or from RPD 124. The Skype gateway 202 sends the
MAP ISD message to remove (set to empty) the
conditional forwarding information from the VLR/VMSC.
Next, at step 416, Skype gateway 202 requests the
monitoring of call events, such as NO-ANSWER and BUSY,
from GMSC 112, and issues a CONTINUE message to GMSC
112. At step 418, GMSC 112 again requests HLR 114 for
the routing information of subscriber B. At step 420,
HLR 114 returns the routing number (i.e. the routing
identifier), such as MSRN in GSM implementation and
TLDN in CDMA implementation. GMSC 112 then continues
the call setup using the routing number, at step 422.
If subscriber B does not respond to the call at the
MSRN, then, at step 424, GMSC 112 sends an event
report to Skype gateway 202. At step 426, Skype
gateway'" d . "again" requests for monitoring of call
events such as NO-ANSWER and BUSY from GMSC 112.
Thereafter, at step 428, Skype gateway 202 requests
GMSC 112 to connect subscriber B's Skype-IN number.
Hence, at step 430, GMSC 112 initiates a call set up
using subscriber A's number, subscriber B's called
number (as the originally called number) and the
Skype-IN number of subscriber B. [0064]ln case Skype
client 204 did not respond to the call at the Skype-IN
number, at step 432, GMSC 112 is able to send an event
report to Skype gateway 202. If subscriber B sets the
Skype client 204 with call forwarding, such as to a
Skype voicemail, the call goes to the forwarded
number. Thereafter, at step 434, Skype gateway 202
gets the conditional forwarding number of subscriber
B, either from RPD 124 or by issuing MAP Interrogate
SS (or messages like AnyTimeSubscriberProfile,
restoreData or SendParameters), to HLR 114 on the late
call forwarding number corresponding to the late
forwarding condition received. The late call
forwarding number maybe a temporarily allocated
number. At step 436, Skype gateway 202, requests GMSC
112 to connect to the late call forwarding number of
subscriber B. Hence, at step 438, Skype gateway 202
re-directs the call initially destined to mobile
number of subscriber B, to the late call forwarding
number of subscriber B. [0065] FIGS. 5A and 5B
represent a flow diagram of conditional late call
forwarding implementation of ICV system 200 using the
Skype service, in accordance with a second embodiment
of the invention. This embodiment uses DP 2 or DP 3
trigger to implement the conditional late call
forwarding. Contrary to the previously described
embodiment for the DP 12 trigger implementation, this
implementation does not require a HLR trigger profile,
which is an expensive resource in terms of HLR storage
when there are many subscribers, and in terms of the
number of different T-CSI profiles a subscriber can
have. Also, the call flow is no different from
ordinary call flow when subscriber B is not roaming or
not online. At step 502, subscriber B connects to the
Internet (or any other IP based network) using Skype
client 204. At step 504, Skype client 204 informs his
'online status to the Skype gateway 202 present in
HPMN 108 of subscriber B. Skype gateway 202 may'"check
''Ifiarffi 'e ' raming status and unconditional call
forwarding (CFU) status is unset. Thereafter, at step
506, Skype gateway 202 sets the CFU to a Dummy Number
(DN) via MAP RegisterSS at subscriber B's HLR entry.
Since GMSC 112 uses the DP 2 or DP 3 trigger, it is
able to perform event supervision on the DN. At step
508, subscriber A calls subscriber B at his mobile
number and the call reaches GMSC 112 of subscriber B's
network. At step 510, GMSC 112 requests subscriber B's
routing information from HLR 114 by sending a MAP SRI
message (in a GSM implementation) to HLR 114. In case
of a CDMA network implementation, an IS 4 1 MAP
Location Request message is used. Thereafter, at step
512, HLR 114 returns the DN to GMSC 112. [0066]Next,
at step 514, GMSC 112 issues the DP2 or DP3 network
trigger request on the DN (e.g. InitialDP in IN
protocol) to Skype Gateway 202, which is equipped with
support for IN protocols. In this case, the IDP
parameters should contain the original called number
of subscriber B. At step 516, Skype gateway 202 issues
a MAP ISD (IMSI-B) message to VLR/VMSC 116 of
subscriber B. Skype gateway 202 receives the
information of VLR/ VMSC 116 either from Initial DP or
from RPD 124. Skype gateway 202 sends the MAP ISD
message to remove (set to empty) the conditional
forwarding information from VLR/VMSC 116. Then, at
step 518, Skype gateway 202 requests the monitoring of
call events such as NO-ANSWER, and BUSY from GMSC 112.
Thereafter, at step 520, Skype gateway 202 issues a
MAP PRN (IMSI-B) message to VLR/VMSC 116 with the
information received from RPD 124. At step 522,
VLR/VMSC 116 returns the routing number to Skype
gateway 202. The routing number is the MSRN in GSM
implementation, while it is the TLDN in CDMA
implementation. Upon receiving the routing number,
Skype gateway 202, at step 524, issues an IN protocol
message CONNECT (A, MSRN) to GMSC 112. At step 526,
GMSC 112 continues the call setup towards the routing
number. In case, subscriber B did not respond to the
call at the mobile number, at step 528, GMSC 112 sends
the event report to Skype gateway 202.
[0067]Thereafter, at step 530, Skype gateway 202 again
requests for monitoring of call events such as
NO-ANSWER and BUSY from GMSC 112. Thereafter, at step
532, Skype gateway 202 requests GMSC 112 to
connectHence, at step 534, GMSC 112 initiates a call
set up using subscriber A's number, subscriber B's
called number (as originally called number) and the
Skype-IN number of subscriber B. The Skype client can
answer the call, when ringing. [0068] In case, Skype
client 204 did not respond to the call at the Skype-IN
number either, at step 536, GMSC 112 sends the event
report to Skype gateway 202. In case the subscriber B
sets Skype client 204 with call forwarding such as a
Skype voicemail, the call goes to the forwarded
number. At step 538, Skype gateway 202 gets the
conditional forwarding number of B, either from RPD
124 or by issuing MAP Interrogate SS (or messages like
AnyTimeSubscriberProfile, restoreData or
SendParameters), to HLR 114 on the late call
forwarding number corresponding to the late forwarding
condition received. At step 540, Skype gateway 202
requests GMSC 112 to connect to the late call
forwarding number of subscriber B. Hence at step 542,
the Skype gateway 202 re-directs the call initially
destined to mobile number of 



subscriber B, to the late call forwarding number of
subscriber B. [0069] In some of the above explanations
accompanying the figures, the VoIP clients may be
busy, not answering, or not reachable. Hence, it is
desirable for the ICV system to have the ability to
switch the calls from VoIP clients to mobile station
and vice versa. The reason for switching from VoIP
client to mobile may due to improvement in the voice
quality during the middle of VoIP client call, by
switching the call to the mobile. [007O]FIG. 6
represents a flow diagram for switching of traffic
from a second communication network to a first
communication network, in accordance with one
embodiment of the invention. This embodiment uses DP
12 terminating trigger to implement the switching of
traffic. At step 602, subscriber B connects to the
Internet (or any other IP based network) using the
Skype client 204. At step 604, Skype client 204
informs his 'online' status to Skype gateway 202,
present in HPMN 108 of subscriber B. Thereafter, at
step 606, subscriber A calls subscriber B at his
mobile number and the call reaches GMSC 112 of
subscriber B's network. At step 608, GMSC 112 requests
subscriber B's routing information from HLR 114 by
sending a MAP SRI message (in a GSM implementation) to
HLR 114. In case of a CDMA network implementation, an
IS 4 1 MAP Location Request message is used.114
returns the terminating trigger to GMSC 112. The
terminating trigger may be a Camel T-CSI in GSM
implantation or a WIN in CDMA implementation. The
terminating trigger is also dependent on specific
switch vendors such as Siemens, Nokia etc. GMSC 112
downloads the terminating trigger only when a
subscriber is roaming. At step 612, GMSC 112 issues a
trigger request such as, Initial DP in IN protocol, to
Skype gateway 202, which is equipped with support of
IN protocols. [0071]Thereafter, at step 614, Skype
gateway 202 requests monitoring of call events such as
DISCONNECT, Busy or No Answer from GMSC and issues a
CONNECT (Skype-IN number). At step 616, GMSC 112 sets
up the call from subscriber A to Skype-IN number of
subscriber B. At step 618, Skype client 204 answers
the call at Skype-IN number. Thereafter, at step 620,
Skype client 204 sends an Instant Message (IM) to
Skype gateway 202 requesting to switch the ongoing
call to subscriber B's mobile number. At step 622,
Skype gateway 202 grants switching and asks Skype
client 204 to disconnect the call. Hence, at step 624,
Skype client 204 disconnects the call. GMSC 112, at
step 626, issues the event report of DISCONNECT to
Skype gateway 204. Further, at step 628, Skype gateway
204 issues the PRN (IMSI-B) to VLRL/MSC 116. Skype
gateway 202 receives the information of VLR/ VMSC 116
either from Initial DP or from RPD 124. At step 630,
VLR 116 returns the routing number (i.e. the routing
identifier) such as, MSRN in GSM implementation and
TLDN in CDMA implementation. Skype gateway 202 issues
a Connect to routing number to GMSC 112, step 632.
Finally, at step 634, subscriber B answers the voice
call from A at his mobile number. [0072]There may also
be a requirement of switching an ongoing call and not
just a no responding call from a mobile number to the
VoIP client. The reason for this would be the higher
cost of a call to the mobile in comparison to the call
at the VoIP client when it is online. FIG. 7
represents a flow diagram for switching of traffic
from first communication network 104 to second
communication network 106, in accordance with another
embodiment of the invention. This embodiment uses DP 2
or DP 3 trigger to implement the switching of traffic.
At step 702, subscriber B connects to the Internet (or
any other IP based network) using Skype client 204. At
step 704, Skype client 204I1hiorms ll fils onlihe' ll
stafs' 'to Skype gateway 202 present in HPMN 108 of
subscriber B. At step 706, Skype gateway 202 checks
the roaming status and unconditional call forwarding
(CFU) status against RPD 124. Thereafter, Skype
gateway 202 sets the CFU to a Dummy Number (DN) via
MAP RegisterSS at subscriber B's HLR entry. Since GMSC
112 uses DP 2 or DP 3 trigger, it is able to perform
event supervision on the DN. At step 708, subscriber A
calls subscriber B at his mobile number and the call
reaches GMSC 112 of subscriber B's network. At step
710, GMSC 112 requests subscriber B's routing
information from HLR 114 by sending a MAP SRI message
(in a GSM implementation) to the HLR. In case of a
CDMA network implementation, an IS 4 1 MAP Location
Request message is used. Further, at step 712, HLR 114
returns the DN to GMSC 112. [0073]Thereafter, at step
714, GMSC 112 issues the DP2 or DP3 network trigger
request on the DN (e.g. InitialDP in IN protocol) to
Skype Gateway 202, which is equipped with support for
IN protocols. In this case, the IDP parameters should
contain the original called number of B. At step 716,
Skype gateway 202 requests monitoring of events such
as DISCONNECT from GMSC 112. Thereafter, at step 718,
Skype gateway 202 issues PRN (IMSI-B) message to
VLR/VMSC 116 of subscriber B. VLR/ VMSC 116 returns
the routing number (MSRN) at step 720. GMSC 112, at
step 722, routes the call to the mobile. Subscriber B
answers the call at step 724. At step 726, Skype
client 204 sends an IM to the Skype gateway requesting
to switch the call to Skype client 204. Thereafter, at
step 728, Skype gateway 202 grants the switching and
requests the subscriber to disconnect the call to the
mobile. The subscriber disconnects the call at his
mobile number at step 730. At step 732, GMSC 112
issues the DISCONNECT event report to Skype gateway
202. Thereafter, at step 734, Skype gateway 202 issues
a CONNECT (Skype- IN) to GMSC 112. GMSC 112 routes the
call to the Skype-IN number at step 736. Hence, the
voice call gets through the IP network when the Skype
client answers the call. [0074] In both the above
embodiments, Skype is an explanatory VoIP client for
switching call flow. However, it would be apparent to
a person skilled in the art that similar call flows
would be applicable to other VOIP clients like
Yahoo(r),,,,y_ ii ,. ,'u .;::;n ""," '"T "::;:; 11 i
.,? Google, Gizmon, MSN etc. It would also be apparent
to a person skilled in the art that the
implementation, as explained above, also allows the
subscriber to alternate between one device and another
several times using the instructions communicated to
the VolP/Skype(tm)-Gateway from the IM/Skype client.
[0075] FIG. 8 represents a system for implementing an
ICV system 800 using an IM-VoIP service, in accordance
with an embodiment of the invention. This embodiment
caters to wireless subscribers in first communication
network 104. ICV system 800 is modified version of ICV
system 200 to include an IMVoIP gateway 802 instead of
the Skype gateway to cater to any IM based VoIP
service. Further, ICV system 800 includes a voice
gateway 804 connected to GMSC 112 via a Voice trunk
using ISUP protocol. The voice gateway 804 connects to
IM-VoIP gateway 802 via an IP link. Moreover, HPMN 108
deploys IM-VoIP gateway 802, with RPD 124 monitoring
the roaming SCCP links between HPMN 108 and VPMN 110.
The RPD provides the roaming information to IM-VoIP
gateway 802 by monitoring roaming messages at the
roaming links of HPMN 108 to build up roaming profile
of the 



roamers in the database. The subscriber may use a
laptop, a PC or a smart device with an IM-VoIP client
806 connected to the IM-VoIP gateway 802 using IP
protocol. The ICV system 800 is applicable for IM-VoIP
clients, such as, but not limited to, MSN, Yahoo(r),
Google and the like, wherein, there is no call-in
number facility. It's even useful for a subscriber of
IM-VoIP clients such as Skype and Gizmon where there
is a call-in number service but the subscriber has not
signed up for it. In such a case, a temporary assigned
number, preferably a local number depending on the
local area where the subscriber is present, is used to
route the call. [0076JFIG. 9 represents a flow diagram
of unconditional call forwarding implementation of ICV
system 800 using the IM-VoIP service, in accordance
with an embodiment of the invention. The unconditional
call forwarding implies the routing of any mobile
terminated (MT) call to an outbound roamer to its
associated client over the IP network. At step 902,
subscriber B connects to the Internet (or any other IP
based network) using IM-VoIP client 806. At step 904,
IM-VoIP client 806 informs his 'online' status to
IM-VoIP gateway 802 present in HPMN 108 of subscriber
B. At step 906, IM-VoIP gateway 802' ree i ocaf
tempdrary assigned) F for B from voice gateway 804,
which maintains a pool of available local numbers.
Thereafter, at step 908, voice gateway 804 assigns the
free number F to B and records the assignment. At step
910, IM-VoIP Gateway 802 sets the unconditional call
forwarding of subscriber B to the assigned number F by
issuing messages such as MAP RegisterSS in GSM network
to HLR 114. Further, at step 912, subscriber A calls
subscriber B at his mobile number and the call reaches
GMSC 112 of subscriber B's network. Thereafter, at
step 914, GMSC 112 requests subscriber B's routing
information from HLR 114 by sending a MAP SRI message
(in a GSM implementation) to the HLR. In case of a
CDMA network implementation, an IS 4 1 MAP Location
Request message is used. Thereafter, at step 916, HLR
114 returns the assigned number F to GMSC 112.
Further, at step 918, GMSC 112 initiates a call set up
using subscriber A's number, subscriber B's called
number and the assigned number F. Finally, at step
920, voice gateway 804 uses the recorded number
assignment on subscriber B to route the call over IP
to IM-VoIP client 806 of subscriber B. Hence, the
IM-VoIP gateway 802 re-directs the call initially
destined to mobile number of subscriber B, to the
temporary assigned number F associated with IM-VoIP
client 806. [0077]FIGS. 1OA and 1OB represent a flow
diagram of conditional late call forwarding
implementation of the ICV system 800 using the IM-VoIP
service, in accordance with a first embodiment of the
invention. This embodiment uses DP 12 terminating
trigger to implement the conditional late call
forwarding in ICV system 800. At step 1002, subscriber
B connects to the Internet (or any other IP based
network) using the IM-VoIP client 806. At step 1004,
IM-VoIP client 806 informs its 'online' status to
IM-VoIP gateway 802 present in HPMN 108 of subscriber
B. At step 1006, IM-VoIP gateway 802 requests a free
local (temporary assigned) F for B from voice gateway
804, which maintains a pool of available local
numbers. Thereafter, at step 1008, voice gateway 804
assigns the free number F to B and records the
assignment. In one embodiment of the invention, ICV
system performs step 1006 and 1008 later in the call
flow when conditional call forwarding takes place.
Thereafter, at step 1010, subscriber A calls
subscriber B at his mobile number and the call reaches
GMSC 112 of subscriber B's network. At step 1012, GMSC
112requests subscriber B s routing information from
HLR 114 by sending a MAP SRI message (in a GSM
implementation) to the HLR. In case of a CDMA network
implementation, an IS 4 1 MAP Location Request message
is used. Thereafter, at step 1014, HLR 114 returns the
terminating trigger to GMSC 112. The terminating
trigger may be a Camel T-CSI in GSM implantation or a
WIN in CDMA implementation. The terminating trigger is
also dependent on specific switch vendors such as
Siemens, Nokia etc. GMSC 112 downloads the terminating
trigger only when the subscriber B is roaming. At step
1016, GMSC 112 issues a trigger request such as,
Initial DP in IN protocol, to the IM-VoIP gateway 802,
which is equipped with support for IN protocols.
[0078]Thereafter, at step 1018, IM-VoIP gateway 802
issues a MAP ISD (IMSI-B) message to VLRL/MSC 116 of
subscriber B. IM-VoIP gateway 802 receives the
information of VLR/ VMSC 116 either from Initial DP or
from RPD 124. Skype gateway 202 sends the MAP ISD
message to remove (set to empty) the conditional
forwarding information from VLR/VMSC 116. Further, at
step 1020, IM-VoIP gateway 802 requests the monitoring
of call events such as NO-ANSWER, and BUSY from GMSC
112 and issues a CONTINUE message to GMSC 112. At step
1022, GMSC 112 again requests to HLR 114 for the
routing information of subscriber B. At step 1024, HLR
114 returns the routing number (i.e. the routing
identifier) such as, MSRN in GSM implementation and
TLDN in CDMA implementation. GMSC 112 continues the
call setup towards the routing number, at step 1026.
In case, subscriber B does not respond to the call
setup at his routing number, which is the mobile
number in this case. Thereafter, at step 1028, GMSC
112 sends event report to IM-VoIP gateway 802. ICV
system 800 may perform the steps 1006 and 1008 after
step 1028 to avoid assign pre-assigning a temporary
number until a conditional forwarding call on
subscriber B's mobile number takes place. At step
1030, IM-VoIP gateway 802 again requests for
monitoring of call events such as NO-ANSWER and BUSY
from GMSC 112. Thereafter, at step 1032, IM-VoIP
gateway 802 requests GMSC 112 to connect subscriber
B's assigned number F by voice gateway 804. Hence, at
step 1034, GMSC 112 initiates a call set up using
subscriber A's number, subscriber B's called number
and the assigned number F for B, towards the voice
gateway 804. Thereafter, at step 1036, voice gateway
804 uses the stored record forIP to subscriber B's IM
VoIP client 806. IMVoIP client 806 can answer the call
when ringing. [0079] In case, IM VoIP client 806 did
not respond to the call at the number F, at step 1038,
GMSC 112 sends the event report to IM-VoIP gateway
802. In case, subscriber B sets IM VoIP client 806
with call forwarding such as a voicemail, the call
goes to the forwarded number. At step 1040, IM-VoIP
gateway 802 gets the conditional forwarding number of
B from either RPD 124 or by issuing MAP Interrogate SS
(or AnyTimeSubscriberProfile, restoreData or Send
Parameters) to HLR 114 on the late call forwarding
number corresponding to the late forwarding condition
received. At step 1042, IM-VoIP gateway 802 requests
GMSC 112 to connect to the late call forwarding number
of B. Thereafter, voice gateway 804 releases the
temporary assigned F back to the free number pool.
Hence, at step 1044, IMVoIP gateway 802 re-directs the
call initially destined to mobile number of subscriber
B, to the late call forwarding number of subscriber B.
[008O]FIGS. 11A and 11B represent a flow diagram of
conditional late call forwarding implementation of the
ICV system 800 using the IM-VoIP service, 



in accordance with a second embodiment of the
invention. This embodiment uses DP 2 or DP 3 trigger
to implement the conditional late call forwarding. At
step 1102, subscriber B connects to the Internet (or
any other IP based network) using IM-VoIP client 806.
At step 1104, IM-VoIP client 806 informs his 'online'
status to IM-VoIP gateway 802 present in HPMN 108 of
subscriber B. At step 1106, IM-VoIP gateway 802 sets
the CFU to a Dummy Number (DN) via MAP RegisterSS at
subscriber B's HLR entry. IM-VoIP gateway 802 may
request for temporary assigned free number F from
voice gateway 804, at step 1108. At step 1110, IM-VoIP
gateway 802 assigns the number F from a pool of free
numbers and records the assignment. At step 1112,
subscriber A calls subscriber B at his mobile number
and the call reaches GMSC 112 of subscriber B's
network. At step 1114, GMSC 112 requests subscriber
B's routing information from HLR 114 by sending a MAP
SRI message (in a GSM implementation) to the HLR.
Thereafter, at step 1116, HLR 114 returns the DN to
GMSC 112. Further, at step 1118, GMSC 112 issues the
DP2 or DP3 network trigger request on the DN (e.g.
InitialDP in IN protocol) to IM-VoIP Gateway 802,
which is equipped with support for IN protocols. In
this case,ne IDP parameters should contain the
original called number of B. At step 1120, IM-VoIP
gateway 802 issues a MAP ISD (IMSI-B) to VLR/VMSC 116
of subscriber B to remove the conditional call
forwarding. Further, at step 1122, IM-VoIP gateway 802
requests the monitoring of call events such as
NOANSWER, and BUSY from GMSC 112. Thereafter, at step
1124, IM-VoIP gateway 802 issues a MAP PRN (IMSI-B)
message to VLR/VMSC 116 with the information received
from RPD 124. At step 1126, VLR/VMSC 116 returns the
routing number (MSRN) to IM-VoIP gateway 802. Upon
receiving the routing number, IM-VoIP gateway 802, at
step 1128, issues an IN protocol message CONNECT (A,
MSRN) to GMSC 112. At step 1130, GMSC 112 continues
the call setup towards the routing number. In case,
the subscriber B (i.e. the mobile) did not respond to
the call at the routing number, at step 1132, GMSC 112
sends the event report to IM-VoIP gateway 802. In one
embodiment of the invention, ICV system 800 performs
the steps 1108 and 1110 here to avoid pre-assigning of
the number F until a conditional call forward on
mobile number of subscriber B takes place.
[0081]Thereafter, at step 1134, IM-VoIP gateway 802
again requests for monitoring of call events such as
NO-ANSWER and BUSY from GMSC 112. Thereafter, at step
1136, IM-VoIP gateway 802 requests GMSC 112 to connect
subscriber B's temporary number F to IM-VoIP gateway
802. Hence, at step 1138, GMSC 112 initiates a call
set up using subscriber A's number, subscriber B's
called number (as the originally called number) and
number F for subscriber B. At step 1140, voice gateway
804 uses the stored record (number F) on B to route
the call over IP to subscriber B's IM VoIP client 806.
The IM-VoIP client can answer the call when ringing.
[0082] In case, IM-VoIP client 806 does not respond to
the call at the number F, at step 1142, GMSC 112 sends
the event report to IM-VoIP gateway 802. In case, the
subscriber B sets the IM-VoIP client 806 with call
forwarding such as a voicemail, the call goes to the
forwarded number. At step 1144, IM-VoIP gateway 802
gets the conditional forwarding number of subscriber B
from either RPD 124 or by issuing MAP Interrogate SS
(or AnyTimeSubscriberProfile, restoreData or
SendParameters) to HLR 114 on the late call forwarding
number corresponding to the late forwarding condition
received. At step 1146, IM-VoIP gateway 802 requests
GMSC 112 to connectrf nber of subscriber B. Finally,
voice gateway 804 releases the assigned number F back
to free pool of number. Hence, at step 1148, IM-VoIP
gateway 802 re-directs the call initially destined to
mobile number of subscriber B, to the late call
forwarding number of subscriber B. [0083]Another
embodiment of the invention provides the re-routing
service to subscribers using Vonage like service. FIG.
12 represents a system for implementing an ICV system
1200 using the Vonage like service. This embodiment
caters to wireless subscribers in first communication
network 104. ICV system 1200 is a modified version of
ICV system 800 to include a Vonage like gateway 1202
instead of IM-VoIP gateway 802 to cater to any Vonage
based VoIP service. Further, ICV system 1200 includes
subscriber's Vonage-like Client device 1204 (phone
adaptor) that has an IP interface and a phone
interface to a phone 1206. Each time the phone adaptor
connects to an IP network, it reports the IP address
and phone number to a Vonage-like Directory Service
1208. Vonage-like Gateway 1202 subscribes to Directory
Service 1208 for any information pertaining to
subscriber of the network deploying ICV system 1200.
Whenever such a subscriber's Vonage-like Client device
1204 registers with Directory Service 1208, Directory
Service 1208 notifies Vonage-like Gateway 1202.
Further, there is RPD 124 for monitoring the roaming
links to capture information about roamers
(subscribers) in a database. The architecture caters
to VoIP clients like Vonage, SunRocket where there is
a call-in number service and an IP phone adaptor.
There is no IM or presence component. However, there
is still a registration of IP address with the phone
number on a directory service. [0084] FIG. 13
represents a flow diagram of unconditional call
forwarding implementation of the ICV system 1200 using
the Vonage like service, in accordance with an
embodiment of the invention. The unconditional call
forwarding implies the routing of any mobile
terminated (MT) call to an outbound roamer to its
associated Vonage like client over the IP network. At
step 1302, subscriber B connects to the Internet (or
any other IP based network) using Vonage-like client
1204. At step 1304, Vonage-like VoIP client 1204
registers with Vonage-like Directory Service 1208.
Thereafter, at step 1306, Directory Service 1208
notifies Vonage-like Gateway 1202 at HPMN 108.
Further, at step 1308, Vonage-like Gateway 1202 may
optionally check ifsubscriber B is roaming or not by
issuing messages such as, but not limited to, MAP
SRI-SM in GSM network or IS-41 MAP SMS-REQUEST in CDMA
network to get the VLR/VMSC 116 address. If subscriber
B is roaming, then, at step 1310, Vonage-like Gateway
1202 sets the unconditional call forwarding of
subscriber B to the Vonage number by issuing, messages
such as, but not limited to, MAP RegisterSS in GSM
network in HLR 114. Further, at step 1312, subscriber
A calls subscriber B at his mobile number and call
reaches GMSC 112 of subscriber B's network. At step
1314, GMSC 112 requests routing information by
issuing, messages such as, but not limited to, MAP SRI
in GSM network or IS 4 1 MAP Location Request in CDMA
from HLR 114. Then at step 1316, HLR 114 returns
Vonage-like number of subscriber B. Further at step
1318, GMSC 112 continues the call set up using
subscriber A's number, subscriber B's called number
(as originally called number) and the Vonage-like
number of subscriber B. [0085JFIGS. 14A and 14B
represent a flow diagram of conditional late call
forwarding implementation of the ICV system 1200 using
the Vonage like service, in accordance with a first
embodiment of the invention. This 



embodiment uses DP 12 terminating trigger to implement
the conditional late call forwarding in ICV system
1200. At step 1402, subscriber B's Vonage-like client
device is connected to the IP network. Further, at
step 1404, Vonagelike client 1204 registers his
presence with Vonage-like Directory Service 1208.
Directory service 1208 notifies subscriber B's
presence information to Vonage-like Gateway 1202, at
step 1406. Thereafter, at step 1408, subscriber A
calls subscriber B's mobile number and the call
reaches GMSC 112. GMSC 112 requests routing
information by issuing a MAP SRI message to HLR 114,
at step 1410. Thereafter, at step 1412, HLR 114
returns terminating trigger such as a Camel T-CSI
message in GSM or WIN in CDMA to GMSC 112. GMSC 112
downloads the terminating trigger only when subscriber
B is roaming. Henceforth, at step 1414, GMSC 112
issues trigger request to Vonage-like Gateway 1202,
which is equipped with support for IN protocols. Then
at step 1416, Vonage-like Gateway 1202 issues MAP ISD
to VLR/VMSC 116 obtained from the InitialDP or RPD 124
to remove the conditional forwarding information from
VLR/VMSC 116.Vonage-like Gateway 1202 requests the
monitoring of call events such as NO-ANSWER, and BUSY
from GMSC and issues CONTINUE message. The GMSC 112
requests routing information from HLR 114 again on
subscriber B, at step 1420. At step 1422, HLR 114
returns the routing number (MSRN) to GMSC 112. GMSC
112 continues the call set up towards the routing
number, at step 1424. There may be a case, when
subscriber B (i.e. the mobile) does not answer the
call on its MSRN. Hence, at step 1426, GMSC 112 sends
event report to Vonage-like Gateway 1202. Vonage-like
Gateway 1202 again requests the monitoring of call
events such as NO-ANSWER, and BUSY from GMSC 112.
Vonage-like Gateway 112, at step 1428, requests via
IN-CONNECT GMSC 112 to connect to the subscriber B's
Vonage number. At step 1430, GMSC 112 continues the
call set up using subscriber A's number, subscriber
B's called number (as originally called number) and
the Vonage-like number of subscriber B. Again, in
case, subscriber B's Vonage-like client 1204 did not
answer the call, at step 1432, GMSC 112 sends event
report to Vonage-like Gateway 1202. In cases when
Vonage-like Client 1204 itself is set with call
forwarding on a voicemail, the call goes to the
forwarding number. Thereafter, at step 1434,
Vonage-like Gateway 1202 gets conditional call
forwarding number from RPD 124 or by issues a MAP
Interrogate SS (or AnyTimeSubscriberProfile,
restoreData or SendParameters etc) to HLR 114 of
subscriber B on the late call forwarding number
corresponding to the late forwarding condition
received. Further, at step 1436, Vonage-like Gateway
1202 then requests GMSC 112 via INCONNECT message to
connect to the subscriber B's late call forwarding
number. Finally at step 1438, the GMSC initiates the
call setup to the subscriber B's late call forwarding
number. [0087JFIGS. 15A and 15B represent a flow
diagram of conditional late call forwarding
implementation of ICV system 1200 using the Vonage
like service, in accordance with a second embodiment
of the invention. This embodiment uses DP 2 or DP 3
trigger to implement the conditional late call
forwarding. At step 1502, subscriber B connects to the
Internet (or any other IP based network) using
Vonage-like client 1204. At step 1504, Vonage-like
client 1204 registers his presence with Vonage-like
Directory Service 1208. The subscriber registers its
presence using the Vonage number and current'wiffi
"the Vonage number. Further, Directory Service 1208
notifies subscriber B's presence information to
Vonage-like Gateway 1202 at step 1506. Again, the
check for roaming status and unconditional call
forwarding status maybe omitted at this point of call
flow. Further, at step 1507, Vonage-like Gateway uses
MAP RegisterSS to set the unconditional call
forwarding to the DN. Thereafter, at step 1508,
subscriber A calls subscriber B's mobile number and
the call reaches GMSC 112 of subscriber B's network.
At step 1510, GMSC 112 requests routing information by
issuing MAP SRI to HLR 114. HLR 114 returns the DN at
step 1512. Thereafter at step 1514, GMSC 112 issues
trigger request on the DN to the Vonage-like Gateway
1202, which is equipped with support of IN protocols.
At step 1516, Vonage-like Gateway 1202 issues MAP ISD
(IMSI-B) message to VLR/VMSC 116 to remove the
conditional forwarding information from VLR/VMSC 116.
Vonage-like Gateway 1202 at step 1518, requests the
monitoring of call events such as NO-ANSWER, and BUSY
from GMSC 112. At step 1520, Vonage-like Gateway 1202
issues MAP PRN(IMSI-B) message to VLR 116. VLR 116
returns the routing number (MSRN) at step 1522.
Vonage-like Gateway 1202 issues a CONNECT
(routing-number) to GMSC 112 at step 1524. Thereafter,
at step 1526, GMSC 112 continues the call set up
towards the routing number. In case subscriber B does
not answer the call on his routing number, then at
step 1528, GMSC 112 sends event report to Vonagelike
Gateway 1202. At step 1530, Vonage-like Gateway 1202
again requests the monitoring of call events such as
NO-ANSWER, and BUSY from GMSC 112. At step 1532,
Vonage-like Gateway 1202 then requests GMSC 112 via an
IN-CONNECT message to connect to subscriber B's Vonage
number. Thereafter, at step 1534, GMSC 112 continues
the call set up using subscriber A's number,
subscriber B's called number (as originally called
number) the Vonage-like number of subscriber B.
Further, when subscriber B's Vonage-like client 1204
does not answer the call, then at step 1536, GMSC 112
sends event report to Vonage-like Gateway 1202. In
case, call forwarding at voicemail is present in the
Vonage-like Client 1204, the forwarding number
receives the call. At step 1538, Vonage-like Gateway
1202 gets conditional call forwarding number from RPD
124 or by issues MAP Interrogate SS (or
AnyTimeSubscriberProfile, restoreData or
SendParametersB on the late call forwarding number
corresponding to the late forwarding condition
received. Henceforth, at step 1540, Vonage-like
Gateway 1202 then request GMSC 112 via IN-CONNECT
message to connect to the subscriber B's late call
forwarding number. Finally, at step 1542, GMSC 112
initiates a call setup to subscriber B's late call
forwarding number. [0088]ln each of the above
embodiments, subscriber B (i.e. subscriber 102) is
associated with a wireless operator. It is also
desirable to have an ICV system for providing services
to subscriber B when he is associated with the
wireline (fixed line) operators. Further, it is also
desirable to provide ICV systems that cater to various
types of VoIP clients such as Skype(tm), IM-VoIP like,
and Vonage. FIG. 16 represents an ICV system 1600
using the Skype-IN like service for a fixed line
subscriber B, in accordance with an embodiment of the
invention. The ICV system 1600 includes a Skype
gateway 1602, a fixed line switch 1604 and a switch
directory 1606 in HPMN 108 of the fixed line
subscriber B. The subscriber's Skype client 1608 may
be associated with a device such as, but note limited
to, a laptop, a PC or a smart device that has an IP
interface. Skype client 1608 of the subscriber
connects to Skype 



gateway 1602 via an IP network. ICV system 1600 does
not require a Roamer Probe Database (RPD) because the
objective for this system is to connect to the
subscriber when he is online on his VoIP client and
unavailable at the fixed line. Further, in this
embodiment, subscriber B registers for the call-in
number service for its VoIP client. [010O]FIG. 17
represents a flow diagram of unconditional call
forwarding implementation of ICV system 1600 using the
Skype-IN service for the fixed line subscriber, in
accordance with an embodiment of the invention. The
unconditional call forwarding implies that any call
that terminates at the fixed line number of subscriber
B, is routed to its associated client over the IP
network. At step 1702, subscriber B's Skype client
1608 connects to the IP network (i.e. the second
communication network). At step 1704, Skype client
1608 informs his 'online' status to Skype Gateway 1602
in HPMN 108 of the fixed line subscriber B.
Thereafter, at step 1706, Skype Gateway 1602 requests
Switch Directory 1606 for an address of fixed line
switch 1604 corresponding to subscriber B. At step
1708, Switch Directory 1606 returns''TElhe adclress '
of fixed line' switch 1604 of subscriber B .
Henceforth, at step 1710, Skype Gateway 1602 sets the
unconditional call forwarding of subscriber B at fixed
line switch 1604 to the Skype-IN number at fixed line
switch 1604 of B . In such a case, ICV system 1600 may
use a possibly proprietary fixed line switch
interface. Further, at step 1712, subscriber A calls
subscriber B and the call reaches fixed line switch
1604. Fixed line switch 1604, at step 1714, continues
the call set up using subscriber A's number,
subscriber B's called number (as originally called
number) and the Skype-IN number of subscriber B .
[010I]FIG. 18 represents a flow diagram for
conditional call forwarding implementation of the ICV
system 1600 using the Skype-IN service for fixed line
subscriber, in accordance with a n embodiment of the
invention. A t step 1802, subscriber B's Skype client
1608 connects to the IP network (i.e. the second
communication network). Skype client 1608 informs his
'online' status to Skype Gateway 1602 in HPMN 108 of
subscriber B , at step 1804. Further, at step 1806,
Skype Gateway 1602 requests from Switch Directory
1606, information about fixed line switch 1604 of
subscriber B . A t step 1808, Switch Directory 1606
returns the address of fixed line switch 1604 of
subscriber B . Thereafter, at step 1810, Skype Gateway
1602 sets conditional call forwarding of subscriber B
at fixed line switch 1604 to the Skype-IN number at
fixed line switch 1604. In case, fixed line switch
1604 originally already has a late call forwarding
number such as a voicemail, fixed line switch 1604
saves it. Further, at step 1812, subscriber A calls
subscriber B and the call reaches fixed line switch
1604 of subscriber B . Fixed line switch 1604, at step
1814, facilitates a ring at the fixed line phone of
subscriber B . If there is a NOANSWER response from
the fixed line phone, fixed line switch 1604, at step
1816, continues the call set up using A's number,
subscriber B's called number (as originally called
number)and the Skype-IN number of B . However, in case
Skype client 1608 is set with a call forwarding
facility, the call is forwarded to the number based on
condition such as, but not limited to, no answer o r
busy o r always. Furthermore, in case there is a
NO-ANSWER o r busy from Skype-IN number, then fixed
line switch 1604, at step 1818, routes the call to the
saved original call forwarding number (if any).system
1900 implemented using the IM-VoIP service for a fixed
line subscriber B, in accordance with an embodiment of
the invention. ICV system 1900 includes an IM-VoIP
gateway 1902, a voice gateway 1904, a switch directory
1906, and a fixed line switch 1908 in HPMN 204 of
fixed line subscriber B. Subscriber B has an IM-VoIP
client 1910 associated with devices such as, a laptop,
a PC, and a smart device. IM-VoIP client 1910 has an
IP interface using which it connects to IM-VoIP
gateway 1902 (via the IP network) and add each other
as 'buddies'. ICV system 1900 is applicable for
IM-VoIP clients such as, Yahoo(r), MSN(r), Google(r)
etc. where there is no call-in number facility.
Alternatively, VoIP clients like Skype or Gizmon may
also use ICV system 1900, when the subscriber has not
registered with their call-in number facility. In such
cases, ICV system 1900 selects a local temporary
number depending upon the location of the subscriber
to route the call to that temporary number. [0103]FIG.
20 represents a flow diagram of unconditional call
forwarding implementation of ICV system 1900 using the
IM-VoIP service for the fixed line subscriber, in
accordance with an embodiment of the invention. The
unconditional call forwarding implies routing any call
that terminates at the fixed line number of the
subscriber B to its associated IM-VoIP client over the
IP network. At step 2002, IM-VoIP client 1910 of
subscriber B connects to the IP network (i.e. second
communication network). At step 2004, IM-VoIP client
1910 informs his 'online' status to IM-VoIP Gateway
1902 in HPMN 204 of fixed line subscriber B.
Thereafter, at step 2006, IM-VoIP Gateway 1902
requests a free (local) temporary number for B from
Voice Gateway 1904, which maintains a pool of
available local numbers. At step 2008, Voice Gateway
1904 assigns a free local number F to subscriber B and
records the assignment. Further, at step 2010, IM-VoIP
Gateway 1902 requests Switch Directory 1906 for
address of fixed line switch 1908. At step 2012,
Switch Directory 1906 returns the address of fixed
line switch 1908 of subscriber B. Thereafter, at step
2014, IM-VoIP Gateway 1902 sets unconditional call
forwarding of subscriber B to the temporary assigned
number F at fixed line switch 1908 of subscriber B. In
such a case, ICV system 1900 may use a proprietary
fixed line switch interface. Furthermore, at step
2016, subscriber A calls subscriber B and the call
reaches fixed line switch 1908. At step 2018,"fixed
line""'switch' 1908 continues call set up using
subscriber A's number, subscriber B's called number
(as originally called number) and the temporary
assigned number F of subscriber B towards voice
gateway 1904. Finally, at step 2020, voice gateway
1904 uses the recorded assignment on subscriber B to
route the call over IP network to the subscriber B's
IM VoIP client 1910. [0104]FIG. 2 1 represents a flow
diagram of conditional call forwarding implementation
of ICV system 1900 using the IM-VoIP service for the
fixed line subscriber B, in accordance with an
embodiment of the invention. At step 2102, subscriber
B's IM-VoIP client connects to the IP network (i.e.
the second communication network). At step 2104,
IM-VoIP client 1910 informs his 'online' status to
IM-VoIP Gateway 1902 in HPMN of fixed line subscriber
B. At step 2106, IM-VoIP Gateway 1902 requests a free
(local) temporary assigned number for subscriber B
from Voice Gateway 1904, which maintains a pool of
available local numbers. At step 2108, Voice Gateway
1904 assigns a free local number F to B and records
the assignment. Thereafter, at step 2110, IM-VoIP
Gateway 1902 requests for address of fixed line switch
of subscriber B from Switch Directory 1906. At step 2
112, Switch Directory 1906 returns the address of
fixed line switch 1908 of subscriber B. Further, at
step 2 114, IM-VoIP Gateway 1902 sets the conditional
call forwarding of 



subscriber B to the assigned number F at fixed line
switch 1908 of subscriber B. The conditional call
forwarding may be applied on one or more criteria such
as, but not limited to, no-answer, busy etc. The ICV
system 1900 using call forwarding may use a
proprietary fixed line switch interface. In case fixed
line switch 1908 already has a late call forwarding
number, such as voicemail, fixed line switch 1908
saves it. Furthermore, at step 2 116, subscriber A
calls subscriber B and the call reaches fixed line
switch 1908. At step 2 118, fixed line switch 1908
facilitates a ring at subscriber B's fixed line phone.
In case there is a NO-ANSWER message response, fixed
line switch 1908, at step 2120, sets the call at voice
gateway 1904 using subscriber A's number, subscriber
B's called number (as originally called number) and
the assigned number F of subscriber B. Finally, at
step 2122, voice gateway 1904 uses the recorded
assignment on subscriber B to route the call over IP
to subscriber B's IM VoIP client 1910. Also, in case
of a NO-ANSWER or busy or nonnumber, fixed line switch
1908 routes the call to the original saved call
forwarding number. [0105JFIG. 22 represents an ICV
system 2200 implemented using the Vonage like service
for a fixed line subscriber, in accordance with an
embodiment of the invention. ICV system 2200 includes
a Vonage like gateway 2202, a switch directory 2204,
and a fixed line switch 2206 in the HPMN of subscriber
B. Further, ICV system 2200 includes subscriber's
Vonage like client device 2208 (phone adaptor) that
has an IP interface and phone interface connected to a
fixed line phone 2210. Each time the phone adaptor
connects to an IP network, it reports the IP address
and phone number to a Vonage-like Directory Service
2212. Vonage-like Gateway 2202 subscribes to Directory
Service 2212 for any information pertaining to
subscriber of the network deploying ICV system 2200.
Whenever such a subscriber's Vonage-like client device
2208 registers with Directory Service 2212, Directory
Service 2212 notifies Vonage-like Gateway 2202.
Clients such as, but not limited to, Vonage and
SunRocket, may use ICV 2200, where there is a call-in
number facility and an IP phone adaptor. However,
since there is no IM or presence component, the IP
address of the phone number registers with the
directory service. [0106JFIG. 23 represents a flow
diagram for unconditional call forwarding
implementation of ICV system 2200 using the Vonage
like service for the fixed line subscriber, in
accordance with an embodiment of the invention. At
step 2302, subscriber B's Vonage-like client device
2208 connects to the IP network. At step 2304,
Vonage-like VoIP client 2208 registers with Vonagelike
Directory 2212. Directory Service 2212, at step 2306,
notifies Vonage-like Gateway 2202 at the fixed line
home network of subscriber B. At step 2308,
Vonage-like Gateway 2202 requests for address of the
local fixed line switch from switch directory 2204.
Switch Directory 2204 returns the address of fixed
line switch 2206 of subscriber B, at step 2310.
Thereafter, at step 2312, Vonage-like Gateway 2202
sets unconditional call forwarding to subscriber B's
Vonage-like number at fixed line switch 2206. ICV
system 2200 using this call forwarding may use a
proprietary fixed line switch interface. Further, at
step 2314, subscriber A calls subscriber B and the
call reaches at fixed line switch 2206. At step 2316,
fixed line switch 2206 continues the call set upusing
subscriber A s number, subscriber B s called number
(as originally called number) and subscriber B's
Vonage-like number towards the subscriber B's Vonage
client device 2208. [0107] FIG. 24 represents a flow
diagram for conditional late call forwarding
implementation of ICV system 2200 using the
Vonage-like service for the fixed line subscriber, in
accordance with an embodiment of the invention. At
step 2402, subscriber B's Vonage-like client device
2208 connects to the IP network. At step 2404,
Vonage-like client 2208 registers with Vonage-like
Directory 2212. Directory Service 2212, at step 2406,
notifies Vonage-like Gateway 2202 at the home network
of subscriber B. At step 2408, Vonagelike Gateway 2202
requests for information about the local fixed line
switch of B from Switch Directory 2204. At step 2410,
Switch Directory 2204 returns the address of fixed
line switch 2206 of subscriber B. Thereafter, at step
2412, Vonage-like Gateway 2202 sets conditional call
forwarding to subscriber B's Vonage-like number (by
using a possibly proprietary fixed line switch
interface) at fixed line switch 2206. The conditional
forwarding may be set based on criteria such as, but
not limited to, NO ANSWER, and busy response. In case
fixed line switch 2206 already has late call
forwarding number such as voicemail, fixed line switch
2206 saves it. Thereafter, at step 2414, subscriber A
calls subscriber B and the call reaches fixed line
switch 2206. At step 2416, fixed line switch 2206
facilitates a call at the fixed line phone of B. In
case there is a NO ANSWER response from the fixed line
phone, fixed line switch 2206, at step 2418, continues
the call set up using A's number, subscriber B's
called number (as originally called number) and B's
Vonage-like number towards Vonage client device 2208.
However, in case of still a NO-ANSWER or busy message
response, fixed line switch 2206 routes the call to
the original saved call forwarding number. [0108]FIG
25 represents a generic SIP based system diagram 2500
for implementing ICV system for both wireless and
fixed line subscribers, in accordance with an
embodiment of the invention. System 2500 includes a
Voice Gateway 2502, a SIP/IMS Gateway 2504 in a home
network 2505 of the fixed or wireless subscriber.
SIP/IMS Gateway 2504 subscribes to a SIP IM-VoIP
Directory Service 2506 to check for the status of the
subscriber. Further, SIP/IMS gateway 2504 uses a
roamer probe database (RPD) 2507 tohome operator 2505
and the visited network. A SIP IM-VoIP client device
2508 registers with Directory Service 2506 when it
connects to an IP network. In the case of a wireless
subscriber (mobile user), the mobile device can
optionally register with a VLRL/MSC 2510 in the
visited network (VPMN). [0109]ln accordance with an
embodiment of the invention, when a SIP IMVoIP client
device 2508 registers with Directory Service 2506,
Directory Service 2506 notifies subscriber B's status
information (i.e. presence information) to SIP/IMS
Gateway 2504. Thereafter, SIP/IMS Gateway 2504 sets
the unconditional or conditional call forwarding of
subscriber B either at the HLR of subscriber B or at
the fixed line switch of subscriber B. Now, when
subscriber A calls subscriber B, the call gets
rerouted over an IP network to SIP IM-VoIP client 2508
via Voice Gateway 2502. Voice Gateway 2502 is
responsible to assign a temporary local number in the
current area of subscriber B so to reduce the
forwarding call cost. Voice Gateway 2502 also routes
the final call to SIP IM-VoIP client device 2508.
[OHO]It would be apparent to a person skilled in the
art that signal flow for non-call related traffic is
similar to the one as explained in one or more of the
above embodiments of routing call related traffic. A
mobile terminated SMS (MT SMS) is usually free even
when the subscriber is roaming. The 



forwarding of a MT-SMS is preferred when subscriber's
mobile is not in coverage area, yet connects to IP
network. It may not be necessary that the subscriber
is out of coverage only when he's roaming, it may also
be possible that mobile subscriber is at the home
network and yet may be unreachable because subscriber
may have switched off his mobile or may not answer the
call. In such cases, the gateway delivers any mobile
terminated SMS to the subscriber via the IP network.
[0089] FIG. 26 represents a flow chart for SMS
forwarding via the second communication network (IP
network), in accordance with an embodiment of the
invention. In this embodiment of the invention, the
HLR in consideration does not have mobility
notification capability. In other words, whenever the
subscriber changes his VMSC, the HLR does not notify
the VoIP gateway of the same. Hence, whenever an IP
connection is available, the VoIP gateway modifies the
only VMSC address to be that of the VoIP gateway.
Further, the(e.g. every minute) the VMSC address of
the subscriber at the HLR without changing the
subscriber's VLR location. At step 2602, one of the
following occurs: the device associated with the
subscriber notifies the VoIP Gateway of IP connection
with the VoIP client; or the HLR sends a MAP Cancel
Location message to the VoIP Gateway while the VoIP
client is online; or a periodical timer of the VoIP
Gateway's expires for the subscriber. Thereafter, at
step 2604, the VoIP gateway sends a MAP SRI-SM query
message to get the current VLR/VMSC address for the
subscriber's location. The VoIP gateway also records
the received address information. At step 2606, the
VoIP gateway checks if the VLR/VMSC address is empty.
In case, the VLR/VMSC location is empty, then at step
2608, the VoIP gateway issues a MAP Update Location
message to the HLR to set both the VLR and VMSC
address as that of the VoIP gateway. And if, the
VLR/VMSC address is not empty, then at step 2610, the
VoIP gateway records the address and issues a MAP
Update Location message with VLR address to be the
VMSC address returned from the MAP SRI-SM query (in
step 2604) and the VMSC address to be same as that of
the VoIP gateway. These process steps repeat to check
for validity of the conditions in step 2602.
[010O]FIG. 27 represents a flow chart for SMS
forwarding via the second communication network (IP
network), in accordance with another embodiment of the
invention. Unlike the previous embodiment, this
embodiment considers the mobility notification
capability with the HLR or the Roaming Probe Device
(RPD). Whenever an IP connection is available, the
VoIP gateway modifies the VMSC address to be that of
the VoIP gateway. Further, the subscriber notifies the
VoIP Gateway when he changes his VMSC location. At
step 2702, one of the following occurs: the device
associated with the subscriber notifies the VoIP
Gateway of IP connection with the VoIP client; or the
HLR or RPD sends a mobility notification to the VoIP
Gateway when the VoIP client is online. Thereafter, at
step 2704, the VoIP gateway sends a MAP SRI-SM query
message to get the current VLR/VMSC address for the
subscriber's location. The VoIP gateway also records
the received address information. At step 2706, the
VoIP gateway checks if the VLR/VMSC address is empty.
In case the VLR/VMSC location is empty, then at step
2708, the VoIP gatewaymessage to the HLR to set both
the VLR and VMSC address as that of the VoIP gateway.
And if VLR/VMSC address is not empty, then at step
2710, the VoIP gateway records the address and issues
a MAP Update Location message with VLR address to be
the VMSC address returned from the MAP SRI-SM query
(in step 2704) and the VMSC address to be same as that
of the VoIP gateway. These process steps repeat to
check for validity of conditions in step 2702.
[010I]In both cases, the VoIP client responds to the
received SMS from the sending party. The response will
reach the VoIP gateway at the HPMN. The VoIP Gateway
will put the responding party's mobile number as the
sending number and the original sending party as the
destination number. In some cases, the original
sending party may be a VoIP client or a mobile.
[0102]The generic method explained in one or more of
the above embodiments is represented in FIG. 28 as a
flow chart for implementing an ICV system, in
accordance with an embodiment of the invention. At
step 2802, the gateway detects a subscriber
registration to the visited network when the
subscriber initially registers with the home network.
At step 2804, the gateway receives location
information corresponding to the subscriber's current
location of the subscriber by using the RPD to probe
the roaming SS7 links between the home network and the
visited network. At step 2806, the gateway detects the
status of the client (VoIP client) associated with the
subscriber. Further, at step 2808, the gateway selects
a routing identifier associated with the client. The
routing identifier corresponds to the subscriber's
current location. Thereafter, at step 2810, the
gateway transfers the subscriber's traffic to the
client at the associated routing identifier, using the
second communication network based upon the status of
the client. In accordance with another embodiment of
the invention, the VoIP gateway transfers the
subscriber's traffic using the first communication
network when the status of the client is seen either
as offline or unreachable. [0103]The present invention
can take the form of an entirely hardware embodiment,
an entirely software embodiment or an embodiment
containing both hardware and software elements. In
accordance with an embodiment ofincluding but is not
limited to firmware, resident software, and microcode,
implements the invention. [0104] Furthermore, the
invention can take the form of a computer program
product accessible from a computer-usable or
computer-readable medium providing program code for
use by or in connection with a computer or any
instruction execution system. For the purposes of this
description, a computer-usable or computer readable
medium can be any apparatus that can contain, store,
communicate, propagate, or transport the program for
use by or in connection with the instruction execution
system, apparatus, or device. [0105]The medium can be
an electronic, magnetic, optical, electromagnetic,
infrared, or semiconductor system (or apparatus or
device) or a propagation medium. Examples of a
computer-readable medium include a semiconductor or
solid-state memory, magnetic tape, a removable
computer diskette, a random access memory (RAM), a
read-only memory (ROM), a rigid magnetic disk and an
optical disk. Current examples of optical disks
include compact disk - read only memory (CDROM),
compact disk - read/write (CD-R L/V) and Digital
Versatile Disk (DVD). [0106]An HPMN operator uses the
Integrated Cellular VoIP (ICV) system to serve
subscribers associated with its network even when they
are not the coverage of home network. The ICV system
connects with its subscribers via an IP network to
provide call related and value added service. The
subscriber 



may be using various VoIP clients, which may connect
to the home operator via a VoIP gateway deployed at
the HPMN. The ICV system may forward a call, destined
to the subscriber at his mobile number, as a VoIP call
to a client associated with the subscriber. The ICV
system is capable of switching an ongoing call on
mobile to a call on a VoIP client and vice-versa. In
case of multiple VoIP clients with a subscriber, the
subscriber may specify preferential order amongst
multiple clients. [0107]The components of ICV system
described above include any combination of computing
components and devices operating together. The
components of the ICV system can also be components or
subsystems within a larger computer system or network.
The ICV system components can also be coupled with any
number of other components (not shown), for
exampledth'e'r Buses?' cohtrdliefsf memory devices,
and data input/output devices, in any number of
combinations. In addition any number or combination of
other processor-based components may be carrying out
the functions of the ICV system. [0108] It should be
noted that the various components disclosed herein may
be described using computer aided design tools and/or
expressed (or represented), as data and/or
instructions embodied in various computerreadable
media, in terms of their behavioral, register
transfer, logic component, transistor, layout
geometries, and/or other characteristics.
Computer-readable media in which such formatted data
and/or instructions may be embodied include, but are
not limited to, non-volatile storage media in various
forms (e.g., optical, magnetic or semiconductor
storage media) and carrier waves that may be used to
transfer such formatted data and/or instructions
through wireless, optical, or wired signaling media or
any combination thereof. [0109]Unless the context
clearly requires otherwise, throughout the description
and the claims, the words "comprise," "comprising,"
and the like are to be construed in an inclusive sense
as opposed to an exclusive or exhaustive sense; that
is to say, in a sense of "including, but not limited
to." Words using the singular or plural number also
include the plural or singular number respectively.
Additionally, the words "herein," "hereunder,"
"above," "below," and words of similar import refer to
this application as a whole and not to any particular
portions of this application. When the word "or" is
used in reference to a list of two or more items, it
covers all of the following interpretations: any of
the items in the list, all of the items in the list
and any combination of the items in the list.
[0110]The above description of illustrated embodiments
of the ICV system is not intended to be exhaustive or
to limit the ICV system to the precise form disclosed.
While specific embodiments of, and examples for, the
ICV system are described herein for illustrative
purposes, various equivalent modifications are
possible within the scope of the ICV system, as those
skilled in the art will recognize. The teachings of
the ICV system provided herein can be applied to other
processing systems and methods. They may not be
limited to the systems and methods described
above.ilts of the various embodiments described above
can be combined to provide further embodiments. These
and other changes can be made to the AITRS in light of
the above detailed description. Other Variations
[0112]ln describing certain embodiments of the ICV
system under the present invention, this specification
follows the path of a telecommunications call from a
calling party to a called party. For the avoidance of
doubt, that call can be for a normal voice call, in
which the subscriber telecommunications equipment is
also capable of visual, audiovisual or motion picture
display. Alternatively, those devices or calls can be
for text, video, pictures or other communicated data.
[0113]ln the foregoing specification, specific
embodiments of the present invention have been
described. However, one of ordinary skill in the art
will appreciate that various modifications and changes
can be made without departing from the scope of the
present invention as set forth in the claims below.
Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be
included within the scope of present invention. The
benefits, advantages, solutions to problems, and any
element(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to
be construed as a critical, required, or essential
features or elements of any or all the
claims.Technical references" Each of the following is
incorporated herein by reference in its entirety. GSM
902 on MAP specification Digital cellular
telecommunications system (Phase 2+) Mobile
Application Part (MAP) Specification (3GPP TS 09.02
version 7.9.0 Release 1998) Digital cellular
telecommunications system (Phase 2+); Security
Mechanisms for the SIM application toolkit; Stage 2
(GSM 03.48 version 8.3.0 Release 1999) Basset, Salman
A. and Schulzrinne, Henning; "An Analysis of
Peer-to-Peer Internet Telephony Protocol"; Department
of Computer Science, Columbia University; published
September 15, 2004. (see:
http://www1.cs.columbia.edu/HibrarWTR-repository/repor
ts/reports- 2004/cucs-039-04. pdf) as viewed November
3, 2006. GSM 348 International Patent Application
number WO 2006/027772, entitled "Roaming Presence and
Context Management," published March 16,
2006AMINOPYRIMIDINES USEFUL AS KINASE INHIBITORS
TECHNICAL FIELD OF THE INVENTION [0 001] The present
invention relates to compounds useful as inhibitors of
Aurora protein kinases . The invention also relates to
pharmaceutically acceptable compositions comprising
the compounds of the invention, methods of using the
compounds and compositions in the treatment of various
disorders, and processes for preparing the compounds.
BACKGROUND OF THE INVENTION [0002] The Aurora proteins
are a family of three related serine/ threonine
kinases (termed Aurora-A, -B and -C) that are
essential for progression through the mitotic phase of
cell cycle. Specifically Aurora-A plays a crucial role
in centrosome maturation and segregation, formation of
the mitotic spindle and faithful segregation of
chromosomes . Aurora-B is a chromosomal passenger
protein that plays a central role in regulating the
alignment of chromosomes on the 



meta-phase plate, the spindle assembly checkpoint and
for the correct completion of cytokinesis. [0003]
Overexpression of Aurora-A, -B or -C has been observed
in a range of human cancers including colorectal,
ovarian, gastric and invasive duct adenocarcinomas. [0
004] A number of studies have now demonstrated that
depletion or inhibition of Aurora-A or -B in human
cancer cell lines by siRNA, dominant negative
antibodies or neutralizingantibodies disrupts
progression through mitosis with accumulation of cells
with 4N DNA, and in some cases this is followed by
endoreduplication and cell death. [0005] The Aurora
kinases are attractive targets due to their
association with numerous human cancers and the roles
they play in the proliferation of these cancer cells.
It would be desirable to have an Aurora kinase
inhibitor with favorable drug- like properties, such
as stability in human liver microsomes. Accordingly,
there is a need for compounds that inhibit Aurora
kinases and also exhibit favorable drug- like
properties . SUMMARY OF THE INVENTION [0006] This
invention provides compounds and pharmaceutically
acceptable compositions thereof that are useful as
inhibitors of Aurora protein kinases. These compounds
are represented by formula I : or a pharmaceutically
acceptable salt thereof, wherein R2, R , and p are as
defined herein. [0007] These compounds and
pharmaceutically acceptable compositions thereof are
useful for inhibiting kinases in vitro , in vivo , and
ex vivo . Such uses include treating or preventing
myeloproliferative disorders and proliferative
disorders such as melanoma, myeloma, leukemia,
lymphoma, neuroblastoma, and cancer. Other uses
include the study of kinases in biological and
pathological phenomena; the study ofintracellular
signal transduction pathways mediated by such kinases;
and the comparative evaluation of new kinase
inhibitors . DETAILED DESCRIPTION OF THE INVENTION
[0008] The present invention provides a compound of
formula I : or a pharmaceutically acceptable salt
thereof, wherein: R2 is C alky 1 or cyclopropyl; R9 is
halo, C^alkyl, -O- (Ci- 3alkyl) , -S- (Ci_3alkyl) ,
-OCF3, or CF3 ; and p is 1-2 . [0009] In some
embodiments, R2 is methyl. [0 010] In other
embodiments, p is 1 . [0 011] In some embodiments, R9
is substituted in the ortho position. [0 012] In some
aspects of the invention, R9 is CF3, halo, Ci_ 3alkyl,
or -S- (Ci_ 3alkyl) . In some embodiments, R9 is F ,
Cl, or CF3 . [0013] One aspect provides a compound
selected from Table 1 (or a pharmaceutically
acceptable salt thereof) :Table 1:AMINOPYRIMIDINES
USEFUL AS KINASE INHIBITORS TECHNICAL FIELD OF THE
INVENTION [0001] The present invention relates to
compounds useful as inhibitors of Aurora protein
kinases. The invention also relates to
pharmaceutically acceptable compositions comprising
the compounds of the invention, methods of using the
compounds and compositions in the treatment of various
disorders, and processes for preparing the compounds.
BACKGROUND OF THE INVENTION [0002] The Aurora proteins
are a family of three related serine/ threonine
kinases (termed Aurora-A, -B and -C) that are
essential for progression through the mitotic phase of
cell cycle. Specifically Aurora-A plays a crucial role
in centrosorae maturation and segregation, formation
of the mitotic spindle and faithful segregation of
chromosomes. Au.rora-B is a chromosomal passenger
protein that plays a central role in regulating the
alignment of chromosomes on the meta-phase plate, the
spindle assembly checkpoint and for the correct
completion of cytokinesis . [0003] Overexpression of
Aurora-A, -B or -C has been observed in a range o f
human cancers including colorectal, ovarian, gastric
and invasive duct adenocarcinomas. [0 004] A number of
studies have now demonstrated that depletion or
inhibition of Aurora-A or -B in human cancer cell
lines by siRNA, dominant negative antibodies or
neutralizingantibodies disrupts progression through
mitosis with accumulation of cells with 4N DNA, and in
some cases this is followed by endoreduplication and
cell death. [0005] The Aurora kinases are especially
attractive targets due to their association with
numerous human cancers and the roles they play in the
proliferation of these cancer cells. It would be
desirable to have an Aurora kinase inhibitor with
favorable drug-like properties, such as the ability to
inhibit cell proliferation. Accordingly, there is a
need for compounds that inhibit Aurora kinases and
also exhibit favorable drug-like properties. SUMMARY
OF THE INVENTION [0006] This invention provides
compounds and pharmaceutically acceptable compositions
thereof that are useful as inhibitors of Aurora
protein kinases. These compounds are represented by
formula I : I or a pharmaceutically acceptable salt
thereof, wherein the variables are as defined herein.
[0007] These compounds and pharmaceutically acceptable
compositions thereof are useful for inhibiting kinases
in vitro, in vivo, and ex vivo. Such uses include
treating or preventing myeloproliferative disorders
and proliferative disorders such as melanoma, myeloma,
leukemia, lymphoma, neuroblastoma, and cancer. Other
uses include the study of kinases in biological and
pathological phenomena; the study of 



intracellular signal transduction pathways mediated by
suchKinases, and the comparative evaluation of new
kinase inhibitors . DETAILED DESCRIPTION OF THE
INVENTION [0008] The present invention provides a
compound of formula I : em b o d m en t s , Cy s
cyclopropyl.[0011] In other aspects of this invention,
R is methyl. [0012] One aspect provides a compound
selected from Table 1 (or a pharmaceutically
acceptable salt thereof) :ELECTRICAL CONNECTOR ON A
FLEXIBLE CARRIER [0001] This application claims
priority to U.S. Patent Application No. 11/265,205
filed on November 3, 2005, which is herein
incorporated by reference in its entirety. BACKGROUND
Field of Invention [0002] This invention relates to
electrical connectors, and in particular, to a
compliant, scalable, thermal-electrical-mechanical
reconnectable and remountable electrical connector
constructed on a flexible carrier. Background of the
Invention [0003] Conventional electrical connectors
used to connect components such as printed circuit
boards are fabricated using a wide variety of
techniques. A common approach is to use stamped metal
springs, which are formed and then individually
inserted into an insulating carrier to form an array
of electrical connection elements. The insulating
carrier is typically made of a rigid electrically
non-conductive material. Other approaches to making
electrical connectors include using anisotropically
conductive adhesives, injection molded conductive
adhesives, bundled wire conductive elements, and small
solid pieces of metal typically in a rigid carrier.
[0004] Two dimension flex circuits are readily
available and well known in the electronics industry.
For example, common applications in which flex
circuits can be utilized are cell phones, board to
board, and flat panel displays. [0005] Flex circuitry
is typically used to transport low and high-speed
signals within the flexible carrier material. To
access internal signals one must connect to them
through a series of vias or by surface mount pads
and/or connectors. [0006] As system density and
performance have increased, so have the stringent
specifications for interconnections. One way high
electrical performance is manifested is in improved
thermal characteristics and signal integrity. This can
be accomplished by designing the interconnections such
that they allow thermal planes or materials to be
designed directly into the interposer or carrier.
These features can then be directly connected to the
contact elements. A similar argument can be givenfor
the addition of other circuitry and or discretes
placed directly on or embedded internally to the
interposer. DESCRIPTION OF THE DRAWINGS [0007] Figure
1 is a schematic diagram that shows a number of land
grid array structures on flex material. [0008] Figure
2 is a schematic diagram illustrating an enlarged
sectional view of the contact arms for an exemplary
Land Grid Array contact array. [0009] Figures 3A-3D
are schematic diagrams of enlarged perspective views
of different exemplary contact arm designs. [0010]
Figure 4 is schematic diagram of an exploded
perspective view of a connector according to one
configuration of the invention. [001 1] Figures 5A-5D
are flowcharts showing exemplary steps for making a
connector according to an aspect of the present
invention. [0012] Figure 6 is schematic diagram of a
view of each layer of an exemplary stack up made
according to the method shown in Figures 5A-5D.
DETAILED DESCRIPTION [0013] The present invention
provides a compliant, scalable,
thermal-electricalmechanical electrical connector
constructed on a flexible substrate, and in another
aspect, discloses methods for making same. In
employing a thin flexible substrate, the invention
provides a connector with compliance from not only the
elastic contacts themselves, but also from the
flexible substrate on which the contacts are mounted.
The overall compliance of the connector is equal to
the sum of the compliance of the contacts and the
compliance of the substrate. With this increased
compliance, the connector can better accommodate
uneven contact arrays to which it is matched. In this
manner, desirable connector properties can be achieved
in a flexible carrier or circuit implementation.
[0014] The connector takes advantage of a compound
system of compliance (Cl + C2) where Cl is the
compliance of the thin flexible insulating substrate
and C2 is the compliance of the array of compliant
contacts formed on the substrate. This added aspect of
compliance provided by the flexible substrate allows
the array of mating surfaces to behave much like a
floating array of contacts. This approach allows
theoverall system flexibility or compliance to be
greatly increased over that of contacts being
constructed on a rigid substrate. [0015] The
invention's use of a thin flexible substrate also
eliminates the need to preplate through holes in the
substrate. Indeed, the reduction in thickness of the
substrate minimizes the amount of electrical interface
between two electrical circuits. Since the contact
arrays on either side of the substrate are in close
proximity to each other, separated by the thin
substrate, the entire assembly can be plated after the
contact arrays are adhered to the substrate creating a
monolithic structure. This approach minimizes material
build-up in the contact, in comparison to pre-plated
through holes. Such material build-up can result in
the contact being stiffer than desired, resulting in
less compliance. [0016] According to one aspect of the
present invention, an exemplary connector comprises a
thin flexible Kapton(tm) substrate bonded to contact
sheets with a low flow adhesion material, such as
acrylic. The corresponding holes in the contact sheets
and the substrate can be sized relative to each other
to provide an area in which excess adhesive can
collect. [0017] Another aspect of the present
invention provides a method of increasing overall
contact density or of decreasing pitch by using top
and bottom surfaces to help maximize the surface area
on which the contact elements can be disposed. The
present invention provides a connector having a
high-density array (also referred to herein as "fine
pitch", referring to the distance separating the
centers of nearest neighbor connectors) of deformable
contacts that operate over a working distance of more
than 0.2 mm with an approximate low resistance and
inductance of less than fifteen mW and less than 0.5
nH, respectively. [0018] The typical mechanical and
electrical characteristics of the contacts of the
invention described in Application Number 10/412,729
include a working range greater than 5 mils, a contact
force of less than 3O g, wiping action having both
horizontal and vertical components for reliability, a
durability of greater than one hundred thousand
cycles, temperature operability greater than 125C,
inductance less that 0.3nH, current capacity greater
than 1.5A, a scalable pitch less that 20 mils, and a
functional elasticity across a working range to pitch
ratio between a range ofabout 0.4 to 0.8. Application
Number 10/412,729 also describes multiple methods for
fabricating the contacts and connectors. [0019] The
displacement range (elasticity) for the contacts
described in Application Number 10/412,729 is
approximately between 0.12mm and 0.4mm. The size range



for the described flange springs is between
approximately 0.12mm and 0.8mm. Consequently, the
elasticity-to-size ratio is in the approximate range
of between 0.5 and 1.0. [0020] In accordance with the
present invention, a flexible carrier provides
additional working range compliance. As described
above, the combination of the substrate flexure and
the elasticity of the contacts enables a connector to
be even more accommodating to non-coplanarity. In this
manner, for example, a first array of contact elements
and a second array of contact elements can share the
same flexible substrate but be oriented in different
planes with respect to each other. [0021] Suitable
substrates for the flexible carrier include, but are
not limited to, Kapton(tm) polyimide V4 - 5 mils in
thickness, Mylar(tm) polyester 2 - 5 mils thick,
epoxy, and Teflon(tm). [0022] Figure 1 shows an
exemplary configuration according to an aspect of the
present invention, with a Land Grid Array (LGA)
structure 90 attached to desired points of use. In
this example, LGA structure 90 is integrated into flex
circuitry 100. In this manner, any internal circuitry
can be directly connected to internal signal layers.
This configuration therefore offers electrical
benefits over other conventional approaches, in the
form of: i) shielded contacts ii) matched impedances;
and iii) matched electrical trace lengths through the
connector. [0023] Figure 2 shows a cross-sectional
view of an exemplary connector 200 in accordance with
an aspect of the present invention, including showing
some exemplary dimensions of portions of the contact
element 202. The spacing between the distal ends of
the facing spring portions 204 is 5 mils, for example.
The height of the contact element 202 from the surface
of the flexible substrate 100 to the top of the spring
portion is 10 mils, for example. The width of a via
through flexible substrate 100 can be on the order of
10 mils, for example. The width of the contact element
202 from the outer edge of one base portion to the
outer edge of the otherbase portion can be 16 mils,
for example. Contacts of this size can be formed in
accordance with the method of the invention as
described below, allowing connectors with a pitch well
below 50 mils and on the order of 20 mils or less.
[0024] According to one aspect of the present
invention, mechanical properties of a contact element
or a set of contact elements can be specifically
engineered to achieve certain desired operational
characteristics. For example, the contact force for
each contact element can be selected to ensure either
a low resistance connection for some contact elements
or a low overall contact force for the connector. As
another example, the elastic working range of each
contact element can be varied. As another example, the
vertical height of each contact element can be varied.
As another example, the pitch or horizontal dimensions
of the contact element can be varied. [0025] Figures
3A-3D illustrate exemplary contact arm designs for
either a Ball Grid Array (BGA) or a LGA system. As
mentioned above, these contacts can be formed using a
process similar to that used in PCB manufacturing to
make a spring-like structure, and can be heat treated
before or after forming. [0026] Figure 4 is an
exploded perspective view showing the assembly of an
exemplary connector 400 in accordance with one
configuration of the present invention. Connector 400
includes a first set of contact elements 402 that are
located on a first major surface of a flexible
substrate 404 and a second set of contact elements 406
that are located on a second major surface of
substrate 404. Substrate 404 may be made of
Kapton(tm), which is available as a laminate of one
layer of Kapton 404a sandwiched between two layers of
acrylic 404b, with the acrylic layers acting as
adhesive joining contact elements 402 and 406 to
Kapton layer 404a. Each corresponding pair of contact
elements 402 and 406 is preferably aligned with a
through hole 408 defined by substrate 404. Through
holes 408 of substrate 404 preferably are not
pre-plated, as described in more detail below. [0027]
The exploded view of Figure 4 shows connector 400
during an intermediate step in the manufacturing
process. Therefore, Figure 4 shows the arrays of
contact elements 402 and 406 connected together on a
sheet of metal or metallic material from which they
are formed. Subsequent manufacturing steps pattern the
sheets andremove unwanted portions, so that the
contact elements are isolated {i.e., singulated) as
needed. For example, the metal sheet can be masked and
etched to singulate some or all of the contact
elements. [0028] In one aspect of the present
invention, a connector is formed as follows. First,
flexible dielectric substrate 404 is provided, which
has an array of through holes 408. Although conductive
paths can be pre-plated in through holes 408 between
the top surface and the bottom surface of substrate
404, such pre-plating is not necessary. Indeed,
because of the minimal thickness of flexible substrate
404, contacts elements 402 and 406 are in close
proximity to each other when adhered to opposite sides
of substrate 404, such that they can be conveniently
connected in a subsequent plating process. In one
example, substrate 404 is Kapton(tm) with acrylic
layers applied to both sides. [0029] Corresponding to
the array of through holes 408 in substrate 404, a
conductive metal sheet or a multilayer metal sheet is
then patterned to form an array of contact elements
402 and 406 including a base portion and one or more
elastic portions. The contact elements, including the
elastic or spring portions, can be formed by etching,
stamping, or other means. The metal sheet 402 is
attached to the first major surface of the flexible
dielectric substrate 404 using, for example, an
acrylic layer provided integrally with the substrate
itself. When a second set of contact elements is to be
included, a second conductive metal sheet or
multilayer metal sheet 406 is similarly patterned and
attached to the second major surface of the flexible
dielectric substrate 404. The metal sheets can then be
patterned to chemically remove unwanted metal from the
sheets, so that the contact elements are isolated from
each other {i.e., "singulated") as needed. The metal
sheets can be patterned by etching, scribing,
stamping, or other means. [0030] In an alternative
configuration, the protrusion of the elastic portions
can be formed after the metal sheet, including
patterned contact elements, has been attached to the
flexible dielectric substrate. In another alternative
configuration, the unwanted portions of the metal
sheets can be removed before the contact elements are
formed. Also, the unwanted portions of the metal
sheets can be removed before the metal sheets are
attached to substrate 404.[0031] After metal sheets
402 and 406 are patterned to form individual contact
elements and laminated to flexible substrate 404, the
entire structure can be plated (e.g., by electroless
plating) to form conductive traces in through holes
408, thereby connecting the contact elements through
holes 408 and over the short distance to the
respective terminals on the other side of flexible
dielectric substrate 404. In this manner, the present
invention can avoid the added time and expense
involved in preplating substrate 404 to form
conductive traces through holes 408. In the final
assembly, metal traces through holes 408 connect
contact elements from the first major surface to
opposing contact elements from the second major
surface to form a monolithic structure. [0032]
Optionally, as shown in Figure 4, conductive traces
410 can be pre-formed on the surface of substrate 404
in a ring-shaped pattern encircling each through hole
408. This conductive ring 410 can enhance the
electrical connection between the 



contact elements on the metal sheet and the conductive
traces formed in substrate 404. [0033] As one of
ordinary skill in the art would appreciate, the method
described above for forming connector 400 of Figure 4
could be used as part of many different manufacturing
processes, which, for example, apply further plating
depending on the requirements of a particular
application. For example, as described in more detail
below, after laminating substrate 404 (which is not
pre-plated) and sheets 402 and 406 together,
chemically singulating sheets 402 and 406, and plating
the entire structure to connect corresponding contact
elements of sheets 402 and 406 together, additional
plating (e.g., hard or soft gold) could be applied to
the structure to satisfy specific performance
requirements (e.g., contact finish requirements).
Thus, notwithstanding the particular methods described
herein, the present invention should be considered
broadly applicable to any application that can benefit
from a method or configuration that eliminates the
need for pre-plating through holes of a substrate.
[0034] Illustrating one exemplary implementation of
the present invention, Figures 5A- 5D provide
flowcharts outlining an exemplary method 500 for
forming contact elements. Method 500 also relates to
batch fabrication of the contact elements
usingmasking, chemical etching, forming, and
lamination techniques. Method 500 produces a plurality
of highly engineered electrical contacts, capable of
use in a separable connector such as in an interposer.
Or, the contacts can be directly integrated into a
substrate as a continuous trace that then functions as
a permanent onboard connector. However, rather than
using additional masking and etching steps to form the
three dimensional spring portions, they are created in
flat arrays and are then formed into three dimensional
shapes. [0035] As shown in Figure 5A, method 500
begins in step 502 with the selection of a base spring
material for the sheet of contacts, such as beryllium
copper (Be-Cu), spring steel, phosphorous bronze, or
any other material with suitable mechanical
properties. The proper selection of material enables
the contact elements to be engineered to have the
desired mechanical and electrical properties. One
factor in the selection of the base material is the
working range of the material. As used herein, working
range refers to the range of displacement over which
the deformable contact portion can be mechanically
displaced while meeting predetermined performance
criteria including, without limitation, physical
characteristics such as elasticity and spatial memory
and electrical characteristics such as resistance,
impedance, inductance, capacitance and/or elastic
behavior. For example, assume that the desired contact
resistance is less than 20 milliohms and the maximum
allowed contact load is 40 grams. If the contact
element reaches a resistance range of less than 20
milliohms at 10 grams of load and then is carried over
to the maximum load of 40 grams for the beam member,
while maintaining a resistance of less than 20
milliohms, then the deflection of the contact results
in between 10 grams and 40 grams of load. The range of
deflection and maximum resistance is the working range
of the contact. [0036] Optionally, in step 504, the
sheet is heat treated prior to subsequent processing.
Whether the sheet is heated at this point in the
process is determined by the type of material selected
for the sheet. Heating raises the yield stress of the
base spring material by solid state precipitation on
the Be from the Cu matrix to provide desired
mechanical properties for forming the contacts.[0037]
In step 506, a contact element is designed and is
copied into an array form, for use in batch
processing. The number of contacts in an array is a
design choice and can be selected from a library of
contacts that can vary depending on the requirements
for the connector. The arrays are repeated into a
panel format, analogous to chips or die in a
semiconductor wafer, resulting in a scalable design
that lends itself to batch processing. After the
contact design has been completed (usually in a CAD
drawing environment), the design is ported to a Gerber
format, which is a translator that enables the design
to be ported to a fabrication facility to produce the
master slides or film to be used in the subsequent
steps. [0038] The panel format can have anywhere
between one and a large number of contacts, because
the use of lithography permits placing a high density
of contacts onto a panel. This high density of
contacts provides an advantage over existing methods
in that a batch process can be used to chemically
singulate the contacts, as opposed to stamping and
forming individual contacts. Method 500 permits a
large number of contacts to be patterned, developed,
and etched at once. [0039] In step 508, a
lithographically sensitive resist film is then applied
to both sides of the sheet. A dry film can be used for
larger feature sizes ranging from one to 20 mils, and
a liquid resist can be used for feature sizes less
than one mil. [0040] Using the artwork defined in step
506, both the top and bottom of the sheet are exposed
to ultraviolet (UV) light and then developed to define
contact features in the resist, in step 510. Portions
that are intended to be etched are left unprotected by
the mask. Using a lithographic process to define the
contact elements enables the printing of lines with a
fine resolution, similar to that found in
semiconductor manufacturing. [0041] In step 512, the
sheet is then etched in a solution specifically
selected for the material being used. Each particular
material that can be selected for the sheet typically
has a specific etch chemistry associated with it to
provide the best etch characteristics, such as etch
rate {i.e., how well and how fast the solution
performs the etch). This is an important consideration
in the context of throughputs. The etchant selected
also affects other characteristics like the sidewall
profile, or the straightness of a feature as seen in
cross section. In method 500, chemicals commonin the
industry are used, such as cupric chloride, ferric
chloride, and sulfuric hydroxide. Once etched, in step
514, the protective layer of resist is removed in a
stripping process, leaving the etched features in the
sheet. [0042] In step 516, a batch forming tool is
designed based upon the artwork defined in step 506.
In one configuration, the batch forming tool includes
a plurality of ball bearings arranged into an array
fopnat, preferably by being set into an array of
openings in a support surface. The ball bearings can
be of different sizes, to apply different forces to
the contacts, thereby imparting different mechanical
characteristics to contacts on the same panel. The
curvature of the ball bearings is used to push the
flanges away from the plane of the sheet. Other
forming tool configurations may be used to form
different contact shapes. In step 518, the flanges of
the contacts are then formed in all three axes by
applying the forming tool to the sheet, to produce the
desired contact elements in a batch process. [0043]
Optionally, in step 520, the sheet can be heat treated
to stress relieve regions caused by the forming
process. As with step 504, heating is dependent upon
the material selected for the sheet. Based upon the
material and the size of the contacts to be defined on
the sheet, heating may be performed to obtain the
physical properties desired for optimal forming
conditions. [0044] In step 522, the sheet is then
surface treated to enhance adhesion properties for a
subsequent lamination process. If there is inadequate
adhesion, there is a propensity for the sheet to
separate from a substrate or delaminate. Several
methods for performing the surface treating can be
used, including micro etching and a black oxide
process. The micro etching is used to pit the surface
of the sheet, effectively 



creating a greater surface area (by making the surface
rough and cratered) to promote better adhesion. [0045]
Prior to pressing, in step 524, a substrate comprising
a combined low flow adhesion material and flexible
dielectric core (e.g., an acrylic-Kapton-acrylic
sandwich) is provided with holes that are in
registration with and located beneath the flange
elements. In accordance with a significant aspect of
the present invention, preferably this substrate is
not pre-plated, i.e., there are no conductive traces
through the holes.[0046] During pressing/lamination,
there can be excess flow of adhesion material up on
the flange that can alter the contact properties,
causing the contact element to be unsuitable for
electrical and mechanical use. In the event such
undesirable flow occurs, the laminated stack can be
de-smeared with, e.g., an O2 plasma. Alternatively, or
additionally, the holes provided in the substrate can
be made with a diameter somewhat larger than a
diameter of the openings in the copper sheet beneath
the flanges, to provide "bleed" areas into which
excess adhesive can flow. With such a configuration,
even if some of the acrylic, for instance, were to
ooze out from between the Kapton and copper sheet, the
excess acrylic would not reach the flanges themselves,
and thus not alter their properties. In any event, a
cleaning or de-smearing step may be provided to ensure
that any excess flow is removed, prior to plating.
[0047] Figure 6 shows each layer of an exemplary stack
up generated for lamination pressing, according to
step 526. This arrangement could be altered to have
the contact elements inserted as internal layers.
Layer 1 is a top press plate material. Layer 2 is a
spacer material with a relief hole over the spring
contact element. Layer 3 is a release material with a
relief hole over the spring contact. Layer 4 is a top
sheet of formed contact sheets (e.g., 402 of Figure
4). Layer 5 is an adhesion material (e.g., acrylic
404b of Figure 4), preferably with a relief hole
beneath the spring contact. Layer 6 is a core
dielectric (e.g., 404a of Figure 4) with relief holes
under and above the spring contact. Layer 7 is an
adhesion material (e.g., acrylic 404b of Figure 4),
preferably with a relief hole above the spring
contact. Layer 8 is a bottom sheet of formed contact
elements (e.g., 406 of Figure 4). Layer 9 is a release
material with a relief hole below the spring contact.
Layer 10 is a spacer material with a relief hole below
the spring contact element. Layer 11 is a bottom press
plate material. [0048] In step 528, the stack up is
preferably pressed under temperature conditions
optimized for desired adhesions and flow conditions
for the adhesion material. During this operation, the
top and bottom contact sheets are bonded to a core
dielectric material. After a cool down period, in step
530, the stack up is removed from the press plates,
leaving a panel comprised of layers 4-8 of Figure
6.[0049] In step 532, the panel surfaces and openings
are then plated to electrically connect the top and
bottom flanges. This plating can be, for example, an
electroless process, which contiguously deposits a
conductive material on the top surface, into the
through hole to connect both sheets of contact
elements, and then onto the sheet on the other side of
the substrate to form a monolithic structure. The
plating process creates a route for an electrical
current to travel from one side of the board to the
other. The thickness of the plating can be chosen to
account for the current loads that the connector
elements are intended to carry. [0050] Next, in step
534, a photosensitive resist film is applied to both
sides of the panel. A pattern is exposed and developed
to define the individual contact elements in step 536.
At this point in the process, a connector such as
connector 400 has been formed, which has a first array
of contacts connected through plated holes to a second
array of contacts. Depending on the demands of
application for which the connector is intended, the
connector could be singulated at this point, without
further plating. [0051] To satisfy particular
application requirements, however, method 500 can
continue and apply further plating. Accordingly, in
step 538, an appropriate contact finish type, for
example, either hard gold or soft gold, is determined.
Hard gold is typically used in specific applications
where the numbers of insertions required are high,
such as a test socket. Hard gold itself has impurities
that cause the gold to be more durable. Soft gold is a
pure gold, so it effectively has no impurities, and is
typically used in the PCB or networking space, where
the number of insertions is fairly low. For example, a
package to board socket used in a PC (soft gold) will
typically see on the order of one to 20 insertions,
whereas other technology using hard gold will see a
number of insertions between 10 and 1,000,000. [0052]
If the contact finish is a hard gold, a layer of
resist will have been applied in step 534 covering
both sides of the panel. The panel is then submitted
for electrolytic Cu/Ni/Au plating via a hard gold
process in step 548. [0053] The resist is removed in
step 550 and the entire panel is etched in step 552
using, for example, electrolytic Ni/Au as a hard mask
to complete singulation of the contact array. In step
554, final interposer outlines are routed out of the
panel toseparate the panel into individual connector
arrays. Method 500 then ends at step 556. [0054] If a
soft gold finish is determined at step 538, then
etching is used to completely singulate the contact
elements in step 560. The resist film is removed via a
stripping process in step 562. In step 564,
electroless Ni/Au, also known as a soft gold, is
plated onto the panel, covering the contact elements.
In step 554, final interposer outlines are routed out
of the panel to separate the panel into individual
connector arrays. Method 500 then ends at step 556.
[0055] The soft gold finishing process singulates the
contacts prior to plating. Ni/Au will plate only on
metal surfaces, and provides a sealing mechanism for
the contact element. This helps to prevent potential
corrosive activity that could occur over the system
life of the contact, since gold is virtually inert.
Singulation prior to plating is a means to isolate or
encapsulate the copper contact with another metal,
resulting in cleaner imaging and a cleaner contact,
which has a low propensity for shorting. [0056]
According to other configurations of the present
invention, a connector is provided with contact
elements having different operating properties. That
is, the connector can include heterogeneous contact
elements where the operating properties of the contact
elements can be selected to meet requirements in the
desired application. The operating properties of a
contact element refer to the electrical, mechanical,
and reliability properties of the contact element. By
incorporating contact elements with different
electrical and/or mechanical properties, a connector
can be made to meet all of the stringent electrical,
mechanical, and reliability requirements for
high-performance interconnect applications. [0057]
According to alternative configurations of the present
invention, the electrical properties can be
specifically engineered for a contact element or a set
of contact elements to achieve certain desired
operational characteristics by selecting materials for
forming contacts and through holes, their dimensions,
pitch heat treatment and the like. For instance, the
DC resistance, RP interference, the impedance, the
inductance, and the current carrying capacity of each
contact element can be varied primarily by material
selection and mechanical properties. Thus, a group of
contactelements can be engineered to have lower
resistance or to have low inductance. The contact
elements can also be engineered to display no or
minimal performance 



degradation after environmental stresses such as
thermal cycling, thermal shock and vibration,
corrosion testing, and humidity testing. The contact
elements can also be engineered to meet other
reliability requirements defined by industry
standards, such as those defined by the Electronics
Industry Alliance (EIA). [0058] The mechanical and
electrical properties of the contact elements can be
modified by changing the following design parameters.
First, the thickness of the spring portion of the
contact element can be selected to give a desired
contact force. For example, a thickness of about 30
microns typically gives a low contact force on the
order of 10 grams or less, while a flange thickness of
40 microns gives a higher contact force of 20 grams
for the same displacement. The width, length, and
shape of the spring portion can also be selected to
give the desired contact force. [0059] Second, the
number of spring portions included in a contact
element can be selected to achieve the desired contact
force, the desired current carrying capacity, and the
desired contact resistance. For example, doubling the
number of spring portions roughly doubles the contact
force and current carrying capacity, while roughly
decreasing the contact resistance by a factor of two.
[0060] Third, the shape of the spring portion can be
designed to give certain electrical and mechanical
properties. The height of the spring portion, or the
amount of projection from the base portion, can also
be varied to give the desired electrical and
mechanical properties. [0061] The scalability of the
present invention is not limited, and can be easily
customized for production due to the lithographic
techniques used and the simple tooling die used for
forming the connector elements in three dimensions.
[0062] The foregoing disclosure has been presented for
purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to
the precise forms disclosed. Many variations and
modifications will be apparent to one of ordinary
skill in the art in light of the above disclosure. The
scope of the invention is to be defined only by the
claims appended hereto, and by their
equivalents.Further, in describing the present
invention, the specification may have presented a
method and/or process of the present invention as a
particular sequence of steps. However, to the extent
that the method or process does not rely on the
particular order of steps set forth herein, the method
or process should not be limited to the particular
sequence of steps described. As one of ordinary skill
in the art would appreciate, other sequences of steps
may be possible. Therefore, the particular order of
the steps set forth in the specification should not be
construed as limitations on the claims. In addition,
the claims directed to the method and/or process of
the present invention should not be limited to the
performance of their steps in the order written, and
one skilled in the art can readily appreciate that the
sequences may be varied and still remain within the
spirit and scope of the present invention.WHAT IS
CLAIMED IS: 1. A flexible electrical connector,
comprising: a flexible substrate having a first
surface and a second surface, the flexible substrate
defining a plurality of through holes from the first
surface to the second surface; a first conductive
layer adhered to the first surface of the flexible
substrate; a second conductive layer adhered to the
second surface of the flexible substrate, each of the
first and second conductive layers having a plurality
of raised contact elements in registration with at
least a subset of the plurality of through holes; and
a plating contiguously applied over the first
conductive layer, the plurality of through holes in
the flexible substrate, and the second conductive
layer such that at least some contact elements on the
first and second conductive layers that oppose each
other are in electrical communication with one another
by way of the plating. 2. The connector of claim 1,
further comprising a first adhesive layer disposed
between the first surface of the flexible substrate
and the first conductive layer and a second adhesive
layer disposed between the second surface of the
flexible substrate and the second conductive layer. 3.
The connector of claim 2, the first adhesive layer and
the second adhesive layer comprising a low flow
adhesion material. 4. The connector of claim 3, the
adhesion material comprising acrylic. 5. The connector
of claim 1, having compound compliance (C), the
compound compliance being comprised of a first
compliance (Cl) attributable to the flexible substrate
and a second compliance (C2) attributable to the
raised contact elements. 6. The connector of claim 1,
the plurality of through holes of the flexible
substrate being non-conductive between the first
surface and the second surface before the plating is
applied. 7. The connector of claim 1, the flexible
substrate having a thickness sufficient to enable the
plating to electrically connect the opposing contact
elements.8. The connector of claim 7, the flexible
substrate having a thickness within a range of
approximately V2 to 5 mils. 9. The connector of claim
1, having a first array of contact elements and a
second array of contact elements, both the first and
second arrays sharing the same flexible substrate but
being oriented in different planes with respect to
each other. 10. The connector of claim 1, each contact
element extending above the flexible substrate and
towards a center of a corresponding through hole in
the flexible substrate. 11. The connector of claim 1,
the first and second conductive layers being arranged
to be in registration with a land grid array (LGA) or
ball grid array (BGA) contact system. 12. The
connector of claim 1, each of the contact elements
comprising beryllium copper and the plating comprising
copper. 13. The connector of claim 1, further
comprising a second plating contiguously applied over
the first conductive layer, the plurality of through
holes in the flexible substrate, and the second
conductive layer. 14. The connector of claim 1, at
least some of the contact elements having electrical
and mechanical properties different from others of the
contact elements. 15. The connector of claim 1, the
first conductive layer defining a plurality of
openings aligned with the plurality of through holes
in the flexible substrate, an opening in the first
conductive layer having a diameter smaller than its
corresponding hole in the flexible substrate such that
a bleed area is provided into which excess adhesion
material can flow. 16. A flexible electrical
connector, comprising: a flexible substrate; a first
set of chemically singulated contacts adhered to a
first surface of the flexible substrate; a second set
of chemically singulated contacts adhered to a second
surface of the flexible substrate, the second surface
being opposite the first surface; respective ones of
at least some of the first set and second set of
singulated contacts being in electrical contact with
each other by plating contiguously appliedover the
respective ones of at least some of the first set and
second set of singulated 



contacts and over through holes in the flexible
substrate that are in registration with the respective
ones of at least some of the first set and second set
of singulated contacts, and the singulated contacts
comprising contact elements extending above the
flexible substrate and towards a center of a
corresponding through hole. 17. The connector of claim
16, further comprising adhesive material disposed
between the flexible substrate and each of the
singulated contacts. 18. The connector of claim 16,
having compound compliance (C), the compound
compliance being comprised of a first compliance (Cl)
attributable to the flexible substrate and a second
compliance (C2) attributable to the contacts. 19. The
connector of claim 16, having a first array of
singulated contacts and a second array of singulated
contacts, both the first and second arrays sharing the
same flexible substrate but being oriented in
different planes with respect to each other. 20. The
connector of claim 16, the first and second sets of
singulated contacts being arranged to be in
registration with a land grid array (LGA) or ball grid
array (BGA) contact system. 21. The connector of claim
16, each of the contact elements comprising beryllium
copper and the plating comprising copper. 22. The
connector of claim 16, at least some of the contact
elements having electrical and mechanical properties
different from others of the contact elements. 23. The
connector of claim 16, the flexible substrate
comprising polyimide. 24. The connector of claim 16,
the contiguously applied plating forming a monolithic
structure. 25. The connector of claim 16, the
plurality of through holes of the flexible substrate
having no pre-plating between the first surface and
the second surface before the contiguously applied
plating is applied. 26. A method for making an
electrical connector, comprising: forming a plurality
of through holes in a flexible substrate;laminating a
conductive sheet to the flexible substrate, the
conductive sheet having a plurality of contact
elements in registration with the plurality of through
holes, each of the contact elements having contact
flanges extending away from the flexible substrate;
and chemically singulating portions of the conductive
sheet to isolate respective ones of the contact
elements. 27. The method of claim 26, the conductive
sheet comprising a first conductive sheet, and the
method further comprising laminating a second
conductive sheet on a side of the flexible substrate
opposite to the first conductive sheet. 28. The method
of claim 26, the laminating comprising disposing an
adhesive layer between the flexible substrate and the
conductive sheet, and the method further comprising
removing excess adhesive material. 29. The method of
claim 28, the removing comprising exposing the
adhesive material to 0 2 plasma. 30. The method of
claim 26, the laminating comprising disposing an
adhesive layer between the flexible substrate and the
conductive sheet, and the method further comprising
defining an area between the flexible substrate and
the conductive sheet into which excess adhesive
material can flow without reaching the contact
elements. 31. The method of claim 26, further
comprising pretreating the conductive sheet prior to
the laminating step. 32. The method of claim 26,
further comprising laminating conductive sheets at
different locations of the flexible substrate. 33. The
method of claim 32, further comprising mounting the
flexible substrate so that the conductive sheets at
the different locations are arranged in different
planes with respect to each other. 34. The method of
claim 26, further comprising plating the conductive
sheet and the plurality of through holes to form a
monolithic structure. 35. The method of claim 26, the
plurality of holes in the flexible substrate being
non-conductive through the flexible substrate, and the
method further comprising contiguously depositing a
plating over the conductive sheet and within the
plurality of holes.36. A method for manufacturing an
electrical connector on a flexible substrate,
comprising the steps of: etching a conductive sheet to
define contacts; applying a forming tool to the
contacts to form the contacts in three dimensions;
stacking the conductive sheet with etched and formed
contacts on the flexible substrate; pressing together
the conductive sheet with etched and formed contacts
on the flexible substrate while applying heat;
depositing plating contiguously over the contacts and
within through holes in the flexible substrate; and
singulating individual ones of the contacts. 37. The
method of claim 36, further comprising applying a
conductive sheet with etched and formed contacts on
both surfaces of the flexible substrate. 38. The
method of claim 37, the through holes of the flexible
substrate having no conductive paths before the
plating is deposited, and the flexible substrate
having a thickness sufficient to enable the plating to
electrically connect opposing contact elements of the
conductive sheets on both surfaces of the flexible
substrate. 39. The method of claim 36, further
comprising surface treating the conducting sheet prior
to stacking. 40. The method of claim 36, further
comprising applying a contact finish of gold to the
contacts. 41. The method of claim 36, further
comprising arranging conductive sheets at different
locations of the flexible substrate. 42. The method of
claim 41, further comprising mounting the flexible
substrate so that the conductive sheets at the
different locations are arranged in different planes
with respect to each other. 43. The method of claim
36, the stacking comprising disposing an adhesive
layer between the conductive sheet and the flexible
substrate and defining an area inbetween the flexible
substrate and the conductive sheet into which excess
adhesive material can flow without reaching the
contacts. 


