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LINE CARD FOR SUPPORTING CIRCUIT 
AND PACKET SWITCHING 

BACKGROUND OF THE INVENTION 

The present invention relates generally to line cards for 
interfacing two telecommunication Systems and more 
particularly, to a line card for Supporting circuit Switching 
and packet Switching and for Supporting high Speed multi 
media applications. 

Electronic communication Systems are quickly becoming 
essential to today's Society. Current communication Systems 
utilize a number of high Speed communication formats. 
Packet based formats are becoming more and more popular. 
Both Synchronous and asynchronous communications for 
mats have been used in a variety of different applications. 
These communication formats include asynchronous trans 
fer mode (ATM), ethernet and frame relay. Each of these 
formats have different protocols and, in current communi 
cation Systems, require different transmission Systems. 
Additionally, a significant portion of communications con 
tinue to be provided over plain old telephone Services 
(POTS) or circuit based switching systems. 

Complicating matters even more, different communica 
tion formats are used to Support different multimedia appli 
cations. Multimedia applications may include Voice 
communications, Video communications and data commu 
nications. These high Speed applications similarly require a 
number of dedicated transmission devices. 

One of the electronic devices which are important to these 
communication systems are line cards. Line cards provide 
the interface between a transmission line or bus and other 
electronic devices, Such as digital Signal processors. 
Currently, line cards are also designed and manufactured to 
Support Specific types of communication formats and appli 
cations. Thus, Service providers are unfortunately required 
to have dedicated line cards for Specific applications. If 
Service providers desire to add additional, higher speed 
Services, they must acquire new line cards. 

Accordingly, there is a need in the art for a line card for 
Supporting circuit Switching and packet Switching applica 
tions and for Supporting multimedia applications. 

SUMMARY OF THE INVENTION 

In accordance with an aspect of a present invention, a line 
card is provided with Supports both circuit Switching and 
packet data Switching. The line card may comprise a mul 
timedia circuit for Supporting multimedia applications. The 
multimedia applications may comprise anyone or more of 
Video, Voice and data. 
An interface circuit provides an interface between high 

Speed applications, Such as any of asynchronous transfer 
mode, ethernet and frame relay. The line card may comprise 
a conversion circuit for performing Synchronous to asyn 
chronous traffic conversion. The conversion circuit may be 
a Synchronous to asynchronous converter-time slot inter 
change. 

In accordance with another aspect of the present 
invention, a line card comprising a multimedia circuit for 
Supporting multimedia applications, and a conversion circuit 
for converting Synchronous traffic to asynchronous traffic is 
provided. 

These and other features and advantages of the present 
invention will become apparent from the following detailed 
description, the accompanying drawing and the appended 
claims. 
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2 
BRIEF DESCRIPTION OF THE DRAWING 

The foregoing and other advantages of the invention will 
become apparent upon reading the following detailed 
description and upon reference to the drawing in which: 

FIG. 1 is a block diagram of a line card in accordance with 
the present invention for Supporting circuit and packet 
Switching. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to FIG. 1, a line card 100, or intelligent 
carrier card, is shown in accordance with the present inven 
tion which Supports both circuit Switching and packet data 
Switching. The line card 100 Supports high speed multimedia 
applications, Such as voice, Video and data Signals. The line 
card 100 is this able to address the needs of compute 
intensive or protocol-intensive applications. The line card 
100 advantageously provides customizable application func 
tionality including, but not limited to, OC3/STM-1, chan 
nelized T1/E1, digital signal processing (DSP) and high 
capacity network interface PMCs, such as 100baseFX ad 
SONETSDH facilities. The line card of the present inven 
tion may be advantageously employed in communication 
hardware as disclosed in commonly assigned U.S. patent 
application Ser. No. 09/520,385, entitled “Hardware 
Configuration, Support Node and Method For Implementing 
General Packet Radio Services Over GSM”, by Chakrabarti 
et all and filed concomitant with this disclosure, the disclo 
Sure of the co-pending application being hereby incorpo 
rated by reference, patent application Ser. No. 09/520,385 
issued as U.S. Pat. No. 6,678,281 on Jan. 13, 2004. 

For clarity and ease of description, the Structure, control 
and arrangement of the conventional components and cir 
cuits have, for the most part, been illustrated in the drawings 
by readily understandable block representations and Sche 
matic diagrams, which show only those specific details that 
are pertinent to the present invention. These block repre 
Sentations and Schematic diagrams have been employed in 
order not to obscure the disclosure with structural details 
which will be readily apparent to those skilled in the art 
having the benefit of the description herein. 
The line card 100 provides a common asynchronous 

transfer mode (ATM), time domain multiplex (TDM) and 
processing resources for four sets, or slots, 102,104,106 and 
108 of four PCI Mezzanine Cards (PMC) 102a-102d, 
104a–104d, 106a-106d and 108a–108d. The PMC 108d is 
shown for exemplary purposes to be connected to a digital 
signal processor (DSP) 109 which is, in turn, connected to 
a public switched telephone network (PSTN) 111. Further, 
the PMC 108c is shown connected directly to the PSTN 111 
through a T1/E1 interface card 113. As those skilled in the 
art will readily comprehend, the PMCs may be connected to 
any number of different devices. A processor configuration 
110 provides computing power for the line card 100. The 
processor configuration 110 preferably includes a first, or 
main, processor group 112 comprised of first and Second 
processors 114 and 116 connected to respective first and 
second memories 118 and 120, which are shown as high 
Speed Synchronized dynamic random access memories 
(SDRAMs). The first processor group 112 further includes a 
cache memory mechanism, shown as first and Second back 
Side Layer 2 (Link Layer) caches 122 and 124, associated 
with the respective first and second processors 114 and 116. 
Preferably, the first and second processors 114 and 116 are 
multimedia PC (MPC) PowerPC(R) processors manufactured 
by Motorola, Inc. located in Schaumburg, Ill. 
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The processor configuration 110 further comprises a 
Second, or protocol, processor group comprised of first and 
Second processors, or devices, 126 and 128, which are 
preferably PowerQUICC II (PQII), or Quad Integrated 
Communications Controller, devices manufactured by 
Motorola, Inc. The devices 126 and 128 have associated 
high speed memories, or SDRAMs 130 and 132 
respectively, and respective bridges 134 and 136. The 
devices 126 and 128 contain a number of I/O interfaces 
including Universal Test and Operations Interface for ATM 
(UTOPIA) 131 and 133, TDM, serial and parallel interfaces. 
The devices 126 and 128 further have an integrated hard 
ware ATM Segmentation And Reassembly (SAR) and Time 
Slot Interchange (TSI) functions. Within each device 126 
and 128 is also a programmable Reduced Instruction Set 
Computing (RISC) protocol engine and a PowerPC(R) pro 
cessor. The line card 100 may further have power converters 
for providing power to the respective components mounted 
thereon. 

As discussed more fully below, the line card 100 includes 
a Synchronous to Asynchronous Converter-Time Slot Inter 
change (SAC-TSI) that allows TDM traffic to be routed into 
the ATM fabric, thus avoiding the need for a TDM bus in the 
backplane of the line card 100. The line card 100 includes an 
ATM bus 138 for supporting ATM communications and a 
compact Peripheral Component Interconnect (cPCI) bus 140 
for Supporting communications with peripheral components. 

The ATM bus 138 is connected to a bus interface (BI) unit 
139 which interconnects the ATM bus 138 with an ATM 
Switch 141. The ATM Switch 141 is preferably an Atlanta 
manufactured by Lucent Technologies, Inc. A backplane 
bridge 142 provides communications between the various 
elements comprising the line card 100 and the ATM and 
cPCI busses 138 and 140. A central bus 144 interconnects 
the backplane bridge 142 and the processor configuration 
110. 

A local bridge 146 is connected to the central bus 144 and 
provides communications to and from a local PCI bus 148 
which is connected to the four sets 102,104,106 and 108 of 
PMCs. A TDM bus 150, which may be a H.110 TDM bus, 
provides TDM communications between the devices 126 
and 128, a SAC-TSI 151 and the four sets 102,104,106 and 
108 of PMCs. The SAC-TSI 151 provides an interface 
between the TDM bus 150 and the ATM Switch 141. Since 
the SAC-TSI 151 routes TDM traffic from the local PCI bus 
148 into the ATM Switch 141, there is no need for a TDM 
bus in the backplane of the line card 100. 

The ATM Switch 141 has first, second, third and fourth 
ATM output busses 152,154,156 and 158 connected to each 
of the four sets 102, 104, 106 and 108 of PMCs. First and 
second ATM switch busses 160 and 162 provide ATM 
communications between the ATM Switch 141 and the 
respective first and second devices 126 and 128. The ATM 
Switch 141 may be comprised of an ATM Switch core based 
on a Atlanta Switch Fabric chipset sold by Lucent Tech 
nologies which provides the ATM Switching between the 
backplane, the two devices 126 and 128 and the four sets 
102, 104, 106 and 108 of PMCs. 
A detailed discussion of the operation of the line card 100 

and its components will now be provided. In a general basic 
principle of operation, the line card 100 provides data paths 
and processing resources on top of which application hard 
ware and Software can be located. The PMC slots 102, 104, 
106 and 108 provide the flexibility to populate the line card 
100 with additional hardware specific to the needs of a 
particular application. Each PCM slot 102,104,106 and 108 
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4 
has full acceSS into each of the major internal data paths, 
Such as ATM, H.110, cpCI bus and central bus, of the line 
card 100. The PMC slot configuration may be implemented 
to take advantage of this design flexibility. 
Along with Support for available PMC-compatible cards, 

the PMC cards may be implemented for channelized T1/E1 
PMC, ATM T1/E1 PMC, OC3/STM-1 PMC, DSP PMC, fast 
ethernet with PowerQUICC PMC and channelized STS-1 
PMC. As noted, the ATM Switch 141 may be implemented 
as part of the Atlanta Switch Fabric chipset. In particular, the 
ATM Switch 141 may be implemented as the portion of the 
Atlanta Switch Fabric chipset known as an Atlanta Layer 
Manager/Atlanta Buffer Manager (ALM/ABM) plus Sup 
porting logic. This implementation provides the functional 
equivalent of an ATM Switch with OC-12 class aggregate 
bandwidth to the PMC slots, both devices 126 and 128 and 
the SAC-TSI 151. As will be apparent to those skilled in the 
art, the ATM Switch 141 may span across multiple line cards. 
The H.110 TDM bus 150 may be a standard 4096 

(unidirectional) slot TDM bus designed to carry constant bit 
rate (CBR) traffic. Access is available to it form each PMC 
slot 102,104,106 and 108, both devices 126 and 128 and the 
SAC-TSI 151. The SAC-TSI 151 is a hardware-accelerated 
solution for carrying TDM-style traffic over ATM. The 
SAC-TSI 151 provides a bridge between the asynchronous 
ATM domain and the synchronous TDM domain. This 
permits TDM traffic to travel between different line cards via 
encapsulation over ATM through the ATM Switch 141. No 
processor resources are used in Sustaining the traffic acroSS 
the SAC-TSI 151. 

The processors 114 and 116, or main processor, is the 
central point of control for the line card. The main processor 
has direct access to the control path for all other onboard 
resources including the ability to see the contents of the 
memories 118 and 120 and full access to the PMC slots 102, 
104, 106 and 108. Preferably, the memories 118 and 120 
associated with the processors 114 and 116 are 64 MB. 
The PowerQUICC II devices 126 and 128 are specifically 

tailored for carrying traffic. The line card 100 has two of 
these devices 126 and 128 which are symmetric in their 
implementation, having full direct access to the ATM Switch 
141, the H.110 TDM bus 150 and the SDRAMs 118 and 120. 
Each of the devices 126 and 128 are coupled to separate 
banks of 64 MB memory. Each of the devices 126 and 128 
also provides a Media Independent Interface (MII) to the 
backplane connector. The MII may be connected to an 
ethernet for certain applications. The PowerQUICC II 
devices 126 and 128 advantageously have an architecture 
which has significant on-chip hardware to accelerate Several 
capabilities, Such as hardware Support for HDLC protocols 
and AAL2 and AAL5 over ATM. 

An exemplary procedure for processing voice communi 
cations will now be described. The frames of the voice 
communications arrive on the ATM bus 138 from an exter 
nal network. Typically, these frames may be of type AAL2 
using ATM as a transport. The BI unit 139 converts the 
frames into a format compatible with the components on the 
line card 100. The UTOPIA bus 131 and 133 transfers the 
frames to the ATM Switch 141. From the ATM Switch 141, 
the frames move over the UTOPIA bus 131 and 133 to the 
Serial interface which is part of the communications proces 
sor module (CPM) of the PowerQUICC II device 126 and 
128. The serial interface then transfers the frames over the 
cPCI bus 140 using FCC channels to the RISC engine 
running micro-code. Micro-code converts the AAL2 frames 
into AALO format. 
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The RISC engine transfers the AAL0 frames over dedi 
cated channels on the cPCI bus 140 to the memory caches 
122 and 124 for processing by the processors 114 and 116. 
The processors 114 and 116 process the AALO frames and 
writes to the SDRAMs 118 and 120. The processors 114 and 
16 may run in load Shared mode and may perform frame 
Selection or any other application level processing. 

The processors 114 and 116 put the frames on the PPC bus 
144 which pass through the local bridge 146 onto the local 
PCI buS 148. The DSP 109 connected to the PMC 108d 
performs EVRC processing on the frames and places the 
frames on the TDM bus 150. The frames are then transferred 
from the TDM bus 150, to the BI unit 139 to the ATM Switch 
141. The ATM Switch 141 sends the frames to the T1/E1 
interface card 113 using UTOPIA 131 and 133. 

While the invention may be susceptible to various modi 
fications and alternative forms, specific embodiments have 
been shown by way of example in the drawings and have 
been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modification, equivalents and alternatives falling 
within the spirit and scope of the invention as defined by the 
following appended claims. 
What is claimed is: 
1. A line card comprising: 
a plurality of connection points for connecting to com 

munication devices having a plurality of communica 
tion protocols, 

a first Set of the plurality of connection points connected 
to a time division multiplex bus on the line card; 

a Synchronous to asynchronous converter also connected 
to the time division multiplex bus; 

a processor group connected to the time division multi 
plex bus in order to control a flow of time division 
multiplexed information to and from the first set of 
connection points; 

a Second Set of the plurality of connection points con 
nected to a PCI bus on the line card; 

a first bridge having a first port connected to the PCI bus 
on the line card; 

the first bridge having a Second port connected to a central 
buS on the line card; 

the central bus connected to the processor group to control 
a flow of information to and from the PCI bus; 

the central bus connected through a backplane bridge to a 
connection point with a backplane PCI bus; 

a third Set of the plurality of connection points connected 
to an asynchronous transfer mode output bus on the line 
card; 

the asynchronous transfer mode output bus connected to 
an asynchronous transfer mode Switch on the line card; 

the asynchronous transfer mode Switch connected through 
a buS interface to a connection point with a backplane 
asynchronous transfer mode bus, 

the asynchronous transfer mode Switch connected to the 
Synchronous-asynchronous converter by a bus, and 

the asynchronous transfer mode Switch connected to two 
universal test and operations interfaces for ATM 
(UTOPIA) portions of the processor group by two 
asynchronous transfer mode Switch buses, 

wherein time division multiplexed information received 
at one of the first Set of connection points is commu 
nicated to the Synchronous-asynchronous converter 
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6 
where the time division multiplexed information is 
converted into asynchronous transfer mode 
information, then the information is communicated to 
the asynchronous transfer mode Switch from which the 
asynchronous transfer mode information is communi 
cated by the asynchronous transfer mode output bus to 
the third Set of the plurality of connection points. 

2. The line card of claim 1 wherein the backplane PCI bus 
is a compact PCI bus. 

3. The line card of claim 1, wherein one of the first set of 
connection points, one of the Second Set of connection points 
and one of the third set of connection points are terminals of 
a slot for connection with an electronic card to provide better 
functionality. 

4. The line card of claim 3, wherein the electronic card 
connects to a PCI bus having a clock rate of at least 33 
megahertz. 

5. The line card of claim 3, wherein the electronic card is 
a meZZanine card. 

6. The line card of claim 1, wherein: 
one of the first Set of connection points, one of the Second 

Set of connection points and one of the third Set of 
connection points are terminals of a slot for connection 
with an electronic card; and 

a digital Signal processing electronic card is connected to 
the slot to provide Signal processing of asynchronous 
transfer mode information. 

7. The line card of claim 1, wherein: 
one of the first Set of connection points, one of the Second 

Set of connection points and one of the third Set of 
connection points are terminals of a slot for connection 
with an electronic card; 

a digital Signal processing electronic card is connected to 
the slot; and 

a public Switched telephone network is connected to the 
digital signal processing electronic card; 

the public Switched telephone network communicates 
information to and from the digital Signal processing 
electronic card in frames. 

8. The line card of claim 7, wherein: 
the digital Signal processing electronic card performs 

enhanced variable rate codec processing on the frames 
and places the processed frames on the time division 
multiplex bus, and 
the frames are then transferred from the time division 

multiplex bus to the buS interface unit and Subse 
quently to the asynchronous transfer mode Switch; 

the frames are then Sent from the asynchronous mode 
Switch to the T1/E1 interface card through the asyn 
chronous transfer output bus. 

9. The line card of claim 8, wherein the T1/E1 interface 
card connects to the public Switched telephone network and 
communicates frame information to the public Switched 
telephone network. 

10. The line card of claim 1, wherein: 
the bus interface receives frames of Voice communica 

tions from the asynchronous transfer mode backplane 
bus from an external network and converts the frames 
of information into a format compatible with the line 
card; the processed frames are transferred to the asyn 
chronous transfer Switch by the UTOPIA portions of 
the processor group; 

the UTOPIA portion of the processor group provides 
additional processing of the frames and communicates 
the twice processed frames to the processor portion of 
the processor group; 
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the processor portion of the processor group transferS the 
twice processed frames to the digital Signal processor 
through the local bridge; 

the digital Signal processor performs enhanced variable 
rate codec processing of the twice processed frame 
information and thereby provides a three times pro 
cessed frames of information; and 

the three times processed frames of information are 
communicated through the asynchronous transfer mode 
Switch to a T1/E1 converter electronic card which 
completes the processing of the frames of information 
and communicates them to the public Switched tele 
phone network. 

11. The line card as recited in claim 10 wherein the frames 
of information carried multimedia information. 

1O 

8 
12. The line card as recited in claim 10 wherein the frames 

of information carried multimedia information and the mul 
timedia information was a voice. 

13. The line card as recited in claim 10 wherein the frames 
of information carried multimedia information and the infor 
mation was video. 

14. The line card as recited in claim 10 wherein the frames 
of information carried multimedia information and the infor 
mation was data. 

15. The line card as recited in claim 1 further comprising: 
an interface circuit for providing an interface between high 
Speed applications, wherein the high Speed applications 
comprise of asynchronous transfer mode, ethernet and frame 
relay. 


