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For the BCM1500 project, the goal of Broadcom’s Carrier Access Business Unit
was to design a new class of access communication component that offered
re-configurability and flexibility previously unseen in commercially available
packet-processing chips. CALISTO is derived from Broadcom’s unique signal
processing architecture, and was designed as a hybrid DSP/RISC chip with an

We needed a processor core that adaptive instruction set that makes it possible to reconfigure the interconnect and
the function of a series of basic building blocks on a cycle-by-cycle basis. Broadcom

could be easily integrated with our chose to deploy the Xtensa processor core in five separate instances in the BCM1500
as supervisory and control processor elements within the CALISTO architecture.

revolutionary new signal processing The Xtensa processor was selected because it was easy to use, provided robust
performance, occupied the smallest possible silicon area, and delivered superior

architecture, yet was easily config- code density to reduce code memory footprint.

urable by our engineers to meet our o"er\coming Design Barriers

The CALISTO chip implements an on-the-fly customizable instruction set archi-
tecture to match the specific requirements of carrier gateway, broadband access
gateway and remote access concentrators/remote access server (RAC/RAS)
applications. The chip manages compute-intensive tasks, such as echo cancellation,

performance targets and SOC die

area budget.

Vinod Dham, Vice President and voice/fax and data modem signal processing and delay equalization, and protocols
General Manager of Broadcom's for packet telephony applications. Using novel architectural techniques that
Carrier Access Business Unit include hierarchical DSP multi-processing elements as part of the reconfigurable

adaptive instruction set engine, Broadcom also needed RISC-based multi-processor
controller blocks to supervise and control data within the CALISTO processor.

“We were focused on designing a new signal processing architecture that, when
implemented within carrier access systems and gateways, can surpass the density, power
dissipation, and performance requirement of any existing voice-over-packet network
solution,” said Vinod Dham, vice president and general manager of Broadcom’s
Carrier Access Business Unit. “We also needed a processor core that could be easily inte-
grated with the rest of this new architecture, yet configurable by our engineers to meet our
performance targets and SOC die area budget.”




Shared Memory

Cluster Memory

Aowayy 19)sn|9

Spice Engine Array

Xtensa

4KB Instruction
Cache and
4KB Data Cache

16-bit Multiply
Accumulator

aoepa)u| 10SS3201d 11q-9Z1L

Cluster Memory

Cluster Memory

TDM Boot Spice Bus SDRAM JTAG

Broadcom’s CALISTO BCM1500 Re-configurable Processor

Tailored as multiprocessor elements at the heart of CALISTO's five controller blocks, the Xtensa processor was configured
to optimize performance and minimize die area. CALISTO’s SpiceEngine Array uses multi-processing-elements to exploit
task-level parallelism, which allows application level instruction sets to be customized on the fly. It takes sixteen 166MHz
SpiceEngine blocks yielding 2.7B DSP MIPS/MACs to do this work. Five Xtensa processor cores operating at 166 MHz
provide 830 RISC MIPS/sec to accomplish supervisory and control tasks.

Solution: Tensilica’s
Xtensa Configurable
Processor Core

The Xtensa processor core is at the heart
of CALISTO's five supervisory/control
multi-processor elements. Although
there were other solutions that Broadcom
could have selected, none provided the
combination of performance level and
small die area that the Xtensa processor
core offered. The Xtensa processor core’s
16/24-bit instruction encoding provided
an inherently small memory footprint
that yielded 50% smaller code than a
fixed 32-bit RISC instruction set. This
smaller code size helped reduce CALISTO's
overall on-chip SRAM requirements

and power associated with memory
accesses. CALISTO engineers were also
impressed with Xtensa’'s 32-bit RISC
architecture, which proved to be a good
compiler target.

Summary

Broadcom’s CALISTO BCM1500
Reconfigurable Processor opens new
doors in rapidly expanding Internet
Protocol (IP) and ATM packet-based
networks. Internet service providers (ISPs),
Internet telephony service providers
(ITSPs), competitive/incumbent local
exchange carriers (C/ILECs) and inter-
exchange carriers (IXCs) that deliver
voice and data services all can benefit
from the innovative approach that
Broadcom’s CALISTO technology offers.
The Xtensa core, configured as five very
small but powerful processor RISC
elements, helped Broadcom overcome key
hurdles in designing the first single chip
communications processor of its kind for
carrier-class voice gateways, and remote
access concentrators/remote access
servers (RAC/RAS) that can carry up to
240 channels.
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