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Architectural Brief

M«CORE "
microRISC Engine

Me«CORE technology provides a high level of performance for embedded control. These
innovative 32-bit microRISC cores are designed for high-performance, cost-sensitive
embedded control applications, and optimized for minimal power consumption, making them
an outstanding choice for many battery-operated, portable, and mobile products.

Features
»  32-bit load/store RISC architecture
» Fixed 16-bit instruction length
» 16 entry, 32-bit general-purpose register file
» Efficient four-stage execution pipeline, hidden from application software
» Single-cycle execution for most instructions, two-cycle branches and memory accesses
»  Support for byte/halfword/word memory access
» Fast interrupt support, with 16-entry user-controlled alternate register file
* Vectored and autovectored interrupt support
*  On-chip emulation support
»  Full static design for minimal power consumption
* Supported by a comprehensive suite of third-party development tools
Overview

The M«CORE architecture is one of the most compact full 32-bitimplementations available. The
pipelined RISC execution unit uses 16-bit instructions to achieve maximum speed and code
efficiency, while conserving on-chip memory resources. The instruction set is designed to
support high-level language implementation. A non-intrusive, JTAG-compliant resident
debugging system supports product development and in-situ testing. The MeCORE technology
library also encompasses a full complement of on-chip peripheral modules designed
specifically for embedded control applications.

Total power consumption is determined by all the system components, rather than the
processor core alone. In particular, memory power consumption (both on-chip and external) is
the dominant factor in total power consumption of the core plus memory subsystem. With this
in mind, the MeCORE instruction set architecture trades absolute performance capability for
reduced total energy consumption. This is accomplished while maintaining an acceptably high
level of performance at a given clock frequency.

The streamlined execution engine uses many of the same performance enhancements and
implementation techniques incorporated in desktop RISC processors. A strictly-defined
load/store architecture minimizes control complexity. Use of a fixed, 16-bit instruction encoding
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lowers the memory bandwidth needed to sustain a high rate of instruction execution, and careful
selection of the instruction set allows code density and the overall memory footprint of the M*CORE
architecture to surpass those of CISC architectures.

These features reduce system energy consumption significantly, and the fully-static MeCORE
design uses other techniques to reduce it even more. Dynamic clock management automatically
powers down internal functions that are not in use, and the core incorporates three power
conservation operating modes, which can be invoked via dedicated instructions.

Me CORE Processor

Figure 1 is a block diagram of the MeCORE processor.
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The processor utilizes a four-stage pipeline for instruction execution. The instruction fetch,
instruction decode/register file read, execute, and register file writeback stages operate in an
overlapped fashion, allowing single clock instruction execution for most instructions.

The execution unit consists of a 32-bit arithmetic/logic unit, a 32-bit barrel shifter, a find-first-one
unit, result feed-forward hardware, and miscellaneous support hardware for multiplication, division,
and multiple-register loads and stores.

Arithmetic and logical operations are executed in a single cycle. Multiplication is implemented with
a 2-bit per clock, overlapped-scan, modified Booth algorithm with early-out capability, to reduce
execution time for operations with small multipliers. Divide is implemented with a 1-bit per clock
early-in algorithm. The find-first-one unit operates in a single clock cycle.

The program counter unit incorporates a dedicated branch address adder to minimize delays during
change of flow operations. Branch target addresses are calculated in parallel with branch
instruction decode. Taken branches and jumps require only two clocks; branches which are not
taken execute in a single clock.

Memory load and store operations are provided for 8-bit (byte), 16-bit (halfword), and 32-bit (word)
data, with automatic zero extension of byte and halfword load data. These instructions can execute
in as few as two clock cycles. Load and store multiple register instructions allow low overhead
context save and restore operations. These instructions can execute in (N+1) clock cycles, where
N is the number of registers to transfer.

A condition/code carry (C) bitis provided for condition testing and for use in implementing arithmetic
and logical operations with operands/results greater than 32 bits. The C bit is typically set by explicit
test/comparison operations, not as a side-effect of normal instruction operation. Exceptions to this
rule occur for specialized operations where it is desirable to combine condition setting with actual
computation.

The processor supports both normal and fast interrupt requests. Fast interrupts take precedence
over normal interrupts. Both types have dedicated exception shadow registers. For service
requests of either kind, a 7-bit interrupt vector can be supplied when the request is made, or
automatic vector generation can be requested by means of an autovector control signal.

Programming Model

MeCORE

Figure 2 shows the MeCORE programming model. The model is defined differently for supervisor
and user privilege modes. By convention, in both modes R15 serves as the link register for
subroutine calls. RO is typically used as stack pointer.

The user programming model consists of 16 general-purpose 32-bit registers (R[15:0]), the 32-bit
PC and the C bit. The C bit is implemented as bit 0 of the PSR, and is the only portion of the PSR
accessible in the user model.

The supervisor programming model consists of the user model plus 16 additional 32-bit
general-purpose registers (R[15:0]’, or the alternate file), the entire PSR, and a set of status/control
registers (CR[12:0]). Setting the S bit in the PSR enables supervisor mode operation.

The alternate file allows very low overhead context switching for real-time event handling. While the
alternate file is enabled, general-purpose operands are accessed from it.

The vector base register (VBR) determines the base address of the exception vector table.
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Figure 2 Programming Model

Exception shadow registers EPC and EPSR are used to save the state of the PSR and the program
counter when an exception occurs. Shadow registers FPC and FPSR are used to minimize context
switching overhead for fast interrupts.

Scratch registers (SS[4:0]) are used to handle exception events.

The global control (GCR) and status (GSR) registers can be used for a variety of system monitoring
tasks.

Signal Function
The M«CORE architecture provides a comprehensive set of bus, status, and control signals.

Figure 3 shows the functional grouping of MeCORE signals.

M<CORE
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The M«CORE engine minimizes memory system overhead by using 16-bit instruction encoding.
This choice significantly lowers the memory bandwidth needed to sustain a high rate of instruction
execution. Careful selection of instructions allows for a compact data structure and a small overall
memory footprint. MeCORE supports 8, 16 and 32-bit data transfers, but is optimized for 16-bit
off-chip memory. This allows a design to use less expensive and smaller memories, decreasing
overall system cost, and also uses less memory on-chip in more integrated solutions.

Power Management

MeCORE

MeCORE'’s industry-leading design maximizes power efficiency. Both static and dynamic
power-enhancing features are included in the architecture and implementation.

The fixed, 16-bit instruction set supports efficient access to both internal and external memory.
Sixteen-bit instruction mapping also provides a compact memory image, which minimizes the
number of accesses to both internal and external memory.
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The stop, doze, and wait instructions allow designers to reduce system power consumption by
invoking power-saving operating modes. The functionality of these modes is not determined by the
core itself, but is implemented in an on-chip power management module, thus providing added
flexibility to the designer.

The M*CORE processor also provides output signals associated with the execution of each
power-conservation instruction. These signals can be monitored by external logic to control
operation of the core, as well as the rest of the system.

The M*CORE has a compact die area of 2.2 mm sq., in 0.36 (L effective) micron CMOS technology.
The logic and routing capacitance have been minimized. Gated clocks play a major role in
minimizing unnecessary or spurious bus transitions in the data path portion of the design.

Debug Interface

The M«CORE architecture supports OnCE™ (on-chip emulation) circuitry that communicates via a
standard JTAG interface. OnCE provides a non-intrusive means of interacting with the MeCORE
processor core and on-chip peripherals, thus facilitating hardware/software development. Internal
status and control registers are accessible via the OnCE serial scan chain. Special circuits and
dedicated pins are provided to avoid sacrificing any user-accessible on-chip resources during
debugging.

Target Applications

Road Map

The M*CORE architecture represents a new level of performance for embedded applications — an
innovative, ultra-low power microRISC core designed to power a new generation of portable and
mobile applications. It provides full 32-bit performance out of 16-bit memory in a compact,
low-power design, offering superior solutions for applications where battery life and system costs
are as important as MIPS.

MeCORE microcontrollers deliver a high-performance, low-power solution ideally suited for
battery-powered and wireless applications such as digital phones, pagers, and electronic personal
assistants. MeCORE controllers are also well-suited to applications where total system cost and
extended temperature range are key factors, including automotive safety products such as anti-lock
braking and airbag systems.

Building on the initial success of the base M*CORE design in the hand-held communications and
automotive markets, new versions of the core with bus arbitration logic, memory management logic,
enhanced numeric processing capability and floating-point capability are under development. Each
new version will be upwardly code compatible with previous designs, and fully supported by a wide
variety of standardized development tools.

Development Tools and Evaluation Systems

A solid selection of MeCORE development tools is available from Freescale and from

established third-party vendors. Tools include highly optimized compilers, instruction-set
simulators, debuggers, target monitors, software/hardware co-verification tools, real-time operating
systems, and evaluation boards, as shown in Table 1.

M<CORE
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To assure high-quality development tools, the MeCORE technology center has developed an
application binary interface standard that defines requirements for creating MeCORE toolchain
components. Adherence to the standard guarantees interoperability with other ABI compliant tools,
and allows developers to evaluate and select tools based on performance, rather than compatibility.

To provide additional support and protection, MeCORE development tools are fully tested to ensure
“customer-ready” validation before release.

Table 1 M+«CORE Development Tools

Company Name | Web Site
Compilers/Debuggers
Cosmic www.std.com/cosmic
Diab Data www.ddi.com
Green Hills www.ghs.com
HIWARE www.hiware.com
Metrowerks www.metrowerks.com
Freescale GNU www.freescale.com/mcorg
Software Development Systems (SDS) www.sdsi.com
RTOS
Accelerated Technology, Inc. www.atinucleus.com
Embedded System Products www.esphou.com
Integrated Systems WWww.isi.com
Microware www.microware.com
Microtec www.mentorg.com
Freescale RTEK www.freescale.com/rtek
Precise Software Technologies www.psti.com
Wind River Systems WWW.WIS.com

Instruction Set Simulators

Green Hills www.ghs.com
HIWARE www.hiware.com
Software Development Systems (SDS) www.sdsi.com

Software/Hardware Verification

HIWARE www.hiware.com
Mentor Graphics www.mentorg.com
Summit www.summit-design.com
ViewLogic/Eagle Design www.viewlogic.com
Logic Analyzers
Hewlett-Packard (Processor Probe, Logic Analyzer) www.hp.com
iSystem Emulator) WWW.isystem.com
Tektronix (Logic Analyzer) www.tek.com

Development Boards

MMCEVB1200 www.freescale.com/mcore

MMCCMB1200 www.freescale.com/mcore

MMCFPGA1200 www.freescale.com/mcore
MMCLABO1 www.freescale.com/mcore
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More Information

For more information on the MsCORE architecture and embedded system components that use
MeCORE technology, please contact your local sales office or MsCORE Market Development at

(512) 342-6974.
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Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to
any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of
any product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters which may be
provided in Freescale Semiconductor data sheets and/or specifications can and do
vary in different applications and actual performance may vary over time. All operating
parameters, including “Typicals” must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale
Semiconductor was negligent regarding the design or manufacture of the part.
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