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INTRODUCTION
In the next few years, the market share of the portable

systems is expected to increase steadily. Furthermore, users
will demand that the performance of these systems matches
the performance of desktop systems. The portable systems
should be able to manipulate data, voice and video in a
multimedia environment exactly like their desktop counter
parts. Unlike the desktop systems, portable systems face
another set of challenges. First, the power consumption of
these systems is limited by the battery life. This implies that the
components used should consume as little power as possible
and have power management capability to reduce the con-
sumed power even more when the system is idle. Secondly,
the portable systems are becoming smaller and smaller,
lighter and lighter. This implies that more functionality is
implemented using a fewer number of devices. The trend is to
implement as much functionality in software as possible to
reduce the need for dedicate hardware solutions.

MULTIMEDIA
The definition of multimedia is somewhat vague. Multime-

dia refers to systems capable of manipulating digital voice,
digital images and digital data such as speech, video and file
transfers. Multimedia systems must be able to manipulate
these applications in either a real time environment or in a play
back environment. In the real time environment such as
cellular telephony, the max delay can be 250 - 350 msec,
because delays longer than that will result in a poor quality of
sound. The voice will be chopped and hard to understand.
Similar constraints apply to real time digital video.

The above applications involve large amounts of data to be
manipulated and stored. Usually the data is compressed to
minimize the storage requirements and to increase the effec-
tive bandwidth of the systems. Similarly, the data could be
encrypted to preserve the content of the information. All these
different techniques are based on various Digital Signal Pro-
cessing (DSP) algorithms. As an example, video images are
compressed using different algorithms. Motion-JPEG, MPEG1
and MPEG2 are used for motion video, while JPEG is used for
still images. Similarly several algorithms have been devel-
oped for speech compression such as TrueSpeech . All
these techniques require a very fast real time DSP engine.

Along with the DSP capability, multimedia systems are
general purpose systems that implement other tasks as well,
such as interfacing to memory, storage devices or other types
of I/O devices. These tasks require the use of a general
purpose microprocessor tailored more towards these usages.

TRADITIONAL SOLUTIONS
Traditional implementations for portable systems separate

the general systems functions from the specific functions such
as DSP or graphics. This separation is accomplished both on
the hardware level and on the software level. On the hardware
level, two or more types of different compute engines are
used. At the center of the design is a general purpose
microprocessor or microcontroller responsible for various
system tasks and overall system management. Other dedi-
cated hardware modules such as DSP microprocessors,
graphic accelerators and custom ASICs are used in the
system. Each of these modules serves a particular function.

On the software level the same separation takes place. The
general purpose tasks are separated from the specific tasks.
Procedure calls link various tasks together. In most instances,
different operating systems (OS) are executing in parallel on
different microprocessors in the system. As an example, a
portable system may be implemented using a real time kernel
for general purpose and system administration while a DSP
specific-OS is used for the DSP tasks.

These traditional solutions are not well positioned to meet
the challenges of the future. Specifically, the power consump-
tion of these systems is not in line with the requirements of true
portable systems. Similarly, the use of multiple devices places
constraints on the form factor, the development time and the
resulting system.

The trend is to merge more and more hardware  function-
ality into a smaller number of devices. These devices perform
several independent tasks that once required separate hard-
ware modules. In addition, there is more emphasis on a
software approach. Several independent software modules
are combined together to execute on a single device. The
software solutions are much more flexible than the hardware
ones. Applications can be easily added, modified and custom-
ized at will without the need for a complete redesign of a
hardware module. To be as efficient and as fast as the
hardware modules they are replacing, these combined soft-
ware modules require extensive compute power.

THE IDT ORION  R4650
 The IDT Orion R4650 is the latest member of the

RISController  family from IDT. It is a derivative of the IDT
Orion R4600 and is based on the MIPS architecture. The
Orion R4650 is a highly integrated microprocessor specially
designed for the embedded market. It includes 8 KBytes of
Instruction Cache and 8 KBytes of Data Cache, both of which
are two-way set associative. The Orion R4650 executes at
speeds up to 133 MHz. The internal core of the R4650 is a full
64-bit implementation of the MIPS III Instruction Set Architec-
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ture (ISA) with 32 internal general purpose registers. It has a
built-in floating-point accelerator unit. The raw performance of
the R4650 is about 175 Dhrystone MIPS at 133 MHz. With
these capabilities, the R4650 is an excellent general purpose
microprocessor.

Most of the DSP algorithms rely heavily on a fast
Multiply_and_Accumulate operation to perform effectively.
To address the needs for multimedia applications, the Orion
R4650 has a dedicated unit to perform integer
Multiply_And_Accumulate (MAC) operations. This unit per-
forms a multiply and add instruction every two clock cycles.

The Orion R4650 is also designed for low power

systems. It consume less than 1.6 watts peak at 100 MHz,
even less power at lower frequencies. It also incorporates
active power management mode to further reduce the con-
sumed power. This mode is dynamically invoked through the
software. Figure 1 illustrates the simplified block diagram of
the R4650.

 Thus, the Orion R4650 offers the best of both worlds. It is
a powerful general purpose compute engine for overall control
and management tasks. It also executes DSP algorithms
effectively, reducing the need for a dedicated DSP micropro-
cessor. Its power consumption is very limited and can be
dynamically adapted to the portable applications.

Figure 1. R4650 Block Diagram

SOFTWARE CONTROL
The R4650 is a true RISC compute engine, where the

software has control over most functionality of the device. The
software can manipulate the internal instruction and data
cache to optimize the performance of the system. By using the
“CACHE” instructions, the software can control the contents of
any cache line. This fine control over the contents of the
caches enables the OS to ensure that the data is always
available for the different tasks it is scheduling.

The contents of the caches can also be locked. This means
that a particular section of the instruction cache will never be
replaced. This ensures that a time sensitive routine such as
the interrupt service routine or a dedicated task such as a DSP
algorithm is always in the cache. This minimizes the time
interval between procedure calls. Similarly, a section of the
data cache also can be locked. This ensures that the data is
available for real time DSP algorithm for example. This mini-
mizes the need to access the main memory and thus makes
the response of the system more predictable, since the
instruction and the data are local to the internal caches.
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Recognize
Exception

Preserve
State

Decode
Exception

Exception
Service

Restore from
Exception

Do the real work 

la k0,except-regs #fetch address of reg save array
sw AT,R_AT*4(k0) #save AT
sw v0,R_V0*4(k0) #save reg v0
sw v1,R_V1*4(k0) #save reg v1
mfc0 v0,C0_EPC #fetch EPC
mfc0 v1,C0_SR #fetch status register
sw v0,R_EPC*4(k0) #save EPC
mfc0 v0,C0_CAUSE #fetch cause register
sw v1,R_SR*4(k0) #save status register

#now, dispatch service routine
sw a0,R_AT*4(k0) #save a0
and v1,v0,EXCMASK #isolate mask
lw a0,cause-table(v1)#get address of interrupt routine
sw a1,R_A1*4(k0) #use delay slot to save register 1
j a0 #branch to service routine
sw k1,R_k1*4(k0) #save k1  register

lw k0,C0_SR*4(AT) # fetch status reg. contents
lw v0,R_V0*4(AT) # restore reg. v0
mtc0 k0,C0_SR # restore the status reg. contents
lw k0,R_EPC*4(AT) # Get the return address
lw AT,R_AT*4(AT) # restore AT in load delay
eret # return to normal execution

50ns

130ns

50ns

~3.0 us 

133MHz

R4650Automatic hardware

3181 drw 02

Figure 2. R4650 Interrupt Response Time
Real-Time Interrupt Response

To combine several independent software modules, such
as a general purpose OS and a DSP algorithm, onto a single
execution engine requires extensive use of interrupts. Usu-
ally, the task swapping is triggered by an external event. The
interrupt driven approach is much more efficient and dynamic
than a polled system. For real time applications, such as
multimedia with large amounts of data to be serviced at high
bandwidth, polling might not even be an option.

Usually an interrupt is asserted to request the R4650 to
swap the tasks. To meet the real time requirements of the
application or external event the task swapping must be
accomplished as fast as possible.

The R4650 at 133 MHz can respond to interrupts in less
than 250 nsec. This time includes  recognizing the exception,
preserving the state, decoding the exception and restoring the
state at the end of the exception. Sample code to accomplish
these steps is illustrated in Figure 2.

POWER CONSUMPTION
The components used in a portable system must consume

as little power as possible. The R4650 is designed with this
goal in mind. It is available in both 3.3V and 5V versions. The
3.3V has a peak power consumption of about 1.6 watts at 100
MHz. Furthermore, the R4650 uses an advanced power
management scheme to further reduce the average power
consumed. In this mode, the unused sections of the device are
powered down. This mode is entered automatically when the
internal logic determines that are no activity involving some
section of the device. Thus average active power consump-
tion in reduced to about 1 watt.

Finally, the R4650 provides a “Stand-By” mode, which is
invoked by the software. In this mode, all of the internal clocks
and the pipeline are frozen and the bus activity is stoped. This
mode reduces the consumed power to less than 200 mwatts.

The OS can take advantage of all these power saving
features on the R4650 by entering the “Stand-By” mode, when
there is no system activity to reduce the average power
consumption. If on the average, a portable system is active
25% of the time and idle the remaining 75%. The average
power consumed by the R4650 will be in the order of 400
mwatts. It is important to note that the R4650 replaces several
dedicated hardware modules in the system. This means that
the average power consumed is substantially less than the
traditional solutions. In addition, I/O power is alos reduced
because the interface to the system is stopped.

DSP CAPABILITIES
The DSP algorithms are designed to manipulate large

amounts of data effectively. At the heart of any DSP algorithm
is a Multiply_And_Accumulate instruction. The R4650 is de-
signed to execute DSP algorithms efficiently. It has a dedi-
cated integer Multiply_And_Accumulate unit that executes at
133 MHz. A new multiply-accumulate instruction can be
started every two cycles. As a result, the R4650 can perform
66.7 M multiply-accumulate instructions per sec. This integer
DSP performance of the R4650 exceeds the performance of
any other DSP microprocessor available on the market today.
Table 1 illustrates the peak integer DSP performance of
several architectures.

This type of DSP performance allows the R4650 to imple-
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ment all the major DSP algorithms effectively. As an example
the speech compression algorithm TrueSpeech  from the
DSP Group requires about 10 MIPS or less than 8% of the
R4650 compute power to execute.

TABLE 1. COMPARISON OF VARIOUS DSP
ARCHITECTURES

This example illustrates that the R4650 can mix general
purpose tasks along with dedicated DSP algorithms in an
efficient way. This powerful DSP engine reduces the need for
dedicated external DSP microprocessors.

CONCLUSION
The R4650 is a general purpose microprocessor geared

towards the portable applications. It implements a fast multi-
ply-accumulate unit to speed up the different DSP algorithms.
It can mix general purpose control tasks with DSP specific
applications in an efficient way. These capabilities reduce the
need for external dedicated DSP hardware modules. These
features, combined with the average low power consumption,
makes it ideal for portable applications.

PRODUCT FIXED POINT MACs
(In Millions)

TI - TMS320C25 12.50

TI - TMS320C50 40

ATT - DSP16 54

MOT - 56K 40

IDT - R4650 66.7
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