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DESCRIPTION                          TERMINAL APPARATUS        TECHNICAL
FIELD                The present invention relates to a terminal
apparatus for a mobile communication system including a      digital
cellular portable telephone, or more in   5 particular to a method of
realizing a mobile communica-      tion baseband system using data
processing units such as      a programmable microprocessor (hereinafter
referred to as      "the CPU") and a digital signal processor (hereinafter
referred to as "the DSP").    10 BACKGROUND ART                The
processes for a mobile communication system 



relating to the present invention will briefly be      described with
reference to Fig. 1. Fig. 1 shows a user      102, a communication terminal
101 and a base station 100.  15 The user 102 accesses the base station 100
using the      communication terminal 101 and thus receives various
services. The communication with other communication      terminals is also
performed through the base station 100.      The communication process
between the communication  20 terminal and the base station, therefor,
constitutes the     essential part of the communication.                The
communication terminal 101 includes a user     interface/system controller
109 having the user interface     function and the system control function,
a communication                                       - 2 -      protocol
processing unit 110 having the communication      protocol processing
function, a code/decode processing      unit 111 having the speech
coding/decoding function, the      channel coding/decoding function, the
modulation/   5 demodulation function, etc., and an AFE/RF circuit
section 105 having an analog front end (AFE) and an RF 



circuit. The communication terminal 101 is connected      with a microphone
(MIC) 103 and a speaker (SPK) 104. The      base station 100 includes a
system controller 112 having  10 the system control function, a
communication protocol      processing unit 113 having the communication
protocol      processing function, a channel coding/decoding function,
the modulate/demodulate function, etc., and an AFE/RF      circuit section
106 having an analog front end (AFE) and  15 an RF circuit.
The communication terminal 101 exchanges      information with the base
station 100 generally in one of      two modes: Audio or the like user data
are exchanged, or      control data for system management are exchanged.
20           Audio data are exchanged in the following     manner. The
audio data input from the microphone (MIC)     103 are converted into
digital data and compressed by the     speech encoding process in the
code/decode processing     unit 111. The compressed audio data have added
thereto  25 error correction information by the channel encoding
process in the code/decode processing unit 111, and then     modulated by
the modulation process in the code/decode     processing unit 111. These
processes are performed in a   



- 3 -      digital area. The modulated digital voice is converted      into
analog data in the analog front end (AFE) of the      AFE/RF circuit
section 1605, and transmitted from an      antenna 107 over a
radio-frequency wave by the RF circuit   5 of the AFE/RF circuit section
105. This radio wave is      received by an antenna 108 of the base station
100 and      temporarily demodulated. This radio wave is modulated
again on the frequency (in the case of frequency multi-      plexing)
assigned to the other party of communication,  10 and retransmitted from
the base station to the other      party in a timing of time slots (in the
case of time      division multiplexing) assigned to the other party.
Now, the exchange of the control data for      system management will be
explained. The communication  15 protocol processing unit 110 in the
communication      terminal 101 and the communication protocol processing
unit 113 in the base station 100 exchange data with each      other. A
virtual logic connection is established' between      these two functions.
This virtual logic connection is  20 realized by a physical connection
described below. In 



the case where the base station 100 issues some instruc-      tion to the
communication terminal, the process is      performed as follows. The
instruction data according to      a predetermined protocol is encoded for
the communication  25  path and modulated in the code/decode processing
unit      114. The resulting data are converted into analog data      in
the analog front end (AFE) of the AFE/RF circuit      section 106, and
transmitted from the RF circuit over a
- 4 -      radio wave by way of the antenna 108. This radio wave is
received by the antenna 107 of the communication terminal      101 and
converted into baseband digital data through the      RF circuit of the RF
circuit 105 and the analog front end   5  (AFE).  The digital data are
further demodulated and      decoded for the communication path by the
code/decode      processing unit 111 and delivered to the communication
protocol processing unit 110.                The two manners in which the
communication  10 terminal 101 exchanges data with the base station 100 and
the related processes are described above. The processes 



related to these operations are generally divided into      two types. The
speech coding/encoding process, the      channel coding/decoding process
and the modulation/  15 demodulation process are classified as a digital
signal      process which is suitably realized by an exclusive
hardware or a programmable DSP (digital signal      processor). The
communication protocol process, on the      other hand, is so complicated
that it is suitably  20 realized by software using a high-level language
such as     the C language.                In view of these facts, a method
has recently     been proposed in which the speech coding/encoding
process, the channel coding/decoding process and the  25
modulate/demodulate process are performed by a DSP, and     the
communication protocol process is performed by a CPU     (general-purpose
microprocessor), among the baseband     processes of the mobile
communication terminal ("Latest                                      - 6 -
converter 203, an I/Q AD/DA converter 204, an AGC (auto      gain control)
D/A converter 205, an audio AD/DA converter 



206, and an AFC (auto frequency control) D/A converter      207.  The DSP
RAM (200) and the DSP ROM (201) are   5 connected through an external DSP
bus 240 to the DSP chip      223.               The function and operation
of this terminal     will be explained briefly.               During the
audio transmission, the voice input  10 from the microphone 208 is
amplified by the amplifier     Amp, and converted into digital data by
being sampled at     the audio A/D converter 206. The sampling rate is 8
kHz,     and the bit accuracy is 13 bits. The data thus digitized     is
sent to the DSP chip 223, and after being compressed  15 and encoded for
the communication path, delivered to the      I/Q D/A converter 204 of the
analog front end (AFE) 202.      This signal is modulated and converted
into analog data      and input to the RF modem 210. The resulting signal
is      sent out from the antenna 213 over an RF frequency (800  20 MHz).
The duplexer (214) is used for separating the     input radio wave from the
output radio wave. The     high-frequency sine wave 217 used for
high-frequency     modulation/demodulation is synthesized by a frequency
synthesizer 216. The frequency synthesizer 216 is  25 connected through a
signal line 218 to the CPU chip 227. 



The ROM (201) has built therein a program executed by the     DSP chip 223.
The RAM (200) is used for operating the     DSP chip 223.
- 5 -      Information on GSM/Systems, Terminals and Services",
Seminar materials, Japan Industrial Technological Center,      May 18 to
19, 1965, and "Development Trend of GSM      Telephone Terminal Devices",
pp.118-130, Japan Phillips).   5            Explanation will be made about
an example of a      mobile communication terminal including a DSP and a
CPU      studied by the inventor according to the above-mentioned
well-known examples. The example explained below is not      an exact
replica of any well-known examples. This mobile  10  communication terminal
is intended for the GSM (global      system for mobile communications)
constituting a specifi-      cation of a digital cellular telephone in
Europe. The      mobile communication terminal shown in Fig. 2 includes a
DSP chip 223, a DSP RAM (random access memory) 200, a DSP  15  ROM
(read-only memory) 201, a CPU chip 227, a baseband      analog front end
(AFE) 202, a RF modem 210, a power 



amplifier (PA) 212, an antenna 213, a duplexer 214, a      low-noise
amplifier (LNA) 215, a microphone 208, an      amplifier Amp, a speaker
209, a drive circuit Dri, a  20  frequency synthesizer 216, a system timing
circuit 219, a     voltage controlled system clock 221, a 1/4 frequency
dividing circuit 222, a sounder DA converter 231, a     sounder 230, a
drive circuit Driver, a battery monitor AD     converter 232, battery
monitor circuit 233, a battery  25  234, a CPU RAM 239, a CPU ROM 238, an
LCD (liquid crystal     device and a liquid crystal panel) 237, a SIM
(subscriber     identity module) 236 and a keyboard 235. The baseband
analog front end (AFE) 202 includes a PA (power amp) D/A
- 7 -                At the time of audio receiving, the data      received
by the antenna 213 are input to the RF modem 210      through the low-noise
amplifier (LNA) 215. This signal      is converted into a low-frequency
baseband analog signal,   5 and is delivered to the I/Q A/D converter 204
of the      analog front end (AFE) 202. The data sampled and      converted
into digital data are sent to the DSP chip 223 



where it is demodulated, channel decoded and      decompressed. After that,
the data is converted into  10 analog data at the audio D/A converter 206
and output      from the speaker 209.               When the user makes a
phone call, he uses a     keyboard 235 and an LCD (237). The SIM 236 is a
replaceable user ID module, which is mounted on the  15 communication
terminal to enable the user to use the      terminal exclusively. The ROM
(238) has built therein a      program that can be executed by the CPU chip
227. The      RAM (239) is used for operating the CPU chip 227. The
battery 234 is a main battery for the whole terminal, and  20 the remaining
capacity of the battery 234 is monitored by     the CPU chip 227 through
the battery monitor circuit 233     and the battery monitor A/D converter
232. When there is     a telephone call, the CPU chip 227 turns on the
sounder     230 through the sounder D/A converter 231.  25           The
basic clock 13 MHz of this terminal is     supplied from the voltage
controlled system clock 221.     From this basic clock, the system timing
circuit 219     produces required system timing signals 241, 220 and     



- 8 -      distribute them into the terminal. The basic clock is      also
supplied to the DSP chip 223 and the CPU chip 227.      The DSP processing
in the GSM is said to require 20 to 50      MIPS (mega instructions per
second). In Fig. 2, the DSP   5  chip operates at 52 MHz, i.e., a frequency
four times as      high as the basic clock 13 MHz using a PLL (phase locked
loop) circuit 225 mounted in the DSP chip. The CPU      processing in the
GSM, on the other hand, is said to      require 1 to 2 MIPS. In Fig. 2,
therefore, a frequency  10  one fourth the basic clock 13 MHz is generated
by the 1/4      frequency divider circuit 222, and the CPU is operated at
this rate.               The basic clock 13 MHz of the terminal is
required to be strictly synchronized with the master  15 clock frequency 13
MHz of the base station. This is     achieved in the manner described
below. First, the     strict frequency information is received from the
base     station. The DSP controls the voltage controlled system     clock
221 through an AFC (automatic frequency control)  20 D/A converter 207 on
the basis of this information     thereby to regulate the frequency. Also,
an instruction 



for outputting a radio wave may be applied from the base     station to the
terminal. In that case, the DSP chip 223     drives the PA (power
amplifier) D/A converter 203 and  25 regulates the output of the power
amplifier (PA) 212.     Further, the DSP chip 223 regulates the gain of the
RF     modem through the AGC (automatic gain control) D/A     converter 205
on the basis of the amplitude information
- 9 -      of the received signal.                The communication between
the DSP chip 223 and      the CPU chip 227 is effected in the following
manner.      The DSP chip 223 is connected through a DSP host inter-   5
face (HIF) 224 to a CPU external bus 229 of the CPU chip.      The CPU chip
227 can freely read and write the internal      resources of the DSP chip
223 from the DSP host interface      (HIF) 224 through the CPU external bus
interface 228 and      the CPU external bus 229. When the DSP chip 223 is
10 desirous of informing the CPU chip 227, an INT      (interrupt) signal
226 is used.                The above-described conventional method using 



two independent units of DSP and CPU, however, requires      two different
memory systems for the DSP and the CPU. In  15  the above-mentioned
well-known system, all the DSP     memories are formed on a chip. This is
because that the     GSM system has just introduced and the capacity
required     for the DSP memory is still small. In the case where the
half-rate audio encoding technique is introduced in full  20 scale with the
increase in the number of subscribers in      the future, however, the
terminal is required to      accommodate both the full-rate and the
half-rate      techniques. In that case, both of the speech encoding
programs are required to be incorporated in the DSP.  25 Further, since the
current full-rate sound quality for     the GSM system is not satisfactory,
an enhanced full-rate     audio encoding system is being studied. Once this
system     is realized, three speech encoding programs must be
- 10 -      incorporated. Also, a DSP program for an added value      such
as a speech recognition program for voice dialing      will probably be
incorporated as a technique for 



differentiating the communication terminals. Therefore,   5 it is not
practicable, if only in terms of cost, to      package as a chip all the
DSP programs expected to      increase in the future.                In the
future, therefore, a memory external to      the DSP seems unavoidable. In
view of the fact that the  10 reduction in cost, power consumption and size
is crucial      for a mobile communication terminal, however, the use of
two external memories poses a great problem.               On the other
hand, two systems of data input-      output peripheral units have so far
been required for DSP  15 and CPU. This causes an extraneous communication
overhead between the DSP and the CPU.       DISCLOSURE OF INVENTION
In view of the above-mentioned problem points,     the object of the
present invention is to provide a  20 method of realizing a mobile
communication terminal     system low in cost, power consumption and size
by     integrating the memory systems and the peripheral     circuits of
the DSP and the CPU.               The above-mentioned and other objects of
the  25 present invention and the novel features thereof will be 



made apparent from the following description of the     specification and
the accompanying drawings.                        Representative aspects of
the invention      disclosed in this patent application are briefly
described below.                Specifically, a mobile communication
terminal   5 system is realized by a DSP/CPU integrated chip compris-
ing a DSP/CPU core integrated as one bus master, an      integrated
external bus interface and an integrated      peripheral circuit interface.
Also, in order to increase the speed of access  10 to the external memory
by the DSP, programs and data for      an internal memory and an external
memory are arranged      according to the processing of the mobile
communication      terminal.                Further, in order to improve
the speed of  15  access to the peripheral circuit by the DSP, a plurality
of samples are transferred concurrently.                In generating a
program for a microprocessor 



used for the mobile communication terminal, the address      register for
the digital signal processor for realizing  20 the DSP function is mapped
to the register subset of the      central processing unit for realizing
the CPU function,      and an argument is transferred to the register
subset of      the central processing unit.               Also, the mobile
communication terminal for  25 effecting radio communication by exchanging
data with the     base station includes a data processing unit for execut-
ing a program stored in a memory, and a memory having an     area for
storing a speech encoding program, an area for
- 12 -      storing a speech decoding program, an area for storing a
channel encoding program, an area for storing a channel      decoding
program, an area for storing a program for      controlling the protocol
for communication with the base   5 station, and an area for storing a user
interface control      program. Each area of the memory is arranged in an
address space of the data processing unit.                The data
processing unit includes a digital 



signal. processor for executing the speech encoding  10 process, the speech
decoding process, the channel      encoding process and the channel
decoding process, and a      central processing unit for controlling the
protocol for      communication with the base station and also controlling
the interface with the user. These functions are  15 desirably arranged on
a single semiconductor substrate.                In order to improve the
processing speed of the     digital signal processor, the area for storing
the speech     encoding program, the area for storing the speech
decoding program, the area for storing the channel  20 encoding program and
the area for storing the channel     decoding program, are stored
preferably in a memory built     in the data processing unit.
The areas for a program not requiring a     high-speed processing including
the area for storing a  25 program for controlling the protocol for
communication     with the base station and the area for storing a program
for controlling the interface with the user, on the other     hand, are
stored preferably in a memory external to the       



- 13 -      data processing unit.                The data processing unit
further comprises a      serial input-output circuit for interfacing with
an      analog-digital conversion circuit and a digital-analog   5
conversion circuit in the address space of the central      processing
unit.        BRIEF DESCRIPTION OF THE DRAWINGS                Fig. 1 is a
diagram showing a basic configura-      tion of a mobile communication
system.  10            Fig. 2 is a diagram showing a configuration of
a GSM mobile communication terminal using a DSP and a      CPU.
Fig. 3 is a diagram showing a configuration of      a DSP/CPU integrated
chip closely coupled with each  15 other.                Fig. 4 is a
diagram showing a configuration of      a DSP and a CPU integrated simply
into a single chip.                Fig. 5 is a diagram showing a
configuration of     a GSM mobile communication terminal according to a
first  20 embodiment of the invention.  



Fig. 6 is a diagram showing a configuration of     an internal memory and
an external memory connected     according to a first embodiment of the
invention.                Fig. 7 is a diagram showing a configuration of
25 a DSP/CPU integrated chip with a cache according to a      second
embodiment of the invention.                Fig. 8 is a diagram showing a
basic form of                                      - 14 -      memory
assignment in an application of a mobile      communication terminal
according to a third embodiment of      the invention.                Fig.
9 is a diagram showing an enlarged form of   5 memory assignment in an
application of a mobile      communication terminal according to the third
embodiment      of the invention.                Figs. 10A, 10B are a
connection diagram and a      time chart, respectively, for a DSP/CPU
integrated chip  10 with a burst ROM directly connected according to a
fourth     embodiment of the invention.                Fig. 11 is a diagram
showing an example of a  



memory map of a DSP/CPU integrated chip.                Figs. 12A, 12B, 12C
are a connection diagram  15 and a time charts, respectively, for a DSP/CPU
integrated      chip with a DRAM directly connected according to a fifth
embodiment of the invention.                Figs. 13A, 13B are a connection
diagram and a      time chart, respectively, for a DSP/CPU integrated chip
20 and an I/Q signal AD/DA converter according to a sixth     embodiment of
the invention.                Fig. 14 is a diagram showing a configuration
of     a serial input-output circuit according to the sixth     embodiment
of the invention.  25            Figs. 15A, 15B are a connection diagram
and a     time chart, respectively, for a DSP/CPU integrated chip     and
an I/Q signal AD/DA converter according to a seventh     embodiment of the
invention.                                      - 15 -                Fig.
16 is a diagram showing a configuration of      a serial input-output
circuit according to the seventh      embodiment of the invention.  



Figs. 17A, 17B are a connection diagram and a   5 time chart, respectively,
for a DSP/CPU integrated chip      and a power amplifier control D/A
converter according to      an eighth embodiment of the invention.
Fig. 18 is a diagram showing an overhead at a      conventional GSM mobile
communication terminal using a  10 DSP and a CPU.                Fig. 19 is
a diagram showing timings and output      waveforms for controlling the
power amplifier in a GSM      mobile communication system.
Figs. 20A, 20B are diagrams showing an overhead  15 in power amplifier
control according to the eighth      embodiment of the invention.
Fig. 21 is a diagram showing a configuration of      a DSP/CPU integrated
chip having an integrated ASIC bus      interface according to a ninth
embodiment of the  20 invention.                Fig. 22 is a diagram
showing a configuration of      a CPU in a DSP/CPU integrated chip.
Fig. 23 is a diagram showing an example of the     C program for explaining
a tenth embodiment of the  25 invention.                Fig. 24 is a
diagram showing hardware related  



to an assembler program for explaining the tenth embodi-     ment of the
invention.                                      - 16 -      BEST MODE FOR
CARRYING OUT THE INVENTION      [DSP/CPU integrated chip]
The DSP/CPU integrated chip closely coupled on      which the invention is
based will be explained. Details   5 are described in JP-A-7-132906 filed
by the same      inventors. An example of the closely-coupled DSP/CPU
integrated chip is shown in Fig. 3. A DSP/CPU integrated      chip 300
defined by dotted line in Fig. 3 is formed on a      single semiconductor
substrate made of such material as  10 single crystal silicon by the
semiconductor integrated      circuit fabrication techniques. Fig. 3 shows
the DSP/CPU      integrated chip 300, an external RAM (random access
memory) 326, an external ROM (read only memory) 327, an      external
address bus (EA) 325, and an external data bus  15  (ED) 324 defined by the
dotted line.                The DSP/CPU integrated chip 300 includes a
DSP/CPU closely-coupling integrated core 305, an internal  



memory X 304, an internal memory Y 303, an integrated bus      interface
418, a DMAC (direct memory access controller)  20 317, an integrated
peripheral bus interface 419, a DSP     peripheral circuit 322 and a CPU
peripheral circuit 323.     These component elements are connected to each
other     through three types of internal memory address buses
including an X address bus (XA) 302, a Y address bus (YA)  25 301 and an I
address bus (IA) 314, three types of      internal memory data buses
including an X data bus (XD)      315, a Y data bus (YD) 316 and an I data
bus (ID) 313, an      integrated peripheral address bus (PA) 320, and an
- 17 -      integrated peripheral data bus (PD) 321.                The
DSP/CPU closely-coupling integrated core      305 includes a CPU core 307
and a DSP engine 306. The      main component elements of the CPU core 307
are an   5  instruction decoder 308, an ALU (arithmetic-logic unit)
309 and registers 310. The main component elements of      the DSP engine
306 are arithmetic units including a      Multiply and Accumulate unit 311
and registers 312, but  



not an instruction decoder.  10            The CPU core 307 reads an
instruction from the      internal memory X 304, the internal memory Y 303,
the      external RAM 326 or the external ROM 327, which instruc-      tion
is decoded by the instruction decoder 308 and      executed. The DSP engine
306 operates in accordance with  15 the instruction from the CPU core 307.
In other words,     when the instruction from the DSP is executed, the CPU
core 307 and the DSP engine 306 operate concurrently in     interlocked
relation.                The DSP as referred to herein is defined as the
20 ability to execute the FIR (finite response filter)     operation
constituting the basic digital signal     processing operation at the rate
of one cycle per tap.     Generally, this is required to meet the following
four     conditions at the same time. They are (1) the Multiply  25 and Add
operation can be executed in one cycle, (2) two     data can be accessed
simultaneously from memory in one     cycle, (3) instruction repeat is
supported without     overhead, and (4) the modulo addressing mode is



- 18 -      supported. These DSP functions are disclosed in detail      as
well-known information in, for example, "DSP56116      Digital Signal
Processor User's Manual" issued by      Motorola Inc., 1990. In view of
these four conditions, a   5 simple Multiply and Accumulate unit or an FPU
(floating      point unit) cannot be called a DSP engine herein.
The CPU referred to herein, on the other hand,     means a standard
microprocessor having an architecture     that can efficiently compile and
execute a program  10 written in a high-level language such as the C
language.     An example is disclosed in detail in "Hitachi Single-Chip
RISC Microcomputers SH7032, SH7034 Hardware Manual",     third edition,
March 1964, issued by Hitachi Ltd.                As described above, the
feature of the DSP/CPU  15 closely-coupling integrated core 405 shown in
Fig. 3 lies      in that it has both the standard CPU function capable of
efficiently compiling and executing a program written in      a high-level
language such as the C language and the DSP      function capable of
executing the FIR filter operation at  20 the rate of a cycle per tap,
which two functions are      controlled by a single instruction stream.
Also, the      DSP/CPU closely-coupling integrated core 305, which has 



only one instruction decoder and one control system, is      integrated as
a single unit when viewed as a bus master.  25 In other words, the
peripheral circuits and memories      associated with the buses are shared
integrally by the      DSP function and the CPU function.  The program for
executing the DSP function and that for executing the CPU
- 19 -      function are both arranged in the address space of the      CPU
core 307. Fig. 3 shows the manner in which a DSP      peripheral circuit
322 and a CPU peripheral circuit 323      are integrated through an
integrated peripheral bus   5 interface 319. An example of the DSP
peripheral circuit      322 is a serial input-output circuit. Examples of
the      CPU peripheral circuit 323 are a parallel input-output
circuit, a serial input-output circuit, a timer and an      A/D converter
circuit. The DSP peripheral circuit 322  10 and the CPU peripheral circuit
323 are integrated with      each other, that is, they are arranged in a
common      address space. The DSP peripheral circuit 322 and the      CPU
peripheral circuit 323 can both be used by the DSP 



function and the CPU function. Fig. 3 also shows the  15 manner in which
the external RAM 326 and the external ROM      327 are shared by the DSP
function and the CPU function      through an integrated external bus
interface.      [Independent DSP and CPU chips]               By way of
comparison, a conventional case in  20 which a DSP and a CPU are used as
elements independent of     each other will be explained with reference to
Fig. 4.     Fig. 4 is prepared by the inventors according to a
well-known example and is not an exact replica of the     well-known
example. The system of Fig. 4 comprises a DSP  25 chip 400 defined by
dotted line, a CPU chip 413 defined     by dotted line, a CPU external RAM
430 and a CPU external     ROM 431. In the case where the DSP chip and the
CPU chip     are incorporated on a single chip in simple fashion, the
- 20 -      two areas defined by the dotted lines constitute one
integrated circuit.                The CPU chip 413 includes a CPU core
414, an      internal memory 418, a CPU peripheral bus interface 421, 



5 a CPU external bus interface 422, a DMAC 423, and a CPU      peripheral
circuits 426, 427.               These component elements are connected to
each     other through an internal bus address (IA) 419, an     internal
data bus (ID) 420, a CPU peripheral address bus  10 (PA) 424, and a CPU
peripheral data bus (PD) 425. The     main component elements of the CPU
core are an instruc-     tion decoder 415, an ALU 416 and registers 417.
The CPU     core reads an instruction from the internal memory 418,     the
CPU external RAM 430 or the CPU external ROM 431,  15 which instruction is
decoded by the instruction decoder     and executed. The CPU external bus
interface 422, the     CPU external RAM 430 and the CPU external ROM 431
are     connected to each other through an external address bus     (EA)
428 and an external data bus (ED) 429. The DSP chip  20 400 includes a DSP
core 403, a DSP internal memory X 404,     a DSP internal memory Y 405, a
DSP peripheral circuit     406, a CPU/DSP interface 410, a Y address bus
(YA) 401,     an X address bus (XA) 402, an X data bus (XD) 411 and a Y
data bus (YD) 412. The DSP core 403, on the other hand,  25 includes an
instruction decoder 407, arithmetic units     including a Multiply and
Accumulate unit 408 and a     register 409. The DSP core 403 reads a DSP
exclusive 



instruction from the DSP internal memory X 404 or the DSP
- 21 -      internal memory Y 405, which instruction is decoded by      the
instruction decoder 407 and executed. In the case      where the DSP has an
exclusive external memory, though      not shown in Fig. 4, such a DSP
exclusive instruction may   5 be read from such an external memory, decoded
by the      instruction decoder 407 and executed. In Fig. 4, the
internal address bus (IA) 419 and the internal data bus      (ID) 420 are
connected to the CPU/DSP interface 410.      Instead, CPU/DSP interface 410
is connected to the  10  external address bus (EA) 428 and the external
data bus      (ED) 429, when CPU chip 413 and DSP chip 400 are
structured by independent chips.                In the case where a DSP
chip and a CPU chip are      incorporated in a single chip in simple
fashion as  15 described above, the respective memory spaces and
peripheral circuits are completely independent of each      other and
cannot be mutually accessed.                The features of a
closely-coupled DSP/CPU 



integrated chip on which the invention is based have been  20 described
above. Now, the features of a mobile      communication terminal realized
using this closely-      coupled DSP/CPU integrated chip will be explained
with      reference to embodiments.      [First embodiment: GSM terminal]
25           A first embodiment of the invention will be     explained with
reference to Figs. 2, 5 and 6. Fig. 5     shows an example of a GSM
terminal realized using a     closely-coupled DSP/CPU integrated chip. The
- 22 -      configuration shown in Fig. 5 is basically the same as
that of Fig. 2 described in detail above. In Fig. 5, the      two
independent chips including the DSP chip 223 and the      CPU chip 227 used
for the GSM terminal of Fig. 2 are   5 replaced by a single closely-coupled
DSP/CPU integrated      chip. The GSM terminal of Fig. 5 comprises a
DSP/CPU      integrated chip 500, an integrated AFE (analog front end)
501, a battery 510, a battery monitor circuit 509, a      sounder 511, a RF
circuit 513, a PA (power amplifier) 



10 514, an antenna 515, a duplexer 516, an LNA (low-noise     amplifier)
517, a microphone 518, a speaker 519, a     frequency synthesizer 533, a
system timing circuit 520, a     voltage-controlled system clock 523 and
integrated     modules 527 to 531 connected to an integrated external  15
bus 526.               The integrated modules include an external RAM
527 shared by the DSP/CPU, an external ROM 528 shared by      the DSP/CPU,
an LCD 529, an SIM 530 and a keyboard 531.      The DSP/CPU integrated chip
500 is identical to the  20 DSP/CPU integrated chip 300 shown in Fig. 3.
The     integrated AFE (analog front end) 501 includes a battery
monitor A/D converter 502, a sounder D/A converter 503, a     PA D/A
converter 504, an IQ AD/DA converter 505, an audio     AD/DA converter 506
and an AFC D/A converter 507. The  25 battery 510, the battery monitor
circuit 509, the sounder     511, the drive circuit Driver, the RF modem
circuit 513,     the PA (power amplifier) 514, the antenna 515, the
duplexer 516, the LNA (low-noise amplifier) 514, the
- 23 - 



microphone 518, the amplifier Amp, the drive circuit Dri,     the speaker
519, the high-frequency sine wave 532, the     frequency synthesizer 533,
the system timing circuit 20,     the system timing signals 521, 541, the
signal line 522,   5 the voltage-controlled system clock 523, the battery
monitor A/D converter 502, the sounder D/A converter 503,     the PA D/A
converter 504, the IQ A/D converter 505, the     AGC D/A converter 506, the
audio AD/DA converter 507, the     AFC D/A converter 508, the LCD 529, the
SIM 530 and the  10 keyboard 531, respectively, correspond to and have the
same function and operate the same way as the components      in Fig. 2
including the battery 234, the battery monitor      circuit 233, the
sounder 230, the drive circuit Driver,      the RF modem circuit 210, the
PA (power amplifier) 212,  15 the antenna 213, the duplexer 214, the LNA
(low-noise      amplifier) 215, the microphone 208, the amplifier Amp,
the drive circuit Dri, the speaker 209, the frequency      synthesizer 216,
the system timing circuit 219, the      system timing signals 220, 241, the
signal line 218, the  20 voltage-controlled system clock 221, the battery
monitor     A/D converter 232, the sounder D/A converter 231, the PA
D/A converter 203, the IQ AD/DA converter 204, the AGC     D/A converter
205, the audio AD/DA converter 206, the AFC 



D/A converter 207, the LCD 237, the SIM 236 and the  25 keyboard 235,
respectively. The function and operation     of the GSM terminal of Fig. 5
are the same as those of     Fig. 2 and will not be explained. The
integrated     external bus 526 is connected with the external RAM 527
- 24 -      and the external ROM 528 permitting access thereto by      both
the CPU function and the DSP function.                Fig. 6 shows the
detailed relation between the      DSP/CPU integrated chip with the
internal memory and the   5 external memory. In Fig. 6, the DSP/CPU
integrated chip      600, the external ROM 611 and the external RAM 612 are
connected through the external address bus 609 and the      external data
bus 610. Also, Fig. 6 shows the manner in      which the DSP/CPU
closely-coupling core 601, the internal  10 ROM 602, the internal RAM 603
and the integrated external      bus interface 606 are connected to each
other through the      internal data bus 604 and the internal address bus
in the      DSP/CPU integrated chip 600. The DSP/CPU closely-      coupling
core 601 is integrated as a single bus master. 



15 The great feature of this configuration, therefore, is      that both
the DSP function and the CPU function can      arbitrarily access any of
the internal ROM 602, the      internal RAM 603, the external ROM 611 and
the external      RAM 612. This configuration makes it especially possible
20 to use the internal memory effectively without any waste.
The DSP/CPU integrated chip 600 is identical to     the DSP/CPU integrated
chip 300 of Fig. 3 and the DSP/CPU     integrated chip 500 of Fig. 5. Other
component elements     of the DSP/CPU integrated chip 600 are not shown,
25 however, as they are not necessary for explanation.     Therefore, the
DSP/CPU closely-coupling core 601 corre-     sponds to the DSP/CPU
closely-coupling core 305, the     internal bus 604 to the internal memory
data bus ID 313,                                      - 25 -      the
internal bus 605 to the internal memory address bus      605, and the
integrated external bus interface 606 to the      integrated external bus
interface 318. The internal ROM      602 and the internal RAM 603, however,
correspond   5 respectively to the ROM and the RAM of the internal 



memory X 304 and the internal memory Y 303.                The external
address bus 609 corresponds to the      external address bus (EA) 3125, the
external data bus 610      to the external data bus (ED) 324, the external
ROM 611  10 to the external ROM 327 and the external ROM 528, and the
external RAM 612 to the external RAM 326 and the external      RAM 527.
Also, the external bus 526 includes both the      external address bus 609
and the external data bus 610.                As shown in Figs. 5 and 6,
according to the  15  first embodiment of the invention, the external RAM
and      ROM are completely shared by the DSP and the CPU, and
therefore, the need is eliminated of the external bus      240, the
external RAM 200 and the external ROM 201      exclusive to the DSP that
are used in the prior art shown  20 in Fig. 2. Also, the signals HIF214 and
the INT226      between the DSP chip 223 and the CPU chip 227 are
eliminated. In this way, the integration can reduce the      number of the
buses, the signal lines and the memory      chips and hence can realize a
mobile communication  25  terminal low in cost, small in power consumption
and      small in size.      [Second embodiment: built-in cache memory]
A second embodiment of the invention will be 



- 26 -      described with reference to Figs. 5, 6 and 7. In the
second embodiment, the internal RAM of the DSP/CPU      integrated chip of
the first embodiment is replaced by a      cache memory to improve the
speed of external memory   5 access.                The external memory
that can be directly      coupled to the conventional independent DSP is
limited to      a SRAM (static RAM) or a ROM. A DRAM or a RAM/ROM having
a high-speed access mode cannot be directly connected to  10  the
conventional independent DSP.  Also, the accessible     data size is
limited to 16 bits, and access in byte (8     bits) or long word (32 bits)
are impossible. This is     because the length of instructions and data are
fixed to     16 bits in the DSP chip used with the mobile communica-  15
tion terminal, which in turn is derived from the fact     that the speech
coding, the channel coding and the     modulation/demodulation process to
which the DSP is     applied are sufficiently performed by the instruction
and     data length of 16 bits. The limitation of accessible 



20  data size to 16 bits facilitates the control of external     memory
access, and makes it possible to execute the     external access in one
cycle if a sufficiently high-speed     memory is used.                On
the other hand, some of the conventional  25  independent CPU chips are
connected directly to various     external memories including a DRAM or a
RAM/ROM having a     high-speed access mode. An example is described in
"Hitachi Single-Chip RISC Microcomputers SH7032, SH7034
- 27 -      Hardware Manual", Third Edition, March 1994, issued by
Hitachi Ltd. It is also commonly known that these CPU      chips support
all of the byte (8 bit) access, the short      word (16 bits) access and
the long word (32 bits) access,   5 since it is indispensable for
efficiently executing a      program written in a high-level language such
as the C      language. In spite of this, however, external memory
access is complicated to control and requires at least 3      cycles.  10
As described above, the conventional DSP chip 



and the CPU chip have support different external memory      interfaces
suitable for their respective applications.      In the case where the DSP
function and the CPU function      are integrated with each other as in the
present  15 invention, the conventional external memory interface of
CPU type is desirably used. Nevertheless, the problem is      posed of slow
external access for the DSP function.                In view of this,
according to the second      embodiment, the internal RAM of the DSP/CPU
integrated  20 chip of the first embodiment is replaced by a cache
memory to improve the external memory access speed.     Fig. 7 shows in
detail the relation between the DSP/CPU     integrated chip, the cache
(internal memory) and the     external memory in the case where the
internal RAM of  25 Fig. 6 is replaced by a cache memory.                In
Fig. 7, the DSP/CPU integrated chip 700, the     external ROM 713 and the
external RAM 714 are connected     to each other through the external
address bus 711 and                                      - 28 -      the
external data bus 712. Fig. 7 also shows the manner 



in which a DSP/CPU closely-coupling core 701, an internal      ROM 702, a
cache (internal RAM) 704, a DMAC 705 and an      integrated external bus
interface 708 are connected to   5 each other through an internal data bus
706 and an      internal address bus 707 in the DSP/CPU integrated chip
700. The configuration of Fig. 7 is different from that      of Fig. 6 only
in that in Fig. 7, the cache (internal      RAM) 704 and a cache controller
703 in place of the  10 internal RAM 704 of Fig. 6 are built in the DSP/CPU
integrated chip. The DMAC 705 is shown in Fig. 7, but      not in Fig. 6,
because the DMAC is not required for      explanation in Fig. 6. As shown
in Fig. 3, the DMAC is      built in the DSP/CPU integrated chip. The
connection  15  between the cache controller 703 and the DMAC 705,
however, is applicable only to Fig. 7.                The access of the
DSP/CPU closely-coupling core      701 to an address supported by the cache
function is      followed by the following-described operations. First,  20
the cache 704 checks to see whether the data of the     particular address
is contained in the cache 704, and if     contained, accesses the data. In
the absence of such     data, on the other hand, the cache 704 notifies the
cache     controller 703, which activates the DMAC 705 to read a 



25  plurality of neighboring data (500 B to 1 kB in many     cases)
including the particular data from the external     memories 713, 714 into
the cache 704. These data are     supplied to the DSP/CPU closely-coupling
core 701.                                      - 29 -                The
reference to programs and data has a      locality. In other words, when a
given address is      referenced, the possibility of the neighboring
addresses      being next addressed is very high. The use of a   5
mechanism having a cache as described above, therefore,      makes it
possible to access the external memories 713,      714 at the same average
rate as an internal memory. Such      a cache is disclosed in, for example,
"Super RISC Engine      SH7604 Hardware Manual", First Edition, September
1994,  10 issued by Hitachi Ltd. In the cache memory for the
microprocessor described in this manual, however, the      amount of data
read from an external memory in the      absence of corresponding data
(miss-hit) in the cache      memory is as small as 16 B (bytes) per line of
the cache  15 memory. 



As described above, the problem of slow access      to an external memory
for the DSP function is solved by      replacing the internal RAM of the
DSP/CPU integrated chip      by a cache memory.  20 [Third embodiment:
program arrangement]               Now, a third embodiment of the invention
will     be described with reference to Figs. 5, 6, 8 and 9.     According
to the third embodiment, the problem of slow     access to the external
memory by the DSP function is  25 obviated by considering the memory
assignment.               Fig. 6 shows the detailed relation between the
DSP/CPU integrated chip, the internal memory and the     external memory of
the mobile communication terminal                                      - 30
-      shown in Fig. 5. As already explained with reference to      Fig. 6,
the DSP/CPU closely-coupling core 601 is      integrated as a single bus
master. The DSP function and      the CPU function can, therefore, both
arbitrarily access   5 any of the internal ROM 602, the internal RAM 903,
the      external ROM 611 and the external RAM 612. In other 



words, the internal memories and the external memories      cannot be
distinguished for use with DSP or CPU and      constitute completely common
resources.  10           When considering applications to a mobile
communication terminal, however, it is important to      consciously
distinguish the use of the internal memory      from that of the external
memory. An example of the      internal and external memories differently
used is shown  15 in Fig. 8, and includes a DSP/CPU integrated chip 800, an
internal ROM 801, an internal RAM 602, an external ROM      803 and an
external RAM 804. These component parts      correspond to the DSP/CPU
integrated chip 600, the      internal ROM 602, the internal RAM 603, the
external ROM  20 611 and the external RAM 612, respectively, in Fig. 6.
In the memory arrangement of Fig. 8, programs using the      DSP function
such as speech coding/decoding, channel      coding/decoding and
modulation/demodulation and the      constant data for the programs are
arranged in the  25 internal ROM 801, while programs using the CPU function
such as system control, communication protocol and user     interface and
the constant data for the programs are     arranged in the external ROM
803.   



- 31 -                This program arrangement makes it unnecessary
for the DSP function to access an external memory, and      thereby
obviates the problem.                Nevertheless, there may be a case in
which a   5 program using the DSP function and the constant data for
the program are too large to be stored in the internal      ROM 801. In
such a case, the memory assignment shown in      Fig. 9 is effective. Fig.
9 shows a DSP/CPU integrated      chip 900, an internal ROM 901, an
internal RAM 902, an  10 external ROM 903 and an external RAM 904. These
component parts correspond to the DSP/CPU integrated chip      600, the
internal ROM 602, the internal RAM 603, the      external ROM 611 and the
external RAM 612, respectively,      in Fig. 6. The memory arrangement in
Fig. 9, which is  15 basically the same as the assignment shown in Fig. 8,
is      different from the latter in that in Fig. 9, the portions      of
the programs using the DSP functions such as speech      coding/decoding,
channel coding/decoding and modulation/      demodulation and the constant
data for the programs that  20 require no high-speed access are arranged in
the external 



ROM 903.               A code table as large as 10 Kbytes is searched,
for example, in speech coding. In the process, codes are      read from the
code table and processed one by one. This  25 process may take several
hundred cycles per code. In the     case where the large code table of
about 10 Kbytes is     placed in an external memory, the overhead is as
small as     several % although the access thereto requires several
- 32 -      cycles. Also, all the programs using the DSP functions
such as speech coding/decoding, channel coding/decoding      and
modulation/demodulation do not always involve the      Multiply and Add
operation, but include some programs   5  using a function similar to what
is called the      housekeeping process. Such a program is generally
accompanied by a small amount of processing and is large      in size. Such
program portions are preferably arranged      in the external ROM 903.  10
The problem of slow access to an external      memory for the DSP functions
is solved by arranging in 



the external ROM the portions of the programs using the      DSP functions
and the constant data for the programs      requiring no high-speed access,
as shown in Fig. 9.  15 [Fourth embodiment: high-speed access mode memory
interface]                Now, a fourth embodiment of the invention will
be described with reference to Figs. 5, 10A, 10B and 11.      The fourth
embodiment refers to the case in which a  20  memory supporting high-speed
access mode not used in the      conventional DSP is directly connected as
an external      memory for the DSP/CPU integrated chip of the first and
second embodiments.                There are a number of memories
supporting a  25 high-speed access mode. Specifically, an example will be
explained in which a burst ROM is directly connected.     This invention,
however, is not limited to the burst ROM     but covers all the memories
(synchronous DRAM,                                      - 33 -
synchronous SRAM, etc.) supporting a high-speed access      mode. Also, the
external address described as 20 bits 



and the external data described as 8 bits in Fig. 10A are      for
facilitating the explanation, and the invention is   5 applicable to all
the bit widths of the external address      and all the bit widths of the
external data with equal      effect.                Fig. 10A shows a
detailed case in which a      DSP/CPU integrated chip in a mobile
communication  10 terminal and a external burst ROM in Fig. 5 are connected
to each other. In Fig. 10A, a DSP/CPU integrated chip      1000 and an
external burst ROM 1009 are directly      connected to each other through
an integrated external      address bus 1007 and a data bus 1008. These
component  15 parts correspond to the DSP/CPU integrated chip 1100, the
external ROM 1111, the external address bus 1109 and the      data bus
1110, respectively, in Fig. 11.  Fig. 10A also      shows the manner in
which a DSP/CPU closely-coupling core      1001, an internal ROM 1002, an
internal RAM 1003 and an  20 integrated external bus interface 1006 are
connected to     each other through an internal data bus 1004 and an
internal address bus 1005 in the DSP/CPU integrated chip     1000. These
component parts correspond to the DSP/CPU     closely-coupling core 601,
the internal ROM 602, the  25 internal RAM 603, the integrated external bus
interface 



606, the internal data bus 604 and the internal address      bus 605,
respectively, in Fig. 6. Signals for      controlling the external burst
ROM 1009 from the DSP/CPU                                      - 34 -
integrated chip 1000 include a chip select signal (/CS2)      1010 and a
read signal (/RD) 1011. These signals are      applied to a chip enable
terminal (/CE) and an output      enable terminal (/OE) of the burst ROM
1009. Also,   5 Fig. 10B shows a time chart of signals between the
DSP/CPU integrated chip 1000 and the external burst ROM      1009.
Fig. 11 shows an example memory map 1100 for      the DSP/CPU integrated
chip. In this memory map 1100,  10 the burst ROM can be directly connected
to the space of      the chip select signal (/CS2) 1010. Specifically, when
the space of the chip select signal (/CS2) is accessed by      the DSP/CPU
closely-coupling core 1001 of Fig. 10A, the      chip select signal (/CS2)
1010 becomes an active low, and  15 the read signal (/RD) 1011 performs the
operation as      shown in the time chart. 



In the case where four successive data are      accessed in the burst ROM,
the access to the first data      has some overhead but the remaining three
data can be  20 accessed at high speed. This condition will be explained
with reference to Fig. 10B. Suppose that the chip select     signal (/CS2)
1010 becomes low and the burst ROM 1009     becomes active. Four successive
data are accessed at a     time in the burst ROM using the high-order bits
A2 to A19  25 (except for the two low-order bits) of the address.     After
that, the four data accessed are read out of the     burst ROM sequentially
using the two low-order bits AO,     Al of the address. The data thus read
out are read into                                     - 35 -      the
DSP/CPU integrated chip 1000 at the leading edge of      the read signal
(/RD) 1011.                In the example of Fig. 10B, it takes 6 cycles
to read the first data. This is because it includes the   5 time required
for accessing the four successive data in      the burst ROM at a time as
described above. The      subsequent three data, however, are read out in
one 



cycle. The effective access cycle, therefore, is given      as (6 + 1 *
3)/4 = 2.25 cycles. This indicates that the  10 access speed is higher by
25 % than when 3 cycles are      required with an ordinary external ROM.
The problem of slow access to an external     memory for the DSP function
can thus be solved by     directly coupling a memory supporting a
high-access mode.  15 Also, the overhead generated when a cache memory
fails to     hit can be reduced by combining the fourth embodiment     with
the second embodiment using a cache memory.     [Fifth embodiment: DRAM
interface]               Now, a fifth embodiment of the invention will  20
be explained with reference to Figs. 5, 11 12A, 12B and      12C. The fifth
embodiment represents the case in which a      DRAM not used in the
conventional DSP is directly      connected as an external memory for the
DSP/CPU      integrated chip of the first and second embodiments.  25
Fig. 12A shows the case in which a DRAM      (dynamic RAM) is connected
directly as an external RAM to      provide a value-added service to a
mobile communication      terminal. Fig. 12A also shows the detailed case
in which     



- 36 -      the DSP/CPU integrated chip and the external DRAM are
connected to each other in the mobile communication      terminal of Fig.
5. In Fig. 12A, a DSP/CPU integrated      chip 1200 and an external DRAM
1209 are directly   5 connected to each other through an integrated
external      address bus 1207 and a data bus 1208. These component
parts correspond to the DSP/CPU integrated chip 600, the      external RAM
612, the external address bus 609 and the      data bus 610, respectively,
in Fig. 6. Fig. 12A also  10  shows the manner in which a DSP/CPU
closely-coupling core      1201, an internal ROM 1202, an internal RAM 1203
and an      integrated external bus interface 1206 are connected to
each other through an internal data bus 1204 and an      internal address
bus 1205 in the DSP/CPU integrated chip  15 1200. These component parts
correspond to the DSP      closely-coupling core 601, the internal ROM 602,
the      internal RAM 603, the integrated external bus interface      606,
the internal data bus 604 and the internal address      bus 605,
respectively, in Fig. 6. Signals for control-  20 ling the external DRAM
1209 from the DSP/CPU integrated      chip 1200 include a row address
select signal (/RAS) 



1210, a column address select signal (/CAS) 1211 and a      write signal
(/WR) 1212. These signals are applied to      corresponding pins of the
external DRAM 1209,  25 respectively. Figs. 12B, 12C show time charts of
signals     between the DSP/CPU integrated chip 1200 and the external
DRAM 1209.               An example memory map 1100 for the CSP/CPU
- 37 -      integrated chip is shown in Fig. 11. In this memory map
1100, a DRAM can be directly coupled to the space of the      chip select
signal (/CS3). Specifically, when the space      of the chip select signal
(/CS3) is accessed by the   5 DSP/CPU closely-coupling core 1201 of Fig.
12A, the row      address select signal (/RAS) 1210, the column address
select signal (/CAS) 1211 and the write signal (/WR) 1212      perform the
operation shown in the time charts of Figs.      12B, 12C.  10
According to this invention, a large-capacity     DRAM directly coupled in
this manner can be directly     accessed from the DSP function. The mobile
communication 



terminal as shown in Fig. 5 can be easily equipped with a     value-added
service such as the voice mail function. The  15 audio data communicated in
the mobile communication     terminal is compressed to 4 kbits/sec to 13
kbits/sec.     In the case where one DRAM chip of 4 Mbits is used as
shown in Fig. 12A, for example, a voice signal of 5 to 17     minutes can
be stored.  20 [Sixth embodiment: Higher data transfer rate of
peripheral circuits]               Now, a sixth embodiment of the invention
will     be explained with reference to Figs. 5, 13A, 13B and 14.     The
sixth embodiment is intended to improve the data  25 transfer speed of the
integrated peripheral circuits of     the first embodiment.
The conventional independent DSP chip, in which     peripheral circuits are
few in number and types and are                                     - 38 -
directly connected to an internal data bus, is capable of     high-speed
data transfer. The conventional independent     CPU chip, on the other
hand, has many peripheral circuits 



of various types. The resulting requirement of a  5 peripheral circuit
interface, however, leads to a low     data transfer rate.
With the DSP/CPU integrated chip according to     this invention, the
peripheral circuits for the DSP     function are connected to the
peripheral circuits of the  10 CPU function through an integrated
peripheral circuit     interface. As a result, a low data transfer rate is
caused sometimes for the peripheral circuits of the DSP     function.
In view of this, according to the sixth embodi-  15  ment, a plurality of
samples are transferred concurrently      to improve the speed of data
transfer for the integrated      peripheral circuits of the first
embodiment.                Fig. 13 shows in detail the connection between
the DSP/CPU integrated chip 1300 and the integrated  20  baseband AFE 1313
in the mobile communication terminal of      Fig. 5. These component parts
correspond to the DSP/CPU      integrated chip 500 and the integrated AFE
501,      respectively, in Fig. 5. Fig. 13A shows, in particular,      only
the portions of data transfer for exchanging data  25 with a RF modem.
A serial input-output circuit (SI01) 1301, a 



serial input-output circuit (SI02) 1302 and an integrated      peripheral
bus 1303 are involved in the DSP/CPU                                     -
39 -      integrated chip 1300. These component parts correspond      to
the DSP peripheral circuit 322, the integrated      peripheral address bus
(PA) 320 and the integrated      peripheral data bus (PD) 321,
respectively, in Fig. 3.   5 Although the serial input-output circuit
(SI01) 1301 is      used for both input and output functions in Fig. 13A,
the      serial input-output circuit (SI02) 1302 is used only for      the
input functions. In other words, the DSP/CPU      integrated chip 1300 is
configured to have one output and  10 two inputs with respect to the
integrated baseband AFE      1313.               The component elements of
the integrated     baseband AFE 1313 related to this embodiment include a
serial interface 1319, a GMSK (Gaussian minimum shift  15 keying) modulator
1316, an I signal D/A converter 1318, a     Q signal D/A converter 1317, an
I signal A/D converter     1315, and a Q signal A/D converter 1314. The RF
modem 



and the integrated baseband AFE 1313 exchange data by     means of the I
and Q analog signals.  20           The DSP/CPU integrated chip 1300 and
the      integrated baseband AFE 1313 are connected to each other
through signal lines (TXD1) 1304, (STS1) 1305, (STCK1)      1311, (RXD1)
1306 , (SRS1) 1310, (SRCK1) 1311, (RDX2)      1309, (SRS2) 1308 and (SRCK2)
1311. A timing chart of  25  these signal lines  is shown in Fig. 13B.  The
signals on     the signal lines 1311 and 1312 in Fig. 13A are supplied
from the system timing circuit 20 in Fig. 5. The signal     line 1312 is
used for controlling the serial interface
- 40 -      1319. The signal line 1311 is for carrying a basic clock
for data transfer, which is supplied to both the DSP/CPU      integrated
chip 1300 and the integrated baseband AFE      1313.  5           Now, the
transfer will be explained in detail.     First, consider the case in which
data are transferred     from the DSP/CPU integrated chip 1300 to the
integrated     baseband AFE 1313. In the process, the three signal 



lines (TXD1) 1304, (STS1) 1305 and (STCK1) 1311 are used.  10 The signal
line (STCK1) 1311 represents a basic clock for     data transfer supplied
from the system timing circuit 520     of Fig. 5 as described above. In
this case, 16-bit     digital data are transferred bit by bit in
synchronism     with the basic clock. Data having an arbitrary bit width
15 can of course be transferred in the same manner. The     signal line
(TXD1) 1304 represents a one-bit data bus for     transmission. The signal
line (STS1) 1305 represents a     frame sync signal line. The data are
output sequentially     bit by bit on the signal line (TXD1) 1304 during
the 16  20 clocks starting with the clock immediately following the
pulse output of this signal. The timing involved is     shown in Fig. 13B.
Starting with the clock immediately     following the pulse output on the
signal line (STS1)     1305, 16-bit data D15 to D0 are output on the signal
line  25 (TXD1) 1304 bit by bit for each clock sequentially from     the
most significant bit D15.               Now, consider the case in which the
DSP/CPU      integrated chip 1300 receives data from the integrated       



- 41 -      baseband AFE 1313. Two signal data including the I and Q
signals are received. First, consider the I signal.      Three signal lines
are used, including the signal lines      (RXD1) 1306, (SRS1) 1310 and
(SRCK1) 1311. The signal   5 line (SRCK1) 1311, as described above,
represents a basic      clock for data transfer supplied from the system
timing      circuit 520 shown in Fig. 5. The 16-bit digital data are
transferred bit by bit in synchronism with the basic      clock. Data of a
given bit width can of course be  10  transferred in the same manner.  The
signal line (RXD1)      1306 represents a one-bit data bus for receiving.
The      signal line (SRS1) 1310 represents a frame sync signal      line.
The data on the signal line (RXD1) 1304 are input      bit by bit
sequentially during the 16 clocks starting  15  with the clock immediately
following the input of the      pulse signal on the line (SRS1) 1310 to the
DSP/CPU      integrated chip 1300. The timing involved is also shown
in Fig. 13B. The 16-bit data D15 to D0 from the clock      immediately
following the pulse input to the signal line  20  (SRS1) 1306 are input bit
by bit from the signal line      (RXD1) 1304 for each clock sequentially
starting with the      most significant bit D15. The Q signal is also
received 



exactly the same manner as the I signal. The difference      line in that
the I signal is received by the serial  25  input-output circuit (SI01)
1301 and the Q signal by the      serial input-output circuit (SI02) 1302.
Now, the serial input-output circuit (SI01)      1301 and the serial
input-output circuit (SI02) 1302 will
- 42 -      be explained in detail with reference to Fig. 14.      Fig. 14
shows the portion of the DSP/CPU integrated chip      related to the
present embodiment. The serial input-      output circuit (SI01) 1301
corresponds to the serial   5 input-output circuit (SI01) 1424, and the
serial input-      output circuit (SI02) 1302 to the serial input-output
circuit (SI02) 1420.                The configuration of Fig. 14 includes a
DSP/CPU      closely-coupling core 1400, an internal memory X 1401, an  10
internal memory Y 1402, an integrated peripheral bus      interface 1406, a
DMAC 1405, a serial input-output      circuit (SI01) 1424, a serial
input-output circuit (SI02)      1420, and an AND circuit 1429. The DSP/CPU
closely- 



coupling core 1400, the internal memory X 1401, the  15 internal memory Y
1402, the integrated peripheral bus      interface 1406 and the DMAC 1405
are connected to each      other through the internal address bus (IA) 1403
and the      internal data bus (ID) (32 bits wide) 1404. The serial
input-output circuit (SI01) 1424 and the serial input-  20  output circuit
(SI02) 1420 are connected to the      integrated peripheral bus interface
1406 through the      integrated peripheral buses 1407, 1408, 1409.
The integrated peripheral bus includes an     address bus (PA) 1407 and a
32-bit wide data bus (PD).  25  The PD bus in turn includes a 16 high-order
bit PD (31 to      16) 1408 and a 16 low-order bit PD (15 to 0) 1409. In
Fig. 14, the serial input-output circuit (SI01) 1424 is      connected to
the 16 high-order bit PD (31 to 16) 1408 of
- 43 -      the integrated peripheral data bus, and the serial input-
output circuit (SI02) 1420 to the 16 low-order bit PD (15      to 0) 1409
of the integrated peripheral data bus. Though      not shown, the address
bus (PA) 1407 is connected to the 



5 serial input-output circuit (SI01) 1424 and the serial      input-output
circuit (SI02) 1420.                The serial input-output circuit (SI01)
1424      includes a 16-bit wide data transmission data register
(TDR1) 1427, a 16-bit wide data receiving data register  10 (RDR1) 1428, a
parallel/serial converter 1425, a      serial/parallel converter 1426 and a
control circuit      1423. Six signal lines (three each for transmission
and      receiving) (RXD1) 1430, (SRCK1) 1432, (SRS1) 1433, (TXD1)
1434, (STS1) 1435 and (STCK1) 1436 are also shown for  15 exchanging data
with circuits external to the chip.      These signal lines correspond to
the signal lines (RXD1)      1306, (SRCK1) 1311, (SRS1) 1310, (TXD1) 1304,
(STS1) 1305      and (STCKl) 1311, respectively, in Fig. 13A. These
signal lines are described above in detail with reference  20 to Fig. 13A.
The serial input-output circuit (SI02) 1420     includes a 16-bit wide data
transmission data register     (TDR2) 1415, a 16-bit wide data receiving
data register     (RDR2) 1416, a parallel/serial converter 1417, a  25
serial/parallel converter 1418 and a control circuit      1419.  Six (three
each for transmission and receiving)      signal lines (TXD2) 1431, (SRCK2)
1437, (SRS2) 1438, 



(RXD2) 1439 are also shown for exchanging data with
- 44 -      circuits external to the chip. Among these signal lines,
the signal lines (SRCK2) 1437, (SRS2) 1438 and (RXD2)      1439 correspond
to (SRCK2) 1307, (SRS2) 1308 and (RXD2)      1309, respectively, in Fig.
13A. These signal lines are   5 also described above in detail with
reference to Fig.      13A. In Fig. 13A, however, the serial input-output
circuit (SI02) 1420 is used only for receiving.      Consequently, the
three transmission signal lines (TXD2)      1431, (STS2) 1440 and (STCK2)
1441 are not shown in  10 Fig. 13A.                First, explanation will
be made about the data      transmission using the serial input-output
circuit (SI01)      1424. The 16-bit wide transmission data are applied to
the data transmission data register (TDR1) 1427 through  15  the 16
high-order bit PD (31 to 16) 1408 of the      integrated peripheral data
bus. The data are further      output bit by bit on the one-bit data bus
(TDX1) 1434  



through the parallel/serial converter 1425. The output      cycle and
timing are controlled by the control circuit  20 1423 using the signal line
(STS1) 1435 and (STCK1) 1436.                Now, explanation will be made
about the case in     which the two 16-bit data received by the serial
input-     output circuit (SI01) 1424 and the serial input-output
circuit (SI02) 1420 are transferred through a 32-bit bus.  25  The serial
input-output circuit (SI01) 1424 is supplied     with the receiving data
bit by bit from the signal line     (RDX1) 1430. The input cycle and timing
are controlled     by the control circuit 1423 using the signal lines
(SRS1)                                      - 45 -      1433 and (SRCK1)
1432. The bit string thus input is      converted into a 16-bit wide
parallel data through the      serial/parallel converter 1426, and input to
the      receiving data register 1428. When the receiving data   5 register
1428 is supplied with the receiving data and      preparations are made for
transfer, then the control      circuit 1423 activates the interrupt signal
(INT) 1422 to      DMAC. 



The serial input-output circuit (SI02) 1420, on  10 the other hand, is
supplied with the receiving data bit      by bit from the signal line
(RDX2) 1439. The input cycle      and timing are controlled by the control
circuit 1419      using the signal lines (SRS2) 1438 and (SRCK2) 1437. The
bit string thus input is converted into a 16-bit wide  15 parallel data
through the serial/parallel converter 1418,      and applied to the
receiving data register (RDR2) 1416.      When the receiving data register
(RDR2) 1416 is supplied      with the receiving data and preparations are
made for      transfer, the control circuit 1419 activates the  20
interrupt signal (INT) 1421 to the DMAC. The AND circuit      1429 produces
the logical product of the interrupt signal      (INT) 1422 and the
interrupt signal (INT) 1421 thereby to      interrupt the DMAC 1405. In
other words, the data to be      transferred are prepared in the two 16-bit
receiving data  25 registers (RDR1) 1428 and (RDR2) 1416 by the time when
the DMAC 1405 is interrupted. The DMAC can handle the     two 16-bit
receiving data as a single 32-bit datum, and     transfer it to the
internal memory X 1401 or the internal       



- 46 -      memory Y 1402 through the 32-bit wide integrated
peripheral data buses 1408, 1409 and the 32-bit wide      internal data bus
1404.                In this way, the transfer rate of the serial   5
input-output circuit can be doubled according to the      sixth embodiment
as compared with the bit-by-bit transfer      of the 16-bit data. The
problem of slow data transfer of      the peripheral circuits for the DSP
function can thus be      solved.  10 [Seventh embodiment]
Now, a seventh embodiment of the invention will     be explained with
reference to Figs. 5, 15A, 15B and 16.     The seventh embodiment is a
variation of the sixth     embodiment. The sixth embodiment uses two serial
input-  15 output circuits for two receiving signals. The seventh
embodiment, by contrast, uses only one serial output      circuit by time
division of two receiving signals.               Fig. 15A shows in detail
the connection between     a DSP/CPU integrated chip 1500 and an integrated
baseband  20 AFE 1511 in the mobile communication terminal of Fig. 5.
These component parts correspond to the DSP/CPU     integrated chip 100 and
the integrated AFE 501, respec- 



tively, in Fig. 5. Only the portions for transferring     data relating to
data exchange with a RF modem are shown  25 in Fig. 15A.               The
serial input-output circuit (SI01) 1502 and     the integrated peripheral
bus 1501 are involved in the     DSP/CPU integrated chip 1500. These
component parts                                      - 47 -      correspond
to the DSP peripheral circuit 422, the      integrated address bus (PA) 320
and the integrated data      bus (PD) 321, respectively, in Fig. 3.  In
Fig. 15A, the      serial input-output circuit (SI01) 1502 is used for
input   5 and output functions. The DSP/CPU integrated chip 1500      is
configured of one output and two inputs with respect      to the integrated
baseband AFE 1511.                The component elements of the integrated
baseband AFE 1511 according to the present embodiment  10 include a serial
interface 1505, a GMSK (Gaussian minimum      shift keying) modulator 1514,
an I signal D/A converter      1516, a Q signal D/A converter 1515, an I
signal A/D      converter 1513, and a Q signal A/D converter 1512. The 



RF modem and the integrated baseband AFE 1511 exchange  15 data using the I
and Q signals constituting analog      signals.                The DSP/CPU
integrated chip 1500 and the      integrated baseband AFE 1511 are
connected to each other      through signal lines (TXD1) 1503, (STS1) 1504,
(STCK1)  20  1509, (RXD1) 1508, (SRS1) 1507, (SRCK1) 1509 and (IQFLAG)
1506. A timing chart of these signal lines is shown in      Fig. 15B. The
signals on the signal line 1509 and the      signal line 1510 in Fig. 15A
are supplied from the system      timing circuit 520. The signal line 1510
is used for  25  controlling the serial interface 1505.  The signal line
1509 represents a basic clock for data transfer and is      supplied to
both the DSP/CPU integrated chip 1500 and the      integrated baseband AFE
1511.                                     - 48 -                Now, the
transfer operation will be described      in detail. The data transfer from
the DSP/CPU integrated      chip 1500 to the integrated baseband AFE 1511
is exactly      the same as that in the case of Fig. 13A and will not be 



5 explained.                Consider the case in which the DSP/CPU
integrated chip 1500 receives data from the integrated      baseband AFE
1511. Two signal data including I and Q      signals are received. Fig. 15A
shows the case in which  10 the two signals are time-division multiplexed.
At this     time, four signal lines (RXD1) 1508, (SRS1) 1507, (SRCK1)
1509 and (IQFLAG) 1506 are used. The signal line (SRCK1)     1509, as
described above, represents the basic clock for     data transfer supplied
from the system timing circuit 520  15  of Fig. 5.  In this case, too,
16-bit digital data are     transferred bit by bit in synchronism with the
basic     clock. Data of an arbitrary bit width can of course be
transferred in the same manner. The signal line (RXD1)     1508 is a
one-bit data bus for receiving. The signal  20 line (SRS1) 1507 is a frame
sync signal line. The data     on the signal line (RXD1) 1508 are input
sequentially bit     by bit during the period of 16 clocks starting with
the     clock immediately following the time when this signal is     input
to the DSP/CPU integrated chip 1500 as a pulse.  25           The timing
involved is shown in Fig. 15B.  In     this timing chart, the I signal is
first input, followed     by the Q signal. First, the 16-bit data I15 to I0
are 



sequentially input with the most significant bit I15
- 49 -      first from the signal line (RXD1) 1508 at the rate of one
bit per clock starting with the clock immediately      following the first
pulse of the signal line (SRS1) 1507.      Then, the 16-bit data Q15 to Q0
are input the most   5 significant bit Q15 first from the signal line
(RXD1)      1508 sequentially at the rate of one bit per clock
starting with the clock immediately following the second      input pulse
of the signal line (SRS1) 1507. The signal      line (IQFLAG) 1506 is used
in order to identify the data  10 transferred by the signal line (RXD1)
1508. In Fig. 15A,      the signal line (IQFLAG) 1506 is kept high during
the      transfer of the I signal.                Now, the serial
input-output circuit (SI01)      1502 in Fig. 15A will be explained in
detail with  15  reference to Fig. 16.  Fig. 16 shows the portions of the
DSP/CPU integrated chip relating to the present embodi-      ment. The
serial input-output circuit (S101) 1502      corresponds to the serial
input-output circuit (SI01) 



1631.  20            The configuration of Fig. 16 includes a DSP/CPU
closely-coupling core 1600, an internal memory X 1601, an      internal
memory Y 1602, an integrated peripheral bus      interface 1606, a DMAC
1605 and a serial input-output      circuit (SI01) 1631. The DSP/CPU
closely-coupling core  25  1600, the internal memory X 1601, the internal
memory Y      1602, the integrated peripheral bus interface 1606 and
the DMAC 1605 are connected to each other through an      internal address
bus (IA) 1603 and an internal data bus
- 50 -      (ID) (32-bit wide) 1604. The serial input-output circuit
(SI01) 1631 is connected to the integrated peripheral bus      interface
1606 through the integrated peripheral buses      1607, 1608, 1609. The
integrated peripheral bus includes   5  an address bus (PA) 1607 and a
32-bit wide data bus (PD).      The PD bus includes the 16 high-order bit
PD (31 to 16)      1608 and the 16 low-order bit PD (15 to 0) 1609.
The serial input-output circuit (SI01) 1631      includes two 16-bit wide
data transmission data registers 



10  (TDRU) 1629, (TDRL) 1630, two 16-bit wide data receiving      data
registers (RDRU) 1614, (RDRL) 1615, two multiplexers      (MUL) 1628, 1616,
a parallel/serial converter 1627, a      serial/parallel converter 1617 and
a control circuit      1619. The data transmission data register (TDRU)
1629  15  and the data receiving data register (RDRU) 1614 are
connected to the 16 high-order bit PD (31 to 16) 1608 of      the
integrated peripheral data bus. The data trans-      mission data register
(TDRL) 1630 and the data receiving      data register (RDRL) 1615 are
connected to the 16 low-  20  order bit PD (15 to 0) 1609 of the integrated
peripheral      data bus. Seven signal lines for exchanging data with
circuits external to the chip are also shown. They      include three
signal lines (STS1) 1625, (STCK1) 1624 and      (TDX1) 1626 for
transmission, and four signal lines  25  (SRS1) 1520, (SRCK1) 1621, (RXD1)
1623 and (IQFLAG) 1622      for receiving. These signal lines are explained
in      detail above with reference to Fig. 15.                First,
explanation will be made about the case
- 51 - 



in which data are transmitted using the serial input-      output circuit
(SI01) 1631. Two 16-bit wide transmission      data are input through a
32-bit integrated peripheral      data bus PD (31 to 0) to two 16-bit wide
data   5 transmission data registers (TDRU) 1629 and (TDRL) 1630.      The
data register (TDRU) 1629 is supplied through the 16      high-order bit PD
(31 to 16) 1608, and the data register      (TDRL) 1630 through the 16
low-order bit (15 to 0) 1609.      Then, the multiplexer 1628 selects which
of the data in  10  the two transmission data registers is to be
transmitted.      The selected 16-bit wide data are output on the 1-bit
data bus (TDX1) 1626 bit by bit through the parallel/      serial converter
1627. The output cycle and timing are      controlled by the control
circuit 1619 using the signal  15  lines (STS1) 1625 and (STCK1) 1624.
Now, explanation will be made about the case in     which two 16-bit wide
data (I signal data and Q signal     data) received by the serial
input-output circuit (SI01)     1631 are transferred concurrently through a
32-bit bus.  20  The serial input-output circuit (SI01) 1631 is supplied
with the receiving data bit by bit from the signal line     (RDX1) 1623.
The input cycle and timing are controlled     by the control circuit 1619
using the signal lines (SRS1) 



1620 and (SRCK1) 1621. The bit string thus input are  25  converted into
16-bit wide parallel data through the     serial/parallel converter 1617,
and are applied to one of     the two receiving data registers. The
receiving data     register to which the signal is input is determined by
- 52 -      the multiplexer (MUL) 1616.  The multiplexer (MUL) 1616      is
switched by a control signal generated by the control      circuit 1619 on
the basis of the signal line (IQFLAG)      1622. The I signal data are
applied to the register   5 (RDRU) 1614 and the Q signal data to the
register (RDRL)      1615, for example.               When the receiving
data are applied to the two      receiving data registers (RDRU) 1614 and
(RDRL) 1615 and      preparations are made for transfer, then the control
10 circuit 1619 activates an interrupt signal (INT) 1618 to      the DMAC
thereby to interrupt the DMAC 1605. The DMAC      handles two 16-bit
receiving data as a single 32-bit data      and can transfer it to the
internal memory X 1601 or the      internal memory Y 1602 through the
32-bit wide integrated 



15 peripheral data buses 1608, 1609 and the 32-bit wide      internal data
bus 1604.                In this way, the transfer rate of the serial
input-output circuit can be doubled by using the seventh      embodiment as
compared with the case in which 16-bit data  20 are transferred one by one,
and thus the problem of slow     data transfer can be solved for the
peripheral circuit of     the DSP function.     [Eighth embodiment: power
amplifier control]               Now, an eighth embodiment of the invention
will  25 be explained with reference to Figs. 2, 5, 17A, 17B, 18,      19,
20A, 20B. In the conventional GSM mobile communica-      tion terminal
shown in Fig. 2, the low efficiency of the      system configuration due to
the overhead between DSP and                                      - 53 -
CPU poses the problem. According to the present      embodiment, such an
overhead is eliminated as the DSP      function and the CPU function are
integrated with each      other as in the first embodiment. Therefore, the
mobile   5 communication terminal can be configured efficiently. 



Specifically, consider the power amplifier      control of the RF section.
The mobile communication      terminal shown in Figs. 2 and 5 is
responsible for      controlling the output of the power amplifier of the
RF  10 section on the basis of an instruction from the base      station.
In the conventional configuration of power      amplifier control, the
communication overhead often      occurs between DSP and CPU.
First, the overhead will be briefly explained  15 with reference to Figs. 1
and 18. The processing at the      communication terminal of the mobile
communication system      is explained already with reference to Fig. 1.
Fig. 18 shows how this process is realized by     the invention and by the
prior art. In the prior art  20 using two independent DSP and CPU, the user
interface     process, system control and the communication protocol
process are realized by a CPU chip, while the audio     coding/decoding,
the communication path coding/decoding     process and the
modulation/demodulation process are  25 realized by a DSP chip. An exchange
of data with the     base station requires the communication path coding/
encoding and the modulation/demodulation process requires     realized by
the DSP chip. This in turn makes it 



- 54 -      necessary to exchange the data on the communication
protocol process with the base station. As a result, the      CPU chip is
required to communicate with the DSP chip.      This communication overhead
is illustrated with reference   5 to the prior art in Fig. 18.
When the output of the power amplifier of the      RF section is
controlled, on the other hand, the D/A      converter 203 for controlling
the power amplifier PA in      Fig. 2 is required to be accessed. Since the
D/A  10 converter 203 for controlling the PA is physically      connected
to the DSP chip, however, the CPU chip is      required to communicate with
the DSP chip whenever      necessary.                According to this
invention, by contrast, all  15 the digital processes including the user
interface      process, the system control, the communication protocol
process, the audio coding/decoding process, the      communication path
coding/decoding process and the      modulation/demodulation process are
realized by a DSP/CPU 



20 integrated chip. As shown in Fig. 18, therefore, the CPU      chip has
no overhead with the DSP chip and the system can      be efficiently
configured.               The overhead will be explained in detail with
reference to Figs. 20A, 20B. The mobile communication  25 terminal shown in
Figs. 5 and 2 is first supplied with     the instruction data for the power
amplifier output     control of the RF section from the base station.
In the prior art shown in Fig. 20A, this
- 55 -      receiving data are sent to the DSP chip. Fig. 20A shows
the subsequent processes in a flowchart.                First, the DSP chip
performs the demodulation      process and the channel decoding process for
the   5 receiving data. Then, the CPU chip is interrupted by the      DSP
chip to deliver the data sent thereto to the protocol      process. The CPU
chip thus interrupted suspends the      program under execution, saves the
internal status, and      receives the receiving data from the DSP chip.
After  10 that, the CPU chip executes the protocol processing 



program to decode the receiving data, and coming to know     that it is an
instruction for power amplifier output     control, outputs the control
data. The CPU chip     interrupts the DSP chip in order to access the power
15 amplifier PA control D/A converter connected to the DSP      chip. The
DSP chip thus interrupted suspends the program      in execution, saves the
internal condition, and receives      from the CPU chip an instruction and
control data for      driving the PA control D/A converter. The DSP chip
thus  20 drives the DSP peripheral circuit for analog front end     AFE
having the PA control D/A converter built therein,     thereby controlling
the power amplifier output. The     processing flow of the prior art is
described above. The     overhead portion is shadowed.  25            Such
the need of an overhead is completely     eliminated according to the
present invention using the     DSP/CPU integrated chip shown in the
flowchart of Fig.     20B. This is due to the fact that the integration of
the                                     - 56 -      DSP function and the
CPU function eliminates the require- 



ment for the communication between the DSP process and      the CPU process
and that the integrated peripheral      circuits of the DSP and CPU permits
the DSP peripheral   5 circuit to be directly accessed by the CPU function.
Now, explanation will be made in detail about      the direct access made
by the CPU function to the DSP      peripheral circuit with reference to
Figs. 17A, 19. In      other words, the explanation refers to the case in
which  10 the protocol processing program executed by the CPU     accesses
directly the D/A converter for controlling the     power amplifier PA.
Fig. 17A shows, in enlarged form, only the     related part of the joint
between the DSP/CPU integrated  15 chip 500 and the power amplifier PA
control D/A converter      504 of a communication terminal.  A serial
input-output      circuit SIO 1713, a BIT I/O circuit 1714 and an
integrated peripheral bus are involved in the DSP/CPU      integrated chip
1712. The component elements of an  20 integrated baseband AFE 1700
relating to this embodiment      include a serial interface 1701, a power
ramping RAM 1703      and a PA control signal D/A converter 1702. The power
ramping RAM 1703 has an output waveform built therein as      a sample
data.  Fig. 17A shows the case of six samples. 



25 Any number of samples, however, can of course be     employed. An
example waveform 1704 formed by the six     built-in data is also shown in
Fig. 15A. The integrated     baseband AFE 1700 controls the power amplifier
by a PA                                      - 57 -      control signal
which is an analog signal. The output      waveform built in the power
ramping RAM 1703 is converted      into an analog signal and output as a PA
control signal      1705 at a timing designated by a transfer start signal
5 1706.                Fig. 19 shows the timing designated by the
transfer start signal 1706 and required waveforms of the      power
amplifier. The GSM communication system is a time-      division system
including eight time slots (577 [err]s) for  10  each frame (4.615 ms).
The transmission is activated      during one time slot in one frame (8
time slots). Thus      the timing indicated by Tx represents the timing
designated by the transfer start signal 1706 in Fig. 17A.      Character Rx
in Fig. 19 shows the receiving timing. A  15  required output waveform of
the power amplifier is shown 



in the lower part of Fig. 19. As shown in Fig. 19, the      GSM
communication system severely restricts the ramping      of rise and fall
as well as the amplitude of the output      waveform. The power ramping RAM
1703 of Fig. 17A is used  20  for satisfying this requirement.
Turning to Fig. 17A, the explanation will be      continued. The DSP/CPU
integrated chip 1712 and the      integrated baseband AFE 1700 are
connected to each other      through signal lines (TXD) 1710, (STS) 1709,
(STCK) 1708  25. and (/CTRL) 1711. The timing chart for these signal
lines is shown in Fig. 17B. The signals 1708, 1707 and     1706 in Fig. 7A
are supplied from the system timing     circuit 520 of Fig. 5. The signal
line 1707 is used for                                      - 58 -
controlling the serial interface 1701. The signal line      1708 represents
a basic clock for data transfer and is      supplied to both the DSP/CPU
integrated chip 1712 and the      integrated baseband AFE 1700.   5
Now, the operation of writing data in the power      ramping RAM 1703 will
be explained in detail. The basic 



operation of transferring data from the DSP/CPU      integrated chip 1712
to the integrated baseband AFE 1700      is substantially the same as that
explained with  10  reference to Figs. 13A, 13B, 15A, 15B.  The difference
lies, however, in that an address is required for      designating one of
the six entries to be written of the      power ramping RAM 1703. For this
purpose, the system of      Fig. 17A uses a format in which the first 10
bits of the  15 16 bits in the transfer data represent data and the last
six bits an address. These specific bit lengths of      course are set
provisionally for facilitating the      understanding, and any number of
bits may actually be      used. Four signal lines (TXD) 1710, (STS) 1709,
(STCK)  20 1708 and (/CTRL) 1711 are used for transfer. The signal
line (STCK) 1708, as described above, represents a basic      clock for
data transfer supplied from the system timing      circuit 520 of Fig. 5.
In the case under consideration,      16-bit digital data are transferred
bit by bit in  25 synchronism with this basic clock. Alternatively, data
of an arbitrary bit width can of course be transferred in     the same
manner. The signal line (TXD) 1710 is a 1-bit     data bus for
transmission. The signal line (STS) 1709 is   



- 59 -     a frame sync signal line. During the 16-clock period     from
the clock immediately following the pulse output of     this signal, the
data are output sequentially bit by bit     onto the signal line (TXD)
1710.  5           The timing of this operation is shown in the     lower
part of Fig. 17B. The 10-bit data D9 to D0 and the     6-bit address A5 to
A0 are sequentially output starting     with the most significant bit D9 at
the rate of a bit per     clock in succession onto the signal line (TXD)
1710. In  10 order to distinguish from the normal transfer mode
described with reference to Figs. 13A, 13B, 15A, 15B, the     signal
(/CTRL) 1711 is used. When the signal (/CTRL)     1711 is active, the
10-bit data are written in the     internal resource of the integrated
baseband AFE 1700  15 designated by the 6-bit address. In the case where
data     are written in the six entries of the power ramping RAM     1703,
six 16-bit data having six corresponding addresses     and data are
transferred as required.               As described above, the power
amplifier control  20 involves none of the processes requiring the DSP
function 



such as the Multiply and Accumulate calculation. In     spite of this, the
DSP chip is interrupted simply for     accessing the DSP peripheral circuit
in the prior art.     According to the present invention, such a wasteful
25 overhead does not occur since the CPU function can     directly access
the DSP peripheral circuit.     [Ninth embodiment: ASIC circuit]
Now, a ninth embodiment of the invention will
- 60 -     be explained with reference to Figs. 5 and 21. The ninth
embodiment refers to the case in which a high-speed     dedicated circuit
is added to the DSP/CPU integrated chip     on which the first embodiment
is based.   5           The foregoing embodiments are assumed on a
standard general-purpose DSP/CPU integrated circuit. If      a system is to
be efficiently realized to suit each      specific application, however, a
high-speed dedicated      circuit ASIC (application specific integrated
circuit) is  10 required to be incorporated. Explanation will be made
about how to configure such a circuit within the 



framework of the invention. A possible example of the     ASIC circuit
includes an A/D converter, a D/A converter     and a serial interface
circuit in the integrated AFE 501  15 of Fig. 5.               Fig. 21
shows the portions of the DSP/CPU      integrated chip relating to the
present embodiment, an      external memory and an external bus. The
configuration      of Fig. 21 includes a DSP/CPU closely-coupling core
2100,  20 an internal memory X 2101, an internal memory Y 2103, an
integrated peripheral bus interface 2116, a DMAC 2101, an     integrated
external bus interface 2118, an integrated     ASIC bus interface 2117, a
standard DSP peripheral     circuit 2104, a standard CPU peripheral circuit
2105 and  25 an ASIC circuit 2106. The DSP/CPU closely-coupling core
2100, the DMAC 2101, the internal memory X 2101, the      internal memory Y
2103, the integrated peripheral bus      interface 2116, the integrated
ASIC bus interface 2117                                      - 61 -
and the integrated external bus interface 2118 are      connected to each
other through the internal address bus 



2109 and the internal data bus 2108. The standard DSP      peripheral
circuit 2104 and the standard CPU peripheral   5 circuit 2105 are connected
to the integrated peripheral      bus interface 2116 through the address
bus PA 2110 and      the data bus PD 2111.                The ASIC circuit
2106 is connected to the      integrated ASIC bus interface 2117 through an
address bus  10 (AA) 2112 and a data bus (AD) 2113. The external memory
2107 is connected to the integrated external bus inter-      face 2116
through an address bus (EA) 2114 and a data bus      (ED) 2115. In the
configuration of Fig. 21, the      integrated ASIC bus interface 2117 is
connected to the  15  internal bus in parallel with the integrated
peripheral      bus interface 2116. The integrated ASIC bus interface
2117 is not required to accommodate the various      peripheral circuits
but can be realized with a simple,      high-speed structure. The ASIC
circuit 2106 may be  20  directly coupled to the internal bus in some
cases.               As described above, a high-speed exclusive
circuit can be incorporated by preparing a high-speed,      simple
integrated ASIC bus interface independent of the      standard integrated
peripheral bus interface. A system  25 suitable for a specific application
can thus be 



efficiently realized.     [10th embodiment]               Finally, a tenth
embodiment of the invention                                     - 62 -
will be explained with reference to Figs. 3, 22, 23 and     24. This
embodiment refers to a method of preparing a     compiler for delivering
data from a high-level language     such as the C language executed by the
CPU function  5 efficiently to the assembler program executed by the DSP
function in a DSP/CPU integrated chip.               Fig. 3 shows an
internal structure of a DSP/CPU     closely-coupling core on which the
invention is based.     As described above, the CPU core 307 and the DSP
engine  10  306 operate concurrently at the time of executing the DSP
function. More specifically, the CPU core 307 functions      as an
addressing unit of the DSP engine 306.                Fig. 22 shows, in
enlarged form, the portion of     the CPU core 307 of Fig. 3 related to the
present  15  embodiment.  The components shown in Fig. 22 include a
CPU core 2203, three internal address buses (IA) 2202, 



(XA) 2201 and (YA) 2200. Fig. 22 also shows 16 registers      2209 (R0 to
R15), a shifter (SFT) 2210, an ALU 2211, an      add-ALU (auxiliary ALU)
2112 and a program counter 2204  20  in the CPU core 2203. At the time of
executing the DSP      function, the four registers R4, R5, R6, R7 of the
16      registers 2209 are used for data access through the      internal
address buses (XA) 2201 and (YA) 2200. The      registers R4 and R5 are
connected to the address bus (XA)  25 2201, while R6 and R7 are connected
to the address bus      (YA) 2200.                The manner in which the
this CPU core functions      as an address operator of the DSP engine will
be                                     - 63 -      explained with reference
to Fig. 24. For facilitating      the explanation of the DSP function, a
simple Multiply      and Accumulate calculation will be taken as an
example.      An assembler expression 2400 of the Multiply and   5
Accumulate calculation realized by the DSP function is      shown in the
upper part of Fig. 24. The hardware in the      DSP/CPU integrated chip
used at this time is shown in the 



central portion of Fig. 24. The hardware includes an      XMEM (internal
memory X) 2413, a YMEM (internal memory Y)  10 2412, four CPU core
registers (R4) 2415, (R5) 2414, (R6)      2411 and (R7) 2410, four
registers (X0) 2416, (Y0) 2409,      (MO) 2407 and (A0) 2405 for the DSP
engine, a multiplier      2408 for the DSP engine and an ALU 2406 for the
DSP      engine.  15           Four arrows 2401, 2402, 2403, 2404 indicate
the     hardware related to the assembler expression 2400 of the
Multiply and Accumulate calculation. The assembler     expression 2400 is
divided into four portions for     designating the concurrent operation
corresponding to the  20 four arrows 2401, 2402, 2403, 2404, respectively.
The      first portion designates the addition of the contents of      the
register (AO) 2405 and the content of the register      (MO) 2407, and the
sum is stored in the register (MO)      2405. The second portion designates
multiplication of  25 the contents of the register (XO) 2416 and the
resistor      (YO) 2409, and the product is stored in the register (MO)
2407. The third portion designates the reading of data      from the
internal memory X, in which the XMEM (internal     



- 64 -      memory X) 2413 is accessed with the content of R5 as an
address, and the data thus read are stored in the      register (XO). The
fourth portion designates the reading      of data from the internal memory
Y, in which the YNEM   5 (internal memory Y) 2412 is accessed with the
content of      the register (R6) as an address, and the data thus read
out is stored in the resistor (YO).               As described above,
according to this embodi-     ment, four CPU core registers (R4) 2415, (R5)
2414, (R6)  10 2411 and (R7) 2410 are used as an address pointer for the
DSP engine. Especially, the registers (R4) 2415 and (R5)      2414 are used
as a pointer for the internal memory X, and      the registers (R6) 2411
and (R7) 240 as a pointer for the      internal memory Y, for concurrent
access.  15           Now, let us consider the manner in which the
assembler program shown in Fig. 24 is called from the C      language with
reference to Fig. 23. In Fig. 23, this      assembler program is called by
the name of mac-sss. The      program of Fig. 23 is so simple that the
Multiply and  20 Accumulate is taken for two arrangements of four
elements. In the DSP program including this example, the 



leading address of the arrangement on which execution of     the Multiply
and Accumulate is desired is naturally     delivered as an argument. As a
way of delivering the  25 argument to the compiler, the first four
arguments of a      function are effectively assigned to the four CPU core
registers used as address pointers of the DSP engine. It      follows,
therefore, that in the example of Fig. 23, the
- 65 -      leading addresses of the two arrays for which the      Multiply
and Accumulate is taken are delivered to the      registers R5 and R6. As
seen from Fig. 24, the registers      R5 and R6 can be immediately used for
concurrent access   5 to the memory as X and Y pointers respectively,
thereby      leading to a high efficiency.                The assembler
program that has received the      argument can thus efficiently execute
the DSP function by      the above-mentioned method of register assignment
for a  10 high-level language compiler, in which the first four
arguments of a function are assigned to four CPU core      registers used
as address pointers of the DSP engine. 



The invention developed by the present      inventors has been specifically
explained above on the  15 basis of embodiments. The present invention,
however, is      not limited to such embodiments, but various modifi-
cations thereof are of course available without departing      from the
scope and spirit of the invention. Also, the      embodiments can be
combined or replaced with one another.    20 INDUSTRIAL APPLICABILITY
The effects of the representative aspects of     the present invention
disclosed in this patent applica-     tion will be explained briefly below.
Specifically, the advantage is that the memory  25 systems and the
peripheral circuits of the DSP function     and the CPU function are
integrated thereby to realize a     mobile communication terminal system
low in cost and                                      - 66 -    power
consumption and small in size.              Also, the versatility of
distributing common  



internal and external memories arbitrarily between the     DSP and CPU
functions permits efficient use of the  5 memories incorporated in the
system.               Further, an extraneous overhead is eliminated
from the communication between the DSP function and the     CPU function,
and therefore a mobile communication     terminal system can be efficiently
configured.                                      - 67 -
CLAIMS      1.       A terminal apparatus comprising a micro-
processor having a DSP function (600) and a CPU function      integrated
with each other as a single bus master, and an   5 internal memory space
and an external memory space      integrated as a single memory space,
wherein                the DSP function includes a plurality of
internal memories (602, 603) and a plurality of buses      (604, 605) for
connecting said internal memories for  10 executing the non-recursive
filter operation constituting      a basic operation of the digital signal
processing at the      rate of one cycle per tap,  



and said CPU function (600) is capable of      executing a basic
instruction for any of such operations  15  as calculation, internal memory
access and data transfer      at the rate of an instruction per cycle, and
thereby      capable of compiling a program written in a high-level
language into said basic instruction and executing said      basic
instruction efficiently.  20  2.       A terminal apparatus according to
Claim 1,      further comprising an integrated peripheral circuit (503)
accessible from both the DSP function (600) and the CPU      function
(600).      3.       A terminal apparatus according to Claim 1,  25
wherein said microprocessor comprises a directly-coupled      interface
(1006) for an external memory having high-speed      access mode.      4.
A terminal apparatus according to Claim 1,
- 68 -     wherein said internal memory has built therein an audio
coding/decoding program and a communication path coding/     decoding
program (801), and said external memory has  



stored therein a communication protocol program and a   5 user interface
program (803).      5.       A terminal apparatus according to Claim 1,
wherein said microprocessor comprises a cache memory      (704) and means
for controlling the cache memory.      6.       A terminal apparatus
according to Claim 2,  10 wherein said microprocessor (1300) is capable of
transferring a plurality of input-output samples     collectively from a
serial input-output circuit to the     internal memory and the external
memory.     7.       A terminal apparatus according to Claim 1,  15 wherein
said microprocessor comprises an interface (1206)     directly connected to
an external DRAM, said interface     being directly accessible by the
function capable of     executing the non-recursive filter calculation
providing     the basic operation of digital signal processing at the  20
rate of one cycle per tap.      8.       A method of configuring a
high-level language      compiler for generating a microprocessor program
used for      the terminal apparatus according to Claim 1, wherein at
least an address register for a digital signal processor  25 realizing the
DSP function is mapped to a subset of     registers for a central
processing unit realizing the CPU  



function thereby to deliver at least an argument to said     subset of the
registers of said central processing unit.
- 69 -      9.       A terminal apparatus for effecting radio
communication by exchanging data with a base station,      comprising:
a data processing unit (500) for executing a   5 program stored in memory;
and                a memory including an area (801) storing a      program
for performing the audio coding/encoding process,      an area storing a
program for performing the speech      decoding process, an area storing a
program for perform-  10 ing the channel decoding process, an area (803)
storing a     program for controlling the communication protocol with
the base station, and an area storing a program for     controlling the
interface with the user;               wherein each of said areas of said
memory is  15 arranged in an address space of said data processing
unit.     10.      A terminal apparatus according to Claim 9,  



wherein said data processing unit includes a digital     signal processor
for executing the audio coding process,  20 the speech decoding process,
the communication path     coding process and the communication path
decoding, and a     central processing unit for controlling the
communication     protocol with the base station and also controlling the
interface with the user, wherein said digital signal  25 processor and said
central processing unit are formed on     a single semiconductor substrate.
11.      A terminal apparatus according to Claim 9 or     10, wherein said
memory built in said data processing                                      -
70 -      unit has said area storing a program for executing the      audio
coding process, said area storing a program for      executing the speech
decoding process, said area storing      a program for executing the
communication path coding,   5 and said area storing a program for
executing the      communication path decoding.      12.      A terminal
apparatus according to any one of      Claims 9 and 10, wherein a memory
external to said data  



processing unit has an area storing a program for  10 controlling the
communication protocol with the base      station and an area storing a
program for controlling the      interface with the user.      13.      A
terminal apparatus according to Claim 9 or      10, wherein said data
processing unit includes, in the  15 address space of said central
processing unit, a serial      input-output circuit for interfacing with an
analog/      digital converter circuit and a digital/analog converter
circuit.      14.      A data processing system comprising:  20
a digital signal processor capable of executing      the non-recursive
filter operation at the rate of one      cycle per tap;                a
central processing unit; and                a memory arranged in the
address space of said  25 central processing unit for storing a processing
program     of said digital signal processing unit and said central
processing unit.    


