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DESCRI PTI ON TERM-NAL -APPARATUS TECHNI CAL

FI ELD The present invention relates to a term nal

apparatus for a nobile conmuni cation sPRSHRIBBIQNIIi ng a digita

cellular portable tel ephone, or nore in 5 particular to a method of
realizing a nobile communica- : TFBHIHé§eSBRGR§?§§en1using dat a

processing units such as a programrabl e m croprocessor (hereinafter
referred to as "the CPU') and a digital signal processor (hereinafter
referred to as ,LRe . 10 BACKGROUND ART The

processes for ar %FE ofikPcat i on system

The present inventioh relatés 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 prégrammable 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



‘relating to the present invention will briefly be described with
reference to Fig. 1. Fig. 1 shows a user 102, a conmunication term na
101" and a base station 100. 15 The user 102 accesses the base station 100
using the conmmuni cation termnal 101 -ard 4 hus recei ves vari ous
services. The conmmuni cation with other comrunication ternina[s Is al so
per formed t hrouBRotaechaprosegsiog wodt 110 haNéngo frirencommuar catdoss s

bet ween the conmmunication 20 termnal and the base station, therefor,
constitutes thepr°t°EgéeHFP§FsEéP9 §nnckéoBenAURPEgYAGFOde processing IIThe
conmuni cation termn 1 nc r terfacel/ system contr er
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section 105 having an anal og front end (AFE) and an

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 communicétion protocol
processing function, a channel coding/decoding function,
the modulate/demodulate funétion, 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 pefformed in a



circuit. The conmunication terminal 101 is connected wi th a m crophone
(M@ 103 and a speaker (SPK) 104. The base station 100 includes a
systemcontroller 112 having 10 the systemcontrol function, a

comuni cati on protocol processi ng uni4 313 having the conmuni cation

pr ot ocol processi ng function, a channel coding/decoding function,

t he nodul at e/ dedbditaleargnct i Fhe wodulated digdEELlRFoice isi comviersect i on
106 having an analog front end (AFE) and 15 an RF circuit.

The comuni cat i AtPeRRRARE d8taciBhihgednalog fxpyitnendod AfE)h ofh&hsase
ore exchanged. SFE/RF ClERRTE saat4onod o0be: SR ERAGEMIAE D ExoRcREnged
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thereto 25 erreécéeoé&CB&oaniaﬁeéﬁaaiQﬁsbxftﬂﬁeCBgeeegtSQQBQi& 0 and
process in the code/ decode processing unit 111, and then nodul at ed by

the modul ation peepesarilyt hemeadesdeaoderhis RPaASBSHhYE YBI mokhiatERese
processes are perfornmed in a _
again on the frequency (in the case of frequency multi-
plexing) assigned tp 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._ Thg communication

15 protocol processing unit llO'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. 1In
the case Qhere 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 intb analog data
in the analog front end (AFE) of the AFE/RF circuit

section 106, and transmitted from the RF circuit over a



-3- - digital area. The nodul ated dlgltal voi ce is converted into
_analog;data in the analog front end (AFE) of the AFE/ RF circuit
"sewtion 1605; and transmtted froman antenna 107 over a

radi o-frequency wave by the RF circuit 5 & the AFE/RF circuit section
105.- This radi o wave is recei ved by an antenna 108 of the base station
100 .and teﬁ@@*@rW@VadbﬁDEGYaﬂﬁdth¢haBtﬁauholﬂﬁve Thigpadelabvedrave is

again on the frequency (in the case of frequenci mul ti - pl exi ng)
~assigned to ther%?ﬂEYe$aPYth? BEROARCAPV0RE the sAAmpBirakien: tegmingh
 t he base statloPoi e ot her timn aif time slots_(in the
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‘virtual logic Qﬁéﬁﬁﬁédofbfstﬁété@%ﬁéﬂféat?@ﬁ“ﬁ&ﬂh b tﬁaeé§a&%eeEuagt'°“S-
This virtual logic connectionis 20 realized by a % hysi cal connection
~described bel ovprddessing unit 111 and delivered to the communication

o 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. fhe 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



thé”case where the base station 100 issues sone instruc- tion to the

.comunication termnal, the process is performed as follows. The
“instruction data accordlng to a predeterm ned protocol is encoded for
the communication 25 path and nodul ated - i t-he code/ decode processi ng
uni t- 114. The resulting data are converted into anal og data in

t he anal og frontomwer{aEE203f aheIAEEARFDAiCQUVBrter 264¢t ADNAGQ6 (aatd
transmtted fromthe RF circuit over
- 4 - r adi gaRveonlrody Bf At ﬁ@namr‘éﬁnamés amhagdiadﬁa/%véonyerter

received by the_antenna 107_of the conpmnunication term nal and
converted into %@geb%ﬂ ghra (aurg fﬁ?ﬁﬂ@ﬂthgontr01mFDéﬁrEBPVeEFthe RF

Further demodui 2028 ange 8" §8,5260) oAneh ERELRAEAIEH: 1 BR: Jarkeby ¢he
code/ decode 5 ;pﬁ&eeé&'%aagﬂ 4h1e2ReAELT ¥8E oL o2k hCLBORIUNEES! L,

pr ot ocol proce33|ng uni _ two manners 1n
conmmuni cation 4f&3termnal 101 exchanges data with the base station 100 and
the rel ated processes are descri bed above. The processes

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 aﬁdio 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.ﬁodulated and converted into analog data
and input to thé RF modem 210. The resulting signal is
sent out from the antenna 213 over an RF frequency (800
200 ‘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.



related to these operations are generally divided into two types. The
; speech= codi ng/ encodi ng process, the channel codi ng/ decodi ng process
and the nodul ation/ 15 denodul ation process are classified as a digital

si gnal process which is suitably realki 2e¢ by an excl usive

hardware or a progranmapl e DSDécﬁgital signal processor). The
comuni cati on pHYATALINDRR CSK/Syskems, Terminahanandi Sesvieeapli cat ed
that it is suitably 20 realjzed q¥ sof t war e usin&/a hi gh-| evel _| anguage
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converter 203, mubile diainkth DeiWESH SfeBfina BNid ud 2v§ Ca DSP &R Nacepyr ol )

D/ A converter 205, an audi o AD/ DA converter

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 ﬁobile

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



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 term nal wi |l be expl ained bri-efdl w During the
audio transm ssion, the voice input 10 fromthe m crophone 208 is
anplified by the anplifiehAt theAnpmeanfl avdier redeivingdi gheatatlat a by
bei ng sanpl ed at . the audio A/D converter 206. The sanglin rate is 8
kHz, and t heegpivedchy athei antenppt 313 TaEeqARRUEhES &hgi RFzmgdem 21§
sent to the DSP chip 223, and after being.conpressed _15 and encoded for
the-connunicati%%r%QQ%,tﬁ%I Q¥rR9LEs ?ﬂBglglgBI?EyﬁﬁAgégnveFPé? 564188 t he

d . hi | | i dul d t
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hi gh-frequency nodul ati on/ denodul ati on i s synthesized by a frequency

synt hesi zer 216coﬁxhéa:£é@qmﬂ§yd§%ﬂw£saaea 826 sént2BoCeneepsPdchhpoyal a
signal line 218 to the CPU chip 227.
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



Theé 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 - | nformation on GSM Systens, Term nals and Services",

Sem nar materials, Japan Industrial Technel &i-cal Center, May 18 to
19, 1965, and "Devel opment Trend of GSM Tel ephone Term nal- Devi ces",
pp. 118-130, JapdisPhibptesthem Ento the termimplanaThenbagit bdoskdésabout
an exanple of a _ mobj | e communi cation terminal including a DSP_and a
CPU st udi ¥y %%Bplhﬁénﬁgrthec658iﬁblpoz?ﬁeaaﬁoﬁbengﬁaiEhéB 227.

wel | - known exanpl es. The exanple ex ﬁ$ned bel ow i s _not

replica of any | DRR oRFCERERPE st # € Heli L8 Sibé EBnﬁﬁﬂPéggigﬁagérﬁpnal
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' loop) circuit 225 mounted in the DSP chip. The CPU
processing in the GSM, on the other hand, is said to
requirg 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 frequehcy 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



anplifirer (PA) 212, an antenna 213, a dupl exer 214, a | ow- noi se

amplifier (LNA) 215, a m crophone 208, an anplifier Anp, a speaker

209, a drive circuit Dri, a 20 frequency synthesizer 216, a systemtim ng
circuit 219, a vol tage control |l ed syste®h el ock 221, a 1/4 frequency
dividing circuit 222, a sounder DA converter 231, a sounder 230, a
‘drive circuit vfvehe reepivedysignaler AD converter 232, battery
nonitor circuit 233, a batter 25 234, a CPU RAM 239, a CPU ROM an
LCD (liquid crystal - dER® ceompumicatien jbetryeen tBanEi?? ohp 32§| Wnd

(subscri ber | deqt ity nod ) . 236 nd a.keybpard_2 The baseband

HhT ARy Sl el B L PR PR ot Sl o baeing manner
g o9 rem ! nsPchi)s 3 é’g ] @@éﬁ&gc 5E§z Lhssfahasy snpLecei ved
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baseband anal og S|gna 5 and delivered to t nverter
of the anatieg dmr&hﬁgsldzé'l\FEAn 2PPecTperéad aaﬁ@rmkfde apHe integffyerted

into digital data are sent to the DSP chip 223
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 conveﬁtional method using
two independent units of DSP and CPU, however, requires
two different memory systems for the DSP and the CPU. 1In

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 intrbduced and the capacity required
for the DSP memory is still small. In the case where the
half-rate audio encoding fechnique 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



where it is denodul ated, channel decoded and deconpressed. After that,
the-data is converted into 10 analog data at the audio DA converter 206
and”out put fromthe speaker 209. When the user makes a
phone call, he uses a keyboard 235 and Bh +CD (237). The SIM 236 is a
repl-aceabl e user 1D nodule, which is nounted on the 15 comunication

term nal to enabheoxperated.t cAlse,tfeDSP pregramnipreat| adfiedl yaluge ROV
(238) has built therein a programthat can be executed by the CPU chip
227. The F@%ﬁ?Z%@)ai%P%%%ﬂ Ferogpithen ngregrarpirhrpioe7dizhing
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basic clock 13 0 ermnal Is plied fromthne vbltage..
control |l ed systgderdgeasg?d chip glpntﬁél§sﬁa§f§g_§$ﬂ§kexgéétééﬁ{:6m timng
circuit 219 produces required systemtimng signals 241, 220 and

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 ih 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.



- g- -~ distribute theminto the termnal. The basic clock is al so
supplied to the DSP chip 223 and the CPU chip 227. The DSP processing
in~the GSMis said to require 20 to 50 M PS (mega instructions per
second). In Fig. 2, the DSP 5 <chip operalks-at 52 MHz, i.e., a frequency
four times as high as the basic clock 13 Mtz using a PLL (phase |ocked
| oop) circuit 225 nDuntedRenreﬁénEE$&Eﬁlpsp¢ﬁ§SCPQ the ipveptdonng in the
GSM on the other hand, is said require 1 to 2 MPS. In Fig. 2,
therefore, a fr%h%% ged 1Bn BhészEF?ﬂttﬂBP$A§FEl€PoéK919rNﬁflys gener at ed
by the 1/4 regugngy V|der circuit 222, and the CPU is operated at
this rate. escri Basic clock 13 Mz of the terminal is

ired b I h f 13
M of hte"baie“s[ ati on. PAPELFRCATSY Y bBi FT S RunaRabr ShctorataL

bel ow. Firstg gy tem %%Pfgéﬁasggsgca bﬁ%?éﬁﬁt meeﬁ?f;sg%ﬁﬁg Ebapyiae

base statl contro he voltage cont SYyS ¢l ock
221 through an AR éayspr@tuccéfsqyﬁeégraeaar81.;)ongob%ﬁnseeé%rtah 207 on

the basis of this information hereby to regulate the freqglency. Al so,
an instruction 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 dafa for
an internal memory and an external memory are arranged
according to the processing 6f the mobile communication
terminal.

Further, in order to improve the speed of

15 access to the peripheral circuit by the DSP, a plufality
of samples ére 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 registér subset of the
central processing unit for realizing the CPU function,
and an argument is transferred to the régister 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



for" outputting a radio wave may be applied fromthe base station to the
~termnal. In that case, the DSP chip 223 drives the PA (power
anplifier) DJA converter 203 and 25 regul ates the output of the power _
anplifier (PA 212. Further, the DSP <hip 223 regul ates the gain of the
-RF - nodem t hr ough the AGC (automatic gain control) DA converter 205
on the basi's ofstéieingphispeech decodingnprogram, an area for storing a

- 9 - of the received signal. The conmuni cati on between
~the DSP chip 22hameel encedingrpregiram2gniaredf fercgtoningeaf chadnihg
manner . The DSP, chip 223 is connected through a DSP host inter- 5
face (H F) 224 9eFAiny BROSFABI ¥saped PriHEOTHNP cdj program §RE CPU chip
227 can freely realg_g

223 from the DSFHh ?ffﬁ¥%L%§%LBEOLgé%L$E§r2§9m?ﬁ$g§%££$ﬁeg%f%PEQ%EgéggiEus
o on e, 2% Wehcion oo IR, 850 BESyEAT, o NEL:" [, BERLEL RofEih
226 is used. . program. EacH $réRO¥E-£RSCREMEHy COOVEPLLRGEL TR AR using

| 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
décoding 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



two i ndependent units of DSP and CPU, however, requires two different
“menmery.systens for the DSP and the CPU. In 15 the above-nentioned
wetl - known system all the DSP menories are forned on a chip. This is
because that the GSM system has just +niBoduced and the capacity
required for the DSP nmenory is still small. In the case where the

hal f-rat e audi cd@keopregesetndi ynétis introduced in full 20 scale with the

increase in the nunber of subscribers in . the future, however, the
terminal is required to The daEg RoaseeshBehunht furkbhex: ecmpyisps a

hal f-rate techniques. In that case,.both of the_speech encodi ng
programs are redfrt?® q%%pﬁﬁ'?H%BP%oFéFEHlFn%?ﬁel §9Ffa§5nﬁuW?ﬁ r&since the

~current fuII-rﬁégégfgggigfgé%tgoLgéraiontggrggg%?ég eg1h§g?g§%gggg§%actory,

an enhanced fu Udi 6 encoding Sys el'ng 8e this

system = isr | s adh N e ogj o] S e
V0T Tt IR TR FRECAReRE Pabat B Endrgeneral |
as a speech recpentdsOmyr@EfamM for voice dialing wi || probably be

i ncorporated as a technique for

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram shpwing 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 integratéd 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



differentiating the comunication termnals. Therefore, 5it is not
practicable, if only in ternms of cost, to package as a chip all the
DSP progranms expected to increase in the future. In the
future, therefore, a nenory external to - 14 +he DSP seens unavoi dable. In
view of the fact that the 10 reduction in cost, power consunption and size
is crucial mefory safpbgneerbninnfBadPBhicatiPRaPf Aomebiéde t he use of
two external nmenories poses a great_problem . On t.he ot her
hand, two systePRMERigathonpefninal aggepdingekPpRethi rdneibodiRensoofar

" been required for DSP 15 and CPU. This causes an extraneous conmmuni cation
overhead bet weESt HEAVERP*ARd the CPU. DI SCLOSURE OF | NVENTI ON

I'n view of the above- i | i nt .t i f |
P evont Thventi aodls Temktg0cd PECQ) STaBl! Snowing! df MM EEha FDG of

communi catign ﬁéxﬁ@%faéssignﬁ¥ﬁ{:eﬂh|9ﬁ’ Lppt9shtiBAVEE SORSBARELI on and size

by integrating the menory systens and the peripheral circuits of
the DSP and t hgofdffthication terminalh&cébpdengetbi eRedtANddOERBbdOREAGt S Of

the 25 present invention and the novel features thereof will be
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.



naae apparent fromthe follow ng description of the specification and

"t he-acconpanyi ng draw ngs. ~ Representative aspects of
t he invention disclosed in this patent application are briefly
descri bed bel ow. Specificallys a nobile comruni cation

t erm nal S systemis realized by a DSP/CPU integrated chip conpris-
ing a DSP/ CPU core integrBigd b6 bmeabdsagmsmeshowing a confégusbedon of

external bus interface and an integrated peripheral circuit interface.
Al so, in order 3 S¢Rt3kakRPEReoubRel oirguibsaccopdingt he theesawentbnory
and daga for an internal nmenory and an external

by the DSP, progr.ans, . _
menory are arré%ﬂ%%&lmentaﬁ ot nYer @R pr ocessi ng of the mobi | e
communi cati on term urther, (n order to |$8rove

| F
“the speed of 15 accessrﬁag?helbﬁfib%%r%fec?r%%??e%§l?ﬂedfﬁﬁfaﬁ prdrality
of sanples af e {iphshplred CODSULLAPLY, for a Dsp/cpu 1hPe§EDELE! LR

program for a m croprocessor
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
embodimenﬁ 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.



used for the nobile communication termnal, the address register for
the digital signal processor for realizing 20 the DSP function is mapped

to*the regi ster subset of the central processing unit for realizing
the CPU function, and an argunent is tearsferred to the register
subset of the central processing unit. Al so, the nobile
comuni cat i on BESH NODEf FOR ZARRNING OUJ THE INVERAIUNXat i on by exchangi ng
data with the base station includes a data processing unit for execut-
ing a program $PSPEEPUN iategkated &8dPd nenory having an area for
storing a speech encodi ng_proar an area for ) '

- 12 - storing a spgé‘@hD%é’?g%‘lUnd'nﬁre@&F&rﬁd iR &19551Ys (SRS on

h | di . . .ea f, t orJd h I, . d '
cramel encod g Rods A 40,8488 19 0l . R SoSRbn,
for connunlgathgﬁ ﬁb%grﬁﬁgdbi§eJEJ§$y5T§2§%P %Tqé@ngywﬁhé‘géﬁgc"'”g.a user
interface cdntro program Each aréa of the mendry Is arranged in an
address space ¢hvblieodat.a ﬂho%ﬁﬁﬁﬁﬂ%.%ﬁikhe closely-couplel®sHicy

processing unit includes a digita
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—céupling 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



sfgnar. processor for executing the speech encoding 10 process, the speech

deeodi.ng process, the channel encodi ng process and the channel
decodi ng process, and a central processing unit for controlling the
protocol for communi cation with the-bh%e-station and al so controlling

the interface with the user. These functions are 15 desirably arranged on
a single seni cbhte@rated perinheral data bus (PD)|@2&rder to inprove the

processi ng speed of the i,tal signal processor, .the area for storing
t he speech encodi ng 3P%gpﬁﬁ(cFﬂe ggéﬁiy 5FOuPLipfgiphEIEpEEd, core

decodi h f 20 d
Uhe_ar o9 for <308 i HICRRSEnankEP CorS0ahdarAy r BEPaRNoRPe SPBrearie o
preferably in g, [gnoLy QHé%E eleméHtEthdéﬁé EﬁﬁCSBEE”QOH“hEe an

The areas for a progra requiri speed processi ng including

the area fog Siﬂétfﬂc€‘1035d8688éi‘”369r sanhml gh?ﬂthﬂétﬁl&mleﬁﬁh bRt
conmuni cati on the base station and the area for stofing a program

for ControllIngthsndniégigﬁersnBMotheTuéemalﬁncbhpoﬁéherelemeh@adofare
stored preferably in a nenory external to the
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 fap.
Generally, this is required to meet the following four
conditions at the same time. They are (1) the Multiply

25 and Add opefation can be executed in one cycle, (2) two
data can be accessed simultanedusly from memory in one
cycle, (3) instruction repeat is'supported without

overhead, and (4) the modulo addressing mode is



- 13 - data processing unit. . The data processing unit
further conprises a serial input-output circuit for interfacing with
an-’ anal og-digital conversion circuit and a digital-anal og 5
conversion circuit in the address space of 18e-central processi ng
uni t. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
diagran1shomﬁngSQPDQstedconThgaeaDSP functénnsf azendbscdosedmini detadad
system 10 Fig. 2 is a diagramshowi ng a configuration of

a GSM nobi |l e coﬁﬁuﬂ?éhrkBﬁWPeFﬁfﬁﬁmaGéPﬁg1& DEPrafgample, "BPPS56116

Fig. 3is adia ran1s oW, N configuratijon of .D9P/ CPY | nt egr at ed
chip closely co bgéﬁaaﬁﬁﬁggaihprﬁge fRE User’s Manua{ 15??88 k Yis a

di agram showi ngﬁgtsggiagfnét.i O898b. -, pn B1B5 gRnBsE PR SRR oA TPLY

into a single ¢

configurati o Ofjm MLl Ig EﬁdCREHHﬁhEQEboﬂnR%rHknéh ?9%°Q§thtﬁﬂga

first 20 e odlne venti on.
point unlt) 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 fuﬁction 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 1In 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



Fig. 6-is a diagram showing a configuration of an internal nmenory and

an external nenory connected according to a first enbodi nent of the

i nventi on. Fig. 7 is a diagramshow ng a configuration of
25 a DSP/CPU integrated chip with a cache-atgofding to a second
enbodi nent of the invention. Fig. 8 is a diagram show ng a
basi ¢ form of function are both arranged in the addregs. space pénthy
assignment in an_application of _a npbi]e comuni cation term nal

according to a RV reCERbSRT nentigf 3 shovfethmyBARPEE. in which a DSP Fjg,
S o 02 ShOHLRG 20 L BL0EL00 o cRAEIRI Y SR OMEIL L 30
CTOO0 MBS, HEAPLESA' Bireneh pn spssprerFy ByrtPiprdLoulh el
Lot e S BpdBeAL 310 S Mt Ecbl cRTDRS SUpIEROLARL SR
showi ng an exanpp® P & 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 wi;l 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



neHDry‘nap of a DSP/ CPU integrated chip. Figs. 12A, 12B, 12C
are-a connection diagram 15 and a tine charts, respectively, for a DSP/ CPU

i nt’egrat ed chip with a DRAM directly connected according to a fifth
enbodi nent of the invention. - 2Figs. 13A, 13B are a connection
di agram and a time chart, respectively, for a DSP/CPU integrated chip
20 and an |/ Q styhaareds DAetbnedr byr thecdotited linassegnptitutenboei nent of
the invention. . Fig. 14 is a diagramshowi ng a configuration
of a seriallmﬁ%@¥35%@pﬁ%réﬂiguit according to the sixth enbodi ment

O e o a2 ¢ ooBaec P70 Gh o1 abTante o cBR LR AR 3820,

an w1 Q st onal ARl DA SORVRLASEy 658] A CebpBrIBHERY pus ERPOLRTRE! 490 ! Ne

Pt Seads ST S QR eAL b MLaleRly 42z *0TBAE! $RIRULARLPHED
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'elementg of the CPU core are an instruc-
tion decoder 415, an ALU 416 and régisters 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



Fids. 17A, 17B are a connection diagramand a 5 tine chart, respectively,

+for-a DSP/CPU integrated chip and a power anplifier control DA
converter according to an ei ghth enbodi nent of the invention.
Fig. 18 is a diagramshow ng an overhead at2&4 -  conventional GSM nobile
comiuni cation termnal using a 10 DSP and a CPU. Fig. 19 is
a di agram showi Agterpphgsemrayolt 406, whichaiassrwstion dendegiodiedy byhe
power anplifier in a GSM nmobi | € conmuni cati on system

Figs. 20A, 20B EPE apaﬁF&ﬁﬁleﬁoﬂFﬁ@dSH 698rﬁ§§deXPEUtﬁdpoméP &he icrisey

control accordin gﬁ mﬁh é odi.nent of the invention

Fig. 21 is a di ¥ ?5ﬁ1 o} g aéoﬁplﬁﬁF pﬁﬁﬁeogxterna g@?PéﬁU Fh@@@?ated
hi h SLC b t

L 01,2 ABLBEBRCATH S, svon B BEERSRCIR0 AT RA by

showi ng a cogf i gur aLLaNsPhm suchaagpg E@r a?ﬁﬁéﬁgyy'nhgggﬁgﬁngh%Be

Fig. 23 is a diagram show ng an exanpl e ¢ program expl ai ni ng
a tenth enmbodi neAstehcthen aécbaéﬁnhb@nand executed. InFFdg.24,i hd

di agram showi ng hardware rel at ed

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



to an assenbl er program for expl aining the tenth enbodi - ment of the

I nvent i on. - 16 - BEST MODE FOR
CARRYI NG OUT THE | NVENTI ON [ DSP/ CPU i nt egrat ed chi p]
The DSP/ CPU integrated chip closely coupled2?n- which the invention is

baséd w Il be explained. Details 5 are described in JP-A-7-132906 filed
by the sane configuraion AphewnanpneFdg-t helg| basigatdypthe BESmECRS
integrated chip is shown in Fig. 3..A DSP/ CPU i nt egr at ed chi p_300
defined by dotteRP¥ite FHIFi 4. d8scribedin dRtall aboypng| EnsEifcofduthsr

Subst [aLe e ol oHEAIELELe! cBooe L0u 1L £ CLHS! Bhpo bl e 0ol b eng
(e DS CEY L cRyTAERrasg 408 208 08 St Az, RRY e RO 30geRs
oo 5%, bus 4 SeFaeed by SN I8ty Mup s (FBI R fEbupatly the
DSP/ CPU cl osel yareoyip! i fige | G6R Ot 8ERENE P! 8£3PDg. 25 £8hBEDNSEs 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 busl526.
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 inclﬁdes 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 convérter 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



menory X 304, an internal nenory Y 303, an integrated bus I nterface
418, a DVAC (direct nenory access controller) 20 317, an integrated

peri pheral bus interface 419, a DSP peripheral circuit 322 and a CPU
peripheral circuit 323. These conponen23etenents are connected to each
ot her through three t ges of internal nenory address buses

i ncl udi ng an mh@n@&@n@ug @XAT—hSOQmPélf(lQHdAEm bhe dyviye girgpitaPgian |
address bus (1A 314 three types o i nternal nenory data_buses

i ncl udi ng an X:RKat 3Pker xp} o, the3&5ghafpeggggc$u§1§quag§65§3d ihe data
bus (1D 313 t ed address bus.(PA) .320, a

T .nfléaq‘é%%ﬁypéﬁbﬁ%mg P3puEhepeysEan BiRihg bizcdsc 3, "

and a DSP 3?@! YRS RBe R LR ERE TR EnE B " sr1 n SR enbhiPs YoR e ke ToPE 887e 307
are an 5 51 nehgugki pnedecoriero?98y aafbll CRLKNTE] CeheIbaeBEY

309 and reglsters e maln conponent el enents o
306 are ar'thﬂﬁ%ﬁft&f'iﬁn'aéhvéfﬁgrasoz till sbRhiepNH/ACEBAVERLEXUBDE 311

and registers 312, but

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 monitof
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 Dii, the speaker 209, the fréquency
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, thé 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



nof an-instruction decoder. 10 The CPU core 307 reads an

I nstruction fromthe internal nenory 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-agd - execut ed. The DSP engi ne

306 operates in accordance with 15 the instruction fromthe CPU core 307.
I n ot her words, and thiegxtienadsRONc 526n perovititiagD8Rces setdexedd, byhe CPU
.core 307 and the DSP engine 306 operate concurrently in i nterl ocked
rel ati on. both the CPHefppptions angr tdg D§PhémBCHiCR defined as the
.20 ability to execute the FIR (fipnite respaonse filter) . operation
“constituting the basic di §t8al OsFHRYP the Aeseddedngedpéion, t&Fethhﬁape
~of one cycle pe . Generally. .this . is required tq neet the follow ng
f our condl tPSEZEy insefRRien #&‘FPTH’é#‘aFé‘e(i}‘tFﬁ aﬁzuf“?f“b’try apg dAdd
operation cap b ed ne C (2) . accesse
sinultaneous?y ?fgﬁgﬁé%ngghpﬁgonegx %ggyc%é,Eﬁ%)D§ﬁé????ﬁ%§%gggﬁg§t%%§p

supported withogpo, thevexbeadalaRBu(4)1t BaaMeHY x2dInaISRAY BRYE A

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 ihfernal ROM 602, the
internal RAM 603, the external ROM 611 and the external
RAM 612. This cbnfiguration 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,



- f8 -7 supported. These DSP functions are disclosed in detail as

wel F-kpnown information in, for exanple, "DSP56116 Digital Signal
Processor User's Manual " issued by Motorola Inc., 1990. In view of
these four conditions, a 5 sinple Miltipl95and Accunmul ate unit or an FPU
(floating oi nt unit)_cannot be called a DSP engi ne herein.

‘The CPU ref err ett® ol hERERAL Bhst ABSotAekhRahBternalmgnory sddmessdbus
execute s progray s 1ends 1P i RSERFPY K EvERaL dRiB iRt SHERCRY 6ORe be. he
R SC N o ocomput RESTEREEY = Eohal Bl faPE Raraafie” | BRFiRkeZaRy BR
feature of the tep/ s th@ Lheckfial maW, 603, noverel, (E3EFLBRERA DT, |0

g 31less redgebbively G9oche! ok Enal eAdoRsly BY LHECthoBLARRIDI € of

efficiently conpiling and executing a programwitten In h-1 evel

| anguage such aferidiey X | 30gua6¢ €HE iReeBRl memofynet 3@y, capabl e of
executing the FIR filter operation at 20 the rate of a cycle per tap,

which two functions are The extérmal eaddyesds sbagl 609 NsbrH65pOAdSt £8alhe
Al so, the DSP/ CPU cl osel y-coupling integrated core 305, which has
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 1in 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



oﬁly one instruction decoder and one control system is I ntegrated as
a single unit when viewed as a bus master. 25 In other words, the

peripheral circuits and nmenories associated with the buses are shared
integrally by the DSP function and +h@6CPU function. The program for
exécuting the DSP function and that for executing the CPU

- 19 - f uAesrahbadewbshhrafezrgee o Fh@sadgne§sa§§aae oflry frhe CPU

core 307. Fig. 3 shqws manner | n which a_DSP ri eral CIrCUIt
S and a CPU BRFPBRCPEPORIREHRe 308 intSlala RAgtate

d | f 319. | f
por  pheral i r LiFpotatSiiopip bR Thu'Ei ret BT AER cﬁﬁgﬁeﬁa&%&é of
the ~ CPU perighienalogl! el 1ud2d.ar end BAEAL Bl LORMLAAY fbory

circuit, a serla I nput - out put rcurt, nd an
circuit. Thg D9B-ggLi pheral circuit 322 10 and the CPU peripheral circuit
323 are integrated with each other, that is, they are arranged in a

common addr ess spac@heTeﬁtE§BamembﬁBQ&aEhatreahtb%Zalaaétn@e CPU
peripheral circuit 323 can both be used by the DSP

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 iﬁpossible. 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 exémple is described ih

"Hitachi Single-Chip RISC Microcomputers SH7032, SH7034



fuhction and the CPU function. Fi g. 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 t hrough an integrated external bus -
interface. - [ 1 ndependent DSP and CPU-<2%s] By way of

~ conparison, a conventional case in 20 which a DSP and a CPU are used as
el ements i ndepdladmivang Manualdth Bhied Editior, dMapreh nk?P4u thsseedriyice to
Fig. 4. Fig. 4 is prepared by the inventors according to

wel | -known exarfitedHd Ttd notTtant £)@ks0 repimel v kn e thaterhe %R Y

le. Th t f Fig. 4 [ DSP _ 25 chip 400 def. b
Gotted iine. aQHERLRPRALE AT ok The BYERct] 1 ECeSTrU R EPREF Rau
430 d CPU ext | . 4 | t [ th
U anip  ar T e e e o T R (5 BN Beflts:

. -20 - . f | t | d } t
~integrated c§| \r,\%ullq{c.@l%'@eié rk%ﬂpéﬁ%}%%@%%ﬁﬁﬁ%&?ﬁ% u%%%cggfn %ore
414, an | BRI R derft 1t 2 HRhPRSGODelMgbiige | Sheh fasecke Ic

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 vieﬁ 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



5 a CPU external bus interface 422, a DVAC 423, and a CPU ~ peripheral
circuits 426, 427. These conponent el enents are connected to
“each ot her through an internal bus address (l1A) 419, an i nt er nal
~data bus (1D) 420, a CPU peripheral address28us 10 (PA) 424, and a CPU
~peripheral data bus (PD) 425. The mai n conponent el enents of the CPU
core are an i nsth@cexternalodatiacbuer 7425, BAJALD aleocastowsgitbec manht?

The CPU core reads an instruction fromthe internal nmenory 418, t he
CPU external RAMMAWBLIGR & BSRACPUXFLPRELYRORNREING €9T@n7OA /i ABt Anseirnali s

ded b he j [ d d d d. The_ CPU external bus
Cnterface azo. ROB 702, BUeRGke. PincemnrlaBalSa Phe erOMAG: d08aRRRORRAS]

. dd b EA
326 and an oxt e OrEFSY BhORERs T BYY 1B BEReE 7”500 3nRrE e bn bsP
: | : DSP, I Y 405, a
%géepg??bhgr%fw%égaﬁé?ﬁérngﬂg%¥g§:%ﬁﬁﬂfﬁﬁFPﬁ%eéggégbﬁ%g?bg aéépess bus
(YA) 401, ainteAG4l e5gdbass (XA 49?4&%%&3&?@%@ f.ﬂ(‘g%gé‘;i:ﬁanghﬁgz

data bus (YD) 412. The DSP core 403, on the other _ I ncl udes
i nstruction decpol@r 4fHe &bhfigREacioni bs Fiq_hl nciydangrarbitt epby 2Ad

“Accunul ate unit 408 and a regi ster 4009. e DSP core 403 reads a D§P

~exclusive 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 whethgr the data of the
particular address is contained in the cache 704, and if
dontained, accesses the data. 1In the absence of such
data, on the other hand, the cache 704 notifies the céche
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.



instruction fromthe DSP internal menory X 404 or the DSP

- 21 -. I nternal nmenory Y 405," which instruction is decoded by t he
i nstruction decoder 407 and executed. In the case where the DSP has an
excl usive external nenory, though not Zhown in Fig. 4, such a DSP

excl usive instruction may 5 be read from such an external nenory, decoded
by the i nstruction dh®cefepEmes dtexpreegrams |andidata hasea

i nternal address bus (1A 419 and the |nternal data bus (1D) 420 are

connected to tﬂé’qaﬂlﬂltDSP i hRe waxds, wheny r%t%’a‘é?n@ﬂ#mslhﬁerface 410
I S connect ed to e ext.ernal address bu ) 4 and t he external

dat a bus e%etﬁl qb‘ a‘?ﬁ %S?J beping eag dresses
structured by i ent c he case ere a DSP
chip and a CPUbQ%S%er}% t JH nscsoer%olrsatveeer r1ma91§1 ng'#]ee HD ? Rinple

fashi on as S RS, 1RA RECt _r@g@ pAses
peri pher al c5|1rcw ts are corrp% afy I'n epencf%aé/n% e‘gc%g t ef%’ﬁ%’

cannot be nut U?tléﬁés?‘qctﬁsp“c%%lble to access t@%é@éfﬁgf%&ﬁoﬁes 713,
cl osel y- coupl ed DSP/ CPU

714 at the same average rate as an internal memory.: Such
a cache is disclosed in, for example, "Super RISC Engine
SH7604 Hardware Manuel", 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 referehce 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



inyegrated chip on which the invention is based have been 20 described

above. -Now, the features of a nobile comuni cation termnal realized
ustng this closely- ~ coupled DSP/CPU integrated chip will be expl ai ned
W th - reference to enbodi nents. $F80s+ enbodi nent: GSM term nal ]
25 A first enbodi ment of the invention will be expl ained with

reference to FigRown inm Bhd.65. Fl@s 8lreadyhewplasnesdawpth vefereshe to

termnal realized using osel y-coupl ed DSP/ CPU i ntegrated chi p. The
- 22 - conﬂ%uréu'ehes%ﬁzcm Fi@sehrgogaé%em F9r{'—‘h68§ahf§ as

that of Fi 2 described.in detail above. In Fi )
|ndependen? chi b E FEREERnAS t ReS %hPBSZQQSEﬁg thghe DSPCﬁH“EﬁFB“ZE?dused

031 55 A0 it S R FRER” i BB tiae o
S 3 g et s o, S5 an bS58, 20
circuit 513, a &¥téPRAErRGMPELII&Ad 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 inclﬁdes a DSP/CPU integrated chip 800, an
internal ROM 801, an internal RAM 602, ah external ROM
803 and an extefﬁal 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, communiéation protocol and user

interface and the constant data for the programs are

arranged in the external ROM 803.



10 514; an antenna 515, a dupl exer 516, an LNA (| ow noi se anplifier)
517, a.mcrophone 518, a speaker 519, a frequency synthesi zer 533, a
systemtimng circuit 520, a vol t age-control |l ed system cl ock 523 and

I ntegr at ed modul es 527 to 531 connected3to-an integrated external 15
bus 526. The integrated nodul es include an external RAM

527 shared by the DSP/ CPUrhis program| aRcahgeBeshamakiebyit unnehesB8ByCPU,
an LCD 529, an SIM 530 and a keyboard 531. The DSP/ CPU integrated chip
500 is identicafo¥ ctheDSBOL ey tot2gFafedaphepteunasnBamory, Fagd 3.

The I nt egrated AFE (anal og front end) 501 includes a battery
monitor A/ D conVé??é?YS‘é‘?‘,’l%t %uﬁ%rpf?%i%nverter 503, a PA D/ A

converter 504, an |1 Q AD converter 50 an audi AD/ DA copyerter 506
and an AFC D/ A converter ﬁ?rﬁ%%iei%’bg??ﬁ?ymglogetﬂecﬁﬁ?té?ywﬁbﬁﬁtSr

Cirout 500 BB ging P bR EoH ARYLEn L4FkeahoafEy RAE"
?ugge¥er 516, téﬁélﬁ%ﬁéiéﬂ*i%@S@b@“ﬂif&éeﬁé Pd4stbPEd in the internal
| ROM 801. 1In 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 ekternal 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 tablé of about 10 Kbytes is
placed in an external meméry, the overhead is as small as

several % although the access thereto requires several



m crophone 518, the anplifier Anp, the drive circuit Dri, t he speaker
519% the high-frequency sine wave 532, the frequency synthesi zer 533,
"the systemtimng circuit 20, the systemtimng signals 521, 541, the
signal |ine 522, 5 the vol tage-control led3xsystem cl ock 523, the battery
nonitor A/ D converter 502, the sounder D/ A converter 503, the PA DA
converter 504, ayslasy A/Rlson\vaekl eth&Brogtams usiAGT The\ RSPvERDetisdng, the
audi o ADY DA converter 507, the =~ AFC D/A converter 508, the LCD 529, the
SIM 530 and t héucly a&\arpaeh spdingidreeding y channel eeding/d@eoding t he

Thcluding the Bt RASSE LGSR q.‘?rr?gt”pff%gstf%uw%%? the 2h
d 230, J ' i t.Dri . the, RE ' it 210, the

oA (povier aipl Hre S i ddq deeiicion, e ia i ke SRR La

(1ownoise s o i IAcAlY, 115117 0PNANS 208 oo Ppagrpdfier A,

‘the drive citcurt D the speaker quency Synt hesi zer 216,
Torel | e DTIPRERSAInF BholS, Syl SRAASS SRR 11, (P
noni t or A RccomRItiid 332.a tdht B0 WRin ) JF Esd£ingHnd 1€ Pdrge
D) A converter 203, the 1Q AD/ DA converter 204, the AGC D) A converter
205, the audi o iAD/sAkecon\Budierpriifran orAfions 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 consﬁant 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 féurth 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 suppbrting'a

25 high-speed access mode. Specifically, an example will be
explained in which a burst ROM is directly connécted.
This invention, however, is not limited to the burst ROM

but covers all the memories (synchronous DRAM,



D/ A converter 207, the LCD 237,-the SIM 236 and the 25 keyboard 235,
respectively. The function and operation of the GSMtermnal of Fig. 5
are the sane as those of Fig. 2 and will not be explained. The
“integrated external bus 526 is connected3wth the external RAM 527

- 24 - and the external ROM 528 permtting access thereto by bot h
t he CPU functi csyrehiromeuSSRAMceton) supporting a highgspéedhawseshe
detailed relation_between the DSP/ CPU integrated chip with the

i nternal menor YReRRY: t LSO Bhe cPREPrRRbpRYIressS Flgscribedeapspp chits

i nt egrated chi 600, the external ROM 611 and_the external RAM 612 are
conngcted throp t?ﬂ?é§¥%?ﬁ%?fd%ﬂF%s§e%ﬁ§l%9% afg8tRLts 1n Eiger hAR 8FEa

. , Flg. | . __which / .

olosal v count | APEeBbotee AS, PR Shpldnr ionr 0Sd HHE TREETRAPNRAR 603
[ | 6 d

other through (P IEABIETe a11 BHE BILSHSERS OF BhE CRPRERAT A08cE8E |

in the DSRLPL i 1t A0 P60 THe LRPLERE: ChgEE! Vith equifUPl i ng

core 601 is integrated as a single bus naster.
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. 1In Fig. 10A, a DSP/CPU integrafed 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 closelyécoupling 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. Signalé for

controlling the external burst ROM 1009 from the DSP/CPU



152The‘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 i nternal RAM 603, the external ROM 611 and
 t he external RAM 612. This configurati®h fakes it especially possible

20 to use the internal menory effectively wi thout any waste.

The DSP/ CPU i ntitfregreatedi phsp0lPe0i dralndal at ghip sehecpspigrali (Y €§2at ed
chip 300 of Fig., 3 and t he DSP/ CPU integrated chip 500 of Fig. 5. O her
conponent el eneb@L0 and @ ¥erd paigeml) (ARBYr AP&4- ctheBGOSagéaﬁﬁta§ﬁomn

25 h , th t f I ti Th fore, the
Copl GPU o1 s el ARV b br SER soaab e ternbad Il CR) ang BBrPERDRE
g;g;e'bﬁscf‘[‘)pg;g& S1E 9208 0F (/0r) "BETLRL Burséoéoﬁolbgg '“k‘ir“,thg‘em’ry_
internal bus; 60m; 40 168 SHbGE N2 ¢ {Egg[’éﬂaﬁ@défsélé’}fél bet§8§ d the

e ex

i ntegrated extermal bus Tnterfac 6 to the egra ernal bus

interface 318. pgdw/¢myefneégFidéd c}ﬁcfﬂogogﬁ'daﬁ@ethétéﬁﬂéfngf‘%§9§t Repever,
correspond 5 respectlvely to the and the RAM of the internal
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 bécomes 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 Al9

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—ordef bits A0,

Al of the address. The data thus read out are read into



menory X 304 and the internal nenory Y 303. _ The externa

address bus 60
external data
ROM 611 10 to
external RAM 6

9 corresponds to the external address bus (EA) 3125,

t he

bus 610 to the external data bus (ED) 324, the external

t he external ROM 327 and #h&5ext ernal ROM 528, and the
12 to the external RAM 326 and t he external RAM 527.

Al so, the extekhgl D§B§C5’2165-Flﬁ@lgl¥@é@db@ﬂ’ﬁipt HS00 at &heerdeadingdresas M 609

and the extern
according to t

external RAM 2
are used in th
the | NT226 5

elimnated. In

al data bus 61 As shown in Figs. 5 and 6,

khe I?adfﬁﬂgpaénﬁd§PH94@1&f the invention, the external RAM
and ROM are conpl et har ed the CPU, an
therefore, the need is e&Pm QNEQ%1 g%é% Ebu§t takﬁfh% Hles
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cation 25 termnal lowin cost, small in power consunpti
subseg@éent threkSdataq mﬂw@ehermmarebwéa& iohtc dgh&mEenor y]

i ment of the invention will be

cycle. The effective access cycle, therefore, is given
as (6'+ 1 +* 3)/4 = 2.25 cycles. This indicates that the
access speed is higher by 25 % than when 3 cycles are
reéuired 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.
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
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.

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

on



- 26 - described with reference to Figs. 5, 6 and 7. In the
second.enbodi nent, the internal RAM of the DSP/ CPU I ntegrated chip of
the first enbodinent is replaced by a cache nmenory to inprove the
speed of external nenory 5 access. - 36 - The external nenory
~that can be directly coupled to the conventional independent DSP is
limted to the IPERY CRU ainte@dtedr chi RGAd AtBRARK berna RANRER®M\VA AV Ng
a hi gh-speed access node cannot be directly connected to 10 the

convent i onal in&@@@ﬁ@@ﬁ@'BSPeaChd@bherhenatbesmﬁbibe comgunicatieni s

limted to 16 bits,, and access I n by teeﬁ s) _or long word (32 bits)
are inpossi bl e. t9AENaL of FigeaBise IR +%ng%%Aofa|H§?(GE?|bﬂEeﬁﬁEtﬂﬁta are

f d b he . DSP chj b -

Hon termi nal - SRkt 200 415 Fe ﬁ# éfffg%?e' e fREY he s peoah
[ h h [ to

Shichline Deb Taoe Ey [ B04ch ey .rf%’%#v@ﬁpei‘fﬁ%%r%@% he<FRERRct i on

and data | efgitesd BPsPi367 dhE 41 GLLAIHRE PH08CCEPRLEL Ccomponent
parts cbrrespond 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
inﬁegrated 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 1ling 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 exémple memory map 1100 for the CSP/CPU



20 data size to 16 bits facilitates the control of external menory
accdess, and nakes it possible to execute the external access in one
cyéle if a sufficiently high-speed menory i s used. ' On
t he ot her hand, sone of the conventional - 29 -i ndependent CPU chips are
connected directly to various . external nenories including a DRAM or a
RAM ROM havi ngiategragegh chi®ed sadheyd Addd19n Ideanpife Gl g avamiqie nam

"Hitachi Single-Chip RL.SC M croconmpyters SH7032, SH7034
- 27 - Haﬂa%weawgm canrig JIERY ch TeoFhg SRAGE IRE the

Ctach L0 b BRIBCROTIRALY SRS iy vl PR
L7, Lon, or S GR2 e ShaSSBRer IR Aot RIS e
Zicggg iCs cgrrpP??gpggefgbc%g%?rjg%%&h?e?&%%r I,ogg)gi .nailzpp}a(r?% ersc?W 10
As described aggéeeskhecaertenrtiigaral (DRRAsONIIR10, 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
vélue-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
peripherai circuits]
Now, a sixth embodiment of the invention will
be explained with reference to Figs. 5, 13A, 13B and 14.
The sixth embpdiment 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



and the CPU chip have support different external menory I nterfaces

surtahl e 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 ex88&rmal nenory interface of

CPU type is desirably used. Neverthel ess, the problemis posed of sl ow
ext ernal accesdirectilie cDSRertgg: tenan internal data bys, df G@Rahle of
according to the second enbodi nent, the internal, RAM of fhe DSP/ CPU -

i ntegrated. 20hdghpseeeghdatar $ragsisdi-medtls SOnyENIOR (i¥4ﬁﬁﬁﬂ§%nt

menory to inprove t t I d. .Fi. Q. hows. .

de 21 the rol GEDoRNGEe waEn Hhie CBBBFCPBAA, AR BEFY: BF TR A & BARHE >
internal nenory)_and the t I AV h

(1nter il memopd) B e et X! oA Dol e & (e

Fig. 7, theR/IDS%QQEthtagg E&%&i%h 1R +69%a dd€ howevl,ENRAdRI Bl ghd the

external RAM 7 are connecte to each other through the external

address bus 714;38dtransfer rate. - 28 - t he
external data bus 712. Fig. 7 also shows the nanner

With the DSP/CPU integrated chip according to

In

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,
respectivély, in Fig. 5. Fig. 13A shows, in particular,
only the portions of data transfer for exchangihg_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



i n whith a DSP/ CPU cl osel y-coupling core 701, an internal ROM 702, a
~cache (internal RAM 704, a DMAC 705 and an I ntegrated external bus
“interface 708 are connected to 5 each other through an internal data bus
706 and an i nternal address bus 707 4 8% he DSP/ CPU integrated chip
700 The configuration of Fig. 7 is different fromthat of Fig. 6 only
in that in Fig.integiteteshottely i @0 nalThese ¢MPorvenit gpalres caeheespondol | er
703 in place of the 10 internal RAM 704 of Fig. 6 are built in the DSP/ CPU
i ntegrated chi g0 Twhe MR pEiphemovirenit 327, the integwmatedn Fig. 6,
because the DVAC i s _not reqyired for %éflanaiiOn in Fig. 6. As shown
in Fig. 3, theBSW@heral adqrggs hys ((RADSH CARG itk R EEEM P The

i 15 b h h 703 d. t he DVMAC 705,
oot O 1> pephiatd a i hre, (BT B2f] LI qfy AL 3 e
DSP/ CPU cl | v i . . h h
function is> ARG (erar bl IR RE KESS SUPRSHOLE Yol M5 ooc)g
the cache 704 qimsfalommﬁgwrar;&wo@@g@t % udd¥eions mrﬂ&y'fﬁ%adéﬁéss

is contained in the cache 704, "and i cont al ned, accesses the data. In

the absence of geiGial inglatl-SutPut heLbder {]@nﬂz theprachenddd awiyfies the
cache controller 703, which activates the C 705 to read a

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 (TXD1l) 1304, (STS1) 1305, (STCK1l)
1311, (RXD1) 1306, (SRS1) 1310, (SRCK1l) 1311, (RDX2)
1309, (SRS2) 1308 and (SRCKZ2) 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



25" plarality of neighboring data (500 Bto 1 kB in many cases)
including the particular data fromthe external menories 713, 714 into
.the cache 704. These data are supplied to the DSP/ CPU cl osel y-coupl i ng
core 701. - 40 -- 29 - The
‘reference to prograns and data has a locality. In other words, when a
gi ven address i5319. Théesiguneall, lihe p333i bsl Eoy obdrriéngeagbbsikcnglock
addr esses bei ng next addressed is very high. The use of a 5

mechani sm havi nfe® %Eﬂetﬁénaﬁgﬁv|Bbécbb66esuPRéi§¢oﬁ@ both thgkBSP/CPU
possi ble to access the external nenories 714 at the same average
rate as an intekneeIReRedychipch300 ang EBEhénF§gHP§E¢o§éﬂePﬁndfBFEexaane
"Super RI SC Enghgﬁ SH7604 Hardware Manual ", First Edition, Septenber
1994, 10 issu % H tachi Ltd. In the cache nenory for the

i or opr ocesspr descr i bed it NLgerBONAL e lOURYS” bol Bp1ainedTeRh  dat o

read froman external nenory’in The ence of ~eBrraspon

(mss-me)in tﬁéﬂ“ﬁ%&@cheonsmefeméycaéeainsaﬁhhhaaaéﬁ &é%&sa&e%&eh' ne of
from the DSP/CPU integrated chip 1300 to the integrated
baseband AFE 1313. 1In the process, the three signal
lines (TXD1l) 1304, (STS1) 1305 and (STCKl1l) 1311 are used.

10 The signal line (STCK1l) 1311 represents a basic clock for
data transfer supplied from the system timing circuit 520
of Fig. 5 aé described above. 1In 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 mannef. The
signal line (TXD1l) 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 (TXD1l) 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 (TXD1l) 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



As 'desC'ri bed above, .t he problem of slow access to an external nenory

for the DSP function is sol ved by replacing the internal RAMof the
"'DSP/ CPU integrated chip by a cache nmenory. 20 [Third enbodi nent:
program arrangenent ] Now, a-t4lr€ enmbodi ment of the invention
wi || be described with reference to Figs. 5, 6, 8 and 9. Accordi ng

to the third entrepband AFheldidbl chvofsignal datacimsiuddnghthexfeandl Q
menory by the DSP function is 25 obviated by considering the menory
assi gnnent . signals arerygcepvedonsFirst detansiderecthei Ensbanaden t he

i ' ' ' ernal _nmenory of
he vobi 1o corthbted fma [ 1Aee 8% JER)Y:R00uA]Ry ene®SiGhAT 11RE2"Y

the DSl CPU ol ol L otif h§* Y o510 255‘3"(%{3&5?2‘?@5f‘éiTégsﬁEgpstE's >
' an .
arhi Crari |y Bocsdto (SREREITIIHL A RATRarHa 488v61 kb ERohE “n BRbos

t he exter nalodiOM &l laardl £ hgn SKELT S@bp RA84 6220m ! EnOt EfEtem 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 (RXD1l) 1304 are input
bit by bit sequentially during the 16 clocks starting
15 with the clock immediately foilowing 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 DO from the clock
immediately following the pulse input to the signal line
20 (SRS1l) 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 (SI102) 1302.
Now, the serial input-output circuit (SIO01)

1301 and the serial input-output circuit (SI02) 1302 will



wordS, the internal nenories and the external nenories cannot be

di stingui shed for use with DSP or CPU and constitute conpletely common
resources. 10 When consi dering applications to a nobile

communi cation termnal, however, it is+frtant to consci ously

di stingui sh the use of t he i nt er nal menory fromthat of the externa

menory. An eREmAXPlFingk in detailrwnkth a?ﬁif%?@é#?]a‘Fo nek®r i BL-differently
"t ernal ROVESE, L S S RATO0Z G O Rl RO T CeOT et rian |
external RAM 8 onponent part.s orr ond 1o, the DSP/ CPU

I nt egr at ed cHi e&"’éif‘é;]eﬁ chrrp ‘?%?rét?n%?b%\ﬂ‘%‘bfz 'ﬁ'églﬁlé’réhlal I?@N:B% t he
ext er nal -aglrkq1 FAM L1 [ | 6.

In the nenory Lgér]prang @ﬁﬂgﬁ%r ogr Ae éﬁ%e‘% ¥he Vs fgnct i on
such as spee mﬁ%ﬂ&ﬂ{;ﬂﬁ?%f&n‘}hﬁ'ﬂﬁ) 1424 C%d‘gé}@@%{@l aﬂ‘i’put-

nodul at i on/ denodul ati on and the constant data for the prograns are

arranged in tdigepuidb ditrinal (XM POI30 1hid erhid 09Il UBnpgt idersit) function
such as system control, comrunication protocol and user i nterface and

t he constantawﬂqnﬁtw(SIQQXngﬂmms are arranged in the external ROM
503 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)
1426, and an AND circuit 1429. The DSP/CPU closely-
coupling core 1400, the internal memory X 1401, the

15 internél memory Y 1402, the integrated peripheral bus
interface 1406 and the DMAC 1405 are connected to each
other through the interﬁal 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 oufput 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. 1In
Fig. 14, the serial input;output circuit (SI01) 1424 is

connected to the 16 high-order bit PD (31 to 16) 1408 of



- 31 - Thi s program arrangenent makes it unnecessary

for the DSP function to access an external nenory, and t her eby

obvi ates the problem Nevert hel ess, there may be a case in
which a 5 programusing the DSP funct+of3and the constant data for

the programare too large to be stored in the internal ROM 801. In
such a case, the hphegyatedi pariphespdwAata bus, gngd. thej seripdcdnpat-Fig.
9 shows a DSP/ CPU i nt egrat ed chip 900, an internal ROM 901, an

i nt er nal RAN1©EEP“En°l{€ué§té?ﬁg?)R€$E§0§°aﬁﬂeaﬁ5e%9€rﬁ5¢eRAPP D {lése

he, DSP/ ' .ghi 600,
nrernal row b3205t hEOPOE, Hhp' RRipenetot oz SBhLET AR Resrro1 FraRgM ne
| , . 3 ¢ |
Floc o whiongs shEHZckhdipdaress phe ThH) Tagl RaTRERNECRELTRETERR, '8

is diffe r [<) eI o t g ti of
t he progra%s %g?%zitﬁgb%gPp?u %?igﬁgcgggh(ggoggeég%4 i ggsiﬁg?ggéoding,
channel codingﬁgﬁgogﬁaguandigedyfaqSQUQ) 1420denodul ati on and the const ant

data for the progranms that 20 require no high-speed access are arranged in
t he external 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) (RXD1l) 1430, (SRCK1l) 1432, (SRS1) 1433, (TXD1)
1434, (STSl) 1435 and (STCK1l) 1436 are.also shown for
15 exchanging data with circuits external to the chip.
These signal lines correspond to the signai lines (RXD1)
1306, (SRCK1l) 1311, (SRS1) 1310, (TXD1) 1304, (STS1) 1305
~and (STCK1l) 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 widé 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



ROM 903. ' A code table as large as 10 Kbytes is searched,
forfexanple, I n speech coding. In the process, codes are read fromthe
code table and processed one by one. This 25 process nmay take several
hundred cycles per code. In the case whgae-the | arge code table of
about 10 Kbytes is pl aced in an external nenory, the overhead is as
smal | as seQtranitsapxhengalt he sbeeshipher amongegheses signalallines,

- 32 - cycles. Also, all the prograns using the DSP functions

such as speech EB®i figRRLO4LAGS ERRAKED é6§7mg/(§B§6d| a.gse andarmXDZ)

_ d d tiply and Add
operati on bt fhif BEEESRRORR P aReRckE ) 4 dP7g 4SRERL A 9RES AR ARXDG Juhat

accomani ed by 5%%al FEEREER 81 pr BBoRieng L dha Péﬁgéégéiéngfniﬁﬁé%zereSUCh
The pr obl om o1 ST o Aeeceerd dnBibriflprais bich FefbtBhiT BB Binct i ons
is solved by ar13mgi nfniRig. 13a, however, the serlal input-output
circuit (SIOZ) 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 (S101)
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 (TDXl) 1434
through the parallel/serial converter 1425. The output
cycle and timing are controlled by the control circuit
20 1423 using thé 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)



the external ROMthe portions of the prograns using the DSP functi ons
antd the constant data for the prograns requiring no high-speed access,
as shown in Fig. 9. 15 [Fourth enbodi nent: hi gh-speed access nbde nenory

i nterface] Now, a fourth en#bdinent of the invention wll

be described with reference to Figs. 5, 10A, 10B and 11. The fourth
enbodi ment ref @483t andh¢SBEED )i A4vuRi-chThe Pt sémdng $hysodinpud Hisgh- speed
access node not used in the conventional DSP is directly connected as
an external  COnVWerbeY £BEC: RelbsPitrWifs: PgraldelcHrpaothiioagh tde and

second enbodi ment s a nymher of nenpries

3 There _ar
supporting a §Srﬁ?§ﬁpgﬁééaeéc88§¥eﬁﬁﬁé.lgageiPP aFPFPtaﬁoe%. le will be
expl 3 ned, |1 WOLER 9 B She YRR s pEoaaY . “ORBR, B, zeselVife AUEA . 07
Syhchr onous SRARK EFE7) 428,87 PREPH RF A LR, S1°aBe8s P 886 2" s0, the
external addrepgsefgsstiBRY atec2Rabkt $or transfer, then the control
circuit 1423 activates the interrupt signal (INT) 1422 to
DMAC.
The seriai 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 (RﬁRz) 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 (RDR1l) 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



ahd the external data described as 8 bits in Fig. 10A are
fadilitating the explanation, and the invention is 5 app

for
icable to all

the bit widths of the external address and all the bit widths of the
external data with equal effect. - 46 - Fig. 10A shows a
detailed case in which a DSP/ CPU integrated chip in a nobile

comuni cati on MeMoEF i 402 reugh dheal3dnbisk Wide iintmgra®dire connect ed
to each other. In Fig. 10A .a DSP/ CPU integqrated chi 1000 and an

external burst PR@WP&‘%GQJEQQ’:@I Bé’éﬁsy 1408, gd‘rﬂ?e&’\é’d ‘frt? exctP It (1EY9] hr oug
an .integrated external ddr bus 1007 and a data bus 1008. These
conponent 15 63&‘?51‘8& ng:ﬁoﬁ’d'st gﬁt € DSP/ CPU integrated chip 1100, the

external ROM 1111, the -e&gxert?,%l-s @,%Sé_e%%a%}%gr}% %

1110, respectively, in Fig. SO shows t

whi ch a DSPECPYAh@S @l ph@URtiidd i40can be dHibhedadddRiing ROV

I nternal RAM 1003 and an 20 integrated external bus interf

connected to sixeacam@bhghehhr@mgbo@g§ﬁ@hs&ﬂﬁh;dmhaﬂxﬁi
i nternal address bus 1005 in the DSP/ CPU i ntegrated chip

he(ggfiéfﬁ

e nmanner 1 n

ace 1006 are

Rt fer
1000. These

conponent part sfcehecdpebdtt dattae DSReCPBdoblent loFs & lovwe Adtld "G P YiE
the internal ROM 602, the 25 internal RAM 603, the integrated external

i nterface the peripheral circuits for the DSP function
solved.

10 [Seventh embodiment]

can thus be

Now, a seventh embodiment of the invention will

be explained with reference to Figs. 5, 15A,

The seventh embodiment is a variation of the

15B and 16.

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 (SI01l) 1502 and

the integrated peripheral bus 1501 are involved in the

DSP/CPU integrated chip 1500. These component parts

h

02, an

bus



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 t he DSP/ CPU . - 34 -
integrated chip 1000 include a chip select 4Fgral (/CS2) 1010 and a
read signal (/RD) 1011. These signals are applied to a chip enable

terminal (/CE) €fErasPentphe the DERaperipbemadakiftGEL 4R2théheur st ROV
10009. Also, 5_Fig. 102 shogs asting chart OB signgls pg%gein thedata
DSP/ CPU i nt egr at BEEERAP 408898R8St husetPBIndROhans: thevi /cgu§?§?; ata
L9, L Shone oo aaRl oo e oLy R 00 O i1 200 Pl T80 bl
o 0o S0ae ol goried Mip Bt BuBRLECLLEERE! (G4DD)1 3040 RSEM 8 bl
oD e oo et 8B ke ldng 0 nond g ceucthBABL 84, SR SPACT)
operation as is &bREfghRedNSftbAB &B8Hhit 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 éxchange

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, (STS1l) 1504, (STCK1)

20 1509, (RXD1) 1508, (SRS1) 1507, (SRCK1l) 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 thé 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.



In the case where four successive data are accessed in the burst ROM
thé. 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 -t ag chip sel ect signal (/CS2)
1010 becones | ow and the burst ROM 1009 becones active. Four successive
data are accessed at a Now, rohe rcrams flenr StpeR@Wiel ng ltlhdeidgsariderd bits
A2 to A19 25 (except for the two loworder bits) of the address. Af ter
that, the four idadetaddessSheadatecdrannfest fingm the RERACHONINtwgratadl |y

using the two | ow order bits_ AQ Al of the address. The data thus read
out are read i fdP 1500 to the integrated baseband AFE gl is exagidy

E?ngPgoigtegr%kedS%gbp 10 at the Ieagéggfﬁg 34916§Awﬁﬁi] gad Si nm
to read the f'r%glgitn ThIS |s because It includes the 5 tine reqwred
for acceSS|Rg t our successive data in the burst ROMat a tinme as

descri bed above. The condisRAUehe HNRE 9Pk MOWBNE DsHichy €ad out in

one
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 (RXD1l) 1508, (SRS1l) 1507, (SRCK1l)
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 (RXD1l) 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. 1In
this timing chart, the I signal is first input, followed
by the Q signal. First, the 16-bit data I15 to IO are

sequentially input with the most significant bit I15



6yclei 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 probl em of slow access to an externat 49 -nenory for the DSP function
can thus be solved b directly coupling a nennréh;upporting a

hi gh- access ndecst iforom sthe tigrvkr hiRel (¥R} ht £20Sineh the axake nefroepe
fails to hit can be reduced by conbining the fourth enbodi nent with
the second entidh REE FAIFy Staschg nehh ythe cloghktimmeddabteh¥nt : DRAM

i nterface] . Now,. a fifth enbodinent. of fhe. invention w 20
be. expiai ned iAHPEng 1S §ifet gilas 98 UER Badaal find EREET Tty U
enbodi nent represent Se | | 0 ed in the
conventi onal g@l’-?sr}'s %l‘ér gigé-lc@lt d&%&%cg%do%saw%én en%cr’r%?y for the
DSP/ CPU | ¥t £SO B ' heg £d4 S§ &Qd?ﬁgcg & %?ﬁ 25

Fig. 12A shsowssrh’t e %acg%l?nm%]?@hga DRAM .r dynairy% gz %TEP%%?]% cted
directly as ansyg efdipleAMIDy at tH¥ OVA€le & Veheleppddssh-seiyéke to a

nobi [-e communi cati on termnal. Fig. 12A also shows the detail ed case

i n which 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. 1In Fig. lSA;
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 (SI01) 1502
corresponds to the serial input-outpﬁt circuit (SIO01)
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
intefface 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



- 36 - the DSP/ CPU integrated chip and the external DRAM are
conhecbed to each other in the nobile comrunication termnal of Fig.
5. 'In Fig. 12A, a DSP/ CPU i nt egrat ed chip 1200 and an external DRAM
1209 are directly 5 connected to each oth&0 through an integrated

ext er nal address bus 1207 and a data bus 1208. These conponent _
parts correspondIPd Kﬁ@-DSP/@ﬁ@ennﬂégﬁahe@h@hﬁpjﬁ@a,;mm%;ﬂgutpnuenﬁfnuﬂ%AM
612, the external _address_bus 609 and the lat a bus , respectively,
in Fig. 6. Fig. (3813 4831145 SrpRectrd tentde intserated pswipheral bus

I ly- | 0 an (nternal ROM 1202, an internal RAM 1203
and an o7 EBFREERCE. 6D R hECT LR BECT08 <A Pesdmrerdd Ruses

bus 19051 n t ne Bbpr chEDBR 3802 aq bR, 3otESTedaE Bhnipbestly SN ces

- | I , . Lhe i rnal 602,
the PO 2 nal BAress, PiRatRAY 847 5 BOS2-BIL Wil WAk2 3RS Wy
the internal dagpebps BQ4 2R1LBEsi RhEr Al hé&ﬂl’-g%aler bitP8H j?gr to 163

respectively, in Fig. 6. Signals for control- O ling the e
1209 from the DSPOEPshdntRer abedow-ordeli Bit2BH (el wdeog n@woaddress
sel ect signal (/RAS)
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 parailel/serial converter 1627, a
serial/parallel converter 1617 and a control circuit
1613. 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 tfans-
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. Seveﬁ signal lines for exchanging data with
circuits external to the chip are also shown. They
include three signal lines (STS1) 1625, (STCKl) 1624 and
(TDX1) 1626 for transmission, and four signal lines
25 (SRS1) 1520, (SRCK1) 1621, (RXD1l) 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



1é10,*a col um address sel ect signal (/CAS)y 1211 and a wite signal

([VWO-1212. These signals are applied to correspondi ng pins of the
external DRAM 1209, 25 respectively. Figs. 12B, 12C show tine charts of
si-gnal s bet ween the DSP/ CPU i nt egrated®dichi p 1200 and the externa

DRAM 12009. An exanple nenory map 1100 for the CSP/ CPU

- 37 - i e ghditaiy datig axe ransnittRd) using |the rserimhoiypwep

1100, a DRAM can be direct]y coupled to the space of the chi p sel ect
si gnal (/ CS3) SuWRuY Gizayit (\Wéﬁk Heb Flraclwo 16-9it 1elde| prapsmess5oqynal

125, the row GRER &G JSPUL HITOUTL i 4 AL LIARE S (416 ToF LS c5e
sel ect signal d,thew,ite si L (/VWR), 12 performthe
° dgt%%%’t]ql £ 1) g %Wg"s%a‘blt ige f%%.a 10

operation shown in _ chart's _ _ _
(o g, SN e h | AR i SR PR SO0 |1
conmuni cati ONThe 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 bé 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 1lines (STS1) 1625 and (STCK1l) 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 (SRCK1l) 1621. The bit string thus input are

25 convérted 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



termnal as shown in Fig. 5 can be easily equipped with a val ue- added
servi ce such as the voice mail function. The 15 audio data communicated in

the nobile conmmunication termnal is conpressed to 4 kbits/sec to 13
kbi t s/ sec. In the case where one DRAM cht p-of 4 Mits is used as
shown in Fig. 12A, for exanple, a voice signal of 5 to 17 m nut es _can

be stored. 20 Y8 A tekRIRFFE N MUL) g%@sdat%h?r'a‘h%b?l?’a?ﬁ b‘!‘UL) 1616

h I ts h nbodi t th t'
per Pherel 1o Bhponed e B fidh 59%%,%&&%30&” g EohBLE "
th enbodi t. t d_ t th f th
bt e LR gy B 8 L 1aPER

The convent | onaj¢j pdengdents ok, £hidea | drdhifi s ea esrm@eféé_,igﬁéfu' ts are

few i n nunber dn ypes and ar - 38 -

dat o tranet o (el B4 TR (e (R Skt ascaCR5 e 8*9%%15%%29215‘5‘3??"
hand, has many ygers phes@lestdmgsie | s

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,land 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 Dbe 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



of various types. The resulting requirenent of a 5 peripheral circuit

intérface, however, leads to a | ow data transfer rate. .
Wth the DSP/ CPU i ntegrated chip according to this invention, the
peripheral circuits for the DSP functroP3are connected to the

peripheral circuits of the 10 CPU function through an integrated
peripheral circtfY PosesntherRERP1RR- 4 PESQFELINg FowtBet RTEESASfer rate is

d ' for.th ' | ci ' .of the, DSP f tion.
T view of ¢ hi <SmeeREpaRRG PhEBReRspRpREgRTouE. eiiémaﬁﬁe, a5 §B%; é%%ty of
I : L r t he, spee ata
Cranster for t ﬁﬁ%ﬁ%ﬁﬂa%%’a‘C’éﬁéeﬂ%é?ﬁgﬂgFaPRC%EEuffvl?egrazﬂﬁ FrFd; eac
nbodi . . iq. ' ai ec n en
Che DSPI CPU | i SERSF &3 i o 6t EnE ibolfmdhE ) (7hOSRtBRaECERSInAB IS
in the nobile cobmwh et 8nt 86MIAL1Okan be Ebﬂfiéuréraeaffﬁeﬁeﬂﬂe&gt. parts

correspond to the DSP/ CPU integrated chip 5007and the Integrated AFE
501, respectively, iﬂ?éﬁﬂfiEalf}g-c&ﬁéidé@“@helEoﬁétthﬁﬁhifier only
the portions of data transter for exchanging data 25 with a RF nodem

A seri al input-cmmtmmlcéfcuhe RBl 8é¢tidfil, 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 commuhication 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 refefence 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 communica;ion path coding/
encoding and the modulation/demodulation process requires

realized by the DSP chip. This in turn makes it



serial ‘input-output circuit (SI02) 1302 and an integrated peri pher al
bus_1303 are involved in the DSP/ CPU -
39:- i ntegrated chip 1300. These conponent parts correspond to
the-DSP peripheral circuit 322, the integfaied peri pheral address bus
(PA) 320 and the integrated peripheral data bus (PD) 321, _ :
respectively, iMFPgEany tosexfhangghthaedataian thepucomuupicationuit
(SI01) 1301 is used for both input and outgut.functlons in Fig. 13A

t he seri alPTRRECHRTRESEF reite the ob3se e aF?soﬁsedAﬁnﬁyrﬁélﬂltrOBhEhe
I nput functions n_.of her words, the DSP/ CPU , integrated_chip, 13 S
cogfigured to H%Eé SHeP ot peI%HEe 1E°tﬁﬁpmﬂﬁh?§tﬁﬁYhtge§ %CPS?OEPHE'

' ted b _ . 313. . .+,.Jhe conmpone el enents of
Itﬂtee?;l? egr at 23Wb§g@%%hcﬁéé’iﬁ%e¥%?%?eJdSt{)I{"ﬁ? 2B Y tr?ﬁﬁfﬁﬂ‘éea

serial interd acg 43 pai SIVRIGE GYSsi@n pgni num shift 15 keying) nodul at or
1316, an | signal D/A%onverter 1318,&a Q signal D/ A converter 1317, an

| signal A/D converter whdBlfhe 2bdtpul) 6f UNGE PHREOMSIEEled3d4. cibe RF
rodem 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 confrast, all
15 the digital processes including the user interface
process, the system control, the communication protocol
process, the auéio 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



énd the integrated baseband AFE 1313 exchange data by means of the |

and Q anal og signals. 20 The DSP/ CPU integrated chip 1300 and
the i nt egrat ed baseband AFE 1313 are connected to each ot her

t hrough signal lines (TXD1) 1304, (STS1y 3305, (STCK1) 1311, (RXD1)
1306 , (SRS1) 1310, (SRCK1) 1311, (RDX2) 1309, (SRS2) 1308 and (SRCK2)
1311. A tim ngee@divingfdapsg argesenti §pakthei REE chdpshoWAgi-n20Rgsheys.  The
signal s on the signal lines 1311 and 1312 in Fig. 13A are supplied
fromthe systEhet FRPREIBPREUPFOSESERSFLY. asfleehargnal line 1312 is
used for controlling the,serial,interface )

- 40 - 1319. The s?ﬂ;ﬁﬁF'l the &gh"fc‘%l’f BPTEQFPSi hleadpmedrlation

for data transfﬁéesghgﬁaa%gasgﬂghhgg &%Egagggtg%ggggécggr the i nt egr at ed

chip 1300 andpf FAtegrated baseband _ _ Now, the
AT 8 EfEeYaha aEfalr S8R, upe, o) biLp $97RUBLAEAGESS, Lh <1
integrated pgPagePandoAiE11343. th8 HALaPEBAESShekBeo! RbCENE @Rokocol
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 fhe 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



i nes (TXD1l) 1304, (STS1) 1305 and (STCK1l) 1311 are used.
l'ine ((STCK1) 1311 represents a basic clock for data t
fromthe systemtimng circuit 520 of Fig. 5 as descr
this case, 16-bit digital data are traBsferred bit by
synchroni sm wi th the basic clock. Data having an ar bi

10 The si gnal
ransfer supplied
i bed above. In

bit in
trary bit width

15 can of courB&Pbéuncthohepanddthe CRY fanctignnediminates thegwrequinge

(TXD1) 1304 represents a one-bit data bus for transm
line (STS1) 13W8ntefPEsthescammunicafiensbriwepgnihel PSE.
out put sequent

ssion. The signal
PYREegS: &ndr e

i all bi by bi h i [ 1 TXD1) 13Q4 duri
TheP1s SSoUeTttRe' Cpu, prabeas! Ananthatobhe; HtarzeLE) PLrLENETAL na
| 1 1 f.thi i T tim i | i h N Fiq. 13B.
B s e ot 1 babCuT 58 Serkhg: BSel oM ebOeuiits' The BERL LSRRG Lo

o o1 L Ty, b BB RLE IR B

line 25 (TXD1 ( _ eac oCk sequenti a
most significant bit DlSyq,, exglanationNQW 1C8aShdak Ehe
DSP/ CPU integrated chip 1300 receives data fromthe
the direct access made by the CPU function
peripheral.circuit with reference to Figs.

other words, the explanation refers to the

Fgﬂktgg t he signal
y'trom " the
ded3aq 1l Qbya'tch the
I ntegrate

to the DSP

17a, 19. 1In

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

15

20

25

related part of the joint between the DSP/CPU integrated
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/0 circuit 1714 and an
integrated peripheral bus are involved in the DSP/CPU
integrated chip 1712. The component elements of an
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.
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



- 41 - baseband AFE 1313. Two signal data including the I and Q

signals are received. First, consider the | signal. Three signal |ines
are used, including the signal |ines (RXD1) 1306, (SRS1) 1310 and
(SREK1) 1311. The signal 5 line (SRCK1)-1821- as descri bed above,
represents a basic clock for data transfer supplied fromthe system
timng C|r%%$¥r%§055%6%h vhichgissanTanalegbsiguadit afhdabatant
transferred bit in synchronismwth the basic clock. Data of a
given bit mndtH“E FmcBekit LB the P?Wﬁﬁs?émpéﬂgiRA¥h§7QéPésnﬁﬁn§ﬁrte¢he
signal line (RXDL 6 represents a one-bit data_bus for _receiving
Thg S|ggall? %éa?5$§ﬁ.°§3igg?% r%%%n?gtauFr%ﬁeasyﬁccgﬂﬁﬁaﬂ Slgnaﬂlne

The data on th 1304 are in _ _
sequential |y dﬁ%l%gq$% i€1%¥%%kéé§%%??Fﬁ% bXSQ éf?ﬂsfﬂﬁ EF%%E Fﬁﬁﬁeﬂately
following the ippgg, of the pul se signal on the Iine (SRS1) 1310 to the
DSP/ CPU i nfegrated chip 1300. The timng involved is al so shown

in Fig. 13B. The 16-bit dai@. DI 4Rowd ﬁ&r&m%g'?%%ﬁyaﬁ%nﬂgdtﬂgel y

followi ng the pulse input to the signal |ine re rnput bit
by bit from thetrsdrgder |stwrt sighdXD1704 3844 0 @ﬁﬁ@d0&99¥f§§ﬂ§385'€héy

starting wth the nost significant bit D15. "The Q signal is also
recei ved power amplifier. The GSM communication system is a time-
division system including eight time slots (577 us) 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



exﬂa’tctl'i/ the sane manner as the | signal. The difference - line in that
the | 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 (SIGL1)58 - 1301 and the serial

i nput-output circuit (SI102) 1302 will ] _

- 42 - be coniinalddang rtheetsariad tinterfaeack?’b. FiThe Igignal ling. 14
shows the portiqgn of the DSP/CPU integrated chip related to the

present enbodi net8 TRRFeSSALE § Raric clockfowdats C‘Eﬁén§§01§n45i)§h
corresponds to the.serjal 5.input-output circuit (SI01) 1424, and the
serial input- suppld]ﬁc*)&[o aqtéh%?-gﬁéjpl%?;n?%’f%%ei Jléfl’ H]ﬁ)?itéféﬂl]t?%@
circuit (SI02) , i guration o i g. i ncl udes a
DSP/ CPU cll%é:e% r-actoetjiplblaﬁc’gebcadlrde Af‘%é_?cd;ﬂ i nternal nenory X 1401, an 10

internal merpry Y 1402, 3p.jntgql %éﬁdéﬁﬁe{ ?@%ﬁhﬁ&t& nitnerér?e;?ap&éeol@, a

DMAC 1405, a serial input-odtput ) 24" a’se
i nput - out put  Ciragiplitg| Re2)1703 wilid2Ge AU NP G Tftid s 1142%nd gy HSP/ CPU

ohosely: 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,
l16-bit digital data are transferred bit by bit in

25 synchrbnism 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



co't]pli'ng core 1400, the internal nmenory X 1401, the 15 internal nmenory Y

1402, the integrated peripheral bus I nterface 1406 and the DVAC 1405
are connected to each ot her through the internal address bus (1A 1403
and, t he internal data bus (ID) (32 Bit5® wi de) 1404. The seri al

I nput-out put circuit (SI01) 1424 and the serial input- 20 output circuit
(Sl 02) 1420 ar e doamectsguha citgmal line nt pxitragyl P i haerkdchuperivdrf ace
1406 through the i nt egrated peripheral buses 1407, 1408, 14009.

The i nt egr at ed fxon phe flasnk immediatelan followidie ssheypukssn)outprt of a
32-bit wde data bus (PD).. 25 The PD bus in turn includes a 16 high-order
bit PD (31 to this fdgnpdog they dates xR VAL Feausntissl by Ryt RroPity

a. th Cal i ) e . . :
'ltzlhlgl?)léAfhi ;h?fizfré’;ti’??%{%tlé%]?gﬁ% r(%t glrS)lOOl.) 1424 is | co.nnect ed tol
- - i .l . S 3

output circdit (S102) T IR TRy B W g’g’fe%%kk(eﬁsﬁaﬂ ft’g%e 1409
of the integranelel®idiierdd 2 . WR'Ub-pic diffa YL B R HiesS

bus (PA) 1407 is
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. 1In
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, thello-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 thé 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 inﬁention will



5 serial | nput -output circuit (SI01) 1424 and the seri al I nput - out put

circuit (SI02) 1420. The serial input-output circuit (SI01)
1424 i ncludes a 16-bit wi de data transmi ssion data register

(TDR1) 1427, a 16-bit wi de data receiving é@ata register 10 (RDRl) 1428, a
paral l el /serial converter 1425, a serial/parallel converter 1426 and a
control circuibe expldi®ed ®ikhsrgherehcaeto(Fhgee Bashdf dl.tr Zhennéstbn '
and recei ving) (RXD1l) 1430, (SRCK1l) 1432, (SRS1) 1433, (TXD1)

1434, (STS1) 1emBodimentTexisraste hhe &rS® sAovhichra highxsReRdi ng dat a
ith circuit | to.the.chip. Th ignal lir t
L A o G ) i
n . e ecC ve I n 1 g. . ese
signal |ines af® %h%%éi%%ﬁ %bﬁ%% ?ﬂﬁﬂigﬁ??Lmibe?ﬁ?gre%ce 20 to Fig. 13A
ne serlal NPt ol Ul S U ielS00) oAdalimorELUIRSSRpdR: Byl o1 O ot 2
d i - | 8kb3LHI :
ata reg'Stereﬁtané§§ﬁaée&é§§l-g%gﬁgéé ﬁéﬁ??ﬁb@inﬁ@?¥§£é&rE%%ézlt@ ::

serial / parall converter 1418 control circul Si X %three

each for tranaﬁigﬁé@@maﬂg £8CBEVéPFicient1§i 88akikéacso(SADR) eddR1l, (SRCK2)
1437, (SRS2) 1438,
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 portiohs of the DSP/CPU
integratéd 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



(RXDZ)’1439 are al so shown for exchangi ng data with

- 44 - circuits external to the chip. Anong these signal |ines,

-the signal lines (SRCK2) 1437, (SRS2) 1438 and (RXD2) 1439 correspond
to (SRCK2) 1307, (SRS2) 1308 and (RXD2) - 611309, respectively, in Fig.
13A. These signal |lines are 5 al so descri bed above in detail with

reference to Fignd the inpegratedgextgrnapohuseintengacer 2al8i apet - out put

t (SI02) 1420 is used only for receiving. ' Consequently, the
tC Ih:ggl trgnsm )ss?%?P%?Eﬁ t?.ﬁ%gf{(qm; thrOUSEBEhe(SIFS§¥n414éddh‘§S§Sb@K2)

1441 are not s , explanation w ||

be made about t%ﬁg%aﬁ%d thé! g?ﬁﬁgﬂ?ésgﬁﬁaugPﬁgz%ﬂg seThSISFﬁBGFréupﬁﬁtd
ot o oma Pty et Drlol i LADSTLARARE 00 B0uBRRTY 1
SECES PR s i s e e
(TDX1) 1434 = 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. 1In 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



tﬁ}ough'the paral l el /serial converter 1425. The out put cycl e and

timng are controlled by the control circuit 20 1423 using the signal line
(STS1) 1435 and (STCK1) 1436. Now, explanation will be made
abqut the case in which the two 16-b+t6@ata received by the serial
i nput - output circuit (SI01) 1424 and the serial input-output

~circuit (SI02)w1120barexpiamsedrwe@htNﬁé&gﬁn§e320bfﬂ95us3 22, Bl & al
i nput -out put circuit SIOmL 1424 is supplied with the receiving data
bit by bit frofftheThbignambpfment refsxs) tesgomethed; RﬁuPr@ﬁ?lré & tining
are controlled by the caqntr ol clrc I t 1%23 u5|%g h n | i nes '
( SRS1) compiler for delivering ata rop-a_ hig - gﬁ

1432. The bi i
el el Cdnta BhFbUSR EHE E"ldhghRos preRRREl bYT Chdl Leb %%y?t g“n*‘fdd.enput to
the regei xggﬂcgghé%gew%ﬁg %éégmb%%n 8%%_,rra Geeb WG datR the g ster

1428 is supplié recei ving data an preparations are nmade for

Elrﬁ%sfizntpenfﬁnetseat 58l a DSP/@PUCYhnteltadeaChPLES the interrupt signal

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 (RO 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



Tﬁé seri al input-output-circuit (SI02) 1420, on 10 the other hand, is

suppli-ed with the receiving data bit by bit fromthe signal |ine
(RDX2) 1439. The input cycle and timng are controlled by the control
circuit 1419 using the signal |ines-(86BS2) 1438 and (SRCK2) 1437. The

bit string thus input is converted into a 16-bit wide 15 parallel data

t hrough t he seekplApaedl Wélthcopfereacel£08Fig. 24and Fapplfiaed ltidatliag
receiving data regi ster (RDR2) 1416. When the receiving data register
(RDR2) 1416 i stbgppkpéanationyjofh thge DEEc SURICHd-ORat & SidPdce parlfirdis are
made for transfer, hhe coghrol circuit 1419 activates the 20

i nterrupt si gn@Pd( AREpmY Qf?tG ﬁ@leﬁﬁep T 1aRS & i @5 an egpmpl&-nduces
e ) oo oal b gURhethu S, LALELRULS Y o enol WDk BT 100
oL o sg, SAEsilst, Biacman AT RIS B A 101
- the DVAC 1405 Lfolht ¢hr YREEH pLEepgygco?a@igqn@hQ t 8o hardWRrESih fthe
receiving data as a single 35—b|t datum an transfer it to the
i nternal nenorps¥/EsBlinkeghatieat @hip 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, (YO0) 2409,
(MO) 2407 and (AO0) 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 (X0) 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



- 46 - menory Y 1402 through the 32-bit w de integrated

peri pheral data buses 1408, 1409 and the 32-bit w de I nternal data bus
1404. In this way, the transfer rate of the serial 5

i nput -output circuit can be doubl ed accordéhg-to the si xt h enbodi nent
-as conpared with the bit-by-bit transfer ~ ~ of the 16-bit data. The

probl em of sldm@@%ﬁﬁ.¥)a%%¥%rl§faccess?ﬂewﬁ§hiBh@rﬁ?“&?ﬂ&upstﬁoﬁstﬁé DSP

function can th be soJ ved.. 10, [ Sevent h enbodi nent
Now, a seventrPéﬁkﬁEﬁneﬁ?dth?hgaFﬁth%Foﬁe | fre StBEeaxkpaFﬁéd with

f I gS. d.16. h di I S.
eTerence L0 FLgs: s Tho) 1 SpR saRren ot SeR YRR R R L e geB o
it 15 OULDUIGLIopLe AL LHPCLRES MLAGCS! 8nats TRERSEHE Wlimy .

enbodi ment, by ‘contrast, uUsés onl'y one serra ufp_ ciTcurt _
Che Soome? e PHSFEEL MoRLBNT 2412 i3 aceagentl BisBopmalesheenelsiall
R Nt R e
the integrat edodEE $0dtor€4peR-the resistor (Y0).
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. 1In 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
delivéred 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



tively, in Fig. 5. Only the portions for transferring data relating to
dat a exchange with a RF nodem 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 +néBgrated chip 1500. These
conponent parts - 47 - correspond
to the DSP per|bﬂ%¢h¥gc?¢éﬁ?§sQ§2°ftﬁbe two prrayFafed whdchstheus (PA) 320
and the integrate bus 321, respectively, in Fi In

D
Fig. 15A, the Muity iYa?nﬁnﬁﬁF“EéE% 2 &ﬁrEak?n(srel9e tyered g@e&hﬁo

5 d t f DsP/ CPU te rated 1500
nggfguredagf gﬁ% %%F%ﬁgcgﬁggﬁﬂogg ug§ ﬁFFﬂI EOBeELg- 84't5h?h€e9ﬁF§SF§ted

paseband ACE L5k ara v can b, bR OTE R KRB b A8 é?? Sf'

baseband AFE 1 according to the presen :
R R i N L
signal A/D 1684485 t €6 é5ﬂ§gh8@ﬂf§c£éﬁéﬁna| Al D converter 1512. The
. 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 emquiments. 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 aspecté 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



RFﬂrmdem and the integrated baseband AFE 1511 exchange 15 data using the |

and Q signals constituting anal og signal s. The DSP/ CPU
integrated chip 1500 and the i nt egrat ed baseband AFE 1511 are
connected to each ot her t hrough sigraléd i-nes (TXD1l) 1503, (STS1) 1504,
(STCK1) 20 1509, (RXD1l) 1508, (SRS1) 1507, (SRCK1) 1509 and (| QFLAG
1506. A timi ngpowen csnsumpddosi @ind Snadds dins ssiggwn i n Fig. 15B. The
signals on the signal line 1509 and the signal line 1510 in Fig. 15A
are supplied fromthe syf&f, the ivexsafiditaniaf shig triduing fommer 1510
is used for 25 controlll the serial interface 1505.. The signal line
1509 repr esent SRS a(ﬂ‘{; HeFNada MENQTHRS GTRIIFASILY PEINRRN iR Pt o

both the DSF/ C%gﬂ %t r(ﬁJIFdfu%Q:I O:IhSSOOpeai‘rril'ﬂc.%.'t'EShzefgffl.Cj.el’l.r‘Lt etggeatoefj tqlaqs\lgband AFE

1511. w, the
transfer opera oqgﬁ:ﬁ:r g% il. The data transfer from
t he DSP/ CPU%| n%deg{&zﬁgé(# e d d' to téhe}&q%egrat ed baseband AFE 1511

is exactly the same ﬁ&ﬁﬂ&t idh tha Aoy dddrhdad ANGMNhindidq be
from the communication between the DSP function and the
CPU function, and therefore a mobile communication

terminal system can be efficiently configured.



5 éxpléined.

Consi der the case in which the DSh§
integrated chip 1500 receives data fromthe i nt egr at ed b IMI"HHI!LIJ ||||
1511. Two signal data including | and Q . signals are receive Igx L1SA =

shows the case in which 10 the two signa+séare tinme-division nultiplexed.

At this time, four signal lines (RXD1) 1508, (SRS1) 1507, (SRCK1)
1509 and (I QFLAG 1506 are used. The si gn@rAIMBe ( SRCK1) 1509, as
descri bed above, represents the_basic clock for data transfer supplied

fromthe systen*tining ci fcEPTMEDal appPapptppycoRpriginghasmigse- t oo,

16-bit digital

f bit_ by bit i h [ ith th
O A %ﬂ"%ﬁ%ir'%§5%égwf=ﬁa{v'h<'é%ﬁ(') gfﬁ Qgr%ﬂ'gimmtmn °
[ . is a
onerbi ¢ dat a b fedfaEed IR o4l GHHRA alg'zg_e?ﬁﬂgi)?shgi) mggg?rméﬁdf P
[ [ re inpu
sync si gnal 3'r@hté?ﬁhi“ﬁ??ogﬁr?ﬁa&geaﬁﬁggﬁ %kggfaéfzﬁ%%gé§sgggfg P

sequentially bit by b
t he cl ock i
to the DSP/CPU i ntegrated chip 1500 as a pul se.

g the perio 'ng with

PA€by 46| 4 O¥iAG1E NRehb PP ¥PSRet Nisfiesbgnal is . input
25 The tining

i nvol ved is shown in Fig tHSEDSP| functidhl snélvdeg shplbralbeyl ogignal is

first input,
are
10
15
20
25

fol | owed by the Qsignal. First, the 16-bit data 115 to IO

internal memories (602, 603) and a plurality of buses
(604, 605) for connecting said internal memories fof
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
as calculation, internal memory access and data transfer
at the rate of én instruction per cycle, and thereby
capable of compiling a program written in a high-level
language into said basic instfuction and executing said
basic instruction efficiently.
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,
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,



o Y om che st gnat I fne. (o1 1508t the rad JIHl 4
sNgcthe Tmrst =+

bi-t per clock starting with the clock i mediately fol | owm

.pul-se of the signal line (SRS1) 1507. - 6%hen, the 16-bit data QL5 to Q0
are input the nost 5 significant bit QL5 first fromthe signal |ine

( RXD1) 15@863%é|ueﬁ§igl internahememoryohasnbupilt psherefipckn audio
starting with the clock inmediately followi ng the second i nput. pul se

of the signal FPRENGAREEPAiBg7PTrPFEaR gad| @ Commppigatiop| Rafh15968ing/used
in order to id ntifY t he data &ransf rred . b he signal lin RXD1)
1508 In Fig. 98%0ding BrRgtamfapL);nant eALAC*EE5BAaRRBREYAGR dur] ng
nput -out put cFFeERe taFeiR 4 Copmpaicaticy pregoffl phdbaRl fsea i

detail with | 6. hg. 16 sh th 1 .of th
e nyt 2 gr peh LR ERERCLOPELGEaht (80Fh. 10 Shove the por(lons of the
serial input-ogtput circyitetrmifdl 4BBAratus §eEHSARARILO! @1hkRA S€T i al

I nput -out put circuit (SI01)
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 inﬁerface
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.



1631. 20 The configuration of Fig. 16 includes a DS
cl osel y-coupling core 1600, an internal nenory X 1601, an ﬁmﬂﬂun""n””“
menory Y 1602, an integrated peripheral bus interface 1606, « mos  x
1605 and a serial input-output circu+rt6§St01) 1631. The DSP/ CPU

cl osely-coupling core 25 1600, the internal nenory X 1601, the internal
nenory Y 1502, the ihtegymindl RpPpretas Hor ehRferting r8ddoand

t he DMAC 1605 are connected to each other through, an i nternal address

bus (1 A) 1603 FRFE 1A bl o PYaeRCheRging data with a base station,

- 50 - (ID) (32-bjt wi de) 1604. The serial input-output circuit

(SI01) 1631 is H¥t0 the integrated peripheral bus i nterface

1606 through the integrated i ph buses_ . 7..1608, 1609. The
i nt egr at ed peri pheral bu§§i%§€%d§§§ég%51§§ %%h?egg&ggsf?fwﬁxﬁgﬁglﬂﬂdaa
32-bit w de gat 5&5% R s I bus_kncludes the 16 hi gh-order bit
PD (31 to 16] BT 16‘%8%?1%‘3?_?1%111%@‘?%%& 83 "5it PD (15 1o 0) 1609,
The serial input-output CcdrfdthdrySiRdludfid an arddCl80e§ s¥OriRgbht Wi de

data transm ssion data registers

.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 proéess, an area (803) storing a
program for controlling the communication profocol 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



10, (TDRUY) 1629, (TDRL) 1630, two 16-bit wi de data receiving,
registers (RDRU) 1614, (RDRL) 1615, two nultipl exers (M.JLHI"HE@&F“HMHLII““I
a parallel/serial converter 1627, a serial/parallel converterc1l6l/ man *
a control circuit 1619. The data trand®i ssion data register (TDRU)
1629 15 - and the data receiving data register (RDRU) 1614 are

connected to thaitehasgkadddarss stopingl & Program@®@niexecutimge the
. integrated peripheral data bus. The data trans- . mssion data register
(TDRL) 1630 an@ufie 20410 PFOFETSF saidjares SHSHANT ERBYSITTEELF W e

connected to the 16 l.ow .20 order bit PD (15 to 0) 1609, of the .integrated
o oheral " SRgEREiRg, the sERecH, SRR BRSaatn SR h A PR

001 U5, Xt Q- B BBt I Mmalhigsson S dod s

transm ssi om, Si (N 5 1([)5%? 1, (RXD1)
1623 and (IEFL%%? %ggg aQ%%ngo?gé i%iﬁb. é%g%gfgﬁhl I n stggi expl ai ned
in det ai | -ahava ivaith oneardneRdodinigd. 15. First, :
expl anation will be nade about the case _

- 51 - 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.



inhmhiéh data are transmtted using the serial input- output circuit
(SI01). 1631. Two 16-bit w de transm ssion data are input through a
32:bit integrated peripheral data bus PD (31 to 0) to two 16-bit w de
data 5 transmission data registers (TDRU711629 and (TDRL) 1630. The
data register (TDRU) 1629 is supplied through the 16 hi gh-order bit PD
(31 to 16) 1608, and the data regi ster ABSTRAMMIRL) 1630 through the 16

| ow-order bit (15 to 0) 1609. Then, the multiplexer 1628 sel ects which
of the data in 10 the *wdaw fA9FhH.sA dPWiRWRgansymption @k a small
transm tted. ._The selected 16-bit wi de data are output on the 1-bit
data bus (TDX1PiE§28Y6 (thiPehiviemh FRAT tafd Fachqns /for a mebilg converter
1627. The out put cycl.e _and tim.ng _ar.e controlled by the coptrol

circuit 1619 ugpﬁug';{]t’ﬁga%lé’ﬁlalte gl pnedt (g§'|§r1{) %@e‘[e&%d"s(éaﬂﬁé] by he

Now, expl anati i . . i i ¢h,.two 16-Dbi i de
data (I si g%al %%gyghgﬁ arizﬁ%r?g’qg&uet B%tla faeC%Pveadlc%/{yL ﬁ*?e[} ser |eaffen&elw-'

i nput - out put  CigiCalch( StPbr whick 3k -%:égadwg,{@&@n ! gh a
32-bit bus. 20 The serial input-oufgﬁi circurt (SI01 %%%%ﬁﬁéséﬁ%%%@%d

with the recei wilge,dawed Periphdiall s ke ireRili ddd¥or ddtP§nputb23.
The input cycle and timng are controlled by the control circuit 1619

usi ng the signahdl bntputSKB$l)the DSP and CPU. As a result, an

extraneous communication overhead occurs between the DSP

10 and the CPU. The invention realizes a mobile communica-
tion terminal system by a DSP/CPU integrated chip
comprising a DSP/CPU core (500) integrated as a single
bus master, an integrated external bus interfacel(606)
and an integrated peripheral circuit interface. The

15 memory systems and the peripheral circuits of the DSP and
the CPU can thus be integrated to realize a mobile
communication terminal syétem low in cost and power

consumption and small in size.



1620 and (SRCK1) 1621. The bit string thus input are 25 converted intBE 2841
16- bit.wi de 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 determ ned by

- 52 - the multiplexer (MJL) 1616. The nultiplexer (MJL) 1616 IS
switched by a control signal generated by the control circuit 1619 on

the basis of the signal line (I QFLAG 1622. The | signal data are

applied to the register 5 (RDRU) 1614 and the Q signal data to the

regi ster (RDRL) JEEFS for exanple. he recei viyg
data are applied t "t receiving da nd
(RDRL) 1615 andPRlOﬂpAR-F)ns are nmade for trdansfelq, thenfthe control

10 circuit 1619 activates an interrupt signal ({§p 16! 8 to t he DVAC
thereby to interrupt the DVAC 1605. The DVAC andljes two| MIDi SPK
receiving data as a single 32-bit data and can trang&g§~

internal nmenory X 1601 or the i nternal nenory Y 160 r

32-bit wide integrated
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15’peprheraI data buses 1608, 1609 and the 32-bit w de
‘ the transfer rate of the serial
i nput -out put circuit can be doubl ed by using the seventh

bus 1604.

In this way,

i nt er nal

dat a

enbodi nent as

conpared 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

peri pheral circuit of the DSP functi on. [ Ei ght h_enbodi nment ;__power
anmplifier cFﬁu%?l]g; Now, an ei ghth enbodi@EHONbf t he |i RAMLt | on
will 25 be explained with reference to Figs. 2, S,E&TﬁzdulB, %gp 9,
20A, 20B. In the con@ftional G@pHnbil e conmAfiEca- ¥ on t R na
shown in Fig. 2, the lewefficiency t he sys2aa<onfigu tiﬁn due to
the overhead bet DSP and | — 204 |-246s -
CPU poses the préﬁ Accordzgg)to the present € 'ineny such an
overhead is b pd & functpanDgAd th U—functTomar e
I nt egrated other as in| the GONMERTERI [™8111 . Ther ef or ¢ 228e
nobi | e 5 cg term nal can| e] confi gured effi; ently. f
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Speci*fical ly, consider the power anplifier control of the RF section.
Th® npbil.e communi cati on termnal shown in Figs. 2 and 5 is

responsi bl e for controlling the output of the power anplifier of the
RF. 10 section on the basis of an instruction fromthe base station.
In the conventional configuration of power anplifier control, the
communi cati on 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 conmmuni cation termnal of the nobile
conmuni cati on system I's explained already with reference to Fig. 1.
Fig. 18 shows how this process is reaIFir-f\G rb%e the invention and by the
prior art. In the prior art 20 using h pendent DSP and CPU, the user
i nterface process, systemcontrol and the comunication protoc@®00
process arge realized hy_a CRU chip._.while the audia..... cadinglderfading.,.-.

t he comuni cation path codi ng/ deco%6%5§§pbﬂ ss and the 301
L

nmodul ati on/yemodul ation process ar by a DSP chip A gxchange
of data vviit t he base station requires the conmmuni catig@m clodi ng/i
encodi ng arkiA dp-at--eni-derpdut-aten—preecess—reattre reat-tzed—by
the DSP chip. This|ip turn nakes it 304
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- 54 -+ necessary to exchange the data on the conmmunication

protocol process with the base station. As a result, the CPU chip is
required to comunicate with the DSP chip. Thi s communi cati on over head
is kllustrated with reference 5 to the prior art in Fig. 18.

When the output of the power anplifier of the RF section is
controlled, on the other hand, the DA converter 203 for controlling
the power anplifier PAin Fig. 2 is required to be accessed. Since the
D)A 10 converter 203 for controlling the PAis physically connect ed
to the DSP ch'ﬁﬁomver t he CPU chlr}aégir re-m:rred--t'o--comnn-cat'ewt.h
the DSP chip v necessary According tao this YA'

i nvention, by contrast, all ]é(? he d|402al for ocesses i ncl udi n
i nterface process, the sy gpntro-lﬁﬁ-
process, the audio coding/decodlng process, [the !
codi ng/ decodi ng process and the ! thi n/ de !
reali zed by a DSP/ CPU ' H !
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20° integrated chip. As shown in F|g 18, therefore, the CPU chi p has
no overhead with the DSP chip and the system can be efficiently

conf i gur ed. The overhead will be explained in detail with
reference to Figs. 20A, 20B. The nobil e conmmunication 25 term nal shown in
Figs. 5 and 2 is first supplied with the instruction data for the power
anplifier output control of the RF section fromthe base station.
In the pri ovvnln 20A, this
- 55 - (FI’IQEI Vi ng dat 5@8e sent 5g1t HNTEERATED PﬂEE 20A shewéoo
t he subsequent S i} rgt, the DSP|chip
perfornms the denodul atj on process )&I:d thg d=coj| ng procesy for
the 5 recei\ing datal eNBATEERYY Ehilp| i %bed by the SP
chip to delivgr the d 38 ot E&t "pbrocess. Thg CPU
chi p thus int BATTERY usp«anﬁnsfg'tqﬁg@m Ar p Ia r'szacu I on, saves |t he
I nternal statys, and ecei ves the Jr'{éfa-i-w-n-g—d-a;-a—f—mm he DSP chi g.
Af t 10 that], the C BRIt T | 5di
er a e Cgl'lp'l executg§2the JroSB%)?E%rﬁ)ce i hg
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pngramto decode the receiving data, and com ng to know that it is an

instruction for power anplifier output control, outputs the control
- data. The CPU chip interrupts the DSP chip in order to access the power
15 anplifier PA control D/ A converter connected to the DSP chip. The
DSP chip thus interrupted suspends the program: I n execution, saves the
i nternal condition, and receives fromthe 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
havi ng the PA control D/ A converter built therein, t hereby controlling
the power anplifier output. The processing flow of the prior art is
descri bed above. The over head por tg | s Ahadowed. 25 Such
the need of an overhead is conpletely ﬁ@ﬂl Il nated according to the
present invention using the DSP/ CPU i ntegrated chip shown in the
flowchart of Fig. 20B. This is due to the fact that the integration of
t he -_h6 - DSP_function._and the
CPU funct i of ehigfp /B F INTEGRATED CCHIP
- 601 . 602 . 603
OFLPY. INTERNAL INTERNAL
ROM RAM
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4 [} 4 [ )
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INTEGRATED EXTERNAL BUS INTERFACE
CONTROL SIGNAL A D CONTROL SIGNAL
_~607 1 _~ 608
EXTERNAL
600 BUS
609
! = ADDRESS
‘ DATA
610~ | ] S
A D A D
EXTERNAL EXTERNAL
ROM RAM

7 7

611 612



nent for the conmuni cati on between the DSP process and t he CPU process
and that the integrated peripheral circuits of the DSP and CPU permts
t he DSP peri pher al 5 circuit to be directly accessed by the CPU function.
Now, explanation will be rmade in detail about the direct access nmade
by the CPU function to the DSP peripheral circuit with reference to
Figs. 17A, 19. In ot her 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 anplifier PA

Fig. 17A shows, in enlarged form only the rel ated part of the joint
between the DSP/ CPU integrated 15 chip 500 and the power anplifier PA
control D/ A converter 504 of a cogﬁ*cs on termnal. A serial

i nput - out put circuit SIO 1713, a FfO'circuit 1714 and an

I nt egrated peripheral bus are involved in the DSP/ CPU I ntegrated chip
1712. The connonent elenents of an_ 20 inteqrated baseband AFE 1700

relating to | interface 1 a power
ranpi ng RAM [L %Pm?ﬂ I%Gglf‘c%%%ﬂ{ Si g ei¢$k—nnnvprter 1-2%\7%9 power

ranpi ng RAM L1703 has an out put waveform buill t therein ag a sanple
data. Fig. [L7A shows the case of six sanplles.CACHE >
701 "IcCONTROLLER|, | NTERNAL
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25 Any nunber of sanples, however, can of course be enpl oyed. An
exanpl e waveform 1704 formed by the six built-in data is also shown in
Fig. 15A. The integrated baseband AFE 1700 controls the power anplifier
by a PA - 57 - cont.rol signal
which is an anal og signal. The out put waveformbuilt in the power
ranpi ng RAM 1703 i s converted Into an anal og signal and output as a PA
control signal 1705 at a timng designated by a transfer start signal
5 1706. Fig. 19 shows the tim ng designated by the

transfer start signal 1706 and required waveforns of the power
anplifier. The GSM comruni cation systemis a tine- di vi sion system

i ncluding eight tine slots (577 [err]s) for 10 each franme (4.615 ns).

The transm ssion is activated dur!nggsne ime slot in one frame (8
time slots). Thus the timng indiéa b Tx represents the timng
designated by the transfer start signal 1706 in Fig. 17A. 80QCharacter Rx
in Fig. 19 shows the receiving timng. A 15 required outputy wavef or m of
the power anplifier is shown /*“/
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4 f
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in the lower part of Fig. 19. As shown in Fig. 19, the GSM

comuni cati on system severely restricts the ranping of rise and fall
as well as the anplitude of the output wavef orm The power ranpi ng RAM
1703 of Fig. 17A is used 20 for satisfying this requirenent.
Turning to Fig. 17A, the explanation wll be conti nued. The DSP/ CPU
i ntegrated chip 1712 and the I nt egrated baseband AFE 1700 are
connected to each ot her t hrough signal lines (TXD) 1710, (STS) 1709,
(STCK) 1708 25. and (/CTRL) 1711. TE L m chart for tgais si gnal
lines is shown in Fig. 17B. The sign I;ézoég 1707 and 06 in Fig. 7A
are supplied fromthe systemtimng circuit 520 of F).g/ 5. The signal
|ine 1707 iS Uocu [UF : 58
control ling tih [ ebsp 0 ' I~y e 1708 rgpresents
a basic cl ock W?Eﬁlé? tc?gns er/ealt:?g HTE@RRTEW CILI(Fto bot h the DSP/ CPU
integrated chHip 1712 and the I nte ed baseband AFE 1700. ?'S
Now, the operfation of witing data in powe 03 will
be expl ai ned |i n det ANTERNAIb=ROM _ INTERNAL I\%
PROGRAM/DATA
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operation of transferring data fromthe DSP/ CPU integrated chip 1712

to the integrated baseband AFE 1700 I s substantially the sane as that
expl'ained with 10 reference to Figs. 13A, 13B, 15A, 15B. The difference
lies; however, in that an address is required for desi gnati ng one of
the six entries to be witten of the power ranping RAM 1703. For this
pur pose, 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 | ast
six bits an aigrtgs. TRege specific bit | engths of course are set
provi sional ly L faa' ting the under st andi ng, and any nunber of

bits may actu

(STCK) 20 1708 gsq;b/(;P@'RNTEGEUA'EEi CHie for transfer. The si gnal
line (STCK) 1708, as described above, represents a basic cl ock for

data transfer |supplied {1@01 he systemtim$9Q2 circuit 5201908 9. 5.
In the case unpde i ' d

bit by bit in| 25 sypgpapPym with |this | ock.
iof an arbitraly|bit @LBOIECYn of cdur sel Mk er r
manner. The silglaOlUPIANGEGDREO jis a 1 d
t ransm ssi on. | THe si gnal I|ne (STS)| 1709 is
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- 59 -7 a frame sync signal line. During the 16-clock period from

t he .cl ock imedi ately foll owi ng the pul se output of this signal, the
data are output sequentially bit by bit onto the signal line (TXD)
:1718. 5 The timng of this operation is shown in the | ower
part of Fig. 17B. The 10-bit data D9 to DO and the 6-bit address A5 to
A0 are sequentially output starting with the nost significant bit D9 at
the rate of a bit per clock in succession onto the signal |ine (TXD)
11710. In 10 order to distinguish fromthe normal transfer node

‘described with reference to Figs. 13A, 13B, 15A, 15B, the si gnal

i (/CTRL) 1711 is used. Wen the signal (/CTRL) 1711 is active, the
110-bit data are witten in the ~internal resource of the integrated
rbaseband AFE 1700 15 designated by the 6-bit address. In the case where
dat a are witten in the six entries of the power ranpi ng RAM 1703,
six 16-bit data having six corre I ng, addr esses and data are
transferred as required. ?Eizg. Ak escri bed above, the power
tanplifier control 20 involves none of the processes requiring the DSP
function

EXAMPLE MEMORY MAP FOR
DSP/CPU INTEGRATED CHIP
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| 0x100000
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(BURST ROM)
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OXFFFFFFF |
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such as the Miultiply and Accurul ate cal cul ation. In spite of this, the

OSP chip is interrupted sinply for accessing the DSP peripheral circuit
inthe prior art. According to the present invention, such a wastef ul
25 overhead does not occur since the CPU function can directly access
t he DSP peripheral circuit. [ Ninth enbodinment: ASIC circuit]

Now, a ninth enbodi nent of the invention wll

- 60 - @plleAl with reference to Figs. 5 and 21. The ninth

enbodi nment e case in which a high-speed dedi cated circuit

I s added tc—rhrBSP#ePUﬂfem—afe&—da-i-;a—eﬁﬁMm—eF%#s{—enfeeé@ent
i s based. 5DSP/CPU INTEGRATEDI GlIPnbodi ments are assuned on a
st andard ggner al - pur pose DSP/CPU integrated circuit. |f a systemljis to

- be efficiedtly regu,z'bﬂ(lb sui t. each 12QEC|f|c appl i cap1@03hovevdr, a
hi gh- speed [dguTTated KHaUtu eui ft—ASHE (appl eart or—s—peé:i—}'-eo—m-eq-r-zted
circuit) ig |10 r&ﬁff’ 0 be ncorlwﬁg Expllar atlcm.,x/éhNAlle made

about how tlo {confCHOSELYeh a [cilr cui t he
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framework of the invention. A possible exanple of the
I ngl udes an A/ D converter, a D/ A converter and a seri al
circuit in the integrated AFE 501 15 of Fig. 5.

shows the portions of the DSP/ CPU
present enbodi nent, an ‘ext er nal
configuration
2100, 20 an internal
I nt egrated peri pheral
external bus interface 2118, an integrated
standard DSP peri pheral

menory and an external

menory X 2101, an interna
bus interface 2116, a DVAC 2101, an

circuit 2104, a standard CPU peri pheral

ASIC circuit
i nterface

Fig. 21

integrated chip relating to the
bus.
of Fig. 21 includes a DSP/ CPU cl osel y-coupling core
menory Y 2103, an

The

I nt egrated

ASI C bus interface 2117, a
circuit

2105 and 25 an ASIC circuit 2106. The DSP/ CPU cl osel y-coupling core

the internal nmenory X 2101, the

bus FIGI r]fgﬁtce 2116,

bus interface 2118 are
addr ess bus

2100, the DMVAC 2101
2103, the integrated peripheral
ASI C bus interface 2117

and the integrated external
ot her through-the internal

INTEGRATED BASEBAND AFE

i nt er nal
the integrated

- 61 -

connected to each
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2109 and the internal data bus 2108. The standard DSP peri pher al
circuit 2104 and the standard CPU peri pheral 5 circuit 2105 are connected
to’the integrated peripheral bus interface 2116 through the address
bus -PA 2110 and t he 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 nenory
2107 is connected to the integrated external bus inter- face 2116

t hrough 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

peri pher al bus interface 2116. The integrated ASIC bus interface

2117 is not required to accommbdat e the various peripheral circuits
but can be realized with a sinple, hi gh- speed structure. The ASIC
circuit 2106 may be 20 directly coupled to the internal bus in sone
cases. : As descri bed above, a hi gh-speed excl usive

circuit can be incorporated by preparing a high-speed, si npl e
integrated ASIC bus interface independent of the standard i ntegrated
peri pheral bus interface. A system 25 suitable for a specific application

can thus be FlG 138
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effiici'ently realized. [ 10t h enbodi ment ] Finally, a tenth
enbodi-ment of the invention - 62 -

wi'll be explained with reference to Figs. 3, 22, 23 and 24. This

enbodi ment refers to a nethod of preparing a conpiler for delivering
data froma high-1level |anguage such as the C | anguage executed by the
CPU function 5 efficiently to the.assenbler program executed by the DSP
function in a DSP/ CPU integrated chip. Fig. 3 shows an

i nternal structure of a DSP/ CPU ﬂ&gly1%;upling core on which the

i nvention is based. As descri bed?a e e CPU core 307 and t he DSP

engine 10 306 operate ¢O rrently at _t time of e I ng the DSP
function. More specificaﬁl he CPU coréﬂ§67 functloﬁéﬁfié as an
addressing unit 3 o Hlg 22 hows, in
enlarged form the poDSRICRY the"iﬁgl ﬁ@ge o7 related to the
present 15 enb¢di rEPLOSHEILN- compdn 9)% Fn FﬁﬁTE 'Nacl ide a

CPU core 2203, thOQUPLINGaQCORENgss buses (1 A)| 202,
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(X4a) 2201 and (YA) 2200. Fig. 22 also shows 16 registers 2209 (RO 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 tine of
executing the DSP function, the four registers R4, R5, R6, R7 of the
16 regi sters 2209 are used for data access through the I nt er nal
address buses (XA) 2201 and (YA) 2200. The registers R4 and RS 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 wll
be - 63 - explained with reference
to Fig. 24. For facilitating t he expl anation of the DSP function, a
simple Multiply and Accunul ate calculation will be taken as- an

exanpl e. An assenbl er expressi 0 he Multiply and 5

Accunul ate cal cul ation realized by FI]&S%I SAt lon is shown in the
upper. part of Fig. 24. The hardware in the DSP/ CPU i ntegrated chip
used at this time is shown in the
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central portion of Fig. 24. The hardware includes an XMEM (i nterna
menory-X) 2413, a YMEM (internal nenory Y) 10 2412, four CPU core

regi sters (R4) 2415, (R5) 2414, (Re6) 2411 and (R7) 2410, four
regirsters (X0) 2416, (YO) 24009, (MO) 2407 and (AO0) 2405 for the DSP
engine, a nmultiplier 2408 for the DSP engi ne and an ALU 2406 for the
DSP engi ne. 15 . Four arrows 2401, 2402, 2403, 2404 indicate
t he hardware related to the assenbl er expressi on 2400 of the

Mul tiply and Accunul ate cal cul ati on. The assenbl er 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 t he
regi ster (AO 2405 and the content of the register (MO 2407, and the
sumis stored in the register (M) 2405. The second portion designates
multiplication of 25 the contents of the register (XO 2416 and the

resi stor (YO 2409, and the product is stored in the register (M)
2407. The third portion designates the reading of data fromthe
internal nenory X, in which the XMEM (interna

FIG. 15B
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- 64°-

X) 2413 is accessed with the content of R5 as an

‘ menory
address, and the data thus read are stored in the register (XO . The
fourth portion designates the reading of data fromthe internal nenory

Y,
content of

2414, (R6)
DSP engi ne.

i n which the YNEM
the register (R6) as an address,
out is stored in the resistor (YO.

according to this enbodi -
10 2411 and (R7) 2410
Especi al 1y,
as a pointer for the internal
and (R7) 240 as a pointer f

2412 is accessed with the

and the data thus read

As descri bed above,

four CPU core registers (R4) 2415, (R5)

ﬁ@iﬁa an address pointer for the
1

5 and (R5) 2414 are used
nmenory X, and the registers (R6) 2411
&00he N nﬂﬁ@l‘&l

nmenory ,60 r concurrent

5 (internal nenory Y)

ment ,

t he regi st

access. 15 Now, ~£€t us consi des~ he nanner iAaAhich the
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reference to Fig. ? %gE 3, t |sb|4I\EITERN\9,°dexan rIIETE(%#RL cal | ed by
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Ieégihg address of the arrangenent on which execution of
and Accunul ate is desired is naturally
way - of delivering the

the Multiply
argunments of a

delivered as an argunent. As a
25 argunent to the conpiler, the first four
function are effectively assigned to the four CPU core
regi sters used as address pointers of the DSP engine. It fol | ows,
therefore, that in the exanple of Fig. 23, the
- 65 - | eadi ng addresses of thflﬁ ar‘L?/ for which the
and Accunul ate is taken are delivered *th
seen fromFig. 24, the registers

Mul tiply
concurrent access 5to tﬁg
i

regi sters_R5 and R6. As
R5 and R6 can be inniﬂ[k‘ely used for
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The i nvention devel oped by the present I nventors has been specifically
expyai ned above on the 15 basis of enbodi nents. The present invention,
however, is not limted to such enbodi nents, but various nodifi-
catkons thereof are of course avail able w thout departing fromthe
scope and spirit of the invention. Al so, the enbodi nents can be

conbi ned or replaced with one another. 20 | NDUSTRI AL APPLI CABI LI TY

The effects of the representative aspects of the present invention
disclosed in this patent applica- tion will be explained briefly bel ow
Specifically, the advantage is that the nenory 25 systens and the
peripheral circuits of the DSP function and the CPU function are
integrated thereby to realize a nobi | e communi cation term nal system

|l ow in cost and -.66 - power
consunption and small in size. F:Ica- 1«3mn the versatility of
di stributing comon '
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internal and external nenories arbitrarily between the DSP and CPU
functions permts efficient use of the 5 nenories incorporated in the

system Further, an extraneous overhead is elimnated

from the communicati on between the DSP function and the CPU functi on,
and therefore a nobile conmunication term nal systemcan be efficiently
confi gured. - 67 -

CLAI M5 1. A term nal apparatus conprising a mcro-

processor having a DSP function (GOOE; a U function i.nt egrated

w th each other as a single bus mast Te§0d1§5 5 internal nenory space
and an external nenory space integrated as a single nenory space,
wherein the DSP function includes a plurality of

internal nenories (602, 603) and a plurality of buses (604, 605) for

connecting said internal nenmefhee fpﬁ Q’ﬁ executing the non-recursive
filter operation constituting ﬁrfﬂﬁ ﬁ c operation of the digital signal

processing at the f@t-e—of Y8 e per LBp,
' 5 577 us :
e y
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and said
i.nstructi
‘access an
thereby -

| anguage
i nstructi
Claim1l,
accessi bl
(600).
wherein s
(1006) fa

CPU function (600) is capable of executing a basic '

on for any of such operations 15 as calculation, internal nenory

d data transfer ~at the rate of an instruction per cycle,
capable of conpiling a programwitten in a high-Ievel
Into said basic instruction and executing said basi c
on efficiently. 20 2. A term nal apparatus according to
fur ing an integrated per al uit (503)
e from bﬁFG unctlon (600) and tﬁ@ ZbBunctlon

A term nal apparatus according to Caiml,

aid mcro onprises a directly-co |nterface
r an ext eﬁﬁﬁmgﬂg havi ng hi gh-speed N\ES‘JJQND

A term ng
- 68 -
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stored”therein a comunication protocol programand a 5 user interface
program (803). 5. A term nal apparatus according to Claiml,
whérein said m croprocessor conprises a cache nenory (704) and neans
for-controlling the cache nenory. 6. A term nal apparatus
according to Caim?2, 10 wherein said mcroprocessor (1300) is capable of
transferring a plurality of input-output sanples collectively froma
serial input-output circuit to the i nternal nenory and the external
menory. 7. A term nal apparatus according to Caim1, 15 wherein
said m croprocessor conprises an interface (1206) directly connected to
an external DRAM said interface being directly accessible by the
functi on capabl e of executing the non-recursive filter calculation
provi di ng t he basic operation of digital signal processing at the 20
rate of one cycle per tap. A nmet hod of configuring a

hi gh-1 evel | anguage conpller for ?2 g a mcroprocessor program
used for the term nal apparatus Eaﬂgfdl drto Claim1, wherein at

| east an address .register for a digital signal processor 25 realizing the
DSP function is mapped to a subset of regi sters for a central

processi ng unit-reattzi-ng-thre-CPY~-----~-----mrmrmm e '
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fuﬁgt_i"On thereby to deliver at |east an argunent to said subset of the
regi.sters of said central processing unit.

- 69 - 9. A term nal apparatus for effecting radio

comhuni cation by exchanging data with a base station, conpri si ng:

a data processing unit (500) for executing a 5 progran1stored I n menory;
and a menory including an area (801) storing a program
for perform ng the audi o codi ng/ encodi ng process, an area storing a
program for perform ng the speech COo process, an area storing a
programfor perform 10 ing the chaﬁ;*ng %ég?ng process, an area (803)
storing a program for controlling the comuni cation protocol wth

t he base station, and an area storing a program for contraolling the

interface with the user; wherein each of said_a22800f said
nemory is ' ' YA
unit. 10. A term nal apparatus accordi ngrlpmaﬂm 9,
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wher €im said data processing unit includes a digital si gnal processor
for.executing the audio coding process, 20 the speech decodi ng process,

t iee comuni cati on path ‘codi ng process and the comuni cati on path
decodi ng, and a central processing unit for controlling the

conmuni cati on 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 sem conductor substrate.
11. A-term nal apparatus according to Claim9 or 10, wherein said
menory built in said data processing -
70 - unit has said area storing a programfor executing the audi o
codi ng process, said area storing a program for executing the speech
decodi ng process, said area storing a program for executing the
conmuni cati on path codi ng, 5 and said area storing a programfor
executing the communi cati on path decodi ng. 12. A term nal
apparatus according to any one of Clainms 9 and 10, wherein a nenory

external to said data
FIG. 23

short XARRAY{413{1,2,3,
short YARRAY[4]={1,1,1
short ZARRAY[2];

4}
1,11}

main(){
short *x_pntr, *y_pntr1, *y_pntr2;

x_pntr=XARRAY; INITIALING x_pntr*/
y_pntri=YARRAY; /INITIALING y_pntr1*/
y_pnir=ZARRAY;  /*INITIALING y_pntr2*/

"CALL MULTIPLY AND ACCUMULATE ROUTINE/
mac_sss(4, x_pntr, y_pnir1, y_pntr2);

R4 RS R6 R7
X POINTER Y POINTER




& .
prqeessing unit™has an area storing a programfor 10 controlling the
copFunri cation protocol with the base station and an area storing a
priwgram for controlling the interface with the user. 13. A
t ef-mi nal apparatus according to Claim9 or 10, wherein said data
processing unit includes, in the 15 address space of said central
processing unit, a serial | nput-output circuit for interfacing with an
anal og/ digital converter circuit and a digital/anal og converter
circuit. 14. A data processing system conprising: 20
a digital signal processor capable of executing t he non-recursive
filter operation at the rate of one cycle per tap; a
central processing unit; and a nmenory arranged in the
address space of said 25 central prded(Snudpit for storing a processing
pr ogram of said digital signal proceSsing unit and said central
processing unit.
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