EXa—F No, EN3808 |

No.3608 | LC83010

CF‘UIOS Lsit
AUDIO DIGITAL SIGNAL PROCESSOR ™!

1. Overview

The LC83010 ls a singlechlp diglital signal processor {DSP),
flelds such as a digltal processing of audlo signals. )
The LC83010 CMOS processor has various on-chip filtering circui e"qualizer for
eflectigh and echo),

s0 that sound field with surround and delay cen be created.

2. Features
- LSI functions :
1) Dual Harvard Archltecture: Enables simultanecus procasslng (mult ' f stereo signals In a
single Instruction cycle.
The LC83010 processor has the foillowing two lndepandant u
- Multlpllar ! 24 bhs x 18 bits (fixed-point declmaj}(
- ALU 1 32-bit arithmetic calculation, 24-bit a i
- ACCumulator (ACC) 1 32 bits
- Temporal Reglsters (TMPO to TMPT) :
- Internal Maemory  Data RAM 3 .
Coafficlent RAM 25& x 164
Congtant ROM ;258 x 24
2) Program Memory Capacity (RAM) : ¥
) A variety of 1/Q Interfaces
- Audio signal 1/O

cﬁbla 50 flarious formats)

plicable’to up to 4 types of data format)

lax. {within 1 fs}

bits} DRAMs can be directly connected to this

chip.
- Serfal Input/Output int
Synchronous 8-bit,

Synchronous B-vblE ser
4) Interrupt function (Vecftored
5) Stack Nesting Levéld :
6) On-chip lntarvali‘”\

B) Single 5V power supg

9) Package : BIP 643

10) Evaluatlan ‘chip.

Appllcdttons
H

f spectrim analyzer display
xternal DRAMS)

1) Assembler .
2) Debugger with simulation

- Hardware Tools

1) IBM PC-AT compatible machings or AX personal computers
2} In Circult Emulator (ICE)

Specifications and information herein are subject to change without notice.
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4, Plnout and Block Diagram
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5. Pin Description

Pin Name

I/0 | Pin No, Functional Description i ,
Vppl.2 | 15,45 +6V power supply ping {These pins should be connected to the positive |
! power source.)
Vgg1,2 } 18,48 GND power supply pins (These pins should be corch 6d, to the ground
: level,)
ASI 1 39 Audio data serial input 1
ASI2 | 40 Audlo data sertal input 2
ACKI1 | ar Bit cleck Input pin for ASIT1 data
o | BCK2 F{s] 38 Bit clock Input pin for ASI2 data {I/O aelectabl
8| LRCKI | 42 Input pln for L/R channel distinguish jlgnal {H:
5 channel data)
€[ LRCKO o] 41 J Irput pin for L/R channet dist!nguish signal. {H:
: , channel data)
=| ASO (8] 54 Audio data serial output
o | ADBCK 0 53 Bit clock cutput pin for ASQ.data (foii32fs
T | AOWCK (8] 55 Word clock output pin for A.S_Q dat
< | AQTDF 0 7 Serial output pin for audlg/da
AOTDF2 | © 8 Sertal output pin for audfo:e ;
DFBCK o 9 Bit clock output pin l'qr AoT DFz d,ﬂta {for 32fs and 48fs)
DFWCK 0 10 Word clock output pm tbr Al _ Aowm data
RAS 0 1"
CAS o] 12
. | BREAD 0 13
= | BWRT o} 14
Z|A0te8 | O |28to 36
14
ol Doto 7 /0 | 20 to 27 with external DRAMs. In the single
SI
SICK !
SIRQ Bl for serial data Input
"'_t_ SIAK owledge response to the Input request signal from a
B
3
£
[+ ]
é’ “Bérial cloékinput pin for SO data

equas;:f‘[;r‘bnal input pin for serial data output
utpm{gft"pfn for Acknowledge response to the cutput request signal from a
micpogdmputer

Gé;iéral-purpose Input/Output ports {with on-chlp pull-up resistor)

in for connection with a crystal osclllator or for clock input from an
external source, (3B4is)

Pin for conmectlon with a crystal oscillator (should be left open in
external clock Input mode)

Control pins

384fs output pin

Interrupt reaquest input pin {with on-chip pull-up resistor)

RES Reset input pin {with on-chip pull-up resistor)
5FLT | a3 L/R channel signal. select Input pin with on-chip pull-down resistor; L:
external 8LRCKI), H: internal {internal divider outout}
TEST | 49 to 52 | Test signal lnput pins. Normally, these pins should be connected to the
1 1to4 ground level.
TESTS O 44 Test signal output pins. Normally, these ping shoutd be left open.

1 No. 3008.3/19
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Pin conflguration types

i

CMOS medium lavel
currant output

Level specification Clrcuit type Pin Name ;
L ASC,AOWCK,LRCKO, " ¥
TTL level (8 ' '
. level output AOTDFI,AOTDF2,

F53840,RAS,C:

DFWEK,AO, to A8, *

Schmitt Input

L. Isvel Schmitt
Input

Normal input

TESTY to 4

Input wihth
internal

pull-up
resistor

Input with
Internal
poll-down
reslistor

RES,INT

Input data

TTL level
output

Low level
Schmitt
input

Input data

—o@—lnput/Output

control signal

L— Qutput data

BCKZ,D0 to DT

Input data

Cutput data

PO to P5

' No. 3608-4/19
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6. Electrical Speclficatlons

Maximym Abeolute Retings/Ta=250, vgg=0V

tamper;“:tw;

Parameter Symbol Pins Conditlon Standard Values unit { Note
Maxlmum Supply [VYDpmax -0.3 t
Voltage
Qutput Voltage V01 05C2 output Up to the' volts
produced by .
osciffation
Vo2 Ping except
for the OSC2
Input Voltage. VIN °
Peak Output lop! Audio I/F i
Current . DRAM I/F
lop2 Microcomputer 2
\/F
Iop3 PO to 5 0.5 to +10 | mA 3
Average Qutput  |lgal Audio VF -2 to +4 | mA 4
Current
-2 to +4 mA 5
-2 to +10 mA 2
-0.56 to +10 mA 3
i =11 to +45 [ mA 4
-4 to +15 maA 5
4 to +15 mA 2
-3 to +30 mA 3
Allowab‘lé?ipowe Tas-30 to +70C 600 | mwW
Dissipation
-30 to +70 T
Storage A0 to +125 | T

! Np. 3608.5/19




LC83010

Allowable Operating Conditions (Ta=-30U to +70, VDD=4.75V to 5.25V, VSS=0V, unless otherwise noted)

- Standard values '
Parameter Symbol Ping and Condltions- unit Note
’ min typ max..
Operating Supply | VDD 4.75
Voltage
High Lavel VIH! -Audio I/F,DRAM |/F 2.4
Input Voltage
ViH2 PO to PS5, SELC,TESTI to 4 0.7VDD IS
VIH3 RES, INT,Microcomputer 0.75vp0D!
I\/F '
Low Level  |wviL1 Audio I/F,DRAM I/ 6
Input Voltage
viL2 PO to PS5, SELC,TESTT to 4, v
VIL3 RES,INT,Microcomputer v 7
I/F
Cperating fop Up to 1% crystal ose fatio MHZ
Frequency {TCYC) | error is allowed, : (ng)
{Instruction
Cycle Time)
. Frequency 18.62 MHz
L+
g‘—‘ Pulse wldth ns
S8
EM
gé Rise Time wl| s
~| Fall Time
&} oscittation 18.62 | MHz
g @ | Frequency
'
g O
¥ | Oscillation ms
[i % | Stabilizing
=1 Period
&lPer
g 325 ns
2
k]
(§ 100 ng
g
g 5 ns
O
ke,
=]
2 75 ng

Contilnued on the next page.
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Continued from the precedlng page.

o Standard Valves
Parameter Symbol Pins and Condltlons unit Noth
- min typ § )
g Serial Clock (tsCcyc Applles to the microcomputer
2 Cycle interface, See Figure 5,
? (Applles to the SICK, SOCK
8 and Sl pins.)
Serlal Clock |tscw
-§ Pulss Width
g Data sat.up tsg
= | Time .
2] .
'!% Data Hold tsH
Time
‘é Date Set up |tps Applles to the data Input
EE| Time from external DRAM,
- - See Figure 6. y
< 3| Data Hoid toH {Timings betwsen RAS,
o ¢y Time CAS and DO to D7) #

| No. 38087719
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Electrical Characteristics (Ta--SOt‘ to +70 °C. Vpp=4.75V to 5.25V. V50V, unless otherwise notad)

Standard Values

[

Delay

Parameter Symbol Pins and Conditions unit Note
) min typ max_
Low Level b RES,INT,P0 to P5
input Current ViN=Vss Input pin with
pull-up resistor
High Level lH SELC,input pin with
input Current pull-down resistor
High Level VOH1 toH=-0.4mA
Output Voltage
VoH2 1oH=-50uA
Low Level voLl 1oL =2mA
Output Voltage
vVor2 IoL=10mA
Input Leakage VIN=Vss to VDD
Current
Output-off loFF VO=Vss,YDD
Leakagse
Current
Input/Qutput 10 pF
Cepacitance
a Output Data ton Appliaﬂ_s‘*f_?_l;ﬁ aud ns
3 ElHotd Time See Figure
Q'_ £
95 Qutput Data top 10(_) ns
gg Delay
( =1
53
2&
§§ Output Data 100 ns
i
2

Continued on the

next pagea.

No. 2808.8/19



LC83010

Continued from the preceding page.

Paramater

Symbol

Pins and Conditions

Standard Values

uvnit

min typ max-

Notet

Width

RAS "H" Pulse

trp

Width

RAS "L" Pulse

trAS

Width

CAS "H" Pulse

tcp

Wldth

CAS "L" Pulse

tcas

RAS Address
Set up Time

tRS

RAS Address
Hold Time

tRH

CAS Address
Set up Time

tcs

CAS Address
Hoid Time

tCH

Access Timings for External DRAM

DWRT Pulse
Width

CAS-before-

Time

WRITE Set up

Data Set up
Time

Data Held
TIme

Data output timing for

external DRAM.

See Flgure 8.

{Note) DRAM which has
RAS access time
below 120ns
should be
used,

ng

ns

Crystal Oscl
jation

Current
Disslpation

Sea Figure 2.

20| pF

‘2 1B.82MHz external

{Note 2} CMQS medlum turrent outputs 50, SOAK and SIAK

{Note 3} Pu’ "MO& mq;ﬂl;im current outputs: PO to P5
(Note 4} TTL Ieugl oﬁtputs {first group): ASO, AOWCK, LRCKO, A0 to AB, DO to D7, FS3B40 and BCK2

(Note 5) TTL level “6utputs {second group): AOTDF1,

DFBCK

(Note 8} L level Schmltt input plns; BCK1, BCK2, ASI1,

ASI2, LRCKI

and DO to D7V

(Note 7} Schmitt input pins: RES, INT, SOCK, Sl, SICK, SOR{, SIRQ and SRDY

AOTDF2, DFWCK, HAS, TAS, rm‘m DWHRT and

' No. 3608.9/19
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— Figure 1. External Input clock waveform (OSC1)

LEXTF —

— Flgure 2. Crystal osciflation circuit

I 0SC1 oscz |

*. Operating Vpp
lowar limit

-Sov

Crystal oscillators

NR-18 12.288MHz __":"__
NR-18 16.9344MH2
NR-18 18,432MHz o 1

Nlhon Denpa Corp. ;

tlon stabflizing period

- Stable oscll-
| lation

s SNPRSY S W\
{BCK1}

N . . j : B R K14
{BCK2)

B 0.75VpD
input data SlI x ,g: ---------- 0.25Vpp

.

No. 3608-10/10
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tps|ton

DO to DT

TI\

Figure 6. External DRAM data input condition (DREAD = L}

Transfer bit clock
{AOBCK, DFBCK)

Qutput data
{ASO and s0 on)

—— Figure 7." Audio data output timing

tOH —

Serial clock
{SOCK)

*. Qutput data (S0O)

—— Figure B, Microcomputer Interface sei

Data signals
{DO to DT}

tsD

/

tHD

N

tw

No. 3808-11/18
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7. Program load to the LC83010
- Boot procedure - H
Programs must be loaded (boot strap) Into the L.C83010 {D*SP) from an external control unit (mlcrocomputer)
because its Internal program memory consists of RAMs. The capacity of the program memory fs 320 words x #2
bits.
The procedural flow to load a 320-word program Into the LCB3010 from a controlling micf‘aqomputer is shown
in Flgure A-1,

(1) Reset the entire system (mlcrocomputer and LC83010) or reset the D’S"P from th& cohtrolllng
microcomputer. After the D?SP is reset, It then enters the Boot mode. .

{2) Transfer the program to the D?SP from the microcomputer. The progra
blt synchronous serial communication mode. ¢
The program data of 8 bits x 16 data (equal to 4 lnstructlons} ]

‘oras that program
the program RAM at

the momant whan the SRDY signal reaches the LC83010.
{3) The operatlons discussed in (2) are repesated 80 times qntil th

Instruttions from the microcomputer to the D3SP |s compﬂate.
(4) The LC83010 automatically starts the program execution whi
complete.

grosmssesaresennes DAG P o - trolling microcomputer:--------=---««~

Boot mode

PR ————— )

B bits x 16 data
(4 Instructions)

asaa

Program RAM ~— Ready slgnal {every 4 instructlons)

NO

320 Instructions :

7

Next Job

" No, 3608-12/19
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Flgure A-2 glvas the outllne of an example program Boot system.

-

D*SP

Controlling microcomputer

group.

Handshake signals for
Program RAM: serlal communlicatlion
32 blts x 320
1%'
8. Development tool system 5
- Program development flow - :
Development tools are provided to h
easlly develop application programs § L Code a source ey
These development tools are divlded .rnto L gpplication program, ;
software support tool group and i
The-goftware support tool Agr Chock f
assembler, debugger and simyi heck the program for syntax ;
The hardware support tool . errors with the assembler — ;
HEX flle generatlon !
L |
Debugger —i H
L]
assembler generat Program evaluation i
{3) Check the HEX fi with tha slmulator '
' E
'
i U ’
% Evalvation of audio i
1 zound s’ignals only with the ICE. In Hardware outputs with the ICE ‘E
this evaluation process, the delay memory and support {a)Evaluation with the ICE [
mlcrocomputer of ;L-‘he ICE are used. only.
Second, sta‘rt Ehe total evaluation on an tool {b)Evaluation with the user
applicatlon systgrn. In this evalustlon stage, the application system
AD/DA converters, microcomputer, and delay memory
on the user application system are used. Figure A-3, Applications Development Flow
Figure A-4 gows the antire program development tool . \
system for the LC83010, . ;
‘The software tools such as the assembler, debugger, !
. simulator can be run on an IBM PC-AT compatible ; i 1
machine or an AX personal computer, The ICE is also It i '| P .
. i i

controlled by such a host personal computser.

No. 3608-13/19
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IBM PC-AT/AX compatible | o
User application board personal computer : - :
AD!DA convarters MBCo9S, 17J, 18J !
Microcomputer [Aseembler
Delay memory Simulation debugger '
-

This instruqﬂmn is
Move Instfuctlon

rom a disk file to memory while the memory save Instruction allows the
Ty to e disk fhe.
& Instructions
Semt truct’iﬂn s usad to convert mnemonics into machine codes.
. The unassgmbie Insgruction Is used to convert memory data back to mnemonlcs.
- Emulation TnatFnc;fqﬂ control instruction and Break point instruction
These instructféng are used to execute the DSP program and trace |ts opsrations. The break point
ingtructlon is used to sat a point where the program execution stops.

Table Major debugger functlong

i )
| R I S

No, 3808-14/19
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(2) Outline of the simulator functlons

The application programs can be tested in the following sequence: b i
- Inputting diglital audio signals to the LCB3010 chip,
- Executing a program, -4

Converting the audio output into analog signals, and
Measuring the analog signais with an oscilloscope or frequency characteristi
mater}.

The simulator enables the above operations on a personal computer.
Flgure A-5 shows the signal waveform measurement.

This simulator has the following three measurement functions:

1} Audlo output waveforms (sine waves) with respect to audio input wa
2) Frequency characteristics of audio output {AQUT)
3) Impulse response characteristics of audio output

i ﬁ‘\

“mgter (or sweep

AN L-channel AIN R-ohannel AQUT L-channel lnpUéI R-oha
1.0 5

B 15

0.5

i.-
~
=

-

Amplitude

No. 3808.1819
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2 3 L] 5

Time - {msec)

No. 3608-16/18
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(3) ICE outline

The In-Circuit Emutator {ICE) provides an operating environment where the application program alr?ady
checked by the simulation debugger is executed snd then outputs audio signals, The ICE functions can be
divided ‘into two: One Is the program evaluation by outputting audio signals only on the ICE. In this
evaluation method, delay can be produced by the DRAM In the ICE system. The other Is the final program
evaluatlon by connecting a user application board to the ICE system, In this test metl;;od, the Interfaces
to the controlling microcomputer and other various peripheral LSls on the epplfﬁntlém board can be
evaluated. Flgure A-B shows the ICE system conflguration for the entire n

applicatlon beard.

IBM-PC/AX personal
computer

AX —

7%

Applicationshoard

As232C

Audio source

step mode or In the trace mode.
“to set a desired break point,

@n bregks. On the other hand, the sdit command Is used to edit the contents of a
ory area Avhen the program execution breaks.
nd conflrmation : Enables the user to modity part of the program and to check

(6) Othar *iunctions
sectlon B-&

(b} Unique ICE har&ware configuratlon

{1) Awudio data input/output : Dlirect Interface Recalver {DIR).

This function allows direct Input of audio digitel data. Digital Interface Transmitter (DIT). This
function allows direct output of 3-channel digital audio data.

(2} ORAM : Delay DRAM for audio signai, 258k (64K x 4 bits) x 2, 1M {256K x 4 bitg) x 2

(3) Evaluation function of serial input/output : Z80 microcomputer for evaluating serial input/output.
This control unit makes an access to the D SP instead of any controlling microcomputer to adjust the
sarial input/output operations,

emory management facility and so on. For detalls, refer the sections following

"No, 3608-17/18



LC83010

No, 36808.18/19

-

Example application system
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9. inatruction Bit Map

The Instruction bit map is shown below.

bbb bb

26 25 24 23 22

b b
1918

bbb b
161514131

b b
2111

0

OPR -ov% PR
{Norma. bqt' L

M
0

AB

ALU

PT

DF | CP

R
P

Ingtruction)}

VA . | W

M1

o=

AB

ALU

(Vectored a&dréss
jump Instruction}

RTN RTN

M1

oz

A8

AlLU

{Raturn
Instructlon)

DST

LPRT LP

M1

DST

{Loop return
Instruction)

SHIFT SFT

M1

(Shift
instruction}

- -
-

JUMP

SRC

DSY

ADDRESS

SRC

DsYT

{Jump
instruction)

CALL

(Call ey
lnstruct;ﬁ@

ADDRESS

SRC

DST

DST -

Instructlon Bit Map diagram

ntoemation (inohwding nirowt dugrama and cirouit paramaters) harein i Tor axample only ; il W net guaranteed for volne production.
SANYO balmves micmmation hetein in moourale snd relkable, bul no g
emonta of intelectunl property rights of other righta of thind parties,

arn made o mplisd regarding ita uvBe or eny indring-

|
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