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CMOS IC

L C83010N, 83010NE

SANYO

Audio Digital Signal Processor

Overview - Surround DRAM access sg,él :

The LC83010N, 83010NE is a single-chip digital signal 16 accesses/CH Max. (\Mth’fn 1
processor (DSP). It is designed for use in the application ¢
fields such as a digital processing of audio signals. bits) DRAMs can bg dn'ectly
The LC83010N, 83010NE CMOS processor hasvarious - Uses external DRAM S wil
on-chip filtering circuits such as a graphic equalizer for
reproduction of sound quality. It also has simulation cir-
cuit for reverberation (sound reflection and echo), so that
sound field with surround and delay can be created.

nnected othlsChfp
coess ti mes of 120

The LC83010N and LC83010NE are upgraded versions of lnterrupt functi

the LC83010 and the LC83010E. The LC83010N and ° StadeNeSt'”,
L C83010NE have a64fs clock output that enablesimproved
interfacing with external A/D converters. TESTS has been
renamed FS640/T5 and incorporates both the new clock
output and the original test output.

Features When sol der_ ng QFP devices, do not use the solder
LSl functions 3 methvogd
» Dual Harvard Architecture: Enables smultaneg‘Us pro- - ion chlp LC83EV010N (PGA100)

cessing (multiply and addition) of stereo s gnal sinasingl A phli catwr,)s

instruction cycle.

The LC83010N, LC83010NE processor
ing two independent units:
- Multiplier : 24 bits x 16 bits (fixed- pomt d
-ALU : 32-bit arithmetic cal cul atighy 24-bl1 E
and logical operations.

- ACCumulator (ACC) : 32 b|t§

raphic Eiquallzer
- Powef ealculatlon for spectrum analyzer display
- Souind field creation (using external DRAMS)

=

- & Speakers + REC output

Development Environment

Software Tools

- Assembler

- Debugger with simulation

* Hardware Tools

- IBM PC-AT compatible machines or AX personal com-
puters

- In Circuit Emulator (ICE)

5 that Feqmre extremely high levels of reliability, such as life-support systems, aircraft’s
control system&, r other applications whose failure can be reasonably expected to result in serious
phy5|CaJ a“’md/cﬂ' materlal damage. Consult with your SANYO representative nearest you before using
any SANYQ pmducts described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges,or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Company
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
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LC83010N, 83010NE

Package Dimensions
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3071-DIP64S 3174-QIP80E
[LC83010N] [LC83010NE]
232
64 33 20.0
O000000000000000000000000000000T(1 . . . [
3 %Tgﬂ &W U E g
5 JiRAAAAAAAANRAARARARRARL

19.05
16.8

O O
©)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuusg
1

0.25

57.2

4
3.2 5.0max

0.51min

0.95 0.48 178 101

SANYO : DIP64S "'SANYO : QIP8OE

Block Diagram

Audio input {AIN)

Audio output (DFM)¢

Micon
interface
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Sequence
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LC83010N, 83010NE

Pin Assignments
(DIP64S)

(QIPSOE)

0SC2
Vss1 O
FS3840 O
Do
D1Q
D2
D3O
D4 d
D5
D6
D7 O
A0
A10
A2
A3}
A4

WONNOTAWN-

5
LC83010N
48

LC83010NE

—
£
~

: ASH

[] BCK2
] BCK1
] A8
[ A7
] (NC)
[ A6
] AS
] A4
] A3
] (NC)
] A2
REY
BREY
] 07
] 06

Vool CB
ney O
osci O]~
osc2 (]
vsst [
o) O
po [
o1 []=
(no) @
p2 (8
o3 =
o4 OR

Fsigdo (]

Top View

N0.3945-3/18



LC83010N, 83010NE

Pin Function

Pin Name 110 Functional Description
Vppl. 2 | +5V power supply pins (These pins should be connected to the positive power source.)
Vssl, 2 | GND power supply pins (These pins should be connected to the ground level.)
ASI1 | Audio data serial input 1
ASI2 | Audio data serial input 2
@ BCK1 | Bit clock input pin for ASI1 data
& | BCK2 1/0 | Bit clock input pin for ASI2 data (I/O selectable by CR)
gj LRCKI | Input pin for L/R channel distinguish signal (H: L channel data ; L: R channel data)
é LRCKO O Input pin for L/R channel distinguish signal (H: L channel data ; L: R channel dat:
w |ASO (0] Audio data serial output
o |AOBCK O Bit clock output pin for ASO data (for 32fs and 48fs)
'g AOWCK (0] Word clock output pin for ASO data
< |AOTDF1 (@) Serial output pin for audio data (for high presence 1)
AOTDF2 (0] Serial output pin for audio data (for high presence 2)
DFBCK O Bit clock output pin for AOTDF1 and AOTDF2 data (for 32fs and 48fs)’
DFWCK (0] Word clock output pin for AOTDF1 and AOTDF2 data
RAS O | Output pin for RAS signal to external DRAMs
u |CAS O | Output pin for CAS signal to external DRAMs
= | DREAD O | Output pin for data read signal to external DRAMs
<§( DWRT (e} Output pin for data write signal to external DRAMs
X [AOto8 (0] Output pins for address signals to external DRAMs (64K
o DOto 7 /0 | Input/output pins for data transfer with external DRAM
used. In the double DRAM conflguratlon mode, plns
SI |
L |sick | Serial clock input pin for SI data
5 | SIRQ | Request signal input pin for serial data input
§_ SIAK (o} Output pin for Acknowledge response to the,
£ |SRDY | Input pin for a Ready signal from a controll,
8 |so (0] Output pin for serial data to a controllin
g SOCK | Serial clock input pin for SO data
S |SORQ |
SOAK (6]
POto 5 110 General purpose Input/Output p;::rt$f(wnh ol
OscC1 |
osc2 (o}
FS3840 (0] 384fs output pin
" INT I Interrupt request input, 3in:f
< |RES I Reset input pin (with;
e SEC | L/R channel signa¥ resistor ; L: external (LRCKI), H: internal (internal divider
€ output)
8 [TEST1tw04 [
FS640/T5 o

N0.3945-4/18



LC83010N, 83010NE

Pin Configuration Types

Level specification Circuit type Pin Name

ASO, AOBCK AOWCK,

LRCKO, AOTDF1, AOTDF2,
TTL level output < I.—_ DHFWCK, A0 to A8, FS3840,
/| RAS, GAS, DREAD, DWRT,

S64Q[T5"™:,

—_— } Output data

CMOS medium level
current output

Schmitt input

L level Schmitt input

Normal input [___I1 Dc

AEST1t0 4

Input with internal pull-up

resistor RES, INT

Input with internal pull-

down resistor SELC
TTL level output
Low level Schmitt input Input data BCK2, DO to D7
Input/Output
control signal
Output data
output ) Input data PO to P5
Normal input
> ,L Output data

No0.3945-5/18



LC83010N, 83010NE

Specifications

Absolute Maximum Ratings at Ta= 25°C, Vgg = 0V

* When soldering QFP devices, do not use the solder dip method.

Parameter Symbol Conditions Ratings Unit Note
Maximum supply voltage Vppmax -0.3t0 +7.0 \%
Up to the voltage -
Vo1l OSC2 output produced by
Output voltage oscillation
V02 Pins except for the OSC2 -0.3t0 Vpp +0.31 »
Input voltage VIN -0.3t0 Vpp +@3f
lopl Audio I/F, DRAM I/F
Peak output current lop2 Microcomputer I/F
lop3 PO to P5
loal Audio I/F: Per pin
loa2 Audio I/F, DRAM I/F: Per pin
loa3 Microcomputer I/F: Per pin
Average output current loa PO t_o P: Per pin
Yloal Audio I/F: Total
Sloa2 Audio I/F, DRAM I/F: Total
Yloa3 Microcomputer I/F: Total
Ylopd PO to P5: Total
Allowable power dissipation Pd max Ta=-30to +70°C
Operating temperature Topr
Storage temperature Tstg

Parameter Symbol Unit | Note
max
Operating supply voltage VbD ; 5.25 \%
Vil | Audio IIF, DRARIWF v 6
Input high-level voltage ViH2 3 TESTL t64 v
ViH3 v
Vil 08| VvV
Input low-level voltage VL2 0.3Vpp \
VL3 0.25Vpp \% 7
Operating frequency (Instruction cycle time) (ng$c) 1(56157) (1(1)%?1? ’E/rI1Hs)Z
«» |Frequency 12.17 18.62| MHz
~x C
S 9
o=
S 2 |Pulse width 20 ns
T O
E o
o5 o
< 2 |Rise time
WS | Fall time 10 ns
c 5 -
£ % | oscillation frequency 18.62| MHz
8| =
5|3
.3 | o
£3|3| .
&3 g oscillation stablizin ms
O
2 | Transfer bit clock gycié 325 ns
o 2
= A
8 | Transfer bit clock ;:fulse 100 ns
5 i, Applies to the BCK1 and BCK2 pins.
15 See figure 4.
& |Data set up time 75 ns
]
£ o
;::: Data hold time Oty 75 ns

Continued on next page.
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LC83010N, 83010NE

Continued from preceding page.
- Ratings .
Parameter Symbol Conditions - Unit | Note
min typ max
é Serial clock cycle tscyc 650 ns
%
5 . h
M Serial clock pulse width ISCW | Applies to the microcomputer interface.
8 See figure 5.
8 Data set up time teg (Applies to the SICK, SOCK and Sl pins.)
S
g Data hold time tsH
5 .
_E‘ 2 Data set up time 'ps Applies to the data input from external
s 2 DRAM. See figure 6.
<z S R —
DQ: § Data hold time toH (Timings between RAS, CAS and DO to D7)

Electrical Characteristics at Ta=—-30t0 +70°C, Vpp = 4.75V t05.25V, Vsg = Q¥,U

Parameter Symbol Conditions
RS RES, INT, V|N=V
Input low-level current L IN"7SS
L2 PO to P5, V|N=Vss
Input high-level current K SELC, Input pin with pull-down resistas
VoH1 log=0.4mA 4 \% 1
Output high-level voltage OH OH
VOH2 |OH=—50uA \ 2, 3
VoL 1 loH=2mA \ 1
Output low-level voltage oL OH
VoL2 loH=10mA \ 2,3
Input leakage current VIN=Vss to VDD +10| pA
Output-off leakage current IOFF Vo=Vss, Vbb +40| pA
Input/output capacitance 10 pF
=2} .
@ - | Output data hold time toH ns
= £ Applies to gl
o ?;. See figurg’ 7¢
3 3 Output data delay top 100| ns
oy
23
% §_ Output data delay 100 ns
85
s?
==
RAS H pulse width 95 ns 8
= RAS L pulse width 150 ns 8
é CAS H pulse width 80 ns 8
% CAS L pulse width 101 ns 8
g RAS address set up time 0 ns 8
5 RAS address hold time 20 ns 8
& |CAS address set up time 0 ns 8
1]
2 | CAS address hold time 40 ns 8
g DWRT pulse width 50 ns 8
ﬁ CAS-before-WRITE 0 ns 8
§ Data set up time 0 ns 8
Data hold time : 50 ns 8
Crystal oscillation ; 10sc1, 0sc2, See figure 2. 20 pF
Current drain 'BD Vppl, 2, 18.62MHz external clock 50 100 mA

SO, AO) CK, AOWCK, LRCKO, BCK2, AOTDF1, AOTDF2, DFBCK, DFWCK, DO to
+RAS, €AS, DREAD, DWRT and FS640/T5

(Note 2) CMOS medium current olitputs: SO, SOAK, and STAK

(Note 3) PuMOS medium current outputs: PO to P5

(Note 4) TTL level outputs (first group): ASO, AOBCK, AOWCK, LRCKO, A0Oto A8, DO to D7, FS3840 and BCK?2
(Note 5) TTL level outputs (second group): AOTDF1, AOTDF2, DFWCK, RAS, CAS, DREAD, DWRT, and DFBCK
(Note 6) L level Schmitt inputs pin: BCK1, BCK2, ASI1, ASI2, LRCKI, and DOto D7

(Note 7) Schmitt input pins: RES, INT, SOCK, SI, SICK, SORQ, SIRQ, and SRDY

(Note 8) The maximum load capacitance of RAS, CAS, DREAD, DWRT, DO to D7 and A0 to A8 is 50pF.
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LC83010N, 83010NE

— Figure 1. External input clock waveform (OSC1)
tEXTR —»] |+——

-------0.75VpD

rFigure 2. Crystal oscillation circuit

| 0SC1 0SC2 |

|Operating VDD
rlimi
Crystal oscillators ower limit

</ - oV
NR-18 12.288MHz D
NR-18 16.9344MHz | |

NR-18 18.432MHz  _| _
ct -

— C
Nihon Denpa Corp. ;; !

Stable oscil-
[ lation

5

(BCK1)
(BCK2)
(ASI1 ; N e 2.4V
Input data S .G Y. G y
(As] 0.8V

L= N e 0.75VpD
Input data SI j\r ,K: ---------- 0.25VpD

N0.3945-8/18



LC83010N, 83010NE

r————Figure 6. External DRAM data input condition (DREAD = L)

|

CAS
tDs|tDH
1
V4 pd
DO to D7 X )4
7 N )

— Figure 7. Audio data output timing

Transfer bit clock

(AOBCK, DFBCK) \

top

tOH —»f

Output data
(ASO and so on)

Figure 8. Microcomputer interfac

Serial clock
(SOCK)

Output data (SO)

Data signals
(DO to D7)
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LC83010N, 83010NE

Program Load to The LC83010N
- Boot procedure -

Programs must be loaded (boot strap) into the LC83010N (D2SP) from an external control unit (microcomputer) because

itsinternal program memory consists of RAMSs. The capacity of the program memory is 320 words x 32 bhits.

The procedural flow to load a 320-word program into the D2SP from a controlling microcomputer.is shown in Figure A-

microcomputer, and followed by the SRDY signal. The D2SP stores that progfam dataiey
mail box. The program data is then moved to the program RAM at the moment
D2sP.
(3) The operations discussed in (2) are repeated 80 times until the prog,r!l ]
microcomputer to the D2SPis complete. ‘

ofis
8-bit sé’r;‘al ]
commuyiication

Boot mode <

bits x 16 data
4 instructions)

Ready signal (every 4 instructions)

NO

320 instructions : ?

Next job

[ e Rt T PR,

N0.3945-10/18



LC83010N, 83010NE

Figure A-2 gives the outline of an example program Boot system.

Controlling microcomputer

D2SP progr;

f

D?SP
Handshake signals for
Program RAM: serial communication
32 bits x 320
I | SRDY
mail box | - SIRQ

Development Tool System
- Program development flow - E
Development tools are provided to help the user to easi
devel op application programs for the D2SP. Tbese
devel opment tools are divided into two gr@ups soft
support tool group and hardware support g@ol greup
software support tool group consists Q’F ah assem
debugger and simulator.
The hardware support tool group j:
Circuit Emulator (ICE).
Figure A-3 shows the appllcat
the D2SP system.
(1) Write an application seurce prog
(2) Check the source pmgfam f

System. I thls eval uaion stage, the AD/DA convert-
ers, mmrocompu!;er* .';\nd delay memory on the user
application system’are used.

Figure A-4 shows the entire program devel opment
tool system for the D2SP.

The software tools such as the assembler, debugger,
simulator can be run on an IBM PC-AT compatible
machine or an AX personal computer. The ICE isalso
controlled by such a host personal computer.

Software
support

tool

Hardware
support

tool

l

Code a source
application program.,

L

Check the program for syntax
errors with the assembler —
HEX file generation
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Debugger

Program evaluation
with the simulator

Evaluation of audio

outputs with the ICE

(a)Evaluation with the ICE
only.

(b)Evaluation with the user
application system

Figure A-3. Applications Devel opment Flow
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LC83010N, 83010NE

IBM PC-AT compatible computer
User application board or AX personal computer
AD/DA converters MBC995, 17J, 18J
Mtcrocomputer [Assemb!er
Delay memory N Simulation debugger
A

/

emulated D2SP environment, user applfcaﬂo’
The debugger isused mainly for‘ Iogics anal

- Memory Fill mstructl@n
Thlsmstrucuonls éed to fill

Table Major dekaggger functions
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LC83010N, 83010NE

(2) Outline of the simulator functions
The application programs can be tested in the following sequence:
- Inputting digital audio signals to the D2SP chip,
- Executing a program,
- Converting the audio output into analog signals, and ,
- Measuring the analog signals with an oscilloscope or frequency characteristics meter (O«
The simulator enables the above operations on a personal computer.
Figure A-5 shows the signal waveform measurement.
This simulator has the following three measurement functions:
1) Audio output waveforms (sine waves) with respect to audio input waveforms (sihewav
2) Frequency characteristics of audio output (AOUT)
3) Impulse response characteristics of audio output

AIN L-channel AIN R-channel AOUT L-channel AOUT

0.5

-

0.0

'\

)

Amplitude
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40dB

20dB

0dB

Gain

—20dB

—40dB

10 2 3

57

&

Amplitude

TITTY:

Time - (ms)

ﬁ:gureA-7. Impulse Response Waveforms (Limit Cycle Characteristic)
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(3) ICE outline

The In-Circuit Emulator (ICE) provides an operating environment where the application program already checked by
the simulation debugger is executed and then outputs audio signals. The | CE functions can be divided into two: Oneis
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 isthe final program evaluation by connecting auser application board to
the ICE system. In this test method, the interfaces to the controlling microcomputer and other various peripheral 1Cs

on the application board can be evaluated. Figure A-8 shows the I CE system conflguran@n “the entire evaluation
using a user application board.

IBM PC-AT personal computer
or AX personal computer

Audio source

mmand'iguseful in displaying the contents of a specified memory areawhen the program
he cher hand, the edit command is used to edit the contents of a specified memory area

AN { confirmation : Enables the user to modify part of the program and to check how it

(6) Otherf -lons Memory management facility and so on. For details, refer the sections following section 8-3.
(b) Unique ICE’ hardwane configuration

(1) Audio datampmloutput Digital Interface Receiver (DIR).

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

(2) DRAM : Delay DRAM for audio signal. 256k (64k x 4 bits) x 2. 1M (256k x 4 bits) x 2
(3) Evaluation function of serial input/output : Z80 microcomputer for evaluating serial input/output. This control

unit makes an access to the D2SP instead of any controlling microcomputer to adjust the serial input/output
operations.
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Example Application System
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Instruction Bit Map
The instruction bit map is shown below.

OPR
(Normal
instruction)

JPVA

RTN
(Return
instruction)

LPRT

(Loop return
instruction)

SHIFT

(Shift
instruction)

JUMP

(Jump
instruction)

CALL

(Call
instruction)

(Vectored address
jump instruction)

b b b b b bb bbbbb
31 29 28 26 25 24 23 22 191816 15 14 13 12
OPR | M1 || AB ALU PT | DP
V| m "O" AB ALU
M
RTN | M1 | 5| AB ALU
LP | M1 DST
SFT SRC DST
b
11
JP ADDRESS SRC DST
ADDRESS SRC DST
ID DST

Instruction Bit Map Diagram
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g 3 probablhty Itis possmle that these probablhstlc fallures could
S that coﬂ’id endanger human Ilves that could give rise to smoke or fire,

‘aﬁﬁ/.or afl ;ANYO products(lncludlng technical data,services) described or
are con, qaﬂed under any of appllcable local export control laws and regulatlons

G f‘n may be reproduced or transmitted in any form or by any means, electronic or
|nc|udTng photocopying and recording, or any information storage or retrieval system,
e, WIEhGUt the prior written permission of SANYO Electric Co., Ltd.

product/t‘echﬁology improvement, etc. When designing equipment, refer to the "Delivery Specification”
for the SANYO product that you intend to use.

B |nformation (including circuit diagrams and circuit parameters) herein is for example only ; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reliable, but
no guarantees are made or implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of October, 2001. Specifications and information herein are subject

to change without notice.
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