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LC83015E

Digital Signal Processor
for Audio Applications

OVERVIEW

The LC83015E is a digital signal processor IC
designed for medium- and high-class home audio
systems, such as AV amplifiers, mini, super-mini
and car audio component systems.

The LC83015E is part of the LC83010N/NE
family. It features an internal ROM, with a large
standard program library, an internal RAM for
user programs and a wide variety of interface
capabilities. The standard program library
includes sound-field simulation, theater surroun-
d and karaoke programs.

The LC83015E operates from a 5 V supply and is
available in 80-pin QFPs.

FEATURES

® 80 ns cycle time at fs = 48 kHz (256 cycles/fs)

B Dual-Harvard architecture allows single-cycle
stereo signal integration and playback, with
two of each ol the following.

¢ 24 X 16-bit fixed decimal point multiplier

¢32-bit arithmetic operation and 24-bit
arithmetic logic operation ALU/shifter

¢ 32-bit accumulator

¢ 8 X 32-bit temporary storage registers

¢ 64 X 24-bitinternal data RAM

¢ 128 X 16-bit internal coefficient RAM

¢ 304 X 16-bit internal coefficient ROM

B Large program memory

#1024 X 32-bit standard program ROM
8256 X 32-bit user program RAM
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B Standard program ROM

- e Sound-field simulation library

- Auditorium simulation
- Stereo, 3-band graphic equalizer
— 12-band spectrum analyzer

¢ Karaoke function library

~ Pitch shift (realized in program RAM)
— Vocal mute
— Microphone echo

Coefficient ROM
¢ Logarithmic conversion coefficients
Audio interface

¢ 2 input channels compatible with a variety of
formats

*3 oulput channels compatible with a variety

of 32/64fs formats
External memory interface
¢ DRAM interface

— 120 ns (maximum) RAS access time
- 1 Mbyte {256 Kbyte X 4) or 256 Kbyte (64

Kbyte X 4)
— 1 or 2 units
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LC83015E

« SRAM/ROM interface

— 100 os (maximum) address access time

— 1 Mbyte (128 Kbyte x 8) or 256 Kbyte (32 Kbyte
x 8)

— 1 unit

* Pseudo-SRAM interface

— 70 ns (maximum) CE access time
— 1 Mbyte (128 Kbyte x 8) or 256 Kbyte (32 Kbyte
x &)
— 1 unit
* Maximum external memory access per sampling
period
— 42/32 access for 16- f24-bit, with 2 DRAMs
—~ 51/36 access for 16- /24-bit, with 2 SRAM
- 64/42 access for 16- /24-bit, witk 1 pseu-
® Serial microprocessor interface
* 8-bit
* Input and output synchronization control
* 8 x 16-bit LYFO register
® Other functions
* Interrupt input
* 4-level stack nesting
« 12-bit interval timer
» Compatible with LC83EVO015 (PGA120) evaluation
IC

B 5 V supply voltage
& 80-pin QFP

PIN ASSIGNMENT

JTHEH NI

vDD1 081
TEST1 ] . LC83015E vob2
TEST2 [ A8
TESTY [—] AlS
TEST4 L AT4
Vst ] A3
TESTS Atz
RAS ANl
TAE A0
DWAT [ AR
DREAD Ag
CERS I:.TF - AT
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PACKAGE DIMENSIONS
Unit: mm

3174-QIPBOE

0.1
-] 270

9.0 max

0.6+ |+ 216 |
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PIN DESCRIPTION

Number Name Description
1t06 PO to P5 General-purpose input/output port. Internal pull-up resistor
7 ASI Audio data serialinput 1
8 BCK1 64fs or 32fs bit clock input for ASI1
9 FS$384| 384fs or 5121s input
10 LRCKI Left-fright-channel dock input
1 ASI2 Audio data serial input 2
12 BCK2 64fs or 32fs bit clock input for ASI2
13,514,727 VDD1to VDD3 Supply voltage connectians
14t017 TEST1 to TESTA Test inputs. Connect to ground for normal operation.
18,33,54,74 V551 to vSsa Ground connections
19 TESTS Test output. Leave open for normal operation.
20 RAS DRAM interface RAS output
21 CAS DRAM interface CAS output
22 DWRT Data write output
23 DREAD Data read output
24 CEACS External SRAM or pseudo-SRAM chip enable output
251032 D7to DO External memory data bus
341050 AQto A6 External me.mory address bus
52 0s5C1 Crystal oscillator input. Connect to Vg or Vs when not used.
53 QsC2 Crystal oscillator output. Leave open when not used.
55 F$3840 384fs or 512fs output {Same as F53841 or O5C1/05C2 clock)
56 F$1920 192fs or 256fs output {1/2 of F$3840)
57 F$1280 128fs output {1/3 or 1/4 of F$3840)
58 FS640 64fs or 32fs output {BCK1 of 1/2 0f F$1280)
59 F$320 32f5 or 165 output (1/2 of F5640)
60 LRCKO 1fs output (LRCKI or 1/64 of FS640)
61 ADWCK 2fsor 1fs output {1/32 of F$640)
62 ASO Audic data serial output 1
63 AOTDF1 Audio data serial output 2
64 AOTDF2 Audio data serial output 3
65 5 8-bit serial data input
66 SICK Slelock input
67 SIRQ Serial data input request input
68 STAK Serial data input acknowledge output
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Number Name Description
69 SRDY Serial data input ready input
70 SO 8-bit serial data output
7 SOCK SO clock input
72 SORQ Serial data output request input
73 $0AK Serial data output acknowledge output
75 RES Reset input. Internal pull-up resistor
76 iNT Interrupt request input. Internal pull-up resistor
78 SELC Instruction clock source selection input. Internal pull-down resistor
79 SACKT F$3840 selection terminal. Internal pull-down resistor
80 SACK2 Fs output clock source selection input. Internal pull-down resistor
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SPECIFICATIONS

Absolute Maximum Ratings

Parameter Symbeol Rating Unit
Supply voltage range Voon Vobe, Yoos 0310 7.0 v
Input voltage range Vi =0.3 1o Vpo + 0.3 v
Output voliage range Vo 0.3 o Vpp + 0.3 v
0SC2 output voltage Voo Up to approved oscillalor voltage v
Audio data and external memory interface output curent lot 24 mA
range. Sea nota 1.
SO0, SOAK and BTAK output cument range ) -2 1o 10 mA
PO to PS5 oulput currant range lca -1k 10 mA
Power dissipation Po 700 mW
Operaling temperature range Topr -30 1o 70 °C
Storage tamperalure range Tug —40 to 125 °C

Note

1. Pins ASO, AOTDF1, AOTDF2, F§3840, FS1920, F$1280, FS640, F$320, AOWCK, LRCKO, DO 0 D7, AQ to

Al6, RAS, CAS, DREAD, DWRT and CE/CS

Recommended Operating Conditions

Vss1 t0 Vgge = 0 V, T ==-30t0 70 °C
Parameter Symbol Rating Unit
Supply voliage range Voot, Vooe, Yopa, 475 lo 5,25 v
Electrical Characteristics
Voo, to Vops = 4.75 to 525 V, Vss1 10 Vgou = 0 VYV, T.=-30to 70 °C
Rating
Parametor Symbol Condition Unit
min typ max
Current consumption Ioo g!;eMrll-lozlee:tema! ok, - 50 105 mA
Audio data and external memory
interface LOW-lavel input vollage. Viu - - 0.8 v
Sea note 1.
Audio dala and external memory
interface HIGH-level Input vollage. Vi 24 - - v
See note 1.
LOW-leve! input vollage. Ses nole 2. Vi - - 0.8Vpp v
HIGH-lavel inpul voltage, Ses note 2. Vinz 0.7Vop - - v
Serial inferface LOW-lovel input
voltage. Ses nete 3. Via - - 025V0p v
Serial interface HIGH-level inpu!
vollage. See nole 4, Vire 0.78V00 - - v
oL = 2 mA - - 0.4
LOW-level output vollage Vou v
lo. = 10 mA - - 15
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Ratlng
Parameler Symbol Conditlon Unit
min typ max
lon = —0.4 mA 40 - -
HiGH-level output voliage Vou v
‘ low = —50 pA Vop - 1.2 - -

RES and INT LOW-lavel input current I Vi = Vss 250 - - HA
PO 1o P5 LOW-level input current hie Vi = Vg ~1000 - - HA
Other LOW-leve! input current his Vi = Vss -10 - - HA
SELC, SACKY and BACK2 HIGH-level _

input current e Vi = Voo - - 250 KA
HiGH-favel input current linz Vi = Voo - - 10 HA
RAS, CAS, DWHT, DREAD and

TETS lolal output current Zlows -10 - b mA
D0 to D7 and AD to A1 tolal oulput _

current Tloaz 20 20 mA
Total output current See note 6. Zloas ~15 - 15 mA
Tolal cutput current, See nets 7. Zloas -10 - 10 mA
Output leakage current torr -40 - 40 pA
Input capacitance G - - 10 pF
Notes

1. Pins BCK1, BCK2, ASI1, ASI2, LRCKI and D0 to D7. Schmitt trigger inputs
2. Pins PO to P5, TEST] to TEST4, SELC, SACKI and SACKZ

3. Pins RES, INT, SI, SICK, SIRQ, SRDY, SOCK, SORQ, F5384I and OSC1. Schmitt trigger inputs
4. Pins ASO, AOTDF1, AOTDF2, FS3840, FS1920, FS1280, FS640, F$320, AOWCK, LRCKO, D0 to D7, A0 to

Al6, RAS, CAS, DREAD, DWRT and CE/CS. TTL-level outputs

PH;m

System clock

Pins RAS CAS, DWRT, DREAD and CE/CS
Pins FS53840, F51920, F51280, FS640, FS320, LRCKO, AOWCK, ASO and AOTDF1/2
Pins SIAK, SRDY, SO, SOAK and PO to P5

See section DESIGN NOTES for measurement conditions.

Vob1 10 Vopa = 475 10 525 V, Visi 10 Vs = 0 Y, Ta==30t0 70 °C

Rating
Parameter Symbol Unit
min typ max

F33841 extenal clock frequency Toer 12.18 - 2483 MHz
F3384| extemal clock LOW- and HIGH-evel et 16 _ - ns
pulsewidth - EXTL TEXTH
F8384] extomal clock risa and fall fime texar, tear - - 9 ns
0SC1/0SC2 crystal oscillator frequency losc - - 24,83 MHz
08C1/0SC2 crystal oscillator stable delay loscs - - 100 ms
Operating period Teve 70 - 169 ns
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External clock timing

Oscillator stable delay time

Oncillator

stabky delay I

osc 1T

Audio data interface

Vop1 t0 Voo = 4.75 10 5.25 V, Vssi 10 Vssg = 0 V, Ta = =30 to 70 °C

[+—t0gcs —+ Stable escillation—e

Ratlng
Parameter Symbol Unit
min typ
Input bit clock period teevc 326 - ns
Input bit clock pulsewidth tocw 100 - ns
Data setup time n - ns
Data hold time I 70 - ns
Qutput data propagalion delay lop - - ns
Output dala hold time fon 0 - ns
Note

Output timing values are measured with a load capacitance of 50 pF.

Audio data input timing

Audio data output timing

FS320 /

FS640,
tranamil bit clock

fe—1lop—

toH-—e

ASO [
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Serial data Interface
Voo t0 Vops = 4.75 10 525 V, Vssi to Vssa = 0V, T, = =30 to 70 °C

Reting
Parameter ' Symbol Unit
min typ may
Seria clock peried tscyc 480 - - ns
Serial clock pulsewidth . tscw 200 - - ns
Input data selup lime les 70 - - ns
Input dala hold time tsn 70 - - ns
Qutput data propagation delay tsp - - 100 ns

Note
Output timing values are measured with a load capacitance of 50 pF.

Serlal data input timing

Serial data cutput timing

SOCK

o0 X

External DRAM interface
Voo 10 Vops = 475 10 525 V, Vss1 10 Vsse = 0 V, T, = =30 to 70 °C

Parameter Symbol Rating Unit
min typ max

Input data setup time ~ losn 16 - - ns
Input dala hold ime tonn 0 - - ns
CAS LOW-level pulsewidth lcas 75 - - ns
TAS HIGH-lave! pulsswidth lop 75 - - ns
RAS LOW-level pulsewidth thas 350 - - ns
FAS HIGH-aval pulsewidth thp 110 - - ns
CAS paricd trg 160 - - hs
RAS to CAS propagation delay thco 10 - - ns
CAS hold time tosH 190 - - ns
RAS hold time thsH 70 - - ns
RAS address selup time fash 140 - - ns
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Rating
Parameter Symbeol - Unit
min typ max
FAS address hold time taan a0 - - ns
CAS address setup time tasc 70 - - ns
CAS address hold lime loan 70 - - ns
DWRT pulsewidth twp 75 - - ns
Wrile command setup time twos 30 - - ns
Wrile command hold time twen 30 - - ns
Qutput dala setup time toso1 50 - - ns
Cutut data hold time toHot 50 - - ns
Note
Output timing values are measured with a load capacitance of 50 pF.
External DRAM Input timing
toas={,
s \_/ \__/ \_ /T
Addrass
bus output
(A0t AB) Left-channel Left-channe! Leaft-channel Left-channel Ripht-channel Right-channal
row column 4 colurnn 2 column 3 ow colwmn 1
DAEAD \
—rit—tou
tosi
Data bus
oo™, al D
) Left-channel Left-channel Left-channel Right-channel
data bits Oto 7 data bita 8o 15 data bits 1610 23 data bits Oto 7
External DRAM cutput timing
| .‘RM ] tRp
RAS
tcsH ! tRC ‘]
. thep teasw [(+tcp = tpsH
oS ) 4 \_ /T
1
S O '—‘cm-—
+—tasR—n] —=] tasc f«—
Add
busommﬁ :X] XJ
(ACto AB) Leoft-ochannal Left-channel Left-channe! Left-channel Right-channel Right-channel
row column 1 oolumn 2 colutnn 3 row
twe twos
" S — \__/
— twon
=t pHo]
Dala bus
i XX o
(D010 O7) Left-channel Leolt-channel Left-channal Right-channel
datablis Oto 7 data bits 81t 15 data bits 16 10 23 data bits 0to 7
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External SRAM interface
Voo to Vops = 4.75 0 5.25 V, Vss1 t0 Visg = 0 VYV, Ta=-30t0 70 °C

Rating
Parameter Symbel Unit
min typ max
Input data setup time losi2 80 - - ns
Input data hold time oz 0 - - ns
ReadMwrlle cycle time tAwc 160 - - ns
Address setup time las 10 - - ns
Wiita racovery time twp 3 - ~ ns
DWRT pulsewidth twp 75 - - ns
Quiput data setup time Ipsoz 50 - - ns
Outut data hold time tonoz 30 - - ns
Note
Output timing values are measured with a load capacitance of 50 pF.
External SRAM input timing
2 \
Add h-—tnwc—l-
bus outpul x:)
(A0 10 ALE) Left-channel Leftchannel Left-channet Right-channel Right-channel
address 1 address 2 addressd address 1 address 2
BREAD ¥
. tpg o] fe—tDHI
us
input D
{Co1a DN Left-channel Left-channel Lett-channel Right-channel Right-channel
data bits O to 7 data bits B 1o 15 data bits 1610 23 data bita Ote 7 databis 810 15
External SRAM output timing
oS _
Add s
ress
bus outfut X}
(A01o A16) Left-channel Left-channel Left-channel Right-channel Right-channel
address 1 address 2 address 3 addrees 1 address 2

lm—’I-— —-I —twh
T A

m \ UV U2 N 2 W A
l=—t pHO
Deta b tpso
ta bus
output X}
(DO to D7)
Left-channel Left-channel Letdt-channel Right-channe! Right-channel
data bits 0to 7 dala bits 8 to 15 data bits 1610 23 data bita O lo 7 data blits 8 to 15
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External pseudo-SRAM Interface

Vobi t0 Vpps =

475 w0 525 V, Vssi t0 Vg =

OV, T,=-30t0 70 °C

Rating
Parameter Symbol Unit
min typ max
Input data setup lime tosia 10 - - ns
Input datz held time e 0 - - ns
CECS peried o 160 - - ns
CETS pulsewidth loes 75 - - ns
CECS pre-charge time tp 75 - - ns
CECS address selup time tasc 13 - - ns
CECS address hold time tanc 100 - - ns
Write command hold time fwen 70 - - ns
Writs command read time lew 70 - - ns
DWAT pulsawldth twp 75 - - ns
DWRT output data selup time tpsw 50 - - ns
DWRT oulput dala hold time ToHw a0 - - ns
CECS oulpul data setup tme losc 50 - - ns
CERCS oulput data hold time tore 0 - - ns
CEXCS to DREAD propagation delay logn ‘ i} - 30 ns
Note
Output timing values are measured with a load capacitance of 50 pF.
External pseudo-SRAM input timing
l—1cES: tp . te
CECE \
[t A ]
tage —e
s XX
{A010 A16) Tefi-charinel Lef-channe] Tefichannel Rightchannel Faghtchannal
addresq 1 address 2 address 3 address { address 2
tDER —]
DREAD \.l
)
tom =~ pm
Data b
u-gautuEl O
(DO to D7) Left-channel Left-channel Left-channet Right-channel RAight-channel
databltaClo7 data bits 8lo 15 data bita 1610 23 databits 0to 7 data bits 8to 16
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External pseudo-SRAM output timing

CETS
1a5¢ ——a] fo—

et AHG —]

Address
bus output _X}
(AD to A1E)

Left-channsl Left-channel Left-channet Right-channel Right-channel
address 1 address 2 addre addreses 1 addreas 2
tweH —=
twp- |
BWAT
J—toHw f—t pHG
tosw — +—tosc
Data bus i -
output
{Doto07) lef-channel Laft-channel Ledt-channel Right-channel Right-channel
dalabits Oto 7 data bits Bt 15 data bits 16t0 23 databiis 0to T data bils 8to 15

DESIGN NOTES

When SELC is LOW, the LC83015E system clock is
generated from FS3841. When SELC is HIGH, it is
generated from the free-running oscillator, OSC1. When
SACKT is LOW, FS3840 output is s of FS1280
output. When SACKI is HIGH, it is % of FS1280
output. When SACK2 is LOW, the output clock is
generated from FS384I, LRCKI and BCK1. When
SACKZ is HIGH, it is generated from the free-running
oscillator, OSC1.

When the LC83015E is used with one DRAM ugit, only
DO to D3 of the data bus are used. When the Y.C83015E
is used with two DRAM units, SRAM or pseu-
do-SRAM, DO to D7 are used.

The typical supply current, Ipp, is measured with Sanyo
Standard Theatre Mode in operation under the input/out-
put conditions shown in figure 1.
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Asl
BCK2
Asi2
ADlo A1E
DOte D7
BwRT
CEGE
AAS
CAS
DREAD
FS3840
F$1920
FS1280

FS640

k ) L1 X | I I I 1 1 l
A 1 ] 1 ] \ I A } A A X |
X A 1 ! ) A ] ) 1 ) X ] )

Figure 1. Measurement conditions for Ipp
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The LC83015E has three voltage supply pins (VDD1 to
VDD3) and four ground pins (VSS1 to VS554). The
connections between these pins must conduct suffi-
ciently to ensure that there are no voltage differences
between each of the voltage supply pins and each of the
ground pins when the device is powered-up.
Connections similar to those shown in figure 2 should
be used.

I

AOTDF2
AQTDF
ASO
AOWCK
LACKO
FS320
F5e40
F81280
FS1820
FS3840
=1{ V583
0sc2

Figure 2. Voltage supply and ground connection
template

Figure 3 shows the connection of a crystal oscillator to
the LC83015E Table 1 shows oscillator frequencies and
capacitances for a Nippon Denpa Kogyo NR-18 crystal

oscillator.

.
!

0sC2 l

Figure 3. Crystal oscillator connection

Table 1. Oscillator frequency selection

¢1, C2 (pFy Osclllator frequency (MHz)
18 12288
12 16.9344
10 18.492
12 16.834
8 225792
6 24,576
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LC83015E Development Environment

The following software tools are available.

LC83015.EXE assembler

583015 EXE debugger and simulator

STLEXE ROM sorting software for microprocessor
STO.EXE ROM sorting software for external ROM

The following hardware tools are intended for use with
the LC83015E.

ICE

RA3232C cable

=)

DSP software f
debugger

Figure 4. ICE

RS§232C cable

® IBM PC/AT or AX personal computer
® In-Circuit Emulator (ICE) comprising

» ICE83015

* PODS3

« IC149-080-021-585

* E83015.EXE software

® Simple model evaluation board comprising

» PRBD135
» D2SP.EXE software

3 digital amplifiers

Digital
audic source
i
Cableto _._] (fl
b target processor — Sel baso
IBM PC/AT or AX, compatible debugger

configuration

] :| 3 digital amplifiers

Digital

RN A o

audio sourca

PC-88 series personal computer

Moded board

J—

Analog input
(e.g. microphone)

Figure 5. Model board configuration
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APPLICATION EXAMPLE

- 128 ] rsasal Fsss0 |28 »

— Data ASH AOTDF1 |28 »  LC7883 J
Digat 1 LC89MM 64: ¥ BCi1 FS640 ":h D/A Anelon odpt
signal ——| DIR ' » LRCKI LACKO converter

R —

—_ R

AOTDF2 |02 LC7883
ES1920 256la D/A Analog output
Anatog ——] Fstzso |12 | o converter L||<]
sgnal | » BCK2 Fsaz0 228,
Lc7gge | Data o asiz Aso |22
AD sOWeK |22, N
converter | DIT N EL?;::
—| LC83015E
| Tis
:——_'---h___—_--—__-_: DAEAD SiFQ |e
} DRAM Bat) e il —
s (ZxeY ] cowor sl
1
L e ] aot0ate SICK |
SORQ LCB6516
S0AR * microcemputer
50
| SOCK
‘SACK1 RES
TACKz INT
SELC PO 1o P5 N
nr
Note

The LC83015E is in extemal synchronization mode in this application.

M No products described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall
@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO, LTD,, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:
2 Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD. its affilates, subsidiaries and distributors or any of
their officers and employees jointly or severally.

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYQ 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.
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