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Surround Processor
(SP2)

® OUTLINE
This is an LSI which has quality digital surround sound capabilities realized by Yamaha'’s digital

audio technology. The LSI has built-in A/D and D/A converters which enable digital surround
sound processing for analog input/output. Its eight digital delay lines may provide delay time of
up to 100 msec. for each, and digital adding up of delay line signals for two-channel output assures

a wide range of application.

m FEATURES

® The built-in RAM realizes digital delay time of 100 msec.* at the maximum.

® Feedback loop can be constructed for reverberation.

® Various surround effect can be obtained by controlling this LSI with serial data from
microprocessor.

® Digital attenuator is built in for surround sound volume control.

® Sampling frequency is 23.6 kHz*, and 14 bit floating A/D converter is built in.

® Two-times oversampling digital filter and 14 bit floating D/A converter are built in.

® 16 pin DIP, 24 pin SOP package, silicone gate CMOS 5V power supply.

Note) When XI clock frequency is 7.16 MHz (304 fs is required for XI clock).

YAMAHA CORPORATION YM7128B CATALOG

CATALOG No. : LSI-2171284
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= PIN DESCRIPTIONS

Name 1I/0 Function
VDD — Digital +5V power supply
AVDD — Analog +5V power supply
CH (6] Sample/hold capacitor terminal
AIN I Analog signal input
cv 0 Center voltage of A/D
/'TI I+ | Test terminal (without connection)
LO 6] L channel, analog out
RO (0] R channel, analog out
AVSS — | Analog ground
VSS — | Digital ground
X0 0
X1 I X’tal oscillator terminal (7.16 MHz typ.)
SCI I Bit clock for microprocessor interface
A0 I Word clock for microprocessor interface
DIN I Serial data for microprocessor interface
/1C I+ | Initial clear terminal

+; pulled up

= BLOCK DIAGRAM
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® PIN CONFIGURATIONS

YM7128B YM7128B-F
voor]r Y shc vbp |+  ~  afdc
AVDD[2 23[]DIN
AVDD |2 s[ ] DIN
O sl CH[ s 22[J A0
CH[ s 14 ] AO AIN[]4 21[] (NC)
(NC) (s 20[] (NC)
AIN[]4 13 ] SCI
u n (NC) (s 19[]SCI
cv [s 12| ] XI (NC) 7 18] (NC)
(NC) []s 171 (NC)
ITI []e X0
. s cvi]e 16 ] X1
Lo [} 10] ] VSS ITI[]o 15[ X0
RO[]s o[ 1 AVSS LoC]n 14 IVSS
RO[]12 13 JAVSS
TOP VIEW TOP VIEW

® FUNCTION DESCRIPTION

As shown in the block diagram, analog signal input at AIN terminal are converted to 14 bit digital signal
with the sampling frequency of 23.6 kHz using 14 bit floating type A/D converter, and then attenuated
by the digital attenuator VM. Tap TO output of digital delay passes through first order FIR type low pass
filter and attenuated by VC. These signals are added before they are input to digital delay. Digital delay
has nine output taps and tap positions can be switched by the registers T0O to T8. Outputs of eight taps
from T1 to T8 are attenuated and added for each channel with the digital attenuator from GL1 to GL8
and GR1 to GR8 respectively, and attenuated by digital attenuator VL or VR to be input to two-times
oversampling digital filter. Since this filter attenuates aliasing noise, it reduces the burden on external analog
low pass filter. Digital input to D/A converter shall be with doubled value, which is 47.1 kHz sampling rate.

MICROPROCESSOR INTERFACE

Digital attenuation value, delay time and FIR type low pass filter coefficients are all set by writing data
into registers.

With A0=‘“L"”, 8 bit address data are sent synchronizing with SCI. At the rising edge of A0, register
address is taken in. With A0 = “H"”, 8 bit data are sent synchronizing with SCI, then register data are changed
at the falling edge of AO.

Address cycle
A0 Data cycle l_

DIN X7X6X5X4X3X2X1X() J7X6X5X4X3X2X1X0
MSB LSB MSB LSB

® At the time of initial clear, VM, VC, VL and VR registers are reset to 0. Other register values are not fixed.
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= REGISTER MAP

Address Data . Address Data .
Funct Funct
(HEX) (76543210 unetion (HEX) (76543210 tnetion
00 X GL1 10 X X VM
01 X GL2 11 X X vC Attenuation value
02 GL3 12 X VL bit 5; si
) Lch Tap * ( gn)
03 X GL4 . 13 X X VR
attenuation value
04 8 GLS (bit 5; sign) 14 X co FIR coefficient
5 8L 1C1
05 x GL6 s Sign 15 |x x c1
06 X GL7 16 X x X TO
07 X GLS8 17 X X X T1
08 X GR1 18 X X X T2
09 X GR2 19 X X X T3
0A x GR3 1A X X X T4 Tap position
Rch Tap
0B x GR4 . 1B X X % Ts
attenuation value
0C x GR5 (bit 5: sign) 1C X X X T6
0D x GR6 th o sien 1D |x x x| 7
OE X GR7 1E X X X T8
OF x GRS

® REGISTER DATA DESCRIPTION
(1) Attenuation value setting (GL1 to GL8, GR1 to GRS, VM, VC, VL, VR)

® Output polarity (bit 5)
When bit 5= “1"" Output signal is in phase with input signal.

Note 1) x; Don't Care

Note 2)

When bit 5= 0" Output signal is reversed phase with input signal.
® Attenuation value (bit 4—0)

Level Data Level Data
(dB) 43210 (HEX) (dB) 43210 (HEX)
0 11111 1F -32 01111 OF
-2 11110 1E -34 01110 OE
-4 11101 1D - 36 01101 0D
- 6 11100 1C -38 01100 0C
- 8 11011 1B - 40 01011 0B
-10 11010 1A —-42 01010 0A
-12 11001 19 —44 01001 09
-14 11000 18 —46 01000 08
-16 10111 17 - 48 00111 07
-18 10110 16 -50 00110 06
-20 10101 15 —-52 00101 05
—-22 10100 14 -54 00100 04
—-24 10011 13 -56 00011 03
-26 10010 12 —-58 00010 02
-28 10001 11 —-60 00001 01
-30 10000 10 - 00000 00

Don’t write to the other address
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(2) Delay time setting (TO to T8) (XI=7.16 MHz)

Delay time Data Delay time Data
(ms) 43210| (HEX) (ms) 43210 (HEX)
0.0 00000 00 51.6 10000 10
3.2 00001 01 54.9 10001 11
6.5 00010 02 58.1 10010 12
9.7 00011 03 61.3 10011 13
12.9 00100 04 64.5° 10100 14
16.1 00101 05 67.8 10101 15
19.3 00110 06 71.0 10110 16
22.6 00111 07 74.2 10111 17
25.8 01000 08 77.4 11000 18
29.0 01001 09 80.7 11001 19
32.3 01010 0A 83.9 11010 1A
35.5 01011 0B 87.1 11011 1B
38.7 01100 0C 90.4 11100 1C
41.9 01101 0D - 93.6 11101 1D
45.2 01110 OE 96.8 11110 1E
48.4 01111 OF 100.0 11111 1F

(3) FIR Low Pass Filter coefficient setting (C0, C1).
The lower 6 bits of coefficient register are used as the upper 6 bits of 12 bit 2’s compliment data actually
processed inside.

Coefficient register | bit | 7 | 6 | 5 4 3,210
/X | x [C5C4iC3{C2|Cl|CO
v JV
Processing form bit (11:10 9 (8 (7,654 ;32 1,0
/C5:C4:C3!C2iC1iCO{ 00 000

A Decimal point
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® SYSTEM BLOCK DIAGRAM
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® EXTERNAL DIMENSIONS
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s ELECTRICAL CHARACTERISTICS

® Absolute maximum ratings

Parameter Symbol Rating Unit
Supply voltage VDD -0.3~+7.0 A%
Operating —of °
temperature Top 20~ +85 c
Storage —50~ °
temperature Tstg 50~ +125 C

® Recommended operating conditions

Parameter Symbol Min. Typ. Max. Unit
Supply voltage VbD 4.75 5.0 5.25 \%
Operating o
temperature Top 0 25 70 ¢

® DC characteristics (Conditions: Ta=25°C, Vbb=5.0V)

Parameter Symbol Condition Min. Typ. Max. Unit
Supply current Iop 50 mA
High-level input voltage (1) ViH1 2.0 \% *]1
Low-level input voltage (1) ViLi 0.8 \" *]
High-level input voltage (2) ViH2 4.0 v *2
Low-level input voltage (2) ViLe 0.8 A% *2
High-level output voltage Vou IoH=—-0.4mA 4.0 \"
Low-level output voltage VoL IoL=0.2mA 0.4 \Y
Input leakage current I Vi=0~5V -10 10 nA
Input capacitance CI1 5.0 12.0 pF
Output capacitance Co 10.0 pF

Note 1: Applicable to the input terminals except XI

Note 2: Applicable to XI terminal

® AC characteristics (Conditions: Ta=25°C, Vbp=5.0V)

Parameter Symbol Min. Typ. Max. Unit
X1 Input frequency fc 3.6 7.16 8.0 MH:z
Duty 40 50 60 %
Rise time Tcr 50 ns
Fall time Tcr 50 ns
SCI  Input frequency fs fc/8 MHz
On-off time Ts 600 ns
Rise time Tsr 200 ns
Fall time TsF 200 ns
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® ANALOG characteristics (Conditions: Ta=25°C, Vbp=5.0V)

Parameter Symbol Condition Min. Typ. Max. Unit
Analog input voltage Via AIN terminal 4.5 Vpp
Analog output voltage Voa LO, RO terminal 4.5 Vpp
DC offset voltage Ccv 2.5 \Y%
Total harmonic distortion THD output voltage 0dB 0.3 0.4 %

—-10dB 0.4 0.5 %

—20dB 0.4 0.5 %

—-30dB 0.6 0.8 %
S/N SIN S=0dB 75 80 dB

Note) 0dB=1.5Vrms

® REFERENCE CHARACTERISTICS
2 times oversampling filter Output vs THD + NOISE

(d8) OUTPUT THD+N
(%) 100

+40

+20

™

—20
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— 100 : 0.1
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FREQUENCY OUTPUT (Vrms)

The specifications of this product are subject to improvement changes without prior notice.
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IMPORTANT NOTICE

1. Yamaha reserves the right to make changes to its Products and to this document
without notice. The information contained in this document has been carefully checked
and is believed to be reliable. However, Yamaha assumes no responsibilities for
inaccuracies and makes no commitment to update or to keep current the information
contained in this document.

2. These Yamaha Products are designed only for commercial and normal industrial
applications, and are not suitable for other uses, such as medical life support equipment,
nuclear facilities, critical care equipment or any other application the failure of which could
lead to death, personal injury or environmental or property damage. Use of the Products
in any such application is at the customer's sole risk and expense.

3. YAMAHA ASSUMES NO LIABILITY FOR INCIDENTAL, CONSEQUENTIAL OR
SPECIAL DAMAGES OR INJURY THAT MAY RESULT FROM MISAPPLICATION OR
IMPROPER USE OR OPERATION OF THE PRODUCTS.

4. YAMAHA MAKES NO WARRANTY OR REPRESENTATION THAT THE PRODUCTS
ARE SUBJECT TO INTELLECTUAL PROPERTY LICENSE FROM YAMAHA OR
ANYTHIRD PARTY, AND YAMAHA MAKES NO WARRANTY OR REPRESENTATION
OF NON-INFRINGEMENT WITH RESPECT TO THE PRODUCTS. YAMAHA
SPECIFICALLY EXCLUDES ANY LIABILITY TO THE CUSTOMER OR ANY THIRD
PARTY ARISING FROM OR RELATED TO THE PRODUCTS' INFRINGEMENT OF ANY
THIRD PARTY'S INTELLECTUAL PROPERTY RIGHTS, INCLUDING THE PATENT,
COPYRIGHT, TRADEMARK OR TRADE SECRET RIGHTS OF ANY THIRD PARTY.

5. EXAMPLES OF USE DESCRIBED HEREIN ARE MERELY TO INDICATE THE
CHARACTERISTICS AND PERFORMANCE OF YAMAHA PRODUCTS. YAMAHA
ASSUMES NO RESPONSIBILITY FOR ANY INTELLECTUAL PROPERTY CLAIMS OR
OTHER PROBLEMS THAT MAY RESULT FROM APPLICATIONS BASED ON THE
EXAMPLES DESCRIBED HEREIN. YAMAHA MAKES NO WARRANTY WITH
RESPECT TO THE PRODUCTS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT
LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR USE AND TITLE.

~

The specifications of this product are subject to improvement changes without prior notice.

AGENCY —M8M — hYAMAHA CORPORAT'ON T

Address inquiries to:
Semiconductor Sales & Marketing Department

m Head Office 203, Matsunokijima, Toyooka-mura,
Iwata-gun, Shizuoka-ken, 438-0192

® Tokyo Office  2-17-11, Takanawa, Minato-ku,
Tokyo, 108-8568

m Osaka Office  Namba Tsujimoto Nissei Bldg. 4F
1-13-17, Namba Naka, Naniwa-ku,
Osaka City, Osaka, 556-0011

® U.S.A. Office  YAMAHA Systems Technology
100 Century Center Court, San Jose,
CA 95112

Tel. +81-539-62-4918 Fax. +81-539-62-5054

Tel. +81-3-5488-5431 Fax. +81-3-5488-5088

Tel. +81-6-6633-3690 Fax. +81-6-6633-3691
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