NPC

SM5953A

Surround Effects Processor LSI

OVERVIEW

The SM5953A is a dedicated surround effects processor LSI that has a function that adds surround effects to
digital audio signals. The surround effects can be varied continuously from the microcontroller interface. It

also features a built-in power-down function for low power dissipation in standby mode.

FEATURES

m Left/Right-channel processing (stereo)

m Serial data input
2s-complement, 16-bit MSB-first, right-justified
format

m System clock input: 384fs (16.9344MHz)

m Microcontroller interface
3-wire serial control
Surround volume: Separate microcontroller inter-
face controls for each parameter:

 ATP :L + R component input attenuator
* ATM : L — R component input attenuator
DS : Delay scaling

e GP :L +R component gain

* GM :L —R component gain

* GPR :L + R component reverb gain

* GMR : L — R component reverb gain

e GO :Raw signal impressed gain

Power-down function
Direct mute function

Data through-mode function
2.5V single voltage supply
16-pin VSOP package

ORDERING INFORMATION

PINOUT
(Top view)
vLrek [] 1O 16[] ZLRCK
YSCK [] [ ] zsck
YSRDATA [ [ ] ZSRDATA
CLK [] ] RSTN
VDD [] ] vss
YMCLK [] [] TMOD
YMDATA [ [] PDN
YMLD [ | 8 9 [] THRUN

Device Package

SM5953AV 16-pin VSOP

PACKAGE DIMENSIONS

(Unit: mm)
Weight: 0.070g

HAAAAA

O

44+0.2

LLLLLL

el 0.275TYP

51+02

6.4+0.2

115+ 0.1

Note: Dimensions without tolerances are reference values only.
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BLOCK DIAGRAM
YLRCK YSCK YSRDATA
Input Interface
CLK ‘-4’ Processing Block
RSTN H— Sequencer
‘ Surround
PDN m—» Processing
YMCLK l—»
Microcontroller
YMDATA Hll—
‘ Interface Delay RAM
YMLD m—»
THRUN m Output Interface
| | |
ZLRCK ZSCK ZSRDATA
PIN DESCRIPTION
No. Name 1o’ Function HIGH LOW
1 YLRCK Is Word clock input (fs)
2 YSCK Is Bit clock input (32fs to 64fs)
3 YSRDATA Is Data input
4 CLK | System clock input
5 VDD - 2.5V supply
6 YMCLK Is Microcontroller clock input
7 YMDATA Is Microcontroller data input
8 YMLD Is Microcontroller latch enable input
9 THRUN Is Through-mode select Through mode
10 PDN Is Power-down select Power-down
11 TMOD Isd Test mode pin (tie LOW or leave open-circuit) Test Normal
12 VSS - 0V supply ground
13 RSTN Is Reset input Reset
14 ZSRDATA 0? Data output
15 ZSCK 0? Bit clock output (48fs fixed)
16 ZLRCK 02 Word clock output

1. 1=CMOS input, O = output, Is = Schmitt input, Isd = Schmitt input with pull-down
2. Outputs are pulled-down when PDN = LOW or RSTN = LOW

SEIKO NPC CORPORATION —2




SM5953A

ABSOLUTE MAXIMUM RATINGS

Vgs =0V, VDD pin voltage = Vpp

Parameter Symbol Rating Unit
Supply voltage Voo -0.3t03.6 v
Input voltage Vi —0.3103.6 v
Output voltage Vo —0.3toVpp +0.3 v
Power dissipation Pp 165 mwW
Storage temperature Tsta -5510 125 °C
Note. Ratings also apply when power is applied or disconnected.
RECOMMENDED OPERATING CONDITIONS
Vgg =0V, VDD pin voltage = Vpp
Rating
Parameter Symbol Unit
min typ max
Supply voltage Voo 2.25 25 2.75 v
Operating temperature Torr —40 25 85 °C
ELECTRICAL CHARACTERISTICS
DC Characteristics
Vgs =0V, Vpp =2.25 to 2.75V, Ta = —40 to 85°C unless otherwise noted
Rating
Parameter Pin Symbol Condition Unit
min typ max
Current consumption VDD Ipp (*A) - 45 9.0 mA
Vi 0.8Vpp - Vop
(*1) ViL 0 - 0.2Vpp v
Input voltage Vinac | AC coupling 04 - - Vpp
Vi 0.8Vpp - Vop v
("2(3)
V loy =—2.0mA 1.85 - \ v
Output voltage (*3) o o oo
VOL |0|_ =2.0mA 0 - 0.4 v
ILH V|N = VDD -10 - 10 IJA
Input leakage current (*1)(*2) Iy Vin=Vpp 40 80 160 pA
||_|_ V|N =0V -10 - 10 IJA

(*A): All outputs unloaded, system clock frequency F¢ « = 16.9344MHz, input word clock frequency Fy, pek = 44.1kHz, supply voltage Vpp = 2.5V,
V|H = 0.8VDD = 1875V, V"_ = 0.2VDD = 05V
Note. See pin classification table below.

<Pin classification>

Symbol Class Pins
(*1) Inputs CLK
(*2) Schmitt inputs YLRCK, YSCK, YSRDATA, YMCLK, YMDATA, YMLD, RSTN, PDN, THRUN
(*3) Inputs with pull-down TMOD
(*4) Outputs with pull-down ZLRCK, ZSCK, ZSRDATA (Outputs are pulled-down when PDN = LOW or RSTN = LOW only)
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AC Characteristics

System clock (CLK)

Rating
Parameter Symbol Condition Unit
min typ max
Clock pulse cycle time toy 54 59 65.1 ns
HIGH-level clock pulsewidth towH toy = 59ns 21.6 - 39.1 ns
LOW-level clock pulsewidth towe toy =59ns 21.6 - 39.1 ns
Clock pulse duty 40 - 60 %

Reset (RSTN)
Rating
Parameter Symbol Condition Unit!
min typ max
RSTN pulsewidth trsT 4 - - toy

1. toy is the system clock cycle time of 59ns (typ).

tRST
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Serial inputs (YLRCK, YSCK, YSRDATA)

Rating
Parameter Symbol Condition Unit
min typ max
YLRCK cycle time tyLcy 20.8 - 25 s
YSCK pulse cycle time tyscy 324 - 390.6 ns
YSCK HIGH-level pulsewidth tyscwn 160 - - ns
YSCK LOW-level pulsewidth tyscwL 160 - - ns
YSRDATA setup time tysrs 80 - - ns
YSRDATA hold time tysrH 80 - - ns
Last YSCK rising edge — _ _
YLRCK edge tsu 80 ns
YLRCK edge —
first YSCK rising edge lisi 80 - - ns
--- -- VH
YLRCK oo Y 0.5VDD
--- -- VL
tsLi tLsi
——\ - -7———--- VH

77777777777777777777777777777 0.5VDD
,,,,,,,,, \_ ----------- VL

tyscwH tyscwL

tyscy
--- -- VH

YSRDATA oo N N 0.5VoD

--- -- VL
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Microcontroller interface (YMCLK, YMDATA, YMLD)

Rating
Parameter Symbol Condition Unit
min’ typ max
YMCLK cycle time tmey 60 + 4tcy - - ns
YMCLK HIGH-level pulsewidth tMCWH 30 + 2tcy - - ns
YMCLK LOW-level pulsewidth tmowL 30 + 2ty - - ns
YMDATA setup time tmps 30 +toy - - ns
YMDATA hold time tmpH 30 +tgy - - ns
YMLD LOW-level pulsewidth twL 30 + 2ty - - ns
YMLD setup time tmLs 30 +toy - - ns
YMLD hold time tmLH 30 +toy - - ns
Rise time t - - 100 ns
Fall time t - - 100 ns
1. toy is the system clock cycle time of 59ns (typ).

---- ----  VH
YMDATA —--cmmmmmm e N 0.5VDD

-t ---- VI

VIH
0.5VDD

ViL

- T - ---- VH

YMLD --------mmmmmmmmo oo \j ************************* 0.5VbD
fffffffffffffffffffffffffffffff ot bbb VA | B
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Serial outputs (ZLRCK, ZSCK, ZSRDATA)

Rating
Parameter Symbol Condition Unit!
min typ max
ZLRCK cycle time tzcy - 384 - toy
ZLRCK HIGH-level pulsewidth t2LcWH - 192 - toy
ZLRCK LOW-level pulsewidth tz.owL - 192 - toy
ZSCK pulse cycle time tzscy - 8 - toy
ZSCK HIGH-level pulsewidth tzscwH - 4 - toy
ZSCK LOW-level pulsewidth tzsowL - 4 - tey
ZSCK output delay tzspL C = 15pF - - 30 ns
ZLRCK output delay tzoL Cy =15pF - - 30 ns
ZSRDATA output delay tzsroL Cp = 15pF - - 30 ns

1. tgy is the system clock cycle time of 59ns (typ).

sown | msowt | T Vet
tzscy
——— 77—~ VOH
ZSRDATA —-- - mmommeem o Y 0.5VDD
—— /N N VoL

tzsrDL
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FUNCTIONAL DESCRIPTION

Surround Function

The SM5953A adds reflected sound components, internally delayed signals stored in SRAM, to the raw data
direct sound components in order to achieve surround sound effects. The L + R and L — R reflected sound
components are read out from the address determined by the delay scaling value set over the microcontroller
interface, multiplied by a gain factor likewise set over the microcontroller interface, and then added to the
direct sound components. The following 8 parameters can be controlled using the microcontroller interface.

m L + R component input attenuator ATP :0to 255/1 step
m L — R component input attenuator ATM : 0 to 255/1 step
m Delay scaling parameter DS :0to 14/1 step
m L + R component gain parameter GP :0to 1.875/0.125 step
m L — R component gain parameter GM :0to 1.875/0.125 step
m L + R component reverb gain parameter =~ GPR : 0 to 1.875/0.125 step
m L — R component reverb gain parameter =~ GMR : 0 to 1.875/0.125 step
m Raw signal impressed gain parameter GO :0to 1.875/0.125 step
Input L Output L
GO
() (<&
ATP Delay DS
t1 12 13 t4 t5 16
g1\92/93/94/g5
GP >
ATM
GP >
ATM Output R
GO >——
Input R »@ a @
Delay DS
t1 12 t3 t4 t5 16
91\92193/g4/g5
GM >——
GM >—-
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Microcontroller Interface (YMDATA, YMCLK, YMLD)

The SM5953A is controlled using commands issued over the microcontroller interface.

Command format

Commands from the microcontroller are input in bit serial format over a 3-wire interface comprising a data
input (YMDATA), bit clock (YMCLK), and load signal latch enable input (YMLD). The write command for-
mat for commands AQ to AS is shown below.

Data 8 bit Command 8 bit

YMDATA

YMCLK

YMLD

Register table

m Command AO

D7|D6

D5|D4|{D3|D2|D1|{DO0|B7|B6|B5|B4

B3

B2 |B1| B0

s

FUHTTUHH T

i

L
IS

Bit Flag name Description Default
D7 ATP7 0
D6 ATP6 ATP7 to ATPO: L + R component input attenuator parameter 1
bs ATPS Attenuation = 20 x log4o(ATP/256) [dB] 0
D4 ATP4 ]
“1111 1111” — —0.03dB
D3 ATP3 “1000 0000” — —6.02dB 0
b2 ATP2 0000 001" — —48.16dB 0
D1 ATP1 0000 0000" — —oodB 0
DO ATPO 0
m Command Al
Bit Flag name Description Default
D7 ATM7 0
D6 ATM6 ATM?7 to ATMO: L — R component input attenuator parameter 1
bs ATMS Attenuation = 20 x logyo(ATM/256) [dB] 0
D4 ATM4 q
“1111 1111” — -0.03dB
D3 ATM3 “1000 0000” — —6.02dB 0
b2 ATM2 0000 0001" — —48.16dB 0
D1 ATMA 0000 0000" — —oodB 0
DO ATMO 0
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m Command A2

Bit Flag name Description Default

b7 DS3 DS3 to DSO0: Delay scaling parameter” !

D6 DS2 “0000” — x 1 0
“0001" — x 2

D5 DSt “U110" — x 14 1

D4 DSO “1111” (F hex) is prohibited. 0

D3 GO3 0
GO3 to GOO: Raw component gain parameter

D2 Go2 “0000” — x 0.0 1

D1 GO1 “0001” — x 0.0625 0
“1111" — x 0.9375

DO GO0 1

1. When switching DS, the difference in delay signal level may be audible. In dynamically-switching applications, the system outputs should be muted.

m Command A3

Bit Flag name Description Default

D7 GP3 0
GP3 to GPO: L + R component gain parameter

bs GP2 000" — % 0.0 !

D5 GP1 “0001” — x 0.125 1
“1111" — x 1.875

D4 GPO 0

D3 GM3 1
GM3 to GMO: L — R component gain parameter

D2 GM2 000" —> x 0.0 !

D1 GM1 “0001” — x 0.125 0
“1111" - x 1.875

DO GMO 0

s Command A4

Bit Flag name Description Default

D7 GPR3 0
GPR3 to GPRO: L + R component reverb gain parameter

D6 GPR2 “0000” — x 0.0 1

D5 GPR1 “0001” — x 0.125 0
“1111" > x 1.875

D4 GPRO 0

D3 GMR3 0
GMR3 to GMRO: L — R component reverb gain parameter

D2 GMR2 “0000” > x 0.0 1

D1 GMR1 “0001” — x 0.125
“1111" > x 1.875

DO GMRO 0

m Command A5

Bit Flag name Description Default

D7 DMUTE Direct mute flag (HIGH — mute) 0

D6 PDN Power-down flag (LOW — power-down) 1

D5 THRUN Through-mode flag (LOW — through mode) 1

D4 - 0

D3 TEST3 Test mode setting (set LOW for normal operation) 0

D2 TEST2 Test mode setting (set LOW for normal operation) 0

D1 TEST1 Test mode setting (set LOW for normal operation) 0

DO TESTO Test mode setting (set LOW for normal operation) 0
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Direct Mute (DMUTE Flag)

The SM5953A can directly mute the outputs by setting the microcontroller interface DMUTE flag to 1. In
direct muting, the outputs are muted starting from the word synchronized to the next ZLRCK clock rising edge
after the DMUTE flag is set to 1. Similarly, direct muting is released starting from the word synchronized to the
next ZLRCK clock rising edge after the DMUTE flag is set to 0. When direct muting is selected, the device is
simultaneously initialized and delay memory data is cleared. The initialization operation takes 128/fs time
(2.902ms @ 44.1kHz).

Power-Down (PDN Pin and PDN Flag)

The SM5953A can power-down either by setting the PDN input LOW or by setting the microcontroller inter-
face PDN flag to 0. At power-down, all circuit internal signals stop (with the exception of the microcontroller
interface circuits) and the outputs are tied LOW to suppress power consumption. When power-down is selected
or released, the system outputs should also be muted to prevent noise from occurring. Power-down should be
selected only after muting is selected, and muting should be released only after power-down is released. When
power-down is released, the initialization sequence becomes active and all internal SRAM data is cleared. The
YLRCK, YSCK, and CLK input clocks must also be supplied and stable for the initialization sequence to oper-
ate when power-down is released.

Through-Mode (THRUN Pin and THRUN Flag)

The SM5953A can take the input signals (YLRCK, YSCK, YSRDATA) and pass them directly to the outputs
(ZLRCK, ZSCK, ZSRDATA) either by setting the THRUN input LOW or by setting the microcontroller inter-
face THRUN flag to 0. In through mode, all circuits stop (except for the connection from inputs to outputs and
the microcontroller interface), reducing the power consumption to a minimum. When returning from through
mode to normal mode of operation, the initialization sequence for all circuits becomes active and internal
SRAM data is cleared. The YLRCK, YSCK, and CLK input clocks must also be supplied and stable for the ini-
tialization sequence to operate when through mode is released.

Note: When switching between through mode and normal mode, YLRCK and ZLRCK become discontinuous
and an output noise may occur. Consequently, the system outputs should be muted.

System Reset (RSTN Pin)

At power-ON, the SM5953A must be reset. The device is reset by applying a LOW-level pulse on the RSTN
input. When the supply voltage is stable and the YLRCK, YSCK, CLK clocks are stable, system reset is
released by taking RSTN from LOW to HIGH. If YLRCK, YSCK, or CLK stop during normal operation, a sys-
tem reset must be performed after the clocks have restabilized. When the system reset is released, the initializa-
tion sequence operates and the internal SRAM data is cleared. The initialization operation takes 128/fs time
(2.902ms @ 44.1kHz).
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TIMING DIAGRAMS
Input Timing (YLRCK, YSCK,YSRDATA)

YLRCK (fs) | Lch | Rch [
vsew @ets) [ T[TTUUUUUUUUUUTUUTTUUUUUTTTUUTUUUUU U uUuun
YSRDATA HENEREREREREREED [l TTTTTTTTTTT fshe]

Figure 1. 16-bit MSB-first right-justified (BCKI = 32fs to 64fs)

Output Timing (ZLRCK, ZSCK, ZSRDATA)

ZLRCK (fs) | Lch | Rch [
zsexsts)  [|[JUUUUUUUUUUUUUUUUUTUUUUUUTUUUTUUUTUUUIUUuuuuuLn
ZSRDATA IENRENRERRERERED Cl LTI T Fspel

Figure 2. 16-bit MSB-first right-justified (BCKI = 48fs fixed)
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TYPICAL APPLICATION CIRCUIT

Typical Connection

Microcontroller

YMDATA

SM5953

YMCLK

YMLD

PDN

CD

DSP

D/A
Converter

YSCK

YLRCK

YSRDATA

ZSCK

ZLRCK

ZSRDATA

CLK
RSTN
THRUN

TMOD
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Please pay your attention to the following points at time of using the products shown in this document.

The products shown in this document (hereinafter “Products”) are not intended to be used for the apparatus that exerts harmful influence on
human lives due to the defects, failure or malfunction of the Products. Customers are requested to obtain prior written agreement for such
use from SEIKO NPC CORPORATION (hereinafter “NPC”). Customers shall be solely responsible for, and indemnify and hold NPC free and
harmless from, any and all claims, damages, losses, expenses or lawsuits, due to such use without such agreement. NPC reserves the right
to change the specifications of the Products in order to improve the characteristic or reliability thereof. NPC makes no claim or warranty that
the contents described in this document dose not infringe any intellectual property right or other similar right owned by third parties.
Therefore, NPC shall not be responsible for such problems, even if the use is in accordance with the descriptions provided in this document.
Any descriptions including applications, circuits, and the parameters of the Products in this document are for reference to use the Products,
and shall not be guaranteed free from defect, inapplicability to the design for the mass-production products without further testing or
modification. Customers are requested not to export or re-export, directly or indirectly, the Products to any country or any entity not in
compliance with or in violation of the national export administration laws, treaties, orders and regulations. Customers are requested
appropriately take steps to obtain required permissions or approvals from appropriate government agencies.

SEIKO NPC CORPORATION
15-6, Nihombashi-kabutocho, Chuo-ku,
Tokyo 103-0026, Japan

Telephone: +81-3-6667-6601
Facsimile: +81-3-6667-6611

http://www.npc.co.jp/
Email: sales@npc.co.jp

NCO0321BE 2006.04
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