NIPPON PRECISION CIRCUITS INC.

SM5901AF

compression and non compression type anti-shock
memory controller with built-in 1M DRAM

Overview

The SM5901 is a compression and non compres-
sion type anti-shock memory controller with built-in
1M DRAM LSI for compact disc players. The com-
pression level can be set in 4 levels, and external

Features

- 2-channel processing
- Serial data input
«2s complement, 16-bit/MSB first, rear-packed
format
- System clock input
*384fs (16.9344 MHz)
- Anti-shock memory controller
- ADPCM compression method
*4-level compression mode selectable

Q

4-bit compression mode 2.78 s/Mbit
5-bit compression mode 2.22 s/Mbit
6-bit compression mode 1.85 s/
Full-bit non compression mode,(
«External memory can jge.connec
2x1M DRAM (256K>§Zt3

15-hit op& , 16-bit output

1M DRAM can be conne
ry to 2M bits. Digital attenoqto
ed functions are also incorpo
a2.7t0 3.3V wide g

ad to expand the memo-
, Soft mute and relat-
ed. It operates from

ed mute
- Ext¢énsion 1/0
Microcontroller interface for external control
using 5 extension 1/O pins
- +2.7 to +3.3 V wide operating voltage range
- Schmitt inputs
All input pins (including 1/O pins) except CLK
(system clock)
- Reset signal noise elimination
Approximately 3.8 us or longer (65 system
clock pulses) continuous LOW-level reset
- 44-pin QFP package (0.8 mm pin pitch)
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Package dimensions (unit: mm)

44-pin QFP
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Pin description

Pin number Pine name 1/0 Function Setting
N H L
1 VDD2 - VDD supply pin N\
2 uC1 Ip/O Microcontroller interface extension 1/0 1 \
3 uc2 Ip/O Microcontroller interface extension 1/O — \
4 ucC3 Ip/O Microcontroller interface extension I/°S; N\
5 uc4 Ip/O Microcontroller interface extension /JLQ @
6 VSS2 - Ground O\ ) )
7 NTEST1 Ip Test pin {/  Test
8 NTEST2 Ip Testpin /—~ > Test
9 CLK | 16.9344 MHz clodk igput / AN,
10 Vssi - Ground V' [ ([ \\—
11 YSRDATA [ Audio serjgrputdata \ \_/ )
12 YLRCK I Audio serifﬁ yﬁﬁbR\cM\/ Left channel | Right channel
13 YSCK | Audio sedgl{input bit cloek
14 ZscK o /~Audio s2rial oltaut bit clock
15 ZLRCK (0] \/Auﬁis\%rial W\l}wock Left channel | Right channel
16 ZSRDATA o) ‘Augio Serial outplitndaty
17 YFLAG | Signal proce%or\lcw overflow flag Overflow
18 YFCLK | / ﬂﬁ}ﬂ@ntrw%e clock
19 YBLKCK | | ( subrede btagk clock signal
20 NRESET | /4\\ Syste reget pin Reset
21 ZSENSE 0 ( /\Miq&ongoller interface status output
22 VDD1 - /QK \7DP supply pin
23 YDMUTE /\ | Fofced mute pin Mute
24 YMLD Y /N Montroller interface latch clock
25 YM DA)ﬂ\\ \I\ I\Montroller interface serial data
26 YMCL?\ | \Microcontroller interface shift clock
27 NTEST4 IO V4 Test pin Test
28 NCAS2 o DRAM CAS control
29 Dz/ /> ¥o \/ DRAM data input/output 2
30 Dé\ \ / 1/ DRAM data input/output 3
31 /Do \\/ ( I/O) ) DRAM data input/output 0
32 /\\ @1 v DRAM data input/output 1
33 \NW{ 0 DRAM WE control
34 NRAS o DRAM RAS control
35 MT4 Ip Test pin Test
36 | S8\ | o DRAM address 8
37 > AT\ ) o DRAM address 7
38 A/ o DRAM adress 6
39 g 0 DRAM address 5
40 RN o DRAM address 4
41 Y (@) DRAM address 0
42 Al (@) DRAM address 1
43 A2 (0] DRAM address 2
44 A3 (0] DRAM address 3

Ip : Input pin with pull-up resistor

Ip/O : Input/Output pin (With pull-up resistor when a input mode)

And in case that only internal 1M DRAM is used, 28, 33, 34, 36 to 44 pin are high impedance, and 29 to 32 pin are input pull up mode.
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Absolute maximum ratings

(VSS =0V, VDD pin voltage = Vob)

Parameter Symbol Rating Unit
Supply voltage Vb -0.3t04.6 \%
Input voltage Vi Vss-0.3to Vob + 0.3 \Y
Storage temperature TsTc -55t0 125 °C
Power dissipation Po 600 mw
Soldering temperature Tsp 255 °’C
Soldering time tsio 10 sec
(*1) Refer to pin summary on the next page.
Note. Values also apply for supply inrush and switch-off.
Electrical characteristics
Recommended operating conditions
(VSS /QV, VDBin veltage = Vob)
Parameter Symbol F{&@r{g N \blqit
Supply voltage VoD 2.7to 3.:{\ \4§
Operating temperature Torr 0to70 °c”
\7
DC characteristics
Standard voltage: (VDD = 2.7 to 3. SS=0WJas 0to 70°C)
/>
Parameter PinY Sym Condition Rating Unit
AN 7 Min Typ Max
Current consumption DD DD (*A)SHPRF ON 60 mA
(*A)Through mode 60 mA
Input voltage CLK Ie%l\ ViH1 0.7Vop \%
NI AE 03Voo |V
(_7 A\ VINAC AC coupling 0.3 Ve-p
\3/4& Hlevl | Vi 0.7VoD Vv
/\Q “L/I}/el ViL2 0.3Vop \%
Output voltaéi (*46) | Hlevel | Vom lon=-05mA | Vop-0.4 v
L level Vo1 loL =1 mA 0.4 \%
¢5) H level VoH2 loH=-0.5mA Vop - 0.4 \%
/\ L level Vo2 loL=1mA 0.4 \%
Igput cyrrent CLK lHL ViN=VbD 15 30 60 HA
\\/ ) I Vin= 0V 15 30 60 A
<< (*3,4) l2 Vin=0V 15 3 15 HA
Input leakage currem (*2,3,4,5) ILHL Vin= VoD 1.0 HA
N (*2.5) I Vin= 0V 1.0 HA
Output leakage current (*7) IzH Vout = Vbbp 1.0 A
lzL Vout= 0V 1.0 HA

(*A) VDD =3V, CLK input frequency fxti= 384fs = 16.9344 MHz, all outputs unloaded,

SHPRF: Shock-proof,
typical values are for VDD =

3V.
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<Pin summary>

(*1) Pin function Clock input pin (AC input)
Pin name CLK
(*2) Pin function Schmitt input pins \\
Pin name YSRDATA, YLRCK, YSCK, YFLAG, YFCLK, NRESET,
YBLKCK, YDMUTE, YMLD, YMDATA, YMCLK
(*3) Pin function Schmitt input pin with pull-uN \
Pin name NTEST1, NTEST2, NTEST3, NTE{T4 T\
(*4) Pin function 1/O pins (Schmitt input with puII-up%\i?pﬁt\state) \ \
Pin name UC1, UC2, UC3, UC4
5) | Pinfunction 1/0 pins (Schmitt input/f japutState) ™
Pin name D0, D1, DA M3 /AN,
(*6) Pin function Outputs\/ ( ( \v/
Pin name ZSCK, ZLRCK/ZS'RB{I'A 2gensE/ )
(*7) Pin function O/nt/pﬁts\ ~—
Pin name NCAS2, NWE, NRAS, Ad, AL, A2, M\A@ A6, A7, A8

TN

&
&
S
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AC characteristics

Standard voltage: VDD =2.7t0 3.3V,VSS=0V, Ta=0t0 70 °C

(*) Typical values are for fs = 44.1 kHz
System clock (CLK pin)

Parameter Symbol Condition Unit
System clock
Clock pulsewidth (HIGH level) ns
Clock pulsewidth (LOW level) ns
Clock pulse cycle ns
System clock input
CLK
Serial input (YSRDATA, YLRCK, YSCK pins)
Parameter Sy \Ra,t(ng Unit Condition
(fd\ \MJQ Typ Max
YSCK pulsewidth (HIGH level) /'[NBcv%\ 75 ns
YSCK pulsewidth (LOW level) ( tsh\ 75 ns
YSCK pulse cycle N\ teoy 15 ns
YSRDATA setup tine ) tsg 50 ns
YSRDATA hold time . 50 ns
Last YSCK rising edge éMK edge taL 50 ns
YLRCK edge to first YS@K\@irEedge m 50 ns
N/ 0 2fs Memory system ON
YLRCK pulse fre N (MSON=H)
See note b¢low. v fs fs Memory system OFF
@ O\ (MSON=L)

Note. When the memorfy syStem ng mode), the input data rate is synchronized to the system clock input (384fs), so input

Taey
<— Tecwn Toow —>
o N 05V
ton
————— <— | — — 05Vw
el tes
YLRCK — — — — — — 2 < fffffff 0.5Voo

/384 of thi ficy. But, this IC can tolerate a certain amount of jitter. For details, refer to Through-mode
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Microcontroller interface (YMCLK, YMDATA, YMLD, ZSENSE pins)

Parameter Symbol Rating Unit
Min Typ Max
YMCLK LOW-Ilevel pulsewidth Tvewe 30 + 2tey /\ ns
YMCLK HIGH-level pulsewidth tvewn 30 + 2tey \ ns
YMDATA setup time Tvps 30 + tev ns
YMDATA hold time tvon 30 + ey /™ ns
YMLD LOW-level pulsewidth Tvwe 30 + 2tey /> \qs
YMLD setup time tvis 30 + tev A ( \Qs\
YMLD hold time tin 30 + tov o ny )
Rise time tr 00
Fall time ts / ST 0? ns
ZSENSE output delay trzs \ K / AN 3tey ns

Note. tev is the system clock cycle time (59ns typ).

YMDATA — — Y — — — — — — f% ffffff 0.5Voo

YMCLK

YMLD

ZSENSE

YMCLK
YMDATA
YMLD

Reset input (NREG‘?T in

“Paameter Symbol Rating Unit
Min Typ Max

First I—}rﬁﬂMerMWtage rising edge THnrsT 0 tev (Note)

( / l\hEﬂENulse%th thrsT 64 tey (Note)

NRESET

<— tHNRST tNRST




SM5901AF

Serial output (ZSRDATA, ZLRCK, ZSCK pins)

Parameter Symbol Condition Rating Unit
Min Typ Max
ZSCK pulsewidth tscow | 15 pF load 1/96fs /]
ZSCK pulse cycle Tscov 15 pF load 1/48fs \
ZSRDATA and ZLRCK output delay time Tone 15 pF load 0 Q}\ ns
towH 15 pF load 0 b %\\ ns
T\
ZSCK — +# — —
ZSRDATA | \ Y
ZLRCK

DRAM access timing (NRAS, NCAS2, NWE, A0 fo\A8, toD

Parameter Symb(( \S@\] Rating Unit
Min Typ Max
NRAS pulsewidth /Iﬂ? 15 M 5 tev(note)

( WSH\ 15 pF load 3 ey

NRAS falling edge to NCAS2 falling edge / N Qeoo 157§ load 2 tey
NCAS2 pulsewidth O NLeam 15°PF load 5 tev

/N ten N\ 15 pF load 3 ter

NRAS /~Setup time\_ | Meeos ™/ 15 pF load 1 tev

falling edge to address \liowe \QADH 15 pF load 1 tev
NCAS2 Setuptime teads/ 15 pF load 1 tey
falling edge to address /Ho@ime \k@H 15 pF load 5 tev
NCAS2 e ti Neyfos 15 pF load 3 tov
falling edge to data write \ \Hcyd yﬁe (\ tewoH 15 pF load 3 tey
NCAS?2 \ﬁﬁu(setup ) teros 40 ns

rising edge to data/Q Inputhold /| teron 40 ns
N ufse\w\'dth Twer 15 pF load 6 ey

NWE falling edge to NS{SMng edge twes 15 pF load 3 tey
Non compression 14 ms

1M | 6-hit compression 3.7 ms

DRAM| 5-bit compression 4.4 ms

trer 4-bit compression 55 ms

Non compression 2.7 ms

Decode sequenteoperation 4M | 6-bit compression 7.3 ms
(RDEN=H) DRAM| 5-bit compression 8.8 ms

4-bit compression 10.9 ms

Note. tey is the system clock (CLK) input (384fs) cycle time. tcy = 59 ns when fs = 44,1 kHz
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DRAM access timing (when external DRAM is used)

tRASL

Stey

NRAS
tRCD tCASL
2tCY 3tCY
NCAS2

(DRAM2 SELECT)

tRADS tRADH | tCADS tCADH

Ttcy Ttcy Ttcy Stey

oue K
tewns tewon //\
3ter St [

DO to D3
(WRITE)

DS
DO to D3
(READ)

Wi
twes 6 Y
3t ~
NWE “

(WRITE)

AN

¢

R

&
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Block diagram

< <
« < « QL‘:
O x 0O O ¥ QO
5 3 & 5.8 &
SM5901 N N N >L'\>\>:
—
T
YBLKCK Wl— Output Interface % nterface
Control

YFCLK M— |10ur1

YFLAG L—»

\Input Buffer

Attenuator

//

YMDATA l—»

YMCLK m—|Microcont-|
roller

YMLD m—»] Interface

ZSENSE Jlie—

A

/

UCLto UCH ls] CENE
—

a4
YDMUTE l—» < M DRAM
I ontrol ~ I
NRESET .4| \Mk [ 1
NTEST %
1,2,3,4 ./’ DRAM Interface

&V%))
R

Encoder

NRAS =
NCAS2 =]
NWE <]

A0 to A8 ll=—
DO to D3 =]
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Functional description

This IC has two modes of operation; shock-proof The operating sequences are controlled using com-
mode and through mode. mands from a microcontroller.

Microcontroller interface
Commands from the microcontroller are input using

3 bit serial inputs; data (YMDATA), bit clock
(YMCLK) and load signal (YMLD).

Write command format

DATA 8bit

YMDATA D7 | D6 | D5 | D4| D3| D2|D1|DO0|B7 |-B6B5 | B4 \B3 BZ) B1 | BO

YMCLK_JJIJJJ@F JINUUL
t

/™
YMLD N\?

Read command format (Commands 90, 91,(93)

COMMAND 8bit
|4 -
|
YMDATA 87| 86 | B5 | B&NE3 | B2 | BRSO >
{7 '
e QARSI VU L
YMLD Y U

L STATUS 8hit———
VN :
ZSENSE \\ // <\ S7|1S6|S5|S4|S3|S2|S1]| S0

COMMAND 8hit
D

~/
YMDATA B7| BS | B5|B4| B3| B2|BL| RO
Q )
etk fupusy e Uyt Ui
YMLD N/ U
RESIDUAL DATA 15bit
ZSENSE S7|S6 eee S1|SO|ML|M2 +ee M7]| O

K— 16bit RESIDUAL DATA ENTRY %

(lowest bit is 0)
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Command table

Write command summary

MS command 80

Anti-shock memory system settings

T N
0 Moo

%Qhex = 1600 0000

Bit Name Function — N operation | Reset level

D7 | MSWREN Encode sequence start/stop K &tart L

D6 | MSWACL Write address reset ( 7 Rbsqt L

D5 | MSRDEN Decode sequence start/stop A\ 8\1qu L

D4 | MSRACL Read address reset Re)et ) L

D3 | MSDCN2 MSDCN2=H, MSDCN1=H: 3-pair compari w ~ L
MSDCN2=H, MSDCN1=L: 2-pair compafis

D2 | MSDCN1 MSDCNZ2=L, MSDCN1=H: Direct-conke L
MSDCN2=L, MSDCN1=L: Connect operatfon sto

D1 | WAQV Q data valld \\/ / Valid

DO MSON Memory system bl)«f\ ON

Extension I/O settings 81

Extension 1/0 port input/output settings

oxw
/O

N
mom

81hex = 1000 0001

Extension por
A port setting is i

lid 1f ¥hat port has already been defined as an input using the 81H command above.

e}
oq

Bit Name ( ( FUW v H operation| Reset level

D7 /4 \ \,>

D6 N

D5 A( >

D4 /\ V4

D3 | uc4oE /\gxtens\%ﬁm\um input/output setting Output L

D2 | UC3OE A \E)@ns\on I/O\pQLmB input/output setting Output L
. ~ . .

D1 | UC20E & ﬁteqsm}@ port UC2 input/output setting Output L

DO | UCIOE ExtensNO@rt UCL1 input/output setting Output L

N

< oo
o mom

82hex = 1000 0010

Bit Name Function H operation| Reset level
D7

De | (/[ AN

os T\

D4 ) )

D3 UC4WB\ ?/ Extension 1/0 port UC4 output data setting H output L

D2 | UC3WD Extension 1/0O port UC3 output data setting H output L
D1 | UC2WD > Extension 1/0O port UC2 output data setting H output L
DO | UC1IWD Extension 1/0O port UC1 output data setting H output L
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ATT, MUTE settings 83

83hex = 1000 0011

Bit Name Function R H operation | Reset level
D7 ATT Attenuator enable < \ Attenuator ON L
D6 MUTE Forced muting (changes instantaneously) Mute ON L

D5 SOFT Soft muting (changes smoothly when ON only) \Sth mute L
D4 AN

D3 | CMP12 12-bit comparison connect/ 16-bit comparison connect / ? =L2:bit compgrison L

D2 AN N\

D1 N ) )

DO {

rto Won, Soft mute, Force mute.

Attenuation level settings 84

/S 84hex = 1000 0100
Bit Name N Fufe H operation| Reset level
D7 | K7 Mg 2™ ./ L
D6 | K6 2 H
D5 | Ks VRS J L
D4 K4 (( N L
D3 K3 U 2"\ L
D2 K2 N 28 L
D1 K1 AL RS L
DO | Ko N LSB\z\V L

\“

Refer to Attenuation, Soft mute, Force mute

85hex = 1000 0101
Bit Name S \\/ / Function H operation| Reset level
~—_
o7 A /
D6 | RAMX2 4 \ External DRAM select (used / no used) used
D5 | YFLGS FLAGS set conditions (reset using status read command 90H)
n YFLGS=0, YFCKP=0, YFCLK input falling edge, YFLAG=L
/T ~When YFLGS=0, YFCKP=1, YFCLK input rising edge, YFLAG=L
D4 KP - When YFLGS=1, YFCKP=0, YFLAG=L L
- When YFLGS=1, YFCKP=1, YFLAG=H
D3 COM}FB\ v/ Full-bit non compression mode L
D2 | COMP6B 6-bit compression mode H
D1 | COMP5B > 5-bit compression mode L
DO | COMP4B Y 4-bit compression mode L

When the number of compression bits is set incorrectly (2 or more bits in DO to D3 are set to 1 or all bits are set to 0),
6-bit compression mode is selected.
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Read command summary

Anti-shock memory status (1) 90

/Noonex = 1561 5558

Bit Name Function Nj\éﬂ-level state

S7 FLAG6 Signal processor IC jitter margin exceeded k{&éﬁded

S6 | MSOVF Write overflow (Read once only when RA exceeds WA) Z\Q@M\Q\Mlow

$5 /> \

s A\ N\

S3 | DCOMP Data compare-connect sequence operating \C&ngare—connect sequen})e c)perating
S2 | MSWIH Encode sequence stop due to internal factors \I'\ncoding stomfed/

S1 MSRIH Decode sequence stop due to internal factors / T \Qe@ing stopped

S0 (( //\\/\V

\ U 0 Status flag operation summary

Anti-shock memory status (2) 91

Q N otnex = T481 8881
Bit Name Function \ \7 HIGH-level state
S7 | MSEMP Valid data empty state (Always HIGH when RA\ex@eds\QNA) No valid data
S6 OVFL Write overflow state (Always H}(flj,w\hm exce%&BAy Memory full
S5 | ENCOD Encode sequence(o;p@ratinm N Encoding
S4 | DECOD Decode sequ;ntﬁr%@ting state > Decoding
S8 (/™
2 A ~
51 /SN ~
S0 N

AN
\N\> Refer to Status flag operation summary.
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Anti-shock memory valid data residual 92

Extension I/O inputs 93

Input data entering (or output data)aq extensi
(That is, the input data entering al

OR the output data from a pin configureg/as

92hex =
Bit Name Function .
s7 | AM20 Valid data accumulated VWA-RA (MSB) 4M bits N\
S6 | AMIL9 2M bits \L
S5 AM18 1M bits
s4 | AM17 512K bits T—— N\
S3 | AMI6 256K bits (7 — \
s2 | AMI5 128K bits \ A\
sL | AM14 64K bits ) )
S0 | AMI3 32K bits <
ML | AMI2 16K bits / D
M2 | AML1 schis | |/ AOSON
M3 | AMI0 abis NV [\
M4 | AMO9 2K pits ™~_ N )
M5 | AMOS 1K bifs ~—
M6 | AMO7 53¢ bits N
M7 | AMOG A~ 256 bitg ~/
M8 | AMOS to U 28 to 4'bits 0 constant output
AMO00 <‘\\°‘\\
§ a4

Bit Name ction HIGH-level state
AN Pt

s7

s6 ~/

s5

S AN,

$3 | UC4RD \\ // A

s2  UCRD | NNV /) )

s1 | UC2RD ( ~/

so | uctrD { M\
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Status flag operation summary

Flag Read
name method

FLAG6 READ | Meaning - Indicates to the CD signal processor DSP (used for error corrg€ijon, de-interleaving) that a
90H disturbance has exceeded the RAM jitter%
bit 7 Set - Set according to the YFLAG input and the operating state of P and YFLGS.

FLAGS6 set conditions
When YFLGS=0, YFCKP=0, YFCLK i
When YFLGS=0, YFCKP=1, YFCLK#
When YFLGS=1, YFCKP=0, YFLAG=
When YFLGS=1, YFCKP=1, YFLAG=H
Reset -By9 r
- By 80H command whén MSO
- After eXternal é::rts\

MSOVF | READ | Meaning - Indicates once only that a writeA0 extérnal Dw‘ymed an overflow. (When reset
90H by the 90H status read commang, Wes gven 1T the overflow condition continues.)
bit 6 Set - When the W}'ftslak(dress (WANH}the read address (RA)

Reset - By 90H status read
- When a read ad@cl NISRAC ite address clear (MSWACL) command is issued
@\After nal reset

DCOMP| READ | Meaning -/Lnd@tes that\{coﬁrpa@-connect sequence is operating
90H Set - When a (3-pair, -pa compﬁ&cgf{nect start command is received (MSDCN2=1)
bit 3 - When ammeg}stand is received (MSDCN2=0, MSDCN1=1)

Reset a (3-pairwair) comparison detects conforming data
S been performed after receiving a direct connect command
- ectstop command (MSDCN2=0, MSDCN1=0) is received
< -When a N=1 command is received (However, if a compare-connect command is
same time, the compare-connect command has priority.)
/\ - After external reset

MSWIH | READ Mear%g\ \L@? that the encode sequence has stopped due to internal factors
90H (not microcontroller commands)
bit 2 Se w - When FLAG6 (above) is set

% % - When MSOVF (above) is set
R se}\/ - {VRen conforming data is detected after receiving a compare-connect start command
hen the connect has been performed after receiving a direct connect command
N a read address clear (MSRACL) or write address clear (MSWACL) command is received
C - After external reset
MSRIH | R ing - Indicates that the decode sequence has stopped due to internal factors
> (not microcontroller commands)
bit 1 Se - When the valid data residual becomes 0
< jet - By 90H status read
\ - When a read address clear (MSRACL) or write address clear (MSWACL) command is issued
- After external reset
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Flag Read
name method
MSEMP | READ | Meaning - Indicates that the valid data residual has become 0
91H Set - When the VWA (final valid data's next €ss)
bit 7 = RA (address from which the next read would take'Rlace)
Reset - Whenever the above does not apply \
OVFL READ | Meaning - Indicates a write to external DRA@rﬁwetat}\\
91H Set - When the write address (WA) exceeds the read a \R\A).
bit 6 (Note: This flag is not set when WA=RA throu dress initialize or reset ogeration.)
Reset - When the read address (RA) is advanted by the decode sequenc%Z
- When a read address clear (MSRACL) or wri ress ¢ ACL) comnvand is issued
- Afteye/‘:;y(%%\\
ENCOD | READ | Meaning - Indicates that the encode sequence (inpﬂt\c}gta e/{t%\enQ@h@DRAM write) is operating
91H Set - By the 80H command Whgn MSWREN=1
bit 5 - When conforming dajd is detecteq durivg cormpdre-connect operation
- When the connect has begh performee afteryeceiving a direct connect command
Reset the FLAGG\ﬂag\:} (above)
O OVFL flag=1 (above)
when MSWREN=0
- By the 80H command when SDCN2=1 (compare-connect start command)
orgmand when MSON=0
ef external reset
Note. Reset condRigns have priggi er set conditions. For example, if the 80H command has
MSWREN=Yand MSBCN1=1, the BNCOD flag is reset and compare-connect operation starts.
DECOD | READ | Meaning Indic he decode sequence (read from DRAM, decoding,
91H /\ é& teAuation, data output) is operating
bit 4 Set - B\ﬂ\\&b command when MSRDEN=1 and the MSEMP flag=0 (above)

< \ - Whenever the above does not apply
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Write command supplementary information
80H (MS command)

- MSWREN

When 1: Encode sequence starts

Invalid when MSON is not 1 within the
same 80H command

Invalid when FLAG6=1
Invalid when OVFL=1

Invalid when a compare-connect start
command (MSDCN2=1 or MSDCN1=1)
occurs simultaneously

Direct connect if a compare-connect
sequence is already operating

When 0: Encode sequence stops
- MSWACL

When 1: Initializes the write address (WA)

When 0: No operation
- MSRDEN

When 1: Decode sequence starts

sequence tempor@ stops.™B
the MSRDEN flag 3€tting~

81H (I/O setting on e

82H (Setting outp

-MSRACL

When 1: Initializes the res

When 0: No operation

When 1 and
starts

are-connect sequence stops.
ation if a compare-connect

: The immediately preceding YBLKCK
lling-edge timing WA (write address)
ecomes the VWA (valid write address).

n 0: No operation

When 1: Memory system turns ON and compres-
sion-type shock-proof operation starts

When 0: Memory system turns OFF and through-
mode playback starts. (In this mode, the
attenuator is still active.)
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83H (ATT, MUTE settings)

- ATT (attenuator enable)

When 1: Attenuator settings become active (84H
command)

When 0: Attenuator settings become inactive, and
output continues without attenuation

- MUTE (forced muting)

When 1: Outputs are instantaneously muted to
0.(note 1)

Same effect as taking the YDMUTE pin
HIGH.

When 0: No muting(note 1)

(notel) Effective at the start of a Left-channel out-

put data.
Q

Q

85H (option settings)

- RAMX2
When 1: External DRAM is™

- SOFT (soft muting)

When 1: Outputs are smaoothly muted to O.

When 0: No muting.

instantaneously
the 84H com-
0dB (When

6 bits of input data.

- COMPFB, COMP6B, COMP5B, COMP4B

When 0, 0, 0 and 1: Selects 4-bit compression
mode

When 0, 0, 1 and 0: Selects 5-bit compression
mode

When 1, 0, 0 and 0: Selects full-bit compression
mode

In all other cases: Selects 6-bit compression mode
Changing mode without initialize in opera-
tion is possible.
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Shock-proof operation overview

Shock-proof mode is the mode that realizes shock-
proof operation using external DRAM. Shock-proof
mode is invoked by setting MSON=H in microcon-

- Encode sequence

1. Input data from a signal processor IC is stored in
internal buffers.

2. Encoder starts after a fixed number of data have
been received.

- Decode sequence

1. Reads compressed data stored in external buffer
RAM at rate fs.

2. Decoder starts, using the predicting filter™type
and quantization levels used when encoded.

- Compare-connect sequence

occurs due to shock vibrations.
2. Then, using m|crocontro

compare-connect start CO
compare-connect sequence star

=S
¢
Q

troller command 80H.
This mode comprises the following 3 sequences.

3. The encoder,
filter type and gusy\i
mined, perform
external DRAM.

A operation (including muting

3. Bqmpares data re-read from the CD with the pro-
Zd final valid data stored in RAM (confirms its
correctness).

. As soon as the comparison detects conforming
data, compare-connect sequence stops and
encode sequence re-starts, connecting the data
directly behind previous valid data.
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RAM addresses

SM5901 has an 1M DRAM as the internal buffer.
and an external 1M DRAM can be also connected
to expand the memory to 2M bits.
Three kinds of addresses are used for external
RAM control.

WA (write address)

RA (read address)

VWA (valid write address)
Among these, VWA is the write address for con-
forming data whose validity has been confirmed.
Determination of the correctness of data read from
the CD is delayed relative to the encode write pro-
cessing, so VWA is always delayed relative to WA.

The region available for valid data is the area
between VWA-RA.
- Connect data work area
This is an area of memory reserved for coppect
data. This area is 2Kbits. 5

VWA (valid write address)

The VWA is determined according to the YBLKCK
pin and WAQV command. Refer to the| timi
below.

1.YBLKCK is a 75 Hz CIO(@I

clock are synchronized to
timing.

When this clock goes
address of internal @
(see note 2).

Connect data work area

2. Thé microcontroller checks the subcode and, if
confirmed to be correct, generates a WAQV com-
and (80H).

3.When the WAQV command is received, VWA is
updated according to the previously latched WA.

(note 2) Actually, there is a small time difference, or
gap, between the input data and YBLKCK. This gap
serves to preserves the preceding WA to protect
against incorrect operation.

VWA latch set

13.3ms

WAQV set

VWA

X

VWA(X + 1)

Values shown are for rate fs. The values are 1/2 those shown at rate 2fs.

Fig 2. YBLKCK and VWA relationship
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YFLAG, YFCLK, FLAG6

Correct data demodulation becomes impossible for
the CD signal processor IC when a disturbance
exceeding the RAM jitter margin occurs. The
YFLAG signal input pin is used to indicate when
such a condition has occurred.

The YFLAG signal is a 7.35 kHz clock synchronized
to the CD format frame 1.

The IC checks the YFLAG input and stops the

encode sequence when such a disturbance has
occurred, and then makes FLAG6 active.

The YFLAG check methd
ing on the YFLGS flag and
mand). See tablel.

sed changes depend-
CKP flag (85H com-

If YFLAGS is set
either High or Lo

aSN

hould be tied

85H command \> / p
YFLGS | YFCKP FLAGS set conditions \ FLAGS reset conditions
1 0 0 When YFLAG=LOW on YFCLK inpdt falling~dge \ :/jy status read (90H command)
2 1 When YFLAG=LOW on YFCLK iﬁp t risingsedge - When MSON=LOW
3 1 0 When YFLAG=LOW YFCLK be@e ther High (?NQ - After system reset
4 1 When YFLAG=HIGH | A~

YV
Tablel. YFLAe d

N
¢
Q

S
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Compare-connect sequence

The SM5901 supports three kinds of connect
modes; 3-pair compare-connect, 2-pair compare-
connect and direct connect.

Note that the SM5901 can also operate in 12-bit
comparison connect mode using only the most sig-
nificant 12 bits of data for connection operation.

In 3-pair compare-connect mode, the final 6 valid
data (3 pairs of left- and right-channel data input
before encode processing) and the most recently
input data are compared until three continuous data
pairs all conform. At this point, the encode
sequence is re-started and data is written to VWA.

- Compare-connect preparation time

Q

Internally, when the compare-connect start com-
mand is issued, a sequence starts to restore
data for comparison. The time required
preparation after receiving the command is &
mately 2.5 x (1/fs). (approximately 60 ps s
44.1 kHz)

1. Comparison data preparation time

input beginning from the le annel data

2. After the above preparat'fon is fi
parison starts.

- Compare-connect sequence's

In 2-pair compare-connect mode, comparison
occurs just as for 3-pair comparison except that
only 2 pairs from the threg compared need to con-

formed at all, and
is written to the

B compare-connect command is issued

ed as if comparison and conformance had taken
place.

If compare-connect sequence was not operating,

the compare-connect stop command performs no

operation. However, make sure that the other bit

settings within the same 80H command are valid.
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Encode sequence temporary stop

- When RAM becomes full, MSWREN is set LOW
using the 80H command and encode sequence
stops. (For details of the stop conditions, refer to
the description of the ENCOD flag.)

- Then, if MSWREN is set HIGH without issuing a
compare-connect start command, the encode
sequence re-starts. At this time, newly input data is
written not to VWA, but to WA. In this way, the data
already written to the region between VWA and WA
is not lost.

DRAM refresh
- DRAM initialization refresh

A 15-cycle RAS-only refresh is carried out fg
DRAM initialization under the following condition.

When MSON changes from 0 to 1 in co
80H.

When from MSON=1,
In this case, encode sequepc
and initial data is written (
delay of 0.7ms.

- Refresh during Shoc

In this IC, a data access opera
also serves as a data S

- But if the MSWREN is set HIGH (80H command)
after using the compare-connect start command
even only once, data is yxitten to VWA. If data is
input before comparissan™Nnd conformance is
detected, the same operatjon as direct-connect
mode takes place when the¢oxpmand is issued.
After comparison g
no operation is
sequence has

output to the D/A converter in a fixed manner. The
refresh rate for each DRAM during decode
gequence is shown in the table below.

The decode sequence, set by MSON=1 and MSR-
DEN=1, operates when valid data is in DRAM
(when MSEMP=0).

- When MSON=0 or both ENCOD and DECOD=0
(both encode sequence and decode sequence are
stopped), DRAM is not refreshed because no data
is being accessed.

Data compressioq_moi 1M DRAM (256K x4 bits)
/_Abit 5.44 ms
( / ?Bﬁ\\ M 4.35 ms
AN ebit O\ 3.63 ms
Neullbit ) ) 136 ms

Table 2. Decode sequence refresh rate
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Selecting compression mode

Even when the compression mode in selected with  immediately after input of the 85H command, but it
the 85H command during shock-proof operation,no is performed at the following timing.

malfunction occurs.
After changing the mode{ze(o data of one block is

The compression mode change is not performed  output.

YMLD
When 85H generated
WA CAS  3FE >< 3FF >< 001 >< 002 X)(B\KK
[ /
RA CAS  3FD >< 3FE >< 3FF K&X//\)@X 002

Encode compression mode

Decode compression mode

ZSRDATA

(note) CAS-000 is connect data.

S
@
R

O
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Through-mode operation

If MSON is set LOW (80H command), an operating
mode that does not perform shock-proof functions
becomes active. In this case, input data is passed
as-is (after attenuator and mute operations) to the
output. External DRAM is not accessed.

- In this case, input data needs to be at a rate fs
and the input word clock must be synchronized to
the CLK input (384fs). However, short range jitter
can be tolerated (jitter-free system).

- Jitter-free system timing starts from the first
YLRCK rising edge after either (A) a reset
(NESET= 0) release by taking the reset input from
LOW to HIGH or (B) by taking MSON from HIGH to

Attenuation

- The attenuation register is set by the 84H com-
mand.

Gain =
nels

- For the maximum
(Datt = 255), the
But when the AT
attenuation.

LOW. Accordingly, to provide for the largest possi-
ble jitter margin, it is necessary that the YLRCK
clock be at rate fs by the time jitter-free timing
starts.

The jitter margin is 0.2/ fs.

a system reset initialization, the attenuation
s,set to 64 (-12 dB). However, because the
ay/is reset to 0, there is no attenuation.

{en the attenuation register setting changes or
when the ATT flag changes, the gain changes
moothly from the previous set gain towards the
ew set value. If a new value for the attenuation
level is set before the previously set level is
reached, the gain changes smoothly towards the
latest setting.

The gain changes at a rate of 4 x (1/fs) per step. A
full-scale change (255 steps) takes approximately
23.3 ms (when fs = 44.1 kHz). See fig 3.

Fig 3 Attenuation operation example
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Soft mute

Soft mute operation is controlled by the SOFT flag
using a built-in attenuation counter.

Mute is ON when the SOFT flag is 1. When ON, the
attenuation counter output decrement by 1 step at a
time, thereby reducing the gain. Complete mute
takes 1024/fs (or approximately 23.2 ms for fs =
44.1 kHz).

Conversely, mute is released when the SOFT flag
is 0. In this case, the attenuation counter instanta-
neously increases. The attenuation register takes
on the value when the A lag was 1. If the ATT
flag was 0, the new set val 256 (0 dB).

SOFT

Attenation level

or full scale
(Gain)
— 00
256 step
< 11024Ts
~

Fig 4. Soft mute

Force mute

Serial output data is muted by settin
pin input HIGH or by setti he M
Mute starts and finishes on“tffe lgading le
bit.

D

hen MSON is HIGH and valid data is empty
MSEMP=H), the output is automatically forced into
the mute state.

Note that if the CMP12 flag is set to 1 during a com-
parison connection operation, only the most signifi-
cant 12 bits are used for comparison connection
from that point on.
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Timing charts

Input timing (YSCK, YSRDATA, YLRCK)

16
vsek UL JHUUOUCUTUUUUOO il
L channel Q angel
vsroATA [ - A BTN B
YLRCK \\ o
1/2fs <§ <
Output timing (ZSCK, ZSRDATA, ZL5§K) Q
9 24% 48

R channel

ZSRDATA H_E

AN AN

1
zsck |l JUl
s
VAN
a4
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DRAM write timing (NRAS, NCAS2, NWE, A0 to A8, DO to D3)

Write timing (when external DRAM is used)

NRAS

tRASL

tRCD

tCASL

NCAS2
(DRAM2 SSELECT)

tRADS

tRADH |

tCADS

oo I

tCWDS

DO to D3
(WRITE)

NWE

DRAM read timing (NRAS, NCA2,

Read timing (when external DRAM is

tRASH

tCASH

NCAS2
(DRAM?2 SSELECT)

tCADH

A0 to A8

DO to
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Connection example

SM5901
— ) YMDAT
. YMCLK
Microcon-
troller YMLD
ZSENSE UC1 to U(_2|4
A
Y -
) YBLKCK NRAS '7RAS
YFLAG NWE 1=
——————, WE
Dsp YFCLK A0 to A8 1A0 t
; DO to D3_ 1!
Matsushita |<¢————, D0 to D3
MN662740 | YLRCK NCAS _, = OF
YSCK = % -
YSRDATA (S
ZLRCK
N—

D/A ZSCK
converter SRDATA
ol
NRESE

SM590
M

T, \
_ YMCrK
Microcon-
troller /WLD \7
/S SRSENSE Ycitoucs
A
' —————
\S‘QOF YBLRCK | NRAS _=hs
A |NWE e
S ;E AQ to A8_!

1

1

1

1

_,>» CLK |——"—mA0t0A8
SONY \6%( <220 D3t n0 D3 !
YL_SRS.K/ 4S>|CAS OE 1

C 17
QLRCK
D ZSCK
converter SRDATA
[
CLK J
notel

- When exte{naDRAM is used, the DRAM OE pins should be tied LOW.
note 2 When CXD 253 ony) is used

Set 85H of microcontroller comand (option setting) as setting YFLAG take in;

D5: YFLAGS=1

D4: YFCKP=0

D ———

=<

o

=<
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are free from patentfringernent. Applications for any devices shown in this data sheet are for illustration only and Nippon Precision
Circuits Inc. make3\g clakn-0r warranty that such applications will be suitable for the use specified without further testing or modifica-
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