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ML2500BTA

Analog-Stor age Single-chip Recor d/Playback LSl with 1M Bit-Cell Flash Memory

GENERAL DESCRIPTION

Thanks to newly developed Analog Multi-Level Storage technology, ML2500B stores non-compressed analog
source signal directly into on-chip 1M Bit-Cell Flash memory. The result is superb sound quality without noise
and distortions introduced through coding/decoding, and impressive long-time record/playback capability up to
256 sec. ML2500B is fully controllable by an external MCU via the industry’s standard Serial Peripheral
Interface.

In addition, no backup requirement and low operating voltage (2.7 to 3.3 V) make the LS| an idea choice for
compact, handy and portable terminals. ML2500B is atrue single-chip solution to record/playback subsystem for
use with today’ s size-critical electronic products.

DIFFERENCESBETWEEN THE ML2500BTA AND THE ML2500TA

ML2500BTA ML2500TA
Operating Temperature Ta=-401o0 +70°C Ta=-10to +70°C
Pin Symbol Pin 10: TEST2 Pin 10: NC
AC Characteristic DI hold time tpix = 30 ns DI hold time tpiy = 20 ns
FEATURES
eOn-chip non-volatile 1M bit-cell Flash memory
Program/Erase Cycles: 10,000 cycles
Data Retention : 10 years

eMCU Interface
Serial Peripheral Interface (SPI; Mode 0)
eRecord/Playback Time Length (With theint. Osc. or ext. clock at 8.192 MHz)
Approx. 160 sec (At fsam = 6.4 kHz)
Approx. 190 sec (At fsam = 5.3 kHz)
Approx. 256 sec (At fsam = 4.0 kHz)
¢ Selectable Sampling Frequencies
4.0 kHz, 5.3 kHz, 6.4 kHz
eMaximum number of recording phrases. 320 phrases
ePhrase Control
Fully controllable with user-definable Start, Stop addresses
eBuilt-in LPF/Smoothing Filter (L PF attenuation —40 dB/oct)
eBuilt-in Oscillation Circuit (8.192 MHz), No oscillator required
Optional external clock input (Clock Freguency 4.0 to 8.192 MHz)
ePower Supply : 27t03.3V
eOperating Temperature:
—40 to +70°C (guaranteed for both function and voice quality)
—40 to +85°C (guaranteed for function only) * Notice
*Notice
The voice quality can deteriorate at temperatures beyond the range of —40 to +70°C.
DC and AC characteristicsin this data sheet are specified for —40 to +70°C operating temperature range.
ePackage:
32-pin Plastic TSOP (TSOP(1)32-P-814-0.50-1K) (Product name: ML2500BTA)
Note: Please contact the Oki Sales office/Distributors for bare chips.
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BLOCK DIAGRAM

LOUT
/
LIN €
s [ pF O AOUT
—O
SGOQ— SG - -
Analog Write & Read Circuits
1M Bit Cell
ROSC O— 62&?"]2?('” Analog Storage Flash [ TEST1
Memory Array TEST2
Address Decoder
EXTCLK ¢
Power AVop
Serial Peripheral Interface & Controller Supplies :((z AGND
RESET CS SCK DI DO MON DVpp DGND

PIN CONFIGURATION (TOP VIEW)

DVop [1] O 32]AVip
RESET 2 3T]LIN
cs3] 30]LOUT
SCK [4] 29]TEST2
DI [5] 28] TEST2
DO [ 6] 27]A0UT
MON [7| 26]SG
EXTCLK [8 ] 25|NC
NC [9] 24]TEST1
TEST2[10] 23]INC
TEST2 [11] 22| TEST2
NC [12] 2T]NC
TEST2[13] 20]TEST2
NC [14] 19INC
ROSC [15] 18] TEST2
DGND [16] 17]AGND

NC: No connection. Keep NC pins open.

32-Pin Plastic TSOP (Type 1)
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PIN DESCRIPTIONS

Pin Symbol Type Description
5 DI | Serial input pin for command data.
6 DO (0] Serial output pin for status data.
4 SCK | Shift clock input pin for the DI and the DO pins.
3 s | Chip select pin. “L” level input enables data input/output through the serial
interface.
RESET input pin, resetting the serial interface circuit only. “L” level input to
2 RESET | this pin initializes the serial interface. Must input “L” pulse after each
power-on.
Insert a 30 kQ resistor (Precision within £1%) between this pin and the
15 ROSC | DGND pin. The same resistor should also be inserted if an external clock
is used. The resistor value determines the frequency of the clock for
control in this device.
External clock input pin. Allowable clock frequency range is 4.0 to 8.192
8 EXTCLK | MHz. When external clock is unused and internal oscillation clock is used,
connect this pin to the DGND.
7 MON (0] Output “H” level during recording/playback operation.
Analog reference voltage (Signal Ground Voltage) output pin. It is
26 sG 0 recommendable to insert a capacitor of 3300 pF or less between this pin
and the AGND pin. Loads except for capacitors should not be connected
to this pin.
31 LIN | !nverting input pin for the internal OP amplifier. Non-inverting input pin is
internally connected to SG voltage.
30 LOUT (0] Output pin from the internal OP amplifier.
27 AOUT (0] Analog waveform output. Connect to an amplifier to drive a SP.
10, 11, 13,
18, 20, 22, TEST2 (@] Pins for testing the LSI. Must be held “OPEN”.
28,29
24 TEST1 LSI's testing pin. Must be connected to DGND.
1 DVop . Digital powgr s'upply pin. Insert a 9.1 uF or larger by-pass capacitor
between this pin and the DGND pin.
16 DGND — Digital Ground pin
32 AVop . Analog povyer §upply pin. Insert a-0.1 uF or larger by-pass capacitor
between this pin and the AGND pin.
17 AGND — | Analog Ground pin
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ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Condition Rating Unit
Power Supply Volt \Y, —0.3to +5.0 \Y,
pply Voltage DD Ta = 25°C 0
Input Voltage Vin —0.3 to Vpp+0.3 \Y
Storage Temperature Tste — -55 to +150 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Condition Range Unit
Power Supply Voltage Vop DGND =AGND =0V 27t03.3 \Y,
Operating Temperature Top — —40 to +70 °C
Min. Typ. Max.
External Clock Frequency 1 *1 fexTeLki — 3.85 4.096 4.34 MHz
External Clock Frequency 2 *1 fexteike — 7.70 8.192 8.68 MHz

*1: Applicable only with external clock

ELECTRICAL CHARACTERISTICS

DC Characteristics

DVpp = AVpp =2.710 3.3V, DGND =AGND =0V, Ta=-40to +70°C

Parameter Symbol Condition Min. Typ. Max. Unit
“H” Input Voltage *1 ViH DGND =AGND =0V 0\'/8DDX — — \%
“L” Input Voltage *1 Vi — — — 0.2 x Vpp V
“H” Output Voltage *2 Vou lon = —40 pA Vpp—0.3 — — \Y,
“L” Output Voltage *2 VoL loL =2 mA — — 0.45 \%
“H” Input Current *1 liH Vi = Vop — — 10 pA
“L” Input Current *1 I Vie=0V -10 — — pA
Operating Current Consumption 1 Iop1 In Recording Operation — 30 45 mA
Operating Current Consumption 2 Ipp2 In Playback Operation — 20 30 mA
Operating Current Consumption 3 Ibp3 In Command-Wait State — 5 10 mA
Powerdown Current Consumption Ibbs — — — 10 pA

*1: Applied to logic input pins (DI, SCK, CS, RESET and EXTCLK) except ROSC and TEST1 pins.
*2: Applied to logic output pins (DO and MON) except TESTZ2 pin.
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Analog Characteristics
DVpp = AVpp =2.71t0 3.3V, DGND =AGND =0V, Ta =—-40to +70°C

Parameter Symbol Condition Min. Typ. | Max. | Unit
LIN Input Impedance *1 RN — 1 — — MQ
Input OP. Amplifier Open Loop Gain*2 Gor fin = 0to 4 kHz 40 — — dB
LOUT Load Resistance *3 | Riour — 200 — — kQ
AOUT Load Resistance *4 | Raout — 50 — — kQ
LOUT Output Voltage | Voice voltage Viour — 0.5 _ 292 Vv
Allowance *5 | Beep voltage With respect to SG voltage | -0.5 — +05 | V

*1: AppliedtoLIN pin.

*2: Appliedto LIN and LOUT pins.

*3: Applied to LOUT pin.

*4. Applied to AOUT pin.

*5: Refer to “LOUT Output Voltage Range Allowance” section.

6/27



OKI Semiconductor

FEDL2500BFULL-02

ML2500BTA

AC Characteristics 1

DVpp = AVpp =2.71t0 3.3V, DGND = AGND =0V, Ta =40 to +70°C

Parameter Symbol Condition Min. Typ. Max. Unit
External Clock Duty Cycle fauty — 40 50 60 %
RESET Pulse Width trsT — 1 — — us
Powering up time trwup — — — 1 ms
Power-down Shift Time after PDWN ¢ . . . 100 s
Command Input FDWN H
Power-down Shift Time after “L” Input ¢ . . . 100 s
to RESET pin PDWNR H
CS “L” Level Pulse Width for ¢ . ] . . s
Power-down Reset cswL H
MON Rising Time after REC . — At fsam = 6.4 kHz . . 165 us
Command Input 1
RPM Rising Time after REC Command trecr . . - 220 ms
Input
MON Rising Time after PLAY ¢ . - . 11 ms
Command Input PLYM
RPM Rising Time after PLAY
teLvrR — — — 11 ms
Command Input
. _ At fsam = 4.0 kHz — — 305
MON Falling Time | At rec tspcm | Atfsam = 5.3 kHz — — 280 | ms
after STOP —
Command Input At fsam = 6.4 kHz — — 266
At PLAY *1 tspcm At fsam = 6.4 kHz — — 165 us
. . At fsam = 4.0 kHz — — 305
RPM Falling Time | oy R tsrcr | Atfsam=53kHz | — — 280 | ms
after STOP —
Command Input At fsam = 6.4 kHz — — 266
At PLAY *1 tspcr At fsam = 6.4 kHz — — 165 us
VPM Bit Rising Time after PAUSE . tosc At fsam = 6.4 kHz . . 165 us
Command Input 1
VPM Bit Reset Time after PAUSE _
Command Input, while Pausing vy | lepcrt Atfsam = 6.4 kHz - _ 165 Hs
VPM Bit Reset Time after STOP
Command Input, while Pausing ~ *1 | P2 | Atfsam =6.4kHz - - 165 | ns
Ta =25°C, Defined
] . Absolute Error Afsam1 DVop = AVop = 3.0 V -3.0 Frequency +3.0
o e oY [ Viop Variation | Ta=250C,DVoo= | _ o | Defined | o
s . Error a2 AVpp =2.710 3.0V : Frequency ' %
oscillation clock is .
used *9 Defined
Tempgrature Afsams Ta=-40to +70°C -3.0 | Frequency | +3.0
Variation Error
+Afsam2

*1: The value changesin proportion to the sampling frequency selected.
*2: When a 30 kQ resistor is used between ROSC and DGND pins.

7127



FEDL2500BFULL-02

OKI Semiconductor ML2500BTA

AC Characteristics 2
DVpop =AVpp =2.7t0 3.3V, DGND =AGND =0V, Ta=-40to +70°C

Parameter Symbol Condition Min. Typ. Max. Unit
CS{ — SCK" Setup Time tcss — 100 — — ns
SCK{ - CST Hold Time tosH — 100 — — ns
SCK “H” Level Pulse Width twH — 100 — — ns
SCK “L” Level Pulse Width twi — 100 — — ns
DI Setup Time tois — 20 — — ns
DI Hold Time toiH — 30 — — ns
DO Output Delay Time toop — — — 200 ns
DO Output Enable Shift Time tooe — — — 150 ns
DO Output Hi-Z Shift Time tooz — — — 150 ns
Command Interval Time tcs — 5 — — us

TIMING DIAGRAM

Serial Peripheral Interface (SPI) AC Characteristics Timing Chart

s e
TS0)
twh  twe EiSl-L
SCK(l) I | [
tois toH
DI(l) XX X X X X
tDOD AtDOZ‘
i ——- Hi-Z
Do) X____X X X ' {
tboe
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Operational Timing at Power-On

To initialize the internal serial interface circuit of ML2500B after power-on, you must input “L” pulse to the
RESET pin at the timing shown below. After this “L” pulse input, the ML2500B enters into standby state

(Command-wait state).

Timing for inputting RESET pulse at Power-on

2.7V
Vbb -

trsT

tewup

}

1us 1 ms

RESET(1)

/ PDWN command input

cs W

L]

Status ﬁ( Resetting X Powering Up X

Standby (Command-wait) X Power Down

Timing for Power Up and Power Down Operations

ML2500B stops its oscillation circuit to shift to power-down state either by using the PDWN command or by
inputting Low level to the RESET pin. In power-down state, the ML2500B turns into low power consumption

mode.

Two options are available to power up the LS| again after power down by the PDWN command:

1. Input “L” pulseto the RESET pin, or
2. Input Low level to the CS pin.

The following charts show timings for power up and power down operations.

Timing for power-down operation by using the PDWN command

/ PDWN command input

s Power up with CS pin

E(|)_|_|

: toswL —=1 1w
Tus 1o ,~ Power up with RESET pin
RESET(1) i L]
i trown | tRST—>E ik |
. Co trwup |
' 100 s ! Tws 1 1 ms |

Status Command-waitX Power Down

X Powering Up X Command-wait
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Timing for Power-down operation with RESET pin

e Power-down with RESET pin e Power-up with RESET pin
RESET(I) |
I 1 I
| trownr | i tewup i
v - -
100 ps ! 1ms I
Status Command—waitX Power Down X Powering Up >< Command-wait

Timing for Record/Playback Operation
1. Timing for Recording Operation

The following chart shows timing for recording operation at 6.4 kHz sampling frequency. It is assumed that the
Start and Stop Addresses are set by the STADR and SPADR commands prior to the REC command input.

Power-u
P e REC command input e STOP command input
s L[ L | Ny
| L teeou :tSPCM ! :\
: I ! ! 'PDWN command input
I | | |
MON(O) | : | trecr X | tsper ! :
| | ! : | i
RPM ! ' ! ! | :
Bil(0) | o | He
| e — | 625ms(Typ)i} N
! ' ! ! '
I 10 ms(Typ.)! I | 1200 ms(Typ!)
| P ——t200msyp) 1| |
] 1 1 1
Status Power—downx Command-wait X Erasing X Recording mmand—wa'rtX Power-down

Dummy Recording

(Note 1) It takes about 210 ms (Typ.) for the LSl to start actual recording after the REC command input, as the
LSl first erase 1 sector before it can start recording.

(Note2) When recording is stopped by the STOP command, the LS| continuesto record until the last address of
the current pageisreached. This“lag” recording timeisthe STOP command of about 62.5 ms (Typ.). Afterwards,
dummy recording is taken place up to the end of the following sector (max. 2 sectors). This dummy recording
takes about 200 ms (Typ.). The dummy recording is given in the device specification and the recording contents
are undefined.

(Note 3) It isrecommended to use the power-down mode in order to reduce power consumption when record or
playback are not performed.
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2. Timing for Playback Operation

The following chart shows timing for playback operation at 6.4 kHz sampling frequency. It is assumed that the
Start and Stop Addresses are set by the STADR and SPADR commands prior to the PLAY command input.

PDWN command input

Power-up . STOP command input
* / PLAY command input %
e Nl
: 11 tPLYM | |1 65 “’S:
|
I I T 1
MON(O) ! ! | , i ! !
1 1 1 PCR 1
! I« tpLyr10 ms(Typ.) r~——*1165 pst
RPM : I -
Bit(0) : i i )
! ! ! '<_>|| trown
1 H I
1 1
AOUT(0) : ; MVW : ;
: |
| ! ! 1
Status  Power-down X Command-wait X Playing Back X X Power-down

Command-wait j
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3. Timing for Pausing Operation by the PAUSE Command

The following charts show timings for pausing recording operation by using the PAUSE command at 6.4 kHz
sampling frequency.

e PAUSE command input e PAUSE command input
Cs() L
I |
MON(O) l l
I I
| 1 1
RPM ! ! | !
. |<—>| e —
Bit(©) " tescp | ! tsecpt |
| I
VPM ' i
Bit(O) | !
! |
1 |
Status  Recording X Pausing X Recording
e PAUSE command input e STOP command input
csm || L] |
! tspcm !
I | |
MON(O) ! l |
I I tspcr I
I et N
RPM : : |
. I 1 I I
Bit(O) ! tescep ! tspcpz—wl— | !
vem S |
Blt(O)—] \ | ! !
| 1 |
| |———1 200 ms (Typ.)
62.5 ms (Typ.) I — :
| 1 |
Status  Recording X Pausing X X X Command Wait

Recording S N

Dummy Recording

(NOTE) If the STOP command isinput while recording is suspended by the PAUSE command, the LS| resumes
recording and keeps on recording until the last address of the current pageisreached. This“lag” recording timeis
about 62.5 ms (Typ.).

Afterwards, dummy recording is taken place up to the end of the following sector (max. 2 sectors). This dummy
recording takes about 200 ms (Typ.).

The dummy recording is given in the device specification and the recording contents are undefined.

12/27



FEDL2500BFULL-02

OKI Semiconductor ML2500BTA

The following charts show timings for pausing playback by using the PAUSE command at 6.4 kHz sampling
frequency.

e PAUSE command input e PAUSE command input
cs) | L]
1 1
MON(O) : :
l . |
RPM I I | |
Bit(O) :<t—>: :<_>:
toeser } tspeps !
I
VPM ' i
Bit(O); i
\ i
| I
1 I
! |
AOUT(0) | ;Ww
| I
| 1
Status Playing Back X Pausing X Playing Back
e PAUSE command input e STOP command input
CS()) I
1 |—!<—>:
i l tspom 165 us
MON(O) i i
1 I
1 I
RPM __ | ! T Titepcr 165 s
Bit(O) i«—»t ! i |
VPM o ' tspcp 165 ps
Bit(O) I |
i |
| 1
AOUT(O) W! !
| |
I 1
I 1
Status  Playing Back X Pausing X Command Wait
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FUNCTIONAL DESCRIPTION
Serial Peripheral Interface (SPI)

ML 2500B communicates with the external Micro-Controller Unit through the industry's standard Seria Peripheral
Interface (SP!).

1. Timing for Writing Command Data

The following charts show timings for writing command data. After “L” input to CS pin, input command data,
starting with the MSB in seria order, to the DI pinin sync with the SCK signal.

The command input to the DI pinisfetched to the LSl sinternal shift resister at the rising edge of the SCK signal,
and then the command is executed at the rising edge of the CS pin. The DI input is either of 4, 8, or 24th bit.
When the CS pin is brought to “H” level except at 4/8/24th bit for the command, the command input then is

disregarded. It isarecommendable practice to input command data at the falling edge of the CS pin while having
the SCK pinat“L".

4-bit Command Format

csy | ] T
sy FLELELfT gl R
DI(l) Xézsxim)(in)(i:ox X:03X<::2Xé1><<::0><
8-bit Command Format
csny | ]
STNORN— S I S S
DI(l) X<::3X:02X:01X:COXD:3XD:2 XI:D1XIZ:)OX XC:)SXC:)ZXC::1><:

24-bit Command Format

CS(l)
1 2 3 4 5 6 7 8 9 10 11 12

socy  FLELFLELPL L L LfLfLfL

DI(l) Xé:s)(éz)(lm)(é:o)(I)(XIXXIXXIXXIXXIXXIXXAIQX

CS(l)

13 14 15 16 17 18 19 20 21 22 23 24

scr<u>ffffff$ffjff

) ></-I\11><AI\10><;-\9XASXA?XAGX;-\SXA4X,I’-\3XJA2X/I-\1XAOX

DI(
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2. Timings for Reading out Status Data

Status data that can be read includes two types, the status register (refer to the section 1.7, RDSTAT Command)
and the memory address counter (refer to the section 1.6, RDADR Command).

Timings for reading status data are shown in the charts below. After “L” input to the CS pin, input the RDSTAT
command to read status data. While the CS pin being held “L”, status data is output to the DO pin in serial
sequence starting with the M SB, in synchronization with the 4th pulse SCK’ sfalling edge foll owing the command
input. After reading status data, the DO pin returnsto “Hi-Z" status regardless the number of SCK pulse, when the
CS pinisbrought to “H” level.

Status Data Read-Out Timing

= ) —
SCK() W
okl bt

po)  HZ | iKo:a:on:Xm:Xoo:X iz

Memory Address Counter Read-Out Timing

CS(1)
I
i 1 2 3 4 5 6 7 8 9 10 N 12 13 14
I

SCK(l) }_lULl}_lLlLlL

SO/ D R 77 )

po) HZ ! Ka12)(a11Xa10X a9
TS(l) !—
15 16 17 18 19 20 21 22 23 24 :
soxy LT LT L L T
o T
P0(0) X g X as W A7 (6 X A ) A Y o X Az W At W A0 K —HZ
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Control Commands

Y ou can control Record/Playback operations by using 4-bit commands through the serial interface.

1. Control Commands-Recording

The following section describes commands used to control recording:

1.1. REC Command (1XH)

By using the first 4 bits of this command, you can initiate recording, starting at the specified Start Address and
recording lasts up to the specified Stop Address. When the specified Stop Address is reached, recording
automatically ends up.

4-bit data preceded is to define a sampling frequency, as shown in the table below. When the sampling frequency
is not defined with this command, recording is made at the last defined sampling frequency.

When reset and powered up, recording is made at 6.4 kHz (default) sampling frequency.

(With the internal oscillator or the external clock at 8.192 MHz)

Data Sampling Frequency
OH 4.0 kHz

1H 5.3 kHz

2H 6.4 kHz (Default)

Y ou can specify the Start and Stop Addresses for arecording session by using the STADR and SPADR commands.
See 1.4 and 1.5 of this Data Sheet for further details on the STADR and SPADR commands.

1.2. STOP Command (3H)

Y ou can stop recording by using this command. The data following to this command is disregarded.

1.3. PAUSE Command (4H)

You can suspend recording temporarily by using this command. The data following to this command is
disregarded.

To re-input the command resumes the suspended operation. If the STOP command is input while recording is
suspended by the PAUSE command, the LS| shifts to Record Ending operation and then terminates recording.
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1.4. STADR Command (5H)

Y ou can specify the Start Address for recording with 13-bit data preceded by this command.

Y ou need to run the STADR command before you can use the REC command.

Dueto the design of memory array configuration, lower 4-bit of 13-bit Start Address defined isautomatically set to
“OH". For further details, refer to “Addressable Memory Space for Recording” section. When this command is
not executed prior to the REC command input, recording starts at the last defined Start Address. After resetting or
power-on, the Start Addressis set to the memory's starting address as default.

1.5. SPADR command (6H)

Y ou can specify the Stop Address for recording with 13-bit data preceded by this command.

Y ou need to run the SPADR command before you can use the REC command.

When this command is not executed prior to the REC command input, recording ends at the last defined Stop
Address. After resetting or power-on, the Stop Addressiis set to the memory's last address as default.

1.6. RDADR Command (7H)

By using this command you can read the address pointed by the current Memory Address Counter via seria
interface. In sync with SCK signal following to the RDADR command, 13-bit Memory Address Counter's value,
starting with the MSB, is output to the DO pin. The DO pin's output fallsdown to “L” level after 13th bit.

Right after recording stops, use this command to read the Stop Address of the phrase that has just been recorded.
This alows the external MCU to control addresses for recorded phrases. This command can be input during
recording and record pausing. However, running the RDADR command after the STADR (SPADR) command
input, lets the LS| output the address defined by the STADR (SPADR) command.

1.7. RDSTAT Command (8H)

By using this command you can read out the values of the internal Status Register viaserial interface. Reading the
Status Register’ s values lets you know ML2500B’ sinterna status as shown in the table below.

In sync with SCK signal following to the RDSTAT command bits, 4-bit Status Register’ s data is output to the DO
pin, starting with the MSB. The DO pin’s output after 4th bit falls down to the GND level.

Read Bit Name Status Description

Output “H” level while in record/playback operation, physical
03 MON recording/playback time plus memory control time. This output is
identical value to that of the MON pin.

Output “H” level while recording/playback being suspended by the

02 VPM PAUSE command.
Output “H” level while in record/playback operation, physical

01 RPM ) . . .
recording/playback time only without memory control time.

00 FULL Output “H” level simultaneously when the MON pin turns “L” level as

recording/playback ends by reaching the last address of memory.
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2. Control Commands-Playback
The following section describes commands used to control playback:
2.1. PLAY Command (2XH)

By using the first 4 bits of this command, you can initiate playback, starting at the specified Start Address and
playback lasts up to the specified Stop Address. When the specified Stop Address is reached, playback
automatically stops.

4-bit data preceded is to define a sampling frequency, same as with the REC command. When the sampling
frequency is not defined with this command, playback is made last defined sampling frequency.

When reset and powered up, playback is made at 6.4 kHz (default) sampling frequency.

Y ou can specify the Start and Stop Addresses for aplayback session by using the STADR and SPADR commands.
See 2.4 and 2.5 for further details on the STADR and SPADR commands. When the Start Address and the Stop
Address are not defined by STADR and SPADR commands, playback is taken place by using the Start and Stop
Addresses defined for the last playback session.

2.2. STOP Command (3H)
Y ou can stop playback by using this command. The data following to this command is disregarded.
2.3. PAUSE Command (4H)

You can temporarily suspend playback by using this command. The data following to this command is
disregarded.

Re-inputting this command resumes the suspended operation. If the STOP command is input while playback is
suspended by the PAUSE command, the LS| stops playback.

2.4. STADR Command (5H)

Y ou can specify the Start Address for playback with 13-bit data preceded by this command.

Y ou need to run STADR command before you can usethe PLAY command.

When this command is not executed prior to the PLAY command input, playback starts at the last defined Start
Address. After resetting or power-on, the Start Address is set to the memory’ s starting address as default.

2.5. SPADR Command (6H)

Y ou can specify the Stop Address for playback with 13-bit data preceded by this command.

Y ou need to run the SPADR command before you can usethe PLAY command.

When this command is not executed prior to the PLAY command input, playback ends at the last defined Stop
Address. After resetting or power-on, the Stop Addressiis set to the memory’ s last address as defaullt.

2.6. RDADR Command (7H)
By using this command you can read the address pointed by the current Memory Address Counter via seria
interface. In synchronization with SCK signal following to the RDADR command, 13-bit Memory Address

Counter’ svalue, starting with the MSB, is output to the DO pin. The DO pin’soutput fallsdownto “L” level after
13th bit. This command can be input during playback and playback pausing.

18/27



FEDL2500BFULL-02

ML2500BTA

OKI Semiconductor

3. Thelist of Control Commands
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Addressable M emory Space for Recording

The total memory space of the ML2500B is divided into 4 blocks, 256 K bit-cell for each block, and a block is
divided into 80 sectors, 3.2 K hit-cell for each sector. Finally, a sector is divided into 16 pages, 200 hit-cell for

each page.
A12 to A1l are assigned to represent a block address, A10 to A4 to represent a sector address, and A3 to A0 to
represent a page address.

TOTAL MEMORY SPACE 1M Bit-Cell

Block Address
(A12 to A1) OH 1H 2H 3H
<>
A BLOCK SPACE 256K Bit-Cell
Sector Address
(A10 to Ad) OOH|01H|02H|O03H|  -------- A4CH|4DH|4EH | 4FH
<>
A SECTOR SPACE
3.2K Bit-Cell
Page Address | | 4y | o | 2w |
(A3 to AO) OH | 1H | 2H | 3H CH|DH|EH | FH
<>

A PAGE SPACE 200 Bit-Cell

Address Assignment to Define Block, Sector and Page Address for Start and Stop Address

A12|A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

Block Address Sector Address Page Address

Prohibit specified addresses for Start Address and Stop Address
These below addresses are prohibited when Start Address or Stop Address is specified.
0500H—07FFH
ODOOH—OFFFH
1500H—17FFH
1DOOH—1FFFH
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Example for setting address
The below table shows the example for Start Address and Stop Address when the memory which is divided
into 8 phrasesis recorded and played.

Start Address Stop Address
Phrase |[Block Sector Page igjfggesd Block Sector Page izz:lf;d
No. A12,A11  |A10—A4 |A3—A0 |A12—A0 [A12,A11 |AM0—A4 |A3—A0 |A12—A0
[OH —3H] |[00H —4FH] |[0H —FH] [OH —3H] [[00H —4FH] [[OH —FH]
CHA1 0 00 0 0000 0 27 F 027F
CH2 0 28 0 0280 0 4F F 04FF
CH3 1 00 0 0800 1 27 F 0ATF
CH4 1 28 0 0A80 1 4F F OCFF
CH5 2 00 0 1000 2 27 F 127F
CH6 2 28 0 1280 2 4F F 14FF
CH7 3 00 0 1800 3 27 F 1A7F
CH8 3 28 0 1A80 3 4F F 1CFF
Address Control

1. Address Control for Recording

TheL Sl isdesigned to make recording in sectors, as the minimum recording unit. When auser sets up the Starting
Addressfor recording by using the STADR command, the page address, lower 4-bit of 13-bit user-defined Starting
Address, is automatically set to “OH” internally. Thus recording always begins at the starting address of each
sectors.

Meanwhile, when you define the Stop Address for recording by using the SPADR command, full 13-bit address
definition isvalid. This enablesyou to specify the Stop Address for recording in pages. However, withinthe LS|
recording continues as far as to the last address of the following sector.

If the RDADR command is used to read the address value of the Memory Address Counter after completion of
recording, output value represents the Memory Address Counter’ s value either at the time when the Stop Address
defined by the SPADR command has been reached, or when the LS| receives the STOP command that causes the
LSl to stop recording.

2. Address Control for Playback
The LSl isdesigned to make playback in pages, as the minimum playback unit, so full 13-bit address definition is

valid both with the STADR command and the SPADR command. You can, therefore, specify the start and stop
location by unit of page.
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L PF Characteristics

The LS| has an on-chip 4-stage L PF which utilizes Switched Capacitor Filtering technology. Attenuation isset to
—40dB/oct. while the cut-off frequency and frequency characteristics vary in proportion to the sampling frequency
(fs) selected. The cut-off frequency is set to 0.4 level of the selected sampling frequency.

Power Supply Circuit Design

As shown in the following figure, power supply to the LSI must be designed to have a single power source, and
separate wiring for analog section and logic section.

+3V

DVDD AVDD

ML2500BTA

DGND AGND

The following figures are bad wiring samples you should avoid.

Analog PowerSupply Power Supply —\V\VV

Digital Power Supply

D DVpp AVp
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LOUT Output Voltage Range Allowance

0.5V
--- 8SG Voltage
. 0.5V
W“M >_{ | NV LOUT Output Signal (VLOUT)
l LNPin | LOUTPin

————-------- Connect to LPF

SG (Signal GND) = 1.35V

The LSl has abuilt-in OP amplifier to amplify incoming analog source signal. The inverting input pin to the OP
amplifier (LIN pin) and the output pin from the OP amplifier (LOUT pin) are available. The non-inverting input is
internally connected to the Reference Voltage (Signal Ground 1.35V).

As shown in the above wiring sample, the ML 2500B is configured so that recording signal can be created through
inverting amplifying circuit configured by connecting external resistors, R1 and R2, to the LIN pin and the LOUT
pin. The LOUT pin's output voltage (VLOUT) becomes actual recording voltage, and thus is input to the LPF
withinthe LS.

It is recommended to adjust the amplifying rate so that the dynamic range of the VLOUT voltage will be from 0.5
to 2.2V for voiceinput and will be £0.5 V with respect to the SG voltage for beep.

If the VLOUT voltage exceeds the recommended voltage range, then the LSI’s internal LPF's output would be
clipped waveform, resulting in degradation of memory reliability.

States of Output Pins during Power Down

Pins States of output pins during power down
AOUT GND level

DO High impedance (Hi-Z)

MON “L” level

SG GND level

23/27



OKI Semiconductor

FEDL2500BFULL-02

ML2500BTA

APPLICATION CIRCUITS

Power Supply (+3 V)T

MCU

0.47 uF

O— W\

LINE IN 30 kQ

30 kQ E;g

0.1 pF 0.1 pF
|—.. 1—|
DVpp AV,
RESET
oS MSC1157
D
AOUT
DO
SCK
MON <
|_
m
o
LOuUT 8
o N
= p=
o
AN
LIN TEST1
EXCLK
ROSC
DGND SG AGND
3300 pF
777 777
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PACKAGE DIMENSIONS

(Unit: mm)

TSOP(1)32-P-0814-0.50-1K]

Oki Electric Industry Co.,Ltd.

o
14.0+ 0.2 z
Te]
INDEX_MARK_ 2.4+ 0.1 S
Mirror finish ®
o= =
E =
= =
- = =
o = =
= =
“ = =
o == =
5] = =
® = =
e ®
L]
N
o~
S
0.17+ 0.05
£ \
L J
13.0

050

P10 108

SEATING PLANE

1.2 MAX.

0.95s 0.05 |
0.05~0.25

Package material

Epoxy resin

Lead frame material

42 alloy

Pin treatment

Solder plating (=5pm)

Package weight (g)

0.27 TYP.

Rev. No./Last Revised

3/Dec. 10, 1996

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in

storage.

Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the product name,
package name, pin number, package code and desired mounting conditions (reflow method, temperature and

times).
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NOTICE

1. The information contained herein can change without notice owing to product and/or technical improvements.
Before using the product, please make sure that the information being referred to is up-to-date.

2. The outline of action and examples for application circuits described herein have been chosen as an explanation
for the standard action and performance of the product. When planning to use the product, please ensure that the
external conditions are reflected in the actual circuit, assembly, and program designs.

3. When designing your product, please use our product below the specified maximum ratings and within the
specified operating ranges including, but not limited to, operating voltage, power dissipation, and operating
temperature.

4, Oki assumes no responsibility or liability whatsoever for any failure or unusual or unexpected operation
resulting from misuse, neglect, improper installation, repair, alteration or accident, improper handling, or unusual
physical or electrical stress including, but not limited to, exposure to parameters beyond the specified maximum
ratings or operation outside the specified operating range.

5. Neither indemnity against nor license of athird party’ sindustrial and intellectual property right, etc. is granted
by us in connection with the use of the product and/or the information and drawings contained herein. No
responsihility is assumed by us for any infringement of athird party’ s right which may result from the use thereof.

6. The products listed in this document are intended for use in general electronics equipment for commercial
applications (e.g., office automation, communication equipment, measurement equipment, consumer €lectronics,
etc.). These products are not, unless specifically authorized by Oki, authorized for usein any system or application
that requires special or enhanced quality and reliability characteristics nor in any system or application where the
failure of such system or application may result in the loss or damage of property, or death or injury to humans.
Such applications include, but are not limited to, traffic and automotive equipment, safety devices, aerospace
equipment, nuclear power control, medical equipment, and life-support systems.

7. Certain products in this document may need government approval before they can be exported to particular
countries. The purchaser assumes the responsibility of determining the legality of export of these products and will
take appropriate and necessary steps at their own expense for these.

8. No part of the contents contained herein may be reprinted or reproduced without our prior permission.

Copyright 2004 Oki Electric Industry Co., Ltd.
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