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Recording/Playback LSl with On-Chip 128-Kbit-Cell Analog Storage Flash Memory

GENERAL DESCRIPTION

The ML2502 is a single-chip recording/playback LS| featuring an innovative Analog Multi-Level Storage
technology that enables you to store non-compressed analog signals directly into the on-chip 128-Kbit-cell Flash
memory.

The ML2502 can be a perfect fit for such applications as V oice-memos, M essage Cards, toys and other consumer
applications because of such features as low operating voltages (2.7 to 3.3 V), no backup requirement, and
simplified operations eliminating an external MCU.

FEATURES

eBuilt-in 128-K bit-cell Analog Storage Flash Memory
Programming/Erasing Cycles:10,000 cycles
Data Retention Period: 10 years
eRecording/Playback Controls by Switch Input
eNumber of Phrases to be recorded or played: 1 phrase or 2 phrases
eRecording/Playing Time (At fsam = 6.4 kHZz)
In Dual-Phrase Recording/Playback Mode: Approx. 10 sec max. for each phrase
(Entire memory divided into 2 phrases)
In Single-Phrase Recording/Playback Mode: Approx. 20 sec max. (Using the entire memory space by
connecting REC1 to REC2 and PLAY1to PLAY?2)
eSampling Frequency
Selectable; 4.0 kHz, 5.3 kHz or 6.4 kHz
eBuilt-in Microphone Amplifier with AGC (Automatic Gain Control)
eBuilt-in LPF
eBuilt-in Speaker Driver
Supports both a dynamic speaker and a piezo speaker through adjusting the voltage amplitude
externally.
eNo Oscillator Required (built-in oscillation circuit)
ePower Supply Voltage: 2.7t0 3.3V
eOperating Temperature:—10 to +70°C
ePackage: 30-pin plastic SSOP (SSOP30-P-56-0.65-K) (Product name: ML2502M B)
Die Form (Product name: ML2502WA)
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PIN DESCRIPTIONS

Symbol I/0 Description
Input Phrase 1 Record-Start signal to this pin.
“H” level input lets the LSI start recording to the Phrase 1 memory area. Recording goes on
REC1 | while this pin stays “H”. To use the LSI in Single-Phrase Recording mode, connect this pin
to the REC2 pin.
The pin is pulled down internally.
Input Phrase 2 Record-Start signal to this pin.
“H” level input lets the LSI start recording to the Phrase 2 memory area. Recording goes on
REC2 | while this pin stays “H”. To use the LSI in Single-Phrase Recording mode, connect this pin
to the RECL1 pin.
The pin is pulled down internally.
Input Phrase 1 Play-Start signal to this pin.
A “H” pulse input lets the LSI start playing Phrase 1. Re-inputting another “H” pulse during
PLAY1 | playing causes the LSI to stop playing half way. To use the LSI in Single-Phrase Play
mode, connect this pin to the PLAY2 pin.
The pin is pulled down internally.
Input Phrase 2 Play-Start signal to this pin.
A “H” pulse input lets the LSI start playing Phrase 2. Re-inputting another “H” pulse during
PLAY2 | playing causes the LSI to stop playing half way. To use the LSl in Single-Phrase Play
mode, connect this pin to the PLAY1 pin.
The pin is pulled down internally.
Input Erase-enable signal to this pin. Use this pin in combination with the REC1/REC2 pin.
ERASE | To erase Phrase_ 1/Phrase 2, input “H” level to the REC1/REC2 pin while inputting “H” level
to the ERASE pin.
The pin is pulled down internally.
These pins are used to select a sampling frequency.
SAM1 SAM2 L L H H
SAM? ' SAML L H L H
Fs 4.0 kHz 5.3 kHz 6.4 kHz Unused
MON (0] Outputs “H” level during recording, playing and erasing.
Insert a 33 kQ (No more than £1%) resistor between the DGND and this pin. The value of
ROSC I this resistor determines the clock frequency used to control the LSI's internal operations.
While in power-down state, it falls down to GND level.
MIN | Input to the Microphone amplifier.
Output from the Microphone amplifier. Voltage amplitude is adjusted automatically to a
MOUT ] . LS
proper output level by the internal AGC circuit.
LIN | Input to the Line amplifier. Wired to the inverting input to the internal OP amplifier.
LOUT 0 Output from t_he Lir_1e amplific_er. V\_/iret;l to the output from the internal OP amplifier. To _
configure an inverting amplifier circuit, add a resistor to the LIN and LOUT pin respectively.
AOUT Outputs analog signal for playback from this pin.
Input to the speaker driver.
SPIN | Voltage amplitude of the speaker driver can be determined by the value of the resistor
inserted between the AOUT and SPIN pins.
SPOUT+ o Outputs from the speaker driver. Connect a speaker using these two pins.
SPOUT- These pins output two phase-reversed analog signals for playback.
TEST I LSl testing pin. The pin must be wired to the GND.
DVoo . Di_gita_l power supply pin. Insert a 0.1 uF or larger bypass capacitor between the DGND and
this pin.
DGND — Digital ground pin
AVop . Ar_1a|o_g power supply pin. Insert a 0.1 uF or larger bypass capacitor between the AGND and
this pin.
AGND — Analog ground pin
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FUNCTIONAL DESCRIPTION

The ML2502 has 2 recording/playback modes; Dual-Phrase Recording/Playback Mode where the entire memory
space is divided evenly into two areas and Single Phrase Recording/Playback Mode where the entire memory
spaceis used for a single phrase recording/playing.

In Dual-Phrase Recording/Playback mode, the memory area from the top address to the center addressis assigned
to Phrase 1, while the memory area from the center address to the last address is assigned to Phrase 2.

Y ou can record or play Phrase 1 using the REC1 and PLAY 1 pins, and Phrase 2 using the REC2 and PLAY 2 pins.
Meanwhile, you can perform recording/playback operation with the REC1 pin connected to REC2 and the PLAY 1
pin connected to PLAY 2 in Single Phrase Recording/Playback mode.

The ML2502 is capable of storing the Recording-Stop address for each phrase in the on-chip Flash memory. For
play operation, it automatically stops playing when the Stop address has been reached. Therefore, your application
does not need any external MCU to control addressing.

Dual-Phrase Recording/Playback Mode
Phrase 1 Recording Operation

(1) To power up the LS| and start recording Phrase 1 from the top address of the memory, keep inputting “H”
level to the RECL1 pin. Recording goes on while the REC1 pin stays “H”.

(2) TheLSl automatically stops recording when the center address of the memory has been reached.

(3) When recording is complete, the LS| automatically powers down, entering a low-power-consumption state.

(4) To stop recording phrase 1 half way, bring the REC1 pinto “L” level. When recording is complete, the LS|
automatically powers down, entering alow-power-consumption state.

Note: Record operation lets the LS| overwrite the existing data in memory area of each phrase, which means the
previous recording data is erased whenever new recording is made.

/ Start recording / Stop recording

RECT — |

MON

Power Down

\ \Shifting to Power-down

Post-Recording Process

——
=1 ""T  ~ "7

]
|
Power DownX Powering UP X Recording

Figure 1 Phrase 1 Recording Operation Timing Chart
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The following is some notes on stopping the recording operation:

* Note on stopping Phrase 1 recording (1)
Any input to the REC2 pin while “H” level is being input to the REC1 pinisinvalid.

Recording

/ Invalid /Stop recording
REC1 // !
REC2 | !
MON i

X XPower Down

\ \Shifting to Power-down

Post-Recording Process

Figure 2 Phase 1 Recording Stop Operation Timing Chart (1)

» Note on stopping Phrase 1 recording (2)
The LSl determinesto stop recording when both the REC1 and REC2 pinsturnsto “L” level. Any “L” level input
to the RECL1 pin while the REC2 pinis staying a “H” level isinvalid.

Invalid Stop recordin
P p g

REC1 |

REC2

MON

N

—

Recording XPower Down

\ \Shifting to Power-down

Post-Recording Process

Figure 3 Phase 1 Recording Stop Operation Timing Chart (2)

« Note on stopping Phrase 1 recording (3)
Any “H” level input tothe PLAY 1 or PLAY 2 pinwhile“H” level isbeing input to the REC1 pin causesthe LSl to
stop recording.

Stop recording Invalid
—

REC1 // '
PLAY1

or |
PLAY2 |

MON |

| |
Recording X X X Power Down
\ ™~ Shifting to Power-down

Post-Recording Process

Figure 4 Phase 1 Recording Stop Operation Timing Chart (3)
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Phrase 1 Play Operation

(1) To power up the LSl and start playing from the top address of the memory, input a“H” pulseto the PLAY1
pin.

(2) TheLSl automatically stops playing when the last address of the recorded phrase has been reached.

(3) When playing is complete, the LS| automatically powers down, entering a low-power-consumption state.

(4) To stop playing Phrase 1 half way, input a“H” pulse to the PLAY 1 or PLAY 2 pin again. When playing is
complete, the LS| automatically powers down, entering alow-power-consumption state.

(5) During playback operation (after a “H” pulse input to start playing), the valid input signal is one to the
PLAY 1 or PLAY2 pin only and input signals to other pins are disregarded.

iStart pulse
PLAY1

PLAY2

Stop pulse
(Only to stop playing half way)

MON

T " T

I
Power DOWﬂX Powering UP X Playing XPower Down

Shifting to Power-down

Figure 5 Phrase 1 Play Operation Timing Chart

Note: If you input a Start-Play pulse during the period when the LS| transits to power-down after stopping
playback, such Start-Play pulse is disregarded.

Start pulse
PLAY1

PLAY2

Start pulse (Invalid)

MON

T " T

I
Power DownX Powering UP X Playing XPower Down

Shifting to Power-down

Figure 6 Phrase 1 Play Operation Timing Chart
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Phrase 1 Erasing Operation

(1) To start erasing Phrase 1, input a“H” pulse to the REC1 pin while inputting “H” level to the ERASE pin.
(2) When erasing Phrase 1 is complete, the LS| automatically powers down, entering a low-power-consumption
State.

Note: You can't stop erasing operation half way once getting started.

Technically speaking, erasing Phrase 1 means recording silence to a 250-address space starting from the top
address of the memory. Therefore, if you perform play operation right after erasing, the LS| plays silence from the
top address of the memory up to 250-address space and then stops playing automatically.

/Start pulse

ERASE ___| / I

RECT __ | I

MON

— = e

I
|
Power DownX Powering UP X Erasing XPower Down

N

Shifting to Power-down
Figure 7 Phrase 1 Erasing Operation Timing Chart

Phrase 2 Recording Operation

(1) Topower upthe LSl and start recording Phrase 2 from the center address of the memory, keep inputting “H”
level to the REC2 pin. Recording goes on while the REC2 pin stays “H”.

(2) TheLSl automatically stops recording when the last address of the memory has been reached.

(3) When recording is complete, the LS| automatically powers down, entering a low-power-consumption state.

(4) To stop recording phrase 2 half way, bring the REC2 pinto “L” level. When recording is complete, the LS|
automatically powers down, entering alow-power-consumption state.

Note:Recording operation letsthe L S| overwrite the existing datain memory area of each phrase, which meansthe
previously recorded datais erased whenever new recording is made.

/ Start recording / Stop recording

REC2 — |

MON

= iy i

Power Down | Powering UP X Recording X XPower Down

\Shifting to Power-down
Post-Recording Process

/_>=<'__'_'___

Figure 8 Phrase 2 Recording Operation Timing Chart
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The following is some notes on stopping recording operation:

e Note on stopping Phrase 2 recording (1)
Any input to the REC1 pin while “H” level is being input to the REC2 pin isinvalid.

Invalid
e Stop recording

/

REC1 I

REC2

MON

Recording X X XPower Down

\Shifting to Power-down
Post-Recording Process

Figure 9 Phase 2 Recording Stop Operation Timing Chart (1)
e Note on stopping Phrase 2 recording (2)

The LS| determines stopping the recording operation when both the REC1 and REC2 pinsturnto “L” level. Any
“L" level input to the REC2 pin whilethe REC1 pinisstaying at “H” level isinvalid.

/Invalid /Stop recording
REC1 // I
REC2 |
MON : I
| I
| :
Recording X X XPower Down
\ \Shifting to Power-down

Post-Recording Process
Figure 10 Phase 2 Recording Stop Operation Timing Chart (2)
e Note on stopping Phrase 2 recording (3)

Any “H" level input tothe PLAY 1 or PLAY 2 pin while“H” level isbeing input to the REC2 pin causesthe LSl to
stop recording.

Stop recording Invalid
REC2 / r//’/
PLAY1 /
or |
PLAY2 !
MON :
| |
Recording X X X Power Down
\

\ ) Shifting to Power-down
Post-Recording Process

Figure 11 Phase 2 Recording Stop Operation Timing Chart (3)
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Phrase 2 Playing Operation
(1) To power up the LSl and start playing from the center address of the memory, input a “H” pulse to the

(2
3
(4)

®)

PLAY2 pin.

The LSl automatically stops playing when the last address of the recorded phrase has been reached.

When playing is complete, the LS| automatically powers down, entering a low-power-consumption state.
To stop playing Phrase 2 half way, input a“H” pulse to the PLAY 1 or PLAY 2 pin again. When playing is
complete, the LS| automatically powers down, entering alow-power-consumption state.

During playback operation (after a “H” pulse input to start playing), the valid input signal is one to the
PLAY 1 or PLAY2 pin only and input signals to other pins are disregarded.

Stop pulse
(Only to stop playing half way)

Startpulse - &
PLAY1 /Startpu

PLAY2 4|—/| !—4

MON
|
)

I I
Power DownX Powering UP X Playing X XPower Down

\

Shifting to Power-down

Figure 12 Phrase 2 Play Operation Timing Chart

Note: If you input a Start-Play pulse during the period when the LS| transits to power-down after stopping
playback, such Start-Play pulse is disregarded.

Start pulse (Invalid)
/Start pulse

/

PLAY2

MON i | |

PLAY1

Power DownX Powering UP X Playing X XPower Down

\

Shifting to Power-down

Figure 13 Phrase 1 Play Operation Timing Chart
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Phrase 2 Erasing Operation

(1) To start erasing Phrase 2, input a“H” pulse to the REC2 pin while inputting “H” level to the ERASE pin.
(2) When erasing Phrase 2 is complete, the LS| automatically powers down, entering a low-power-consumption
State.

Note: You can't stop erasing operation half way once getting started.

Technically speaking, erasing Phrase 2 means recording silence to a 250-address space starting from the center
address of the memory. Therefore, if you perform the play operation right after erasing, the LS| plays silence from
the center address of the memory up to 250-address space and then stops playing automatically.

¢ Start pulse

ERASE __ | / I

REC2 | |

MON

I
|
Power DownX Powering UP X Erasing X XPower Down

Shifting to Power-down

Figure 14 Phrase 2 Erasing Operation Timing Chart
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Single-Phrase Recor ding/Playback Mode
Recording Operation

(1) In Single-Phrase Recording/Playback mode, you can control the recording operation with the REC1 pin
connected to the REC2 pin. To power up the LS| and start recording from the top address of the memory,
keep inputting “H” level to the REC1 and REC2 pins. Recording goes on whilethe REC1 and REC2 pins stay
“H”.

(2) ThelLSl automatically stops recording when the last address of the memory has been reached.

(3) When recording is complete, the LS| automatically powers down, entering a low-power-consumption state.

(4) Tostop recording half way, bring the REC1 and REC2 pinsto “L” level. When recording iscomplete, the LSI
automatically powers down, entering alow-power-consumption state.

Note 1: Recording operation lets the LS| overwrite the existing data, which means the previously recorded datais
erased whenever new recording is made.

Note 2: Inputting a “H” pulse to the PLAY1 or PLAY2 pin during record operation causes the LS| to stop
recording. To start recording again, bring the REC1 and REC2 pinsto “L” level once and then input “H” level.

Start recording /Stop recording
REC1 /

and
REC2

MON ;
]
1

I
Power DownX Powering UP X Recording X Power Down

I
\ \Shifting to Power-down
Post-Recording Process

Figure 15 Timing Chart of Recording Operation in Single-Phrase Recording Mode

REC1 Restart
Invalid at Falling Edge recording
and e g Edg
REC2 | !
i Invalid during “H” Level !
PLAY1 /Stop recording g :
or | !
PLAY2 ! |
— o
E : /Shifting to Power-down E :
Recording X X X Power Down X XRecording
\Post-Recording Process \Powering Up

Figure 16 Timing Chart of Recording Stop Operation in Single-Phrase Recording Mode
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Playing Operation
(1) In Single-Phrase Recording/Playback mode, you can control the play operation with the PLAY1 pin

(2
3
(4)

(5)

Start pulse Invalid
PLAY1 /
and

connected to the PLAY 2 pin. To power up the LS| and start playing from the top address of the memory,
input a“H” pulsetothe PLAY1 and PLAY 2 pins.

The LS| automatically stops playing when the last address of the recorded phrase has been reached.

When playing is complete, the LS| automatically powers down, entering a low-power-consumption state.
To stop playing half way, input a“H” pulsetothe PLAY 1 and PLAY 2 pins simultaneously. When playing is
complete, the LS| automatically powers down, entering alow-power-consumption state.

During playback operation (after a“H” pulse input to start playing), valid input signal isoneto the PLAY'1
and PLAY 2 pins only and input signals to other pins are disregarded.

Stop pulse
/(Only to stop playing half way)

PLAY2 ; j/
REC1 E
or !
REC2 !
MON ! | |
| | |
Power DownX Powering UP X Playing X XPower Down

N

Shifting to Power-down

Figure 17 Timing Chart of Play Operation in Single-Phrase Play Mode

Note: If you input a Start-Play pulse during the period when the LSI transits to power-down after stopping
playback, such Start-Play pulse is disregarded.

Start pulse Invalid / Start pulse (Invalid)
PLAY1 /
and r -

PLAY2 ; //
REC1 E
or !
REC2 !
MON E | |
| | |
Power DownX Powering UP X Playing X XPower Down

\

Shifting to Power-down

Figure 18 Timing Chart of Play Operation in Single-Phrase Play Mode
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Erasing Operation

(1) To start erasing, input a“H” pulse to the REC1 and REC2 pins simultaneously while inputting “H” level to
the ERASE pin.
(2) When erasing is complete, the LS| automatically powers down, entering a low-power-consumption state.

Note: You can't stop erasing operation half way once getting started.

Technically speaking, erasing means recording silence to a 250-address space starting from the top address of the
memory. Therefore, if you perform play operation right after erasing, the LSI plays silence from the top address of
the memory up to 250-address space and then stops playing automatically.

/Start pulse
ERASE I
REC1
and _|I |
REC2 !
|
MON ! I !
! | :
Power DownX Powering UP X Erasing X XPower Down

N

Shifting to Power-down

Figure 19 Timing Chart of Erasing Operation in Single-Phrase Recording/Playback Mode
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Repeating Play Operation

(1) Keepinputting“H” level tothe PLAY 1 or PLAY 2 pin to repeat the play operation. To power up the LS| and
start playing, input a“H” pulsetothe PLAY 1 or PLAY2 pin.

(2) TheLSl automatically repeats playing when the last address of the recorded phrase has been reached.

(3) To stop repeating the play operation, bring the PLAY1 or PLAY2 pin to “L” level. The LS| automatically
stops playing when the last address of the recorded phrase has been reached.

(4) When playing is complete, the LS| automatically powers down, entering a low-power-consumption state.

(5) To stop playing half way, input a“H” pulse again to the PLAY 1 or PLAY 2 pin after bringing the PLAY 1 or
PLAY2 pinto “L” level once. When playing is complete, the LSl automatically powers down, entering a
low-power-consumption state.

Start signal End playing Resume playing , Stop pulse
PLAY1 / /L /

or 4
PLAY?2 ! p

MON ! ! 7/ I

| ] | | !

I ! //// ! ! I

Power DownX XRepeat Playing /) X Interval X Repeat Playing X XPower Down

1/

\Powering upP

\Shifting to Power-down

Figure 20 Timing Chart of Phrase 1 Play Repeat Operation

Note: During Play Repeat operation (i.e. while the PLAY 1 or PLAY2 pin is staying at “H" level), input to the
REC1 or REC2 pin causesthe LS| to stop playing.

Sto
PLAY1 / P Restart
or %
PLAY2 / ‘\' !
REC1 Invalid “H” level :
or :
REC2 :
MON | ' !7
! D
1 ! ]
Repeat Playing X X Power Down X X Playing
\Shifting to Power-down \Powering Up

Figure 21 Timing Chart When Phrase 1 Play Repeat Operation is Forced to Stop
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Designing Analog I nput Amplifying Circuit Block

The ML2502 contains two amplifiers; a Microphone amplifier with AGC function and an OP amplifier for line
input. Non-inverting input of each amplifier is connected internally to the analog reference SG (Signal Ground).
The diagram below shows a sample amplifier circuit to amplify the input signal from a microphone. Output signal
from the LOUT pinisinput to theinternal LPF as a source signal for recording.

R1 R2
Y+
MIN ,J:,MOUT LIN LOUT

Inside LSI

To LPF

Mic. Amplifier Line Amplifier
SG LOUT Output Signal

Figure 22 Designing Analog Input Amplifying Circuit Block

The voltage amplitude of the microphone amplifier is adjusted automatically between 8 times and 28 times so that
the output voltage from the LOUT pin isnot above 2.5V.

It is recommended that you adjust the output from the Line amplifier with R1 and R2 resistors to let the LOUT
voltage stayswithin 0.5t0 2.2 V.

The minimum value of output load resistor for the MOUT and LOUT pinsis 200 kQ. So, use a 200 kQ or above
value for R2, feedback resistor of the Line amplifier.

In case that you use the Line amplifier only without using the microphone amplifier, keep the MIN and MOUT
pins open as shown in the diagram below.

Even if you don’t need to amplify the source signal input, you must use the Line amplifier. In such case, use a200
kQ resistor for both R1 and R2 to set the amplitude of the Line amplifier to 1:1.

. . . R1 R2
Recording source signal input >——|
MIN — —MOUT _LIN LOUT
Inside LSI
To LPF
Mic. Amplifier Line Amplifier
SG

Figure 23 Analog Input Amplifying Circuit When Mic. Amplifier is not Used

15/31



FEDL2502-03

OKI Semiconductor ML 2502

Designing Analog Output Amplifying Circuit Block

The ML2502 has a built-in speaker driver that can directly drive an external speaker. Design your application
circuit using resistors, capacitors and a speaker, as shown below.

—
N
Speaker
R1 R2
l—( F—VWA——VWW\
AOUT SPINL +H SPOUT-— ,J-‘SPOUT+
Inside LSI T T
R4 R4
To LPF
AOUT R3 A
Amplifier 1/2Vpp ,

R3 Speaker Driver

Figure 24 Designing Analog Output Amplifying Circuit Block

The AOUT pin outputs the analog playback signal having the signal amplitude equivalent to that from the LOUT
pin for recording. Be sure to make an AC coupling as shown in the above diagram when the output signal from the
AOUT pinisinput to the speaker driver.

Y ou can adjust the sound level by changing the ratio of R1:R2 that determines the amplitude of the speaker driver.
TheL Sl outputs the phase-inverting signal of the same amplitude to the SPOUT+ pin with that to the SPOUT—pin.
You can also use a circuit block as shown below to connect a speaker, but the output sound level gets lower
compared with the above circuit block. Y ou can adjust the sound level by changing the R1:R2 ratio just as you do
with the above. An external speaker must be wired to the SPOUT+ pin when you use this type of circuit block.

~

N
N
Speaker
R1 R2 +
AOUT, SPIN.L SPOUT— L, SPOUT+
Inside LSI b T
To LPF
AOUT R3
Amplifier 1/2Vpp

Speaker Driver
R3

Figure 25 Speaker Connection
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If you don’t use the built-in speaker driver, connect the SPIN pin to the AGND or AV pp and keep the SPOUT+ and
SPOUT- pins open, as shown in the figure below.
When you connect an external speaker driver to the AOUT pin, be sure to make an AC coupling.

To external speaker driver |

AGND
lor AVpp

AOUT,—_I: SPINL —SPOUT— —~ SPOUT+
Inside LSI T
R4 R4
To LPF
AOUT R3 ™
Amplifier 1/2Vpp :
R3 Speaker Driver

Figure 26 Wiring When the Internal Speaker Driver is Unused

L PF Characteristics

The ML2502 has a built-in 4-stage LPF utilizing Switched Capacitor Filter (SCF) technology. The SCF's
attenuation is—40 dB and its cut-off frequency and frequency characteristics can vary in proportion to the sampling
frequency. The cut-off frequency is set at 4/10 of the sampling frequency.

The following figures show Frequency Characteristics of the SCF at 6.4 kHz sampling frequency.

[dB] 20
10

100 1000 10000 [Hz]

Figure 27 SCF Frequency Characteristics
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Power Supply Circuit Block

As shown in the figure below, the supply to the ML 2502 should come from a single power source and be divided

into the analog and digital sections through wiring.

+3V
— -
DVop AVbp
ML2502
DGND AGND

Figure 28 Power Supply Circuit Block

The following are some “Do Not” examples that you should avoid.

Analog Power Supply. \l/ Power Supply \[/ AN T

Digital Power Supply ﬁ/ ;I/;

DVpp AVpp DVpp

Figure 29 “Do Not” Wiring Samples

l

AVpp
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ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Condition Rating Unit Description
Power Supply Voltage Vbp -0.3t0 +6.0 \% —
Input Voltage ViN Ta=25°C —0.3 to VDD+0.3 \% —
Power Drain Allowance Po 533 mwW SSOP Package
Storage Temperature Tste — -55 to +150 °C —
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Condition Range Unit
Power Supply Voltage Vbp DGND = AGND =0V 2.7t03.3 \%
Operating Temperature Top — -10to +70 °C
ROSC Resistor Value Rrosc Ta=25°C 33 (x1%) kQ

ELECTRICAL CHARACTERISTICS

DC Characteristics

DVDD = AVDD=2.7t0 3.3V, DGND =AGND =0V, Ta=-10to +70°C

Parameter Symbol Condition Min. Typ. Max. Unit
“H” Input Voltage Vin DGND =AGND =0V | 0.8 x Vpp — — \Y,
“L” Input Voltage Vi — — — 0.2 x Vpp \%
“H” Output Voltage Von lon = —40 OA Vpp—0.3 — — \%
“L” Output Voltage VoL lo.=2mA — — 0.45 \%
“H” Input Current (*1) liH1 Vi = VDD — — 10 pA
“L” Input Current (*1) lia ViL=0V -10 — — pA
“H” Input Current (*2) li2 Vu=3.0V 10 — 100 pA
“L” Input Current (*2) liL2 ViL=0V -10 — — pHA

. Output from SPOUT
Supply Current (Operating) lop — 22 40 mA
No Load

Supply Current (Power Down) Ibbs — — 0 10 pA

Note*1: Applicableto input pinswithout a pull-down resistor.
Note*2: Applicableto input pins (REC1, REC2, PLAY1, PLAY 2 and ERASE) with a pull-down resistor.
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AC Characteristics

DVDD = AVDD=2.7t0 3.3V, DGND =AGND =0V, Ta=-10to +70°C

Parameter Symbol Condition Min. Typ. Max. Unit
Supply Voltage Rise Time (0 to 2.5 V) tvrs — — — 100 ms
Power-On Resetting Time tror — — — 10 ms
Min. “H” Pulse Width for REC-Start Input twRECST — 287 — — ms
fSAMp =4.0 kHz 69.2 —_ —_ ms
Min. “L” Pulse Width for REC-Stop Input twrecsp | fsamp = 5.3 kHz 52.0 — — ms
fsamp = 6.4 kHz 43.2 — — ms
Min. Pulse Width for PLAY-Start Input twpLysT — 16.9 — — ms
fsamp = 4.0 kHz 69.2 — — ms
Min. Pulse Width for PLAY-Stop Input tweLyse | fsamp = 5.3 kHz 52.0 — — ms
fSamp = 6.4 kHz 43.2 — — ms
REC1/REC2 Input Min. Pulse Width for ferssT . 16.9 . . ms
ERASE-Start
ERASE Input — REC1/REC2 Input Setup
Time twerss — 0 — — us
ERASE Input — REC1/REC2 Input Holding fers . 0 . . us
Time
Powering Up Time 1 (in ERASE operation) twsi1 — 14.3 15.6 16.9 ms
Powering Up Time 2 tws12 — 244 266 287 ms
Max. Recording/Playing Time fsamp = 4.0 kHz 29.4 32 34.6 s
(In  Single-Phrase  Recording/Playback | twrp fsamp = 5.3 kHz 22.0 24 26.0 S
Mode) fsavp =6.4kHz | 18.4 20 21.6 s
Erase Executing Time twe — 489 532 575 ms
) ] fsamp = 4.0 kHz — — 322 ms
fsamp = 6.4 kHz — — 297 ms
Power-Down Transition Time twsa — 14.3 15.6 16.9 ms
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Analog Block Characteristics

DVDD = AVDD=2.7t0 3.3V, DGND =AGND =0V, Ta=-10to +70°C

Parameter Symbol Condition Min. Typ. Max. Unit
MIN Input Resistance Rwmin — 4.2 6 7.8 kQ
Mic. Amp. Voltage Gain Range Gwmic — 8 — 28 VIV
LIN Input Impedance Riop — — — MQ
Line Amp. Open Loop Gain Goune | fin=0to 4 kHz 40 — — dB
MOUT/LOUT/AOUT Output Voltage Vwore | b ctween twsiz
at Powering-up and Powering-down Viore and twsg 1.25 1.35 145 v

Vaotp

e o | v | o | u2ves-03 | v2ves | 1203 | v
MOUT/LOUT Load Resistance Ri1 — 200 — — kQ
AOUT Load Resistance Ri2 — 50 — — kQ
?;ZﬁUTHSPOUT— Amp. Open Loop Gose | fn = 0t0 4 kHz 40 . . 4B
SPOUT+/SPOUT- Voltage Gain Gspc — 0.95 1 1.05 VIV
SPIN Input Impedance Risp — 1 — — MQ
SPOUT+/- Output “H” Voltage VspH lon =10 mA Vpp—0.25 — — Vv
SPOUT+/- Output “L” Voltage VspL lo. =-10 mA — — 0.25 V
SPOUT Output Offset Voltage Vorr Plaéi\g:; No — — 0.1 \Y,
SPOUT Output Load Impedance Rspo — 16 — — Q
SPOUT Peak Output Load Current Ispo — — — +125 mA
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TIMING DIAGRAMS

Digital Block
ePower-On
tVRS
<> .
] 1 1
Vope—o— 7 |
1 1 |
Internal L
Reset . E |
Signal ! !
] )
| |
Not Stabilized Yet x Resetting X Power Down State
| ]
I e Switch Input Enabled
eStart Recording Phrase 1
1 1:WRECST 1
REC1 | i
. |
) )
REC2 | |
| |
MON ! i
Power Down StatéX Powering Up Time x Recording
) )
' twsi2 ' twre1, twre2

eEnd Recording Phrase 1 (When the last address of the phrase has been reached)

REC1 |

REC2

MON |
|

Recording X P?)wgrc?otv(\)m X Power Down State

1:WRPL tWRPZ ! tWS4 !
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eStop Recording Phrase 1 (When recording is stopped half way)

—— tWRECSF’

REC1 | ;
|

REC2 !
|
]

MON ! |

Recording X Post-Recording Process X Shifting to X Power Down State
Power-down

| h |
' twss : twsa :

oStart Playing Phrase 1

tWPLYST '

PLAY1

PLAY2

MON

Power Down Statex Powering Up Time Playing

T T TR T T T

twsio twre, Twre2

eEnd Playing Phrase 1 (When the last address of the recorded phrase has been reached)

PLAY1
PLAY?2
MON l .
; I Shifting to I
Playing x Power-down x Power Down State

twre1, twre2 twsa
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eStop Playing Phrase 1 (When playing is stopped half way)

tWPLYSP

PLAY1 |

PLAY2

MON

Shifting to

Playing Power-down X

Power Down State

[ —

tWS4

eStart Erasing Phrase 1

| tWERSS : tWERSST : | tWERSH |
ERASE __| E o i
: ! Lo i
REC1 ! | Vo '
| |
] |
MON : [
Power Down Sta@,( E Powering Up Time X Erasing
! |
' twst ' twe
eEnd Erasing Phrase 1
ERASE —
REC1
MON 1
|
Erasing X Piwglrr-]gotvc\)m X Power Down State
1:WE : 1:WS4 :
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Analog Block

eStart Recording (Start recording Phrase 1)

REC1
—

MON i I
| |

MOUT GND Level: T —VWWAAAMAMAMAMAWAMAAMAMANMAMAMY
e /! MOTP !
| :
1 1
Dz I Viore 1
1 1

AOUT GNDLamq i
| |

SPOUT+ | | Hi-Z
1 1
: |

SPOUT- | : Hi-Z
i i
1 1
' twsi '

Power Down StateX Powering Up TimeX Recording

eStop Recording (Stop recording Phrase 1)

REC1

!
MON E |

| | |
1 1 1

MOUT  \WAMARAAMAMANAMNMAAANMAMANMANANNAAAANS ~—_GND Level
' 1 Vwmortp |
1 r=——=-====="|=-=-"=-=--- b B
| | :
1 1 1
1 ! ]
1 | B Ay T
1 I 1

AOUT GND Level i i :
| | |

SPOUT+ Hi-Z : | |
[} [} |
: ; |

SPOUT— Hi-Z ! ! !
I i :
1 1 1
| twss | twsa '

Recording X Post-Recording Process X Pic\/igrc?otv(\)m X Power Down State
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eStart Playing (Start playing Phrase 1)

PLAY1 ! |
MON ' |
| ]
GND Level: .

MOUT

] |
GND Level '
LOUT :
]
]
|

GND Level:

e VAVAYAVAAVAVAAVAVAVAVAVIYAAVIVAVARVAVAVATLY

) 1
| |
SPOUT Hiz | A AV ATAVAVAVAAVAVAVIAAVAVATAY
L) Vspore_ 1
| |
7 ___|Vsnore ¢
| |
i BNaz E
Power Down Statehwering Up Time X Playing

eStop Playing (Stop playing Phrase 1)

PLAY1 I I
MON |
| ]
i . GND Level
MOUT | |
] )
' ' GND Level
LOUT L L
| |
| |
L GND Level
]
]

L __Vseore| _____
| |
seour- I < i

VsnoTp '

L e el 4-===

| |

) 1

| twsa |

- Shifting to
Playing X Power-down X Power Down State
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APPLICATION CIRCUIT EXAMPLE

In Single-Phrase Recording/Playback Mode, Sampling Frequency at 4 kHz; with a Dynamic Speaker

=
us

Microphone i;

—1

NC
DVopo
REC1
REC2
PLAY1
PLAY2
ERASE
MIN
MOUT
LIN
LOUT
AVpp
AVpp
SPOUT+
NC

ML2502

NC
SAM1
SAM2
ROSC
DGND
MON
TEST
NC
NC
AOUT
SPIN
AGND
SPOUT-
AGND
NC

20 kQ
20 kO

Speaker
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PAD LAYOUT

Die Size: 6.50 x 3.10 (mm)

Die Thickness: 350 um £30 um

Pad Open Hole: 110 um x 110 um

Die Bottom Potential: GND

Pad location diagram(This pad layout indicates the view from the bonding pad side.)

Y A
23
24 15 14
26
\\ﬂ\ﬂ OO o O o o odof
u|
N
X
}TJ o oo O [m] [m] a O o o L"J IX
1 12 13
Pad Coordinates
(Die Center: X =00m, Y =0 Om)
Pad No. Pad Name X Axis Y Axis Pad No. Pad Name X Axis Y Axis
[um] [pm] [um] [um]
1 DVDD -3022 -1290 14 AGND 3105 1290
2 REC1 —-2641 -1290 15 SPOUT- 2790 1290
3 REC2 -2179 -1290 16 AGND 2427 1290
4 PLAY1 -1761 -1290 17 SPIN 1851 1290
5 PLAY2 -1064 -1290 18 AOUT 1439 1290
6 ERASE -549 -1290 19 TEST -870 1290
7 MIN 503 -1289 20 MON -1391 1289
8 MOUT 1037 -1289 21 DGND -1797 1290
9 LIN 1458 -1290 22 ROSC —-2155 1289
10 LOUT 2019 -1289 23 SAM2 2677 1290
11 AVDD 2303 -1289 24 SAM1 -3038 1290
12 AVDD 2709 -1289 Note25 FEST 3625 1074
13 SPOUT+ 3040 -1289 Nete26 TEST 3025 894

Note: Pad No. 25 and 26 are used for testing the LSI. No bonding is allowed to these pads.
Do not expose dies under ultra-violet ray or any light for long time
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PACKAGE DIMENSIONS

(Unit: mm)
SSOP30-P-56-0.65-K \
9.7+ 0.1
AAAAAAAAAAAAR
ol = O
O~ o
1o
2w
LEEELFEELEELEL
INDEX MARK /()| ®
Mirror finish N 1.0+ 0.2
0.3TYP. 02458 o 3@ Il
00
2|~y AN y0~10°
______________ & T 7
.............. o N
S o 0.5TYP.
i£10.10 SEATING PLANE 06: 0.2
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating (=5um)
Oki Electric Industry Co.,Ltd. Package weight (g) 0.19 TYP.
Rev. No./Last Revised 5/Dec. 5, 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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REVISION HISTORY

Page
Document No. Date Previous Current Description
Edition Edition
FEDL2502-01 Mar. 2000 - - Final edition 1
FEDL2502-02 May. 2001 - - Final edition 2
Corrected Min. “L” Pulse Width for
FEDL2502-03 Aug. 9, 2004 20 20 REC-Stop Input and Min. Pulse Width for

PLAY-Stop Input.
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NOTICE

1. Theinformation 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
responsibility isassumed by usfor 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 electronics,
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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