OKI Semiconductor

MSM6388

ADPCM SOLID STATE RECORDER

GENERAL DESCRIPTION

The MSM6388 is a "solid-state recorder” LSI
developed using ADPCM (Adaptive Differ-
ential Pulse Code Modulation) technology.
When an external microphone, speaker driv-
ing amplifier, and OKI's original 1M-bit serial

FEATURES

¢ 4bit ADPCM

¢  Built-in 12bit A/D converter

¢ Built-in 12bit D/ A converter

¢ Built-in microphone pre-amplifier
.

Built-in low pass filter (Attenuation
characteristics -40dB/oct)
¢ Serial voice register
1Mbit serial voice register (MSM6389):
Direct drive for 4 serial voice registers
512Kbit serial voice register (MSM6587):
Direct drive for 1 serial voice register
256Kbit serial voice register (MSM6586):
Direct drive for 1 serial voice register
e Serial Voice ROMs
1MDit serial voice ROM (MSM6595-XXX)
2Mbit serial voice ROM (MS5M6596-XXXX)
3Mbit serial voice ROM (MSM6597-XXX)
* Maximum recording time: 262 seconds
(when the sampling frequency is 4.0kHz)
* Power supply voltage: 5V only
* 44pinV 1 plastic QFP (QFP44-P-910-V1K)

{(WHEN USED AS A STANDALONE LSI)

¢ Oscillator frequency:
1.5MHz ~ 4MHz
s Sampling frequencies:
52,59, 6.7kHz
(when the oscillator operates at 1.5MHz)
39,69,7.8,89kHz
(when the oscillator operates at 2.0MHz)
7.8,13.9,15.6kHz
(when the oscillator operates at 4 0MHz)
¢ Number of phrases to be recorded
When one, two, or four serial voice
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voice registers for ADPCM data storage are
connected to the MEM6388, it can be used to
record and play back voice or other sounds in
a manner similar to that of a tape recorder.

registers are connected, one, two, four or
eight phrases can be selected. When
three serial voice registers are connected,
one, two, three, or six phrases can be
selected.

For the maximum recording time of each
channel, the time divided by the number
of phrases shall be assigned.

(WHEN INTERFACED WITH A MICRO-
CONTROLLER)

¢ Oscillator frequency:
1.5MHz ~ 4MHz
(when a serial voice register is used)
1.5MHz~ 8MHz
(when other memories are used)
® Sampling frequencies:
3.2kHz ~ 16kHz
(when a serial voice register is used)
2.9kHz ~ 32kHz
(when the other memories are used)
2.6,2.9,3.3,5.2,59, 6.7kHz
(when the oscillator operates at 1.5MHz)
3.5,39,4.5,69,67.8, 89kHz
(when the oscillator operates at 2.0MHz)
6.9,7.8,8.9,613.9,15.6, 17.8kHz
(when the oscillator operates at 4.0MHz)
¢ Number of phrases to be recorded
To be controlled externally
The maximum recording time at each
channel can be set freely.
¢ 44 pin V1 plastic QFP (QFP44-P-910-
V1K)
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PIN LAYOUT

« Stand-alone mode (MCUM pin ="L")
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« Microcontroller interface mode (MCUM pin "H")
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Note: Leave the NC pin open.
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CIRCUIT DIAGRAM (Stand-alone application)
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OKI Semiconductor

MSM6388

CIRCUIT DIAGRAM (microcontroller interface application)
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OKI Semiconductor MSM6388

ELECTRICAL CHARACTERISTICS

* Absolute Maximum Ratings

Item Symbol Conditions Rating Unit
Power supply voltage VDD Ta=25C -0.3 ~+7.0 v
Input voltage VIN Ta=25C -0.3~VDD +0.3 \Y
Storage temperature Tstg — -55~ +150 C

* Operating Range

Item Symbol Conditions Range Unit
Power supply voltage VDD DGND = AGND = OV +3.5~+55 \Y
Operating temperature range Top — -40 ~ +85 °C
Oscillator frequency fosc — 15~8 MHz

¢ DC Current Characteristics
(DVDD=AVDD=DVDD'=4.5~5.5V, DGND=AGND=QV, Ta=—-40~+85°C)

Item Symbol Conditions Min. | Typ. Max. | Unit

High input voltage (Note 1) ViHi — 3.6 — —

High input voltage (Note 2) Vinz — 0.8<xVDD| — — '
Low input voitage (Note 1) Vivt — — — 0.8 Vv
Low input voltage (Note 2) Vi — — — 0.8 \Y
High output voitage VoH lox = —40pA 42 — — '
Low output voltage VoL loL = 2mA — — 0.45 \Y
High input current (Note 3) It Vin= VDD — — 10 PA
High input current (Note 2) hH2 Vin= VDD — — 20 HA
High input current (Note 4) liH3 Viy= VDD 20 . 400 pA
Low input current (Note 1) liet ViL=GND -10 — — YA
Low input current (Note 2) liLz ViL=GND -20 — — pA
Operating current (1) Iop fosc = 4.0MHz, without load — 5 10 mA
Operating current (2) ) At power down, without load | — — 10 pA

Note 1: Applies to the input pins excluding the XT pins.

Note 2: Applies to the XT pin.

Note 3: Applies to the pins not connected to pull-down resistors and excluding the XT pin.
Note 4: Applies to the pins connected to pull-down resistors and excluding the XT pin.
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+ Analog Characteristics
(DVDD=AVDD=DVDD'=4.5~5.5V, DGND=AGND=0V, Ta=—40~+85°C)

Item Symbol Conditions Min. | Typ. Max. | Unit
Relative DA output error | Vpag | Under no load — — 10 mV
DA output impedance Roao — 12 20 28 kQ
Fin input voitage Vrin - 1 — | vDDA1 v
Fin input impedance RrIN — 1 — — MQ
Operational amplifier open loop gain Gop fiy =0 ~ 4kHz 40 — — dB
Operational amplifier input impedance Rina — 1 — — MQ
Operational amplifier load resistance Routa — 200 — — kQ
AQUT load resistance Raout - 50 — — kO

e A.C. Characteristics

1. Stand-alone Application (DVDD=AVDD=DVDD'=4.5~5.5V, DGND=AGND=0V,
Ta=—40~+85°C, fosc=2.048MHz, and fsam=8.0kHz)
tem Symbol Min. Typ. Max. Unit
ST.SP pulse width * tsTP 70 — — ms
MON clock output time during recording * taw — 4 — S
MON clock cycle during recording * tate _— 256 — ms
Time before starting record or playback after *
. tana — 260 — ms
start pulse input
Time required for AGUT/DAOUT output to reach  ~ ©
AR — J—
1/2 VDD from GND level a4 ms
Time required from the end of playback to v
tDAF o 128 — ms
power down state
Time required for voice to be output again -
] tMs — 1 — ms
during a repeated playback

Note:* Duration of items with "** is proportionat to the cycle of the sampling frequency fsam.
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OKI Semiconductor MSM6388

2. Microcontroller Interface Application (DVDD=AVDD=DVDD'=4.5~5.5V, DGND=AGND=0V,
Ta=—40~+85°C, fosc=2.048MHz, and fsam=8.0kHz)
Item Symbol Min. Typ. Max. Unit
PD pulse width tep 2 — — us
Time from PD release to WR pulse input (Note 2) trow1 10 - — ms
trow2 2 — — us
RD pulse width tRR 200 — — ns
CE setup and hold times to RD ter 50 — — ns
Time from RD fall to data valid toRE — 60 150 ns
Time from RD rise to data float toRF — 40 90 ns
WR pulse width tww 200 — — ns
CE setup and hold times to WR tow 50 — — ns
Data setup time to WR rise tows 100 — — ns
Data hold time to WR rise * tows 30 — — ns
RD and WR disable time ‘ * toRw 250 — — ns
2VCK "H" level time * tvH — 125 — s
2VCK "L" level time * tL — 125 — us
MCK "H" level time * tMH — 62.5 — us
MCK "L" level time v — 62.5 — us
Time required from 2VCK rise to MCK rise tvm — 23.4 — us
Time required from MCK rise to the rise of the * i 250 . _ s
first shot of RD and WR pulse
Time required from MCK rise to the rise of the
second shot of RD and WR puise tawe - - 62.5 us

Note 1: * Duration of items marked with "*" is proportionate to the cycle of the sampling frequency fsam.

Note 2: The oscillation stable time is added to tppw.
The oscillation stable time is a few tenths of a ms for crystal oscillators and is a few hundredths
of a ms for ceramic oscillators.
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TIMING CHARTS

e Standalone Application

1.

Recording timing

|
CSEL1 ) -

CSEL2
CA1

CA2 ()

CA3 \

REC/PLAY () /7

e f5TP —f—fe— lspP
STeSP (1) — | L
Start (Stop)
XTXT —_ |

[ Start of oscillation

End of
oscillation

2VCK (0) -———_I_U—I.ﬂ_ﬂ_l—]_ ___________________ _]—“—U—U—lﬂ__
WVON — o}t tac
oo UL -
f taw }
< Recording in progress N
. tAna

Note: When the remaining capacity of available memory of the selected channels falls to 128K-bit (last four
seconds) during recording, a 4Hz clock is output from the MON pin. (fsam=8kHz)
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2. Playback Timing
CSEL1 |
cserz 0 =X
CAt ‘
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3. Repetitive playback timing
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Note: playback is peformed repeatedly while the STSP pin is maintained at the high level. When the pin goes low
then a Stop puise is input or playback proceeds up to the end of the channel memory and is stopped.

518 @@ L724240 001L702 343 MR




OKI1 Semiconductor MSM6388

¢ Microcontroller interface application

1.  Data Read (RD pulse)
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2. Data Write (WR pulse)
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3. How to Input One-nibble Commands, NOP, INIT, PLAY, REC, START and STOP

WR 1) I_
' tDF!W |
e L4
N\ /N
DO~D3 {1/0) "4 \/
\_ COMMAND

Confim by the busy bit that the
busy state is not entered.

4. How to Input Two-nibble Commands, SAMP and CHAN

po-p3  (I/0) O
\ COMMAND
Check the busy bit.
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MSM6388

6. How to Enter STRD and SPRD Commands
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7. How to Read Data from a Serial Voice Register Using a DTRD Command
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How to Write Data into a Serial Voice Register Using a DTWR Command
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How to Playback Using an EPLAY Command
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How to Record Using an EREC Command

10.
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1. How to enter WR and RD signals in one sampling cycle when a DTRD, DTWR, EPLAY,

or EREC command is used

tvi

— 1

torw

toaw

e tyy
2VCK (0] ———l
twm tMH
MCK 0)
When a DTRD
command is used
RD (N
tRw1
thwe
When a DTWR
command is used
WR U] L
tRwi
RD 0 L
trwe
When an EPLAY
command is used
WR 0]
tRw,
trwe
When an EREC
command is used
WR (h
thw2 .
RD (1) ]_|
tRwi
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Start and Stop of Playback by START Command and STOP Command

12.
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13.  Power down, reset timing

A——< Power down>< Under operation ><’owerdow Under operation

Power-down state occurs by inputting "H"
level to PD pin and at the same time, the
control circuit is reset. However, this is not
a forced reset pin, but is invalid during
performing DTRD and DTWR commands,
and during recording and playback.

After power-on, input "H" level to PD pin

until the VDD voltage is stabilized. For
instance, after power is puton as illustrated
below, the "H" edge is generated at WR pin
and then the commands of the contents for
D,~D, pins are executed. At this time, if a
START command or the DTRD and DTWR
commands are carried out, the reset by PD
pin becomes impossible.

w

D0-D3 (1/0) /(, 1

T

PD [ Gommand is executed.

M 5724240 D01L713 169 mm
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FUNCTION OF PINS
¢ Pins for Both Stand-alone and Microcontroller Interface Application

Pin Name 110 Function

DVvDD - Digital power supply pin

AVDD - Analog power supply pin

DvDD! - Power supply pin

DGND - Digital ground pin

AGND - Analog ground pin

SGC 0 Outputs the reference voitage (signal ground (SG)) of the analog

SG circuit. A capacitor is connected between this pin and the GND
pin to stabilize the voltage.

MIN | Input pin that inverts the input to the built-in operational amplifier.

LIN Non-inverted pins are connected to the SG internally.

MOUT 0 MOUT is an output pin of the built-in operational amplifier

Lout corresponding to the MIN input pin. The LOUT output pin corresponds
to the LIN input pin.

AMON 0 Connected to the LOUT pin during recording and to the DA converter
output pin during playback. Connect to the FIN input pin of the built-in
amplifier.

FIN Input pin ot the built-in low-pass filter

|

AOUT 0 Analog voice output pin

DAO 0 Output pin of the built-in 12-bit DA conveter

SAD 0 (Serial Address Data) Connected to the SAD pin of the serial voice
register to output the first address for read/write operation.

SAS 0 (Serial Address Strobe) Clock pin connected to the SAS pin of the
serial voice register to write serial addresses

TAS 0 (Transfer Address Strabe) Connected to the TAS pin of the serial voice
register. The TAS pin sets serial addresses to the internal address
counter of the serial voice register.

RWCK 0 (Read/Write Clock) Clock terminal connected to the RWCK pin of the serial
voice register to read data from and write it into the serial voice register

WE 0 (Write Enable) Output pin connected to the WE pin of the serial voice
register to select the write or read mode

DIN 0 (Data Input) Connected to the DIN pin of the serial voice register to

outputwrite data

B L724240 001L?1L4 OTS WA
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Pin Name 1/0 Function

DOUT | (Data Output) Connected to the DOUT pin of the serial voice register to
fetch read data.
When used at stand-alone mode, insert a pull-down register
of about 100kQ2 between DOUT pin and GND.

TsT 0 (Chip Select) Connected to the CS pin of the serial voice register

Cs2

€s3

[5:73

MCUM I Determines whether the LS| is used in stand-alone mode or connected
to a microcontrotler interface.
High level: Connected to a microcontroller interface
Low level: Used as a stand-alone LS|

RSEL1 | (Register Select) Selects the number of serial voice registers. For

RSEL2 details, see Explanation of Functions described later.

2VCK 0 Outputs a clock at a frequency half the sampling frequency. Used as
a synchronizing clock when the LS| is connected to a microcontroller
interface.

XT Connected to the resonator. When an external clock is used, clock
pulses are supplied through this pin. When the power goes down,
it is set to the ground level.

Xt 0 Connected to the resonator. When an external clock is used, it must
be left open.

TEST I LS| test pin. Connected to a pull-down resistor in the LSI. This pin

must be set at the low level.

M L724240 0016715 T31 WA
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* Stand-alone Application

Pin Name 1710 Function

CSEL1 | Selects the number of phrases to be recorded. For details, see

GSEL2 Explanaiton of Functions described later.

CA1 | Specifies a channel. For details, see Explanation of Functions described

CA2 later.

CA3

SAM1 | Sample frequency selection. The relationships between the oscillator

SAM2 frequency (fosc) and the sampling frequency (fsam) are as follows
(the frequencies in parentheses are measured at fosc=2.048MHz):

SAM2 L L H H
SAM1 L H L H
fam | fosc fosc. fosc fos¢
512 288 256 224
(4.0kHz) | (7.1kHz) | (8.0kHz) | (9.1kHz)

REC/PLAY | Selects the recording mode when the input is at the high level or the
playback mode when itis at the low level.

STeSP | Allows the starting or ending of recording or playback to be
commanded by inputting a high pulse. 1t also allows repetitive playback
when the high level is maintained during playback.

MON 0 Set at the fow level during recording or playback. When the remaining

memory capacity of the channel is aimost full, this pin outputs a clock.

B L724240 001k?1lb 976 M
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e Microcontroller Interface Application

Pin Name 170 Function

D3 /0 Connects to a bidirectional data bus to transfer data and commands

D2 to and from an external microcontroller.

D1

DO

WR 1 Write pulse input pin to write commands or data

RD | Read pulse input pin to read status or data

PD | When a high Power Down is input, the LS1 enters the power down
state.

CE When a high Chip Enable is input, the write pulse WR and read pulse
RD cannot be accepted and pins DO to D3 go high impedance.

MCK 0 Outputs a synchronizing clock when ADPCM data is tranferred directly
to and from a microcontroller by an EREC or EPLAY command or when
data is transferred directly between a microcontroller and serial
registers by a DTWR or DTRD command.

STeSP | Not used. Since it is connected to a pull-down resistor in the LS, it

must be set at the low level.

B 724240 0016717 804 WA
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EXPLANATION OF FUNCITONS

* Recording time and memory
capacity

Therecording time depends on the capacity
of the external serial voice register, sam-
pling frequency, and ADPCM bit length.
The relationship between these factors is
represented by the following expression:

Recording _ 1.024 X memory capacity (K-bit)(s)
time 4(kHz) x 4(bit)

* Analog input amplifier circuit

The LSI described in this manual has two
operational amplifiers configured as a mi-
crophone preamplifier. The LSlis provided
with pins for inverted input and output of
each amplifier.

Thenoninverted input pins are connected to
the signal ground (SG) used as the analog
circuit reference voltage in the LSI. For
amplification, an inverted amplifier circuit
is formed. The gain of the amplifier can be
adjusted by an external resistor.

®
Py
MIN MOUT LIN LOUT

SG } Qperational amplifier 1 Operational amplifier 2

¢ Connection of the low-pass filter
circuit periphery

In the LSI, the amplifier circuit from the
LOUT pin is connected to the AMON pin.
During playback, theD/ A converter output
from DAO pin is connected to the AMON

pin.

The LSI incorporates a fourth-order low-
pass filter employing switched capacitor fil-
ter technology. Inputis provided to thelow-
pass filter through the FIN pin. Therefore,
the AMON pin is connected to the FIN pin
directly.

LOUT | AMON FIN

AOUT DAO

4>’LQR-EDC—T LPFOW

PLAY AD ‘ DA
CONVERTER CONVERTER
12 12
[ A
To the ADPCM  From the ADPCM

analysis circuit  composite circuit

M Lv2uc2ul golk718 740 W
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¢ LPF characteristics

The LPF attentuation characteristics of this
LSI are about -40dB/oct, and the cutoff fre-
quency and frequency characteristics vary
in proportion to the sampling frequency
(fsam).

The cutoff frequency is about 3.2kHz when
the sampling frequency is 8kHz.

The LPFfrequency characteristics areshown
below.

Gain 9q

(dB]
10

100

Frequenry [Hz]

10k

LPF Frequency Characteristics {fsam=8.0kHz)

* Analog (voice) output

During playback this signal is output from
the AOUT pin. Connect the output to a
speaker through a power amplifier suitable
for driving speakers of from 4 to 16Q2 im-
pedance.

B L724240 0016719 L&7 I

The amplitude of the built-in 12bit D/A
converter output, provided from the DAO
pin, is a maximum of 4095/4096 x VDD.
When not using the built-in low-pass filter,
connect it to the DAO pin.
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* How to connect the oscillator

The ceramic oscillator or crystal oscillator
are connected to the XT and XT terminals as
shown below.

For reference, when the ceramic oscillator
manufactured by KYOCERA or Murata
Seisakusho is connected, the optimum load
capacity value is as shown below.

MSM6388
XT E]i Ri {}ﬁ
I\AAF
||:| [
18]
[0 R— —_— G
- e
Ceramic oscillator 3:;:2:‘:;‘ vlaolzg r':eesei:tt;:‘:::
Model Name F'eg;‘:)“"y C1(PF) Ca(PF) RAQ)
CSA 1.500MK 1.5M
Murata CSA 2.00MG 2.0M
Seisakusho GSA 4.00MG 4.0M 30 30 (M)
CSA 8.00MT 8.0M
KBR 2.0MS 2.0M
KYOCERA KBR 4.0MS 4.0M 33 33 —
KBR 8.0MS 8.0M

B L724240 0OLL?720 379 HE
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¢ Battery back up of the 1M serial
voice registers

When backing up the 1M serial voice regis-
ter, back up MSM6388 at the same time.
When backing up only a 1M serial voice
register, the bootstrap function works and
cannot be played back when the power sup-
ply is turned on.

An example of the circuit that obtains VDD
supply power is shown below. In this case,
VDD and VDD at back up is about respec-
tively 0.7V lower than the system power

supply voltage and battery voltage due to
the drop of the diode forward voltage.

The non-volatile battery backup circuit has
the following conditions:

(1) When the VDD supply voltage is
dropped, the H level of the input sig-
nal must not exceed VDD +0.3V,

(2) VDD at the time of backup must be in
the range of 3.5 to 5.5V.

H VDD power supply

System
power supply +

— MSM e MsSM -

| [

VoD VGG

6388 6389

& b’k

Figure: Example of Battery Backup Circuits of MSM6388 and MSM6389

e Battery driving

An example of the estimated battery life
when a +4.5V power supply is operated by
serially connecting four MSM6389’s,
MSM6388, speaker driver, and speaker (ex-
ample of application circuit and circuit dia-
gram 1) with threedry cell batteries isshown

For the current capacity, assume a 3 SUM
Mn dry cell battery (R6P), and the capacity
up to the drop of the voltage to 1.2V of about
600 mAhrs. When the section consuming
current in Circuit Diagram 1 is divided into
the M5M6388, four M5M6389’s, amplifier,
and speaker, the current consumed in each
section is as shown in the table below, corre-

below. sponding to each operation mode.
Operation mode
Circuit At data
At recording At playback retention

MSM6388 5mA 5mA —
MSM6389 (four) 1mA 1mA 30pA x 4 = 120pA
Amplifier, speaker — 20mA —
Total 6mA 26mA 0.12mA

B 5724240 00lL721 235 mA
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When the recording time per day is 4 min-
utes, playback time 4 minutes, and the data
retention time is 10 hours as the standard
time, the current consumption per day is:

At recording:
6mA x & =0.4mAhrs
At playback: 60
26mA x4 =1.73mAhrs
At data retention:
0.12mA x 10=1.2mAhrs

The total consumption per day is 3.3 mAhrs.
In other words, if a battery of 600 mAhrs is
used for the capacity,a service life of 600
mAhrs/3.3 mAhrs = 180 days is provided.
The battery can be used for six months with-
out replacement.

* Power supply wiring

Supply the power supply of this LSI from
the same power source as illustrated below,
while separating the analog portion and
logic portion in wiring.

+5V

OVvDD DVDD' AVDD

MSM6388

DGND

AGND

F—J

If the analog portion and logic portion are
suppied froma separate powersource, make
sure the voltage difference between both

power sources does not exceed £3 volts or
latch-up may occur.

Power supply for analog

Wrong
Power supply for digital

bvdoD VDD  AVDD

+5V

ey

ovoD VDD AVDD

¢ Increasing Power supply

The internal power-on reset circuit of
MSM6388 requires that the common supply
voltage to AVDD, DVDD, and DVDD' is
increased from 0 to +3.5V exponentially and

smoothly within 20ms. If the voltages of less
than 20ms is provided or if by accident the
voltage drops once during the increasing
period the M5M6388 may behave unpre-
dictable.

533 WA bL724240 00lk722 171 A
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e Power OFF/ON instant of a new power ON. Also,

this measure accounts for the nature
During an interval between a power OFF of the internal power-on reset cir-
and a subsequent power ON, the level on cuit.

VDD input must be less than 0.05V at the

B L724240 001L?23 008 WM 539
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* Operations in the standalone
application

1. Power down function

When the LSI is not recording or playing
back data, the power down function is en-
abled and oscillation is stopped. At power
down when an external clock is used, be
sure to set the XT pin to the ground level to

lower current consumption.

2. Oscillator frequency and sampling fre-

quency

The oscillator frequency fosc can be used
between 1.5MHZ and 4MHZ. Thesampling
frequency (fsam) is related to the oscillator
frequency as follows, according to the set-
tings of the SAM1 and SAM2 pins:

SAM2 L L H
SAM1 L H L H
fosc fosc fosc fosc
fsam 512 288 256 224
(4.0kHz) (7.1kHz) (8.0kHz) (9.1kHz)
Note: Sampling frequencies in parentheses are measured at an oscillator frequency of 2.048 MHz.
If the sampling frequency during playback 7.1kHz: Slow playback
is varied from fsam during recording, fast 9.1kHz: Fast playback
and slow playback are possible. In this case,
the sound level is also varied. 3. Use of channels

Example: Set the RSEL1 and RSEL2 input pins accord-
Sampling frequency during recording: ing to the number of 1Mbit serial voice
8.0kHz registers connected to the LSI (see the table
Sampling frequency during playback: below).
RSEL2 L H
RSEL1 L H
Number of 1 3 4
serial voice registers

The number of the phrases to be recorded
can be set to 1, 2, 4, or 8 according to the
setting of the CSEL1 and CSEL2 input pins.
(When three external serial voice registers
are used, the phrase countcan beset to 1, 2,
3,0r6.)

The memory capacity of the external serial
voice registers available to each channel
equals the total available memory divided
by the number of phrases being recorded.
IE: When the phrase count is set to 8, for
example, one-eighth of the entire memory
capacity is assigned as the memory capacity
of each channel, and when the phrase count

is 4, one-fourth of the entire memory capac-
ity is assigned. (The memory capacity di-
vided and assigned to each channel is called
the channel memory capacity.)

Each channel memory capacity can be as-
signed to a particular channel by the CA1,
CA2, and CA3 input pins.

The relationships between the number of
external serial voice registers used, thenum-
ber of phrases to be recorded, channels, and
channel memory capacities are shownin the
following table.

50 mm L72u240 00Lb724 Tuu WA
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CSZEL c S1EL :l’:'nol:e: of phr;sss oas | caz|cat iz ‘()',:’h“anne;s CI;annel m;rnory c;paci‘l’y (:it)
{Notet) (Note1) {Notel) | (Note1) | {Notet) | (Notel) | (Note1} | (Notet)
L L L {*cho ch0
L L | H {"eh1 | cht
L | H| Lt |[Tech2 | ch2
L L 8 6 L H H |"ch3 ch3 128K | 256K 512K
H L L ch4 ch4 (4s) | (8s) (16's)
H L H chs chs
H H L ché ch4
H H H ch7 chs
L L **cho cho
L H * ¢chi ch1 256K | 512K M
L H 4 3 -
H L ch2 ch2 | (8s) | (165) (32 5)
H H ch3 ch2
L * ¢ho 512K | 1M |1536K | 2Mm
H t H N - chi (16s) | (32s) | (50s) | (655)
A o cho @25 | @os) | GBS | (131s)
Note: The number of seconds in parentheses is a recording time measured at fsam=8.0kHz.

The first 8Kbit of the serial voice registers are allocated as a channel index area.
Therefore, the channel memory capacity of channel "0" is 8Kbit less than the value listed in the table above.
1) Number of external serial voice registers
2) When 512Kbit serial voice registers use, only can use (*) (**) mark channel
3) When 256Kbit serial voice regisrers use, only can use (**) mark channel

Allocation for Channel and Channel Memory Capacity in Using 1 Piece of
1M-Bit Serial Voice Register.

Channel index area
cezcser \E £ g & = & g g ¢
L L 8word /L ChQ [ Ch1 | Ch2 [ Ch3 [ Chd [ChS [ Ch6 [ Ch7 |
g8 g & g g g g 8
g £ g 3 £
L H  4-word ] Cho I Chi L €V L ThS ]
g8 g g g
= g g
H L 2-word :VA_ <Cho> L Chi
g8 g
2 3
H H 1-word££ Cho
g3
Note: By the combination of CSEL1, CSEL2, CA1, CA2 and CA3, the circled channel memory capacities can be

B L7242u40 001L725 980 HH

allocated as ChO=16sec., Ch2=8 sec. and Ch3=8 sec. (@fsam=8kHz).
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4.  Recording

Pull the REC/PLAY pin high. Then, select
the number of the phrase to be recorded
with the CSEL1 and CSEL2 input pins and
select a channel with the CA1 to CA2 input
pins.

To stop recording in the middle of a phrase,
input a pulse to the ST.SP pin again. The

recording duration is the time between these
two pulses.

When recording is initiated by inputting a
pulse to the ST.SP pin, and continued until
the memory capacity of the specified chan-
nel is exhausted, recording is automatically
terminated.

During recording, the MON pin is low.

STSP (1) J‘I

MON  (0) |

Start pulse Stop pulse
Recording is in progress but
e stopped in the middle.

Channel memory capacity

>
I

e
Start pulse
STeSP (1) [

X

MON  (0) |

AT B

Recording is continued until the memory

L capacity of the channel is exhausted. _

[l 1

L Channel memory capacity o

[ 1
Recording is automatically
terminated.

Note: As mentioned above, the memory capacity of the external serial registers is divided by the number of
phrases and is assigned as the channel memory capacity. During recording, ADPCM data is written,
starting from the first address of the memory of the specified channel. When recording is terminated in the
middie of the channel memory capacity by a stop pulse, the subsequent memory area remains unused.

v First address of the channel memory

Unused memory

Recording time

i

T

Channel memory capacity -

B L724240 001k72b 817 WA

542



OKI Semiconductor MSM6388

5. Alarm for remaining recording time recording timereaches thelast four seconds,
the MON pin outputs a4Hz clock for thelast
When recording is initiated by inputting a seconds as an "out of available memory”
pulse to the ST*SP pin and the available alarm.
Start pulse

STSP () [
CE U

Last4 s
Recording time determined achrding

- to the channel memory capacity |

T e}

Note : During the last four seconds a clock frequency of 4 Hz described above is output, when the sampling
frequency (fsam) Of 8.0 kHz is selected. The duration of the alarm clock is proportional to the length of the
cycle of the sampling frequency and the clock frequency is proportional to the sampling frequency used.

6.  Playback input a pulse to the ST*SP pin again.

Set the REC/PLAY pinlow. Then, select the During playback, the MON pin is kept low.
number of the phrase recorded with the

CSEL1 and CSEL2 input pins and select a Do not start playback in channels not re-
channel with the CA1 to CA3input pins. To corded because the playback dataand time
initiate playback, input a pulse to the STeSP are undefined.

pin. Playbackis automatically stopped when

the recording time is expired. However, playback under these conditions

can be halted by a stop pulse.
To stop playback in the middle of a phrase,

Start pulse
STSP (1) I

WON  (0) |
Playback in progress (The playback
_ time is same as the recording time.) |
et —™
Start pulse Stop pulse
STSP () [
MON  (0) |

Playback in progress

[
|l ot

Recording time

T

M L724240 00LL727 753 WM 543
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Playback can be repeated by maintaining the ST*SP pin high.

(Stop pulse)

stsp () L
MON  (O)

- First playback _, _ Second playback _,  Third playback _;
) I 1
7.  Debounce circuit for the ST.SP pin contactbounce. Thedebounce timeis 32 ms.
Be sure to set the time during which the
A debounce circuit functions to prevent the ST.SP pin is kept high for at least 70 ms.

ST.SP pin from malfunctioning due toswitch

oM™

ST.sP ()
tor ton ter
Chattering time ter £ 32ms
High-level time ton 2 70ms

The above chattering time ter and high-level time toy are true when the sampling
frequency fsam is 8 kHz. These times are proportional to the length of the sampling
frequency fsam.

B L724240 0016?28 bAT -
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¢ Operations in the microcontroller

interface application

The MSM6388 LSl operations are controlled
by pins 2VCK, MCK, PD and 16 commands
using pins DO to D3, WR and RD.

1.  Explanation of Commands
Code
Command D DDD Function
3 2 1 0

NOP 0 0 0 O {NON OPERATION) Has no particular function but is used during
execution of a EPLAY or EREC command.

INIT 0 0 0 1 (INITIALIZE)

« Writes the last address of the external serial voice regisrers as the start
and stop addresses of each of channels 0 to 7 to set the channel
memory in the unrecorded state.

« Sets channel 0 in the channel register.

PLAY 0 1 0 {PLAY BACK) Set the playback mode.

REC 0 1 1 (RECORD) Set the recording made.

START 1 0 0 {START) Starts recording or playback. At the same time, it writes the
start and stop addresses stored in the channel index area into the LSI.

STOP 01 0 1 {(STOP) Stops recording or playback.

When this command is executed during recording, it stores the contents

of the address counter at the stop time in the channel index area

as the stop address.

SAMP 01 1 0 {SAMPLING FREQUENCY) Specifies a sampling frequency together
with the next nibble.

CHAN 0o 1 1 1 (CHANNEL) Specifies a channel together with the next nibble.

STWR 1 0 0 0 (START ADDRESS WRITE) Stores the start address in the channel index
area together with the next three nibbles.

SPWR 1 0 0 1 (STOP ADDRESS WRITE) Stores the stop address in the channel index
area together with the next three nibbles.

STRD 1 0 1 0 (START ADDRESS READ) Reads the start address stored in the channel
index area through the next three read accesses. During this operation,
the contents of the status register cannot be read.

SPRD 1.0 1 1 (STOP ADDRESS READ) Reads the stop address stored in the channel
index area through the next three read accesses. During this operation,
the contents of the status register cannot be read.

M 724240 00LbL729 526 WA
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Code
Command D DD D Function
3 2 1 0

DTRD 1 1 0 0 (DATA READ) Reads the contents of external serial voice registers 1K
bit sequentially through the data bus on the specified timing. When
this command is issued, the LS| enters the playback mode.

DTWR i1 0 1 (DATA WRITE) Writes data into external serial voice registers 1Kbit
sequentially through the data bus on the specified timing. When this
command is issued, the LS| enters the recording mode.

EPLAY 1t 1 1 0 (EXTERNAL PLAYBACK) Plays back ADPCM data while reading it from
the data bus on the specified timing. When this command is issued,
the LSi enters the playback mode.

EREC 1 1 1 1 (EXTERNAL RECORDS) Starts recording and outputs ADPCM data to
the data bus on the specified timing. When this command is issued,
the LSI enters the recording mode.

o MSM6388 Commands
First nibb:je Second nib(l;le Third nibbclie Fourth nibgle
comman comman comman comman
Command DDDD DDDD DDDD DDDD
3 210 3 210 3 210 3 210
NOP 0 0 0 O
INIT 0 0 0 1
PLAY 0 0 1 0
REC o0 1 1
START 01 0 0
sToP 01 0 1
SAMP 01t 1 0 - §2 §1 S0
CHAN o1 1 1 - C2C1 Co
STWR 1 0 0 0 A3 A2 A1 AD A7 A6 AS A4 A11 A10 A9 A8
SPWR 1 0 0 1 A3 A2 A1 AD A7 A6 A5 A4 A11 A10 A9 A8
STRD 1 0 1 0 A3 A2 A1 AO A7 A6 A5 Ad A11 A10 A9 A8
SPRD 1 0 1 1 A3 A2 A1 AD A7 A6 A5 A4 A11 A10 A9 AB
DTRD 11 0 0
DTWR 110t Operates on the specified timing.
EPLAY 1 1 1 0
EREC 11 1 1
B L724240 0016730 2ud N
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* Sampling frequency specification (SAMP command)
S2 s1 S0 Sampling frequency
1] 0 0 SAO0 fosc/576 (3.6kHz)
0 0 1 SA1 fosc/512 (4.0kHz)
0 ! 0 SA2 fosc/448
0 1 1 os¢/ (4.6kHz)
1 0 0 SA3 fosc/288 (7.1kHz)
1 0 1 SA4 fosc/256 (8.0kHz)
1 1 0
1 1 1 SAS fosc/224 (9.1kHz)

Note: Frequencies in parentheses are used when the oscillator frequency fosc is 2.048MHz.

* Channel specification

Q
N
(2}
-

Q
-}

Channel

Cho

cm

Ch2

Ch3

Ch4

Chs

Ché

- |- |- w ol oo
e N =AY N = =)

-l (= lo|l- o=l

Ch7
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Start and stop addresses (STWR,
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SPWR, STRD, and SPRD commands)

The start and stop addresses used to control
recording time is managed by 12bit. The
available memory capacity varies depend-

ing on thenumber of serial voice registers to
be connected externally.

Regardless of the number of serial voice
registers, the area between addresses 000H

and 007H is allocated as the channel index

area to store the start and stop addresses for
each channel. The area starting from ad-

dress 008H can be used to store voice data
(ADPCM data).

When on use 512Kbit serial voice register,
can use 008H ~ 1FF address.

When on use 256K serical voice register, can

use 008H~0FF address.
Range of serial Channel index ares
voice registers
, 1Kbit . 12bit 12bit 1000bit
-+ 000H oo
T oorH YT ¥ 000H | sPo STO
512Kbit Seria08H .
voice register 1 \
e ! 001H SP1 ST
1Mbit Serial voice 512Kbit Serial 002H | sP2 ST2
register 1 register 1 !
003H | SP3 ST3
_ 2 3FFH Not used
\ 004H SP4 ST4
" 005H | SP5 ST5
Mbit Serial voice ) '
register 2 Voice data \‘ 006H SP6 ST6
area !
\007H | SP7 ST7
7FFH Tt Ny
1Mbit Serial voice [A]A‘A{AIAIA A\AIAIA‘AIA‘|
register 3 011(213]|4[5/6[7[8]9(10{11
pown ——— > Up
8FFH * STy and SPy, are the stast address and
stop address of channel n (n=0to 7).
Mbit Serial voice
register 4
FFFH X

M 724240 0016732 010 M.
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2. Explanation of the status register

The status register consists of three bits.
When a negative-going pulse is supplied to
the/RD pin, the status of these bits is output
to D0 ~ D2. Note that the statusisnot output

D3 D2

during the exccution of an STRD or SPRD
command. During execution of a DTRD,
DTWR, EPLAY, or EREC command, Status
must be read only when the timing is cor-
rect.

D1 DO

L DTMNT

RPMNT BUSY

(1) Busy

The busy bit is high when the LSI is being
initialized or when it is executing a com-
mand.

When the busy bit is high, do not issue a
command from the microcomputer.

BUSY Timing
BUSY conditions BUSY time max.
NOP, PLAY, REC, START, STOP command 4/fsam (500pS)
INIT command 34/fsam (4.75ms)
First nibble 4/fsam (500us)
SAMP, CHAN command .
Second nibble 4/tsam (500ps)
First nibble 6/t 750ps
STWR, SPWR command - sam (75005)
After second nibble 4/fsam (500ps)
First nibble 6/1, 750us
STRD, SPRD command = - sam (75045)
After second nibble 4/fsam (500pS)

Note: The inside of parentheses shows the time of fsam=8kHz.

BUSY time is porportional to fsam frequency.

(2) RPMNT (Record Playback MoNiTor )
The RPMNT bit is high when the LSI is
recording or playing back data. When the
RPMNT bitis high, do not input a command
except the STOP command.

(3) DTMNT (Data Read Write MoNiTor)
The DTMNT bit is high when data is being
transferred to or from serial voice registers
by the DTRD or DTWR command.

3. Recording

(1) Sampling frequency select:

Toselectasampling frequency fsam, entera

B L724240 D01L733 T57? HA

SAMP command.
(2) Channel select:

To select a channel, enter a CHAN com-
mand. Usually, specify channel 0.

(3) Start and stop addresses select:

To allocate an area for recording voice data,
enter STWR and SPWR commands to store
a start address and a stop address in the
specified channel field in the channel index
area.

(4) Toenter therecording mode, enter an
REC command.
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(5) Tostartrecording, enteraSTART com-
mand. The LSI fetches the start and stop
addresses of the specified channel from the
channel index area and stores the start ad-
dress in the address counter and the stop
address in the stop address register, then
starts recording.

(6) Stopping recording:

When the contents of the address counter
match those of the stop address register,
recording is stopped automatically. Tostop
recording in the middle, enter a STOP com-
mand. In this case, the contents of the ad-

mE L724240 001?34 993 WA
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dress counter at recording stop are stored in
the channel index area as the stop address.

(7)  Toresumerecording, specify new con-
ditions with commands as described initems
(1) to (3) above and follow the procedure
described above.

The start and stop address of each channel
can beread by STRD and SPRD commands.

When these addresses are controlled by a
microcomputer, the memory capacity of
external serial voice registers can be used
efficiently.
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Recording Flowchart when the LSI is Interfaced with a Microcontroller

Enter SAMP
command.

Enter CHAN
command.

Enter STWR
command.

Enter SPWR
command.

Enter REC
command.

[

(7y| Set new conditions )
with commands.

Yes

Does start
address match stop
address?

Do you
want to stop
recording?

Enter STOP
command.

Yes

A sampling frequency is

specified.

A channel is specified.

A start address is specified.

A stop address is specified.

The recording is mode is set.

Recording starts.

Recording ends.
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4.  Playback
(1)  Sampling frequency select:

Toselectasampling frequency, entera SAMP
command.

(2) Channel select:

To select a channel, enter a CHAN com-
mand. Usually, specify channel 0.

(3) To enter the playback mode, enter a
PLAY command.

(4) Tostartplayback, enter a START com-
mand. The LSI fetches the start and

stop addresses of the specified chan-
nel index area and then starts play-
back.

(5) Stopping playback:

When the contents of the address counter
match those of the stop address register,
playback is stopped automatically. To stop
playback in the middle, enter a STOP com-
mand.

(6) Toresume playback, specify new con-
ditions with commands as described
in items (1) and (2) above and follow
the procedure described above.

Playback flowchart when the LSI is connected to a microcontroller interface

Q)

Enter SAMP
command.
Enter CHAN
command.
Enter PLAY
command.

2
@
[
Set new conditions 4
® with commands. @

(5)
Yes

®)

Enter START
command.

address match stop

want to stop

Enter STOP
command.

Yes

A sampling frequency is specified.

A channel is specified.

The playback in mode is set..

Playback starts.

Playback ends.
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5. Channel Index Area START address and STOP address area writ-
ten to the channel that designated the chan-
Operation for channel index area in record- nel index area by STWR and SPWR com-
ing is shown below. mands.
In Address Input MSM6388 Seiral voice register

gmg ngm::g P Channel index area
Stop address SPO [ ST0
%a SP1_ | sTi
\\/"'
Address counter Start addres :
SP7__| ST7
Stop address register

Voice data area

When START command is inputted, the to respective address counter and STOP ad-
recording is started after the start addresses dress register.
of channel index area are automatically set

In Recording Start

Channel index area
START command CPU IF <50 o

SP1 ST1
Address counter Start Address / L
o T i

Stop address register Stop Address

When STOP command is inputted, the con- automatically set to the channel index area
tents for the address counter of that time is as a new STOP address.

in Recording End

Channel index area

STOP command SPO ST10
) SP1 ST1

S e—r
Sp7_| ST7

Stop address register

M L724240 0016737 LT2 WA 553
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Operation for channel index area in play-
back is shown below.

When START command is inputted, the
playback is started after the START address

and STOP address of the channel that desig-
nated the channel index area are automati-
cally set to respective address counter and
STOP address register.

In Playback Start
MSM6388

START CPUIF

Seiral voice register

Channel index area

Address counter |L
Stop address register

SPO S10
SP1 ST1

Start Address| / !
B

When STOP command is inputted, the play-
back finishes. The MSM6388 does not ex-

change the data with the channelindex area.

in Playback End

STOP command CPUIF

Address counter

Stop address register

Channel index area

570 510
5P1 ST
1
s s

6.  Recording and playback for nine or
more channels

When the start and stop addresses of each
channel are stored in memory in a micro-
controller or external circuitry, recording
and playback for nine or more channels is
possible. Voice data can be recorded on the
same way as for recording described in item
3 above. However, channel 0 must be set.

B L724240 00LB7?38 539 1
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To play back voice data, enter a STWR com-
mand specifying the start address of the
voice data area from which to start playback
and a SPWR command specifying the stop
address of the area to write these addresses
in channel 0 field of the channel index area.
When a START command is entered, the LSI
fetches the start and stop addresses from the
channel 0 field in the same way as for play-
back described in item 4 above, then starts
playback.
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7. Reading and writing data in external
serial voice registers with DTRD and
DTWR commands

DTRD and DTWR commands canbeused to
read from and write to the external serial
voice registers.

To read the contents of the serial voice reg-
isters, enter an STWR command specifying
a start address of the area to be read and an
SPWR command specifying a stop address
of the area to write these addresses in the
channel index area. When a DTRD com-
mand is entered, data is read 4bit at a time
during each cycle of thesampling frequency.

To write data to the serial voice registers,
first write start and stop addresses then
enter a DTWR command. Data is written
4bit at a time on the correct RD and WR
timings.

Data transfer using DTRD and DTWR com-
mands is performed in 1Kbit units. These
two commands can be used to move voice
data stored in serial voice registers to differ-
entaddresses, providing a useful way touse
the memory capacity of the serial voice reg-
isters.

8.  Recordingand playingback voice data
through the data bus with EREC and
EPLAY commands

Specify thesampling frequency withaSAMP
command, and input an EREC command.

When an EREC command is entered, the LSI
enters the recording mode and recording
starts.

Voice data (ADPCM data) is output to the
data bus on the correct RD and WR timings.
To stop recording, enter a STOP command
on the correct timing,.

To perform playback, enter an EPLAY com-
mand. The LSI enters the playback mode
and starts to play back voice data-the data s
input from the data bus on the correct WR
timing. To stop playback, enter a STOP
command.

B L724240 0016739 4?5 WN

During execution of an EREC or EPLAY
command, address management and exter-
nal serial voice register driving are not per-
formed.

9.  Initialization by the INIT command

When an INIT command is entered, the
channel memory is set in the unrecorded
state.

. The INIT command writes the last
address of the external serial voice
registersasthestartand stop addresses
in individual fields of channels 0to 7
in the channel index area. Thissets the
channel memory in the unrecorded
state.

. The command then sets channel 0 in
the channel register.

10. Power down function (pin PD)

When pin PD is set at the high level, the LSI
enters the power down state. Note that this

functionisinvalid during recording or play-
back.

. Oscillation is stopped and all opera-
tion of theinternal circuitry is stopped.

. Data bus pins DO to D3 are set in the
high impedance state.

. Output pins CST to CS4 are set at the
high level, minimizing the current re-
quired by the external serial voice reg-

isters.

DO~D3 ..o H~Z
SAD, SAS, TAS, WE, DIN,

RWCK, CS51~CS4 ..., "H"
2VCK, MCK ..o "L"

AOUT, DAQ, SGC ........ GND level
11.  Command enable function (pin CE)

When the pin CE is set at the high level, the
LSl enters the command enable state, reject-
ing RD and WR pulses. In this state, data
bus pins D0 to D3 are set in the high imped-
ance state.
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SAMPLE APPLICATION CIRCUITS
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The circuit diagram 1 shows an ex-
ample of an application’s circuit with
the MSM6388 and one 256Kbit serial
voice register

The circuit diagram 2 shows an ex-
ample of an applications's circuit with
the MSM6388 and one 512Kbit serial
voice register.

The circuit diagram 3 shows an ex-
ample of an application's circuit with

go1bL740 197 -

the MSM6388 and four 1Mbit serial
voice registers.

Circuit diagram 4 shows an example
of the interface with the MSM80C51
when the MSM6388 is used with a

microcomputer interface.

Circuit diagram 5 shows an example
of an application using greater than 4-
1Mbit serial voice register's with the
MSM6388.

Circuit diagram 6 shows an example
of an application's circuit for record-
ing and playback by the EREC and
EPLAY commands of the MSM6388.
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For the serial voice register CS control signals SELT, SEL2, and SELn, input only the L level of the signals oo
corresponding to a selected pair (in this case, one pair is four serial voice registers.), and for the other signals,  |[— ]
enter and contro! the H level. F ]
When a serial voice register is extended in this circuit, the maximum recording time of one phrase is limited to

130 seconds. (for @fgam = 8 kHz)

Circuit Diagram 5
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Example of Application's Circuit for Recording and Playback by EREC and EPLAY Commands

Circuit Diagram 6
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