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

¢ dbit 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
IMBbit serial voice register (MSM6389):
Direct drive for 4 serial voice registers
512Kbit serial voice register (M5SM6587):
Direct drive for 1 serial voice register
256Kbit scrial voice register (MSM6586):
Direct drive for 1 serial voice register
¢ Serial Voice ROMs
TMbit sertal voice ROM (MSM&595-XXX)
2Mbit serial voice ROM (MSM&596-X2CX)
3Mbit serial voice ROM (MSME597-XXX)
»  Maximum recording time: 262 seconds
{when the sampling frequency is 4.0kHz)
* Power supply voltage: 5V only
¢ 4 pin V1 plastic QFP (QFP44-I-910-V1K)

{(WHEN USED AS A STANDALONE LS])

* Oscillator frequency:
1.5MHz ~ AMHz
* Sampling frequencies:
52,59, 6.7kHz
{(when the osdllator operates at 1.5MHy)
39,69, 7.8, 89 kHz
(when the oscillator operates at 2.0MHz)
7.8,139,15.6kHz
(when the osdllator 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 MSM6388, 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 conncected, one, two, four or
cight 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 cach
channcl, the time divided by the number
of phrases shall be assigned.

{(WHEN INTERFACED WITH A MICRO-
CONTROLLER)

¢ Oscillalor frequency:
1.5MHz ~ 4MHz
(when a serial voice register is used)
1.5MHz~ 8MHz
{when other memorics are used)
*  Sampling frequencies:
3.2kHz ~ 16kHz=z
(when a serial voice register is used)
2.9kHz» ~ 32kHz
{when the other memories are used)
2.6,2.9,33, 52,59, 6.7kH=
{when the oscillator operates at 1.5MHz)
3.5,39,4.5,69, 7.8, B.9kHz
(when the oscillator operates at 2.0MHz)
6.9,7.8,89, 139, 15.6, 17.8kHz
{when the oscillator operates at 4.0MH2z)
* 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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OKI Semiconductor

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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OXKI Semiconductor

MSME388

CIRCUIT DIAGRAM (microcontroller interface application)
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OKI Semiconductor MSM6388
ELECTRICAL CHARACTERISTICS
s Absolute Maximum Ratings
Item o Symbol Conditions Rating Unit
Power supply voltage VDD Ta=25C —03-~47.0 v
Input voltage Vin - Ta= 250 -0.3 - VDD +0.3 v
Storage temperature Tstg — =55 ~ +150 C
» Operating Range
item _ Symbol Conditions Range Unit
Power supply voitage vDD DGND = AGND = gV +39-405 v
Operating temperature range Top — 40 ~ +85 G
Oscillator frequency fosc — 15-8 MHz

+ DC Current Characteristics

{DVDD=AVDD=DVDD'=4.5~5.5V, DGND=AGND=0V, Ta=—40~+85°C)

Item Symbol Conditions Min. | Typ. Max. | Unit
High input voltage {Nate 1) ViHi — 36 | — — v
High input voltage (Note 2) Vit — Toswon| — | — [ v
Low input voitage (Note 1} Vi — — — 0.5 v
Low input voltage {Note 2) VIL? 1 — — — OBHT __V____
High output voitage Vou ok = —40pA 42 - = ¥
Low output voltage VaL loL = 2mA L= — 1 045 Y
High input current (Nate 3) N I|-1.-;1“ Vin= V0D [ — — 10 pA
High input current (Note 2) hHz h Viy= VDD C— — 20 A
High input current (Nate 4) l1Hz Vig= VDD P20 —_ 400 pA
Low input current (Note 1) L1 .\-HL = GND T — —_ HA
Low input current (Note 2) " VL= GND 20 | — | — | uaA
Operating current (1) Inp fose = 4.0MHz, without load — 5 10 mA
Operating current (2) lep | At power down, without oad | — | — 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 exciuding the XT pin.
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» Analog Characteristics

(DVDD=AVDD=DVDD'=4.5~5.5V, DGND=AGND=0V, Ta=-40~+85°C)

tem Symbol Conditions Min. | Typ. Max. | Unit
Relative DA output error | Vpag ! Under no load — — 10 my
DA output impedance Rpao — 12 20 28 k2
Fin input voltage Vrin — 1 — | VDDA v
Fin input impedancs Rein — 1 — — MQ
Operational amplifier open loop gain '[ Gop | fig = 0 ~ 4kHz 40 — — a8
QOperational amplifier input impedance Rina — 1 — — M2
QOperational amplifier load resistance ! Routa — 200 — o k2
AOUT load resistance | Raour — 50 | — | — | ke

+ 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 fszm=8.0kHz}

Rem Symbol Min. Typ. Max. EInit

§T- 5P pulse width * tsTP 70 = — ms
MON clock output time during recerding > talw — 4 — 5
MON clock cycle during recording * tate — 256 — i ms
Time before starting record or playback after " "

tana — 260 — ms
start pulse input
Time required for AGUT/DAQUT output to reach  *

toaR — 44 — ms
1/2 V0D from GND level _
Time required from the end of playback to *

tDAF — 128 — ms
power down siate
Time requirad for voice (o be output again *

s — 1 — ms
during a repeated playhack

Note:* Duration of items with "" is propartional to the cycle of the sampling frequency fsam.
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OKI Semiconductor MSMG388

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)

ltem Symbol Min, Typ. .! Max. Unit
PD pulse width tep 2 -, - ys
Time from PD release to WR pulse input (Note 2) tow1 10 — — ms

! tppw2 2 — — us

RD pulse width \ trr | 200 — — ns
CE setup and hold times to RD '[ tcr 50 — - ns
Time from RD fall to data valid [ toRe — 60 1+ 150 ({S ‘
Time from RO rise to data float ; tpRF — 40 90 ns
WR pulse width P tww 200 — — ns
CF setup and ho!d times ta WR ! tow 50 — — | s
Data setup time to WR rise tows 100 — — ns
Data hold time to WR rise * town 30 — — ns
RD and WR disable time * toRw 250 — — ns
2VCK "H" lavel time B tyH — 125 — us
2VCK "L" level time " tv — 125 ©  — us
MCK “H" level time ) tuH — 625 @ — us
MCK "L" level time tu — 625 @ — us
Time required from 2VCK rise to MCK rise tym — 23.4 o s
Time required from MCK rise to the rise of the * o 250 _ _ oo
first shot of BD and WH pulse
Tima required from MCK rise to the rise of the
second shot of RD and WR pulse thwz o B 625 s

Note 1: * Duyration of items marked with "** is proportionate to the ¢ycle of the sampling frequency fsam.

Note 2: The pscillation stable tirme is added to tppws.
The oscillation stable time is a few tenths of a ms for crystat oscillators and is a few hundredths
of a ms for cerarnic oscilators.
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TIMING CHARTS
+ Standalone Application

1.  Recording timing

CSEL2 ‘

CA1

cA2 (D) hat
CA3 ‘

REC/PIAY (1) 77

——n—fa— l57P e lsTP
STeSP (1) [] =
Start (Stop)
XOXT l
- Start of oscillation hsfi?igt?gn
avek ) - MU =777 7777 e
—»—te—talc
Wil (0 —— MU S
ot taLw
_ .
4 Recording in progress >—
] tana t

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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OKI Semiconductor MSM6388

2. Playback Timing

CSELT
csez 0 —X

CAt ‘

caz () X
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REC/PLAY () 7/

— e t57P — > —fe— tsTP
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3.  Repetitive playback timing

ostillation

56 level
GND level

|«— End of

N,
q

- -

1
[£4

— ol eT5TP
D
1
(Stop)
(p nth playback in pragress

Second playback
in progress

i tm -
First playback in progress > ——

'
N

| » Start of oscillation

Start
=

()
(o)

STSP (1) __|
XT

2VCK  {0)

ADUT ()

|z
o
=

X7
DAD

Note: pPlayback is peformed repeatedly while the ST«SP pin is maintained at the high level. When the pin goes low
then a Stop pulse is input or playback proceeds up to the end of the channel memory and is stopped.
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+ Microcontroller interface application

1. Data Read (RD pulse)

__lu:R __.1|:n _
RD U i 1
» T
. trr
DRE 10RE_
0o~D3 (1/C) #

2. Data Write (WK pulse)

CE ( m ,WM

tww

tows . |
no-D3 (1/G} <} >
|
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3.  How to Input One-nibble Commands, NOP, INIT, PLAY, REC, START and STOP

WR {1} u

torw
[

RD (N u
PR

VAN
.S \_/
\ COMMAND

Contim by the busy bit that the
busy state is nol entered.

Do~03  {IV0)

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

e | § K

| toRw [
v Lt | 1

p0-D3  {Q) O G O D
\ COMMAND \ DATAf
Check the busy bit. Busy bit

W L724240 00LL70Y 156 mm
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5. How to Enter STWR and SPWR Commands
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6. How to Enter STRD and 5PRD 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

MSM6388
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How to Playback Using an EPLAY Command

9.
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How to Record Using an EREC Command
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MSM6388

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

or EREC command is used

by

e tvi
2VCK (0) ——l
tvm IMH
MCK (0)
When a DTRD

command is used

mooooo L L
o

RW1

When a DTWR
command is used

torw

WR ()

When an EPLAY
command is used

L
jnw1
L
trwe
WR (n L [ L

When an EREC
command is used

torw

WR (N L
trRwo2
RD N ]_l
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Start and Stop of Playback by START Command and STOP Command

12.
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MSM6388

13. TPower down, reset timing

| tpp |

—< Power downX Under operation X’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 put on 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)

|

PO (1) L Command is executed.
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FUNCTION OF PINS
¢ Pins for Both Stand-alone and Microcontroller Interface Application

Pin Name 10 Function

DvDD - Digital power supply pin

AVOD - Analog power supply pin R

ovDD! - Power supply pin

DGND - Digital ground pin

AGND - Analog ground pin

SGC 0 Dutputs the reference voitage (signal ground (Sé)) of the analog

s8G circuit. A capagcitar is connected between this pin and the GND
pin {0 stabilize the voltage.

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

LIN Non-inverted pins are cannacted to the 3G internally.

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

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. Gonnect to the FiN input pin of the built-in
amplifier.

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

AQUT 0 Analog vaice autput pin

DAO G Qutput pin of the built-in 12-bit DA convetar

SAD G {Serial Address Data) Connectad to the SAD pin of the serial voice B
register to output the first address for read/write operation.

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

TAS 0 (Transter Address Strobe) 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.

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

WE D (Write Enable} Qutput pin connected 1o 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 1o

outputwrite data

M L724240 00367L4Y OTS WA
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Pin Name f{e] Function
PouUT I {Data Qutput} Connected to the DOUT pin of the S_éfial voice register to
tetch read data.
When used at stand-alone modae, insert a pull-down register
of about 100k} betwseen DOUT pin and GND.
T3 Q {Chip Select) Connected to the TS pin of the serial voice register
Ts2
[:%]
54
MCUM | Determines whether the LS( is used in stand-alone mode of connected
to a microcontrotler intarface.
High lavel: Gonngcted 10 a microcantroller interface
Low level: Used as a stand-alone LSI
RSEL1 [ {Register Select) Selects the number of serial voice registers. For
RSEL2 details, see Explanation of Functions described later.
2VCK t] Outputs a clock at a frequency half the sampling frequéﬁc"}_f”.“ Used as
a synchronizing clock when the LSl is connected to a microcontroiler
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.
¥T 0 Connected to the resonator. When an external clock is us_ec_l:_it_ must
be left open.
TEST ] LS| test pin. Connected 10 a putl-dawn rasistor in the LSI. This pin

must be set at the low level.
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» Stand-alone Application

Pin Name /0 Function

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

CSEL2 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 oscii'lua:t'br

SAMZ2 frequency (fosc) and the sampling frequency (fsam) are as follows
(the frequencies in parentheses are measured at fosg=2.048MHz):

SAM2 L L H H
SAM1 L H L H
fsam fosc fosc fosg fosg
512 288 256 224
| ] (40kHz) | (71kHz) | (8.0kHz) | (8.1kHz)

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

ST=SP I Allows the starting ar 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 {ow level during recording or playback. When the reméiﬁing

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

BN L724240 0016?71bL 974 M
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* Microcontroller Interface Application

Fin Name e Function

D3 O Connects to a bidirectional datz bus to transfer data and commands

D2 to and from an external microcantroller.

D1

Do

Wi’ 1 . Write pulse input pin to write commands or data

RO I Read pulse input pin to read status or data

PD I T 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
RO cannat be accepted and ping DO to D3 go high impedance.

MCK Q Dutputs a synchronizing clock when ADPCM data is tranferred directly
to and from a microcoatroller by an EREC or EPLAY command or when
data is transferred directly between a microcontrelier and serial
registers by a DTWR or DTRD command.

ST=5P ! Not used. Since it is connected to a pull-down resistor in the LSI, it
must be set at the low level.
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EXPLANATION OF FUNCITONS

* Recarding time and memory
capacity

The recording 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 memaory 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 LSl is provided
with pins for inverted input and output of
each amplifier.

Thenoninverted input pingare connected to
the signal ground (SG) used as the analog
circuit reference voltage in the L5I. For
amplification, an inverted amplifier circuit
is formed. The gain of the amplifier can be
adjusted by an external resistor.

| |
I

&

AN

~H- A

MIN L, LMouT LN L LOUT

_|

i

Operational ampifier 1

i

Operational amplifier 2

56

+  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, the D/ A converter output
from DAQO pin is connected to the AMON

pin.

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

LOUT |AMDN I FIN|

AOUT DAO

I: ’ REC I I wo_%h

| AD DA ¢
GONVERTER CONVERTER
12

12

* F
To the ADPCM From the ADPCM
analysis circuit  composite cirguit

B L7c24240 oplb71a8 ?u0 WM
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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 8kHe.

TheLPFfrequency characteristics areshown
below.

Gain 20

(9B}
10

0

-10

-20

-30

-40 4
-50

-60

70 '!

-80 "' |

100

Frequenry [Hz]

10k

LPF Frequency Characteristics {fsam=8.0kHz)

* Analog (voice) autput

During playback this signal is output from
thec AOUT pin. Connect the output to a
speaker through a power amplificr suitable
for driving speakers of from 4 to 1682 im-
pedance.

B L724240 001L719 L&7 M

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 oscitlator
manufactured by KYOCERA or Murata

Seisakusho is connected, the optimum load
capacity value is as shown below.

MSME3R8
] (s
XT T Ry T
-Af~
I DI
(LI
Cy = —_— G
i e
. . Optimum load Feadback
Ceramic oscillator capacity value resistance
Model Name oY | R C2{PF) RQ)
CS8A 1.500MK 1.5M
Murata CSA 2.00MG 2.0M
_ 30 30 (1M)
Seisakusho CSA 4.00MG 4.0M
CSA 8.00MT B.0M
KBR 2.0MS 2.0
KYQCERA KBR 4.0M3S 4.0M 33 33 —
KBR 8.0MS B.OM

B L724240 001kL720 379 M
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+ Battery back up of the 1M serial
voice registers

When backing up the 1M serial voice regis-
ter, back up M5M6388 at the same time.
When backing up only a 1M serial voice
register, the bootsirap function works and
cannotbe played back when the power sup-
ply is turned on.

An exampile of the circuit that obtains VDD
supply power is shown below. In this case,
VDD and VDD at back up is about respec-
Hvely 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 tevel 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,

System 4H7

power supply +

Battery

|
“-.|
\4
‘-,]

P IR BONOT SRl
T

— MSM — MSM

I L

VDD VGG

6348 6389

T

Figure: Example of Battery Backup Circuits of MSM6388 and MSM6389

» Battery driving

An example of the estimated battery life
when a +4.5V power supply is operated by
serially connecting four MSMa389's,
MSM6388, speaker driver, and speaker {ex-
ample of application circuit and circuit dia-
gram 1}with three dry cellbatteriesis shown

For the current capacity, assume a 3 SUM
Mn dry cell battery (R6P), and the capacity
up to thedrop of the voltage to 1.2V of about
600 mAhrs. When the section consuming
current in Circuit Diagram 1 is divided into
the MSM6388, four MSM6389’s, amplifier,
and speaker, the current consumed in each
section is as shown in the table below, corre-

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

MSM6388 SmA 5mA —
MSM6389 (four) 1mA 1mA 30UA < 4 = 120pA
Amplifier, speaker R JAomA T
Total : 6mA 26mMA 0.1ZmA

B L724240 00lL721 235 HE
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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 -1
At playback: 0
26mA x4 =1.73mAhrs
At data retention:
0.12mA x 10=1.2mAhrs

= (0.4mAhrs

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.
Thebattery 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

DGND

OvOD ODVDD' AVDD

i
|
MSM6E388 g
|
)

—

If the analog portion and logic portion are
suppied fromaseparate 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

+HV

L

DVOD VDD  AVDD
L
Y

ovbo VDD AVDD

* Increasing Power supply

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

538

smoothly within 20ms. If the voltages ofless
than 20ms is provided or if by accident the
voltage drops once during the increasing
period the MSM6388 may bechave unpre-
dictable.
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* 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 L?24240 00LL?723 00 MW 539



MSM6E388

OKIE Semiconductor

* Qperations in the standalone
application

1. Power doewn function

When the LSl is not recording or playing
back data, the power down function is en-
abled and oscillation is stopped. At powcer
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. The sampling
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 L H
fosc fosc fosc fasc
fsam 263 224
(4.0kHZ) {7.1kH2) {8.0kHz) {9.1kHz)
Note: Sampling trequencies 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: Sct 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 H 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, or6.)

The memory capacity of the external serial
yoice 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~ecighth of the entirc 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 CAT,
CA2, and CA3 input pins.

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

540 mm L724240 00LL72Y Tuy W
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GSzEL c S:)lEL ::nol:a; of phr:aas ca3| caz|cat iz ;h:me; CI;anmI m;mory c;pacity (:it}
{Notet) {Note1} {Naoile1) | (Note1} | {Notat} __(_h_l_(}téﬂ {Nctet} | (Notet)
PLob L] oL {"cho | cho
Ll LR ot | chd
L H L {"ch2 | ch2
L L 8 6 L | H | H |"ch3 | ch3 | 128K | 256K 512K
H L L chd ch4 (4s) | (8%) (16 5)
H L H ch5 ch5
H H L chb thd
H H H ch? chs
N “*tho | cho
L | H “ch1 | chl | 256K | 512K 1M
L H 4 3 -
H| L ch2 | ch2 | (8s) | (168) (32s)
H H ch3 ch2
L T “cho 512K | 1M |1536K | 2M
H t 2 H{ | chi (16s) | (32s) | (508} | (659)
H H ! T T cho 3% (625]\5 5 | o8 | gats)

Note: The number of seconds in parentheses is a recording time measured at feam=8.0kHz.
The first 8Kbit of the serial voice registers are allocated as a channel index arsa.
Therefore, the channel memory capacity of channel Q" is 8Kbit less than the valus listed in the table above.
1) Number of external serial voice registers
2} When 512Kbit serial voice registers use, only ¢an use (*) {**) mark channal
3) When 256Kbit serial voice ragisrers use, only ¢an use (**) mark channegl

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

Channel index area

CSEL2 CSEL Q 5
L

el

&

ChQ 15 Ghl ] _Ch2
&

007

07Fh
17Fh
1FFh

l_
@
=
S
c
N

[7Fh
#FFh
[37Hh
—3FFh

cha

280h

180h
200h

3FFh

|_|GFFh
1¥Fh

100k
ooh—1

L H 4-word Ché Chi

1FFh

—aggn

H L 2-word <ChO>

2000

aFFh

H H 1-word Cho

000R 000h 000h 00
B08RESI07h 0ghS007h 0gh 007 hoogh

Mote: By the combination of CSEL1, CSEL2, CA1, CAZ2 and CA3, the circled channel memory capacities can be
allogcated as ChQ=16sac., 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 5T.S5P pin again. The

recording duration is the timebetween 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.

Start pulse Stop puise
ST«SP (1)
WON  (0) ] |
Recording is in progress but
» stopped in the middle. -
L Channel memory capacity
= bl
Start pulse
STeSP (1) [
WON  (0) | uL-Jul

Recording is continued

capacity of the channel is exhausted.

until the memaory

T

Channel memary capacity

T

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, ADPGM data is written,

starting from the first address of the memory of the specified channel. When recording is terminated in the
middle of the channel memory capacity by a stop pulse, the subseguent memory area remains unused.

First addrass of the channel memgory

Unused memory

Recording time

i

Channel memory ¢apacity

-
1

M L?724240 00lb7ck 817 N
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recording time reaches thelast four seconds,
the MON pin outputs a 4Hz clock for the last
When recording is initiated by inputting a seconds as an "out of available memory”
pulse to the ST*SP pin and the available alarm.

3. Alarm for remaining recording time

Start pulse
STSP (1) [

MON  (0) |

Last4 s

-

Recording time determined actording
to the channel memory capacity

—

Ky

Note : During the Jast four seconds a clock frequency of 4 Hz described above is output, when the sampling
frequency (fsam} Of 8.0 kKHz Is selected. The duration of the alarm clock is proportianal to the length of the
cycle of the sampling frequency and the clock frequency is proportional to the sampling freguency used.

6.  Playback

Setthe REC/PLAY pinlow. Then, select the
number of the phrase recorded with the
CSEL1 and CSEL2 input pins and select a
channel with the CAT to CA3 input pins. To
initiate playback, input a pulse to the ST+SP
pin. Playbackis automatically stopped when
the recording time is expired.

To stop playback in the middle of a phrase,

input a pulse to the ST*SP pin again.

During playback, the MON pin is kept low.
Do not start playback in channels not re-
corded because the playback data and time

are undefined.

However, playback under these conditions
can be halted by a stop pulse.

Start puise
STSP {1} []

MON  (O) |

Flayback in progress (The playback

_ time is same as the recording time.) ,
ot bl
Start pulse Stop pulse
STSP () ] [

MON (0 |

Playback in progress

T

Recording time

¥

B L724240 001L727 753 BN
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Playback can be repeated by maintaining the ST#5P pin high.

(Stop E}ulse)

sTsP (I} | L
MON {0} | |

e First playback _, Second playback ., Third playback
» ~la

-l
il

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

I —

ST.5P (1}
ter | ton ter
Chattering time ter & 32ms
High-levet time ton 2 70ms

The above chattering time ter and high-levet 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 724240 0016728 bAT [
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* QOperations in the microcontroller The MSM6388 LSl operations are controlled
interface application by pins 2VCK, MCK, I'D and 16 commands
using pins D0 to D3, WR and RD.
1. Explanation of Commands
Code
Command DDDOD Functicn
3 2 1 0

NOP 0 0 0 O {NON QPERATION}) 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 seriai voice regisrers as the start
and stop addresses of each of channels 0 to 7 to set the channel
memory in the unrecorded siate.

= Sets channel 0 in the channel register.

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

REC 00 1 1 (RECORD) Set the recording mode.

START 0 1 0 0© {START) Starts recordingmd'r'-p_lé-yback. At the same time, it writes the
start and stop addresses stored in the channel index area into the LSI,

ST0P 0 1 0 1 (8TOP) Stops recording or playback.

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

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

as the stop address.

SAMP O' 11 0 {SAMPLING FREQUENCY) Specifies a sampling frequency together
with the next nibble.

CHAN 0 1 1 1 {GHANNEL) 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 i 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 | (SIART 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 | (STOPADDRESS READ) Reads the stop address stored in the channel
index area through the next three read accesses. During this operation,
the centents of the status register cannot be read.

M 724240 0016729 S52L 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 LSI enters the playback mode.

DTWR 1 1 0 1 | (DATAWRITE)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 made.

EPLAY t 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 snters the playback mode,

EREC 1 1 1 1 (EXTERNAL RECORDS) Starts recording and ocutputs ADPCM data to
the data bus on the specified timing. When this command is issued,
the L3I enters the recording mode.

¢ MSM6388 Commands

First nibh::e Second nib§|e Third nibb(l’e Fourth nibtéle
comman comman caomman comman
Command D DD D DDDD DDDD DDDD
3 2 1 0 3 21 0 3 21 4a 3 21 0
NOP 0 0 0 0 —
INIT 0 0 0 1
PLAY 0 0 1 0
REC 0 0 1t 1 -
START 0 1 00
STOP 0 1 0 1
SAMP 0t 1t 0 - §2 51 &0 -
CHAN 0 1 1 1 - C2¢1 €0 _
STWR 1 0 0 0 A3 A2 A1 AD A7 AG AS Ad A1l A10 A9 AB
SPWR i 0 0 1 A3 A2 A1 AD A7 AB AS A4 A1t A10 A9 A8
STRD i 0 1 0 A3 A2 A1 AQ A7 A6 AS Ad Al11 A10 A9 AB
SPRD 1 0 1 1 A3 A2 A1 AD A7 AG AD Ad A11 A1Q AS A8
OTRD 1 1 0 9
DTWR P 1 o1 Operates an the specified timing.
EPLAY 1 1 1 0
EREG 1T 1 1 1

546
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» Sampling frequency specification (SAMD command}
s2 S1 S0 Sampling frequency
0 0 0 SAD fose/G76 {3.6kHz)
0 0 1 SA1 fase/512 _ (4.0kHz)
1] 1 0
SA2 fosc/448 (4.6kHz)
1] 1 1
1 0 ) SA3 fase/208 (7.1kHz)
1 0 H SA4 fnsc/256 {8 OkHz)
1 1 0
1 1 1 SAS fosc/224 {9.1kHz}

Note: Frequencies in parentheses are used when the oscillator frequency foge is 2.049MHz.

¢ Channel specification

C2 C1 Co Channel
0 0 0 Cho
0 0 1 ch
0 1 0 Ch2
0 1 1 Ch3
1 0 0 Chd
1 0 1 Chs L
1 1 0 Chb
1 1 1 Chy

B 724240 D01L73) 184 WN
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Start and stop addresses (STWR,
SPWR, STRD, and SPRD commands)

Thestart 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 scrial voice register,
can use 008H ~ 1FF address.

When on use 256K serical voice register, can
use 00BH~OFF address.

Range of serial
voice registers

1 Kbit
™ |
000H
Y oo [,
512Kbit Serial08H
voice register 1
N
1 Mbit Serial voice 512Kbit Serial
register 1 register 1
3FFH
1Mbit Serial voice
register 2
+ 7FFH
FMb‘ft Serial voice
register 3
+ 8FFH
I Mbit Serial voice
register 4
l FFFH

Channel index ares
12bit 12bit 1000bit
i
+ 0Q0H SPD 5T0
) 001H SP1 STH
L 002H| Sp2 | ST2
003H | SP3 ST3
Not used
' Q04H SP4 §T4
v 005H | SP5 ST5
Voice data '\ go5 | spg ST6
area :

Lgo7H | SP7 ST
AlATAIATA[AJATA[AIATALA
0:11213|4|5]6[7[8{9%110{11

Down = Up
* ST, and SP, are the start address and
stop address of channel n (n=0to 7).
i N

B L72u240 001L732 0L0 HN
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2. Explanation of the status register

The status register consists of threc bits.
When a negative-going pulse is supplied to
the /RD pin, the status of these bits is output
to DO~ D2. Notc that the statusisnat output

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

D3 02 M DO
. DTMNT RPMNT BUSY
(1)  Busy When the busy bit is high, do not issuc a

The busy bit is high when the L5 is being
initialized or when it is executing a com-
mand.

command from the microcomputer.

BUSY Timing

BUSY conditions

BUSY time max.

NOP, PLAY, REC, START, STOP command

4/fsam {HO0US)

INIT command

34/fcam (4.75M8)

SAMP. GHAN 4 First nibbfe 4/fsam (S00pS)
1 a

eomman Second nibble 4/fcam (5005)

First nibbte 6/f 750ps

STWR, SPWR command o sam (750ys)

After second nibble A/tcam (HO0PS)

First nibbl e/ 750us

STRD, SPRD command Irst nibble - sam (750p5)

After second nibble 4/t:am (500US)

Note: The inside of parentheses shows the time of fsam=8kHz.
BUSY time is porportional to fsam frequency.

(2) RPMNT (Record Playback MoNiTor ) SAMP command.

The RPMNT bit is high when the LSI is (2)  Channel select:
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 sctial voice registers
by the DTRD or DTWR command.

3.  Recording

(1) Sampling frequency select:

Toselect a sampling frequency fsam, enter a

BR L72424y0 0015733 T57 I8

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

(3)  Start and stop addresses sclect:

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 the recording mode, enter an
REC command.
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(5) Tostartrecording, enter a START 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-

mm L7242u40 00Lb?34 993 .
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dress counter atrecording stop are stored in
the channel index area as the stop address.

{7) Toresumerecording, specify new con-
ditions with commands as described in items
(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 LSl is Interfaced with a Microcontroller

{1

T

(2

—

2

(4)

Y

i

command.

Enter SAMP r

Enter CHAN
coemmang.

Enter STWR
command.

'

Enter SPWR
command,

v

Enter REC
___tommand.

(7y| Setnew conditions
with commands.

Yes

Y

r

Enter START
command.

Docs start
address match stop
address?

Do you
want to stop
recording?

{8)
Enter STOP
command,
Do you
Y23 want te continue

recording?

A sampling frequency is
specitied,
A channei is specified.

A siart address is specified.

A stap address is specified.

The recording is made is set.

Recording starts.

Recording ends.

B L724240 00316735
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4. Playback stop addresses of the specified chan-
nel index area and then starts play-

(1) Sampling frequency select: back.

Toselect asampling frequency, enteraSAMP (5) Stopping playback:

command.
Channel select:

(2)

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

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 LSl is connected to a microcontroller interface

(6)

1)

|

Enter SAMP
command.

Enter CHAN
command.

)

Enter PLAY
command.

I

Set new conditions
with commands.

(4

—_—

(8

Yes

|
i

Enter START
command.

Dnes start
addrass match stop
address?

Do you
want to stop
playback?

Enter STOP
(5 command.
Yes Do you

I L724240 0D0LL73b

552

6Lt IR

want 1o continue
playback?

A sampling frequency is specitied.

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 ggmmi:g - Channel index area

Stop address SPO 510

%%w 8P 8T

| Address counter | ] I
spr | s

! Stop address regisier |

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

START d 1 Channel index area
e SPO ST0

| 5T1
‘ Address counter ] Start Address / 4
| /” 3

‘ | 8P7 | §T7

- I
[ Stop address register J-—‘gm Voice data area

_-’"____“\-__“______,_.--/

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 + CPUIF 3P0 STD
_ 5P ST
I 1
| Address counter ],, _.S_t.a..ﬂ_&!dsf,g%w SR
spy | §T7
‘ Stop address register ‘ Voice data area
t -“’F-_H"‘-______._-’/

M L724240 DD1E737 LT A 553



MSM6388

OKI Semiconductor

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 arca arc automati-
cally set to respective address counter and

STOP address register.

in Playback Start

Seiral voice register

MSM6388
Channe! index area
BTART command CPU ifF 5PQ 370
SP1 511
| Address counter } Start Address // : /
LA sPr_| ST
[Siovsatess waser o simramens| [V mame
b f——\“\______,_ﬂ"/

When STOP command is inputted, the play-
back finishes. The M5M6388 does not ex-

change the data with the channelindex area.

In Playback End

STOP cormmand CPU IF

[ Address counter I

L Stop address register l

Channel index area

5F0 570
5P &1
1
7 | s1

Voice data area

f“m/

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 initem
3 above. However, channel 0 must be set.

B 724240 001b738 539

554

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 thesc addresses
in channel O field of the channel index area.
When aSTART command is entcred, 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
DTWER 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 addresscs 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 151
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 datais
input from the data bus on the correct WR
timing. To stop playback, enter a STOP
command.

m 724240 001L73% 4?5 1A

During execution of an EREC or EPLAY
command, address management and exter-
nal scrial voice register driving arc 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
registers as thestartand stop addresses
in individual fields of channels 0to 7
in the chann¢lindex area. This sets the
channel memory in the unrecorded
state.

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

10. Power down function {(pin PD)

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

functionisinvalid during recording orplay-
back.

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

. Data bus pins D0 to D3 are set in the
high impedance state.

. Output pins CS1 to 54 are set at the
high level, minimizing the current re-
quired by the external serial voice reg-

isters.

DO~D3 iiiiivieeeiieaeee. H-Z
SAD, SAS, TAS, W, DIN,

RWCK, C51-C54 ..., "
2VCK, MCK e "L

AOUT, DAQ, 5GC ....... GND level
11. Command enable function {pin CE)

When the pin CE is set at the high level, the
L5I enters the command enable state, reject-
ing RD and WR pulscs. In this state, data
bus pins DO 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 scrial
voice register.

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

00LL740 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 far record-
ing and playback by the EREC and
EPLAY commands of the M5SM6388.



MSM6388

OXK1I Semiconductor

N3V _

iy
+

T 7

(<

Jayjdure Joyeads

SSA 3D

1431
i%31
1331

oua

i

b2

0u2

[A

[ouuRY)

(A4

soselyd
10 J3quiny

11359

400

:

ONDY aNoag
295 NI
98 NOWY
Inov 1not
ova
HOAE N
NOW
LNOW
53
£33 NIW
282
: X
1X
38
$988ee V0
WSW v
11383
21380
1531
Lnog WO
Nig £135H
wm ¢1354
HImY HAYS
sv ZHYS
w8 AV]d/33d
avs dSl8

QdAY .00A0  QaAd

Aevip
Yams

ONDg

Vo

Circuit Diagram 1

B57

g L7242u40 0O0lb?41 O3 EE



OKI Semiconductor

MSM6E388

aNY 4
vy 22 ) ONOY  ON9d
T 0995 Ni3
95 NOWY ]
a Uu A_ 100 i1
- Yoz NIT
O ol
Y, o 1NOW i
— p83 dis xs_w M
— ¢ NIW @
] M@ aN9ad + -
8l d0g
k_= 152 1X +
Wz o
) X
# d0g
1531 va .
1331 Sopgey  ovd
183t WSW  £V0 feue
7 [eemanend | W H 1531 41380 NS
w [—1—1 I 1| H 5l ¢Bs)
any m
U —_—
M“u u 2 H 1 mh_hmﬁ@ v % 1531 aN9a
1n0a %41 1noa WO
tyd | H | H NG O 17384
U9 {1 | H m M ¢ HSY
wa {H 1 v L 1 HIMH AImy MHM
CRERE s s ¢
— s W AVIOM
eq . M M
RUURHD} 1YD | 2¥D| 5l | H 13S0 | 21380 o VS s dSels = ¢
! QQAV ,00AD GOAC

Vo

Circuit Diagram 2

B L72u4240 00)1b?742 TeT WA
558



MSM6388

OXK1I Semiconductor

1ayldue Jaesdg

3

Sreges
R

Sre8ey
WNSW

13

Sreges
WSH

SR

aN9¥  ONSQ
288 NI
9% NOWY
oY 1001
0va
NOAZ NIT
NOW
N0
23]
£89 NIW
2
182 1X
x
1
50BREg V0
NS £
11389
21380
1831
1000 WNIW
NId HAYS
ET IS
oMY T1asY
sVl {Tasd
svs AV
avs dS1S
aaAv .QQAG  J0AQ

dis

feie
Ty

ansd

-5

i

Circuit Diagram 3

559

B L724240 DOLRE?43 9Th HE



OKI Semiconductor

MSM6388

|

{

Jawdwe rayeads

il f

Sreges
WS

s Ssh 82

1511 |\.ﬁ
1831
1531
4531
1831
any

1nog
NIC
kL)
Ay
syl

Sv3

avs

|

aNav R
NI
NOWY
1n01
193
95 N1
1ROV
0vQ LROW
L#3) NiW
£80
89 Ix
&3] IX
1831
598869 dgsis
WS 173sH
2135
WNOW
YOW
WOAZ
ad
1nod 3
NIQ ”m
EL! a
Yoy o0
VL La
Vs aa
s €a
QOAY QOAQ  GOAQ

]

dig = H0L¥

Yot
Ti

dis x:f:

anaa + - a

dog

We

B o
40t

aNSg 4,

-——

l

— S
M 1508
N WS
LINIE'Sd
QLY €d N
/S Ed A [0U0D
. »,_. e JAINGWOD
WY . 001
auiled
god
+od
¢ld
§0d 0

Circuit Diagram 4

B 724240 QOLL7u4 &32 WM

560



OXI Semiconductor MSMG388

= 13
L T T [ [ T [ T 1
-y
&
I T T T 71 I O I
- —
B
[ 1 [ T 1] [ T T T 1 1
-+t —=
3
Nl A AIRA
| I =
- —F
18
[ TTTTT [ I T T 1]
-] —=
13
L. T T 177 L T T T 777
-p—| _'E
53
I I Y A [ T [ T T 1 —
o2
g = CEELEER 5 5
=1 i 7 7]
%El‘éigigﬁ 3'&‘&'&‘&& 2B
AAAAA - t“ d Q q o
i
J
2 —_
spelys 3 B8 BB
ZZlE 35 =3 e
28
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