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ADPCM Speech Synthesis LSI

FEDL22Q394-03
Issue Date: Mar. 16, 2015

GENERAL DESCRIPTION

ML22394 is voice synthesis LSI with built-in Flash memory that stores speech data.

This LSI includes edit ROM, ADPCM?2 decoder, low pass filter and D-class speaker amplifier. Also, ML22394
support the 12C interface.

By integrating all the functions required for voice output into a single chip, this LSI can be more easily
incorporated in compact portable devices.

e Built-in memory capacity and maximum playback time:

. Maximum playback time (sec) (at fs=8.0kHz)
Product name ROM capacity 4bIADPCM2 16bItPCM
ML22Q394-XXX 692 Kbits 221 5.5

Notes: ROM capacity shows the numerical value of only a voice area.

e \/oice synthesis method: 4-bit ADPCM2
8-bit Nonlinear PCM
8-bit PCM , 16-bit PCM
Can be specified for each phrase.

eSpeech ROM capacity ML22Q394: 692-Kbit Flash

e Sampling frequency(Fs): 6.4/8.0/10.7/12.8/16.0/21.3/25.6/32.0 kHz
f; can be specified for each phrase.

eAnalog output: Built-in D-class amplifier

*CPU command interface: 12C interface

e Maximum number of phrases: 30 phrases

eDisconnection detection function /Speaker pin short detection function

e Source oscillation frequency: 4.096 MHz(internal)

e Power supply voltage: 2.0to 5.5V

e Flash memory rewritable time: 80 times

¢ Operating temperature range: —40 to +85°C

¢ Package: 16-pin plastic SSOP

e Product name: ML22Q394-NNNMB, ML22Q394-xxxMB(xxx: ROM code No.)
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The following table shows the differences among the other speech synthesis LSls.

ML22330/

Parameter ML22Q330 ML22Q374 ML22Q384 ML22Q394
CPU interface Serial <« Event input 12C
Memory capacity 640Kbit 692Kbit <« <«

4-bit ADPCM2
8-bit nonlinear PCM
Playback method 8-bit straight PCM «— «— <~
16-bit straight PCM
Maximum number
30 <~ <~ “—
of phrases
Samplin 6.4/8.0/10.6/
o upencg (2) 12.0/12.8/16.0/ « « -
quency 21.3/25.6/32.0
_ 4.096MHz 4.096MHz
Clock frequency (with a built-in crystal . I «— «—
. oo (internal oscillation)
oscillator circuit)
Low-pass filter FIR interpolation filter <~ <~ <~
Speaker drivin Built-in AB-Class Built-in D-Class
ar‘:} i g 0.7W 1.0W « «
P (8Q, DVop = 5 V) (8Q, DVop = 5 V)
Edit ROM function Yes «— «— «—
VVolume control 32 levels «— «— «—
Yes
Silence insertion 20 ms to 1024 ms « «— «
(4 ms/step)
Repeat function Yes <« <« <«
Power supply 23V1055V 20Vt055V « «
voltage
Operating
—40 to +85°C «— « «
temperature range
Package 30-pin SSOP 16-pin SSOP <« <«
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BLOCK DIAGRAMS

ML22Q394-NNNMB/ML22394-xxxMB

VDD
GND Regulator Address 16bit 692Kbit 0] VPP
Controller Multiplexer Flash
VboL Y y'y
A
A A
N Phrase 16bit ADPCM/PCM
12C Address Latch Address Counter Synthesizer
CsSB 'y
SoL Interface
SDA _ v
LPF
TESTL :E SPVpp
v SPGND
Timing
BUSYB [ l¢— OUTPUT Controller D-class
Interface Speaker "i SPM
T Amplifier L »[1 SPP
oscC
(internal)
RESET_N
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PIN CONFIGURATIONS (TOP VIEW)

ML22Q394-NNNMB/ML22394-xxxMB

16-Pin Plastic SSOP

SPP [ 1] [16] RESET_N
SPM [ 2] @ [15] TEST
SPGND [ 3 | [14] VPP
SPVop [ 4] [13] NC
BUSYB [5 | [12] NC
DGND [ 6 | [11] SCL
Voo [ 7 ] QE SDA
DVoo [ 8] [9] csB

NC:Unused pin
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PIN DESCRIPTION

Initial value
. (At the Initial value _
Pin Symbol | I/O RESET N | (At standby) Description
Input)
1 SPP (0] Hi-Z Hi-Z Positive(+) output pin of the speaker amplifier built-in
2 SPM (0] Hi-Z Hi-Z Negative(-) output pin of the speaker amplifier built-in.
3 SPGND | — — — Ground pin for the speaker amplifier.
Power supply pin for the speaker amplifier.
4 SPVpp — — — Connect a bypass capacitor of 1uF or more between this pin and SPGND
pin.
BUSY output pin.
When BUSYB use mode is set, the "L" level is outputted during playback.
5 BUSYB O Hi-Z 1 At the time of a disconnection detection function,
when disconnection is detected, the "L" level is outputted.
In addition, when BUSYB use mode is not set, the initial value is outputted.
6 DGND — — — Digital ground pin.
7 VooL . . . Regulator output pin for internal logic circuitry.
Connect a capacitor of 10uF or more between this pin and DGND pin
8 DVop o . o Power supply pins for logic circuitry.
Connect a capacitor of 1uF or more between this pin and DGND pin.
Chip select pin, when CSB use mode is set.
9 CSB | 1 1 At the “L” level, data input is available.
When CSB use mode is not set, this pin should be fixed to “H” level od “L”
level.
Input pin for 12C serial data.
10 SDA | 1 1 Use for setting the mode of write and writing address, writing data.
This pin should be connected to pull-up resistor.
11 scL | 1 1 CI(_)ck _|nput pin for 12C serial interface. .
This pin should be connected to pull-up resistor.
14 VPP . . . Power supply pin for rewriting Flash memory.
Fix this pin to GND except when rewriting Flash memory.
15 TEST I 0 0 Test pin. Fix this pin to a DGND level.
16 |RESET N| | 0 1 At the “L” level, the LSI enters initial state.

After the power supply voltage is stable, drive this pin to “H” level.
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ABSOLUTE MAXIMUM RATINGS

(DGND = SPGND =0 V)

Parameter Symbol Condition Rating Unit
Power supply voltage DVpp -0.3t0 +7.0 \%
Speaker power supply voltage SPVpp -0.3t0 +7.0 \'%
Internal logic power supply VooL 0310436 v
voltage
Ta=25°C
Flash power supply voltage VPP -0.3t0 +9.5 \%
Input voltage ViN -0.3to \%
Power dissipation Po 1 W
- | except SPP pin, SPM pin -12to +11 mA
Output short-circuit current s xcep b P
Isco SPP pin, SPM pin 300 mA
Storage temperature Tste — -55to +150 °C

RECOMMENDED OPERATING CONDITIONS

(DGND = SPGND =0 V)

Parameter Symbol Condition Range Unit
Power supply voltage DV — 201055 v
PPy g ep Flash memory write 2.7t05.5
Speaker power supply voltage SPVpp — 20to55 \%
Flash power supply voltage Vpp Flash memory write 7.7t08.3 \%
Flash memory rewrite cycles N — 80 —
) Tor1 — —-40 to +85
Operating temperature X °C
Top2 Flash memory write 0 to +40
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ELECTRICAL CHARACTERISTICS

DC Characteristics

DVpp = SPVpp =2.0t0 5.5V, DGND = AGND =0V, Ta = -40 to +85°C

Parameter Symbol Condition Min. Typ. Max. Unit
“H” input voltage Vin — 0.7xDVpp — DVpp V
“L” input voltage Vi — 0 — 0.3xDVpp V
“H” output voltage 1 VoH1 lon = -0.5 mA DVpp-0.5 — — Vv
“L” output voltage 1 Vou1 lo. = 0.5 mA — — 0.5 V
“H” input current 1 liH1 Vin = DVpp — — 1 HA
“H” input current 2 liH2 Vin = DV.DD 0.02 0.3 1.5 mA
TEST pin
“L” input current 1 lt V. = DGND -1 — — pA
“L" input current 2 L2 R\I/-:ILS_E'I?_GNN:)::n -1.5 -0.3 -0.02 mA
wp oy V||_: DGND
L” input current 3 liLs CSB Pull-up input -1.5 -0.3 -0.02 mA
VOH = DVDD = SPVDD
“H” output current 1 looH1 (High impedance) — — 1 HA
BUSYB pin, SPP pin, SPM pin
Von = DVpp
“H” output current 2 looh2 (Nch Open drain) — — 1 HA
BUSYB pin
VoL = DGND = SPGND
“L” output current 1 looL1 (High impedance) -1 — — HA
BUSYB pin, SPP pin, SPM pin
VoL = DGND
“L” output current 1 looL2 (Pch Open drain) -1 — — A
BUSYB pin
No output load,
Supply current during foos DVDDp: 3.0V o 4.0 6.0 A
playback o2 No output load, . 6.0 10 m
DVDD =5.0V
Awaiting command supply Ioct DVoo = SPVop = 5.0V — 3.0 5.0 mA
current
Ibbs1 Ta = -40 to +40°C — 0.5 3.0
Standby supply current — Ta = 40 t0 +85°C — 05 8.0 pA
Source oscillation ¢ Ta=-10to +50°C 4.034 4.096 4.158 MHz
frequency ose Ta = —40 to +85°C 3.973 4.096 4.219

Characteristics of Analog Circuitry

DVpp = SPVpp =2.0t0 5.5V, DGND = SPGND =0V, Ta =-40to +85°C

Parameter Symbol Condition Min. Typ. Max. Unit
SPM, SPP output load Ruse . 8 . . o
resistance
Speaker amplifier output Psro SPVpp = 5.0V, f = 1kHz Rspo = o 10 . W

power

8Q2, THD>10%
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AC Characteristics

DVpp = SPVpp =2.0t0 5.5V, DGND = SPGND =0V, Ta = -40 to +85°C

Parameter Symbol Condition Min. Typ. Max. Unit

RESET_N input pulse width trsT — 100 — — us
Start time SPVpp after starting DVpp tvop — 0 — — ns
Initialization time after reset release tiniT — — — 20 ms
BUSYB change time from "L" to "H",after ; . . . 500 ns
RESET N fall edge BSYR
SCL clock frequence tscL 12C Fast mode 0 — 400 kHz
Hold time (repeated) START condition
After this p(eriF())d, the)first clock pulse is generated. thoisTA 12C Fast mode 0.6 o o Ks
SCL “L” level pulse width tLow 12C Fast mode 1.3 — — us
SCL “H” level pulse width tHiGH 12C Fast mode 0.6 — — us
Setup time for repeated START condition tsu:sTA 12C Fast mode 0.6 — — us
Data hold time: For I12C bus devices tHD:DAT 12C Fast mode 0 — 0.9 us
Data setup time tsu:DAT 12C Fast mode 100 — — ns
SDA and SCL signal rise time tr 12C Fast mode 20 — 300 ns
SDA and SCL signal fall time te 12C Fast mode 20 — 300 ns
STOP condition setup time tsu:sTo 12C Fast mode 0.6 — — us
Bus frfee time between STOP condition and START taue 12C Fast mode 13 o . us
condition
Capacitive load for each bus line Cp 12C Fast mode — — 400 pF
Noise margin at a “L” level in each device 0.1x
connectedg(including hysteresis) Vi 12C Fast mode DVpp | o v
Noise margin at a “H” level in each device 0.1x
connectedg(including hysteresis) Vi 12C Fast mode DVpp | o v
Pulse W|dth qf spikes which must be suppressed o 12C East mode 0 . 50 ns
by the input filter
SDA reception possible time, after an oscillation

trup1 — 2 — — ms
start
Playback time tveye — 20 — — ms
BUSYB change time from "H" to "L", after a ‘ . . . 300 S
command is inputted 8 H
CSB “H” level pulse width tosw CSB use mode 50 — — ns
Oscillation stop time, after playback tossT — — — 500 us
Next command transmit time ‘ — . . 10 ms
In the case of the playback NeM
Next command transmit time
after shifting to a standby state tows CSB use mode 50 - - ns
Disconnection judging time —
by the DISCOI\JINEgC'Igl command toco 100 o o ms
BUSYB change time from "L" to "H",after ‘ — . . 80 S
Over-current detection of a speaker amplifier S0 H
Processing time before playback start tpLBE — 0.3 — 2.1 ms
Processing time after playback start tpLAF — 0.15 — 1.2 ms
Fade-out time at Change Immediately mode or —

trpo — 22 — ms

Change Immediately Once mode

Note: Output pin load capacitance = 45 pF
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TIMING DIAGRAMS

Power-On Timing

*Notel v — i
DVbp L/ '
itvooi
-
CSB viHi—= ; ;
*Note2 viL— P
1 ' RST 1
RESET N L b
-~ Hiz | | ’
BUSYB .o — 5 i 5
OosC Oscillationistopped / Oscillating \ Oscillation stopped
(internal) 5 : . 5
- Hiz h = g
SPP o— : :
SPM o—HE— ;
Status X Perormyd @ X Initializing X Standby

Note 1: Turn on DVpp and SPVpp simultaneously, or turn on SPVpp, after turning on DVpp.
Note 2: When CSB use mode is not set, this pin should be fixed to “H” level or “L” level.
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Power-Down Timing (At the RESET_N Input)

CSB |
*Note

RESET_N

1
'
tgsyr !

BUSYB e

| {  Oscillation
. 0SsC Oscillating \ / Oscillating \ stopped
(internal) ' : ;

Sl | {1l
SV

Status Playing X Y. X Initializing X Standby
_/

Performing a reset

tinir

Note: When CSB use mode is not set, this pin should be fixed to “H” level or “L” level.

12C Command Interface Timing

VIH= 4 f "—\ - i )
SDA w_ | ' A A et
te E = 41 tsupa E : : E F E tHp;sTA E tsp tr
VIHS . ' Ii N '
scL M = 2'5 ] M\ \
- E HD:STA : ; HD; DAT SUSTA E = tSU.STOE —
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CSB use mode
Play Once mode Timing

CSB _|

SDA | toues ols|4 ][22 ofwal7|olo ] 2|2 ] o hay
SCL ' '
L feyt Lo
BUSYB Yo+~ | ; \x
VOL— !
OSC ; :

(internal) ,( \ Oscillating

g

4
=
%2}

A L=l
=
[}

N

TTYTTTTTTPAT TSI

tveve

A
']
[
@

Oscillation stable

\ Al

Speaker amplifier
enable (internal)

<

SPP

Hi-Z
SPM 2 -
Status \ ? Awaiting command /X/ZX Playing
Standby Command processing
VIH—
CSB L—
SDA E tCSW EtPUPl 6543210V\‘Ar7)622r3”2]18
SCL 1 A
R —iele
BUSYB VoH— / P \
o= L B
0sC — i — —
(internal) | OS(I:I”a'[I?]g - X Q Oscillating ; | | |
E tpLar EWSS: WS4 EtOSST ; i Oscillation stable E EWSlEWSZE tPLBFE
Speaker amplifier ! P /
enable (internal) ! ; i ; ; — ' : i
sep [ ¢ — iz — -
SPM JI"__/ Hi-Z - |||\\||”ﬂ|||| -
Status Playing Awaiting command X, X Playing
Awaiting oscillation stop —/ Command processin
Standby P g

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Scheduled Play Once mode and Scheduled Play mode Timing (Continuous Play)
After inputting the next PHRASENn command(Phrase(n)), a phrase(Phrase(m)) is played back to the last
and thePhrase(n) playback is started.
css | o
T Phrase (n)

A|AJAIA|AIAA D|D|D|D|D|D|D|D
WAA76543210A/

Phrase (m

SDA A|AJA|A[AIAA D|D|D|D|D|D|D|D
6543210WAA76543210AI

scL ML AL

teup1

@
o
IS
w
N
-
o

=

BUSYB YoH— \_
voL— Vo
0OSC : : -
(internal) /< \ X Oscillating _
Speaker amplifier : \—Oscillation stable . w
enable (internal) /
sPP —— (L -
SPM - — iz ——i [l -
Status % Awaiting command ﬁx Playing Phrase (m)
Standby Command processing
" |
SDA "7
VIL— :
SCL vwk= ::
VIL— i
BUSYB ‘\’/‘;‘: j
(intecr)nsél% Oscillating ' :

toLar WS3()! wsam) ! tosst
——————>

Speaker amplifier
enable (internal) |

oee [URIL NN O 0 (O]
TR T T T

><___§_-__.B___-.7./..

Status Playing >< Playing Phrase (n) / /
Awaiting oscillation stopJ StandbyJ

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.

- The playback of Scheduled play mode is suspended with the STOP command. Confirm the completion (BUSYB="H") of the
playback after input of a STOP command. Next, input the next command (PHRASEn command).

- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”

*1: Itis applied to the Scheduled Play Once mode. Start the next PHRASEn command within the tNCM. When it can't start,
confirm the completion (BUSYB= "H") of the playback. Next, input the next command (PHRASEn command).
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Change Immediately Once mode and Change Immediately mode Timing (Continuous Play)
After inputting the next PHRASEN command(Phrase(n)), fade-out of the playback(Phrase(m)) is carried out
and thePhrase(n) playback is started.

CSB
Phrase (m Phrase (n)
A|A|A|A|AIALA D|D|D|D|D|D|D|D AlAJA|AIALAIA D|D|D|D|D|D|D|D
SDA teupy s|5[a]3]2|1|o[wyaf7]s]5]4[3]2]1]|o}A 6|s|a]3|2[1]o|wyal7]s|s|4]3[2]1]ofiA

S Attt SERTE LRt T Rl EE
L~
P CECETEEEY PEEEFEEE T

SCL

tep i ;

BUSYB Yoi™ \
VOoL— h

0sC :
(internal) Oscillating

wSs1(m)tws2(m)! trLer!

1

Oscillation stable

Speaker amplifier
enable (internal)

Hi-Z

[N W --
-~

Playing Phrase (m)

SPP

Hi-Z

Awaiting command y
Standby Command processing

SPM

""7"""}’"""}"\'

Status

Kgg

VIH—

CSB

VIL—

SDA VIH—

VIL=

SCL  wvin—

VIL=

BUSYB Vo™

VOL—

troo !

Phrase (m) Stop

Rt

0oscC
(internal)

Oscillating

_>4(_ -

n
2
>

tpLar ws4(n) i fossT

=

r N

Speaker amplifier
enable (internal)
L]

see [ T T

Hi-Z

sev [ IR (| WL

Status Playing A Fade-out processing Playing Phrase (n)

Hi-Z

I Y Y, -

=<

Y

/ /
Awaiting oscillation stopJ Standby —/

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- The playback of Change Immediately mode is suspended with the STOP command.
- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Timing which stops the playback in Scheduled Play Once mode and Scheduled Play mode
After inputting the STOP command, a phrase is played back to the last and the playback is stopped.

CSB _|

Phrase (m STOP command
Vot alalafalafala p|o|o[p|p|p|p|D Ala[ala]ala]a
SDA &;6543210WAA76543210A/ 6[5]4[3]2|1]o|wa iy
S R
é i tcs » E
BUSYB VoH— | ! ; \(
v b B
0sc ! ; M
(internal) /< \ >< Oscillating i

—_ P 1 Ws1i ws2! teuer)
Oscillation stable VAL

Speaker amplifier
enable (internal)

T

SPP Hi-Z

SPM : iz —

UL
. -

Status % Awaiting command yx Playing Phrase (m)
Standby Command processing

csB |

SDA VV'::

SCL vvll.:
BUSYB VVC;':: ]
(inte(r)nsel% Oscillating >\

\ thLar :WS3(n)i WS4(n) itOSST i
PP —>

Speaker amplifier ' : \ :
enable (internal) i i ; :

S 1 7

se (ML LML OWLOL | iz

Status Playing (reproduced to the last) / X Standby

Awaiting oscillation stop—/

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- Confirm the completion (BUSYB="H") of the playback after input of a STOP command. Next, input the next command
(PHRASEnN command).

- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Timing which stops the playback in Change Immediately mode and Change Immediately Once mode
After inputting the STOP command, fade-out of the playback is carried out and the playback is stopped.

CSB _|

i Phrase (m STOP command
son e ] [T EEEEEEE L, ARREARE B
scL T AL, VAL
i E tCBI: E'
BUSYB VoH— . i \+
VOL— E E .
OosC 5 ; — :
(internal) A\ X Oscillating

o i ! toLor!
” Oscillation stable NSL: WSz, feise
Speaker amplifier

enable (internal)

memomd o e T

I -

B e I L B

SPP Hi-Z
SPM iz 010~
Status % Awaiting command & Playing Phrase (m)
Standby Command processing
cse
SCL  vh—
VIL= 3 feoo :: i
BUSYB Yo~ ]
. 0SC Oscillating >\
(internal) v (WS3| WS4 &
Speaker amplifier \ :
enable (internal)
SN s —w
SR 1 10 O —w
Status Playing i Fade-out processing | X / X Standby

Awaiting oscillation stop—/

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- Confirm the completion (BUSYB="H") of the playback after input of a STOP command. Next, input the next command
(PHRASEnN command).

- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Disconnection detection Timing

VIH—
CSB VIL——I

DISCONNECT command

SDA e ] [ .
SCL i I |'| |'| |'| |'| |'|
E i :EC'EL toco J
BUSYB Vo4~ i ; \x 7‘ -
VoL— :Oscillation stable P
0oSsC E 7 — —
(internal) i X Oscillating P
Status % Awaiting command &X Under disconnection detection
Standby Command processing
VIH—
CSB UL—
STOP command
SDA AERERRE B
itea! tosst i
BUSYB Wi |
0osC — — i
(internal) Oscillating P i
Status Under disconnection detection \ X Standby
Command processing \—Awaiting oscillation stop
Speaker pin short detection Timing
i tsp R
BUSYB Vo~ i :
VOL— !
. 0sC Oscillating >\
(internal) ; :
Speaker amplifier \
enable (internal) : :
Speaker pin short : \\
detect (internal) ) :
SPM HM” | / Hi-Z

S Short detéction processing
Status Playing / X Standby
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Command processing—

“Hor"L” fix

VIH—
VIL—

CSB

SEMICONDUCTOR
CSB unuse mode
Play Once mode Timing

—
I =
] 1
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- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.

- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Scheduled play once mode and Scheduled play Timing (Continuous Play)
After inputting the next PHRASENn command(Phrase(n)), a phrase(Phrase(m)) is played back to the last
and thePhrase(n) playback is started.
CSB \\//'::: “H”or’L” fix tnew |
! ' ' Phrase (m

A|AJA[A|A]ALA t D|D|D|D|D|D|D|D
SDA PUPL
6543210WAA :76543210AI

JE

Phrase (n)

A|AJAIA|AIAA D|D|D|D|D|D|D|D
WAA76543210A/

sCL MMMV AL UUUUUUUUU UL

o
o
IS
w
N
—
o

WSL(m) WS2(m) | to, e |

: : fce 4
: : — =
BUSYB Vo~ | ! : ' \x
voL— i i
0osC ] i E
(internal) ‘A \ X  Oscillating i

enable (internal)

o \—rOsciIIation stable
Speaker amplifier ! '

AR
[ -
Status Standby Awaiting command X Playing Phrase (m)

Command processing--

VIH— X
“H"or"L" fix
VIL—

SDA VIH—

VIL—

SCL wvw=

VIL—

BUSYB VoH— j

VOoL—

oscC
(internal)

T

Oscillating

i tpLar (WS3(N)!  WS4(n) : tosst

Speaker amplifier
enable (internal)

cer NI OB OB 00 L
O I TT

Status Playing >< Playing Phrase (n) / >< /
Awaiting oscillation stop —/ StandbyJ

ey SR, N _---7‘/__

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.

- The playback of Scheduled play mode is suspended with the STOP command. Confirm the completion (BUSYB="H") of the
playback after input of a STOP command. Next, input the next command (PHRASEn command).

- About this function, refer to “3. PHRASEn command” in “Description of Command Functions”

*1: Itis applied to the Scheduled Play Once mode. Start the next PHRASEn command within the tNCM. When it can't start,
confirm the completion (BUSYB= "H") of the playback. Next, input the next command (PHRASEn command).
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Change Immediately Once mode and Change Immediately Timing (Continuous Play)
After inputting the next PHRASEN command(Phrase(n)), fade-out of the playback(Phrase(m)) is carried out
and thePhrase(n) playback is started.

ws1(m)ws2(m); trLer!
—p P — P

CSB \\//I:: “H"or"L” fix
: : ! Phrase (m Phrase (n)
soa | [T s STEEEREEE, HEREARR M BRRREERE®
R 11100 S 1 0 N
' i b -
BUSYB Vor~— ; \
VOoL— E }
0osc : — i
(internal) \ X Oscillating i

Speaker amplifier
enable (internal)

\—EOsciIIation stabld:

""'/“"""}’"""h‘\'

[T

SPP Hi-Z
SPM e W -
Status Standby

Awaiting command &X Playing Phrase (m)

Command processing

VIH= -
“H"or"L" fix
viL=

CSB

SDA VIH—

VIL=

SCL  wvin—

VIL=

BUSYB Vo™

VOL—

troo !

Phrase (m) Stop

7'
_N__

i/

0sC

. illati
(internal) Oscillating

_>4(_ -

| ws4(n) _t tosst

tPLAF‘E\‘NSS(n)

Speaker amplifier
enable (internal)

S| |

sev [ (IR 11|

Status Playing X Fade-out processing

Hi-Z

Playing Phrase (n)

Hi-Z

=<

/ /
Awaiting oscillation stop —/ Standby —/

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- The playback of Change Immediately mode is suspended with the STOP command.
- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Timing which stops the playback in Scheduled Play Once mode and Scheduled Play mode
After inputting the STOP command, a phrase is played back to the last and the playback is stopped.

VIH

lati L WS2 | teier]
Oscillation stable  LenonNVS3 7o

Speaker amplifier
enable (internal)

csB ., _ "HorLfix
i i i Phrase (m STOP command
AlAJA[A]ALA[A
son | [T e SRR RERE L, ARRHARA B
Sl 111111 A 1 1 1 A A
i i fce 'E E
BUSYB VoM i '
VOoL— i '
OsC 5 : —
(internal) i \ Oscillating

I -

O e e B e S L

RPSPRORUYE EPRPRPEppRPR N P EpREpp— « ) R R R ——

mmmeod e T

SPP Hi-Z
sPM 7z L 11
Status | Standby Awaiting command Playing Phrase (m)

=3

Command processing

CSB "' “HorL fix
VIL—

SDA VIH—

viL=
SCL  wvm—
vm#

BUSYB VoH— ]

VOL—

0SsC

. Oscillating
(internal)

tpLaF WS3(n)

Ws4(n)

—
e}
0
0
1

Speaker amplifier
enable (internal)

SO

Hi-Z

YRR 11 T ] 61

Status Playing (reproduced to the last) /

Hi-Z

i "\'“""'}’(

Standby

Awaiting oscillation stop—/

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- Confirm the completion (BUSYB= "H") of the playback after input of a STOP command. Next, input the next command
(PHRASEN command).

- About this function, refer to “3. PHRASEn command” in “Description of Command Functions”
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Timing which stops the playback in Change Immediately mode and Change Immediately Once mode
After inputting the STOP command, fade-out of the playback is carried out and the playback is stopped.

VIH

CSB il— !—Ior L” fix

' WSlE WS2 i tPLBF;

Oscillation stabl —— bl —pl—>!

Speaker amplifier
enable (internal)

: i i Phrase (m STOP command
spA | PITIT e SRR L, RRRARRE B
scL NN UL, LU
i L Lk
BUSYB VoW~ ! P \
voL— | ' i :
0sC 5 5 : — :
(internal) ' ; Oscillating i

L—
S

[ERSPPEVRVN PR W SR - Yy NI [ ———

mmmomse e o e T

I -

SPP Hi-Z
sPM WL 1--
Status I Standby Awaiting command Playing Phrase (m)

Command processing

CSB VIH— “HrorL” fix
VIL—

SDA VIH—

ViL=
SCL  vkm—
VIL—4‘

BUSYB Vo™

VOL—

tepo

A 4

<

oscC
(internal)

Oscillating

.>/_

toiar (WS3: WS4

I'

Speaker amplifier
enable (internal)

see UL RN 11|
sev (UL AL I 1|

Status Playing Fade-out processing

SO IO

Standby

><“"'<"““<""“'7"('
>

/

Awaiting oscillation stop—/

- The wait time of WS1, WS2, WS3, and WS4 can be set up for every phrase, when creating sound data using Speech Utility.
- Confirm the completion (BUSYB="H") of the playback after input of a STOP command. Next, input the next command
(PHRASEnN command).

- About this function, refer to “3. PHRASEN command” in “Description of Command Functions”
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Disconnection detection Timing
CSB ™ hrort fix
: i DISCONNECT command

soa | [TEETT Rl 5
scL U

>
]
'
[
[
[
]
|
]
'
'
|

o >

Status Standby Awaiting command &X Under disconnection detection
Command processing

CSB ™7 shrorL” fix
VIL—

: ; Heg! foco .

BUSYB Vo~ | § . O\ f
osC voL— 5 {Oscillation stablé
(internal) i/ Oscillating | |

STOP command
AlA|AJAIALALA
SDA 5 3]2 WAAI

o
IS
-
o

ML

SCL
teey tosst

— 05T,

BUSYB

(internal) Oscillating

oscC :

: :

Status Under disconnection detection ﬂ \ Standby
Command processing \—Awaiting oscillation stop

Speaker pin short detection Timing
P tsp

v

BUSYB YoH—

VOL—

0OSC

. Oscillatin
(internal) 9

Speaker amplifier
enable (internal)

Speaker pin short
detect (internal) /
see LIl

sew LI
— Short det?ction processing
Status Playing / X Standby

‘\“““\'“""7"/'“'7"4""'>'d“'
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FUNCTIONAL DESCRIPTION
12C Command Interface

The 12C Interface built-in is a serial interface (: slave side) that is compliant with 12C bus specification.
and enables data reception at 400 kbps. The SCL and SDA pins are used to input the command data.
Pull-up resister should be connected to SCL pin and SDA pin.

For the master on the 12C bus to communicate with this device (: slave), input the slave address with the first seven bits after
setting the start condition. The slave address can be set using the Speech Utility. The eighth bit of slave address is used to set
the direction (: write or read) of communication. If the eighth bit is “0” level, it is write mode from master to slave. And, if
the eighth bit is “1” level, it is read mode from master.

The communication is made in the unit of byte. And acknowledge is needed for each byte.

It supports Fast mode

The protocol of 12C communication is shown below.

— Command flow at data write
START condition
Slave address +W (0)
Write address
STOP condition

¢ Data write timing

Status

Slave Address

Command Data XA XE

BUSYB

The slave address can perform a 7-bit setup on the option screen of Speech Utility shown in figure.1.

Mask Option Settine E‘
Device
[z oFspesker short detective
SEG Fins Setting

SEG CEE Fins Setting 12 Fins Setting

[Juse of sEa
Initial State Initial State Slave address

L lewel Qutput L lewel Inpu
(3L el Qutpu L tewsl Inpur .
() Hlevel Dutpur (&) Hievellnput
Condition Condition Acknowledge setting
@®cMos () Poh Pullup
() Meh Open Drain @Hz 0 ¥
() Peh Open Dnsin
L Use C5E
Ciose

Figure .1 The option screen of Speech Utility
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Setup by Speech Utility
A6 A5 A4 A3 A2 Al A0
0 0 0 0 0 0 0
0 0 0 0 0 0 1
0 0 0 0 0 1 0
0 0 0 0 0 1 1
0 0 0 0 1 0 0
1 1 1 1 1 1 0
1 1 1 1 1 1 1

For example, when it sets to "5" on the option screen of Fig. 1, a slave address is set to "0000101".
Command List

Each command is configured by the unit of byte (8-bit).

Command D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Description

Stop command.

The STOP command becomes
STOP 0 0 0 0 0 0 0 0 |effective except the phrase in Play
Once mode and Scheduled Play
Once mode.

Disconnection detection command.
Please input the STOP command,

DISCONNECT 0 0 0 0 0 0 0 1 after you use the DISCONNECT
command.

PHRASE2 V2 | VI |VO| O 0 0 1 0

PHRASE3 V2 | Vl|V0o]| O 0 0 1 1
Phrase command

PHRASE31 [v2 | vi|wvo|l 1|1 ]1]1]1

Voice Synthesis Algorithm

Four types of voice synthesis algorithm are supported. They are 4-bit ADPCM2, 8-bit non-linear PCM, 8-bit straight PCM and
16-bit straight PCM.  Select the best one according to the characteristics of voice.

The following table shows key features of each algorithm.

Voice synthesis

algorithm Applied waveform Feature

Up version of LAPIS Semiconductor’s specific voice
4-bit ADPCM2 Normal voice waveform | synthesis algorithm (: 4-bit ADPCM).

Voice quality is improved.

Algorithm, which plays back mid-range of waveform as
) ) 10-bit equivalent voice quality.

8-bit straight PCM high frequency signals  |"Normal g-bit PCM algorithm

16-bit straight PCM (sound effect, etc.) Normal 16-bit PCM algorithm

8-bit Nonlinear PCM Waveform including
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Memory Allocation and Creating Voice Data

The ROM is partitioned into four data areas: voice (i.e., phrase) control area, test area, voice area, and edit ROM area.

The voice control area manages the voice data in the ROM. It contains data for controlling the start/stop addresses of voice
data for 1,024 phrases, use/non-use of the edit ROM function and so on.

The test area contains data for testing.

The voice area contains actual waveform data.

The edit ROM area contains data for effective use of voice data. For the details, refer to the section of “Edit ROM Function.”
The edit ROM area is not available if the edit ROM is not used.

The ROM data is created using a dedicated tool.

Configuration of ROM data

0x00000 _
Prohibition of use area
OXO1FFF (Fixed 64 Kbits)
0x02000
Voice area 2
max.0xOFBFF
Edit ROM area
OXOFFFE Depends on creation
max.0XOFBFF of ROM data.
0xOFCO00
OXOFFFE Test area
0x10000 ]
Voice control area
(Fixed 4 Kbits)
0x101FF
0x10200
Voice area 1
OX17FFF

Playback Time and Memory Capacity

The playback time depends on the memory capacity, sampling frequency, and the playback method.
The equation to know the playback time is shown below. But this is not applied if the edit ROM function is used.

1.024 x (Voice area 1 + Voice area 2) [Kbits]
Sampling frequency [kHz] x Bit length

Playback time [sec] =

(Bit length is 4 at the 4-bit ADPCM2 and 8/16 at the PCM.)

Example) In the case that the sampling frequency is 8 kHz, algorithm is 4-bit ADPCM2, the playback time is approx. 22.1
seconds, as shown below.

8 [kHz] x 4 [bits] T

Playback time =

Make the playback time of one phrase more than 20msec.
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Edit ROM Function

The edit ROM function makes it possible to play back multiple phrases in succession. The following functions are set using
the edit ROM function:

« Continuous playback: There is no limit to set the number of times of the continuous playback. It depends on
the memory capacity only.
« Silence insertion function: 20ms to 1,024 ms

Note: Silent insertion time varies for £1ms by the sampling frequency

It is possible to use voice ROM effectively to use the edit ROM function.
Below is an example of the ROM structure, case of using the edit ROM function.

Example 1) Phrases using the Edit ROM Function

Phrase 2 A X B X D
Phrase 3 A X C X D
Phrase 4 E X B X D
Phrase 5 E X C X D

Phrase 6 A X B X D X Silence X E X C X D

Example 2) Structure of the ROM that contents of Example 1 are stored

Address control area

A

Editing area
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Notice of silence insertion function

If it is only silence phrase registered, please put in order three or more silence phrase.
The phrase which is constituted from one or two of silence phrase does not playback.

Example 3) Phrase composition in the case of using silence insertion function
The phrase to playback (The phrase 2 is playbacked twice on both sides of 1 sec silence.)

A X B XD Silence A X B XD

1 1 1
4——Phrase2 ——————» | 4¢———>» ' ¢—— Phrase2 ——»!
! Phrase 8 ! !

1sec silence

| 1
Silence X Silence XSiIence
| —> i —> i +—>
1 336ms 1+ 336ms 1 328ms

Silence  Silence  Silence
insertion  insertion  insertion

1 sec which is constituted by the three silences is registered as the phrase 8.

Notice of the silence insertion function, which a ""Mute Time"" was used for.

When "Mute Time" is used at the end of phrase , the continuous playback of that phrase isn't done.

Modify it to the sound which "Mute Time" was used for and the silence voice data in the case of the continuous playback
mode.

Example 4) Phrase coposition in the case of countinuous playback using silence insertion function
The case of continuous playback using Scheduled play mode.

S T (3 N D e = =y

<4— 1 edit rom phrase

When "Mute Time"(1s silence) is used at the end of phrase, the continuous playback of that phrase isn't
done.

Change "Mute Time"(1s silence) to the combination of " "Mute Time"(980ms silence) and the silence
voice data*1 of 20ms".

« o \[ the silence « - n \[ the silence
A B C Mute Time voice datal| A B © Mote rime voice data
980ms 20ms 980ms

20ms

1
| — 1 edit rom phrase > < 1 edit rom phrase ~———|
1 1

*1 : The data that sound-less was made by the voice data are the silence voice data.
In the case of 20ms, it can be realized with 128Byte by choosing sampling frequency 6.4kHz, the 8bit PCM mode.
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Speaker Pin Short Detection Function

The speaker pin short detection function detect the short-circuit between SPP pin and SPM pin, or between SPP/SPM pin and
GND during playback. When short-circuit of a speaker pin is detected, the playback will be stopped automatically, BUSYB pin
will become "H" level, and LSI will become in a standby state.

In addition, this function can be set up with the option screen of Speech Utilty.

Please refer to a "Mask Option Setting setting item" for the option screen of Speech Utilty.

Phrase Phrase
soa ¢ ([T LTI
: ' : '
BUSYB | ] | L
1 1 . 1
Speaker pin short
i i J7 e !
! . L H‘Ez: : . 0TI T
SPP/SPM ! Tz : : ! 2 :
[ al [
i : Speaker pin short | E : Speaker pin short
' ' detection function ! ' ' detection function
| ! -- effective ! : ! -- effective
| | ! |
Status | \ |Awaiting command| \ | Playing \ IAwaiting command| \ | Playing
A
Standby Command processing tandby Command processing

Forced outage by speaker
pin short detection

28/42



L A P I S FEDL22Q394-03

SEMICONDUCTOR ML220Q394

Description of Command Functions

1. STOP command

ccommand | 0 [ o [ o]l o] o] o] o] o]

The STOP command is used to stop the playback. BUSYB pin will become "H", if the playback is stopped.
The STOP command becomes effective except the phrase in Play Once mode and Scheduled Play Once mode.
When you use Play Once mode or Scheduled Play Once mode, the STOP command is ignored.

When you use Scheduled Play mode, a phrase is played back to the last and the playback is stopped, after the STOP command is
inputted. Furthermore, when you use Change Immediately Once mode or Change Immediately mode, fade-out of the playback
is carried out and the playback is stopped, after the STOP command is inputted.

Confirm the completion (BUSYB="H") of the playback after input of a STOP command. Next, input the next command
(PHRASEN command).

+ STOP command operation in the case of Scheduled Play mode

Phrase STOP command
spa 7 | (I
BUSYB | b
| 1 !
) | ]
SPP/SPM : Tz : IH l Iw | IH | “ | !—
! ' T
Status | | [Awaiting command] , | Playing (playback to the last) [, ]
tandby Command processing Standby _/

+ STOP command operation in the case of Change Immediately Once mode or Change Immediately mode

Phrase STOP command
soa 7 || il
BUSYB ! b [
' !
SPPISPM ——— a1 11 T TN AN —
Status | | iAwaiting commandi N Playing i Fade-out i / |
tandby Command processing Standby
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2. DISCONNECT command

ccommand | 0 | o | o] o] o | o] o] 1|

The DISCONNECT command is used to diagnose whether the speaker is disconnected or not. When the speaker is disconnected,
BUSYB pin outputs "L". Please input the STOP command, after you use the DISCONNECT command.

DISCONNECTcommand STOPcommand

BUSYB | § 5

é‘ tocp ‘i \— Disconnection ju:‘.lgm:ent

|

|

:

oo ! (L: disconnect Hi: Gonnect)
| |

|

]

]

i .
] |
! E .
Status | | [Awaiting command] | [ Under speaker disconnection detection | | |

Standby

Standby \_ Command processing \_ Command processing
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3. PHRASER (n = 2 to 31) command

~command | V2 | vi | vo | F4a | 3| F2 | F1 | Fo |

The PHRASEN (n = 2 to 31) command is used to start playback phrase. When you create the voice data, please set up the phrase
address using Speech Utility.
The timing in the case of the playback a phrase address below is shown.

Slave address Volume Phrase
A

e )
SDA | [nelas|aa]as[az]a1]ao] w a [vo]vi]volFa| 3] F2]Fa]Fo| A

SCL

)
1
BUSYB |
]
SPP/SPM E = | | | l
1
Status | \| Awaiting command N Playing |
Standby \— Command processing

The PHRASEN(n=2 to 31) command can perform a volume setup.
When V2-V0 is “000”, the volume setup of voice cntrol area is used.

<
N
<
=
<
o

Volume [dB]
The volume setup of voice
control area is used.
+2.98
+1.78
0
-2.25
-5.28
-9.99
-21.04

PRk, [O|O|C| O
PP |[O|I0O(kR|FL,|[OC| O
P |O[k |0k |O(F| O
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Each phrase can set up the wait time before and after playback, a volume setup, and playback mode using Speech Utility.

Event Setting
Range | EENEERE
EYEMT{Fharase ith
EVEMT Mode

EVEMT!FPharase 02h

Play ance

EVEMT!Fharase 02h

~ | |Playance

v

X

EYEMT!Pharase 04h

Playance ~

Walume Wolume 9 Wolume El Walume El

Tranzit Time

[ apey ][ cancel | [ cClose |

Figure .2 The option screen for every phrase of Speech Utility

1) Wait time setting before and after playback (WS1, WS2, WS3, WS4)
Each phrase can set up the wait time before and after playback. Since it is an option setup, change will be impossible once it sets

up.

Phrase
soa 7ML

BUSYB E ! | ' ' ' ' '

1 ' ' 1 1 1 1

\ ' IWS1iWS2! 'WS3 WS4 !

| Vo : : : ! '

seeise —————————— | LN —
Status | | [Awaiting command| \i : : Playing : | / | Standby

tandby Command processing Awaiting oscillation stop

WS1: Time after inputting a phrase address, until SPP/SPM pins are enabled.
WS2: Time after SPP/SPM pins are enabled, until playback is started.

WS3: Time after playback is completed, until SPP/SPM pins are disabled.
WS4: Time after SPP/SPM pins are disabled, until it will be in a standby state.

WS1-WS4 can be arbitrarily set up between 0 to1020ms (4ms unit).

2) Volume setup (Volume)
Each phrase can set up the volume setup. Since it is an option setup, change will be impossible once it sets up.

Value [hex] Volume [dB] Value [hex] Volume [dB] Value [hex] Volume [dB]
00h +2.98 0Ah -0.41 15h -6.87
01lh +2.70 0Bh -0.83 16h -7.79
02h +2.40 0Ch -1.28 17h -8.82
03h +2.10 0Dh -1.75 18h -9.99
04h +1.78 OEh -2.25 19h -11.34
05h +1.45 OFh -2.77 1Ah -12.94
06h +1.11 10h -3.34 1Bh -14.90
07h +0.76 11h -3.94 1Ch -17.44
08h +0.39 12h -4.58 1Dh -21.04
09h +0.00 13h -5.28 1Eh -27.31

14h -6.04 1Fh OFF
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3) Playback mode setup
Playback mode can be set up for every phrase. Since it is an option setup, change will be impossible once it sets up.

Playback mode Operation
This mode is playback once. All the commands become invalid during
Play Once
playback.
Scheduled Play Once When the following phrase is inputted into playback, after playback of

the present phrase is completed, playback of th following phrase starts.
Even if STOP command is inputted during playback, it will be ignored.
Change Immediately Once When the following phrase is inputted into playback, playback of the
present phrase is ended on the way, and playback of the following
phrase starts.

Scheduled Play The playback continues until the following command will be inputted, if
playback starts. When the following command is inputted into playback,
after playback of the present phrase is completed, the following
command is executed.

Change Immediately The playback continues until the following command will be inputted, if
playback starts. When the following phrase is inputted into playback,
playback of the present phrase is ended on the way, and playback of
the following phrase starts.

+ Play Once mode

Phrase (m) ! Phrase(n)

ousve T L !_

Voice output | : < "Good morning” >| : : < "Good afternoon” )
Status | \| \ |\| Playing Phrase (m) | \ \ |\| Playing Phrase (n) | / |
. Standby \ . Command processing . Standby \ . Command processing j
Awaiting command Awaiting command Standby

+ Scheduled Play Once mode

Phrase(m) Phrase (n)
SDA .
BUSYB — n |
Voice output : < "Good morning” >< "Good afternoon” >1
Status | \ | \ | \| Playing Phrase (m) | Playing Phrase (n) | Standby

- Standby\ . Command processing

Awaiting command

Start the next PHRASEn command within the tNCM. When it can't start, confirm the completion (BUSYB= "H") of the
playback. Next, input the next command (PHRASEn command).
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+ Change Immediately Once mode

Phrase(m) Phrase(n)
SDA
BUSYB — ;| |
Voice output | E < "Good mo>< "Good afternoon” >
Status | \ | \ | \| Playing Phrase (m)| \1 Playing Phrase (n) | Standby
Standby Command processing
Awaiting command Fade-out
+ Scheduled Play mode
Phrase(m) STOP command
SDA g
BUSYB — n |
Voice output E < "Good morning” >< "Good morning” )
Status | \ | \ | \| Playing Phrase (m) | Playing Phrase (m) | Standby

\—Standby\ \—Command processing
Awaiting command

Confirm the completion (BUSYB= "H") of the playback after input of a STOP command. Next, input the next command

(PHRASEN command).

- Change Immediately mode

Phrase (m) STOP command
SDA
BUSYB — n O
Voice output : : < "Good morning” >< "Good mo>
Status | \| \ |\| Playing Phrase (m) | Playing Phrase (m) | \ | Standby
Fade-out

\ Standby \ . Command processing
Awaiting command

Confirm the completion (BUSYB= "H") of the playback after input of a STOP command. Next, input the next command

(PHRASEN command).
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Mask Option Setting

Mask Option Setting

Device

EETE

(1) EEUS@ of speaker short detective

SEQ Finz Setting

SEQI
(2) D Use of SEGH
Initial State

(3) {#) L level Output

() H level Output

Condition

(4) (%) CcMos
() Meh Open Drain
() Pah Open Drain

() Hi-Z

C5E Fins Setting

(5)  itial State

()L level Input
(6) (%) H level Input

Condition
() Peh Pull-up

(7) @Hz

Uze CSE

X)

I2C Pinz Setting
Slave address
®F

Acknowledge setting

©

[ ok ][ close

]

Explanation of each option is shown in the following page.

Figure .3 The Mask Option Setting screen of Speech Utility

35/42



LAPIS

SEMICONDUCTOR

FEDL22Q394-03

ML220Q394

Parameter

Function

Explanation

(1) Use of speaker short detective

ON or OFF selection of a short
detection function

If a check box is turned on, a short detection circuit will
become effective.

SEQ Pins Setting

Interface setup

SEQ1

BUSYB setup

(2) Use SEQ1

Use or unuse selection of
BUSYB

If a check box is turned on, a BUSYB pin can be used. If
a check box is turned off, a BUSYB pin does not
function but the fixed output of the initial value is carried
out.

(3) Initial State

Initial output level selection of
BUSYB

The initial value of a BUSYB pin at voice stop can be
chosen.

L Level Output

L Level Output

The "L" level is outputted at voice stop.

H Level Output

H Level Output

The "H" level is outputted at voice stop.

(4) Condition

BUSYB condition setup

BUSYB condition can be chosen.

CMOS

CMOS output

a BUSYB pin become a CMOS output. Usually, please
use this setup.

Nch Open Drain

Nch Open Drain output

The "L" level is outputted at the “L” level. High
impedance is outputted at the H" level.

Pch Open Drain

Pch Open Drain output

The "H" level is outputted at the “H” level. High
impedance is outputted at the L" level.

Hi-Z

High impedance output

High impedance is always outputted. When BUSYB use
mode is set up, please do not use it.

CSB Pins Setting

CSB setup

(5) Initial State

CSB input level

The initial value of a CSB pin at standby can be chosen.

L Level Input

L Level Input

The "L" level is inputted at standby.

H Level Input

H Level Input

The "H" level is inputted at program operation.

(6) Condition

CSB condition setup

CSB condition can be chosen.

Pch Pull-up Pch Pull-up input Built-in Pull-up resistance can be used.
Hi-Z High impedance input It is used at CMOS connection. Usually, please use this
setup.
(7) Use CSB Use or unuse selection of CSB | If a check box is turned on, the interface using a CSB

pin is attained.
If a check box is turned off, two terminal interface of
SCL and SDA is attained.

12C Pins Setting

12C setup

The 12C condition can be set up.

(8) Slave address

Slave address setting

7-bits slave address can be set up.

(9) Acknowledge Setting

Acknowledge level setup

The level of the acknowledge signal outputted at the
time of termination of reception can be set up.
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THE PULL-UP RESISTOR VALUE OF SCL AND SDA PIN
The pull-up resistor value of SCL and SDA pin is computed as follows.

e Minimum Value (Rp.min):
BE.min = (V@ﬂgmax)H%

- Vpp: Power supply voltage
- VoL.max: The maximum output "L" level of a driver
- loL: Sink current of a driver

For example, in this case of Vpp=5V, VoL.max=0.4V, and I, =3mA, it is calculated as follows.
Rp.min = (5V = 0.4V)/3mA = 1.5kQ

e Maximum Value (Rp.max):
Rp.max = 300ns/[Maximum Capacitance of a Bus (F)]

For example, in this case of the maximum capacitance of a bus is 100pF, it is calculated as follows.
Rp.max = 300ns/100pF = 3.0kQ

TERMINATION OF THE Vpp PIN

The Vpp. pin is the regulator output that is power supply pin for the internal logic circuits. Connect a capacitor between this pin
and the ground in order to prevent noise generation and power fluctuation.

The recommended capacitance value is shown below. However, it is important to evaluate and decide using the own board.
Also, start the next operation after each output voltage is stabilized.

. Recommended
Pin . Remarks
capacitance value
VoL 10 pF +20% The larger the connection capacitance, the longer the settling time.
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POWER SUPPLY WIRING

The power supplies of this LSI are divided into the following two:
e Power supply for logic circuitry (: DVpp)
o Power supply for speaker amplifier (: SPVpp)

The example of power connection is shown below.

DVob DGND
.
I SPVop SPGND
il
sv L x
1 DVoo DGND
>
v
-
SPVpp SPGND
-
5V T

- Turn on DVpp and SPVpp simultaneously, or turn on SPVpp after turning on DVpp.
- Turn off DVpp and SPVpp simultaneously, or turn off DVpp after turning on SPVpp.
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APPLICATION CIRCUIT

RESET_N

MCU

CSB
SCL
SDA

A

BUSYB

()
;TEST

SPVpp

DVop _T_

v 0.1uF - 5V
DDL
= 0.1uF

T 10uFI

DGND < *
SPGND
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PACKAGE DIMENSIONS

(Unit: mm)
P-SSOP16-0225-0.65-UK |
MIRROR FINISH _ol | 02240.10 [&0130)] 01532
DETAIL DIMENSION OF LEAD
iaialatatulntul] g
SEATING PLANE / |~|Q 010 g
_ | 050020
1.00:0.2
Package material EPOXY RESIN
Lead frame material 42 ALLOY
Lead finish Sn-Bi
Pin treatment Solder plating (=5um)
LAPIS Semiconductor Co.Ltd. Package weight (g) 0.066 TYP.
Rev. No./Last Revised 1/Jun. 7, 2012

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage. Therefore,
before you perform reflow mounting, contact a ROHM sales office for the product name, package name, pin number, package

code and desired mounting conditions (reflow method, temperature and times).
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REVISION HISTORY

Page
Document No. Date Previous Current Description
Edition Edition
FEDL22Q394FULL-01 | Oct. 23, 2012 - - Final edition 1
FEDL22Q394-02 Jun. 06, 2014 - 27 Add the naotice of silence insertion function
8 8 Modify the explanation of tncw.
12,18 12,18 | Add the notice of the next PHRASEn command input.
13,19 13,19 Delete the restriction of tncwm.
Delete the restriction of tncwm.
14,20 1420 Add the notice of the next PHRASEn command input.
FEDL22Q394-03 Mar. 16, 2015 1521 1521 Delete the restriction of tncwm.
' ' Add the notice of the next PHRASEn command input.
25 25 Add the notice of minimam playback time.
27 27 Add the notice of the silence insertion function.
29 29 Add the notice of the next PHRASEn command input.
33-34 33-34 | Add the notice of the next PHRASEn command input.
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NOTES

1)The information contained herein is subject to change without notice.

2)Although LAPIS Semiconductor is continuously working to improve product reliability and quality, semiconductors can
break down and malfunction due to various factors. Therefore, in order to prevent personal injury or fire arising from failure,
please take safety measures such as complying with the derating characteristics, implementing redundant and fire prevention
designs, and utilizing backups and fail-safe procedures. LAPIS Semiconductor shall have no responsibility for any damages
arising out of the use of our Products beyond the rating specified by LAPIS Semiconductor.

3)Examples of application circuits, circuit constants and any other information contained herein are provided only to illustrate
the standard usage and operations of the Products.The peripheral conditions must be taken into account when designing circuits
for mass production.

4)The technical information specified herein is intended only to show the typical functions of the Products and examples of
application circuits for the Products. No license, expressly or implied, is granted hereby under any intellectual property rights
or other rights of LAPIS Semiconductor or any third party with respect to the information contained in this document; therefore
LAPIS Semiconductor shall have no responsibility whatsoever for any dispute, concerning such rights owned by third parties,
arising out of the use of such technical information.

5)The Products are intended for use in general electronic equipment (i.e. AV/OA devices, communication, consumer systems,
gaming/entertainment sets) as well as the applications indicated in this document.

6) The Products specified in this document are not designed to be radiation tolerant.

7)For use of our Products in applications requiring a high degree of reliability (as exemplified below), please contact and
consult with a LAPIS Semiconductor representative: transportation equipment (i.e. cars, ships, trains), primary communication
equipment, traffic lights, fire/crime prevention, safety equipment, medical systems, servers, solar cells, and power transmission
systems.

8)Do not use our Products in applications requiring extremely high reliability, such as aerospace equipment, nuclear power
control systems, and submarine repeaters.

9)LAPIS Semiconductor shall have no responsibility for any damages or injury arising from non-compliance with the
recommended usage conditions and specifications contained herein.

10)LAPIS Semiconductor has used reasonable care to ensure the accuracy of the information contained in this document.
However, LAPIS Semiconductor does not warrant that such information is error-free and LAPIS Semiconductor shall have no
responsibility for any damages arising from any inaccuracy or misprint of such information.

11)Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS Directive.
For more details, including RoHS compatibility, please contact a ROHM sales office. LAPIS Semiconductor shall have no
responsibility for any damages or losses resulting non-compliance with any applicable laws or regulations.

12)When providing our Products and technologies contained in this document to other countries, you must abide by the
procedures and provisions stipulated in all applicable export laws and regulations, including without limitation the US Export
Administration Regulations and the Foreign Exchange and Foreign Trade Act.

13)This document, in part or in whole, may not be reprinted or reproduced without prior consent of LAPIS Semiconductor.

Copyright 2012 — 2015 LAPIS Semiconductor Co., Ltd.

LAPIS Semiconductor Co.,Ltd.

2-4-8 Shinyokohama, Kouhoku-ku,
Yokohama 222-8575, Japan
http://www.lapis-semi.com/en/
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