ROHIM

SEMICONDUCTOR

Dear customer

ROHM Co., Ltd. ("ROHM"), on the 1st day of April, 2024,
has absorbed into merger with 100%-owned subsidiary of LAPIS Technology Co., Ltd.

Therefore, all references to "LAPIS Technology Co., Ltd.", "LAPIS Technology"
and/or "LAPIS" in this document shall be replaced with "ROHM Co., Ltd."
Furthermore, there are no changes to the documents relating to our products other than

the company name, the company trademark, logo, etc.

Thank you for your understanding.

ROHM Co., Ltd.
April 1, 2024



ROHM GROUP

LAPIS

TECHNOLOGY

FEDL22Q294-05
Issued: Oct 25,

2024

ML22Q294

ADPCM Speech Synthesis LSI for Automotive

m GENERAL DESCRIPTION

ML22Q294 is a speech synthesis LSI supporting an in-vehicle quality that incorporates Flash for storing voice code data,
and can be controlled with a I>C interface.
By integrating D-class speaker amplifier, solution required for voice output is made possible with single chip.

e Playback time: (Maximum number of phrases 30 When a phrase is selected)

Product name

Flash capacity (bit)

Maximum playback time (sec) (at fs = 6.4 kHz)

4bitADPCM2 16bitPCM

ML22Q294

692K

276 6.9

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

e Speech synthesis method:

e Flash capacity:

e Sampling frequency (Fs):

e Speaker driving amplifier:
e CPU command interface:
e Maximum number of pharases:

4-bit ADPCM2

8-bit Nonlinear PCM

8-bit PCM , 16-bit PCM

(Method can be specified for each phrase)

692 Kbit (30 phrases selection),688 Kbit (62 phrases selection)

8.0/16.0/32.0 kHz, 6.4/12.8/25.6 kHz, 10.7/21.3 kHz

(Can be specified for each phrase)

D-class amplifier (driven by 8 Q)
12C interface
30 phrases or 62 phrases

e Disconnection detection function /Speaker pin short detection function

e Source oscillation frequency:

e Power supply voltage:

e Flash memory rewritable time:
e Operating temperature range:

e AEC-Q100:

4.096 MHz (Typ) (internal)
20t05.5V

80 times

—40°C to +105°C
Compliant

ROHIM

SEMICONDUCTOR

1/46



LAPIS Technology Co., Ltd.

FEDL22Q294-05

ML22Q294

m Applications

e Automotive equipment (e.g., AVAS(Acoustic Vehicle Alerting System), Meter cluster, Various warning sounds) .
e Consumer and Industrial equipment (e.g., Household appliances, Housing equipment, Office equipment, Measurement

instrumentation, etc.).

[NOTE]

This product cannot be applicable for automatic train control systems, and railway safety systems. Please contact ROHM
sales office in advance if contemplating the integration of this product into applications that requires high reliability, such
as transportation equipment for ships and railways, communication equipment for trunk lines, traffic signal equip.

m Table format

' Bod.y size Pin pitch Packing form and Product name"
Package (including lead) [mm]
[mm x mm] Tray Tape & Reel
. 6.5x 4.4 ML22Q294-NNNTDZOARL | ML22Q294-NNNTDZOATL
20 pin plastic TSSOP (6.5 x 6.4) 0.65 ML22Q294-xxxTDZOARL | ML22Q294-xxxTDZOATL

*1 “NNN” is a blank product. “xxx” denotes ROM code number.
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The following table shows the differences from ML22Q274, ML22Q284.
Parameter ML22Q294 ML22Q274 ML22Q284
MCU interface 12C Clock synchronization Serial Standalone

692 Kbit (when 30 phrases — 692 Kbit
are selected)

688 Kbit (when 62 phrases
are selected)

Flash capacity

4-bit ADPCM2 — —
8-bit Nonlinear PCM
Playback method 8-bit PCM
16-bit PCM
Maximum number of phrases: 30/62 — 30
6.4/8.0/10.7/12.8/ — —
S ling fi kH
ampling frequency (kHz) 16.0/21.3/25.6/32.0
Clock frequency 4.096 M.Hz .(mternal — —
oscillation)
Low-pass filter FIR interpolation filter — —
Speaker driving amplifier D-class amplifier — —
Speaker driving amplifier output — —
8Q
load
Speaker driving amplifier output 1 W (Ta =-40 to +85°C) — —
voltage 0.8 W (Ta = -40 to +105°C)
Edit ROM function Yes — —
Volume control 32 levels — —
4 ms to 1024 ms — —

Silence insertion (4 ms/step)

Repeat function Yes — —
Power supply voltage 20to 55V — —
Operating temperature range -40 to +105°C — —
Package 20-pin TSSOP — —
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m BLOCK DIAGRAMS
DVbp
DGND Regulator Address 16bit 692Kbit ] VPP
Controller Multiplexer Flash
VoL 7y K 7y
Y l v
Phrase 16bit ADPCM/PCM
12C Address Latch Address Counter Synthesizer
CSB
SoL Interface 4 l
SDAE B
LPF
TESTEL :E SPVop
v SPGND
Timing
BUSYBOe——  oy1pUT Controller D-class
Interface Speaker E SPM
T Amplifier SPP
osC
(internal)

RESET_N
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m PIN CONFIGURATIONS (TOP VIEW)

20-Pin Plastic TSSOP

SPP | 1 @ | 20 | RESET_N
SPM [ 2 19 | TEST
SPGND| 3 18 | VPP
SPVoo [ [17] NC
BUSYB [ 5 [16] NC
DGND [ 6 [ 15 | scL
Voou [ 7 E SDA
DVoo [ 8 [ 13] CSB
NC [ 9 12 ] NC
NC [10 Q [ 1] NC

NC:Unused pin
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m PIN DESCRIPTION

Initial value
Pin Symbol 1/0 RI(EAStEtr':'iN (Ixtlsatla\rl]zls; 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 ampilifier.
Power supply pin for the speaker amplifier
4 SPVop — — — Connect a bypass capacitor of 0.1 uF or more between this pin and
SPGND pin.
BUSY output pin. When BUSYB use mode is set, the "L" level is
outputted during playback. When disconnection is detected with
5 BUSYB (0] Hi-Z 1 disconnection detection function, the "L" level is outputted.
BUSYB unused mode and logic inversion can be set with Speech
LSI Utility.
6 DGND — — — Digital ground pin.
Regulator output pin for internal logic circuitry.
7 \VbbpL — — — Connect a capacitor of 10 uF or more between this pin and DGND
pin
Digital power supply pin.
8 DVop — — — Connect a capacitor of 0.1 pF or more between this pin and DGND
pin.
Chip select pin in a case where CSB use mode is set.
13 CSB | 1 1 Internal os_cillation starts in response to tu_rning “H” level down to “L”
level, and input through 1°C becomes available.
Fix to “H” level or “L” level when CSB use mode is not set.
I°C serial data input pin.
14 SDA | 1 1 Used for writing slave address and data.
Pull-up resistor must be inserted between this pin and DVpp
I2C serial clock input pin.
15 SCL | 1 1 . . .
Pull-up resistor must be inserted between this pin and DVop
Power supply pin for rewriting Flash memory.
18 VPP - - - Fix this pin to GND except when rewriting Flash memory
19 TEST | 0 0 Test pin. Fix this pin to DGND.
Reset pin.
Input “L” level for initialization, when power is turned on, or when
20 RESET_N | 0 1 voltage falls below recommended operation power supply voltage
range. After the power supply voltage is stable, drive this pin to “H”
level.
9
10
11 N.C. . . . Unused [:’)In.'
12 Leave this pin open.
16
17
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m ABSOLUTE MAXIMUM RATINGS
(DGND =0V)
Parameter Symbol Condition Rating Unit
Power supply voltage SDF}G)DDD -0.3to+7.0 Vv
Internal logic power supply )
voltage VooL Ta=25°C 0.3 to +3.6 \Y
Flash power supply voltage VPP -0.3t0 +9.5 \%
Input voltage VIN -0.3 to Vop +0.3 Y
Power dissipation Po 1 w
lsc1 Applied to pin other than SPP or 12 to +11 mA
Output short-circuit current SPM
Isc2 SPP pin, SPM pin 600 mA
Storage temperature Tstc - -55 to +150 °C
m RECOMMENDED OPERATING CONDITIONS
(DGND =0V)
Parameter Symbol Condition Range Unit
- 20to55
DVbp
Power supply voltage \%
i 9 SPVoo Flash memory write 27t055
Flash power supply voltage VPP Flash memory write 771083 V
Flash memory rewrite cycles N - 80 times
o ting 4 ¢ Top1 - -40 to +105 °c
peraling temperalure range Top2 Flash memory write 0 to +40

7/46



LAPIS Technology Co., Ltd.

FEDL22Q294-05

ML22Q294

m ELECTRICAL CHARACTERISTICS

e DC Characteristics

DVop = SPVop = 2.0 to 5.5 V, DGND = SPGND = 0 V, Ta = -40 to +105°C

Parameter Symbol Condition Min. Typ. Max. Unit
“H” input voltage ViH - 0.7 x DVop - DVbp \%
“L” input voltage Vi - 0 - 0.3 x DVop V
“H” output voltage 1 VoH1 lon =-0.5 mA DVbp-0.5 - - V
“L” output voltage 1 Vo1 loL = 0.5mA - - 0.5 V
“H” input current 1 liH1 Vin = DVbp - - 1 MA
“H” input current 2 liH2 \/TWI'EéP;J/l[r)]D 0.02 0.3 15 mA
“L” input current 1 It ViL = DGND -1 - - MA
“L” input current 2 liL2 R\élé_E'II?_GI\INSn -1.5 -0.3 -0.02 mA
“ o ViL = DGND
L" input current 3 s CSB terminal pull-up input is set -250 -30 -2 KA
VOH= DVbp= SPVbDp
“H” output current 1 looH1 (High impedance) - - 1 MA
BUSYB, SPP, SPM pin
VOH= DVbp
“H” output current 2 looH2 (Nch Open drain) - - 1 A
BUSYB pin
VOL=DGND=SPGND
“L” output current 1 looLt (High impedance) -1 - - MA
BUSYB, SPP, SPM pin
VOL=DGND
“L” output current 2 lootL2 (Pch Open drain) -1 - - MA
BUSYB pin
No output load
Supply current during loo1 DVbp= SF’;)VDD=3.0V ) 4.0 6.0 A
playback 102 No output load ) 6.0 10 m
DVop= SPVop=5.0V )
ﬁ‘lﬁ;f;“gu‘;;’;‘]:”a“d Iobet DVoo=SPVon=5.0V . 3.0 5.0 mA
Ipps1 Ta<40°C - 0.5 3.0
Standby supply current Iops2 Ta < +85°C - 0.5 8.0 MA
Iopss Ta<+105°C - 0.5 16.0
_ -10 to +50°C 4.034 4.096 4.158
Oscillation frequency fosc 40 to +105°C 3973 4.096 4219 MHz

e Characteristics of Analog Circuitry

DVop = SPVop =2.0t0 5.5V, DGND = SPGND =0V, Ta = -40 to +105°C

Parameter Symbol Condition Min. Typ. Max. Unit
SPM, SPP output load Risp ) 8 i i Q
resistance
SPVop = 5.0V, Sin wave f=1 kHz
Risp =8 Q, THD =2 10% - 1.0 - w
Speaker amplifier output Psro Ta =-40 to +85°C
voltage SPVob = 5.0V, Sin wave f =1 kHz
Rise = 8Q, THD 2 10% - 0.8 - w
Ta = -40 to +105°C
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e AC Characteristics
DVop = SPVop =2.0t0 5.5V, DGND = SPGND =0V, Ta =-40 to +105°C

Parameter Symbol Condition Min. Typ. Max. Unit
RESET_N input pulse width trsT - 100 - - us
Start time SPVop after starting DVop tvbp - 0 - - ns
Initialization time after reset release tiniT - - - 65 ms
SCL Clock frequency tscL IC Fast mode 0 - 400 kHz
Hold time (repeated) START condition I2C Fast mode
. . ) , tHD;sTA 0.6 - - VS
After this period, the first clock pulse is generated.
SCL clock “L” level pulse width tLow I2C Fast mode 1.3 - - us
SCL clock “H” level pulse width tHIGH I2C Fast mode 0.6 - - us
Setup time for repeated [START] condition tsu;sTA I2C Fast mode 0.6 - - us
Data hold time: For I2C bus devices tHD:DAT I2C Fast mode 0 - 0.9 us
Data setup time tsu;pAT 12C Fast mode 100 - - ns
SDA and SCL signal rise time tr I2C Fast mode 20 - 300 ns
SDA and SCL signal fall time te IC Fast mode 20 - 300 ns
STOP condition setup time tsu;sTo IC Fast mode 0.6 - - us
Capacitive load for each bus line Cob IC Fast mode - - 400 pF
Noi inata “L” level i h devi ted .
.0|se margm ata | evel in each device connecte VoL C Fast mode 0.1 x i i Vv
(including hysteresis) DVbb
N0|se rnargm ata .H level in each device connected Vot 2C Fast mode 0.1x i i v
(including hysteresis) DVop
Puls.e WIdIEh of spikes which must be suppressed by tsp 2C Fast mode 0 i 50 ns
the input filter
Clock stretch time tokst - - - 1 ms
Data reception possible time, after an oscillation start trup1 - 2 - - ms
Playback time tveve - 20 - - ms
BUSYB change time from "H" to "L", after a command
.. tcs - - - 400 us
is inputted
CSB “H” level pulse width tcsw CSB use mode 1 - - ms
Oscillation stop time, after playback tosst - - - 500 us
Next command transmit time tnem1 - 0 - - ms
Next command transmit time in the case of the
tnem2 - - - 10 ms
playback
Next command input time after transition to standby tems When Ciitusseet mode is 500 - - us
Disconnection judging by the DISCONNECT
. tocos - 15 - - ms
command start time
Disconnection judging by the DISCONNECT
. tocoe - - - 1 s
command end time
BUSYB change time from "L" to "H", after Over-
. o tsp - - - 160 us
current detection of a speaker amplifier
Processing time before playback start trLBF - 0.3 - 2.1 ms
Processing time after playback start trLAF - 0.15 - 1.2 ms
Fade-out time at Change Immediately mode or tr00 ) ) 22 ) ms

Change Immediately Once mode

Note: Output pin load capacitance = 45 pF (max.)
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m FUNCTIONAL DESCRIPTION

e |2C interface
Serial interface that is compliant with I12C bus specification. It supports Fast mode and enables data reception at 400 kbps.
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 I>C 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. Then, the communication is made in the unit of
byte. Acknowledge is needed for each byte.

Communication flow/timing chart with I°C is described below.

S: Start condition
A: Acknowledge
Command Data: Command
P: Stop condition

Timing chart for 1-byte configuration command input

Slave Address XEX Command Data X A XE

Timing chart for 2-byte configuration command input

sc.  UUuvuuvuvuvuvvuvuvvvurvvuvvuuer

D15 D13 D11

SDA

D14 D12 D10

Slave Address XEX Command Data XEX Command Data XA XE

Slave address can be set up with the option screen of Speech LSI Utility.
Please refer to "Code Option Setting Item" for details.
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e Speech synthesis method

Supporting four types of speech synthesis methods, which are 4bit ADPCM2, 8-bit nonlinear PCM, 8-bit PCM, and 16-
bit PCM. Any of these can be selected based on the characteristics of the voice to be played back.

Speech synthesis | Compression

method rate™ Suitable waveform Characteristics

Unique scheme which is a refined version of 4bit
4-bit ADPCM2 1/4 Normal voice sound wave | ADPCM Offers higher sound quality with better
waveform followability.

A part around the center of the waveform is

8-bit Nonlinear PCM 1/2 Sound including high played back with a sound quality equivalent to 10
frequency components bits.
8-bit PCM 12 (such as sound effects) | Normal 8-bit PCM.
16-bit PCM 1 Normal 16-bit PCM.

Note 1: When the same sampling frequency is used.

e Memory Allocation and Creating Voice Data

The voice code data consists of a voice management area, a voice data area, and an edit ROM area.

The voice control area manages voice data of 30 phrases or 62 phrases.

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 only available when the edit ROM is used.

The ROM data is created using Speech LSI Utility.

The 30 or 62 phrases can be switched using the Speech LSI Utility.
Please refer to a "Code Option Setting Item" for details.

Voice code data configuration(30 phrase selection)  Voice code data configuration(62 phrase selection)

0x00000 Voice control area 0x00000
0x001FF Voice control area
0x00200
0x003FF
0x00400
Voice data area /
) "
Edit ROM area Voice data area /
Edit ROM area"
0x159FF Ox159FF

*1: Edit ROM area depends on creation of the data
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e Playback Time and Flash 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 data area/Edit ROM area) (Kbit)

Playback time [sec]=
Sampling frequency [kHz] x Bit length

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

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

1.024 x 692 (Kbit)

Playback time= : = 22.1 [sec])
8(kHz) x 4(bit)

Make the playback time of one phrase more than 20 msec.
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e 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
Flash capacity only.

o Silence insertion function: 4 ms to 1,024 ms
*Note: Silent insertion time varies for £1 ms depends on the sampling frequency.
An independent phrase generated by edit ROM shall be 20 ms or longer.

It is possible to use voice ROM effectively to use the edit ROM function.
An example of the ROM structure, in a case of using the edit ROM function is as follows.

Example 1) Phrases using the Edit ROM Function

Phrase 2 A X B XD

Phrase 3 A X C XD

Phrase 4 E X B XD

Phrase 5 E X Cc XD

Phrase 6 A X B XD XSiIence 4 ms)X E X C XD
Phrase 7 Silence (20 ms)

Example 2) Structure of the ROM storing contents of Example 1

Voice control area

0x00200 A

B C Voice data area

0x159FF Edit ROM area™

*1:Information on phrases 2 to 7 stored
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e Playback mode setup

Five playback modes are available. Can be set up for every phrase.
Set when the voice code data is generated.

€ Play Once mode

This mode is playback once.

All the commands become invalid during playback.

Phrase(m

Phrase(n)

SDA

Command|
data

Slave
Address

BUSYB™

Command
data

Slave
Address

Good morning,

Voice output :

|
(
|

I . NSt E

Playing Phrase(m)

Standby

AwaT
Status [ \| e [\
Sta\Tdby Co

and

*1:When used with default “H

Next command must be input in the standby state after the playback ends.

” level, CMOS output

Phrase(m) . Phrase(n)
SDA Slave |Command Slave |Command
Address data Address data
BUSYB™ ! 7 [ ] [
Voice output i i < Good morning, >1 : 5 < Good agternoon, >(
Status | \| Awaiting, | \| Playing Phrase(m) | \| Awaiting, | \| Playing Phrase(n) | ”J
. Standby . Command . Standby . Command Standby

€ Scheduled Play Once mode

This mode is playback once.

*1:When used with default “H” level, CMOS output

When the next phrase is inputted during playback, after playback of the present phrase ends, playback of the next phrase
starts. When the following phrase is inputted into playback, after playback of the present phrase is completed, playback of

th following phrase starts.

Phrase(m) Phrase(n)
SDA nacress | Adcress |
BUSYB™ | | | |
Voice output < Good morning, X Good agternoon, >1
Status | \ | Awaiting | \| Playing Phrase(m) | Playing Phrase(n) | Standby
\ Standby . Command *1:When used with default “H” level, CMOS output

When a plurality of commands are input, the last command input at the end of the phrase is valid.

In the following case, the phrase (n) is not played back because the last command is STOP command.

Phrase(m) Phrase(n) STOP
SDA | Slave |Command,| | Slave |Command,| Slave |Command i
Address data Address data Address data !
BUSYB™ | | |
Voice output E < Good morning, >1
Status [ | | Awatng || Playing Phrase(m) | Standby
Standby . Command *1:When used with default “H” level, CMOS output
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€ Change Immediately Once mode

This mode is for playing back 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.

Phrase(m) Phrase(n)
SDA | [P | S, e
BUSYB" B § |
Status | \ l C’z‘)"r;’qani}g‘r?d i \| Playing Phrase(m) i Fading out i Playing Phrase(n) | Standby
Standby L Command *1:When used with default “H” level, CMOS output

When a plurality of commands are input, the last command input at the end of the phrase is valid.
In the following case, the last input phrase (o) is played back.

Phrase(m) Phrase(n) Phrase(o)
SDA |, o] | e o e [
BUSYB™ | B | | |
Status | \ i C’g‘:"n"mg‘r?d i \I Playing Phrase(m) | Fading out ' Playing Phrase(o) | Standby
. Standby . Command *1:When used with default “H” level, CMOS output

€ Scheduled Play mode

Once the playback starts, it is repeated until the next command is input.
The next command input during the playback is executed after the playback ends.
When a plurality of commands are input, the last command input at the end of the phrase is valid, as in Scheduled Play

Once.
phrase(m) STOP command
ST e o
BUSYB" | B |
Voice : i < Good morning >< Good morning >1
Status | \ | Awalting, l \| Playing Phrase(m) l Playing Phrase(m) | Standby
Standby \u Command *1:When used with default “H” level, CMOS output

€ Change Immediately mode

Once the playback starts, it is repeated until the next command is input.

When the next command is input, the phrase being played back is terminated, and the next command is executed. When
the following command is inputted into playback, playback of the present phrase is ended on the way, and playback of
the following command starts.

When a plurality of commands are input, the last command input at the end of the phrase is valid, as in Change
Immediately Once.

. Phrase(m) STOP command
SDA | gk, [copmand R e
BUSYB" | | ; |
Voice < Good morning >< Good mornjng
Status | \ I C’z‘)"r;’qani}g‘r?d | \i Playing Phrase(m) |Playing Phrase(m)] | l Standby
Standby \ Command \ Fading out

*1:When used with default “H” level, CMOS output
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e Volume setup function

Each phrase can set up the volume setup.

The volume is set when voice code data is generated and when PHRASE command is input.

For the setting of volume when PHRASE command is input, refer to “PHRASE command” in Description of Command
Functions.

The relationship between the setting and volume at the time of generating voice code data is as follows.

Value Volume [dB] Value Volume [dB] Value Volume [dB]
00h +2.98 O0Ah -0.41 15h -6.87
01h +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

e Function of setting wait time before and after playback (WS1, WS2, WS3, WS4)

Wait time before playback (WS1, WS2) and after playback (WS3, WS4) can be set for each phrase.
Set when the voice code data is generated.

CSB .
I Phrase |
soA e, [m i
BUSYB™ ! b |
| | | | | HE
P iwstiws2 | ‘Ws3iwsa; |
| P : : : : Lo
SPP/SPM — 1 Il 1T T 5
| L : : : : | Standby
Status [, | \ [\] Playing [, |
\—Standby \ \— Command Awaiting
— Awaiting processing oscillation stop
command

*1:When used with default “H” level, CMOS output

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 to1020 ms (4 ms unit).
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e 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.
Speaker short detection prevents IC destruction, but the detection circuit is effective to prevent destruction caused by
sudden accidents, and is not intended for use in the condition like short detection occurs continuously.
This function can be set up with the option screen of Speech Utility.
Please refer to a "Code Option Setting Item" for details.

Phrase Phrase
SDA o, | s
1 1 1 1
BUSYB™ ' ' | | ! ! |
i i f_i Speaker pinishort i
1 1 1 1 1
1 1 1 1
SPP/SPM Tz : ”" H l WE g i THZ : IH H | m |
1 Ig »l 1 [
: i Speaker pin short ' i i Speaker pin short
1 1 1 1 1
1 1 1 1 1
Status [\ | [\[  Playing \ | N Playing |
A
Standby \— Command \—Standby \— Command
processing .. processing
Awaiting F d out b K Awaiting
command orced outage by speaker command

*1:When used with default “H” level, CMOS output
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m Commands

The following commands are used for the LSI. After setting the voice code data in the flash memory of this LSI, be sure
to use the voice playback command.

Command Description

Stop command.
STOP The STOP command becomes effective for phrase other than those in Play Once mode and
Scheduled Play Once mode.

Disconnection detection command.

DISCONNECT Speaker disconnection is detected. The STOP command must be input after using the
DISCONNECT command.

Playback command.

Playback phrase is selected from 30 phrases.

PHRASE

e Command configuration
1-byte command and 2-byte command can be selected.
When the 2-byte command is selected, the volume can be expanded to 32 levels and the number of phrases can be
expanded to 62 phrases.
PHRASE command is allocated with a bit sequence other than the set values for STOP command and DISCONNECT
command.

These are set when the voice code data is generated.
Please refer to a "Code Option Setting Item" for details.

The command configuration when the initial value (STOP command is set to be 00000b and DISCONNECT command is
set to be 00001b) is as follows.

@ 1-byte command (eight levels of volume and 30 phrases)

First byte
Command
D7 D6 D5 D4 D3 D2 D1 DO
STOP * * * 0 0 0 0 0

DISCONNECT * * * 0 0 0 0
V2 | V1| VO | O 0 0 1 0

PHRASE

v2 [ vi|vo] 1 ‘ HERERE

@ 2-byte command (initial value: 32 levels of volume and 62 phrases)

First byte Second byte
Command
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
STOP * * * * * * * * * * 0 0 0 0 0 0

DISCONNECT * * * * * * * * * * 0 0 0 0 0
* * * V4 | V3 | V2 | V1 | VO * * 0 0 0 0 1 0

PHRASE™

sl Jvafvalvevilvo| [~ 1]1]1

Note: This bit is not used for command identification, so any value can be set.

Note 1: When using a 2-byte command, the combination of 0xff in the 1st byte and 0xff in the 2nd byte is ignored.
For the phrase number 111111b, set the "*" part (arbitrary value) to "0".
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Any bit sequence can be set for STOP command and DISCONNECT command.

The following shows examples of a case where a non-initial value is set.
When STOP command is changed from the initial value, the number of phrase available decreases by one.

O 1-byte command (when STOP command is set to be 11111b and DISCONNECT command is set to be 00001b)

First byte
Command

D7 D6 D5 D4 D3 D2 D1 DO
_*1 * * * O 0 0 0 0
DISCONNECT * * * 0 0 0 0 1

V2 | V1 | VO 0 0 0 1 0
PHRASE :

V2 | V1 | VO 1 1 1 1 0
STOP * * * 1 1 1 1 1

Note 1: 00000b cannot be set to PHRASE command. 29 phrases from 00010b to 11110b can be set to PHRASE

command.

@ 2-byte command (when STOP command is set to be 111110b and DISCONNECT command is set to be 000010b)

First byte Second byte
Command
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
_*1 * * * * * * * * * * O O 0 O O 0
PHRASE * * * * * * * * * * 0 0 0 0 0 1
DISCONNECT * * * * * * * * * * 0 0 0 0 1 0
* * * V4 | V3 | V2 | V1 | VO * * 0 0 0 0 1 1
PHRASE * * * V4 | V3 | V2 | V1 | VO * *
* * * V4 | V3 | V2 | V1 | VO * * 1 1 1 1 0 1
STOP * * * * * * * * * * 1 1 1 1 1 0
PHRASE™ * * * V4 | V3 | V2 | V1 | VO * * 1 1 1 1 1 1
Note:  This bit is not used for command identification, so any value can be set.

Note 1:
command.
Note 2:

00000b cannot be set to PHRASE command. 29 phrases from 00010b to 11110b can be set to PHRASE

When using a 2-byte command, the combination of 0xff in the 1st byte and 0xff in the 2nd byte is ignored.
For the phrase number 111111b, set the "*" part (arbitrary value) to "0".
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e STOP command

@ 1-byte command selection (initial value)
~command |*‘*‘*‘0‘0|0|0|0|

@ 2-byte command selection (initial value)
ccommand [+ [+ [+ [-[-[-[-[+]+[-Jofofofofoo]
*:Since it is a bit that is not used to identify the command, it can be set to any value.

The STOP command is used to stop the playback. BUSYB pin will become “H”, if the playback is stopped.

The STOP command becomes effective for the phrase waiting to be played in Scheduled Play Once mode, and in
Scheduled Play modem, Change Immediately Once mode, and Change Immediately mode.

STOP command used for phrases played back in Play Once mode or Scheduled Play Once mode, the STOP is ignored.
When STOP command is input in Scheduled Play mode, the playback stops after the phrase is played back to the end.
When STOP command is input in Change Immediately Once mode or Change Immediately mode, the voice fades out,
and the playback stops.

When CSB is not used, input a phrase playback request (PHRASEn command) after the STOP command, after
confirming the end of the phrase being played (BUSYB="H"), and after tosst+tcms has elapsed.

Operations where STOP command is effective are described below.

€ STOP command operation in the case of Scheduled Play Once mode

PHRASE1 PHRASE?2 STOP COMMAND
SDA s [ s [ ey [
*q T
BUSYB : v
1 1
SPP/SPM T 11180 N T
1 I 1
I 1 1
Status | [\] Playing (playback phrase 1 to the last) [, |
\—Standby \ \— Command processing Standby—/
Awaiting command *1:When used with default “H” level, CMOS output

€ STOP command operation in the case of Scheduled Play mode

PHRASE STOP COMMAND
SDA o | o |
*q T
BUSYB : v
1 1
SPP/SPM o W11 T 11 T T
| I |
I | 1
Status | \ [\] Playing (playback phrase to the last) [, |
Standby \‘ \— Command processing Standby:.
Awaiting command *1:When used with default “H” level, CMOS output

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

PHRASE STOP COMMAND
SDA ey [ e [
BUSYB™ i v !
1 1 I 1
PSP ———z———— [N OO L |
Status | \ I \ i Playing i Fading out i , |
Standby \ \— Command processing StandbyJ
Awaiting command *1:When used with default “H” level, CMOS output
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e DISCONNECT command

D 1-byte command selection (initial value)
-command |*‘*‘*‘0‘0|0|0|1|

@ 2-byte command selection (initial value)
ccommand [+ [+ [ [-[ [ [ [-]+[-Jofofofofo[1]
*:Since it is a bit that is not used to identify the command, it can be set to any value.

The DISCONNECT command is used to diagnose whether the speaker is disconnected or not.

The command cannot be used during voice playback. The command shall be used during standby (no playback).
Disconnection detection result is output to BYSYB pin. "L” is output when the speaker is disconnected, and outputs "H”
when the speaker is not disconnected. Please input the STOP command to transition to standby state, after you use the

DISCONNECT command.
DISCONNECTcommand STOP

SDA e, [ o, [
I o ' 1

BUSYB™ | | e |

| B | !

status [\ |\ [\ e [ Cepmeees [\ Standdy
\—Standby \_ Command processing \_ Command processing
Awaiting command *1:When used with default “H” level, CMOS output

When no STOP command is input after the execution of DISCONNECT command, the disconnection detection
automatically stops in one second, and transition to standby occurs.

DISCONNECTcommand

Slave | Command
SDA Address data
r
! ! tocos
! R > tocoe
! L ] >
*1 1 1 Disconnection judgment
BUSYB 1 1 | | (L- disconnect H: Connect) |
. - :
' N 1
" ;! 1
Under speaker disconnection Disconnection detection
Status | \ | \ | \ | detection | result output | Standby
\—Standby \ \— Command processing
Awaiting command *1:When used with default “H” level, CMOS output
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e PHRASE command

@ 1-byte command selection
-command | V2 |Vvi|vo|Fa|F3|F2]|F1]Fo|

@ 2-byte command selection
command | * | * |« [va]va|ve|vi|vo] | - |rs|Fa|r3|F2|F1]Fo]
*:Since it is a bit that is not used to identify the command, it can be set to any value.

PHRASE command is playback command. Specifies an address of a phrase to be played back.
Command that is not set to be STOP command or DISCONNECT command is set to be PHRASE command.
An address of phrase to be played back is set when voice code data is generated with Speech LSI Utility.

Timings of PHRASE command are shown below.

Volume Phrase
A ~ A

SDA : | | Slave Address+W(0)+Acknowedge | Command data+Acknowledge | |

l :

SCL |

1 1

! |

BUSYB" | b

1

! 1

SPPISPM — — : [l |
! |
Status | \ | Awaiting command [\] Playing |
Standby \— Command

*1:When used with default “H” level, CMOS output

Set the playback Phrase with F4-F0 or F5-FO0.

@ 1-byte command selection (initial value)

F4 F3 F2 F1 FO Playing Phrase
0 0 0 1 0 Phrase0
R Phrase29

@ 2-byte command selection (initial value)

F5 F4 F3 F2 F1 FO Playing Phrase
0 0 0 0 1 0 Phrase0
R Phrase61
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The volume can be set up with V2-V0 or V4-V0 set.
This is used to playback voice with a volume other than one set when the voice code data is generated.
@D When 1-byte command is selected.
V2 V1 VO Volume [dB]
Volume set at
the time of
0 0 0 | generating voice
code data is
used™
0 0 1 |+2.98
0 1 0 |+1.78
0 1 1 10
1 0 0 |-2.25
1 0 1 |-5.28
1 1 0 |-9.99
1 1 1 |-21.04
*Note 1: For edited phrase, volume set for each registered phrase is used
@ When 2-byte command is selected.
V4 | V3 | V2 | V1 VO Volume [dB] V4 | V3 | V2 | V1 VO Volume [dB]
0 0 0 0 0 |[+2.98 1 0 0 0 0 -3.34
0 0 0 0 1 |[+2.70 1 0 0 0 1 -3.94
0 0 0 1 0 |[+2.40 1 0 0 1 0 -4.58
0 0 0 1 1 |+2.10 1 0 0 1 1 -5.28
0 0 1 0 0 |+1.78 1 0 1 0 0 -6.04
0 0 1 0 1 |+1.45 1 0 1 0 1 -6.87
0 0 1 1 0 |+1.11 1 0 1 1 0 -7.79
0 0 1 1 1 |+0.76 1 0 1 1 1 -8.82
0 1 0 0 0 |+0.39 1 1 0 0 0 -9.99
0 1 0 0 1 |+0.00 1 1 0 0 1 -11.34
0 1 0 1 0 |[-0.41 1 1 0 1 0 -12.94
0 1 0 1 1 |-0.83 1 1 0 1 1 -14.90
0 1 1 0 0 |-1.28 1 1 1 0 0 -17.44
0 1 1 0 1 |-1.75 1 1 1 0 1 -21.04
0 1 1 1 0 |-2.25 1 1 1 1 0 -27.31
0 1 1 1 1 |-2.77 1 1 1 1 1 Volume set at the
time of
generating voice
code data is
used™

*Note 1: For edited phrase, volume set for each registered phrase is used
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m TIMING DIAGRAMS

e Power-On Timing

'<—>:
VAR
SPVop -/
i trsT .
RESET_N ,, _ | I
BUSYB'! oL { indefinite
OSC  Oscillation stdpped / Oscillating \ Oscillation stopped
(internal) ! 5 5
voH—  HiZ , » tiniT .
SPP VoL — : i
SPM o~
Status XPerforming areset X Initializing X Standby

*1: Used with default “H” level, CMOS output

Turn on DVDD and SPVDD simultaneously, or turn on SPVDD after turning on DVDD.

Turn on DVDD and SPVDD simultaneously, or turn on SPVDD after turning on DVDD.

When DVbpb or SPVop falls below recommended operation power supply voltage range, “L” level must be
input to RESET_N pin.

e Power down timing (RESET_N pin)

trsT
RESET N ‘ >
BUSYB™ |M< Indefinite oecila
! | | scillation
0osC Oscillating \ i Oscillating \ stopped
(internal) : - '
seelll ML {0
s _| [0 IO
Status Playing X , X Initializing X Standby
Performing a reset *1:Used with default “H” Level, CMOS output

When DVbb or SPVpp falls below recommended operation power supply voltage range, “L” level must be
input to RESET_N pin.
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e |2C interface timing

spA w- &/ x S — \ z—

te E E tr E 1 tsupam ! : te tHD STA
=1 m e i
- : E thp:sTA : . ! thp;paT tsu; STA ! le T tsu STO

S: Start condition

Slave Address: Slave Address
A: Acknowledge

Command Data: Command
P: Stop condition

Timing chart for 1-byte configuration command input

Slave Address Y A X CommandData ) A XE

Timing chart for 2-byte configuration command input

texst ‘D15 D13 DM tekst texst

D14 D12 D10
Slave Address Y A Y commandData Y\ A ) CommandData ) A XE

BUSYB output timing

SlaveAddress A J CommandData ) A XE

tCB

BUSYB
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e CSB use mode
€ Play Oncemode timing

After playback of phrase (m) ends, playback request for the next phrase (n) is accepted and the phrase (n) is played back.
All the commands become invalid during playback of phrase (m).

cs" ]
SDA L0t | i e cknowte | Ak
seL T L UL

| by
BUSYB? VoH— | \
VvOoL— E E E .
OSC : ; -
(internal) /< \ X Oscillating i 1

' Stabilizing oscillation
Speaker enable! 9

EWSlEWS%E tpiar] tveve

(internal) /

sPP — iz —— (L0
SPM Hi-Z \ ||\|||“ﬂ|||\ ”“IHI_I
Status % Awaiting command X7X | Playing

Standby Command processing f
VIL — .
SDA e | e e
oL IR 1| 11/ T
| P oo,

L faa 3
(inte(r)nSaIC) Oscillating | )\_Q Oscillating | |

Speaker M<—N<—>WS3 w4 tgis‘: Stabilizing oscillation 4_..4_.WS1 WSZ,}F’EL

enable \ / b
(internal) T

SPP ‘I[L_._/ Hi-Z \ HNII
sev I iz —— | -
Status (Y Playing

Awaiting oscillation stop

Playing ' ' Awaiting command
Awaiting command Standby

Command processing

*1:Used with default “H” Level
*2:Used with default “H” Level, CMOS output
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€ Scheduled Play Once mode and Scheduled Play mode Timing (Continuous Play)

After inputting the next PHRASEn command (Phrase (n)), a phrase (Phrase (m)) is played back to the last
and the Phrase (n) playback is started.

* tncwz !
css" | —
i Phrase (m) o Phrase (n)
H Slave address + D7-DO0 or D15-DO ! Sl; ddi + D7-DO0 or D15-DO
S DA | tPUP1 Write bi\; + Acknowledge + Acknowledge tNCM1 Write Z;:ia/\c;r?zjvledge + Ack:orwledge
SCL T M UL U U= UL
N JUIUL [ JUUUL e
E : tes ;
BUSYB2 VoH~ i \
VOoL— | E H b
0sC I L
(internal) :’,< \ X Oscillating !

Speaker onable. Stabilizing oscillation EVYS1(m)?ﬁSZ(mlEEPLBF~f « fvore
(internal) /
SPM — Az —— [l Q-

Status ;& Awaiting command &X Playing phrase (m)
Standby Command processing

SDA :
SCL
BUSYB™2 VoH— /
VOL— E E E
OSC — : |
(internal) Oscillating : | >\
tveve R i g tveve R LtPLAF‘;'\‘NS3(n)E\£\/S{(:p) :LOESJE

Speaker enable
(internal)

e IBIL INLUME UMD

P __...?/.

. : Rz
sew (UM WM
Status Playing X Playing phrase (n) X/ () ;

Jmanitios e s

*Under Scheduled Play mode, playback is stopped by STOP command.

*1:In Scheduled Play Once mode, the phrase (n) is played back immediately after the end of the playback of the phrase (m), in
response to an input of a playback request (PHRASE command) for the next phrase (phrase (n)) within txewm.
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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.

C S B*,I _‘ : tnemi :
: Phrase (m) ! : Phrase (n)
H Slave address + D7-DO or D15-DO 1 Slave address + D7-DO or D15-D0O
S DA X tPUP1 Write bi\; + Acknowledge + Acknowledge E Write bi\: + Ackrnowledge + Ackn(;wledge
L : o o 1 s V1T 1D 1111 11 W
SC ] JUUUL------JULJ JUUIL------JU1
i E tcs > . : ¢
BUSYB™? VoH— i i \
voL— ! : .
0SC , :
(internal) /< \ X Oscillating

IWs1(m)ws2(m); trisr!
'1—’:4—’:4—’:

Speaker enab|e§ \— Stabilizing oscillation : :
(internal) | L /

SPP Hi-Z \ | “ | || |
[l 1l

Status % Awaiting command &X
Standby Command processing

Playing phrase (m)

CSsB™
SDA
SCL
. troo R Phrase (m) voice stop .
BUSYB'2 Vor— g " 7
VOL— ! ! i ;
0SsC i : — —\
(internal) ! | Oscillating ; : >\
. tveve ‘E tpLar ;vvss(n)EMr%n) E tosst ::

Speaker enable
(internal)

RS A
S I A S o
sew [ IR UL

Status Playing XFade out processing X Playing phrase (n)

Awaiting command
*1:Used with default “H” Level Awaiting oscillation stop
*2:Used with default “H” Level, CMOS output Standby

*Under Change Immediately mode, playback is stopped by STOP command.
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e Scheduled Play Once mode and Scheduled Play mode Timing voice stop timing

After STOP command is input, the phrase is played back until the end, and the playback stops.

CSsB™ _‘  dows
: Phrase (m) : : STOP command
H Slave addr + D7-D0 or D15-DO : Slave addre + D7-DO0 or D15-DO
S DA :‘tpi, Write site+ick:;jvledge + Ack:owledge H Write Zite+aAcks§:v|edge + Ack:;wledge
b B 1 el 11111 el ] I 11l 1111 Gl ]
: : eyl o
BUSYB2 Vo= ; i \
voL— ! ' b
OSC 5 ; HE
(internal) ’,< \ X Oscillating .
: o o : i ! teiar]
Speaker enable | \—Stablllzmg oscillation | W
(internal) P /

SPP Hi-Z \ ” HI .
sPM 7z Q-

Status % Awaiting command XZX Playing phrj)
Standby Command processing

SDA
SCL
BUSYB™? VoH— /
voL— i '
» OS(|3 Oscillating >\
(internal) ! teLar WS3()iws4®m) ! tosst
e

Speaker enable \
(internal) i

ser I LML UMW
seu N LD

Status Playing (Play until the end of phrase)! ? / )(' \ % Standby
Awaiting command Awaiting oscillation

*1:Used with default “H” Level stop
*2:Used with default “H” Level, CMOS output
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€ Timing which stops the playback in Change Immediately mode and Change Immediately Once mode

After STOP command is input, the voice fades out, and the playback stops.

CSB* _‘ - tnow

Phrase (m) : ' STOP

S | e i W
SCL L= U=~ UL (i i}
; E fee yi |
BUSYB™2 VoH— ; \
voL— | ' E )
OSC | :
(internal) /< \ >< Oscillating

A boiwst: ! toLer!
Stabilizing oscillation ! :‘WS1,"W32,:.PLBF,.

Speaker enable | P
(internal) ! Lo /

PP — 2 —— [
sPM — i —— [l

Status % Awaiting command &X Playing phrase
Standby Command processing
STOP command

soa [ Thmess
SCL  INN-..___. HH
IJ_I_I_L e trpo '
BUSYB'2 Yo~ | | 7
VOL— i ' i
. 0sC Oscillating
(internal)

LtPLAFJWS3 :W_Sf'r i tosst |
Speaker enable \\
(internal) N—

sor LD MMM L]
sow UMW MWW
Status Playing X Fade out proce;sing I | w \ X Standby

Awaiting command \—Awaiting
*1:Used with default “H” Level oscillation stop
*2:Used with default “H” Level, CMOS output
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€ Disconnection detection timing

*1  VIH=
CSB V.Lj

DISCONNECT command

SDA Lt Slave address + D7-DO or D15-D0
\ PUP1 Write bit + Acknowledge + Acknowledge

|

i H

] 1
SCL : I . J ’ tnems

|

: ; itea ! 't

i —>e »: {DCD(min)

BUSYB2 VoH= |

\ f

voL— EStabiIizing oscillation !
(internal) . >< Oscillating 1 !
Status %\ Awaiting command &X Disconnection detecting
Standby Command processing
CSBWI VIH—
VIL—
: STOP command ;
SDA tcur | | Wie s Acknamidge |+ Akroviedae. 5
SCL |‘| |‘| ______ |‘| |‘| |‘| |‘| ______ |'| |-|
i tCBi itOSSTE
BUSYB™ | j i
0sC — ——
(internal) Oscillating IR
Status Disconnection detecting }/:X ( \X Standby
Command processing Awaiting oscillation stop
*1:Used with default “H” Level Awaiting command
*2:Used with default “H” Level, CMOS output
@ Speaker short detection timing
BUSYB™ VoH-— 3 teo R —
voL—= : 7 tosst !
. OSC : Oscillating : >\
(internal) , ; j
Speaker enable \
(internal) i
Speaker short / \
detection ; !
(internal) | ; ;

SPM Ml“” / Hi-Z

Status Playing X Short detection processing X Standby
" *1: Used with default “H” Level, CMOS output
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e CSB unused mode
€ Play Oncemode/Scheduled Play Once/Change Immediately Once timing

After playback of phrase (m) ends, playback request for the next phrase (n) is accepted and the phrase (n) is played back.
All the commands become invalid during playback of phrase (m).
After BUSYB has shifted to "H" level, input the PHRASE command after tosstttcms has elapsed.

CSB “H’or’L” fix
SDA AI wite it + poknontecs | PO ekoouiosge.
SCL —N------ - L]
: i : tes ! E'
BUSYB'"! vor=| L N\
voL— ! ' ; .
osc | | -
(internal) - D

1WS1 'WS2 E}PLBFL tveve

\O'scillation stable

Speaker amplifier
enable (internal) :

; ez W | 01
SPM H|Z \ |||\WH||||| ”“I““

/< \X Oscillating

SPP

Hi-Z:

Status Standby X Awaiting command X7X Playing
Command processing,/L
CSB “H”or"L"fix P
SDA tows e | wieme | P nomssn.
scL R S | S Wy
o T tca]
BUSYB™ VoH— A ; ; b ; 5
VoL= f, ' i P : \_
(inte(r)nSa(I:) Oscillating >\ Oscillating]
5 teiar IWS3! WS4 itossr | ; P\ I IWSTWS2! teisr !
Speaker amplifier —— ! : : E iOscillation stable . : :
enable (internal) | b\ ) o
SPP II L : : Tz T ”“I“--
sev I ——— s —— [l

Status Playing m Standby X Awaitingﬂ Playing
Awaiting oscillation stop Command processing

*1: Used with default “H” Level, CMOS output
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€ Scheduled Play Once mode and Scheduled Play mode Timing (Continuous Play)

After inputting the next PHRASEn command (Phrase (n)), a phrase (Phrase (m)) is played back to the last
and the Phrase (n) playback is started.

CLYP ] 2 1
CSB H”or”L"fix M
. ! Phrase (m) b Phrase (n)
Slave address + D7-DO0 or D15-DO ] Slave address + D7-DO0 or D15-DO
S DA | Write bit + Acknowledge tPUP1 > + Acknowledge EtNCM1 Write bit + Acknowledge + Acknowledge
SCL 100 ------ | nn------ N ------Nnnp------

BUSYB™ VoH—

VOL— E
0SC !
(internal) ;

Speaker enable

E EWS1 (m) WS2( tveve

e

tabilizing oscillaliioni‘

| X Oscillating: |
-5

(internal) /
SPP T —— -
SPM  — — iz —— -
Status Standby X Awaiting command>:<7>:< Playinw
Command processing f
CSB “H’or"L"fix
SDA
SCL
BUSYB™ VoH— f;
VoL= i
OSsC — f
(internal) Oscillating . . . . >\
tveve tveve R :‘tPLAF‘:!VSS(nZ::WS“(n) i tosst !

Speaker enable

(internal) \
S 10T T 1 T O S s
sev (LN I WL DWW ——
Status Playing X Playing phrase (n)' | | >:</ X

Awaiting oscillation stop —/ Standby
*1:Used with default “H” Level, CMOS output

+ «Under Scheduled Play mode, playback is stopped by STOP command.

*1:In Scheduled Play Once mode, the phrase (n) is played back immediately after the end of the playback of the phrase (m), in
response to an input of a playback request (PHRASE command) for the next phrase (phrase (n)) within txewm.
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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 “H”or”L"fix : tuow :
' Phrase (m) i i Phrase (n)
Slave address + D7-DO0 or D15-DO H Slave address + D7-DO0 or D15-DO
SDA ‘l Write bit + Acknowledge | tPUP1 > +Ackr?orwledge | I Write bit + Acknowledge +Ack:orwledge
1 MU 1 Ry 11 B 11 Bt 111
| L s
BUSYB'! VoM~ | i i \
voL— | | i -
0sC | — :
(internal) i /< \ X Oscillating !
: : L L WsT(m)yws2(m) teier!
Speaker enable ; \ﬂab|I|2|ng oscillation ._”"L_““.)J_“‘i

(internal) ! : B / Lo
— w1~
Status | Standby X Awlaiting command&j( I I

Command processing

Playing phrase (m)

CSB “H”or’L"fix

SDA
SCL
< koo , Phrase (m) voice stop
BUSYB™ VoH— / f—
VOoL— : : :
0SC ; | — .
(internal) ’ | Oscillating : )\
» treve | tpue iws3)!_wsan) | Joser |

Speaker enable
(internal)

sep (M 0L LW
N T T T -

Status Playing X Fade out processingX Playing phrase (n) X/ X Standby
_/

' Hi-Z

Awaiting oscillation stop
*1:Used with default “H” Level, CMOS output

*Under Change Immediately mode, playback is stopped by STOP command.
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e Scheduled Play Once mode and Scheduled Play mode Timing voice stop timing

After STOP command is input, the phrase is played back until the end, and the playback stops.

VIH—
“ ” ny nger t
CSB iL— .H or’L"fix | , e
! : ! Phrase (m) i STOP command
Slave address + DO or D154 1 Slave address + DO or D15
SDA AI Write bit + Acknowledge | teups . DZ /Ecinova:gzo E Write bit + Acknowledge D+7 ;?cinoml:/i;:gzo
e [ I 1| s 1 S
: : : tcs . :
BUSYB™ VoH= | A ! \
voL— ! ; i
0sC — -
(internal) /< \ >< Oscillating 1
] : Lo L : ! teiar!
Speaker enable ! ! \S;‘tablllzmg oscillation W

(internal) ! /

SPP Hi-Z \ I " I I o
SPM Hi-Z N 1A -
Status Standby >< Awéiting command &X

Playing phrase

Command processing

CSB ™7 «Hror'Lrfix

SDA VM-
viL=
SCL  vkh—
viL=

BUSYB™ VoH— f
voL= i
Oscillating : x

! toLar WS3(n)!  WS4(n) | tossr |

\

0sC
(internal)

Speaker enable

Playing (Play until the end of phrase)

(internal) o
S 1| —Fz
sew ML (UM DN L ———
Status ond of o m Standby

Awaiting oscillation stop
*1:Used with default “H” Level, CMOS output
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€ Timing which stops the playback in Change Immediately mode and Change Immediately Once mode
After STOP command is input, the voice fades out, and the playback stops.

VIH—

CSB iL— !—|or L"fix

< tnom ,!
: E | Phrase (m) 5 E STOP
SDA AI Writ:‘;\:ifcrt:os\j/l;dge o trups N DZ;\Dci:;va;:-gzo | | Wmes‘:\v T:;:Z;.;dge
scL - Mmoo N M
| E E oy i
BUSYB™ VoH= T ! \¥
voL— | ! ' '
OSC ! E E -
(internal) : ,,< \ X Oscillating | !

Speaker enable | \{ Stabiizing | NS, sy e
p(internal) i 5 i oscillation i /

I
-

Status Standby X Awaiting commandXix Playing phrase
Command processing—/L

CSB “H”or"L"fix

STOP command
S DA D7-DO0 or D15-DO

+ Acknowledge

Sl

*1 VOH— .
BUSYB' o~ E : /*
osc '

it | Oscillating 5 >\
(internal) : toar (WS3 | WS4 tossr |

ser I U0 WNW WU L]
seu ML R0 L

Status Playing X Fade out processing m Standby
Awaiting oscillation stop
*1:Used with default “H” Level, CMOS output

tepo

Speaker enable
(internal)

Hi-Z
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€ Disconnection detection timing

CSB VIH_“H"or"L”fix
VIL—_

DISCONNECT command
SDA Slave address + t D7-DO or D15-D0
Write bit + Acknowledge PUP1 + Acknowledge

SCL _E —————— i E “““ ﬂ_ﬂ_l o tnom

i | ; —>le i toc(min)
BUSYB™ VoH~ . Stabilizing |\
voL— ' ! oscillation P
OSsC i i i —
(internal) /< / >< Oscillating |

Status Standby >< Awaiting command &X

Command processing

Disconnection detecting

CSB ™ “Hor'L7fix
VIL —

] STOP command

SDA tcun o| | wiomneinowns | % asnowionge
SsCL ————————————1Mh------NNnn ------
‘tes! tosst E
BUSYB'™ i ]
0SC — — ;
(internal) Oscillating : i
Status Disconnection detecting I \ >< Standby

Command processing — Awaiting oscillation stop

*1:Used with default “H” Level, CMOS output
@ Speaker short detection timing

BUSYB™ VoH— E‘ tsp '_:[‘ .
VoL= ; : tosst i
0sC i - ; |
(internal) kit >\
Speaker enable \
(internal) i | i
Foetesion 1 L
(internal) ' : |
T A
SPM “.”JJI”H ,/ 0z
Status Playing E Short detection processing X Standby

*1:Used with default “H” Level, CMOS output
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m Code Option Setting ltem

Items set on Code Option Setting screen for Speech LSI Utility are as follows.

-Speaker pin short detection function

Use of speaker pin short detection function

LI (Not used)

[ (Used)

-Command setting

Command type

O1 byte (communicate with 1-byte command)

(O2 byte (communicate with 2-byte command)

STOP/DISCONNECT Command

Command bit sequence

STOP command

Set 0_0000b (1-byte command)
Set 00 _0000b (2-byte command)

DISCONNECT command

OsStandard
Set 0_0001b (1-byte command)
DISCONNECT command | gt 45 0001 (2-byte command)
STOP command Set any bit sequence
OCustom Set any bit sequence

(Set value different from STOP command)

-BUSYB Pins Setting

Use of BUSYB Initial State Condition BUSYB pin status
OL level Output * Fixed to “L” output
O (Not
(Not used) OH level Output * Fixed to “H” output
OCMOS Output initial value “L” with CMOS output

OL level Output

ONch Open Drain

Output initial value “L” with Nch open drain
output

OPch Open Drain

Output initial value HiZ with Pch open drain
output

OHi-Zz

Hiz output

] (Used)

OH level Output

OCMOS

Output initial value “H” with CMOS output

ONch Open Drain

Output initial value HiZ with Nch open drain
output

OPch Open Drain

Output initial value “H” with Pch open drain
output

OHi-Zz

Hiz output

*: Setting value invalid
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-12C Setting
Use CSB Initial State Condition CSB pin status
R . Not used
[ (Not used) Fix to “H” level or “L” level
) Used with pull-up input
O Peh Pull-up Start internal oscillation with pin input “H” level
OL level Input — .
OHi Used with high impedance input
-2 Start internal oscillation with pin input “H” level
O (Used) int illation with pin inpu Vi
Used with pull-up input
O Pch Pull-up . o . ol »
Start internal oscillation with pin input “L” level
OH level Input — .
OHi-Z Used_W|th high |rr_1peQanc§ |np.ut.
Start internal oscillation with pin input “L” level

*: Setting value invalid

Slave address

| Set any value from 00h to 7 Fh
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m Event Setting Item

Items set on Event Setting screen for Speech LSI Utility are as follows.

* Playback mode
Set playback mode suitable for target playback, with reference to “Playback mode” in FUNCTIONAL DESCRIPTION.
*Volume setup

Set playback mode suitable for target playback, with reference to “Volume setup function” in FUNCTIONAL
DESCRIPTION.

+Setting Wait time before and after volume playback

Set desired Wait time with reference to “Function of setting wait time before and after playback (WS1, WS2, WS3,
WS4)”.
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m PULL-UP RESISTOR VALUE OF SCL AND SDA PIN
The pull-up resistor value of SCL and SDA pin is computed as follows.

oMinimum Value (Rp.min)
Rp.min = (VDD - VOLmax)/IOL

Vob: Power supply voltage
Vor.max: The maximum output "L" level of a driver
Ior: Sink current of a driver

For example, in this case of Vpp =5 V, Vor.max=0.4 V, oL =3 mA,
Rp.min =(5 V-0.4 V)/3 mA = 1.5kQ
holds.

oMaximum Value (Rp.max)
Rp.max = 300 ns/[maximum capacitance of bus (F)]

For example, when the maximum capacitance of the bus is 100 pF,
Rp.max =300 ns/100 pF = 3kQ
holds.

Pull-up resistor must be inserted between this pin and DVpp

m TERMINATION OF THE Vpp. PIN
The VDDL 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

VDDL 10 uF £20% The larger the connection capacitance, the longer the settling time.
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m POWER SUPPLY WIRING
The power supplies of this LSI are divided into the following two:
- Power supply for logic circuitry (: DVDD)
- Power supply for speaker amplifier (: SPVDD)
The example of power connection is shown below

DVoo DGND

-
1 SPVoo SPGND

v 3~ ==
—*+—{DVoo DGND

-

v T
-

SPVop SPGND

-

5V T

- Turn on DVDD and SPVDD simultaneously, or turn on SPVDD after turning on DVDD.
- Turn off DVDD and SPVDD simultaneously, or turn off DVDD after turning on SPVDD.
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m APPLICATION CIRCUIT

DVob
l l— Rp
»|RESET_N
MCU
»CSB
»SCL
» SDA
< BUSYB
SPP
s 1))
J:TEST
VPP
SPVop
DVDD I
Vi 0.1uF - 5V
DDL|
= 0.14F
T']OUF‘[
DGND—e ®
SPGND
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m PACKAGE DIMENSION
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(1.0)
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C { \

\ L 1MAX S

SEATING PLANE s st f =F

S 5 <
H S _|0.60.1

LAPIS Technology Co., Ltd.

PACKAGE CODE

P=TSS0P20-0225-0. 65-TK6

PACKAGE MATERIAL EPOXY RESIN UNIT o
AD WIDTH DOES NOT INCLUDE TRIM OFFSET. —

L. LEAD WIDTH DOES NOT INCLUDE TRIM 9* SET LEAD FLAME MATERTAL Cu ALLOY DWG No. QS1-68909
PROTRUSTON AND CAVITY OFFSET BETWEEN TOP AND BOTTOM CAVITY. LEAD FINTSH Sn REVISION 2

3, THE SEATING PLANE IS THE SU WHICH THE PACKAGE SOLDER THICKNESS MORE THAN 5pum st ISSUE | Feb/04/2013
IS MOUNTED ON AND GETS IN CONTACT WITH. PACKAGE MASS (g) 0. OBTYP. REVISED | 0et/05/2020

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).

PCB Layer JEDEC 4layers | JEDEC 2layers
PCB (W/L/t=76.2/114.3 /1.6 (mm))
Air cooling conditions Calm(0Om/sec)
Heat resistance ( 0 ja) 63.7[°C /W] 69.4[°C /W]
Heat resistance ( 0 jc) 0.46["C/W] 0.48[°C /W]
Maximum power consumption of LST (PMax) 0.28[W]
At 1W into 8 Q playback ‘

TjMax of this LSI is 125 °C. TjMax is expressed with the following formulas.

TjMax=TaMax+ 0 ja X PMax
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b}

e B T (P E DA

Mounting area for package lead soldering to PC boards

3.2

0. 05

:f..-'l
[y
o0

[ EL{ir /Unit:mm ]

FAEIEAR O 7 o b AT — OFRFOREIZE, BEORE S EROEEE, ERos|sEIL,
WY w PREORn I bR ERLT OIS,

T b F = D e R AR T, R AW e— A MEYE, RS, WA R
I TEL-TEET, T, &2 r—VORTOFELGSEMNE TEEAITE
BATTETEEIHE) CLTHRELETOT, Fy b —BHOEEHERE LT,

When laying out PC boards, it is important to design the foot pattern so as to give consideration
to ease of mounting, bonding, positioning of parts,reliability, wiring,and elimination of sclder
bridges.

ql'ghe optimum design for the foot pattern varies with the materials of the substrate the sort and
thickness of used soldering paste,and the way of soldering. Therefore when laying out the foot
pattern on the PC boards, refer to this figure which mean the mounting area that the package
leads are allowable for soldering to PC boards.
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m REVISION HISTORY

Page
Document No Date Previou Curr_ent Description
S Edition
Edition
FEDL22Q294-01 Mar 5, 2021 - - Formal 1st edition.
SPP, SPM terminal output short-circuit current value change.
FEDL22Q294-02 Mar 30, 2021 6 6 (Before change) 300mA
(After change) 600mA
tSCL Fixed an error in the tSCL condition item.
8 8 (Before change) I2C high speed mode
(After change) I2C Fast mode
8 8 Add clock stretch time tCKST.
9 9 BUSYB signal deleted from 12C timing chart.
:5912% 1159;% Changed Sl terminal to SDA terminal.
16 16 Speaker short-circuit detection warning added.
FEDL22Q294-03 Oct 4, 2021 17 17 Added a note on using commands.
19 19 Added a note on phrase playback after the STOP command.
24 24 Clock stretch time Timing chart added
24 24 BUSYB output timing added.
31 31 Added a note for phrase playback after transitioning to BUSYB "H"
level.
43 43 Describe the thermal resistance information of the package
- 44 Added "Mounting area for package lead soldering to PC boards".
- 2 Added application information.
FEDL22Q294-04 Feb 9, 2024 1 2 Changed shipping form to table format.
46 47 Revised the Note.
Changed BUSYB change time from "L" to "H", after over-current
detection of a speaker amplifier
FEDL22Q294-05 Oct 25, 2024 9 9 (Before change) 80us
(After change) 160us
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Notice

Precaution on using ROHM Products

1))

2)

3)

4)

5)

6)

7)

8)

9)

When using ROHM Products, refer to the latest product information and ensure that usage conditions (absolute maximum
ratings’!, recommended operating conditions, etc.) are within the ranges specified. ROHM disclaims any and all liability for
any malfunctions, failure or accident arising out of or in connection with the use of ROHM Products outside of such usage
conditions specified ranges, or without observing precautions. Even if it is used within such usage conditions specified ranges,
semiconductors can break down and malfunction due to various factors. Therefore, in order to prevent personal injury, fire or
the other damage from break down or malfunction of ROHM Products, please take safety at your own risk measures such as
complying with the derating characteristics, implementing redundant and fire prevention designs, and utilizing backups and
fail-safe procedures.
*1: Absolute maximum ratings: a limit value that must not be exceeded even momentarily.

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

Descriptions of circuits, software and other related information in this document are provided only to illustrate the standard
operation of semiconductor products and application examples. You are fully responsible for the incorporation or any other
use of the circuits, software, and information in the design of your product or system. And the peripheral conditions must be
taken into account when designing circuits for mass production. ROHM disclaims any and all liability for any losses and
damages incurred by you or third parties arising from the use of these circuits, software, and other related information.

No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third party with respect to ROHM Products or the information contained in this document (including but not limited to, the
Product data, drawings, charts, programs, algorithms, and application examples, etc.). Therefore, ROHM shall have no
responsibility whatsoever for any dispute, concerning such rights owned by third parties, arising out of the use of such
technical information.

ROHM intends our Products to be used in a way indicated in this document. Please be sure to contact a ROHM sales office
if you consider the use of our Products in different way from original use indicated in this document. For use of our Products
in medical systems, please be sure to contact a ROHM representative and must obtain written agreement. Do not use our
Products in applications which may directly cause injuries to human life, and which require extremely high reliability, such
as aerospace equipment, nuclear power control systems, and submarine repeaters, etc. ROHM disclaims any and all liability
for any losses and damages incurred by you or third parties arising by using the Product for purposes not intended by us
without our prior written consent.

Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS Directive.
ROHM shall have no responsibility for any damages or losses resulting non-compliance with any applicable laws or
regulations.

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.

Please contact a ROHM sales office if you have any questions regarding the information contained in this document or
ROHM's Products.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of ROHM.

(Note) “ROHM” as used in this document means ROHM Co., Ltd.
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Other Precaution
1) Allinformation contained in this document is subject to change for the purpose of improvement, etc. without any prior notice.
Before purchasing or using ROHM Products, please confirm the latest information with a ROHM sales office.

2) ROHM has used reasonable care to ensure the accuracy of the information contained in this document, however, ROHM
shall have no responsibility for any damages, expenses or losses arising from inaccuracy or errors of such information.
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