YAMAHAL S i

YMU759B

MA-2
Mobile Audio 2

Outline

YMU759B is a synthesis LSI for portable telephone that is capable of playing high quality music by utilizing
FM Synthesizer and ADPCM decorder that are included in this device. As a synthesis, YMU759B is equipped
with Yamaha’s original FM synthesizer, with which the device is capable of simultaneously generating up to
16 voices with different tones. Since the device is capable of generating ADPCM data simultaneously
synchronous with the play of the FM synthesizer, various sampled voices can be used as sound effects.

Since the play data of YMU759B are interpreted at anytime through FIFO, the length of the data (playing period)
is not limited, so the device can flexibly support applications such as incoming catl melody distribution service.
The hardware sequencer built in this device allows playing of complex music without giving excessive load to
the CPU of the portable telephones. Moreover, the registers of the FM synthesizer can be operated directly for
real time sound generation, allowing, for example, utilization of various sound effects when using the game
software installed in the portable telephone.

YMU759B includes a speaker amplifier with low ripple whose maximum output is 550 mW

(SPVDD=3.6V). The device is also equipped with conventional functions including a vibrator and a circuit for
controlling LEDs synchronous with music.

For the headphone, it is provided with a stereophonic analog output terminal.

For the purpose of enabling YMU759B to demonstrate its full capabilities, Yamaha proposes to use “SMAF:
Synthetic music Mobile Application Format” as a data distribution format that is compatible with multimedia.

Since the SMAF takes a structure that sets importance on the synchronization between sound and images,

various contents can be written into it including incoming call melody with words that can be used for training
karaoke, and commercial channel that combines texts, images and sounds, and others. The hardware sequencer of
YMU?759B directly interprets and plays blocks relevant to systhesis (playing music and reproducing ADPCM with
FM synthesizer) that are included in the data distributed in SMAF.

Features

FM synthesizer functions
R Tones

FM synthesizer is capable of creating countless tones theoretically.
‘When synthesizing tones, it is necessary to designate the number of operators to be used for the synthesis.
Increasing the number of operators allows synthesis of tones that are more intricate and closer to those
generated by natural musical instruments.
YMU759B supports synthesis of tones of two types including 2-operator tones and 4-operator tones.
Because operator's wave shape can be chosen from eight kinds, the quality of sound improves more
remarkably than 2 operator sound of the MA-1 series. (A MA-1 series can choose operator wave shape from
two kinds.)
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YMU759B DA

B Number of voices simultaneously generated
YMU759B is equipped with 32 operators.
The number of voices simultaneously generated varies depending on how many 2-operator tones and
4-operator tones are used.
‘When only 2-operator tones are used: up to 16 voices can be generated simultaneously.
‘When only 4-operator tones are used: up to 8 voices can be generated simultaneously.
B Compatible with stereophonic sound generation.
Volume control
Channel volume, master volume, expression, and pan pot control in individual channels
Sequencer is built in.
Can interpret Mobile Multimedia Format directly.
Equipped with four systems of 96 FIFOs for sequence data
Supports direct access that directly controls FM synthesizer.
Supports key control with half an octave higher and lower.

ADPCM reproduction function

Equipped with ADPCM decoder with 4 bits, 1 channel

B Supports two kinds of sampling frequency, 4 kHz and 8 kHz.
B Sequencer is built in.
[
=

Equipped with 348 byte FIFO for ADPCM data and 32 byte FIFO for sequence data
Supports direct access that directly controls ADPCM section.

Speaker amplifier and equalizer circuit
B Output of speaker amplifier: 550 mW when SPVYDD=3.6 V, or 400 mW when SPVDD=3.0 V
B Balanced input speaker amplifier provides low ripple

8 Built-in equalizer circuit corrects the difference of frequency response among the speakers and forms of
bodies.

Interface
B 4 wire serial interface or 12 wire parallel interface can be selected.

Others
® PLL is built-in to support master clock input in 2 MHz to 20 MHz range.
B Provided with a circuit for controlling on/off of LEDs and vibrator. These can be operated synchronous with
the play data.
8 Provided with a stereophonic analog output terminal for headphone
B 16 bit stereophonic D/A converter is built in.
B Supports power down mode. (Typical current: 1 pA or less)

Power supply voltage
The power supply includes two power supply sub-systems, analog power supply devoted to speaker amplifier
and power supply for other sections.
The power supply for the speaker amplifier (SPVDD) supplies voltages in the range 2.7 V ~ 4.5 V (Typ 3.6 V),
and other power supplies (VDD) voltages in the range 2.7 V ~ 3.3 V (Typ 3.0 V).

32-pin plastic QFN. (YMU759B-Q)
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Terminal configuration
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Terminal functions

No. Name 1/0 Function
1 CLKI Ish Clock input (2~20MHz)
2 EXT1 0] Extemal device control terminal 1 (*1)
3 /IRQ (8] Interruption output
4 /RST Ish Hardware reset input
5 IFSEL 1 CPU IF selection  L: Serial UF, H: Paralle] I'F
Connection of capacitor for built in PLL
Conmect the 3.3kQ resistance and the 1000pF capacitor between this terminal
6 PLLC A
and VSS (*) in series.
(*)Directly connect VSS used here and VSS of 8" pin.
7 VDD } Digital power supply (Typically +3.0V)
Connect 0.1 pF and 4.7 uF capacitors between this terminal and VSS
8 VSS - Ground
9 VREF A Analog reference voltage. -
Connect 0.1 UF capacitor between this terminal and VSS
10 HPOUT-L / MONO A Headphone L channel output: can be switched to mono through register setting
11 HPOUT-R A Headphone R channel output
12 EQlL A Equalizer terminal 1
13 EQ2 A Equalizer terminal 2
14 EQ3 A Equalizer terminal 3
15 SPVDD ) Analog power supply (Typically +3.6 V)
Connect 0.1 pF and 4.7 pF capacitors between this terminal and SPVSS
16 SPVSS - Analog ground for speaker amplifier
17 SPOUTIL A Speaker terminal 1
18 SPOUT2 A Speaker terminal 2
19 EXT2 (0] External device control terminal 2 (*1)
20 D7 1/0 Parallel I'F databus 7 (*1)
21 D6 VO | Parallel IF databus 6 (*1)
22 D5 IO | Parallel UF databus 5 (*1)
23 D4 1/0 Parallel IF databus 4 (To be open when IFSEL=L)
24 D3 /0 Parallel IF databus 3 (To be open when IFSEL=L)
25 D2 1/0 Parallel I'F databus 2 (To be open when [FSEL=L)
26 D1 1/0 Parallel I'F databus 1 (To be open when IFSEL=L})
27 DO Vo Paralle] I'F databus 0 (To be open when IFSEL=L)
28 /WR Ish Parallel I'F write pulse  (To be open when IFSEL=L)
IFSEL=L Serial I'F data input
29 SDIN (/CS) Ish . i
IFSEL=H Parallel IF chip select input
IFSEL=L Serial I'F data decision signal
30 SYNC (A0) Ish .
. IFSEL=H Parallel I'F address signal
IFSEL=L Serial I'F bit clock input
31 SCLK (/RD) Ish
IFSEL=H Parallel I'F read pulse
32 SDOUT OD Serial IF data output (Pull up resistance is necessary for the outside)

Comment: Ish= Schmitt input, OD= open drain terminal, A= Analog terminal

(*1) The function changes by setup of the register.
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YMU759B

Block diagram
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Outline of blocks

Explanation about outline of built-in each blocks and flow of the signal are follows.

Clock T
Generate Headphone
U v
M A
P| Register Sound
% Generator
o0 £ EQ E
g Hardware Dac Amplifier Parts
8 Sequencer +
HFO ADPCM
Playback Speaker -~
Amplifier
CPU interface

Receives commands send from exteral CPU, interprets the contents, and then writes them into registers by index
address. Controls reading of designated register data.

As interfaces for controlling YMU759B, 4 wire serial and 12 wire parallel interfaces are provided, which can be
selected through IFSEL terminal.

Registers
Register groups that control the LSI except for sequence data.
FM tone register data, various volumes and other control data are store here.

FIFO
Sequence data to move hardware sequencer and ADPCM wave data are stored in FIFO.
This device is equipped with four FIFOs for FM and two FIFOs for ADPCM.
The FIFOs for FM stores sequence data and those for ADPCM stores sequence and waveform data. The size of
FIFOs for FM is 96 bytes, the one for ADPCM data is 384 bytes, and the one for sequence data is 32 bytes.

Hardware sequencer
FIFO is provided as a previous stage of the sequencer which reads sequence data from FIFO to control FM and
ADPCM sections.
The sequence data are compatible with SMAF(Synthetic music Mobile Application Format) proposed by yamaha.

FM synthesis
This is a synthesis that uses Yamaha’s original FM system. It is able to generate up to 16 voices simultaneously.

This section plays in accordance with commands from the sequencer.
It can also play by directly controlling various registers without using the sequencer.
The sampling frequency is 49.7 kHz that complies with stereophonic sound.

ADPCM playback
This section decodes 4 bit ADPCM data to 16 bit data by using the sampling frequency of 4 kHz or 8 kHz.
1t can playback one voice. It playback according to command from sequencer.
And it can playback to control various register directly without using sequencer.




YMU759B AV

DAC
Converts digital signal from FM and ADPCM section to analog voice signal with resolution of 16 bits.

Headphone output

This section supports stereophonic analog output for the headphone. Monaural output is available by changing
the setting. And built in volume adjust output level.

EQ amplifier
This section is used to set the response of filter or the gain by externally connecting a resistor and capacitor.

Speaker amplifier

A speaker amplifier is built in this device, which maximum output is 550 mW at AVDD=3.6 V.
Built in volume adjust output level in front of amplifier.
Low ripple is provided.

Clock generate

This block makes a necessary clock by increasing 2 to 20 MHz clock inputted through CLK 1 terminal using the
built-in PLL.

The clock generated in this section is supplied to the inside of digital circuit.
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ARAA

Electrical Characteristics

Absolute maximum rating

Item Symbol Min. Max. Unit
SPVDD terminal power supply voltage (Speaker amplifier section) SPVop -0.3 6.0 v
VDD terminal power supply voltage (Others) Vop -0.3 4.2 Vv
SPOUT1 and SPOUT2 terminal impressed voltage Ve -0.3 SPVpp+0.3 A
| Analog input voltage Viva 0.3 VDD+0.3 N
Digital input voltage o o Vo -0.3 VDDH).3 v
. Operating ambient temperature Toe | . 20 8 °c
Storage temperature Tsra -50 125 °C
Note: VSS = SPVSS =0V
Recommended operating conditions
Item Symbol Min. Typ. Max. Unit
_SPVDD operating voltage (Speaker amplifier section) |  SPVpp_ 27 36 .45 L V.
VDD operating voltage (Others) Vo, 27 .30 33 |V
Operating ambient temperature Tor -20 25 85 °C
Note: VSS =SPVSS =0V
DC characteristics
Item Symbol Condition Min. \ Typ. Max Unit
Input voltage “H” level Vil 0.7 X Vpp - - \'
.Input voltage *1.” level Vua ) - | - 02xVop [ V.
Outputvoltage “H’level | Vou_ | ln=(*1) 08xVon | - - v
Ouputvoltage T level | Voo | lo=("1) - - .04 NV
Schmitt width | Vsh - 05 v
| Inputleakage current G -0 L 10 KA
Input capacity CI : 10 pF

Note: Top=20 to 85°C, VDD=3.0+0.3V, Capacitor load=50pF
(*1) /RQ, SDOUT, D0~D7 are IOH=-1mA, IOL=+1mA, (SDOUT is only IOL)

EXT1, EXT2 are IOH= 4mA, IOL=+4mA.
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AC characteristics
/RST, CLKI
Item Symbol Min. Typ. Max. Unit

/RST active “L” pulse width TrsTw 1024 x CLKI

/RST (Undefined to L) set up time Trsts 0 ns

CIKI frequency 1/ Tfreq 2 20 MHz

CLKI rise time / fall time Tr/ T 30 ns

CLKI duty Th/Tfreq 30 50 70 %
Note: Top=-20 ~ 85°C, VDD=3.0£0.3 V, Capacitor load=50 pF.

VDD o0%
30%
TrsTwW
/RST VIH= 0.7 x VDD
\ VIL=0.2 x VDD
—p —
Trs1s
S MAAL---------=-- AU
— s
1024 clocks or more are necessary.
Th eIt
VIH= 0.7 x VDD
CLKI VIL= 0.2 x VDD
—P
Tr Tfreq

R
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Serial I/F
Item Symbol Min. Typ. Max. Unit
SCLK clock period Tclk_period 80 ns
SCLK“L’pulsewidth Telk_low 20 ns
SCLK “H’ pulse width Telk_high 20 ns
SCLK rise time Trise_clk 30 ns
SCLK fall time Tfall_clk 30 ns
SYNC “H” pulse width Tsync_high 30 - ns
SYNC “L” pulse width Tsync_low 30 ns
SYNC / SDIN rise time Trise 30 ns
SYNC/ SDIN fall time Tfall 30 ns
SYNC delay time Tdelay SYNC 0 ns
SYNC -> SCLK setup time Tsetup_SYNC 120 ns
SDIN setup time Tsetup_SDIN 20 ns
SDINholdtime | TholdSDIN | 20 SR
SDOUT delay time Tdelay_SDOUT 70(*2) ns
Read wait time Trd_wait (*1) ns

Note: Tgp=-20 ~ 85°C, VDD=3.0+0.3 V, Capacitor load=50 pF.
(*1): Read wait time varies in the register which accesses it.
(*2): Max 70ns is the delay time when it is outputted from the D5 terminal.
Delay time from the SDOUT terminal varies according to pull-up resistance value and the load capacity of the
outside.
Standard delay time can be calculated by step response expression of the RC circuit.
Time to change to the voltage of [power supply of external pull-up resistance x 80%)] is as follows.
l-exp(-t /RxC)=0.80
When R = 1k, C=50pF, t = 80ns //

"Standard delay time" and the reason why it was written are because resistance value and capacity value swing by

the part's own error and the temperature character.
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Tclk_high Tfall_clk
» | —

SCLK a : S
S

Trise_clk Telk_period Tclk_low

v

Tsync_high

SYNC

/[

SDIN

|

)
]
|
I
1
—i
{{ Tran

]

SCLK \ /

Tsetup_SDIN {Thold_SDIN
< >

y
SDIN X X
. N

Tdelay SYNC

A

SYNC m

Measurement point
VIH=0.7 X VDD
VIL =0.2 X VDD
VOH= 0.8 X VDD
VOL = 0.4V

Tsetup_SYNC

W

< P
Tsync_low
SCLK / \
Tdelay_SDOUT
‘_—.—
D5 or X LsB Y
SDOUT In the case of D5 terminal, H level output.
In the case of SDOUT terminal, Hi-Z.

-

|

Tsync_low
SYNC -/ m
Trd_wait
SCLK _J \
D5 or
( MSB
SDOUT

W
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Parallel I/F
(write cycle)

Item Symbol Min. Max. Unit
Chip select width Tesw 100 ns
Address setup time Tas 10 ns
Address hold time Tan 10 ns
Write pulse width Tww 50 ns
Datasetup time _ Twos 30 s
Data hold time Twp_}_; 5 ns
Note: Top=-20 ~ 85°C, VDD=3.0+0.3 V, Capacitor load=50 pF.
(Read cycle)
Item Symbol Min. Max. Unit
Chip select width Tesr 100 ns
Address setup time Tas 0 ns
Address hold time Tan 0 ns
Readpulsewidth CTew f B0 oS
Read data access time Tacc 70 ns
Data hold time Trou 10 50 ns
Note: Tgp==20 ~ 85°C, VDD=3.0+0.3 V, Capacitor load=50 pF.
Write cycle
o Y
\
Tan
< Tesw
TAS » TWW
/WR %
Twos Twon
P —P
DO~D7 Invahd X Valid

(: Invalid

Note: Tesw, Tww, Twpn and Tap are defined with respect to the moment /CS or /WR becomes High level.

Measurement point .
VIH=0.7 X VDD
VIL=0.2 X VDD
VOH=0.8 X VDD
VOL =04V
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Read cycle

A0 ’
Tesr

s ANWAENWWAY LI

Tan

Tas » TRW
/RD \ 1’4
| Tacc Tron
<P

DO~D7 m Valid -l_——

|

Note: Tacc is defined with respect to the moment /CS or /RD becomes Low level later.
Tesk, Trw, Tron and Tay are defined with respect to the moment /CS or /RD becomes High level.

Measurement point
VIH=0.7 X VDD
VI =0.2 xVDD
VOH= 0.8 X VDD
VOL = 0.4V
Power consumption
Item Min. Typ. Max. Unit
_ VDD section (normal operation) B RY) _mA
_SPVDD section (novoice) .. . . R 5 1. mA |
_SPVDD section 8 Q load and 400 mW output - 210 mA
Power down mode (VDD + SPVDD) (*1) 1 10 pA

Note: Top=-20 ~ 85°C, VDD=3.0+0.3 V, SPVDD=3.6V.
(* ): Measurement condition : The input terminals except for CLKI are fixed on VIH=VDD, VIL=0V.
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Analog characteristics

SP amplifier

Ttemn Min. Typ. Max. Unit

| Gain setting (Fixed) o o : 12 Times

Minimum load resistance (RL) 8 Q

Maximum output voltage amplitude (RL=82) e 60 - Vpp

Maximum output power (RL=8Q, THD+N<=0.05%) 500 mw
Maximum output power (RL=8Q, THD+N<=1.0%) D 580 mW
THD +N (RL~=8Q, f~1kHz, output=400mW) N 0.02 SO

_Noise at no signal (A-filter: auditory sensation weighting filter) . %0 ] dBv_

PSRR (f=1kHz) 90 ‘ dB

| Amplitude center voltage (VSEL=0) x06 . | vpD |

|_Amplitude center voltage (VSEL=1) X051 VDD

Differential output voltage 10 ; 50 mV

Note: Top=25°C, VDD=3.0V, SPVDD=3.6V

EQ amplifier

Item Min. Typ. Max. Unit

_Gainsettingrange

Maximum outputewrrent L o120 | wa

_Maximum output voltage amplitude R 15 o] Vpp

THD+N (&=lkHz) .} ] 005 R

Noiseatnosignal (Afiltery L . %0 o .dBv |

Input impedance 10 | MQ

Note: Top=25 °C, VDD=3.0 V and SPVDD=3.6 V.

SP Volume

Item Min. ; Typ. | Max. Unit

_Volume setting range B0

| Volume step width e

| Noise at no signal (A-filter) 7% — dBv
THD + N (f=1kHz) | L 005 %

Note: Top=25 °C, VDD=3.0 V and SPVDD=3.6 V
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EQ Volume

Item Min.  Typ. Max. Unit

Volume setting range 130 . dB

Volume step width . . dB

Noise at no signal (A-filter) -90 dBv

Maximum output current 120 e pA

~Maximum output voltage amplitude 15 1 Vpp

Output impedance 300 600 Q
Note: Top=25°C, VDD=3.0V and SPVDD=3.6V.

HP Volume

Item Min. Typ. Max. Unit

_Volume settingrange .} -3 . .y 0 ] 4

_Volumestepwidth D RS . . dB

_Noiseatnosignal (Afilter L0 ) dBy

Maximum outputcurrent e b x20 A

Maximum output voltage amplitude 1.5 Vp-p

Output impedance 300 600 Q
Note: Top=25°C, VDD=3.0V and SPVDD=3.6V

VREF

Item Min. Typ. : Max. Unit

VREF voltage | %05 | VDD
Note: Top=25°C, VDD=3.0V and SPVDD=3.6V.

DAC

Item Min. :  Typ. \ Max. Unit

Resolution 6 | Bt

Full scale output voltage

THD+N _ (f= 1kHz) i b0 L %

o S — )
_Noise at no signal _(A-filter) i 85 RO T dBv

Frequency response (f=50Hz ~20kHz) -3.0(*1) | L 0.5 dB
Note: Tgp=25°C, VDD=3.0V, SPVDD=3.6V

(*1): The decline of high range response by aperture effect.
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External dimensions of package
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MEMO
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Yamabha LSI - Mobile Audio

Yamaha LSI - Mobile Audio

Mobile phone users increasingly demand melodies in place of the typical phone ring, and telecoms and manufacturers
are responding accordingly. Yamaha's general-purpose mobile audio LSIs meet this need by providing superior sound
quality and a wider range of musical-ring functions.

Product # Package Name Outline Features

Cell Melody LSiIs
- FM generator: 4 simultaneous tones

. - Internal hardware sequencer
= -
YMU757B-Q 20QFN MA-1C FM tone generator for mobile phone - Internal DAC and speaker amp

- Internal sound-correction equalizer circuitry

- FM generator: 16 simultaneous tones
- 4kHz/8kHz ADPCM replay

YMU759B-Q 32QFN MA-2 FM tone generator for mobile phone - Internal DAC and speaker amp
- Internal sound-correction equalizer circuitry
- Stereo

- FM/Wavetable generator: 40 simultaneous tones
- Upto 48kHz PCM/ADPCM replay

- DLS support

- Internal DAC and speaker amp

- Internal sound-correction equalizer circuitry

- Stereo

YMU762-Q 32QFN MA-3 FM/Wavetable tone generator for mobile phone

PDA Sound Generator LSlIs

- PalmOS support

- FM generator: 16 simultaneous tones

- 4kHz/8kHz ADPCM replay

- Internal DAC and speaker amp

- Internal sound-correction equalizer circuitry
- Stereo

YMF761-Q 32QFN PA-1 FM tone generator for PDA

OPL3-SA, OPL4, DB50XG, SW60XG and Waveforce are trademarks of Yamaha Corporation. All other products and brands mentioned are registered
trademarks or trademarks of their respective companies.
Copyright © 2000 Yamaha Corporation. All rights reserved.
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