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1. B4t
NY6A Z:FliE i Ry % DhRs B i CMOSEE & & kA e (Wil es - fR L6 EHYEE S /MIDIS RS » FrA Y iEE
BCH 73 Y 28 2 AT [E] R 6 EE  5GMIDI - 552 FIMIDI S By & a7 =UER AT Bk & R B JE Y. 4-bit, 5-bit J& & =X
ADPCM JEHAEL 10-bit PCM - =kt ] 244 1KHz » a2 Bt R CDYE'E - NYBA 27 hllagat 2
MIDIERCFER » bR T 1 HL256f5ADSRE4E (Attack-Decay-Sustain-Release envelope)fE B Ek - 20 g%
H+/-0.5% N PHZE 2% B2 PN AV BERS B B3 ThEE © BRI - NYGA REAEMEM S RMIDIEFT - S RUE T HE S -

NYBA N7 T SURRHY A B 28 1Y 250K H ZEE B 2 a8 8 5 )% (Noise Filter with 250KHz Over-Sampling) » A&
S U BRI S B S IS 40y e - B 1608 & 1 m] DB B 7 KR S B ol
B ERE 0 N B 12-bit PWM - [R[IIE > NYBA B35 /35 4% VS B 5 2 th R A7y iseE -

NYBA HIRISCHE 5 <20 o] MR A St Bm AR - AT S » REBBEESHZ1ER FRIRESERL -
AT DU e Ra st DR SR SE A RIRVIE A © BR T — R FEEZ 41 > NYBA g (A i%i(Halt mode)&i
1&g 2 f55{(Slow mode) > DAETELHFE

2. TIRE
o TEMTIEERE: 2.0V~55V-
o 4-bit RISC I5fEf5 SR 2L REMNREEHIRS - SLATSRIES -

o HLA10(ELHE » HARHEHIROMZE & £ 160Kx10-bit » F2=AIEDRILH[E —HEROM -

R %%i‘i%z@) ROM %8 (10-bit)
NYBA003A 3.3 12k x 10
NYBAQ05A 5.0 16k x 10
NYBA008A 8.3 24K x 10
NY6A011A 1.7 32K x 10
NY6A018A 18.3 48Kk x 10
NYBA025A 25.0 64k x 10
NYBA035A 35.0 88k x 10
NYBA045A 45.0 112Kk x 10
NYBAO55A 55.0 136k x 10
NYBAOE5A 65.0 160k x 10

e 336x4-bit RAM > 4316 » £ H56x4-bit -

® 2MHz f5OH% -

o fEfRIfE A (Slow mode) - HIFEEIIFE  (+/- 3.0% FHHEE)

o R T((Halt mode) - FTEIELIFE - FFEARE T (Isb)/ VI TUA -

o NN +/- 0.5% NIHEZ% -
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PRHHERERIE ML (LVR=1.9V) » BF YHE(WDT) » O1E{ir1/j4E (External Reset) -
REPREILVRIEERE 1038 - T4 B s IR R, -

—418-bit FH AT BLRE TS A [F I E AR L 2 TR A -

— B B A FT A — 4B I R (Stack) » 3 % PR AT LLGE A -
SIS IEA e 1/ OFl - 5B/ ORI A A BRI 7 B2 1 Ry A Sl 4 -

(51 i) 1/ ORI ER 7T 73 1l & A (5 Oy AR EE 88T o ST ARy = 880H © A RIS FH i AR - i B
EHAVE AR ~ SR A fEas e B AR E AR A o S ARy =8 - A — Mg EER (Normal
Drive Current, Normal Sink Current) ~ A 21 fil(Large Sink Current) ~ 5¢.& & & 7 4 (Constant Sink
Current) - (Jf #2575

PA2/IR fill o] LLE (RALA MR Bt - PA3/Reset fill o] LUE EIMNBIEALIIA © (VL #2FF)
KLHNERF IR AT (I8 - [FIRRFHON 2 Mk Pt o] DRI B (e -
i % A G FEIRFHRI - FHH i B RS 2 R a SKMIDIEE -

fefit 4-bit / 5-bit JE&z( ADPCM, 10-bit PCM =& HVEEE/MIDIE (& pUE L - 2560 FADSRELEE AT
MIDIE &R

B B Y 250KHZEE PR SRR UL - (E RIS IIROMA EVRTEE T » KNS f 58 s bE I P (L (8 B
= .

WGP B Z B IEH] > FTHRNEESEHEERK -

P H B3 S RS (Automatic Tone-Calibration) - = 5 S R & ORI Z R AR -
—4H 12-bit PWM GG, - o] DUERERREN I\ BEnsH -

fefE K E EPWM (Ultra PWM) #ii - AIDUESERE EAE & > S A RIMI=REROK -
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1. GENERAL DESCRIPTION

The NY6A series IC is a powerful 4-bit micro-controller based sound processor. There are 6 channels that are
configured as speech or MIDI, and all of these 6 channels or part of them can be played with speech or MIDI
simultaneously. By using the high fidelity 4-bit, 5-bit mixed ADPCM or 10-bit PCM speech/ MIDI timbre
synthesis algorithm with up to 44.1KHz sample rate, NYGA produces high quality voices. As NY6A is specially
designed for MIDI synthesis application, it provides Attack-Decay-Sustain-Release method (ADSR) with 256-
level envelope for Patch (instrument) synthesis. NYBA can precisely synthesize any tone frequency of MIDI
with +/- 0.5% accurate internal oscillation and automatic Tone-Calibration. Therefore NY6A melody quality is

very close to real instrument.

Moreover, NY6A is equipped with new Nyquest's developed high-quality noise filtering algorithm of 250KHz
over-sampling, which can remove noise in order to improve speech and melody quality greatly. Up to 16-level
digital volume can be applied to final synthetic speech or melody that is tailored for applications of volume
adjustment. NY6A provide one kind of audio outputs with fine resolution, 12-bit Pulse-Width-Modulation (PWM).

Therefore NYBA speech/ melody quality is the best choice among all solutions.

The RISC MCU architecture is very easy to program and control, various applications can be easily
implemented. There are 75 instructions, and most of them are executed in single cycle. Besides normal
operation mode, NY6A also provides Halt mode (or Sleep mode) and Slow mode to minimize power

dissipation.

2. FEATURES
e Wide operating voltage range: 2.0V to 5.5V.
e 4-bit RISC type micro-controller with 75 instructions.

e There are 10 bodies. 160Kx10-bit ROM is the maximum. Program and voice data share the same ROM

space.

Product VElE D%agli(‘l’_l"z (sec) ROM Size (10-bit)
NY6AQ003A 3.3 12k x 10
NYBAQ05A 5.0 16k x 10
NY6AQ08A 8.3 24K x 10
NYBAO1T1A 1.7 32k x 10
NYBAO18A 18.3 48K x 10
NYBA025A 25.0 64k x 10
NY6A035A 35.0 88k x 10
NYBA045A 45.0 112k x 10
NYBA055A 55.0 136k x 10
NYBA0B5A 65.0 160k x 10
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o 336x4-bit RAM, divided into 6 pages.

e 2MHz instruction frequency.

e Slow mode to operate with low power consumption (+/- 3.0% accuracy).

e HALT mode to save power, less than TUA@3V standby current.

e Built-in RC oscillation is accurate with +/- 0.5% frequency deviation.

e Low voltage reset (LVR=1.9V), watch-dog reset and I/O port reset are all supported to protect the system.
e Special hardware for LVR occurrence counting by program to manage low battery system operation.

e One interrupt entrance with an independent stack, multiple interrupt sources.

e 8-bit timer counter is applied to multiple clock source for various application.

e 3 flexible Bi-direction 1/Os. Direction of each /O is independently controlled by individual register bit.

e Each Bi-direction I/O pin can be optioned as different input and output function. For the input option, users
can select one of three kinds of option: input with pull-high resistor, input without pull-high resistor, or input
with register-controlled pull-high resistor (high-to-low wakeup only). For the output option, users can select
one of three kinds of option: output with normal drive/sink sink current, large sink current or constant sink

current. (Mask option)
e Shared pins to provide IR carrier and external reset feature: PA2/IR & PA3/Reset. (Mask option)
e Infrared output: optional IR carrier frequency and optional data high/low IR output supported.

e Maximum of 6 channels can be played simultaneously, and each channel can be arbitrarily assigned as

speech or MIDI channel.

e New high fidelity 4-bit / 5-bit mixed ADPCM or 10-bit PCM speech synthesis algorithm and ADSR with 256-

step envelope for MIDI synthesis.

e Patented noise filtering algorithm with 250KHz over sampling to enhance signal-to-noise ratio and provide

excellent sound quality without ROM size increase.
e 16-level digital volume control for synthetic speech/melody.
e Built-in hardware automatic Tone-Calibration of near-zero frequency deviation for precise tone frequency.
e High quality 12-bit PWM driver.

o PWM driver can be normal PWM or Ultra PWM.
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3. BLOCK DIAGRAM

Yoo o WSS
=] o
ROM LVR Contral
| G-Channel
_ : Voice Melody
4-Dit MCU Audio Synthesizer
RAM |
| Moise )
em— —| Filter Mixer
Clock WDOT
Generator [ | Contral |
o PWM
PWM
0 Contral RS
Lo
PA  PB
4. PAD DESCRIPTION
Pad Name ATTR. Description

VDD1~2 Power

Positive power.

GND1~2 Power

Negative power.

PAO~1 I/O Bit 0~1 for Port A.

PA2/IR 110 Bit 2 for Port A, or IR carrier output.
PA3/Reset 1/0 Bit 3 for Port A, or external reset input.

PB0~3 I/O Bit 0~3 for Port B.

PWM1 0] PWM?1 output.

PWM2 0] PWM2 output.
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5. MEMORY ORGANIZATION

There are maximum 160K words ROM, 6x56 nibbles of RAM and 32 nibbles of dedicated System Register.

5.1 ROM
A large program/data/voice single ROM is provided, and its structure is shown below. The reserved region
contains system information and can’t be utilized by users. After reset process is completed, NY6A will start
program execution from address 0x000. Because program page size is 64K words defined by 16-bit length
address of ROM, allowable range of unconditional branch instructions JMP and CALL are limited by program
page size. However, combining with 3-bit BANK register, the total program size is 512K words. If users want to
branch to program which is located beyond current program bank, user can change the BANK register first

and then execute JMP or CALL instruction.

Address ROM
$000000
Reset Vector

$00000F
$000010

Interrupt Vector
$00001E
$00001F

Reserved

$0003FF
$000400

Program & Data

Bank 0

$00FFFF
$010000

Program & Data

5.2 RAM

There are 6 pages of RAM, each page of RAM contains 56 nibbles. It's total 336 nibbles. The page of RAM
defined by MPG (PAGEO~5), and its initial is PAGEO. Memory Registers of RPT0~5 and ROD1~2 will
occupy address space from 0x00 to 0x07. Moreover, this address space of PAGEO~5 are mapped to the
same dedicated registers. As consequence, the address space of PAGEO~5 RAM which can be used by

programmer is 0x08~0x3F.

In addition to the immediate addressing mode, the indexed addressing mode is also supported. The page
and address of the indexed RAM should be stored into {PAGE, RPT1[1:0], RPTO} or {PAGE, RPT3[1:0],
RPT2} first, and users can read from or write in the XMDO/XMD1 memory register to realize the indexed

RAM access.
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6. CLOCK GENERATOR

The system clock is 2MHz, which is fast enough for many kinds of applications. The clock generator is a Ring
oscillator, and users can only select the internal resistor oscillation (INT-R). The INT-R oscillator accuracy is up
to £ 0.5%.

7. TIME BASE INTERRUPT

There are four kinds of time base interrupt period provided by NY6A: 0.256ms, 0.512ms, 1.024ms and
16.384ms. Users can select them by writing register INT[3:0].

If polling method is adopted to know time base status, reading BTF[3:0] register can get the status of these four
timer base. If interrupt method is adopted to implement a tick timer for application, writing 1 to register INTO[3:0]

will enable corresponding time base interrupt.

8. I0 PORTS

There are at most 8 I/O pins, designated as PAx through PBx, and x=0~3. All the I/O pins are bi-directional. An

individual and independent register bit can determine the direction of each 1/O pin.

Using as input pin of each I/O, there are 3 kinds of mask option. Users can select input with pull-high resistor,

input without pull-high resistor, or input with register-controlled pull-high resistor (high-to-low wakeup only).

If users want to enable/disable pull-high resistor by register during program execution, only high-to-low level
change on this pin can wakeup NY6A. On the other hand, if the pull-high resistor is fixed by option, either high-

to-low or low-to-high level change on this pin can wakeup NYGA.

The pull-high resistor of all the 1/0 pins has two kinds of option: weak and strong. The weak one is about
1MQ@3V for normal application and the strong one is about 100KQ@3V usually for key matrix function. When

users decide this option, the same strength of pull-high resistor will be applied to every 1/O pin.

Using as output pin of each 1/O, there are 3 kinds of mask option. Users can select output with normal drive
current and normal sink current, normal drive current and large sink current, or normal drive current and

constant sink current.

The 1/O pin PA2/IR is also a multi-function pin. PA2 can be optioned as IR carrier pin and IR carrier frequency
can be determined by a 5-bit option. There is another option to determine IR carrier how is present according to

data value is high or low.

The 1/O pin PA3/Reset can be used as external reset pin by setting option. When PA3 is used as external reset,

an active low signal on this pin will reset NYGA.
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9. AUDIO SYNTHESIZER

NYG6A provide 6-CH Speech/MIDI synthesizer to play voice and patch-wave melody. All synthesis is provided by

hardware and each channel can synthesize voice/MIDI independently.

For each synthetic channel, it has one 8-bit envelope register to multiply with voice data or patch-wave data.

There is a hardware Mixer to add these 6 synthetic data to provide final result. However, before the first PLAY

instruction is executed, users have to wait about 40us after Mixer is enabled.

The final result can be controller by a 4-bit register to adjust its volume and then it is sent to Audio Output to

produce analog audio signal to drive external speaker.

NY6A provide one kind of Audio Output: 12-bit PWM direct-drive.

9.1

9.2

9.3

Voice

NY6A supports 10-bit PCM and encoded 4-bit / 5-bit mixed ADPCM speech data. The PCM voice quality is
higher, but it occupies double ROM space than the ADPCM one. By cooperating with embedded noise filter
of 250KHz over-sampling, it could decode high fidelity voice data even if you adopt ADPCM voice. It means
you could store longer voice duration or provide more kinds of patch at lower sampling rate but enrich user’s

applications without degradation of sound quality.

Midi
NYG6A provide three kinds of method to construct a patch-wave of timbre (instrument). The first method is to
record a complete waveform, then play it by playing whole wave only. It is usually called “Head Only”. This

is the best way to represent a best quality melody at the expense of ROM space.

The second method is called “Head wave + Tail Loop” with envelope information representing ADSR
(Attack-Decay-Sustain-Release). It is the recommended way to construct a patch-wave in NY6, which can

provide high quality melody without sacrificing too much ROM space.

The third method is to use periodic portion of an instrument to represent a patch. It is called “Tail Loop”. This

method will occupy less ROM space with acceptable audio quality.

Audio Output
NYGBA provide one kind of audio output: 12-bit PWM direct-drive. When using the PWM output, we provide
an option of normal PWM current or ultra PWM current for different customer demand. The ultra PWM

consumes more current and makes sound louder.

9.4 Envelope Control

During speech synthesis or melody synthesis, there is one 8-bit envelope register (ENVH and ENVL), which
can store the envelope information. Therefore NY6A can provide 256 levels envelope control and users can

use it as alternative of volume control.
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9.5 Volume Control

There are 16 steps volume control, which can be applied to synthetic digital data for the Mixer output of
PWM direct-drive.

When users write value to register VOL[3:0], this value will multiply with Mixer output to adjust the volume of

final synthetic result.

10. WATCH-DOG TIMER (WDT)

11.

To recover from program malfunction, the NY6A IC supports an embedded watch-dog timer reset. Users have

to clear the WDT periodically to prevent from timing up with a reset generation.

Typically, the minimum time-up period of the WDT is about 28ms and users can clear WDT through instruction
CWDT.

OPERATING MODE

NY6A provide 3 kinds of operating mode: Normal, Slow and Halt mode. After power is turned on, NYGA will
start its reset process. The power on stable time is about 131ms. After reset process is completed, NYBA will

enter Normal mode.

In Normal mode, the system clock is 2MHz. User can implement sorts of application in this mode. On the other

hand, users can select Slow mode or Halt mode to save power consumption.

11.1 Slow Mode

NYGA will enter Slow mode if SLOW instruction is executed. The system clock of Slow mode is about 14.3
times slower than that of Normal mode, and the frequency accuracy is +/- 3.0%. The instruction will not be

executed at Slow mode.

NY6A can wake up from Slow mode by interrupt request or level change on I/O pin. The stable time after

wake up from Slow mode is about 50us.

11.2 Halt Mode

NY6A will enter Halt mode if the HALT instruction is executed. At Halt mode, system clock is completely

disabled and all IC functions stop to minimize the power consumption.

The only way to wake up NYG6A from Halt mode is level change on I/O pin. The stable time after wake up

from Halt mode is about 50us.
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12. ELECTRICAL CHARACTERISTICS

12.1 Absolute Maximum Rating

Symbol Parameter Rated Value Unit
Vdd - Vss Supply voltage -0.5~+6.0 V
Vin Input voltage Vss—0.3V ~ Vdd+0.3 \%
Top Operating Temperature 0~+70 °C
Tst Storage Temperature -25 ~ +85 °C
12.2 DC Characteristics
Symbol Parameter VDD | Min. | Typ. | Max. | Unit Condition
VDD Operating voltage 20 3 5.5 \Y 2MHz
3 0.1 0.5
Isg r::clite 15 01 05 uA Sleep, no loading
Suppl 3 50
It PP }; Slow o - uA | BT=16.384ms, no load
curren .
i 3 1.1
lop OF:ﬁgzzng 15 25 mA 2MHz, no loading
Weak 3 2.5 A
Input current (1M ohms) 4.5 74 !
I (Internal pull- V. =0V
high) Strong 3 30 UA
(100k ohms) | 4.5 75
) 3 -7 Von=2.0V
lon Output high current mA
4.5 -1 Von=3.5V
Output low current 3 10 A
(Normal current) 4.5 16
Output low current 3 20 _
lov (Large current) 45 30 mA Vo=1.0V
Output low current 3 18 A
(Constant current) 4.5 21
PWM output current 3 60 mA
(Normal) 45 100
lpwm Load=8 ohms
PWM output current 3 80 A
(Ultra) 45 125
3 05 Fosc(3.0v)-Fosc(2.4v)
AFJE Frequency deviation ' % Fosc(3v)
by voltage drop 45 0.5 Fosc(4.5v)-Fosc(3.0v)
' ' Fosc(4.5v)
. Fmax(3.0v)-Fmin(3.0v)
- 0,
AF/F Frequency lot deviation 3 0.5 0.5 Yo Fmax(3.0v)
Fosc Oscillation Frequency - 1.90 2 2.05 | MHz VDD=2.0~5.5V
12 Ver 1.1 2017/05/31
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12.3 Voltage vs. Frequency

Voltage vs Freq. Deviation (6.0KHz@3V)

2.0%
1.5%
c 1.0% A
o
= o, \ /
®© 0.5% v\\ /"/‘/’/
>
3 0.0% ‘ * ° : ‘ ‘
g- _0.5%1 5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6
L 1.0%
-1.5%
-2.0%
Voltage (V)
13. APPLICATION
(1) PWM Direct-Drive
104
| |
I
VDD1-2 i
- - FE0 —4——+
FB1 I
Fad -
FEZ :
L
e P ————
_
—o  o— Fa2
P
PN
GHD1~2
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14. DIE PAD DIAGRAM

ROM
GND2 | 14
PAD | 13
PA1 12
PAZ/IIR | 11
PA3/Reset | 10
1 | vDD1 VDD2 9
PWM2 PWM1
2 3 GND1 PB3 pB2 PB1 PBO
4 5 6 7 8
Test

* The IC substrate must be connected to GND or Floating.
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