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1. it

NYOTPO16A & i B B s CMOSHYA ezl es - SR ALLED# IR I es Bl A B RUEB IR » BB RHR
T8 NYOIT %%MaskROM AT EEFI5H A ik AZLEPROMZEFERJOTP IC (One Time Programmable) - {3
RISCHEfEHE S H20ME - HASRIES - RESEIESEZMER PRI 52 - 1 DUR TS Ry LR AR e AR [E
HIFER - A +/-1%52EHJ400kHZ N FHE % » ATRUR RRAMINEZERH - 554 » BN E—(ERC16KEHEZ LI
& WA AR (Halt mode) » FIKIEZHEIE LIFE -

MR 8 iliEly PWM-IO LED it > fefft 4 FRSECE R - FERCE{L 256 [EHIREEE PWM i) » ez
#l LED NEHYSERE - BRI B - SR A&~ A1 BN RO B ] fr& LED - #E b LT ARG
#TH “Q-Visio” » (EFHEL ST L A#e52 ~ Pudlide’ss LED POV -

s F2 R ThRE AT DAL CHEIREA R B2 i - NYOT 2 IFR (1 16l 5z it - PERILDORREASS n] AR MEHEL RUE 25
PEAt IR ERVEE A URE - BEAIRI AT $ i — 2 5 s E N HY I AR AR A A B TARFIR /N i gt -
1117 53 B Al S fr et th, AR AR R - FEER LR IR YRR SS HEE “Q-Touch” H] s A [RIAVBHEE -

2. ThRE

o TERENT(EERE : 2.0V ~6.0V - (/57 MaskROM IC /1 1.{F & F#i/#2.0V ~ 6.0V)
® 4-bit RISC #EifE- R MAVIMIZERIES - HHASIRES -

o HEEOTPELE - ROMZEE F516Kx10-bit - FEZUATE L [E—HROM -

IC Type ROM RAM g ] *LED Brightness
(OTP) o (bits) Gojrey) | VEEEERRET | LA Level
NYOTP16A | 24 16Kx 10 | 96x4 16 8 256
NYIT %51 MaskROM IC HyEF 25 & AII/ORISAT T
IC Type ROM RAM g ] *LED Brightness
(Maskrom) | /O (bits) i) | VEEENET | LA Level
NYOTOO1A | 4 4K x 10 48 x 4 3 256
NYOTO04A | 8 8K x 10 48 x 4 4 256
NYOTO08A | 16 12Kx10 | 96x4 8 8 256
NYOTO16A | 24 16Kx 10 | 96x4 16 8 256

a). NY9TOO1A — Touch-Key: PAO, PWM-IO: PEO~PE2.

b). NYOTOO4A — Touch-Key: PAO~PA3, PWM-10: PEO~PES3.

c). NYOTOO8A — Touch-Key: PAO~PA3, PBO~PB3, PWM-10: PEO~PE3, PFO~PF3.

d). NY9TO16A — Touch-Key: PAO~PA3, PBO~PB3, PCO~PC3, PDO~PD3, PWM-IO: PEO~PE3, PFO~PF3.

o RAMJ 96x4-bit » 43 2E » A E48x4-bit «
o 400KHZ fs 2 4% -
o [HAENI400KHZIN[HHRE © (+/- 1%)

o fEfERC16KE I [F(EKAEE o (+/- 30%)
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o fEftRHEES(Halt mode) » FIEIETHAE - AFREEIAI(IsD)/ NFYTUA -

o IRHMEEIZIRRAIRERIEE K R -

o [EHHEREREL(LVR=1.8V) » B JHETHFHWDT) > I/OEfLTIAE(External Reset) -

o HA2AMH IO - FIEERy ¢ —fkl/O ~ PWM-IO it B¢ Touch-Key #ij A -

e General purpose /Oy A B g ) B 87 7 28 F28 l « R4 g ALY - (E R o DUBE 32 © g A fE N EEfH
(Floating) ~ S5t A Nz 2 [H(Weak Pull-Low Resistor) =, 5 A T i1 25[H (Strong Pull-Low Resistor) - 355
HEE > [ ] EERE © CMOSH G H 5 — %27 R+ (Open Drain with Normal Sink Current) -

o %A 8iMEMEHY PWM-IO 5 (PEO~3 B PFO~3) » PWM-10 MiIfirfl—##% 1/0 2£H - f{Efm = vl DIA =
Te i SRR - RO ER A Y (Large Sink Current) ~ & E & i (A7, Constant Sink Current, CSC) = i1

g (Drive Current) -

o PEO0~3 fil PFO~3 i 28 e ¢
a. AEE AL ¢ 4 FEER 100% - 83% ~ 50% =X, 33% -
b. EEE T 4 FEER 100% ~ 83% ~ 50% &7 33% -
c. HIEE R + A —FE 100% i > 1F PE1 8 PE2 2 e B H(CDC) -
o PWM-IO &l asizdl - %7 256 [ LED 52/ » LED §y5 #r%(frame rate) 5 128Hz ~ 4KHz 5 66KHz -
o 575 16 {HfEEsE : PAO~3 - PBO~3 « PCO~3 1 PD0O~3 » B5#1—f I/0 £ -
o fEBTEE AT [HING S (SR R B B IR EUHITAE o (REEEEE)
o [iEHERUEAILERS B EhI IEDIAE AT BEHF P HLAE LAY B 5L b S (DN DU SR BRI 2 -
o F[EE (Ml B R E M (Key 1/PAO) SIAfE IC - (Of 28 1584)

o 2T m I - —fefEz{(Normal mode) =k {87215 =((Slow mode) » R HI#AGEESE - FF— RS
GHEITIR PR > AT UBC T s (ONIRF ] > (HECROREEE » MifEiS R - S T o mE i - ] DU D #EEE
{575 SR R AR ] -

o AfEflEiu s ER ] (Debounce Time) » AILAFZICHE SAEERT-18 - (VEREEERE)

o 2B - NEE I SABEINE L - QLR ERE)

o 27EEEM - HRUb(Preset mode) 81 HET5{(Custom mode) - (GLEEEE)

o BIEEBULIER > ATALHEAREUMNT Raoy FEIHACGHE -

e [N LDO FEEEZS(2.1V) - DISRALIRE Iy BRI AR o BT F 0 EEURUIISE 3R -

o EHLRITRHVIRER BRI > LIDNEROTPREEERIFR -

o SHRRHRHVICP (In Circuit Programming) BeskIIGE » LUT(H% F JesHSEPCBAIRH P AET THERE -
o IRULTFECode B HREM - (£ Security-Bit #7EET% + BFHFIE A <)

o #i{lt Dice, COB, SOP8, SOP16, SSOP24, SOP28 % it (UAE + LU IE % = R EIIEF 7K -
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1. GENERAL DESCRIPTION

The NY9TP16A series IC is a powerful 4-bit micro-controller based LED control processor with capacitive touch
sensing function. It is embedded EPROM architecture, and the OTP (One Time Programmable) IC that is
designed to support NYOT MaskROM products. The RISC MCU architecture is very easy to program and
control, and various applications can be easily implemented. There are total 45 instructions, and most of them
are executed in one cycle. Through the accurate 400kHz internal oscillation of +/- 1% tolerance, an external
resister is not required. Furthermore, a RC16K mode is designed to save power consumption and a HALT is to

minimize the power.

There are maximum 8 channels of PWM-IO LED output. PWM-1O output can provide 4 kinds of analog output
current cooperating with 256-level hardware digital current control to drive LED with different brightness. The
optional constant current is provided to protect LED, and it's not necessary to add the external current-limit
resistor. The interactive software-developing tool of “Q-Visio” is user-friendly and quick for LED pattern

programming.

The Touch-Key function can replace the mechanical switch or button. Multiple Touch-Keys is from 1 touch key
up to 16 touch keys. A built-in LDO regulator for touch sensor can provide a stable capacitive sensing design
for touch application. The auto distinguishing methodology supports the diversity key pattern in a thickness
range of non-conductive dielectric material, and time sharing Touch-Key scan also reduces the power

consumption. An innovative software tool “Q-Touch” is provided to develop the different touch applications.

2. FEATURES

e Wide operating voltage range: 2.0V to 6.0V.
e 4-bit RISC type micro-controller with 45 instructions.

® There is one body. 16Kx10-bit ROM is the maximum. Program and LED data share the same ROM space.

IC Type ROM RAM g ] *LED Brightness
(OTP) = (bits) ey | EEEENET | LA Level
NYOTP16A | 24 16Kx10 | 96x4 16 8 256

Regarding NY9T MaskROM series, the ROM size and I/O counts are shown below.

IC Type 1/0 ROM RAM Touch-Key | PWM-IO LED Brightness

(MaskROM) (bits) (bits) Level
NY9TO01A 4 4K x 10 48 x 4 3 256
NY9TO04A 8 8K x 10 48 x 4 4 256
NY9TO08A 16 12K x 10 96 x 4 8 256
NY9TO16A 24 16K x 10 96 x 4 16 8 256

a). NY9TOO1A — Touch-Key: PAO, PWM-IO: PEO~PE2.

b). NYOTOO4A — Touch-Key: PAO~PA3, PWM-10: PEO~PES3.

c). NYOTOO8A — Touch-Key: PAO~PA3, PBO~PB3, PWM-10: PEO~PE3, PFO~PF3.

d). NY9TO16A — Touch-Key: PAO~PA3, PB0~PB3, PCO~PC3, PD0O~PD3, PWM-10: PEO~PE3, PFO~PF3.
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e 96x4-bit RAM, divided into 2 pages.

e 400KHz instruction frequency.

e Precisely 400KHz oscillator with built-in resistor Rosc for operating mode. (+/- 1% tolerance)

e RC16K mode to save the power consumption. (+/- 30% tolerance)

e HALT mode to minimize power, less than 1uA standby current.

e Very low standby current for Touch-Key scan to reduce the power consumption.

e Low Voltage Reset (1.8V), Watch-Dog Reset and I/O Port reset are all supported to protect the system.

e Maximum 24 flexible I/Os with optional function: General purpose I/O, PWM-IO output or Touch-Key input.

e General purpose I/O’s direction is controlled by registers. For the input option, users can select one of three
kinds of option: input without pull-low resistor (floating), input with weak pull-low resistor or input with strong
pull-low resistor. For the output Port, users can select the CMOS output or Open Drain output with normal
sink.

e Maximum 8-channel PWM-IO output of PE0O~3 and PF0~3 shared with 1/Os. Each output has other 3 kinds

of output option: large sink current, constant sink current (CSC) or drive current output.

e PEO0~3 and PF0~3 output current option:
a. Large sink current: 4 kinds of current, 100%, 83%, 50%, 33%.
b. Constant sink current: 4 kinds of current, 100%, 83%, 50%, 33%.

c. Drive current: only 100% current and constant drive current (CDC) only for PE1 and PE2,

e Programmable PWM-IO has maximum 256 levels LED brightness with software control. The LED frame rate
can be selected from 128Hz, 4KHz and 66KHz.

e Maximum 16 Touch-Keys of PA0O~3, PB0~3, PC0~3 and PD0~3 shared with 1/Os.
e Touch-Key supports simultaneous multi-key or single-key touch function configured by option.

e Hardware Auto-Calibration function of Touch-Key is provided for touch accuracy to prevent the environment

change.
e Touch-Key wake-up can be any key or specified key (Key1/PAQ) configured by option.

e 2 kinds of scan modes for Touch-Key: normal mode and slow mode, selected by software programming. At
normal mode, sequential scan can shorten the touch detecting time but more power consumed. Oppositely,

at slow mode, time sharing scan can reduce power consumption but longer wake-up time.

e 4 kinds of debounce time for Touch-Key press/release detection configured by option in order to keep away

from the noise interference.

e 2 kinds of hysteresis level: Small Hysteresis Level and Large Hysteresis Level for all Touch-Keys configured

by option.
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e 2 kinds of sensitivity mode: Preset mode and Custom mode for all Touch-Keys configured by option.

e 4 kinds of sensitivity levels can be selected by software programming or external Rap, resistor.

e Built-in LDO regulator (2.1V) for a stable power that avoids the abnormal sensitivity and false detection.

e A unique fast writing mode is provided to speed up OTP writing time.

e A special ICP (In Circuit Programming) writing function is supported for user to fabricate PCBA in advance.
e Programmable code protection is provided. (When the Security-Bit is burnt down, data can’t be read.)

e Various shipping type of Dice, COB, SOP8, SOP16, SSOP24 and SOP28 for different application

requirement.
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3. BLOCK DIAGRAM

VDD# GND#

o o

Vpp © EPROM LVR Control

4-bit MCU | LED Decoder
RAM
|
Internal Timer
Clock | WDT
Generator Control PWM-10
1 &
V, o 10 Control
REG Touch-Key & 10 Control
RADJ °
o [e] o o o o
PA# PB# PC# PD# PE# PF#
4. PAD DESCRIPTION
Pad Name ATTR. Description
VDD Power Positive power
GND1, 2 Power Negative power
VREG Power Regulator input. Connect a 1000pF (102) cap to GND or keep floating.
PAO~3 I/0 Bit 0~3 for Port A
PBO0~3 1/0 Bit 0~3 for Port B
PC0~3 1/0 Bit 0~3 for Port C
PD0~3 1/0 Bit 0~3 for Port D
PEO /\Vpp 1/0 Bit O for Port E, or positive high power for programming.
PE1/SDO 1/0 Bit 1 for Port E, or serial data output at programming mode.
PE2 /SCK 1/0 Bit 2 for Port E, or serial clock input at programming mode.
PE3 I/0 Bit 3 for Port E
PF0~3 1/0 Bit 0~3 for Port F
Connect an external resistor to adjust the sensitivity, or keep floating.
Rapy /SDI I , ) )
Or serial data input at programming mode.

* PAO~PA3, PBO~PB3, PCO~PC3 and PD0~PD3 shared with Touch-Key1~16.
* PEO~PE3 and PF0~PF3 shared with PWM-10.

* PEOQ is shared with reset pin.
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5. MEMORY ORGANIZATION

There are maximum 16K words ROM, 96 nibbles of RAM and 14 nibbles of dedicated system control register.

The RAM page register (PG) is without address allocation, and they can only be accessed by the special

instruction MPG.

5.1

ROM

A large program/data/LED single ROM is provided and its structure is shown below. The reserved region

contains system information and can't be utilized by users. The program page is limited by the

unconditional branch instruction: JMP and CALL. Because it can only handle 14-bit length address of

ROM, the program page size is 16K words.

Address
0x000000
0x000001
0x00000F
0x000010
0x00001E
0x00001F

0x0001FF
0x000200

0x000FFF
0x001000

0x003FFF

5.2 RAM

ROM

Reset Vector

Interrupt Vector

Reserved

Program & Data Space

Program Page 0

Program & Data Space

Each page of RAM contains 48 nibbles. The NY9T provides maximum 96 nibbles of 2 pages. The page

number (PG) register of RAM defined by the MPG instruction, and its initial value is 0. The address for

RAM is 0x10~0x3F.

Ver 1.0
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6. CLOCK GENERATOR

The clock generator is a built-in Ring oscillator, and users can only select the internal resistor (INT-R). The INT-

R oscillator accuracy is up to £1%. The system clock is 400KHz for instructions running.

After power-on, NY9T will start its reset process. The power on stable time is about 131ms. Then NY9T will
enter normal operation. In normal operating mode, the system clock is 400KHz and user can implement sorts of

application. On the other hand, users can select RC16K mode or Halt mode to save power consumption.

7. 10 PORTS

There are 24 1/0O Ports at most, designated as PAx through PFx, and x=0~3. All the 1/O Ports can be configured
as input or output by registers, i.e. normal I/O. For the input Port, we provide an internal pull-low register option
for convenience. For the output port, users can select the normal sink current output or drive current output.
When the PEO~3 or PF0~3 pins are optioned as normal I/O, the output sink current can be optioned as normal
sink current, large sink current (33%, 50%, 83%, 100%) or constant sink current (33%, 50%, 83%, 100%). The
PE1 and PE2 pins can be optioned as constant drive current (CDC) output in NY9TO01A and NY9TOOS8A (refer
to the following table). In NY9TOO1A and NY9TOO8A, the PE pins can be optioned as constant drive current

output (refer to the following table).

The PA0~3, PB0~3, PC0~3 or PD0~3 pins can be optioned as a Touch-Key individually. The PE0O~3 or PF0~3
pins can be optioned as PWM-IO output pin individually, and each output pin can be optioned as large sink
current (33%, 50%, 83%, 100%), constant sink current (33%, 50%, 83%, 100%) or drive current output. The
PE1 and PE2 pins can be optioned as constant drive current (CDC) output (refer to the following table). The

PEO pin can be optioned as an external reset pin, which can possess a pull-low resister.

The pull-low resister of all the I/O Ports 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. Each 1/O

can be configured as the weak or strong pull-low resister individually.

Before using an I/O Port, configure its direction register first. The execution result of the read / write operation
perform on the data register depends on the direction register. When an 1/0 Port is configured as an input Port
(PxIO = 1), the data read from the data register is the pad status. Otherwise, it reads out the data stored in the

data register.

The data register of an input Port is only used for wake-up sequence. Because the difference between the pad
and the register leads to a wake-up from the halt mode, users have to read the pad status and save back to the

data register before entering the halt mode.
Contrastingly, the content of the data register is the pad status output by this output Port.
If a PWM-1O output is required, option an I/O Port as a PWM-10 Port first. If a Touch-Key is required, option an

I/0 Port as Touch-Key first. When I/O Port is assign to PWM-IO or Touch-Key, the I/O direction is not controlled

by the direction register.
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If users want to use PWM-IO output with constant sink current, the related I/O option must be set as constant

sink current.
The following table shows the 1/0O Port options for MaskROM products.

NY9TO001A with 4 1/0Os

1/0 Option Description
Enable

PAO Touch-Key input

Floating

Input pull-low resister Weak
Strong

CMOS
Open Drain

Output type

Output drive current Constant Drive (PE1, PE2)

Normal Sink

Normal 1/O Large Sink 33%
Large Sink 50%
Large Sink 83%
Output sink current Large Sink 100%
Constant Sink 33%
Constant Sink 50%
PEO~PE? Constant Sink 83%
Constant Sink 100%
Disable
Large Sink 33%
Large Sink 50%
Large Sink 83%
Large Sink 100%

PWM-IO output Constant Sink 33%
Constant Sink 50%
Constant Sink 83%
Constant Sink 100%

Drive

Constant Drive (PE1, PE2)

Disable
Enable

Reset input (PEO only)
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NY9TO004A with 8 I/0Os

/(o]

Option

Description

PAO~PA3

Normal I/O

Input pull-low resister

Floating

Weak

Strong

Output type

CMOS

Open Drain

Touch-Key input

Disable

Enable

PEO~PE3

Normal 1/O

Input pull-low resister

Floating

Weak

Strong

Output type

CMOS

Open Drain

Output sink current

Normal Sink

Large Sink 33%

Large Sink 50%

Large Sink 83%

Large Sink 100%

Constant Sink 33%

Constant Sink 50%

Constant Sink 83%

Constant Sink 100%

PWM-IO output

Disable

Large Sink 33%

Large Sink 50%

Large Sink 83%

Large Sink 100%

Constant Sink 33%

Constant Sink 50%

Constant Sink 83%

Constant Sink 100%

Drive

Reset input (PEO only)

Disable

Enable

12
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NY9TO008A with 16 1/0Os

/o

Option

Description

PAO~PA3
PB0O~PB3

Input pull-low resister
Normal I/O

Floating

Weak

Strong

Output type

CMOS

Open Drain

Touch-Key input

Disable

Enable

PEO~PE3
PFO~PF3

Input pull-low resister

Floating

Weak

Strong

Output type

CMOS

Open Drain

Output drive current

Constant Drive (PE2)

Normal 1/0

Output sink current

Normal Sink

Large Sink 33%

Large Sink 50%

Large Sink 83%

Large Sink 100%

Constant Sink 33%

Constant Sink 50%

Constant Sink 83%

Constant Sink 100%

PWM-IO output

Disable

Large Sink 33%

Large Sink 50%

Large Sink 83%

Large Sink 100%

Constant Sink 33%

Constant Sink 50%

Constant Sink 83%

Constant Sink 100%

Drive

Constant Drive (PE2)

Reset input (PEO only)

Disable

Enable

13
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NY9TO016A with 24 1/0s

/0 Option Description

Floating

Input pull-low resister Weak

PAO~PA3 | Normal 1/0 Strong
PB0~PB3

CMOS
PC0O~PC3 Output type )
PDO~PD3 Open Drain

Disable

Enable

Touch-Key input

Floating

Input pull-low resister Weak

Strong
CMOS
Open Drain

Output type

Normal Sink
Large Sink 33%
Large Sink 50%
Large Sink 83%
Output sink current Large Sink 100%
Constant Sink 33%
Constant Sink 50%
PEO~PE3 Constant Sink 83%
PFO~PF3 Constant Sink 100%

Disable

Large Sink 33%

Large Sink 50%

Large Sink 83%

Large Sink 100%
Constant Sink 33%
Constant Sink 50%
Constant Sink 83%
Constant Sink 100%

Drive
Disable

Enable

Normal 1/0

PWM-IO output

Reset input (PEO only)
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8. LED CONTROL

The NY9T provides a hardware LED control and driver function. Users can play a LED section by setting the

extension value to FOSC[1:0] and LED channel output register OEN[7:0] first, then executing the PLAY

command.
Step Process Instruction
1 Set LED start address in RPT3, RPT2, RPT1, RPTO
2 Set extension value FOSC[1:0] and LED channel output register OEN[7:0]
3 Start to play PLAY
4 Pause: Write 1 to PAUSE/RESUME
5 Resume: Write 0 to PAUSE/RESUME
6 Stop playing STOP

The LED output is an 8-bit hardware PWM. The NY9T provides 3 kinds of options of constant sink current,
large sink current or drive current for each PWM-IO pin individually. The large sink current and constant sink
current (CSC) can be optioned as different current output of 100%, 83%, 50% and 33%, but the drive current

and constant drive current (CDC) are only 100%.

The NY9T has maximum 8-channel PWM-IO output, optioned by mask. LED channel output control register

decides which channel will be played.

The LED start address is loaded to LPR when executing the PLAY command. The NY9T supports 8-bit PWM-
IO data that means 256 levels resolution of LED brightness. The LED frame rate can be selected from 128Hz,
4KHz and 66KHz. Frame rate 128Hz and 4KHz can support up to 256 levels of brightness, however 66KHz
only supports 32 levels resolutions. Basically, the LED section is encoded and combined by different LED

samples, and any LED sample period can be one of 1/128, 1/64, 1/16 and 1/4 second.
LED sample period = (1 / frame rate) *n, n=1, 2, 8, 32.

e The LED frame rate can be selected from 128Hz, 4KHz and 66KHz. Different IC Body provides different
LED frame rate option, and there are some restrictions in 4KHz and 66KHz.
e For 4KHz, only PEO, PE1 and PE2 can be set as PWM-IO.

e For 66KHz, only supports 32 levels resolutions and only one I/0O can be set as PWM-IO.

The following table shows the PWM frame rate of each NY9T Body.

IC Type PWM Frame Rate
NY9TO01A 4KHz, 66KHz
NY9TO04A 128Hz
NY9TO08A 128Hz, 4KHz
NY9TO16A 128Hz, 4KHz
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The LED control register LEDCTL contains the FOSC of LED sample extension control, the PAUSE/RESUME
and the BUSY flag of playing LED.

Control Register Name Mode Bit Function description
LED sample extension x 8
osciro) | Rw | (1o | [ED e eenen x4
LEDCTL LED sample extension x 1
PAUSE/RESUME R/W [2] Pause/Resume LED
BUSY R [3] Busy

9. TOUCH-KEY CONTROL

The NY9T provides a capacitive sensing Touch-Key function. With built-in LDO for touch sensor, it can reduce

the false detection which is induced by the various power supply voltage. The hardware calibration function is

also built-in to adjust the environment changing to fit the sensitivity. Besides, it accepts the multi-key entry

function or only single-key entry function optioned by mask. And a slow mode of Touch-Key that re-arranges the

Touch-Key scan mode can reduce the power consummation. From the Touch-Key data register, users can

distinguish which Touch-Key is pressed on/off by software polling or interrupt routine.

The NY9T provides 2 ways of Custom mode and Preset mode for users to set up the sensitivity threshold. At

any mode, there are eight levels sensitivity to control the touch sensitivity, which can be selected by software.

9.1 Touch-Key Control Register

Control register Name Mode | Bit Function description
TPEN R/W [0] | Touch-Key enable/disable
TP_SLOW R/W [11 | Touch-Key slow mode
TPCTL
CALIB1 R/W [2] | Auto-Judge calibration mode
CALIB2 R/W [3] | Enforce calibration mode

The TPEN bit of TPCTL register can enable/disable Touch-Key function. To enable the Touch-Key

function, the bit has to be set as “1”. On the contrary, to disable the Touch-Key function, the bit has to be

set as “0”.

Touch-Key function enables the slow mode by setting the TP_SLOW bit of TPCTL register as “1”. When IC

enters the slow mode, the Touch-Key scan rate will be slower than normal mode for saving power.

Users must calibrate the environment to acquire the background parameter. NY9T provides two kinds of

calibration modes that are Auto-Judge calibration and Enforce calibration by setting the corresponding bit
of CALIB1 and CALIB2 to “1”.
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9.2

9.3

9.4

9.5

Touch-Key Scan Time

The touch hardware can not sense all Touch-Keys at the same time, and it only senses a Touch-Key once

every time normally. Therefore, a timing of Touch-Key scan is arranged to detect all Touch-Keys.

T

2% time to detect key?

T

1*time to detect key? 37 time to detect key?

' Frame K !

Sample time i

| e : :
Key1 | ﬁ i
Key2 I , I

Sample Time

The sample time is the duration to scan one Touch-Key, and either 1ms or 2ms sample time is provided for
Touch-Keys. The TIMES option represents how much time to scan one Touch-Key. Longer sample time

will get more touch accuracy but longer touch detecting time.

Options Selected items
TIMES 1ms/2ms
Frame Rate

The frame rate is the period to complete the scanning for all Touch-Keys, and it can be composed of 8 or
16 samples. That FM32MS option decides how many samples to finish one frame. The frame rate is

TIMES*FM32MS. More samples in one frame will consume less power, but longer touch detecting time.

Options Selected items

FM32MS 8/16 samples in one frame

Note: For NY9T016A, the FM32MS is fixed as 16 samples.

Debounce Time

The debounce time defines how many frames to detect the identical Touch-Key pressed/released
continuously in order to recognize the specified Touch-Key On/Off. The DETS option provides four kinds of
debounce time. More debounce time will get more touch accuracy but longer touch detecting time. For high

noise environment such as home appliance application, more debounce time is suggested.

Options Selected items

“Touch-Key On” needs 1 frame, “Touch-Key Off’ need 1 frame

“Touch-Key On” needs 2 frames, “Touch-Key Off’ need 1 frame.

DETS
“Touch-Key On” needs 4 frames, “Touch-Key Off’ need 2 frames.

“Touch-Key On” needs 6 frames, “Touch-Key Off’ need 3 frames.
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9.6

9.7

9.8

Detect Time

Base on the Touch-Key sensing time arrangement, the maximum scan time to detect one key touched is
TIMES*FM32MS*n + Wake-up time, n=1/2/4/6 depend on the “Touch-Key On” frame of DETS.

Wake-up time is zero at normal mode, 3*TIMES*FM32MS at slow mode or 4*TIMES*FM32MS at slow-

green mode.

Enlarge Scan Time
If touch key sensitivity threshold do not distinguish enough, user can enlarge scan time to gain better
resolution and the detect time will extend too. Every touch keys can be set as Enlarge Scan Time or not

through Q-Touch. Different IC type has different enlarge multiple.

IC Type Enlarge
NY9TO001A X2, x4
NY9TO004A N/A
NY9TO08A X2
NY9TO16A N/A

Touch-Key Scan Mode

In Touch-Key scan mode, there are normal mode and slow mode configured by software. Users can
enable the slow mode by setting the TP_SLOW bit of TPCTL register as “1”. When IC enters the slow
mode, the interval of each Touch-Key scan will become 4 times of the normal mode in order to save
power. And when any Touch-Key is pressed on successfully, IC will leave the slow mode for normal mode
and the TP_SLOW will be set as “0” automatically.

NYIT supports maximum 16 Touch-Keys, which shares with Port A to Port D optioned by mask. When
users configure 8 Touch-Keys above, another slow-green mode could be optioned instead of slow mode.
That is, if GREEN option is enabled, the slow mode will become slow-green mode. At this moment, if the

TP_SLOW register is set as “1”, it will enter slow-green mode.

Options Selected item

GREEN Slow-green mode enable/disable

Basically, it's a trade-off between the operating current and touch sensitivity for different scan modes. At
normal mode, every Touch-Key is scanned once a frame, and it will get more sensitive but more power
consumption. At slow mode, every Touch-Key is scanned once 4 frames, and it will get less power
consumption but less sensitive. At slow-green mode, every 2 or 4 Touch-Keys is simultaneously scanned
once 4 frames. Users can set different scan mode by software for the balance between power

consumption and sensitivity.

18 Ver 1.0 2017/08/31



(\) Nyquest NY9TP Series

9.9

9.10

9.1

Wake-Up
When NY9T enters slow mode (or slow-green mode), if any Touch-Key is detected as pressed, IC will go
back to normal mode automatically. This operation is called wake-up. Therefore, if users want to calculate

the maximum “Touch-Key On” time while Touch-Key scanning, the wake-up time must be included.

Once the Touch-Key is pressed successfully, the TP_SLOW bit will be cleared automatically, and the scan
mode will be kept at normal mode immediately. But if touch is not successful, the scan mode is still at slow

mode (or slow-green) after the finger touch is released.

The wake-up key can be optioned as Any Key or Key1 (PAQ) by mask. When Key1 (PAQ) is optioned, the

other Touch-Keys can’'t wake-up the system, and the power consumption is minimized.

Options Selection item

WAKEUPS Any-Key / Key1 (PAO)

Single/Multi-Key Touch

The NYI9T supports single-key touch or multi-key simultaneous touch by hardware option. The single-key
function is for detecting one key pressed and the other keys have no effect, and it is similar with input-
irretrigger function and simple to use. The multi-key function enables multi keys active at the same time,
and users can design complicated touch function by software programming as they want. The SINGLE

option decides the Touch-Key function is single or not.

Options Selected item

SINGLE Single-key / Multi-key

Sensitivity Level
8 levels of sensitivity can be set by software after users finish the sensitivity threshold measurement. The

most to less sensitive is level-0 to level-7. The SENS register store the sensitivity level as following.

SENS Sensitivity level Sensitivity
000 0 Most sensitive
001 1 A
010 2
011 3
100 4 Typical
101 5 |
110 6 v
111 7 Less sensitive

19 Ver 1.0 2017/08/31



(\) Nyquest NY9TP Series

9.12

9.13

9.14

External Adjust

Except software sensitivity control, an external hardware sensitivity control is reserved. Through Rap, pad
connecting a resistor to GND, users can adjust the sensitivity for different background environment. After
IC power on and wait 8 instruction cycle, user can follow the steps below to get SENS value to modify

sensitivity level.

Recommended Rup, Mapping Sensitivity Level
750KQ (+/-1% tolerance) 0 (000)
360KQ (+/-1% tolerance) 1 (001)
180KQ (+/-1% tolerance) 2 (010)
120KQ (+/-1% tolerance) 3 (011)
82KQ (+/-1% tolerance) 4 (100)
51KQ (+/-1% tolerance) 5(101)
33KQ (+/-1% tolerance) 6 (110)
16KQ (+/-1% tolerance) 7(111)

Touch-Key Anti-Interference

According to PCB layout, if the electrode pad of Touch-Keys are very close, the neighboring Touch-Key
will influence each other by the parasitic capacitance. The Touch-Key Anti-Interference function can
reduce the coupling effect to improve the noise immunity. But the total capacitance of Touch-Key will be
increased, and it will reduce the sensitivity a little. Thus, if the neighboring Touch-Key will interfere with
other Touch-Key, users can enable Touch-Key Anti-Interference option. If not, it is suggested to disable
Touch-Key Anti-Interference option. The TP_NOSCAN option decides the Touch-Key Anti-Interference

enabled or disabled.

Options Selected item

TP_NOSCAN Touch-Key Anti-Interference

Touch-Key Hysteresis Level

The hysteresis function is to avoid noise interference when the edge of trigger pad is touched by hand
caused continuous triggers. There are 2 kinds of hysteresis level, Hysteresis Level Small (shift 1 level) and
Hysteresis Level Large (shift 1/2). When any Touch-Key is pressed, the sensitivity level auto decrease 1

level or divided the sensitivity threshold value by 2, until all Touch-Key is released.

Options Selected item

Touch-Key Hysteresis Small/Large/Disable

Note: This function is not supported by NY9T004A.
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10. ELECTRICAL CHARACTERISTICS

10.1 Absolute Maximum Rating

Symbol Parameter Rated Value Unit
Vdd - Vss | Supply voltage -0.5~+6.5 \Y%
Vin Input voltage Vss—0.3V ~ Vdd+0.3 \%
Top Operating Temperature 0~+70 °C
Tst Storage Temperature -25 ~ +85 °C

10.2 DC Characteristics

Symbol Parameter VbD | Min. | Typ. | Max. | Unit Condition
Voo Operating voltage 2.0 3 6.0 V 400KHz
| Halt 3 0.1 0.5 UA Sleep, no load
8 mode 45 0.1 0.5 LVR disable
3 0.4
RC16K UA 16KHz, no load
Supply mode 45 1.0
| Current Standby 3 0.9 UA Key1 (PAO) wakeup,
. mode 45 1.6 16 samples per frame
i 3 150
Operating UA 400KHz, no load
mode 45 160
Weak 3 3
Input current (1M ohms) 45 8
|IH (Internal pull- uA V|H = VDD
low) Strong 3 30
(100k ohms) | 4.5 80
o q 3 -10 A VOH= 2.0V
i m
| utput drive current 45 16 Von= 3.5V
> . 3 34 Vou= 2.0V
Output constant drive current mA
4.5 -3.8 Vou= 3.5V
| sink 3 20
Output normal sink current 15 30
Output large sink current 3 50
I A Vo= 1.0V
o (100%) 45 70 m >
Output constant sink current 3 19
(100%) 4.5 20
Fosc(3.0v) - Fosc(2.4v
- Frfta)quenl;:y deO\J/iation 3 -0.5 . : Fo)sc(3v) 2]
y voltage drop o
Fosc(4.5v) - Fosc(3.0v)
400kHz
( ) 4.5 1.0 Fosc(4.5v)
Frequency lot deviation ) o Fmax(3.0v) - Frve(3.0v)
AF/F (400kHz) 3 | A 1 % Fuax(3.0v)
Fosc Oscillation Frequency - 370 | 400 430 KHz Vop=2.0~6.0V
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10.3 Touch-Key Scan Current (Sample_Time=1ms, Calibration_Period=4s, Ta=25°C, unless otherwise specified)

Touch-Key Scan Current
Samples
orTpP Touch ol; VDD PA0 Wakeup Any-Key Wakeup
(Simulated Body) | Keys Frame N’;"r rcr;al Slow.G
ode Slow Mode Slow Mode ow-Green
Mode
8 3.0V 4.4 uA 1.4 UA
NY9TP16A I-key 4.5V 5.2 UA 2.1 UA
(NY9T001A) 16 3.0v 2.4 uA 0.9 UA
4.5V 3.1 uA 1.6 UA
8 3.0V 9.2 UA 1.4 UA 2.6 UA
4.5V 10.0 uA 2.1 uA 3.4 uA
2-key
16 3.0V 4.9 uUA 0.9 uA 1.5 UA
NY9TP16A 4.5V 5.7 UA 1.6 UA 2.2 UA
(NY9T004A) 8 3.0v 12.3 UA 1.4 UuA 3.5uA
4.5V 13.2 UA 2.1 uA 4.3 uA
4-key
16 3.0V 6.5 UA 0.9 UA 1.9 UA
4.5V 7.3 UA 1.6 UA 2.6 UA
8 3.0V 19.3 UA 1.4 UA 5.6 UA 3.6 UA
6k 4.5V 20.3 uA 2.1 uA 6.4 uUA 4.3 uA
-ke
y 16 3.0V 10.8 UA 0.9 uA 3.0 uA 2.0 uA
NYSTP16A 45V | 11.7uA 1.6 UA 3.7 UA 2.7 UA
(NY9T008A) 8 3.0V 22.3 UA 1.4 UA 6.5 UA 3.6 UA
6k 4.5V 23.3 UA 2.1 uA 7.3 UA 4.3 uUA
-ke
y 16 3.0V 12.4 uA 0.9 uA 3.5uUA 2.0 uA
4.5V 13.3 UA 1.6 UA 4.2 uA 2.7 UA
3.0V
4.5V
10-key
16 3.0V 17.5 UA 0.9 uA 5.1 uA 2.0uA
4.5V 18.5 UA 1.6 UA 5.8 UA 2.6 UA
3.0V
4.5V
12-key
16 3.0V 19.0 UA 0.9 UA 5.5 UA 2.0 UA
NYSTP16A 4.5V 20.0 uA 1.6 UA 6.2 UA 2.6 UA
(NY9TO16A) 3.0v
4.5V
14-key
16 3.0V 20.3 UA 0.9 uA 6.0 uUA 2.0 uA
4.5V 21.3 uA 1.6 UA 6.6 UA 2.6 UA
3.0v
4.5V
16-key
16 3.0V 21.6 UA 0.9 uA 6.4 uA 2.0 uA
4.5V 22.6 UA 1.6 UA 7.0 UA 2.6 UA
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10.4 Voltage vs. Frequency

Voltage vs Frequency (6.0KHz@3V)
6.2

6.1

6.0 M

5.9

Frequency (KHz)

58

1.5 2.0 25 3.0 35 40 45 5.0 5.5 6.0 6.5 7.0
Voltage (V)

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

1.5%

1.0% . 2

0% /

0.0% : : :

-0.5%

Freq. Deviation

-1.0%

-1.5%

Voltage (V)
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11. APPLICATION
(1) 1 Touch-Key with External

Sensitivity Control

1 Touch Pad

T

A1 ? o1 |
102 T

Rapy
VDD -
PAD Fen ——M——
b
PEl [—HM—¢
=%,
FEZ —J—
RAD.
VREG
GND1~2

(3) 8 Touch-Keys with External Rap,
Sensitivity Control

8 Touch Pads

VDD
FAD FED
PE32
FE2
FFO
RaDJ :
VREG -
PF3
GND1~2

(2) 4 Touch-Keys without External Rap,

Sensitivity Control

4 Touch Pads

VDD
PAD
PAT
PAZ
PA3
RaCy
VREG
GND1~2

FED

FE1

FEZ

FE2

(4) 16 Touch-Keys without External Rap,
Sensitivity Control

18 Touch Pads

07

7]

=
|
I

VDD
PAD
PD3
RaCy
WREG
GND1~2

FED
FEZ
FFD

FF2

.,

* For DC battery application, please note that C1 is NOT necessary and can be saved.

For AC application with high power noise, the capacitance of 1000pF (102) is suggested for C1 to filter the noise.

* R1 is used to adjust the Touch Sensitivity, which must be cooperated with software programming.

* The length of R1 trace from IC to resistor must be within 0.5cm, and also avoids any parallel trace, or parallel

GND nearby or at different layer

Ver 1.0
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12. DIE PAD DIAGRAM

1 | Wazz EPROM
2 | VDD I:‘
3 | Raz/=DI Test
4 | PAD
B
B
PE3 | 28
[~
PE2/ZCHK | 28
B
PE1/SDO | 27
9 | PB1
— PED/VpR | 268
10 | PB2
— GND2 | 25
11 | PE3
— PF3 | 24
12 | GND1
A PF2 | 23
PF1 | 22
PCO PC1 PCZ PC3 PDO PD1 PD2 PD3 PFD | 21
13 14 15 16 17 18 19 || 20

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

13. COB PIN ASSIGNMENT

9000|0000
3 2 1 0|3 3 10D
@ |o—= 13| ®
o 2| @
PD PA
L ] : 1@
Cwreg
@) o|@®
- =L
elelo CEE}® roj
B
oo Cl ~ VDD GND
0|0|2 WO e ——————————————
@®]®|3 Nyquest  NYOTP16AB ! Note: C1is VDD power cap.
VerA 2017/7/3 :

Cvreg is VREG cap.

I I I I I I I Radj is touch sensitivity resistor.
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14. PACKAGE PIN ASSIGNMENT

8-pin SOP (150mil) 16-pin SOP (150mil)
o [1]C Z s | PEZISCK ono [11° 18| VDD
S
Razu/5D1 [ 2] — 7| PEYISD Pat [ 2 15| Razu /5D
2 =
Pan [ 2 % & | PEOIVFF paz [3 . [ 14] PE3
N -
Pat[a o 5| GND pas [= i [ 12] PEZI=CK
>
PBO [ 5 12| PE1/SDO
w
—
PE1 |8 > [11] PEOSVPR
pe2 [ 7 [10] G
FB3 |8 E PFO
24-pin SSOP (150mil, 0.635mm Pitch) 28-pin SOP (300mil)
Vaza [1]O 23] vDD O
Pag [2] 23] Ruzu/SDI Wass | 1 ok
Pa1 [2 23] PE2
|: = = ) pan | 2 27 | Ragalsh
paz [ é [21] PE2/SCK
Pa3 [5] L [Z0] PE1/SDC _— 2% PES
PE0 [2 U (18] PEG/VPP
PB1 [T ! 78] GND paz | & 25 | PE2/ECK
PEZ [2] JC:' [17] PF3
PBE3 [2] E 18] PF2 PA3 | & - 24 | PE1/SDC
PCO [1o] [15] PF1 - :I
e 23 | PEO/V PP
pct [11] [74] PFO FED ﬂ =
pcz [12 [13] P2 pB1 | 7 B 22| GND
!
PE2 | @ a 21| PF3
h
PE3 | 2 = 20 | PF2
pca [ 10 19 | PF1
pct [ 1 18 | PFO
pcz | 12 17 | PD3
pca [ 12 18 | PD2
Poo [ 14 15 | POA
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15.Package Dimension
15.1 8-Pin Plastic SOP (150 mil)
INCHES MILLIMETERS
MIN | TYP | MAX | MIN | TYP | MAX
A 10183 - 0.202 | 4.65 - 513
B P B |0.144|0.150(0.163 | 3.66 | 3.81 | 4.14
{ C |ooes| - |oo74|1235| - |188
I D 10.010 - 0.020( 0.25 - 0.51
F 10.015 - 0.035( 0.38 - 0.89
- L G 0.050 BSC 1.27 BSC
[{1€ \,_fg'_\\_ y J (0007 - |oot0f019| - |0.25
i I\ T
seaTne AN KE \J K |0.oos| - |ooto|o13| - |o2s
L o189 - |0205|480| - |5.21
M| - S| e | - - | e
Note: For 8-pin SOP IC, 100 units per tube. P|0228) - |0244]579) - |60
15.2 16-Pin Plastic SOP (150 mil)
A
INCHES MILLIMETERS
A
16 9 MIN|T‘r‘P|I‘-.-1A){ I'-.-1IN|TYP|I'-.-1A){
A : . B A 0.236 BSC 6.00 BSC
o B 0.154 BSC 3.0 BSC
v C u.n12| - |n.nzn n.31| - |n.51
> <
C c 0.390 BSC 9.90 BSC
c D |0.065| - |0.069|164| - |175
< = G
AT \ e (:) T E 0.050 BSC 127 BSC
D b= A
,t _______ Jv : F looo4| - |oot10|o010| - |o025
> = 4 u
¢ F G |0016| - |oo0s0|040| - |127
H |ooo4| - |oo10|o10| - |o2s
al - - | s | - -t
Note: For 16-pin SOP, 50 units per tube.
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15.3 24-Pin Plastic 0.635-SSOP (150 mil, Lead pitch 0.635mm)

INNO0nOOnnnn—T ] INCHES MILLIMETERS
. ot MiN | TYP [ max | min | Tve | max
i wi T A loosg| - |ooe1]|125| - | 155
e atloooz| - |ootoloos| - |o025
UUTUUUUUOU U, B [0.008] - |o012|019| - | o031
= . HE g c |o.oos| - [o0o010|015| - | o025
D 0337 - |0344|855| - |875

_\ e 0.025 BSC 0.635 BSC

' E [0150| - |o1s57|380| - | 400
“I}ZLDMQMJ;; © / \\ H (0224 - |0248|570| - |630
—T—/"ﬂe_‘\i — L |o.012| - [oo03s{030| - |o090

— glo | - |7 || - |7

Note: For 24-pin SSOP, 50 units per tube.

15.4 28-Pin Plastic SOP (300 mil)

HHHEHOOHAOA0HE NCHES | MILLIMETERS

MM [ TYF | MaX [ MIN [ TYP | MAX

wl m A (0.090)0.092)0.09412.286|2.337|2.388

O A1looo6| - - |os2| - -

JH ilililililikibikibilikili | B [0.012|0.016(0.020|0.205|0.406 | 0.508

D |0703|0705|0707|17.86|17.91|17.96

D E |0.293|0.295|0.297 (7442 |7.493 |7 544

eB |0.406|0.410(0.414110.31(10.41(10.52

I <
B ) '—’:T 6MIN
—| <«

S50TYP.

L |0.025( - - [0E35]) - -

gl o | 4| 8 |0 | a0 | &

Note: For 28-pin SOP, 26 units per tube.
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16. ORDERING INFORMATION
P/N Shipping Type Remarks

NY9TP16A Die Empty ROM data

NY9TP16A-xxxx ' Die Programmed ROM data

NYOTP16AW-xxxx ' Wafer Programmed ROM data

NY9TP16AB COB 26.8 mm x 26.5 mm (26.8 mm x 34.6 mm w/ V-Cut)

NY9TP16AS8-xxx SOP-8 Width 150 mil

NY9TP16AS16-xxx SOP-16 Width 150 mil

NYOTP16AU24-xxx

0.635-SSOP-24

Width 150 mil, Pin Pitch 0.635mm

NY9TP16AS28-xxx

SOP-28

Width 300 mil

*1 “xxxx”: Code number.

29
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