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1. Mt
NX12F / NX13F 25y 32 firyt MCU (VS a5 Speech/MIDI Zu&tBE s e las - el T F A e B B L et & AHBAIY
DhfE - NX12F / NX13F JHE NX1 OTP %41, HAE Speech/MIDI #75 ~ x5 ~ DRGSR GEZ Sl 5 T mAviER
FERREAATERA - NX12F / NX13F S —{Xfy EF (Embedded Flash - i ASUERPARCIRAS) 251 - FIACHH— XM
Beik OTP ZAJe » W H# ICE ([HEEThRE EENRERE MR 2T » e ML TR - IHE - e
(Mask ROM) i = > NX12F / NX13F AIEAEER MOQ MIXCHIHIESS -

NX12F / NX13F £ IR RS 226E - e nT DUENEE] 16MB - E &5 EAS (EF/RAM) ~ 338 - LK SPI Flash (f#(7
Zefi] (S24% Bank L LARAE S RME) o Haly DSP JHEIALULEERSHASATEES: - NX12F / NX13F 7% SBC (Sub-
Band Coding, F#4mf) - HH#EH #4501y ADPCM JEELE > b 7 HEBGER 2 /) FEEHE Eth KiRE SR ES
K | CPU N ILM/DLM AHEFERHE - E1E 48MHz 5 240 50R0 » a/ LIS 50+ DMIPS (9B E 35 - NX12F /
NX13F Pz B — s Ae8 K IR ASS - FhE 32 firyt MCU S MhAEEE - Al DU ZRE IS E MY 16 142 MIDI -
FPARVER} > ffE SBC / MIDI f5% ~ F R (Wavetable) ~ XIP A THE « DU — R RIEAVER) - Br 17
(9 EF 24 » th#B e LAfFE] SPI Flash -

P 48MHZ 5L R 32KHz (EAY SEARELst - TT3E(E I Normal / Standby / Halt 52t > RIS B EEA
TIRERBELE « HISUAEIGRERET T » (E RSt 2 i - NX12F / NX13F 25164 B H LURG SPI Flash &firsiss
BESh » BT PIEE 2Mb () EF (B AKHAPISEHAS) 40 » thoTLIgEE & Esko MY SPI Flash Sciirsst i -

NX12F / NX13F jinE 7 KR EEFHAINEE © 4 40 16 iz ThyEi%es (Timer) ; 5% 8 i@iEhFss PWM-10 #hd, ; 8 @il ~ 12
fr7THY SAR JHEEE iz (ADC) » W LUSHIRAMATERUASS - AGC/PGA HIZZH): MIC i A » DLk & xS EUATT
PEBEA 5 14 RITTHYEAEE A58 (DAC) SMBEThY » B IR S-A PWM 2 & SRS ; 4560 1/O SHIEBIT
2]~ ATVE By 25 THRE AT GPIO ;7% 38KHz/57KHZz/125KH2Z/500KHZ # (4L s M5t (IR TX) = QFID fEH] :
SPI0 FIZRIZEHISMNELRY SPI Flash » AN AT 3.3V LDO Zfft e - A& Single/Dual/Quad I/O (LUK XIP
(eXecute In Place » £ THE=0) DB - SPIM HIIATSME 2.4GHz RF (LA SPI fi¢T(f: 5 12C fAS /1 » UARTHJ{E
Fy ISP (FEZHubERR ) HZCK - SRYIEERATS T, 508 F A BB e I (F Ry 2 AIFR#E TR © NFC tag HIFE(E ISP
FUARRAL B T4 ~ ARSI R -

NX12F / NX13F Z51Fr T M C sBS1E NYIDE R85 Rk - 13 = B 2P A fe BHE MR EE SuBRZE DD -
HRfE &Ry Q-Code sESAEE] 32 firyt MCU - AMEFEALR B I A EE D HIPH SR - HIEHE T AU 5
A - NX12F / NX13F (G E&RES - ATDMEEIRRER SR TR - DS BURYE0R » I B 2
BE o IERBAEFENIEE » 7[R ICP (In-Circuit Programming » FE4R0855%) FYTHAE » J5{H% P54 PCBA T
sk EF DUSCE A R SPIFlash - 5341 > i ISP BYMIAE - &P AIe] DIERS EEIRE DR A AHTEHT -

NX12F / NX13F Z 542 3 26 fldf 2570 =00 e & 25 EAYE - Dice ~ SOP-16 ~ SSOP-28 ~ LQFP-32 LI &3
SPI Flash /N5 SOP-16 / SSOP-28 % H £14& (MCP, Multi-Chip Package) -
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2. ThEE

HREN T/EERE : 2.0V ~ 5.5V
» SPI Flash f/% LDO 3.3V L35
> CPU =g 48MHz &7 » BHE TAFEEE R 2.0V -
32 firyt. CPU %
> Andes N705-S - MEEMHZ 7> ARM Cortex-MO+ -
> 55 CPU JE™ : 48MHz » #5411 <5151k 8E (wait-state) (=7 24MHz EF #7HY » 1% 50+ DMIPS -
—IESEITERTEARS TR IR A -
> KRS IE R R RS PR -
$t 12 (HFHEE > EIEEE DR & EF SPI Flash (i) MCP (2 Fr45) IC -

SPI Duration (Sec) 16-bit PWM- 12-bit Cap D Power

VDD RAM  EF I/0 SPI0O SPI1 I°C UART

Package

Flash  ]16Kbps 24Kbps Timer 10 SAR ADC Touch - Amp.
25 \% v v 8 8 13 Dice
10 - v - 3 1 5 . Z-A SOP-16
NX12FS51A | 2.0V~5.5V | 10KB | 2Mb - 98 66 2 v v v v 4 8 6 v 7 14-bit PWM V| ssOP-28
25 v v v 8 8 13 LQFP-32
25 v v \ 8 8 13 Dice
10 - % - 3 1 5 . Z-A SOP-16
NX12FS61A | 2.0V~5.5V | 12KB | 2Mb - 98 66 2 v v v v 4 8 6 v 7 14-bit PWM V' | ssoP-28
25 v v v 8 8 13 LQFP-32
25 \ v v 8 8 13 Dice
10 - v - 3 1 5 . I-A SOP-16
NX13FS51A | 2.0V~5.5V | 10KB | 2Mb - 98 66 2 v v v v 4 8 6 v 7 14-bit PWM - | ssop-28
25 v v v 8 8 13 LQFP-32
25 % % % 8 8 13 Dice
10 - % - 3 1 5 . Z-A SOP-16
NX13FS61A | 2.0V~5.5V | 12KB | 2Mb - 98 66 2 v v v v 4 8 6 % 7 14-bit PWM - | ssop-28
25 % v % 8 8 13 LQFP-32
10 - v - 3 1 5 ) Z-A SOP-16
NX12FM52A | 2.0V~5.5V | 10KB | 2Mb | 4Mb 360 240 21 v v v 4 4 8 v 11 14-bit PWM V| ssop-28
10 % - 3 1 5 . Z-A SOP-16
NX12FM54A | 2.0V~5.5V | 10KB | 2Mb | 16Mb | 1,147 765 21 v v % 4 4 8 % 11 14-bit PWM vV | ssop-28
10 v - 3 1 5 . I-A SOP-16
NX12FM62A | 2.0V~5.5V | 12KB | 2Mb | 4Mb 360 240 21 v v v 4 4 8 v 11 14-bit PWM vV | ss0P-28
10 % - 3 1 5 . Z-A SOP-16
NX12FM64A | 2.0V~5.5V | 12KB | 2Mb | 16Mb | 1,147 765 21 v v v 4 2 8 v 1 14-bit PWM V' | ss0P-28
10 v - 3 1 5 . Z-A SOP-16
NX13FM52A | 2.0V~5.5V | 10KB | 2Mb | 4Mb 360 240 21 v v v 4 4 8 v 11 14-bit PWM - | ssop-28
10 % - 3 1 5 . Z-A SOP-16
NX13FM54A | 2.0V~5.5V | 10KB | 2Mb | 16Mb | 1,147 765 21 v v v 4 4 8 % 11 14-bit PWM - | ssop-28
10 v - 3 1 5 . Z-A SOP-16
NX13FM62A | 2.0V~5.5V | 12KB | 2Mb | 4Mb 360 240 21 v v v 4 4 8 v 11 14-bit PWM - | ssop-28
10 v - 3 1 5 . Z-A SOP-16
NX13FM64A | 2.0V~5.5V | 12KB | 2Mb | 16Mb | 1,147 765 21 v v v 4 4 8 v 1 14-bit PWM - | ssop-28

Table 1 NX12F / NX13F %
P 2Mb i AUERPASC IR S
> 10 FERRFH
> 100K {ZE[R/4RT2 208
> TEFPlek B I B NS 2 el 22
7 10KB / 12KB RAM (NX12F_13Fx5xA / NX12F_13Fx6xA)
> & 2KB o EEYES RAM ZE[ LUK E EF $RERIHM 2 A2 P ERR K
EEIEARER(E - Y% | HRC (48MHz) f11_LRC (32,768Hz) J755% - (MRS  |_HRC @ +/-1.0%, | LRC @
+/-3.0%)
R TAER A AT SRS AR KB UM R © IE% (Normal) / £7f% (Standby) / &K (Halt) » fEREAREZCT - SRS
Jit 2UuA~4.5UA @ 5.5V -
P 8 PN A EEfHIER (LVD) @ 3.6V, 3.4V, 3.2V, 3.0V, 2.8V, 2.4V, 2.2V, 2.0V » HEEAR S ZEEE 3.4V E +/-3% 5
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NX12F / NX13F

NEREERE L ThAE (LVR) -

VULH B & RIS 16 {7 NEETI%ES (Timer0 / Timer1 / Timer2 / Timer3) -
N 14 {izyt DAC (B S AEL i HAER) - A ASMEDNIL -

W 13 fizyt Z-A PWM Tjji, o] DUE REBR B -

% 25 R /O B/ » BT LA EEFH K/ byte Ky B BEELASN - foATVE Al 4H RS B BT H B 7 S i e%estl] - I mT

P E ST AR -

SPI0 F &5t - Pz 3.3V LDO LLi#$# SPI Flash

> =3 32MHz BEfR -

> 7% 32 iryThEE > AIE LS 128Mb -

> SCRBIEIEA LU XIP S (FEH# TR ) -

> T8 x1/x2 /x4 110 %=, (Single / Dual / Quad) -

SPI1 Fi#= » #1 SPI0 4/ 3.3V LDO

> =i 32MHz FEH -

82 IR TX (A]Z{f— Timer, 0 ~ 3)

LR ENFIGEE (RTC) @ 1% 16.384KHz / 1.024KHz / 64Hz / 2Hz H1f -
TIBEFT (WDT) 0% © #]3% 188ms / 750ms & -

W NFC Tag IhsE

> FHZ 1SO-14443A 2 NFC #21F » B DIEELEEE L A FH AR 1F E m) R
T HF ISP / 1AP (In-System/Application Programming » ¥ Z4¢/ & F 8E8%)
> A5 UART » NFC Tag

> HAYHh: EF, SPI Flash (&8 2 =012e))

> ISP /1AP 2 frattki - LARSIE EF ZBAMAR:

RS UART

> & TX/RX » A 4-level FIFO

> {HigR (Baud Rate ) ¥#F 115,200 /230,400 / 1M bps

RS 12C

> EEE

» 100KHz / 400KHz / 1MHz &4

» 4-byte FIFO

Wi4H PWM-10 7425 (PWMA / PWMB)

> EHEZ 4 ([E5EILHY PWM-IO i (PWMAO ~ PWMAS / PWMBO ~ PWMB3) -
> g4H PWM-10 A as A — (8 B A S =80 16 frotaties (B E fF—Ratisestig) -
> GiR PWM-10 ERIEAEITHY 16 i1 TR & fF s -
SciRE A A M EIECH] (CapTouch Sensor)

> FTAHT PA RIAL B ATEEEE K filisi

ADC (JAttE i iR es)

> JEE (BREBVRGEEDR) > 12 izt SAR ADC -
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> AlHhETETES Tt (Timer0 / 1/ 2) sesk (- filss -

» ChO B A 4-level FIFO - B MIC B AZLH -

> fcitedse LDO Jg1r(tes « nl#E 3.3V (=) - 5t 2.3V (W) -
® N7 MIC fZEHI 47 B8

> FEFEA 0 2 WATERRES » A B E BsiiE U w25 (AGC / PGA) -
® Ui% EF Rtk -
® (i 5 B R

> ElEHY Q-Code f2K -

> HEERY NYIDE C-Module F25 -
WEERIFRE HIEY OCD (On-Chip Debugger) {7 E43 - 57 Q-Code / C-Module JEH {5 K -
% ik NX_Programmer {E B{5E. 2L K EF/SPI Flash 7 5% -
Smart Writer {F B+ 5 & & 2 EF/SPI Flash 5% - 20# ICP (FE4RfEEsk ) 2 ik -
6 HRASHIIEES% /1 (VDD, VSS, PD1, PDO, PA12, RSTB/PAS) -
JRERERY Speech/MIDI 4gf#tSes - shEaknl] » DL FUEEE
ADPCM 4gf#t « 81878 » SFERAERL 4fioT / St -
SBC 4mfi#tE « 2187 » 4.5K ~ 32Kbps ({i7jt#*=) » fm 16KHZ JHE -
MIDI fi#45 : £z %1638 (32KHz #i tHERER) -
BT ¢ SR SR - M BT - E - BRI .
s ¢ BRNE R AR UEE TR E . (2R NX12F)
® % 4/8/16/32 {EIHEEREEIEN &5 -
® HHPRE

> 5 (Dice) -

> HER

= BE5H : SOP-16 / SSOP-28 / LQFP-32 -

= 5 A (1 4Mb/ 16Mb SPI Flash &%f) : SOP-16 / SSOP-28 -

[ ]
V V V V V @i VvV V V V
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1. GENERAL DESCRIPTION
The NX12F / NX13F is a 32-bit MCU based high-quality speech/MIDI SoC, which is specially designed for various

audio-related DSP applications. Its predecessor, the NX1 OTP series, has been well accepted in the market for
numerous applications like long-duration speech/MIDI synthesis, voice changer, and stand-alone voice recognition.
The NX1 Embedded Flash (EF) series follows the same architecture but uses EF to replace the OTP memory core
and embeds OCD (On-Chip Debugger) at production chips to make the project development much easier than ever.

As compared with mask ROM counterparts, the NX12F / NX13F got absolute advantage over MOQ and lead time.

The NX12F / NX13F got memory-mapped architecture, which can address up to 16MB space that includes memory
(EF / RAM), register files, peripheral and SPI Flash (that supports Bank for expansion and Instruction / Data modes).
The highly compressed SBC (Sub-Band Coding) is achieved with greatly enhanced quality & much less memory size
compared against traditional ADPCM coding due to the incorporation of efficient DSP algorithms as well as the
upgrade of H/W spec. By incorporating Instruction / Data local buses, 1-cycle multiplier and 7-cycle divider for the 32-
bit N705-S core, it reaches outstanding performance of 50+ DMIPS when the system clock runs at 48MHz. The S/W-
based MIDI synthesizer can reach more than 16-ch polyphonic channels, with all data including SBC / MIDI files,
wavetable timbres, XIP (eXecutable In Place) program code and general user data stored in the embedded Flash

and/or external SPI Flash memory.

The dual clock design with built-in 48MHz |_HRC and 32KHz |_LRC gives users the freedom to switch among Normal
/ Standby / Halt modes for the balance of power consumption and performance or to keep the time under low power
condition. The NX12F / NX13F series got single-chip packages as well as MCP (Multi-Chip Package) that integrates
SPI Flash inside the low-pin count packages. Set aside the 2Mb EF inside the NX12F / NX13F, users can select

different SPI Flash density of MCP parts or choose external SPI Flash to expand the memory easily.

There are various useful features inside the NX12F / NX13F: Four sets of 16-bit Timers; up to 8-ch H/W PWM-IO
pins; 8-channel, 12-bit SAR ADC that supports differential MIC input with 2-stage of pre-amplifiers & AGC / PGA, and
various kinds of sensors; 14-bit DAC to connect with external power amplifier or built-in 2-A PWM amplifier to drive
speaker directly; independently configurable GPIO per pin with alternate functions; IR TX that supports 38KHz /
57KHz / 125KHz / 500KHz carrier for Infrared or QFID applications; SPI0 with embedded LDO to connect to external
SPI Flash; SPI1 for connecting with 2.4GHz RF module or other SPI devices; 12C H/W interface; UART for ISP/IAP
(In System/Application Programming), serial communication, or debugging via Hyper-Terminal; NFC tag for ISP/IAP

to exchange data with iDevices.

The NX12F / NX13F supports C language programming that provides customers with more controllability over
complicated projects. Besides, it also brings Q-Code (High-level script programming) to 32-bit MCU that provides
customers with an easy-to-use, highly productive development environment for quick realization of product concepts.
The NX12F / NX13F is embedded with On-Chip Debugger, which can provide ICE functionality on the actual

production chip. Moreover, it allows for ICP (In-Circuit Programming) to change code / content right on the target

9 Ver. 1.8 2025/07/25
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board and ISP/IAP (In-System/Application Programming) that makes possible on-board re-programming and

code/content updates in the system.

Various package forms are available for the NX12F / NX13F: Dice, SOP-16, SSOP-28, LQFP-32, and MCP with SPI

Flash to fit in diversified application needs.

10 Ver. 1.8 2025/07/25
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2. FEATURES

® \Wide Operating Voltage: 2.0V ~ 5.5V
» SPI Flash is powered by embedded 3.3V LDO.
» Min. operating voltage is 2.0V for max. CPU clock @ 48MHz.
® 32-bit CPU core
» Andes N705-S, like ARM Cortex-MO+.
» Max. CPU clock @ 48MHz, up to 50+ DMIPS w/ 1 wait-state @ EF access.

» 1-cycle fast multiplier, 7-cycle fast divider.

» Instruction Local Memory & Data Local Memory employed.
® There are 12 single-die and MCP (Multi-Chip Package) parts for the NX12F / NX13F series.

SPI Duration (Sec) 2 16-bit PWM- 12-bit Cap Power
RAM EF SPIO SPI1 I° UART D. Package
Flash  ]16Kbps 24Kbps e Timer 10 SAR ADC Touch Amp. 8¢
25 \% v v 8 8 13 Dice
10 v - 3 1 5 " I-A SOP-16
NX12FS51A | 2.0V~5.5V | 10KB | 2Mb | - 98 66 2 y y y v 4 8 6 v 7 10t Sam | Y | ssop2s
25 \Y \ \ 8 8 13 LQFP-32
25 v v \ 8 8 13 Dice
10 v - 3 1 5 ; I-A SOP-16
NX12FS61A | 2.0V~5.5V [ 12KB | 2Mb | - 98 66 % v v v v 4 5 8 v o et S | Y | scemen
25 \ \ \ 8 8 13 LQFP-32
25 \ v v 8 8 13 Dice
10 v - 3 1 5 ) Z-A SOP-16
NX13FS51A | 2.0V~5.5V | 10KB | 2Mb | - 98 66 2 y y y v 4 8 6 v 7 11t Sam | o | ssop-2s
25 \Y \ \Y 8 8 13 LQFP-32
25 % % % 8 8 13 Dice
10 v - 3 1 5 ; I-A SOP-16
NX13FS61A | 2.0V~5.5V | 12KB | 2Mb | - 98 66 e y y y v 4 5 8 v 2| S | ¢ | sceme
25 \ \ \ 8 8 13 LQFP-32
10 v - 3 1 5 . I-A SOP-16
NX12FM52A | 2.0V~5.5V | 10KB | 2Mb | 4Mb | 360 240 h y y v 4 K 8 v o | 1abt] S | v | ssopoos
10 % - 3 1 5 ’ I-A SOP-16
NX12FM54A | 2.0V~5.5V | 10KB | 2Mb | 16Mb | 1,147 | 765 o y v v 4 7 2 v a1t S | Y | ssopos
10 \ - 3 1 5 . I-A SOP-16
NX12FM62A | 2.0V~5.5V | 12KB | 2Mb | 4Mb | 360 240 ho y y v 4 . 8 v 114t S LY | ssopoos
10 v - 3 1 5 7 I-A SOP-16
NX12FM64A | 2.0V~5.5V | 12KB | 2Mb | 16Mb | 1,147 | 765 . v v v 4 7 2 v P K] emel I ey
10 v - 3 1 5 " I-A SOP-16
NX13FM52A | 2.0V~5.5V | 10KB | 2Mb | 4Mb | 360 240 h y y v 4 K 8 v o |1t S |- | ssopoos
10 \ - 3 1 5 o I-A SOP-16
NX13FM54A | 2.0V~5.5V | 10KB | 2Mb | 16Mb 1,147 765 21 v v v 4 4 8 % 1 14-bit PWM - | ssop-28
10 \ - 3 1 5 " I-A SOP-16
NX13FM62A | 2.0V~5.5V | 12KB | 2Mb | 4Mb | 360 240 2 y y v 4 . 8 v 148t Sm | | ssopos
10 v = 3 1 5 q I-A SOP-16
NX13FM64A | 2.0V~5.5V | 12KB | 2Mb | 16Mb | 1,147 | 765 . v v v 4 a g v 145t S |7 | ssop-2s

Table 1 Product Line-Up of NX12F / NX13F
® Built-in high-reliability 2Mb Embedded Flash
» 10 years of data retention
» 100K times of erase/programming cycles
» Storage for program code, voice recording, and preset content
® Built-in 10KB / 12KB RAM for NX12F _13Fx5xA / NX12F_13Fx6xA
» 2KB instruction RAM optional for program execution during EF erasure period
® Built-in oscillators for I_HRC (48MHz) and I_LRC (32,768Hz), accuracy trimmed to +/-1.0% for |_HRC and +/-3.0%
for _LRC.
® Power management to support 3 operating modes per system requirement: Normal / Standby / Halt modes. At Halt
mode, the typical current consumption is 2uA ~ 4.5uA @ 5.5V.
® 8-level LVD (Low Voltage Detection): 3.6V, 3.4V, 3.2V, 3.0V, 2.8V, 24V, 2.2V, 2.0V. Reference voltage 3.4V

trimmed to +/-3% accuracy before shipping.
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@ Built-in LVR (Low Voltage Reset) function.

® Four Timers (TimerO / Timer1 / Timer2 / Timer3), each Timer consists of a 16-bit down-counter with various clock

sources.

Built-in 14-bit resolution DAC output for driving speaker via external power amplifier

® Built-in 13-bit Z-A PWM power amplifier to drive speaker directly
® Up to 25 pins of GPIO

» Bit configurable for every I/O pin by register control, except byte-defined strength of pull-up resistors
» Multi-function pins via register control

SPI Flash interface supported @ SPI0 with embedded 3.3V LDO

» Master mode

» Up to 32MHz clock speed

» 32-bit mode supported to address beyond 128Mb

» Support Data mode and XIP mode (eXecute In Place)

» Support Single / Dual / Quad 1/O modes of SPI Flash

SPI master @ SPI1 supported with embedded 3.3V LDO shared with SPI0

» Up to 32MHz clock speed

IR TX supported (via any Timer, 0 ~ 3)

RTC with optional 16.384KHz / 1.024KHz / 64Hz / 2Hz interrupts

WDT (Watch-Dog Timer) supported with optional 188ms / 750ms reset periods
Built-in NFC Tag function

» 1SO-14443A compliant NFC operation while powered to communicate in both directions with iDevices
ISP / IAP (In-System/Application Programming) supported

» Source: UART, NFC Tag

» Destination: EF, SPI Flash (via program control)

» ISP / 1AP code protected from accidental EF erasure

UART H/W supported

» Full-duplex TX/RX with 4-level FIFO

» Baud rates @ 115,200/ 230,400 / 1M bps

12C H/W supported

» Master / Slave mode

» 100KHz / 400KHz / 1MHz Clock

» 4-byte FIFO

Up to two PWM-IO Generators

» Each generator with 4 PWM-10 pins (PWMAO ~ PWMA3 / PWMBO0 ~ PWMB3)
» Each generator got one 16-bit timer, which could be used as a general timer
» Independent 16-bit duty cycle register per PWM-IO pin

CapTouch sensor supported
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» All pins of PA port are optional as CapTouch sensing pads
® ADC (Analog Digital Conversion)
» 8-ch (with auto scan mode), 12-bit resolution SAR ADC
» Trigger by underflow of TimerQ / 1/ 2, or by software
» ChO0 with 4-level FIFO shared with MIC input for voice processing
» Embedded with dedicated analog LDO: optional output at 3.3V @ 3-battery, or 2.3V @ 2-Battery.
@ Built-in MIC control circuitry
» Differential input MIC with 2-stage of pre-amplifiers and optional AGC or PGA for gain control
® Support EF Security Lock mechanism to prevent programmed data from being read out
® FEasy-to-use Development Environment
» High-level Q-Code programming supported
» Advanced C-Module programming supported
» 2-pin OCD (On-Chip Debugger) supported with source-level debugging for both Q-Code and C-Module
» Multi-purpose NX_Programmer for ICE debugging and programming of EF / SPI Flash
» Smart Writer used in MP for EF/SPI Flash pre-programming @ packages, or ICP @ target boards
» 6-pin programming interface (VDD, VSS, PD1, PDO, PA12, RSTB/PAS8) supported
® S/W-based Speech/MIDI Codec, Voice Recognition, & various algorithms supported
» ADPCM Codec (Adaptive Differential PCM): 8 channels, 4-bit / 5-bit per sample
» SBC Codec (Sub-Band Coding): 4.5K ~ 32Kbps, max. 16KHz bandwidth, up to 1-ch record & 2-ch playback
» MIDI: up to 16-channel polyphonic melody @ 32KHz Output Sample Rate
» Voice Effects: speed / pitch change, robotic sound, echo, real-time voice changer, etc.
» Voice Recognition: phoneme-based for stand-alone VR applications (only for NX12F)
® Noise filter @ 4x/8x/16x/32x up-sampling supported
® Shipping Form
» Dice
» Package
< Single-Die: SOP-16 / SSOP-28 / LQFP-32
< MCP (with 4Mb / 16Mb SPI Flash): SOP-16 / SSOP-28
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3. BLOCK DIAGRAM

o] 5 |
AHB-Lite

WD SMu —rlt—> GPIO |_HRC
. ADC/
* —rj—>
LVR / POR Timer * 4 AGC/ PGA I_LRC
Core_LDO SPI*2 o—p | —p PWM-IO ADC
Flash Memory
ADC_LDO e <«—>»|<«—>»| RTC/WDT IR Tx
SPI0_LDO RC/UART/ ., le—»  pac Audio PWM
NFC Tag v Driver

Figure 1 Block Diagram of NX12F / NX13F Series
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4. PAD / PIN DESCRIPTION

Pad Name |Alt#| Type| SOP-16 SSOP-28 SSOP-28 LQFP-32 Dice Pad Description
NX12Fx5xAS16 | NX12FS51AU28 | NX12FM5xAU28 | NX12FS51AQ32 | NX12FS51A
Part No. NX13Fx5xAS16 | NX13FS51AU28 | NX13FM5xAU28 | NX13FS51AQ32 | NX13FS51A
NX12Fx6xAS16 | NX12FS61AU28 | NX12FM6xXAU28 | NX12FS61AQ32 | NX12FSB1A
NX13Fx6xAS16 | NX13FS61AU28 | NX13FMBXAU28 | NX13FS61AQ32 | NX13FS61A
Power
VDD 0 P . . . . . Power input
ADC_VDD 0 AP . . . . . Analog power output for connecting with 0.1uF cap.
VDD_PWM 0 P . . . Power for DAC and audio PWM driver.
SPI0O_VDD 0 P . . . . . Power output for SPI Flash. Connect with 1uF cap.
VSS 0 P . ) ° . . Ground
VSS_PWM 0 P . Ground for DAC and audio PWM driver
VSS_ADC 0 AP . Ground for analog circuits
PWM / DAC
pwM1/DAC | o o . . . . . g;;ciﬁsct)ei’,WM driver output 1 or DAC output by
PWM2 0 (e} . . ° ° . Audio PWM PA output 2
Port A
PAO 0 I/0 ° ° . GPIO pin PAO
AINO 3 Al . . . Analog input 0
PA1 0 I/0 ° ° . GPIO pin PA1
IRO 1 O . . . IR Tx output from TimerQ
AIN1 3 Al . . . Analog input 1
PA2 0 I/0 ) . ° ° . GPIO pin PA2
IR1 1 O . . . . . IR Tx output from Timer1
INTO 2 | ° . . . . External INTO
AIN2 3 Al . . . . . Analog input 2
PA3 0 I/0 ° ° ° . GPIO pin PA3
TMO 1 | . . . . External input for TimerQ / Timer1
INT1 2 | ° ° ° ° External INT1
AIN3 3 Al . . . . Analog input 3
PA4 0 I/0 ° ° ° ° GPIO pin PA4
SDA 1 I/0 ° ° ° ° SDA pin of 12C
AIN4 3 Al . . . . Analog input 4
PA5 0 I/0 ° ° ° . GPIO pin PA5
SCL 1 (e} . ° ° . SCL pin of 12C
AIN5 3 Al . . . . Analog input 5
PA6 0 I/0 ° ° ° ° GPIO pin PA6
TX 1 (e} . ° ° . TX pin of UART
AING 3 Al . . . . Analog input 6
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Pad Name |Alt#|Type| SOP-16 SSOP-28 SSOP-28 LQFP-32 Dice Pad Description
NX12Fx5xAS16 | NX12FS51AU28 | NX12FM5xAU28 | NX12FS51AQ32 | NX12FS51A
Part No. NX13Fx5xAS16 | NX13FS51AU28 | NX13FM5xAU28 | NX13FS51AQ32 | NX13FS51A
NX12Fx6xAS16 | NX12FS61AU28 | NX12FMBXAU28 | NX12FS61AQ32 | NX12FSB1A
NX13Fx6xAS16 | NX13FS61AU28 | NX13FM6XAU28 | NX13FS61AQ32 | NX13FS61A
PA7 0 I/0 . ° ° . GPIO pin PA7
RX 1 I . ° ° . RX pin of UART
AIN7 3 Al . . . . Analog input 7
RSTB (default) or GPIO pin by option.
RSTB/PA8 0 |LIIO ° . . ° ° Since this pin is RSTB by default upon power up, so
that it can’t be set at low level when powered on.
- | ° ° . . . Programming I/F
PA12 0 I/0 ° ° ° ° . GPIO pin PA12
PWMAO 1 . . . . . PWMADO output pin
SPI1_CSB 2 ° ° ° ° ° CSB pin of SPI1
- . . ° ° ° Programming I/F
PA13 0 I/0 ) . ° ° . GPIO pin PA13
PWMA1 1 (0] . ° ° ° . PWMA1 output pin
SPI1_CLK 2 (¢} . . ° ° . CLK pin of SPI1
PA14 0 I/0 . . ° ° . GPIO pin PA14
PWMA2 1 (0] . ° . ° . PWMA2 output pin
SPI1_MOSI | 2 (e} . . ° ° . MOSI pin of SPI1
PA15 0 I/0 . ° ° . GPIO pin PA15
PWMA3 1 (0] . ° ° . PWMAS3 output pin
SPI1_MISO | 2 I . ° ° . MISO pin of SPI1
Port B
PBO 0 I/0 . ° . GPIO pin PBO
PWMBO 1 (0] . ° . PWMBO output pin
SPI0_IO1 2 O . ° . 101 / MISO pin of SPIO
PB1 0 I/0 . ° . GPIO pin PB1
PWMB1 1 (0] . . . PWMB1 output pin
SPI0_CSB 2 o . ° . CSB pin of SPI0
PB2 0 I/0 . ° . GPIO pin PB2
PWMB2 1 (0] . ° . PWMB2 output pin
SPI0_CLK 2 (e} . ° . CLK pin of SPI0
PB3 0 I/0 ° ° . GPIO pin PB3
PWMB3 1 (0] . . . PWMB3 output pin
SPI0_IO0 2 I/0 . ° . 100 / MOSI pin of SPIO
PB4 0 I/0 ° ° ° ° GPIO pin PB4
NFC_LA 1 | . . . . NFC Antenna terminal A
SPI0_lO2 2 I/0 . ° ° . 102 pin of SPIO
TM1 3 | . . . . External input for Timer2 / Timer3
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Pad Name |Alt#| Type| SOP-16 SSOP-28 SSOP-28 LQFP-32 Dice Pad Description
NX12Fx5xAS16 | NX12FS51AU28 | NX12FM5xAU28 | NX12FS51AQ32 | NX12FS51A
Part No. NX13Fx5xAS16 | NX13FS51AU28 | NX13FM5xAU28 | NX13FS51AQ32 | NX13FS51A
NX12Fx6xAS16 | NX12FS61AU28 | NX12FM6xAU28 | NX12FS61AQ32 | NX12FS61A
NX13Fx6xAS16 | NX13FS61AU28 | NX13FM6xAU28 | NX13FS61AQ32 | NX13FS61A
PB5 0 I/0 ° ° ° . GPIO pin PB5
NFC_LB 1 O . . . . NFC Antenna terminal B
SPI0_IO3 2 I/0 ° ° ° . 103 pin of SPIO
Port C
PCO 0 I/0 ° ° ° ° ° GPIO pin PCO
IR2 1 O . . ° . . IR Tx output from Timer2
MICP 3 Al . . ° ° . MIC+
PC1 0 110 ° ° ° ° ° GPIO pin PC1
IR3 1 O . . . . . IR Tx output from Timer3
MICN 3 Al ° ° ° ° ° MIC-
PC2 0 I/0 ° ° ° ° ° GPIO pin PC2
VMIC 3 AO ° . . . ° MIC bias voltage output
PC3 0 I/0 ° ° ° GPIO pin PC3
OPO 3 AO . . . Output pin of 2" stage Pre-Amp
Port D
PDO 0 I/0 ) . ° ° . GPIO pin PIO
TX 3 ° ° ° ° ° TX pin of UART
ICE_CLK - . . . ) . Clock pin of ICE port
- | . . . ) . Programming I/F
PD1 0 110 ° ° ° ° . GPIO pin PI1
RX 3 | ) . ° . . RX pin of UART
ICE_DAT - 110 . . . ) . Data pin of ICE port
- 110 . . . ° . Programming I/F

Pad Type: P = Digital Power, | = Input, O = Qutput, I/O = Input / Output, Al = Analog Input, AO = Analog output, AP = Analog Power.
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5. FUNCTIONAL DESCRIPTION

5.1 Memory Organization
The memory map is depicted in Figure 2 Memory Map of the NX12F / NX13F Series. The Embedded Flash,

RAM, function registers, and interrupt vectors, are all memory mapped. The embedded flash size is 256KB,
including AP code (255.5KB) and interrupt vectors (0.5KB). There are 2KB of Ins. RAM and 8KB/10KB of Data
RAM associated with the N705-S processor for running the program @ EF / SPI Flash. The Ins. RAM is mainly

used for routines related to FMC operation so that it can still work while EF is being erased. For example, the

talk-back application that utilizes EF as the memory to record the voice input would use Ins. RAM to serve the

INT routine for receiving data from MIC continuously even when EF is erased in parallel. For applications that
require no FMC operations, the Ins. RAM could be used as Data RAM, which would add up to 10KB/12KB.
Total addressing space is 16MB, while SPI flash is mapped within 0x80_0000 ~ O0x9F_FFFF (2MB space) with

bank support for XIP and data storage expansion.

Ow00_0000

0x00_01FF
0x00_0200

0x03_FFFF
Ox04_0000

0x2F_FFFF
0x30_0000

Ox30_07FF
0x30_0800

0x3F _FFFF
Oud0_0000

x40 27FF
Oxd0_2800

Ox7F_FFFF
0x80_0000

Ox9F _FFFF
OwAD_ D000

OxFF_FFFF

5.2 Clock Generator

Resel Vector

AP Code (255.5K8)

Reserve

Ins. RRAM (2KB)

Roserve

Data RAM (10KB)

Rosorve

SP0
XP (eXecule In Place)

Function Register

Embedded Flash

(XEO-OFFF SMu
OXFO-IF PP 2C
OXFO-2F PP UART
%g::ﬁ? Timer
OXFO-GF PP RTC
OXFO-TF PP woT
OxFO-ar PP GPIO
OXFO-9F PP FMC
gizg_.ﬁﬁ. NFC
OxFO_BEPF S
OxF1~1FFP Pl
OXF1-4FFF ADC
OXF1-5FFF DAC

Figure 2 Memory Map of the NX12F / NX13F Series
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The clock generator consists of 2 clock sources:

@ Built-in high clock (I_HRC): Output frequency is 48MHz with 1 wait-state @ EF access.
@ Built-in low clock (I_LRC): Output frequency is 32,768Hz.

These two internal oscillators, |_HRC and I_LRC, are trimmed to achieve +/-1.0% and +/-3.0% accuracy,

respectively.

5.3 Operating Mode

The NX12F / NX13F provides three kinds of operating modes to tailor for various kinds of applications while
saving power consumption. These operating modes are normal mode, standby mode and halt mode.

Normal mode is designated for high-speed, high-performance operation. At standby mode, the NX12F / NX13F
stops almost all operations, except peripheral blocks with clock source from |_LRC, and wake-up periodically to
serve scheduled routines. At halt mode, it stops all operations, waiting for external events to wake it up.

When the NX12F / NX13F is powered up, there is a delay of 32mS before user’s code is executed to ensure
proper operation. Besides, the SPI Flash needs another 15mS to get power stabilized after SPI0_VDD is turned

on. Therefore, there is a total of 50mS or so before any attempt to access the data stored inside the SPI Flash.

Normal Mode

Wake-up from
- External event
- Clock source

Standby Mode Halt Mode

Figure 3 Operating Modes

Wake-up from
external event

5.4 Interrupt

Interrupt signals are directly connected to the N705-S processor. The interrupt priority is controlled by the
processor. Each interrupt is assigned with 2 bits to represent 4 possible priority levels ranging from 0 (highest) to
3 (lowest). The hardware compares the priority level first: the smaller the priority level, the higher the priority.

With the same priority, the lower the interrupt number, the higher the priority.

5.5 Peripherals
5.5.1 1/0 Port
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Up to 25 GPIO pins are available. These are shared multiple function pins under control of the alternate
multiple function registers. A total of 25 pins are arranged in 4 ports named with Port A (PA), Port B (PB), Port
C (PC), and Port D (PD). The PA port has 13 pins, PB port 6 pins, PC port 4 pins, and PD port 2 pins.

Each pin can be configured as input or output, weak / strong pull-high resistor and can wake up CPU upon

I/O state changes from halt mode.

5.5.2 SPI

There are two SPI masters supported. One is the SPIO that is dedicated for connecting with an external SPI
flash device to store most of the data used for various applications like speech (ADPCM, SBC, or CELP),
melody (including MIDI file and wavetable timbres), and user’s general data storage. With single/dual/quad
I/O modes supported, the SPI flash can run up to 32MHz clock. Together with the XIP capability (eXecute In
Place), users can extend the program code @ EF to the SPI Flash with a descent performance for many
applications. The other is the SPI1 master with single I/O mode, which can be used to interface with popular
devices like 2.4GHz RF for a wireless connectivity.

The SPIO / SPI1 is generally powered by the SPI0_VDD, which is an LDO (Low Drop-Out) regulator rated at
26mA sourcing capability & 140uA quiescent current consumption. It is used under normal mode for read /
erase / write operations to the external SPI Flash. This LDO is turned off by default to save power

consumption when not in operation.

5.5.3 12C
The I12C (Inter-Integrated Circuit) master/slave controller support the following features.
® Standard-mode (100 Kb/s), Fast-mode (400 Kb/s) and Fast-mode Plus (1 Mb/s) protocols
® Programmable Master/Slave mode
® Support 7-bit and 10-bit addressing mode
® Support general call address
® Auto clock stretching
5.5.4 UART

The NX12F / NX13F provides the UART (Universal Asynchronous Receiver Transmitter) module, which is a
full-duplex, asynchronous communication channel that communicates with peripheral devices and personal
computers through protocols such as RS-232.

® Support 5 to 8 bits per character

® Support 1, 1.5 and 2 STOP bits

® Support even, odd and stick parity bits

°

Support programmable baud rate
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Support detection of parity error, framing error and data overrun

5.5.5 PWM-IO

The NX12F / NX13F has 2 sets of PWM-IO generators (PWMA / PWMB), each with four PWM-IO outputs

(PWMAO ~ PWMAS3, PWMBO ~ PWMB3). Every four PWM-IO output pins share a common 16-bit PWM-10
timer, while each PWM-10 output pin has its own duty register.

® Four PWM-I0 outputs share a 16-bit timer
® Programmable divider as the clock source of timer

® 16 bits for PWM’s duty cycle

5.6 Timer

The NX12F / NX13F has four 16-bit timers: TIMERO / TIMER1 / TIMERZ2 / TIMER3, which can be used as a

trigger source for DAC / Audio PWM / ADC / IR / Software CapTouch or as a function of time delay, clock
generation, etc.

® Programmable source of timer clock

® 16-bit counter for each timer

High Clock ——
Timer Clock Ti
Low Clock —— Clock Source »116-bit Down Count Timer > imer
Under-flow
External Clock 7'y
- PA[3] for Timer0,1
- PB[4] for Timer2,3
. Timer Data Reload
. <
Timer Pre-load Data |« Enable/Disable

Figure 4 Timer Block Diagram

5.7 Software CapTouch

The NX12F / NX13F supports S/W-based CapTouch on all PA pins for applications that require no very low
standby current with wake-up on CapTouch feature. The power consumption of each S/W-based CapTouch

might not low enough to meet the strict battery life criterion, but it's still useful for many applications virtually
without the increase of BOM cost.
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|

I I MUX /O Transient
|
.

!
PA15 —>
Stop Counting
High Clock —
Timer Clock Timer Data
Low Clock —— Clock Source 16-bit Down Count Timer [———

YvY

External Clock
- PA[3] for Timer0,1
- PB[4] for Timer2,3

A

S/W Touch Trigger » Timer Pre-load Data

Figure 5 Software CapTouch Block Diagram

5.8IRTX

The NX12F / NX13F provides a programmable IR carrier, whose frequency can be generated by assigning

suitable counter values to the 16-bit timer.

® Support output stop value at 0 or 1.
® Support 16 bits reload data to adjust IR’s frequency.
® The lowest frequency is |_HRC divided by 65535, which is 732Hz @ |_ HRC=48MHz.

IR0 (PA1)
16-bit Timer Data IR1 (PA2)
ite to latch > IR2 (PCO)
(write to latch ) IR3 (PC1)
CMP —— )
High Clock —— IR Output
Timer Clock - MUX
Low Clock —— Clock Source »| 16-bit Timer Data >
( current counter read ) )
External Clock — A Stop High/Low
- PA[3] for Timer0,1
- PB[4] for Timer2,3
Timer
Under-flow IR Mask/Unmask
Enable/Disable
W Timer Data Reload

Timer Pre-load Data |«

Enable/Disable

Oul':-:zut /< 37KHz Carrier >/ \< 37KHz Carrier >\

Mask Disable Mask Enable Mask Disable Mask Enable
Stop High Stop Low

Figure 6 IR TX Block Diagram

5.9 RTC

As the name implies, the RTC (Real-Time Clock) is generally used to keep the time, with the clock source from
an internal built-in I_LRC (trimmed to 32,768Hz with +/-1.5% accuracy). The RTC supports periodic time tick
interrupts with 4 options: 16.384KHz, 1.024KHz, 64Hz, 2Hz.
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5.10 WDT

The Watchdog Timer (WDT) is used to perform a system reset when the system is not responding at all. There

are two period options for the WDT to generate a reset: 188ms / 750ms.

Timer Clock
( From RTC Block)

WDT_En —
Clear WDT —
CPU_Standby —

A 4

3-bit Counter

WDT Overflow
>

A

Reset Counter

Figure 7 WDT Block Diagram

5.11 ADC

The NX12F / NX13F provide one 12-bit Analog-to-Digital converter that supports up to eight input channels. The

A/D converter supports both single and continuous scan mode. It can be started by software or TIMER trigger.

® Provide 4-level FIFO or data registers for each channel.

® Auto scan mode can be used to get 4/3/2 channel’s data automatically.

Microphone
With 2-stag e Amplifier

8-Channel Line-in

LLELLT

T

Capacitor|

S&H

T

4-Level
FIFO

@ADCCLK
SysClk /8
SysClk /16

SysClk —»|  SysClk/32

SysClk / 64

X Sample Time X

Conversion Time

@SampleTime
ADCCLK *8
ADCCLK * 16

Conversion Trigger

ADCCLK * 32
ADCCLK * 64

@Conversion Time
ADCCLK*12

Figure 8 ADC Block Diagram

5.12 AGC & PGA

A

Data Ready

For applications with microphone input, there are two kinds of gain control: one is the AGC (Auto Gain Control),

the other is the PGA (Programmable Gain Adjustment). For AGC, the 1st stage gain of pre-amplifier is controlled

by the AGC along with parameters configured via register control, while the 2" stage gain of pre-amplifier is

controlled by S/W program. For PGA, the 13t stage pre-amplifier gain could be selected as 15x or 30x, while the
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gain of 2™ stage of pre-amplifier is controlled by S/W program. For more details, please refer to User's Manual
for NX12F / NX13F.

Depending on the MIC sensitivity, distance between user and MIC, and component value of application circuit,
overall PGA gain of the 2-stage pre-amplifiers might vary accordingly. Please refer to C-Module or Q-Code

User’s Manual for more details.

5.13 DAC & Audio PWM Driver

The NX12F / NX13F provides two data buffers with 4-level FIFO each and one 14-bit Digital-to-Analog converter

with interpolation function. It can be started by software or TIMER trigger.

® Provide 4-level FIFO per channel as data buffer
® Provide hardware up-sampling (interpolation) function

® Support mixing mode for two-channel data applications

l\ PWM1 / DAC
Channel 0 Data - o
4-Level FIFO P»{ Up Sample DAC '/ &

Output Mode

Select

2-Channel Data Up Sample (Interpolation)
Can use diff. Sample Rate 4/8/16/32Point DAC Enable

Channel Mixer

Channel 1 Data »| up sample I\PW> PWM2

4-Level FIFO >

PWM Enable

Figure 9 Block Diagram of DAC and Audio PWM Driver

5.14 LVD

The LVD (Low Voltage Detector) is trimmed to +/-3% accuracy for the user to detect the battery voltage @ VDD
pin. When the VDD voltage falls below the specified LVD level, the LVD_Flag will be set as HIGH.

LVD_SEL[2:0] | Voltage
111 3.6V
110 3.4V
101 3.2V
100 3.0V
011 2.8V
010 2.4V
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LVD_SEL[2:0] | Voltage
001 2.2V
000 2.0V

Table 2 LVD voltage select

5.15 Options
Users may select different options depending on the application requirement. There are several options that

users may select for the NX12F / NX13F series, as shown in Table 3 User Options.

Item Name Options
1 | Reset Pin (PA8) ;: E%S.St Pin (default)

2 | LVR (Halt Mode) 2 LVR Disable at Halt Mode (default)
S PEE -7 B
o it e

5 | Ins. RAM (IRAM) 2 IRAM Disabln (default)

1.0.7vDD/0.3VDD (default)
2.0.5vDD/0.2vDD

1. GPIO (default)
2.SPI

. Single/Dual (default)
2.Quad

1.GPIO (default)
.SPI

2
1.PWM (default)
2.DAC
1
2

6 Input Voltage (ViH/ViL)

7 SPI0 Functions

-_—

8 | SPIO IO Mode

9 SPI1 Functions

10 | Voice Output

.Normal (default)
.Large
3. Ultra

11 PWM Current

Table 3 User Options
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6. ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Rating

Symbol Parameter Rated Value Unit

Vop - Vss Supply voltage -0.5~+7.5 Vv
VIN Input voltage Vss - 0.3 ~Vop + 0.3 \
Top Operating Temperature 0~+70 °C
Tst Storage Temperature -25 ~ +85 °C

6.2 DC Characteristics
(Ta=25°C, unless otherwise specified)

Symbol Parameter Vpop | Min. | Typ. | Max. | Unit Condition
Vbb Operating voltage - 20 5.5 \Y, -
55 3 CPU stops, all functions off,
IHALT Halt Current uA Disable SPI0_VDD'
55 4 LVR on at halt mode
3 4 CPU stops, all functions off,
Iss Standby Current uA RTC on, LVR on,
4.5 5 Disable SPI0_VDD
3 7 CPU_CLK = 48MHz,
I Operating Current Normal mA 1 wait-state,
op perating Mode | ,. ; Enable SPI0_VDD,
' No load
Strong 3 100
Ret Pull High Resistor KQ Vin= OV
(Input current) 3 1.000
Weak ’
(IMQ) | 45 600
Normal drive current 3 -9
(Normal GPIO) 45 13
. 3 -14 Von = VDD - 1.0V,
lom SPI'mode dnve.current mA SPI mode (Power from
(SPI0 PB[O:5]) 45 17 SPI0_VDD, 3.3V)
SPI mode drive current 3 14
(SPI1 PA[12:15]) 45 17
. 3 12 VoL= 1.0V,
loL ch';\ln:)ar::;?ég:g?nt mA SPI mode (Power from
4.5 20 SPI0_VDD, 3.3V)
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Symbol Parameter Vpop | Min. | Typ. | Max. | Unit Condition
Large sink current 3 23
(Normal GPIO) 45 35
SPI mode sink current 3 14
(SPIO PB[0:5]) 45 16
SPI mode sink current 3 14
(SPI1 PA[12:15]) 45 16
Audio PWM 3 150 1KHz Sine we(ljve,
Ipwm Output Current? mA THDN @ 1%,
P 45 250 Load = 80
— ”93
AF/F I_HRC trim accuracy 3 -0.5 0.5 % Fos?:tyg L
Vspio = VDD - 0.1
4 ’
Vspio SPIO_VDD Output 45 | 2.7 33 | 36 \Y, when VDD < 3.4V.
VLVR is trimmed to
2% LVR voltage - 18 v 1.8V +/- 0.1V,

""LDO @ SPI0_VDD is rated at 26mA for read / erase / write operation to the SPI Flash @ Normal mode.

"2 The current is represented in the form of effective power, which is bigger than playback under practical conditions.
3 Ftyp = 48MHz, which is the nominal clock of |_HRC.

4 Wide-voltage SPI Flash, 1.65V ~ 3.6V, adopted for NX12_13FM5xA / NX12_13FM6xA MCP series.

6.3 ADC Characteristics
(ADC_Vbp=3.3V, TA=25°C, unless otherwise specified)

Symbol Characteristics Min. Typ. Max. Unit
VINL ADC Sensor Input Voltage Range from PA[7:0] | Vss-0.3 ADC_Vop + 0.3 \%
ViNm ADC Microphone Input Voltage Range Vss-0.3 ADC_Vop+03| V
Bres Resolution of ADC 12 Bit

ENOB Effective Number of Bits 10.1 Bit
INL Integral Non-Linearity of ADC 25~-24 LSB
DNL Differential Non-Linearity of ADC 23~-10 LSB

Fconv AD Conversion Rate 441 KHz
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6.4 DAC Characteristics
(Vbp=3V, Ta=25°C, unless otherwise specified)
Symbol Characteristics Min. Typ. Max. Unit Condition
Bres Resolution of DAC 14 Bit -
THD+N THD+N -55.3 dBr A
(Vin = -3 dBFS)
DR Dynamic Range 7.7 dBr A No load
(Vin = -60 dBFS)
SNR N0|.se at No Signal 976 dBr A
(Vin =-90 dBFS)
6.5 Audio PWM Characteristics
(Vbp=5.5V, Ta=25°C, unless otherwise specified)
Symbol | Characteristics VDD Min. Typ. Max. Unit Condition
THD+N _ THD+N . -66.4 dBr A
(Vin=-3dBFS)
DR Dynamic Range - -82.1 dBr A No load
(Vin =-60 dBFS)
SNR N0|.se at No Signal ) 126.4 dBr A
(Vin=-90 dBFS)
3v 200 MW Load = 80,
THD+N @ 1%
Po Output Power —
4.5V 500 MW Load = 80,
: THD+N @ 1%
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6.6 Frequency vs. Voltage

6.6.1

6.6.2

I_HRC

Line Regulation: I_HRC @ 48MHz

2.0%

1.0%
0.0%

-1.0%

-2.0%
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-4.0%

Deviation (%)

-5.0%
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I_LRC

Line Regulation: |_LRC @ 32KHz
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6.7 Frequency vs. Temperature

6.7.1 I_HRC
I|_HRC @ 48MHz

3.0

2.0
1.0 4
I3
: : ://./k:':':ﬁ‘\r\:o.oé
8
>

-2.0

-3.0

o To) o Yo] o o 0 o Yo}
Temperature (°C)
6.7.2 |_LRC
|_LRC @ 32KHz

8.0

6.0

4.0
\\\ 20 =
. —— .3\;.;.5.5-4::0.05
-2.0 '%
o

-4.0

-6.0

-8.0

o Yo} o Ye] o o (o] o [To]
Temperature (°C)
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7. APPLICATION CIRCUIT
7.1 NX12FS51A/NX13FS51A

711

Batt
Rov~

Port C for MIC input

NFC
Arterna

55\:1:1'_-
&

NFC_LA
PB4e)

NFC_LB
(PBS)

VG
(PC2)

MIcP
(PCO)

MICN
(PC1)

oPO
PCy)

ADC_VDD

Vvss
VSS_PWM

SPe_voo

SPIQ Interface
PB{5:0]

SPI1 Interface
PA1513

NX12FS51A
NX13FS51A

DAC /PWM1
PWu2

PA{1512] PARO)
PB{S0)
PO{10]

ICE _CLK (PDO)
ICE_DAT (PD1)
RSTB (PAS)
MISO (PRI D)

SP Flash
Suppot L2410}
$v 3 Wire Mode
v | SP Interace
s 3 Wire Mode Penpheral
mintadeatedede bt b Lol
| Optional
[
I Voﬂage
1 DAC
| N9 0 A
I
|
<I GFIO ktwixe
ICE /
Prmoammer

Note 1: The 1uF decoupling capacitor @ VDD/VSS is required and should be placed as close to the chip as possible.

Note 2: When port C is connected with MIC, PC.3 cannot be used as GPIO.

Note 3: Do not add small cap (like 0.1uF) across trigger switches in parallel to avoid negative pulses.
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7.1.2 Port C for GPIO

SPe_vDD i ]
NFC_LA ]—_m
NFC PB4 .
Arterna SP Flash
NFC_LB SPIQ Intertace Ssppant 12410}
(PBS) PB{S:0] Sspport 3 Wise Mode
SPI Interface Sy 3 SP1 Intertace
PA1%13 $uppart § Wire Mode Penpheral
e =
| Optional :
I
NX12FS51A | Vorage :
NX13FS51A | R '
| NYSAD U A 1
| I
I
I R g
DAC /PWM1
PWM2
ADC_VOD
PA{1512] PAS0) /I
PBIS )
PC0) GFI0O uica
PO{1:0]
VDD VDD
VDD_PWM
ca.\:u?ﬁw__. i Iy ICE_CLK (PDO)
T Tuf ICE_DAT (PD1) ICE /
VSS Pry
: o i RSTB (PAS)
MISO (PAID)

Note 1: If Port C is used for I/O applications, ADC_VDD must be disabled from F/W and connected to VDD.

Note 2: If ADC is used for measurement, an external LDO is recommended for VDD / ADC_VDD in order to have better ADC
accuracy.

Note 3: The 1uF decoupling capacitor @ VDD/VSS is required and should be placed as close to the chip as possible.

Note 5: Do not add small cap (like 0.1uF) across trigger switches in parallel to avoid negative pulses.
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7.2 NX12FS61A / NX13FS61A

NFC
Afterma

Battery

VoD
Qov-55v) T

NFC_LA
PB4)

NFC_LB
(PBS)

VIC
(PC2)

mce
(PCO)

MICN
(PC1)

ADC_VDD

VDO
VDO_PWM

Vss
VSS_PWu

SPO_VDD

SPIQ interface
PB{S0)

SPI1 Interface
PA1512

NX12FS61A
NX13FS61A

DAC /PWM1
PWM2

PA{1512]. PABO]
PB{S0)

PO{1:0]

0PO

(PLY)

ICE _CLK (PDO)
ICE_DAT (PD1)
RSTB (PA3)
MISO (PA1D)

J|}—::| |——4I

SP Flash

Seppent 124100

$u4 3 Wire Mode
dy sor 1 10 ) S Interface

S5, 3 Wire Mads Penpheral
" rafantntesonslustiaut 111 ettt bl
| Optional :
I
| Voitage 1
| DAC I
1 NYSA0 01 A 1
1 I
I I
s i s i, e A 4

/I
N\

GFIO ltw iace >

ICE /
Pogammer

Note 1: For NX12FS61A / NX13FS61A, when port C is connected with MIC, PC.3 cannot be used as GPIO.

Note 2: NX12FS61A_EVB can pass FCC Part 15B test, under the condition of 3*Alkaline batteries, 48MHz @ |_HRC, 24MHz

SPI clock, playback of SBC from SPI Flash, 8-ohm speaker, and LED toggle on/off @ 2Hz.

Note 3: The 1uF decoupling capacitor @ VDD/VSS is required and should be placed as close to the chip as possible.

Note 4: If ADC is used for measurement, an external LDO is recommended for VDD / ADC_VDD in order to have better ADC

accuracy.

Note 5: Do not add small cap (like 0.1uF) across trigger switches in parallel to avoid negative pulses.
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8. DIE PAD DIAGRAM
8.1 NX12FS51A / NX13FS51A / NX12FS61A / NX13FS61A

55 TAINT  JAING  JAINS  JAIN4

PA12
IPWMAD
ISPI1_CSB
PA13 RSTE PA7T PAG PAS  PA4
PWMA1 T IPAE  /RX  {TX  J/SCL /SDA
ISPI_CLK v

36 35 34 33 32 31 30 29

PA14/PWMA2/SPI1_MOSI 1
PA1SIPWMASISPIT_MISO 2
PES/NFC_LBISPIO_IO3 3
PB4/NFC_LAISPIO_IO2/TM1 4

PB3/PWMB3/SPID_IO0 5

PAITMOANT1/AING | 28

PEB2/PWMBZ2/SPI0_CLK &

seio_vop || 7 Embedded Flash

PAZIRIINTOIAINZ | 27

patfRDiAING | 26

PB1/PWMB1/5FP10_CSB 8
FAD/AIMG 25

FBEO/FPWMBO/SPID_IO1 9
WSS 24

SPI0_VDD 10 Test |:|

pcaopo | 23

PCZMVMIC 22

PWM1
VSS_PWM /DAC PWM2 VDD_PWM
PCUIRIMICH | 21
11 12 13 14

D 15 16 17 18 19 20

Test VDD ADC_VDD PD1 PCO
(U O) ACE_DAT {IR2
! IR MICP
WS5_ADC
POO
fICE_CLK
ITX
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9. PACKAGE PIN ASSIGNMENT

spio_vop [1] O [16] PA14/PWMA2ISPIT_MOSI PB1/PWMB1/SPIO_CSB [1]O [25] PB2/PWMB2/SPIO_CLK
PEO/PWMEO/SPIO_IOT [Z [27] PB3/PWMB3/SPIO_IO0
vss [2] [15] PA13/PWMA1/SPI_CLK SPI0_vDD [3] [55] PE4MNFC_LASPIO_IO2TMI
VvsS [f] =z = = = [z5] PBSINFC_LBISPIO_IO3
PaM1DAC [4] €ZZ< [14] Pat2PYWMADISPI1_CSB PAMIDAC [5] 25X X X [57] PAIG/PWMAS/SPI_MISO
P2 [7] FECRTEN 3] ReTePAR vz [5] SR SR  [E Patepwazispit_vos
mTmmm [(ORONORO)]
DD D voD [T] & & G &1 [22] PAISIPWMATISPIT_CLK
[N e N N
voo [5| 23323 [12] pAziRiNTOANZ ADC_VDD [&] zrzz [21] PA12/PWMAQ/SPI1_CSB
0o PDO/ICE_CLK/TX 6] oSIooo  [20] RSTEPAS
[ G G G 4 o 0o o 0
Abc_vDD [5] @ @ & & [i1] Pcaawmic PD1/ICE_DAT/RX gl [75] PATRX/AINT
PCOAR2MICP [11] [75] PABITX/AING
PDO/ICE_CLK/TX ] [10] PC1AR3MICN PC1IR3MICN [1Z] [77] PASISCLIAING
PC2VMIC [T 76] PA4/SDA/AIN
PD1/ICE_DAT/RX ] o] Pcorramice PA2/IR1TINTO/AINZ [12] (5] PA3TMO/INT/AING
el
=
©
o
2 2 B
S o >
3 3 S
> 1 o o
8 2 2 5 2 2 & 1
2 2 2 &8 3 3 3 8
. kX 2 2
g E B2 3 B
a = 5 5§ 5 %
HEEERNEEEREREEN
7 2 31 s 29 28 27 26 25 )
PA15/PAWMA3/SPI_Miso [ | 1 O 21 [ ] PASITMOINT/AING
PESINFC_LBISPI_I03 || 2 23 [ ] Pa2nr1/NTORINZ
PRANFC_LASPIO_lo2mt || 3 NX12FS51AQ32 22 || PAUIRO/AINT
PE3/PWMB3/SPIO_Ioo || ¢ NX13FS51AQ32 21 [ PaoraING
PE2/PWMB2/SPI0_CLK 5 20 PC3/0PO
O NX13FS61AQ32 |
PBA/PWMB1/SPIO_GSB [ | & (LQFP-32, 7mm x 7mm) 19| _] Peanvmic
PROPWMBOISPIO_IOT || 7 15| _| PC1IR3MICN
spio_vop [ | & 17 || pcoirzmice
L 9 10 11 12 13 14 15 16
< T bl < < b3 ) b
(%] o o = ] ]
& 2 2 3 8 & g £
= 8 g '« 3 3
] g m m
Z g © 5 g
(o] — >
S 3
%%
spio_vop [1] O [16] PA14/PVWMAZISPI1_MOSI spio_vop [1]O [55] PB4/NFC_LA/SPIO_IO2/TMH
vss [Z} 27] PBS/NFC_LB/SPIO_IO3
vss [2] [15] PA13/PWMA1ISPI1_CLK PWM1/DAC [3] [25] PA15/PWMA3/SPI1_MISO
PwWM2 [4] N E= PA14/PVWMA2/SPI1_MOSI
PWM1/DAC [3] zzzz 73] PA12/PWMAG/SPI1_CSB vooem (£l EXEE [H rarspwmansen_oik
SEas VDD [6] @R @R PA12/PWMAO/SPIT_CSB
Pz [¢] L LN  |z] RsTRPAS ] $%%% = -
=z=z= ADC_VDD [7] Z === [22] RSTBPAS
[©) )6 N
(o)) INé e
voo[5] 2239 [ eazirimToanz PDO/ICE_CLK/TX G XXX [20PATRGANT
Lo PD1/ICE_DAT/RX E SSSS  [E peemoans
Aapc_vop [6| &3> > [11] Pezvmic PGO/IR2MICP [1o] @ @ & & [1g] PAS/SCL/AINS
PC/IR3MICN [11] [15] PA4/SDAAINA
PDO/ICE_CLK/TX & [10] PC1/R3MICN pc2mMIIc [T [17] PA3TMO/NT1/AINS
pc3ioPo [13] [16] PA2/IR1/INTO/AINZ
PD1/ICE_DAT/RX (] o] Poonr2mIcP PAO/AING [12] 15] PA1/IRO/AINT
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10. PACKAGE DIMENSION
10.1 SOP-16 (150mil, 1.27mm pin pitch)
INCHES MILLIMETERS
EGHHHHHHEI I'-.-1IN|TYF’|I'-.-1A}{ I'-.-1IN|TYP|I'-.-1A}{
B A 0.236 BSC 6.00 BSC
1 8 B 0.154 BSC 3.90 BSC
c n.n12| |u.uzu 0.31 | | 051
H H,Hﬁ H H H H c 0.390 BSC 9.00 BSC
C D |0.065| - |o0069|164| - | 175
E 0.050 BSC 127 BSC
5 F looo4| - |oo10|010| - |o025
' G 0018 - |oo0s0|{o040| - | 127
H o004 - [oo10f{010| - | 025
Note: For 16-pin SOP IC, 50 units per tube. o - - = - - =
10.2 SSOP-28 (150mil, 0.635mm pin pitch)
ARAARAREAARAAS
A 9.50 1000
=2tk _ _ _ _ / ).254 TYP
L})— t; :1 635 TYP
B 3.85 3.95
L — B 5.84 5,04
_+HHHHHHHHHHHHHH+
/w100 _:_1 Cl 0.61 0.71
3 0.05 0.25
D 1.05 TYP
5 s = B B = B O B e B B B e B B Bl e e DI 0.40 0,70
quuuuuuuuuuuuuH R Y
Note: For 28-pin SSOP IC, 50 units per tube.
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10.3 LQFP-32 (7mm x 7mm)

L . INCHES MILLIMETERS
" o MIN | TYP | MAX | MIN | TYP | MAX
24 17 jr A 0346 - [o362]880] - [920
| H H H H H H H 7., | B |o2r2[ - [o2s0fes0| - 710
] C |o0346| - |o0362|880| - | o920
25T 16 D |o272] - |ozs0leo0| - |70
= S | 3 I R R 1
AL B o - G [0053| - [oo0s7]135| - [145
% =" H| - | - Joosz] - | - [160
T e | |ooo2] - [oooefoos| - |o020
S J [oo20] - Joozsloso| - [o70
- H H H H H H H ke ko [ K |0005| - |0006|013| - |06

4 8 MJ a| - 4° - - 4 | -
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11. ORDERING INFORMATION

P/N Shipping

Form Remark
NX12FSB1A ] NX13FS61A Dice | Blank EF data
NX12FSTAW / NX13FS61AW Wafer | Blank EF data
NX12FS61AST6 /NX13FSBIASia | SOP-16 | 150l 1.27mm pitch

NX12FS51AU28 / NX13FS51AU28 . .
NX12FS61AU28 / NX13FS61AU28 | o028 | 150 mil, 0.635mm pitch

NX12FS51AQ32 / NX13FS51AQ32 .
NX12FS61AQ32 / NX13FS61AQ32 | -GQFP-32 | 7mmx7mm, 0.8mm pitch

NX12FM52AS16 / NX13FM52AS16 SOP-16

NX12FM62AS16 / NX13FM62AS16 | (vcp) | 120 mil, 1.27mm pitch
NX12FM52AU28 / NX13FM52AU28 | SSOP-28 | o0 o (ne
NX12FM62AU28 / NX13FM62AU28 |  (MCP) 0. P
NX12FM54AS16 / NX13FM54AS16 | SOP-16 | oo oo
NX12FM64AS16 / NX13FM64AS16 |  (MCP) 1. P

NX12FM54AU28 / NX13FM54AU28 SSOP-28 150 mil. 0.635mm bitch
NX12FM64AU28 / NX13FM64AU28 (MCP) T P

38 Ver. 1.8 2025/07/25



	1. 概述
	2. 功能
	1. General Description
	2. Features
	3. Block Diagram
	4. Pad / Pin Description
	5. Functional Description
	5.1 Memory Organization
	5.2 Clock Generator
	5.3 Operating Mode
	5.4 Interrupt
	5.5 Peripherals
	5.5.1 I/O Port
	5.5.2 SPI
	5.5.3 I2C
	5.5.4 UART
	5.5.5 PWM-IO

	5.6 Timer
	5.7 Software CapTouch
	5.8 IR TX
	5.9 RTC
	5.10 WDT
	5.11 ADC
	5.12 AGC & PGA
	5.13 DAC & Audio PWM Driver
	5.14 LVD
	5.15 Options

	6. ELECTRICAL CHARACTERISTICS
	6.1 Absolute Maximum Rating
	6.2 DC Characteristics
	6.3 ADC Characteristics
	6.4 DAC Characteristics
	6.5 Audio PWM Characteristics
	6.6 Frequency vs. Voltage
	6.6.1 I_HRC
	6.6.2 I_LRC

	6.7 Frequency vs. Temperature
	6.7.1 I_HRC
	6.7.2 I_LRC


	7. Application Circuit
	7.1   NX12FS51A / NX13FS51A
	7.1.1 Port C for MIC input
	7.1.2 Port C for GPIO

	7.2 NX12FS61A / NX13FS61A

	8. die pad diagram
	8.1 NX12FS51A / NX13FS51A / NX12FS61A / NX13FS61A

	9. PACKAGE PIN ASSIGNMENT
	10.  PACKAGE DIMENSION
	10.1 SOP-16 (150mil, 1.27mm pin pitch)
	10.2 SSOP-28 (150mil, 0.635mm pin pitch)
	10.3 LQFP-32 (7mm x 7mm)

	11.  ORDERING INFORMATION

