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1 GENERAL DESCRIPTION

The 1SD94100 series 32-bit microcontrollers are an embedded ARM® Cortex®-M4F core with DSP
extensions and a Floating Point Unit which run up to 200 MHz. It provides up to 512 KB of flash
memory and up to 192 KB of SRAM. It is ideal for consumer product applications which need
communication interfaces and high computing power.

The ISD94100 is also equipped with a variety of peripheral devices, such as Multi-Function
Timers, Watchdog Timers, RTC, PDMA, UART, SPI, I°’C, PWM, GPIO, 12-bit ADC, USB1.1
Device, Low voltage reset and Brown-out Detector. [In addition, it supports plenty of audio

peripherals such as I°S, DMIC and audio DPWM modulator) | comment [CHLiao1]: Geoff: Supports plentiful
of — does not make sense in English. DMIC and
DPWM need to be defined — not industry
standard acronymic

The 1ISD94100 series is suitable for a wide range of applications such [asl:

. i | Comment [CHLiao2]: Geoff: Application list
®  Audio Processing Platform includes no audio related applications.

Consumer Products
Industrial Automation
Home Automation

Security Alarm System

System Supervisors
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2 FEATURES

2.1 Features
® Core

- ARM® Cortex®-M4F core running up to 200 MHz

- Supports DSP extension with hardware divider

- Supports IEEE 754 compliant Floating-point Unit (FPU)

- Supports Memory Protection Unit (MPU)

- One 24-bit system timer

- Supports Low Power Sleepmode by WFI and WFE instructions

- Single-cycle 32-bit hardware multiplier

- Supports programmable 16 level priorities of Nested Vectored Interrupt Controller
(NVIC)

- Supports programmable mask-able interrupts

- Supports Embedded Trace Macrocell

Built-in LDO for wide operating voltage range
Flash Memory

- Upto 512 KB on-chip Application ROM (APROM)

- Configurable program code/data allocation

- 4 KB on-chip Flash for user-defined loader (LDROM)

- Supports 2-wire ICP update through SWD/ICE interface

- Supports In-system program (ISP), In application program (IAP) update

- Supports 4 KB page erase for all embedded flash

- Supports 4 KB two-way cache to reduce power consumption and improve
performance.

- Enhanced performance up to 3.4 Core Mark/MHz when running code in Flash with
cache

- Supports 2-wire ICP flash updating through SWD interface

- Supports 32-bit/64-bit and multi-word flash programming function.

Supports fast flash programming verification by CRC function.

® SRAM

Up to 192 KB embedded SRAM
- 32 KB SRAM in bank 0 that supports hardware parity check and retention mode
- Supports byte-, half-word- and word-access
- Supports exception (NMI) generated once a parity check error occurs
- Supports PDMA mode

® Clock Control

- Built-in 48.0 MHz or 49.152 MHz selectable internal high speed RC oscillator (HIRC)
for system operation.

- Built-in 10 kHz internal low speed RC oscillator (LIRC) for Watchdog Timer and wake-
up operation.

- 4~24.576 MHz external high speed crystal oscillator (HXT) for precise timing operation.

- 32.768 kHz external low speed crystal oscillator (LXT) for RTC function and low-power
system operation.

- Supports one PLL up to 500 MHz for high performance system operation, sourced
from HIRC or HXT.
Supports clock failure detection for high/low speed external crystal oscillator.

- Supports exception (NMI) generation once a clock failure detected.

Supports clock output.

® GPIO

- Supports four I/O modes:
4 Quasi bi-direction
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¢  Push-Pull output
4 Open-Drain output
€ Input only with high impendence
- TTL/Schmitt trigger input selectable
- I/O pin configured as interrupt source with edge/level trigger setting

- Supports high slew driver and high sink current /O (up to 20mA at 3.3V) [ Comment [CHLiao3]: Check silicon

Supports software selectable slew rate control
Supports 5V tolerance function on subset of GPIO except analog I/O

® PDMA (Peripheral DMA)

Supports 16 independent configurable channels for automatic data transfer between
memories and peripherals
Supports stride function.

- Channel 0, 1 supports time-out function for each channel.

- Supports Basic and Scatter-Gather Transfer modes

- Each channel supports circular buffer management using Scatter-Gather Transfer
mode

- Supports two types of priorities modes: Fixed-priority and Round-robin modes

- Supports byte-, half-word- and word-access

- Supports single and burst transfer type

- Supports source and destination address can be increment or fixed.

- DMA transfer count up to 65536.

®  Multi-Function Timer (MFT, Timer + PWM)

- TIMER mode
Supports 4 sets of 32-bit timers with 24-bit up-timer and 8-bit prescale counter,
24-bit up counter value is readable.
Independent clock source for each timer
Provides One-shot, Periodic, Toggle and Continuous Counting operation modes
Supports event counting function to count the event from external pin
Supports input capture function to capture or reset counter value
Supports external capture pin event for interval measurement.
Supports external capture pin event to reset 24-bit up counter.
Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is
generated
Support Timer0 ~ Timer3 time-out interrupt signal or capture interrupt signal to
trigger PWM, EADC and DMA.
Supports Inter-Timer trigger mode
M mode
Supports four 16-bit PWM counters with 10-bit dead time generator
Supports 12-bit pre-scale for PWM.
Supports independent mode for PWM output channel
Supports 8 channel PWM outputs in complementary mode
Supports mask function and tri-state enable for each PWM pin
Supports interrupt on the following events:
® PWM counter match zero, period value or compared value
Supports trigger EADC on the following events:
® PWM counter match zero, period value or compared value

* 00000030 ® 40600000 o

® PWM

- Supports up to 6 independent PWM outputs with 16-bit resolution
- Supports maximum clock frequency up to 200MHz

- Supports 12-bit clock prescale

- Supports dead time with maximum divided 12-bit prescale

- Supports one-shot or auto-reload counter operation mode

- Supports up, down or up-down PWM counter type

- Supports synchronous function for phase control
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- Supports counter synchronous start function
Supports complementary mode for 3 complementary paired PWM output channel
- Supports brake function with auto recovery after brake condition removed
Supports mask function and tri-state output for each PWM channel
- Supports trigger EADC to start conversion
- Supports up to 6 independent input capture channels with 16-bit resolution counter
® Watchdog Timer

- 18-hit free running up counter for WDT time-out interval

- Supports multiple clock sources from LIRC (default selection), HCLK/2048 and LXT

- 8 selectable time-out period from 1.6ms ~ 26.0sec (depending on clock source)

- Able to wake up from Power-down or Idle mode
Interrupt or reset selectable on watchdog time-out

- Supports selectable WDT reset delay period, including 1026 ~ 130 - 18 or 3WDT_CLK
reset delay period

- Configurable to force WDT enable after chip power-on or reset.
Supports WDT time-out wake-up function only if WDT clock source is selected as LIRC
or LXT

® Window Watchdog Timer

Supports multiple clock sources from HCLK/2048 (default selection) and LIRC
- Window set by 6-bit counter with 11-bit prescale
- WWDT counter suspends in Idle/Power-down mode

® RTC

- Supports software compensation by setting frequency compensate register
(FCR),compensated clock accuracy reaches +5ppm within 5 seconds

- Supports RTC counter (second, minute, hour) and calendar counter (day, month, year)

- Supports Alarm registers (second, minute, hour, day, month, year)

- Selectable 12-hour or 24-hour mode

- Automatic leap year recognition

- Supports Day of the Week counter

- Supports periodic time tick interrupt with 8 period options 1/128, 1/64, 1/32, 1/16, 1/8,
1/4,1/2 and 1 second

- Supports 1 Hz, clock output

- Supports wake-up from idle mode, Power-down mode and Standby Power-down mode

- Supports 32 kHz Oscillator gain control

- Supports RTC Time Tick and Alarm Match interrupt

Support Time stamp

® UART

- Supports low power UART (LPUART): baud rate clock from LXT(32.768 kHz) with
9600bps in Power-down mode even system clock is stopped

- Support baud rate up to 12.5 MHz

- Supports 16-byte FIFOs with programmable level trigger
Supports auto flow control ( CTS and RTS)

- Supports RS-485 9-bit mode and direction control

- Programmable baud-rate generator up to 1/16 system clock

- Programmable receiver FIFO trigger level

- Supports wake-up function

- Supports 8-bit receiver FIFO time-out detection function

- Supports Auto-Baud Rate measurement and baud rate compensation function
Supports break error, frame error, parity error and receive/transmit FIFO overflow
detection function

- Supports nCTS, incoming data, RX FIFO reached threshold and RS-485 Address
Match (AAD mode) wake-up function in idle mode.

- Supports hardware or software enables to program nRTS pin to control RS-485
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transmission direction
- Supports PDMA mode

- Supports up to two sets of I°’C devices

- Supports Master/Slave mode

- Bidirectional data transfer between masters and slaves

- Multi-master bus (no central master)

- Supports 10 bits mode

- Support High speed mode 3.4Mbps

- Supports Standard mode (100 kbps), Fast mode (400 kbps) and Fast mode plus (1
Mbps)

- Arbitration between simultaneously transmitting masters without corruption of serial
data on the bus

- Serial clock synchronization allows devices with different bit rates to communicate via
one serial bus

- Serial clock synchronization can be used as a handshake mechanism to suspend and
resume serial transfer

- Programmable clocks allow versatile rate control

- Supports multiple address recognition (four slave address with mask option)

- Supports SMBus and PMBus

- Supports multi-address Power-down wake-up function

- Supports one IS interface

- Interface with external audio CODEC

- Supports Master and Slave mode

- Capable of handling 8-, 16-, 24- and 32-bit word sizes

- Mono and stereo audio data

- IS protocols: Philips standard, MSB-justified, and LSB-justified data format

- PCM protocols: PCM standard, MSB-justified, and LSB-justified data format

- PCM protocol supports TDM multi-channel transmission in one audio sample, the
number of data channels can be set as 2, 4, 6, or 8

- Two 16-level FIFO data buffers, one for transmitting and the other for receiving

- Generates interrupt requests when buffer levels cross a programmable boundary

Supports two DMA requests, one for transmitting and the other for receiving

® SPI0

- SPI Quad controller — SPIO

- Supports Master or Slave mode operation

- Supports 2-bit Transfer mode

- Supports Dual and Quad I/O Transfer mode

- Supports one/two data channel half-duplex transfer

- Support receive-only mode

- Configurable bit length of a transfer word from 8 to 32-bit

- Provides separate 8-level depth transmit and receive FIFO buffers

- Supports MSB first or LSB first transfer sequence

- Supports the byte reorder function

- Supports Byte or Word Suspend mode

- Supports 3-wired, no slave select signal, bi-direction interface

- Master up to 25 MHz, and Slave up to 25 MHz (when chip operating at Vpp =
2.7~3.6V)

- Supports PDMA mode

® SPI/I’S

Supports two sets of SPI/ I12S controllers — SP11/ SPI2
- Supports Master or Slave mode operation
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Supports two PDMA requests, one for transmitting and the other for receiving
SPI supports configurable bit length of a transfer word from 8 to 32-bit

SPI Provides separate 4-level of 32-bit (or 8-level of 16-bit) transmit and receive FIFO
buffers which depended on SPI setting of data width

SPI supports MSB first or LSB first transfer sequence

SPI supports the byte reorder function

SPI supports Byte or Word Suspend mode

SPI supports one data channel half-duplex transfer

SPI supports receive-only mode

12S interface with external audio CODEC

I12S supports Master and Slave mode

I12S supports 8-, 16-, 24- and 32-bit audio data sizes

I12S supports mono and stereo audio data

I12S supports PCM mode A, PCM mode B, 12S and MSB justified data format

12S Interface with external audio CODEC

12S provides two 4-level FIFO data buffers, one for transmitting and the other for
receiving

Generates interrupt requests when buffer levels cross a programmable boundary
C

Analog input voltage range: 0~ AVpp
Supports single 12-bit SAR EADC conversion
12-bit resolution and 10-bit accuracy is guaranteed
Up to 13 external single-ended analog input channels
Up to 2 MSPS conversion rate
Supports three power saving modes:
¢ Deep Power-down mode
4 Power-down mode.
4 Standby mode.
Supports single EADC interrupt
Supports calibration and load calibration words capability.
An A/D conversion can be triggered by Software enable, External pin, Timer 0~3
overflow pulse trigger and PWM trigger.
12-bit, 10-bit, 8-bit, 6-bit configurable resolution.

Maximum EADC clock frequency is 60 MHzZ. _——{ comment [CHLiao4]: Check silicon

Configurable EADC internal sampling time.
Up to 13 sample modules
€ Each of sample module 0~12 which is configurable for EADC converter channel
EADC_CHO0~12 and trigger source.
4 Double buffer for sample module 0~3
4 Configurable sampling time for each sample module.
€ Conversion results are held in 13 data registers with valid and overrun
indicators.
Supports PDMA transfer

1.1 Device Controller

Compliant with USB 2.0 Full-Speed specification

Provides 1 interrupt vector with 4 different interrupt events (NEVWK, VBUSDET, USB
and BUS)

Supports Control/Bulk/Interrupt/Isochronous transfer type

Supports suspend function when no bus activity existing for 3 ms

Supports 12 endpoints for configurable Control/Bulk/Interrupt/Isochronous transfer
types and maximum 1k bytes buffer size

Provides remote wake-up capability

® Digital Microphone Inputs

SEP 23, 2020
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- Generates interrupt requests when buffer levels cross a programmable boundary.
Supports PDMA transfer.

- Supports up to four channel digital microphones.
Both digital PDM microphone inputs can be used simultaneously.

® Voice Active Detection

- Configuration detect levels.
Supports idle mode wake-up function.

- Supports auto switch DMIC path when CPU wake-up by VAD.
Generates interrupt requests when voice detected.

® Audio DPWM Modulator

- Differential Audio PWM Output (DPWM).

- Supports left channel, right channel and sub-woofer channels.

- Supports sample rates from 16~96 kHz.

- Programmable biquad 10 band filter.

- PDMA data channel for streaming of PCM audio data.

- Supports either single precision floating point or fixed-point format input data and BIQ
coefficients.

- Provides 32-sample FIFO data buffer for PCM data.

® Cyclic Redundancy Calculation Unit

- Supports four common polynomials CRC-CCITT, CRC-8, CRC-16, and CRC-32
- Programmable initial value
- Supports programmable order reverse setting for input data and CRC checksum
- Supports programmable 1's complement setting for input data and CRC checksum.
- Supports 8-/16-/32-bit of data width
- Programmable seed value
- 8-bit write mode: 1-AHB clock cycle operation
- 16-bit write mode: 2-AHB clock cycle operation
- 32-bit write mode: 4-AHB clock cycle operation
- Supports using DMA to write data to perform CRC operation
® Brown-out Detector

- With 8 levels: 3.0V/2.8V/2.6V/2.4V/2.2V/[2.0V/1.8V/1.6V
- Supports Brown-out Interrupt and Reset option
® |ow Voltage Reset
- Threshold voltage levels: 1.5V
Operating Temperature: -40°C~85°C
Packages
- All Green package (RoHS)
- QFN 48-pin (6x6 mm)
- LQFP 64-pin (7x7 mm)
- LQFP 64-pin (10x10 mm)
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3 ABBREVIATIONS

3.1 Abbreviations

Acronym Description

ACMP Analog Comparator Controller

ADC Analog-to-Digital Converter

AES Advanced Encryption Standard

APB Advanced Peripheral Bus

AHB Advanced High-Performance Bus
BOD Brown-out Detection

CAN Controller Area Network

DAP Debug Access Port

DES Data Encryption Standard

DMIC Digital Microphone Inputs

DPWM Audio DPWM Modulator

EBI External Bus Interface

EPWM Enhanced Pulse Width Modulation
FIFO First In, First Out

FMC Flash Memory Controller

FPU Floating-point Unit

GPIO General-Purpose Input/Output

HCLK The Clock of Advanced High-Performance Bus
HIRC High Speed RC Oscillator

HXT External High Speed Crystal Oscillator
IAP In Application Programming

ICP In Circuit Programming

ISP In System Programming

LDO Low Dropout Regulator

LIN Local Interconnect Network

LIRC 10 kHz internal low speed RC oscillator (LIRC)
MPU Memory Protection Unit

NVIC Nested Vectored Interrupt Controller
PCLK The Clock of Advanced Peripheral Bus
PDMA Peripheral Direct Memory Access

PLL Phase-Locked Loop

PWM Pulse Width Modulation
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QEI Quadrature Encoder Interface
SD Secure Digital

SPI Serial Peripheral Interface

SPS Samples per Second

TDES Triple Data Encryption Standard
TMR Timer Controller

UART Universal Asynchronous Receiver/Transmitter
UCID Unique Customer ID

uUsB Universal Serial Bus

VAD Voice Active Detection

WDT Watchdog Timer

WWDT Window W atchdog Timer

Table 3.1-1 List of Abbreviations
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’_
4 PARTS INFORMATION LIST AND PIN CONFIGURATION

4.1 Parts Information

1941
PART NUMBER
24 24 13 24 | 23 | 13
Max. CPU frequency
(MH2) 200
Flash (KB) 512 256 512 | 256
SRAM (KB) 192 128 192 | 128
ISP Loader ROM (KB) 4
110 58 57 | 41
32-bit Timer 4
RTC N
PWM 6 | 5
USB 1.1 FS Device - v
12-bit ADC 13 | 12
UART 1
2 SPI 1
2
3 SPIN*S 2
c
=
8 ’s 1
I’c 2
c Audio DPWM 2.1
£5 DMIC 4 4
S c
<z
VAD \
LQFP 64 LQFP 64 QFN 48
Package (10x10 mm) (7X7 mm) (6x6 mm)

Table 4.1-1 Devices Features and Peripheral Counts
Note 1: Maximum CPU 100MHz when DMIC is used.
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4.2

Ordering Information

ISD94100 Series Datasheet

_————_—_—_—-r - - _——_—_——

[ Comment [CHLiao5]: Don't release to SONY ]

ISD

Audio

Product Family

Product Series

]

4: Cortex-M4F

1XX

1

Family ID

Family Series ID

Flash ROM

1
2:

256KB
512KB

F

SRAM Size

3:
4:

128KB
192KB

eature

A: Standard

B: Basic, no Audio

C: Standard + Voice Recognition

D: Standard + Beamforming + Noise Reduction
P: Standard + Beamforming + Noise Reduction + Voice Recognition

S: Standard + Acoustic Echo Cancellation + Noise Reduction

W: Waves Sound Effect
Z: Standard + Acoustic Echo Cancellation + Noise Reduction + Voice Recognition

Package Type

Y: QFN48 (6x6 mm)
D: LQFP64 (7x7 mm)
R: LQFP64 (10x10 mm)

Temperature

I: -40°C ~+85C
U: -40°C ~ +105C

Note:
1.
2.

Figure 4.2-1 Ordering Information Scheme

The feature “B” do not provide DPWM and DMIC functionality.
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NnUvoToN

Pin Configuration

4.3

QFN48 (6x6 mm) Pin Diagram

4.3.1

¢'ad
€'dd
¥'ad
S'dd
8'dd
6'dd
¥1°dd
ST°'dd
0'vd
Tvd
¢'vd
€'vd

™
a
o
>
- o B 3 9 B_ < ™ N <« O W
[a] [a] m [an] [an] [0)
o o o o o o} m m m m m AVn
[ N R N B O R e e e I PP B P A
IS QN IR 5SS S a5 S
[ RS [ Sy [ U RO [ DR R U [ S R U N P I I R |
§C] jm=-mmmmmmmmmmmceemeeeeeeeeee (01
SR =
- - — [ =
9! | BT
[~ > ) T
Lzl 1) 0T
<< et
- - ] -
gz ! 1 116
KIS Lo
GIRE | 5"
200 m (o) b es-
GE1 1 ¢ S VLT
[cor 8 Z Voot
el 2 LL 119
| Lc = =
| _ _ “ = Q | ——
€] ) 2 11§
| Ce 2 =
[, ' F .
63 P8
R -
Vel V1€
= ] -
[_C i
gl 1
2 ) RN
T T ST
iy | | g
__l/." _Wo." _Mu." _'m_ _',H__ _M/_." _ﬁld." _M..." _”D." _”0." __l/." _No." .
OO O SIS IS S TS S S S

PA.10
PA.11
PA.12
PA.13
PA.14
PA.15

aan
SSAY
SSA
dvo 0al
9'dd
g'ad
13S39u
v'ad
€'ad
z'ad
T'ad

0'dd

Figure 4.3-1 QFN48 (6x6 mm) Pin Diagram
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4.3.2 LQFP64 (7x7 mm) Pin Diagram

n < ™ ™M < 0
E e B B T B BT B A BV B T B B
[ R R o R R N o L L o R T o L S T s B
o T o T o T o & T A A N s o B o o o o
[ee} N~ © n < (a2} N - o [*2] @ N~ [{} 0 < [v2}
PA.O E 49 A R A S S RS2 S0 B o] M M M m32 D USB_VDD33
PA1 [] 50 31[] Pc.14
PA2 [] 51 30[] PC.13
PA3 [] 52 29[] PC.12
PA4 [] 53 28 [] pc11
PA5 [] 54 27[] pc.10
PA6 [] 55 26[] PC9
PA7 [] 56 LQFP64 25[] PC8
PA8 [] 57 (7X7 mm) 24[] PC7
PA9 [] 58 23[] PC6
PA.10 [] 59 22[] Pcs5
PA.11 [] 60 21[] PC4
PA12 [] 61 20[] PC.3
PA.13 [] 62 19[] PC.2
PA.14 [] 63 18[] Pc1
PA.15 [] 64 O 17[] PC.0O
o N ®m < w o~ o o0 9 d Y9 9 3 vy
e B T B S R S s T B /S B = =
fEEe@ggeaaaEO >332
<<
o o
c (a]
-

Figure 4.3-2 LQFP64 (7x7 mm) Pin Diagram
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4.3.3 LQFP64 (10x10 mm) Pin Diagram

23388 2SS 060 a0~ ©unws oo oo
[ J= We R N N U S e e N e e Y Mo N e T o
o T o T o o o T O o o T R o o o o
PA'OE@@'&@@%"@‘%‘#%%%R8%%%32:]%15
PA1 [] 50 31[] pc.a4
PA2 [] 51 30[] PC.13
PA3 [] 52 29[ PC.12
PA4 [] 53 28] Pc.11
PAS [] 54 27[] PcC.10
PA6 [] 55 26[] PC.9
PA7 [ 56 LQFP64 25[] PC8
PA8 [] 57 (10x10 mm) 24[ pPc7
PA9 [] 58 23[] PC.6
PA.10 [] 59 22[] Pcs
PA11 [] 60 21[] Pc4
PA12 [] 61 20[] PC3
PA13 [] 62 19[] PC2
PA.14 [] 63 18] PC1
PA15 [] 64 O 17[] PC.0
“ N m s 1w o~ oo 9 dY8 9% 99
e T S s T S B S S S SR <R =
tffEEgearaaao>z>s 3
<
@ o)
< [a)]
-

Figure 4.3-3 LQFP64 (10x10 mm) Pin Diagram
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4.4  Pin Description
MFP = Multi-function pin.

Note: Pin Type I=Digital Input, O = Digital Output; A = Analog Pin; P = Power Pin;

Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PB.O /0 | MFPO | General purpose digital I/0O pin.
PWMO_SYNC_IN /0 | MFP1 | PWMO counter synchronous trigger input pin.

' ' ! 12C0_SCL /0 | MFP2 | 12CO clock pin.
PWMO_CHO 1/0 | MFP3 | PWMO channel0 output/capture input.
PB.1 /0 | MFPO | General purpose digital I/0O pin.
PWMO_SYNC_OUT| I/0 | MFP1|PWMO counter synchronous trigger output pin.

2 2 2 12C0_SDA /10 | MFP2 | 12CO0 data input/output pin.
PWMO_CH1 /0 | MFP3 | PWMO channell output/capture input.
PB.2 1/0 | MFPO | General purpose digital I/O pin.
PWMO_CHO /0 | MFP1 | PWMO channel0 output/capture input.

3 3 3 T™2 /0 | MFP2 | Timer2 event counter input / toggle output.
PWMO_CH2 /0 | MFP3 | PWMO channel2 output/capture input.
PB.3 /0 | MFPO | General purpose digital I/0O pin.
PWMO_CH1 /0 | MFP1 | PWMO channell output/capture input.
TM2_EXT /0 | MFP2 | Timer2 external capture input.

4 4 N DMIC_DAT1 | MFP3 | Digital microphone channel 1 data input pin.
UARTO_RXD | MFP4 | UARTO Data receiver input pin.
PWMO_CH3 /0 | MFP5 | PWMO channel3 output/capture input.
PB.4 /10 | MFPO | General purpose digital I/0O pin.
UARTO_nCTS | MFP1 | Clear to Send input pin for UARTO.
PWMO_CHO /0 | MFP2 | PWMO channelO output/capture input.

° ° ° DMIC_CLK1 (0] MFP3 | Digital microphone channel 1 clock output pin.
UARTO_TXD [e) MFP4 | UARTO data transmitter output pin.
PWMO_CH4 /0 | MFP5 | PWMO channel4 output/capture input.

6 6 6 RESETN | MFPO | External rese_t in_put: active LOW with an internal

pull-up. Set this pin low reset to initial state.
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Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PB.5 /10 | MFPO | General purpose digital I/0O pin.
XT1_OuUT | MFP1 E_xternal 4~24.576 MHz (high speed) crystal output
pin.
7 7 7 PWMO_CH1 /0 | MFP2 | PWMO channell output/capture input.
12C0O_SDA 1/0 | MFP3 | 12CO0 data input/output pin.
12C1_SDA /0 | MFP4 | 12C1 data input/output pin.
DMIC_DATO | MFP5 | Digital microphone channel 0 data input pin.
PB.6 /10 | MFPO | General purpose digital I/0O pin.
XT1_IN | MFP1 E_xternal 4~24.576 MHz (high speed) crystal input
pin.
8 8 s PWMO_CH2 /0 | MFP2 | PWMO channel2 output/capture input.
12C0_SCL 1/0 | MFP4 | 12CO serial clock pin.
12C1_SCL 1/0 | MFP5 | 12C1 serial clock pin.
DMIC_CLKO (0] MFP6 | Digital microphone channel 0 clock output pin.
PB.7 1/0 | MFPO | General purpose digital /O pin.
9 9 UARTO_nRTS (@) MFP1 | Request to Send output pin for UARTO.
PWMO_CH3 /0 | MFP2 | PWMO channel3 output/capture input.
PB.8 1/10 | MFPO | General purpose digital I/0O pin.
10 10 UARTO_TXD [e) MFP1 | UARTO Data transmitter output pin.
PWMO0_CH4 1/0 | MFP2 | PWMO channel4 output/capture input.
PB.9 1/0 | MFPO | General purpose digital I/O pin.
11 11 UARTO_RXD | MFP1 | UARTO Data receiver input pin.
PWMO_CH5 /0 | MFP2 | PWMO channel5 output/capture input.
LDO_CAP P | MFPO | LDO output pin.
9 12 12 Note: _This pin needs to be connected with a 1uF
capacitor.
10 13 13 VSS P MFPO | Ground pin for digital circuit.
11 14 14 AVSS P MFPO | Ground pin for analog circuit.
12 15 15 VDD P MFPO Eower supply foh !/O ports and LDO source for
internal PLL and digital circuit.
13 16 16 AVDD P MFPO | Power supply for internal analog circuit.
PC.0 /10 | MFPO | General purpose digital I/0O pin.
12C1_SCL 1/0 | MPFL1 | 12C1 clock pin.
14 17 17 X32_0OuUT (@) MFP2 | External 32.768 kHz (low-speed) crystal output pin.
SPI1_MOSI /0 | MFP3 |SPI1 MQSI (Master Out, Slave In) pin; or 12S1 data
output pin.
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Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PC.1 /10 | MFPO | General purpose digital I/0O pin.
12C1_SDA /0 | MFP1 | 12C1 data input/output pin.
15 18 18 X32_IN | MFP2 | External 32.768 kHz (low-speed) crystal input pin.
SPI1_MISO /10 | MFP3 SPIl MISO (Master In, Slave Out) pin; or 12S1 data
input pin.
PC.2 1/0 | MFPO | General purpose digital I/O pin.
12C1_SMBSUS (@] MFP1 [12C1 SMBus SMBSUS# pin (PMBus CONTROL pin)
10 19 19 T™M3 /0 | MFP2 | Timer3 event counter input / toggle output.
SPI1_CLK 1/10 | MFP3 | SPI1 Serial Clock pin; or 12S1 bit clock pin.
PC.3 /0 | MFPO | General purpose digital I/O pin.
12C1_SMBAL [e) MFP1 | 12C1 SMBus SMBALERT# pin
17 20 20 TM3_EXT /0 | MFP2 | Timer3 external capture input.
SPI1_SS /0 | MFP3 S.Pll slave select pin; or 12S1 left right channel clock
pin.
PC.4 1/0 | MFPO | General purpose digital /O pin.
PWMO_CH2 /0 | MFP1 | PWMO channel2 output/capture input.
18 21 21
CLKO (@) MFP2 | Clock Output pin.
SPI1_I2SMCLK O | MFP3 | SPI1 I12S master clock output pin.
PC.5 1/0 | MFPO | General purpose digital I/O pin.
22 22 INT1 | MFP1 | External interruptl input pin.
SPI2_MOSI /0 | MFP2 | SPI2 MOSI (Master Out, Slave In) pin.
PC.6 /0 | MFPO | General purpose digital I/0O pin.
23 23 INT2 | MFP1 | External interrupt2 input pin.
SPI2_MISO /0 | MFP2 | SPI2 MISO (Master In, Slave Out) pin.
PC.7 1/0 | MFPO | General purpose digital I/O pin.
24 24 SPI0_SSO /0 | MFP1 | 1st SPIO Slave Select pin
SPI2_CLK 1/0 | MFP2 | SPI2 serial clock pin.
PC.8 /0 | MFPO | General purpose digital I/0O pin.
25 25 SPI0_MOSI1 /0 | MFP1 | 2nd SPI0 MOSI (Master Out, Slave In) pin.
SPI2_SS /0 | MFP2 | SPI2 Slave Select pin.
PC.9 1/0 | MFPO | General purpose digital I/O pin.
26 26 SPI0O_MISO1 /0 | MFP1 | 2nd SPIO MISO (Master In, Slave Out) pin.
SPI2_I2SMCLK (0] MFP2 | SPI2 12S master clock output pin
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Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PC.10 /0 | MFPO | General purpose digital I/O pin.
SPI0_MOSIO /0 | MFP1 | 1st SPI0O MOSI (Master Out, Slave In) pin.
2! 2 PWMO_BRAKEO | MFP2 | Brake input pin 0 of PWMO.
DPWM_RN (@) MFP3 | Audio DPWM right channel negative output pin.
PC.11 /0 | MFPO | General purpose digital I/0O pin.
SPI0_MISOO0 /0 | MFP1 | 1st SPI0O MISO (Master In, Slave Out) pin.
2 2 PWMO_BRAKE1 | MFP2 | Brake input pin 1 of PWMO.
DPWM_RP [e) MFP3 | Audio DPWM right channel positive output pin.
PC.12 /0 | MFPO | General purpose digital 1/O pin.
29 29 SPI0_CLK 1/0 | MFP1 | SPIO serial clock pin.
DPWM_LN (@) MFP3 | Audio DPWM left channel negative output pin.
PC.13 /0 | MFPO | General purpose digital I/O pin.
PWMO_CH3 /0 | MFP1 | PWMO channel3 output/capture input.
% % 12C0_SCL /0 | MFP2 | 12CO clock pin.
DPWM_LP (@] MFP3 | Audio DPWM left channel positive output pin.
PC.14 1/0 | MFPO | General purpose digital /O pin.
PWMO_CH4 /10 | MFP1 | PWMO channel4 output/capture input.
81 81 |i2co_spa o | MrP2 | 12c0 data inputioutput pin.
DPWM_SN [e) MFP3 Audio DPWM sub-woofer channel negative output
pin.
PC.15 1/0 | MFPO | General purpose digital I/0O pin.
32 SPIO_SS1 (@] MFP1 | 2nd SPIO Slave Select pin
DPWM_SP (@] MFP3 A_udio DPWM sub-woofer channel positive output
pin.
19 32 USB_VDD33 P MFPO | Power supply for USB, DC 3.3V.
PB.15 /0 | MFPO | General purpose digital I/0O pin.
20 33 USB_VBUS P MFP1 | Power supply from USB or HUB.
12S0_MCLK (o] MFP2 | 12S0 master clock output pin.
PB.14 /0 | MFPO | General purpose digital I/O pin.
21 34 USB_D- A MFP1 | USB differential signal D-.
12S0_DO (0] MFP2 | 12S0 data output pin.
PB.13 /0 | MFPO | General purpose digital /O pin.
22 35 USB_D+ A MFP1 | USB differential signal D+.
12S0_DI | MFP2 | 12S0 data input pin.
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Pins
QFN48 LQFP64 | LOFPG4 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PD.O0 /10 | MFPO | General purpose digital I/0O pin.
INT3 | MFP1 | External interrupt3 input pin.
12C1_SCL /0 | MFP2 | 12C1 clock pin.

23 36 33 -
12C0_SCL /0 | MFP3 | 12CO clock pin.
12S0_BCLK /0 | MFP4 | 12S0 bit clock pin.
DPWM_LN [e) MFP5 | Audio DPWM left channel negative output pin.
PD.1 1/0 | MFPO | General purpose digital I/O pin.
INT4 | MFP1 | External interrupt4 input pin.
12C1_SDA /10 | MFP2 | 12C1 data p input/output in.

24 37 34
12C0_SDA /0 | MFP3 | 12C0 data input/output pin.
12S0_LRCK 110 | MFP4 | 12S0 left right channel clock pin.
DPWM_LP [e) MFP5 | Audio DPWM left channel positive output pin.
PD.2 1/0 | MFPO | General purpose digital I/O pin.
TRACE_CLK (0] MFP1 | TPIU for ETM Tx trace clock output pin.
SPI1_MOSI /0 | MFP2 | SPI1 MOSI (Master Out, Slave In) pin.

25 38 35
12S0_MCLK (@) MFP3 | 12S0 master clock output pin.
12C1_SCL /0 | MFP4 | 12C1 clock pin.
TMO 1/0 | MFP5 | Timer0O event counter input / toggle output.
PD.3 1/0 | MFPO | General purpose digital I/O pin.
TRACE_DATAO (0] MFP1 | TPIU for ETM Tx trace data output bitO.
SPI1_MISO /0 | MFP2 | SPI1 MISO (Master In, Slave Out) pin.

26 39 36
12S0_LRCK 1/0 | MFP3 | 12S0 left right channel clock pin.
DMIC_CLK1 O | MFP4 | Digital microphone channel 1 clock output pin.
T™M2 /0 | MFP5 | Timer2 event counter input / toggle output.
PD.4 1/0 | MFPO | General purpose digital I/O pin.
TRACE_DATA1 (0] MFP1 | TPIU for ETM Tx trace data output bitl.
SPI1_CLK /10 | MFP2 | SPI1 serial clock pin.

27 40 37
12S0_DI | MFP3 | 12S0 data input pin.
DMIC_DAT1 | MFP4 | Digital microphone channel 1 data input pin.
T™M1 /0 | MFP5 | Timerl event counter input / toggle output.
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Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PD.5 /10 | MFPO | General purpose digital I/0O pin.
TRACE_DATA2 O MFP1 [ TPIU for ETM Tx trace data output bit2.
SPI1_SS /0 | MFP2 | SPI1 Slave Select pin.

28 41 38
12S0_DO (@] MFP3 | 12S0 data output pin.
DMIC_CLKO (@] MFP4 | Digital microphone channel 0 clock output pin.
DPWM_RN [e) MFP5 | Audio DPWM right channel negative output pin.
PD.6 /0 | MFPO | General purpose digital I/0 pin.
TRACE_DATA3 O MFP1 [ TPIU for ETM Tx trace data output bit3.
SPI1_I2SMCLK [e) MFP2 | SPI1 12S master clock output pin

2 % 12S0_BCLK /0 | MFP3 |12S0 Bit Clock pin.
DMIC_DATO | MFP4 | Digital microphone channel 0 data input pin.
DPWM_RP [e) MFP5 | Audio DPWM right channel positive output pin.
PD.7 /0 | MFPO | General purpose digital I/O pin.
43 40 PWMO_CHS5 /0 | MFP1 | PWMO channel5 output/capture input.

INT1 | MFP2 | External interruptl input pin.
PD.8 /0 | MFPO | General purpose digital I/0O pin.
ICE_CLK | MFP1 | Serial wired debugger clock pin
TMO /0 | MFP2 | Timer0O event counter input / toggle output.

29 44 41 lj2c1_scL 110 | MFP3|12C1 clock pin.
12C0_SCL 1/10 | MFP4 | 12CO0 clock pin.
DPWM_SN (@) MFP5 Audio DPWM sub-woofer channel negative output

pin.

PD.9 /0 | MFPO | General purpose digital I/0O pin.
ICE_DAT /10 | MFP1 | Serial wired debugger data pin
TMO_EXT /0 | MFP2 | TimerO external capture input.

30 45 42 |j2c1_sDA 110 | MFP3 |12C1 data input/output pin.
12C0_SDA 1/0 | MFP4 | 12C0 data input/output pin.
DPWM_SP [e) MFP5 Audio DPWM sub-woofer channel positive output

pin.
PD.10 /0 | MFPO | General purpose digital I/0O pin.
43 INT5 | MFP1 | External interrupt5 input pin.
EADCO_ST | MFP2 | EADCO external trigger input.
PD.11 /0 | MFPO | General purpose digital /O pin.
44 UARTO_TXD [e) MFP1 | UARTO Data transmitter output pin.

INT2 | MFP2 | External interrupt2 input pin.
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Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PD.12 /10 | MFPO | General purpose digital I/0O pin.
UARTO_RXD | MFP1 | UARTO Data receiver input pin.
45 INT3 | MFP2 | External interrupt3 input pin.
PWMO_CH3 1/0 | MFP3 | PWMO channel3 output/capture input.
INTO | MFP4 | External interruptO input pin.
PD.13 1/0 | MFPO | General purpose digital I/0O pin.
46 46 SPI0_SS1 [e) MFP1 | 2nd SPIO Slave Select pin

EADCO_CH10 A MFP2 | EADCO channel10 analog input.
PD.14 1/0 | MFPO | General purpose digital I/O pin.
UARTO_nCTS | MFP1 | Clear to Send input pin for UARTO.
EADCO_CH11 A MFP2 | EADCO channelll analog input.

31 47 47
12C0_SCL /0 | MFP3 | 12CO0 clock pin.
UARTO_TXD [e) MFP4 | UARTO data transmitter output pin.
12C1_SCL 1/10 | MFP5 | 12C1 clock pin.
PD.15 1/0 | MFPO | General purpose digital /O pin.
UARTO_nRTS (@] MFP1 | Request to Send output pin for UARTO.
EADCO_CH12 A MFP2 | EADCO channel12 analog input.

32 48 48
12C0_SDA /0 | MFP3 | 12CO0 data input/output pin.
UARTO_RXD | MFP4 | UARTO data receiver input pin.
12C1_SDA /0 | MFP5 | 12C1 data input/output pin.
PA.O 1/0 | MFPO | General purpose digital I/O pin.
SPIO_SS1 (@] MFP1 | 2nd SPIO Slave Select pin

33 49 49
EADCO_CHO A MFP2 | EADCO channel0O analog input.
DMIC_DATO | MFP3 | Digital microphone channel 0 data input pin.
PA.1 /0 | MFPO | General purpose digital I/0O pin.
SPI0_MOSI1 /0 | MFP1 | 2nd SPI0 MOSI (Master Out, Slave In) pin.

4 %0 %0 EADCO_CH1 A MFP2 | EADCO channell analog input.
DMIC_CLKO (@] MFP3 | Digital microphone channel 0 clock output pin.
PA2 1/0 | MFPO | General purpose digital /O pin.
SPI0O_MISO1 /0 | MFP1 | 2nd SPIO MISO (Master In, Slave Out) pin.

% ot o EADCO_CH2 A MFP2 | EADCO channel2 analog input.
DMIC_DAT1 | MFP3 | Digital microphone channel 1 data input pin.
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Pins
QFN48 LQFP64 | LOFP64 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)
PA.3 /10 | MFPO | General purpose digital I/0O pin.
SPI0_MOSIO /0 | MFP1 | 1st SPI0O MOSI (Master Out, Slave In) pin.
% > > EADCO_CH3 A MFP2 | EADCO channel3 analog input.
DMIC_CLK1 (@] MFP3 | Digital microphone channel 1 clock output pin.
PA4 1/0 | MFPO | General purpose digital /O pin.
SPI0_MISOO0 /0 | MFP1 | 1st SPI0O MISO (Master In, Slave Out) pin.
3 % > EADCO_CH4 A MFP2 | EADCO channel4 analog input.
DPWM_LN O MFP3 | Audio DPWM left channel negative output pin.
PA5 /0 | MFPO | General purpose digital /O pin.
SPI0O_CLK 1/0 | MFP1 | SPIO serial clock pin.
38 54 54
EADCO_CH5 A MFP2 | EADCO channel5 analog input.
DPWM_LP [e) MFP3 | Audio DPWM left channel positive output pin.
PA.6 /10 | MFPO | General purpose digital I/0O pin.
39 55 55 SPI0_SSO /10 | MFP1 | 1st SPIO Slave Select pin
EADCO_CH6 A MFP2 | EADCO channel6 analog input.
PA.7 1/0 | MFPO | General purpose digital I/O pin.
UARTO_TXD (0] MFP1 | UARTO data transmitter output pin.
40 56 56 |eabco_cH7 A | MFP2 | EADCO channel7 analog inpuit.
SPI2_MISO 110 | MFP4 SPIZ MISO (Master In, Slave Out) pin; or 12S2 data
input pin.
PA.8 /10 | MFPO | General purpose digital I/0O pin.
UARTO_RXD | MFP1 | UARTO data receiver input pin..
41 57 57 EADCO_CHS8 A MFP2 | EADCO channel8 analog input.
SPI2_MOSI /0 | MFP4 | SPI2 MQSI (Master Out, Slave In) pin; or 12S2 data
output pin.
PA.9 /0 | MFPO | General purpose digital 1/O pin.
12C0_SCL /0 | MFP1 | 12CO0 Serial Clock pin
42 58 58 |EADCo_CH9 A | MFP2 | EADCO channel9 analog inpuit.
SPI2_SS 110 | MFP4 S_PIZ slave select pin; or 12S2 left right channel clock
pin.
PA.10 1/0 | MFPO | General purpose digital I/O pin.
12C0_SDA 1/0 | MFP1 | 12CO0 data input/output pin.
43 59 59 EADCO_ST | MFP2 | EADCO external trigger input.
DPWM_RN (0] MFP3 | Audio DPWM right channel negative output pin.
SPI2_CLK 1/0 | MFP4 | SPI2 clock pin; or 12S2 bit clock pin.
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Pins
QFN48 LQFP64 | LOFPG4 Pin Name Type |MFP |Description
(6x6) (7x7) (10x10)

PA.11 /10 | MFPO | General purpose digital I/0O pin.
12C0_SMBSUS O | MFP1 |12C0 SMBus SMBSUS# pin (PMBus CONTROL pin)

44 60 60
TMO /0 | MFP2 | Timer0O event counter input / toggle output.
DPWM_RP (@] MFP3 | Audio DPWM right channel positive output pin.
PA.12 1/0 | MFPO | General purpose digital /O pin.
12C0_SMBAL O | MFP1 |12C0 SMBus SMBALERT# pin

45 61 61
TMO_EXT /0 | MFP2 | Timer0 external capture input.
SPI2_I2SMCLK O MFP4 [ SPI2 12S master clock output pin.
PA.13 /0 | MFPO | General purpose digital I/O pin.
CLKO (@] MFP1 | Clock Output pin.

46 62 62 INTO | MFP2 | External interruptO input pin.
DPWM_SN [e) MFP3 | Audio DPWM sub-woofer channel negative output

pin.

12C1_SCL /0 | MFP4 | 12C1 clock pin.
PA.14 1/0 | MFPO | General purpose digital I/O pin.
SPI0_SS0 /0 | MFP1 | 1st SPIO Slave Select pin

47 63 63 T™M1 /0 | MFP2 | Timerl event counter input / toggle output.
DPWM_SP (0] MFP3 | Audio DPWM sub-woofer channel positive output

pin.

12C1_SDA /0 | MFP4 | 12C1 data input/output pin.
PA.15 1/0 | MFPO | General purpose digital I/0O pin.

48 64 64 INTO | MFP1 | External interruptO input pin.
TM1_EXT /0 | MFP2 | Timerl external capture input.

Table 4.4-1 Pin Description
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4.5 GPIO Alternate Function Summary

MFP* = Multi-function pin. (Reference section )

Pin function is defined in SYS_GPx_MFPx registers. For example PAO~7 pin functions are defined in SYS_GPA_MFPL
register, and PA8~15 pin functions are defined in SYS_GPA_MFPH register.

MFPO MFP1 MFP2 MFP3 MFP4 MFP5
PA.O SPI0_SS1 EADCO_CHO DMIC_DATO
PA.1 SPI0_MOSI1 EADCO_CH1 DMIC_CLKO
PA.2 SPI0_MISO1 EADCO_CH2 DMIC_DAT1
PA.3 SPI0_MOSIO EADCO_CH3 DMIC_CLK1
PA.4 SPI0_MISO0 EADCO_CH4 DPWM_LN
PA.5 SPI0_CLK EADCO_CH5 DPWM_LP
PA.6 SPI0_SS0 EADCO_CH6
PA.7 UARTO_TXD EADCO_CH7 SPI2_MISO
PA.8 UARTO_RXD EADCO_CH8 SPI2_MOSI
PA.9 12C0_SCL EADCO_CH9 SPI2_SS
PA.10 12CO_SDA EADCO_ST DPWM_RN SPI2_CLK
PA.11 12C0_SMBSUS TMO DPWM_RP
PA.12 12C0_SMBAL TMO_EXT SPI2_I2SMCLK
PA.13 CLKO INTO DPWM_SN 12C1_SCL
PA.14 SPI0_SS0 T™1 DPWM_SP 12C1_SDA
PA.15 INTO TMI1_EXT
PB.0 PWMO_SYNC_IN [12co_scL PWMO_CHO
PB.1 PWMO_SYNC_OUT|I2C0_SDA PWMO_CH1
PB.2 PWMO_CHO T™2 PWMO_CH2
PB.3 PWMO_CH1 TM2_EXT DMIC_DAT1 UARTO_RXD PWMO_CH3
PB.4 UARTO_NnCTS PWMO_CHO DMIC_CLK1 UARTO_TXD PWMO_CH4
PB.5 XT1_OUT PWMO_CH1 12C0O_SDA 12C1_SDA DMIC_DATO
PB.6 XT1_IN PWMO_CH?2 12C0_SCL 12C1_SCL DMIC_CLKO
PB.7 UARTO_nRTS PWMO_CH3
PB.8 UARTO_TXD PWMO_CH4
PB.9 UARTO_RXD PWMO_CH5
PB.13 USB_D+ 12S0_DI
PB.14 USB_D- 12S0_DO
PB.15 USB_VBUS 12S0_MCLK
PC.0 12C1_SCL X32_0UT SPI1_MOSI
PC.1 12C1_SDA X32_IN SPI1_MISO
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MFPO MFP1 MFP2 MFP3 MFP4 MFP5
PC.2 12C1_SMBSUS T™3 SPI1_CLK
PC.3 12C1_SMBAL TM3_EXT SPI1_SS
PC.4 PWMO_CH2 CLKO SPI1_I2SMCLK
PC.5 INT1 SPI2_MOSI
PC.6 INT2 SPI2_MISO
pC.7 SPI0_SS0 SPI2_CLK
PC.8 SPIO_MOSI1 SPI2_SS
PC.9 SPI0_MISO1 SPI2_I2SMCLK
PC.10 SPI0_MOSIO PWMO_BRAKEO  [DPWM_RN
PC.11 SPI0_MISOO PWMO_BRAKE1  [DPWM_RP
PC.12 SPI0_CLK DPWM_LN
PC.13 PWMO_CH3 12C0_SCL DPWM_LP
PC.14 PWMO_CH4 12C0_SDA DPWM_SN
PC.15 SPI0_SS1 DPWM_SP
PD.0 INT3 12C1_SCL 12C0_SCL 12S0_BCLK DPWM_LN
PD.1 INT4 12C1_SDA 12C0_SDA 12S0_LRCK DPWM_LP
PD.2 TRACE_CLK SPI1_MOSI 12S0_MCLK 12C1_SCL T™MO
PD.3 TRACE_DATAO  [SPI1_MISO 12S0_LRCK DMIC_CLK1 T™2
PD.4 TRACE_DATAl  [SPI1_CLK 12S0_DI DMIC_DAT1 T™M1
PD.5 TRACE_DATA2  [SPI1_SS 12S0_DO DMIC_CLKO DPWM_RN
PD.6 TRACE_DATA3  [SPI1_I2SMCLK 12S0_BCLK DMIC_DATO DPWM_RP
PD.7 PWMO_CH5 INT1
PD.8 ICE_CLK TMO 12C1_SCL 12C0_SCL DPWM_SN
PD.9 ICE_DAT TMO_EXT 12C1_SDA 12C0_SDA DPWM_SP
PD.10 INTS EADCO_ST
PD.11 UARTO_TXD INT2
PD.12 UARTO_RXD INT3 PWMO_CH3 INTO
PD.13 SPI0_SS1 EADCO_CH10
PD.14 UARTO_nCTS EADCO_CH11 12C0_SCL UARTO_TXD 12C1_SCL
PD.15 UARTO_nRTS EADCO_CH12 12C0_SDA UARTO_RXD 12C1_SDA
Table 4.5-1 GPIO Alternate Function Summary
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5.1 1SD94100 Series Block Diagram
4 N\ Memory N Power control ) ( Timer / PWM A (Analog Interface\
ARM A;;';gé‘" | POR / LVR / BOD | | Timer x4 | | 12-bit ADC 13-ch
(DSP/FPU/ETM) CPU core LDO
200MHz LDROM 4KB 12v
Data Flash share
RTC
with APROM
- W, NG J \C )\ J
Il i i Bridge Il 1l
[ AHB Bus APB Bus
1 1 [l
Clock control 4 Security GPIO N Connectivity )
48.0/49.152MH,
z | CRC | | External interrupt | | UARTO x1 | | USB 1.1 Device |
FJ’.E—T: Generallcl’?’urpose | 12C x2 | | 12S |
HS Ext. Crystal
| (SPI12S) x2 | | DMIC |
| SPI (Quad) x1 | | DPWM |
\ S AN AN J \C —/
Figure 5.1-1 ISD94100 Series Block Diagram
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6 ELECTRICAL CHARACTERISTICS

6.1 Absolute Maximum Ratings

6.1.1 Voltage Characteristics

Symbol Parameter Min Max Unit
Vpp— Vss DC Power Supply -0.3 +3.6 \%
Vin Input Voltage Vss- 0.3 Vpp + 0.3 \Y

Voo - AVpp| | Allowed voltage difference for Vpp and AVpp - 50 mv

|[Vss — AVss| | Allowed voltage difference for Vss and AVss - 50 mvV
Input voltage on 5V-tolerance GPIO - 5.5 \Y
v Input voltage on any other pin®? - Voo Y,

Note:

1. Exposure to conditions beyond those listed under absolute maximum ratings may adversely affect the
life and reliability of the device.
2. Non 5V-tolerance PIN: PAO ~ PA15, PB5, PB6, PCO and PC1.

Table 6.1.1-1 Voltage characteristics

6.1.2 Current Characteristics

Symbol Parameter Min Max Unit
- lop Maximum Current into Vpp - 200
Iss Maximum Current out of Vss - 100
Maximum Current sunk by a I/O pin - 20

Maximum Current sourced by a I/O pin - 20 mA
o Maximum Current sunk by total I/O pins - 100
Maximum Current sourced by total I/O pins - 100

Table 6.1.2-1 Current characteristics

6.1.3 Thermal Characteristics

Symbol Parameter Min Max Unit
Ta Operating Temperature -40 +85
T
Tsr Storage Temperature -55 +150

Table 6.1.3-1 Thermal characteristics
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6.2 General Operating Conditions
(VDD - V55= 1.8~3.3 V, TA = 25°C)

Symbol Parameter Min Typ Max Unit Test Conditions
fro :Srt;:aelncy AHB  Clock ; : 200 MHz
Voo \T/i‘l’t:ga‘éor’era“"" 1.8 ; 3.30 v
AVoo Cgletlla%r:ag Operation Voo v
USB_Vppss | USB Operation Voltage 3.0 - 3.6 \Y
Vipo LDO Output Voltage 1.2 \ Normal mode
oo |ogmacmme] | [

Note:
1. The limitation of Vpp operation voltage is 1.62V ~ 3.6V.
Table 6.2-1 General Operating Conditions
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6.3 DC Electrical Characteristics
(VDD - V55= 1.8~3.3 V, TA = 25°C)

Symbol Parameter Min Typ Max Unit Test Conditions
Voo 33V
HXT_GM Disabled
oo _ 10 16 mA HIRC Enabled
PLL Disabled
All digital Enabled
modules
Voo 33V
HXT_GM Disabled
oos 8 12 mA HIRC Enabled
DD =
PLL Disabled
Operating Current
All digital Disabled
Normal Run Mode T
HCLK = 49.152 MHz
while(1)} Voo L8V
executed from flash HXT_GM Disabled
| 10 16 mA HIRC Enabled
DD7 =
PLL Disabled
All digital Enabled
modules
Voo 18V
HXT_GM Disabled
looe _ 8 12 mA HIRC Enabled
PLL Disabled
All digital Disabled
modules
Vob 3.3V
Operating Current HXT_GM 12 MHz
Normal Run Mode
loos | HCLK =12 MHz - 5 - mA RIIRE Risablec
while(1){} PLL Disabled
executed from flash
All digital Enabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Vop 3.3V
HXT_GM 12 MHz
Ioo6 _ 32 _ mA HIRC Disabled
PLL Disabled
All digital Disabled
modules
Vop 1.8V
HXT_GM 12 MHz
loor R 4.8 R mA HIRC Disabled
PLL Disabled
All digital Enabled
modules
Vop 1.8V
HXT_GM 12 MHz
looe R 3 R mA HIRC Disabled
PLL Disabled
All digital Disabled
modules
Vob 3.3V
HXT_GM 12 MHz
Iooe R 31 R mA HIRC Disabled
PLL 160 MHz
Operating Current
Al digital Enabled
Normal Run Mode TEalEs
HCLK =160 MHz
while(1){} Vob 3.3V
executed from flash HXT_GM 12 MHz
Ibo10 _ 21 _ mA HIRC Disabled
PLL 160 MHz
All digital Disabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Voo 1.8V
HXT_GM 12 MHz
loost R 305 R mA HIRC Disabled
PLL 160 MHz
All digital Enabled
modules
Voo 1.8V
HXT_GM 12 MHz
loos B 20.7 R mA HIRC Disabled
PLL 160M
All digital Disabled
modules
Vop 33V
HXT_GM 12 MHz
looe . 39 } mA HIRC Disabled
PLL 200 MHz
Al digital Enabled
modules
Voo 33V
HXT_GM 12 MHz
oot . 26.6 } mA HIRC Disabled
PLL 200 MHz
Operating Current
Al digital Disabled
Normal Run Mode modules
HCLK =200 MHz
while(1){} Voo 1.8V
executed from flash HXT _GM 12 MHz
looss : 285 } mA HIRC Disabled
PLL 200 MHz
Al digital Enabled
modules
Voo 1.8V
HXT_GM 12 MHz
looss } 263 ) mA HIRC Disabled
PLL 200 MHz
All digital Disabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Voo 3.3V
HXT_GM 4 MHz
looss R 35 R mA HIRC Disabled
PLL Disabled
All digital Enabled
modules
Vop 3.3V
HXT_GM 4 MHz
oo B 24 R mA HIRC Disabled
PLL Disabled
Operating Current
All digital Disabled
Normal Run Mode modules
HCLK =4 MHz
while(1)§ Voo 1.8v
executed from flash HXT_GM 4 MHz
lopis B 3.2 R mA HIRC Disabled
PLL Disabled
All digital Enabled
modules
Voo 1.8V
HXT_GM 4 MHz
loois R 2 R mA HIRC Disabled
PLL Disabled
All digital Disabled
modules
Voo 3.3V
HXT_GM Disabled
Operating Current
lower | Idle Mode - 6.1 10 mA HIRC Egacied
HCLK = 49.152 MHz PLL Disabled
All digital Enabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Voo 3.3V
HXT_GM Disabled
loLe _ 28 6 mA HIRC Enabled
PLL Disabled
All digital Disabled
modules
Voo 1.8V
HXT_GM Disabled
lioLes R 6.1 10 mA HIRC Enabled
PLL Disabled
All digital Enabled
modules
Voo 1.8v
HXT_GM Disabled
lioLes _ 28 6 mA HIRC Enabled
PLL Disabled
All digital Disabled
modules
Voo 3.3V
HXT_GM 12 MHz
lioLes _ 35 _ mA HIRC Enabled
PLL Disabled
Operating Current ﬁ:lo((:ljiugliil Enabled
Idle Mode
HCLK =12 MHz Vob 3.3V
HXT_GM 12 MHz
loLes _ 23 _ mA HIRC Enabled
PLL Disabled
All digital Disabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Voo 1.8V
HXT_GM 12 MHz
loLer _ 34 _ mA HIRC Enabled
PLL Disabled
All digital Enabled
modules
Voo 1.8V
HXT_GM 12 MHz
lioLs ~ 21 _ mA HIRC Enabled
PLL Disabled
All digital Disabled
modules
Voo 3.3V
HXT_GM 12 MHz
lioLes _ 196 _ mA HIRC Disabled
PLL 160 MHz
All digital Enabled
modules
Voo 3.3V
HXT_GM 12 MHz
Operating Current
loweo | Idle Mode 85 mA RIIRE Disabled
HCLK =160 MHz PLL 160 MHz
All digital Disabled
modules
Voo 1.8v
HXT_GM 12 MHz
loLer _ 19.4 _ mA HIRC Disabled
PLL 160 MHz
All digital Enabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Voo 1.8V
HXT_GM 12 MHz
loLes _ 8.3 _ mA HIRC Disabled
PLL 160 MHz
All digital Disabled
modules
Voo 33V
HXT_GM 12 MHz
LoLes R 24.9 R mA HIRC Disabled
PLL 200 MHz
All digital Enabled
modules
Voo 33V
HXT_GM 12 MHz
hoteso 106 mA HIRC Disabled
PLL 200 MHz
. All digital Disabled
Operating Current TEsiEs
Idle Mode
HCLK =200 MHz Veo 18V
HXT_GM 12 MHz
loews R 245 R mA HIRC Disabled
PLL 200 MHz
All digital Enabled
modules
Vob 1.8V
HXT_GM 12 MHz
loLess R 103 R mA HIRC Disabled
PLL 200 MHz
All digital Disabled
modules
Vob 3.3V
HXT_GM 4 MHz
Operating Current
lowess | Idle Mode - 26 - mA HIRC Disabled
HCLK =4 MHz PLL Disabled
All digital Enabled
modules
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Symbol Parameter Min Typ Max Unit Test Conditions
Voo 3.3V
HXT_GM 4 MHz
loLEwd _ 2 _ mA HIRC Disabled
PLL Disabled
All digital Disabled
modules
Voo 1.8V
HXT_GM 4 MHz
loLess ~ 23 _ mA HIRC Disabled
PLL Disabled
All digital Enabled
modules
Voo 1.8v
HXT_GM 4 MHz
loLess _ 1.7 _ mA HIRC Disabled
PLL Disabled
All digital Disabled
modules
B O e B I s
" (PD) i 700 ) ua | Voo = 18 V. All oscillators and analog

blocks turned off. LIRC on

Vpp = 3.3V, All oscillators and analog

lpwos Low Leakage Power- ) 350 1500 HA | blocks turned off. LIRC on

down Mode

(LLPD) . : Vpp = 1.8 V, All oscillators and analog
lewo2 350 HA blocks turned off. LIRC on

Vpp = 3.3 V, All oscillators and analog

oo Standby Current i s 70 A blocks turned off. LIRC on
Power-down Mode
lewoz | (SPDO SRAM retention) - 25 - LA ;)/I%[;:I:s %u?n\e/d ﬁ:‘lf (I)_SISI(I:aI)C:S and analog
o Jsmacmen | | | @ | [RSiG TR
Power-down Mode
lpwo2 (SPD1) R 15 R LA Vop = 1.8 V, All oscillators and analog

blocks turned off. LIRC on

Vpp = 3.3 V, All oscillators and analog
lpwo1 - 2 6 pA blocks turned off. LIRC on

Deep USB_VDD33 pin floating.
Power-down Mode
(DPD) Vop = 1.8 V, All oscillators and analog
lpwo2 - 2 - HA blocks turned off. LIRC on

USB_VDD33 pin floating.
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Symbol Parameter Min Typ Max Unit Test Conditions

Vpp = 3.3 V, All oscillators and analog

lpwos - 35 75 HA | plocks turned off. LIRC on
| ) 35 R A Vpp = 1.8 V, All oscillators and analog
PWD4 : H blocks turned off. LIRC on
Vop=3.6V, 0 <V<V,
Ik Input Leakage Current -1 - +1 A * ) . e
K Open-drain or input only mode
v Input Low Voltage (TTL| 03 ) 08 v Vop =33V
L H
input) 03 ; 0.6 Voo = 1.8V
v Input High Voltage (TTL| 29 - Voor03 |, [YZ33V
IHL ;
input) 15 ; Voo + 0.3 Voo = 1.8V

Negative going threshold
Vis L -0.3 - 0.3 Vpp \Y
(Schmitt input), NRESET

Positive going threshold
Vius o 0.7 Vpp - Vpp + 0.3 Y]
(Schmitt input), NRESET

Reer Internal NRESET pin pull N 50 - kQ
up resistor

Schmitt input high

Vis voltage 0.6* Vpp | 0.75* Vpp \Y
A\ Schmitt input low voltage | 0.3* Vpp | 0.4* Vpp \
Hysteresis | Schmitt buffer hysteresis - 0.2 Vpp - \

Isri1 - -9.3 - pA  [Vop=33V,Vs=28V
Source Current (Quasi- _ _

Isruz bidirectional Mode) ) 7.5 - pA  |Vop=2.7V,Vs=23V

Isr13 - -5.6 - pA Vop=18V,Vs=15V

Isra1 - -20 - mA [Vpp=33V,Vs=28V
Source Current (Push- _ _

Isro2 pull Mode) -14 -15 - mA Vpp=2.7V,Vs =23V

Isros -11 -7.9 - mA Vpp=1.8V,Vsg=15V

Isk11 14 20 - mA Vpp=3.3V,Vs=05V
Sink  Current  (Quasi-

Isk12 bidirectional, Open-Drain 11 15 - mA Vop=2.7V,Vs=0.4V
and Push-pull Mode)

Isk1z - 8.2 - mA |Vpp=18V,Vs=0.3V

Notes:
1. nRESET pin is a Schmitt trigger input.

Table 6.3-1 DC Electrical Characteristics
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6.4 AC Electrical Characteristics

6.4.1 External High Speed Crystal (HXT) Characteristics

temoL

Note:

1. Dutycycle is 50%.
2. Guaranteed by design, not tested in production

Figure 6.4-1 External High Speed Crystal Timing Diagram

Symbol Parameter Min Typ Max Unit Test Condition
terex Clock High Time 10 - - ns -
terex Clock Low Time 10 - - ns -
teren Clock Rise Time 2 - 15 ns -
teHeL Clock Fall Time 2 - 15 ns -

Table 6.4.1-1 External High Speed Clock Input Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions
Thxr Operation Temperature -40 25 85 T -
frxr Oscillator Frequency 4 12 24.576 MHz
037 i mA Vop = 3.3V, fiuxra = 4 MHz

Ta=25°C,GMTYPE

Vop = 3.3V, fuxraL = 12 MHz

0.5 - mA

Ta=25°C,GMTYPE

Vpp = 3.3V, fuxraL = 16 MHz
0.66 - mA

Ta=25°C,GMTYPE

. Vpp = 3.3V, fuxraL =24 MHz
lpxr Operating Current - 0.84 - mA B

Ta=25°C,GMTYPE

Vop = 3.3V, fuxrar = 4 MHz
0.57 - mA

Ta=257C, INVTYPE

Vop = 3.3V, fuxraL = 12 MHz
1.4 - mA

Ta=257T, INVTYPE

Vop = 3.3V, fuxraL = 16 MHz
2.1 - mA

Ta=257C, INVTYPE
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Vop = 3.3V, fuxraL = 24 MHz
Ta=257C, INVTYPE

2.8 - mA

Note:

1. This table is guaranteed by characteristics result, not tested in production.
Table 6.4.1-2 External High Speed Crystal (HXT) Characteristics

6.4.1.1 HXT Typical Crystal Application Circuit

CRYSTAL C, C,
4 MHz ~ 24.576 MHz Optional (depending on the crystal specification)

XT1_IN XT1 OUT

M M

4~24.576
MHz

Cl;; Crystal 7J_7702

Vss Vss

Figure 6.4-2 HXT Typical Crystal Application Circuit

6.4.2 Internal High Speed RC Oscillator (HIRC) Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions

Thre Operation Temperature -40 25 85 T -

Center Frequency - 49.152 MHz -
f +0.25 w |72

H - Tu. - (]

HRC Calibrated Internal Vop =33V

Oscillator Frequency

-3 - +3 % Ta=-40C~857TC

lhre Operating Current - 200 - pA Ta=25C ,Vop =33V

Table 6.4.2-1 Internal High Speed RC Oscillator (HIRC) Characteristics
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6.4.3 External Low Speed Crystal (LXT) Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions
Tixr Operation Temperature -40 25 85 T -
fuxr Oscillator Frequency - 32.768 kHz
lixr Operating Current - 0.8 - A Ta=25CVop =33V
Ts Stable Time 300 500 ms

Table 6.4.3-1 External Low Speed Crystal (LXT) Characteristics

6.4.3.1 LXT Typical Crystal Application Circuit

CRYSTAL Cy C,

32.768 kHz

Optional (depending on the crystal specification)

Crystal

Vss Vss

Figure 6.4-3 LXT Typical Crystal Application Circuit

6.4.4 Internal Low Speed RC Oscillator (LIRC) Characteristics

Symbol Parameter Min Typ Max Unit Test Conditions
Tire Operation Temperature -40 25 85 T -
fire Center Frequency 5 10 15 KHz -
lire Operating Current - 500 - nA Ta=25C,Vpp=3.3V

Table 6.4.4-1 Internal Low Speed RC Oscillator (LIRC) Characteristics
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6.5 Analog Characteristics

6.5.1 12-bit SARADC

Symbol Parameter Min | Typ | Max Unit Test Condition

- Resolution 12 Bit -

DNL Differential Nonlinearity Error - - +2 LSB 2MSPS

INL Integral Nonlinearity Error - - +4 LSB 2MSPS

Eo Offset Error - 2 - LSB 2MSPS

Ec Gain Error (Transfer Gain) - -3 - LSB 2MSPS

Ea Absolute Error - 6 - LSB 2MSPS

- Monotonic Guaranteed - -

Faoc ADC Clock Frequency 0.14 - 60 MHz AVpp =1.8~3.6 V
Fs Sample Rate (Fapc/Tcon) - - 2000 kSPS AVpp = 1.8~3.6 V
Taco Acquisition Time (Sample Stage) 2~9 1/Fanc -

Tcon Total Conversion Time 16~23 1/Fapc -

Vin Analog Input Voltage 0 - AVpp \% -

Cin Input Capacitance - 6 - pF -

Note:

1. This table is guaranteed by characteristics result, not tested in production.
2. The condition is that the error in a conversion started after ADC enable is less than +0.5 LSB. The
reference and input signal are already settled.

Table 6.5.1-1 12-bit SARADC Characteristics
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Er (Full scale error) = Eq + Eg

Gain Error  Offset Error
Ec Eo

4095

4094

4093

4092

Ideal transfer curve

ADC
output 5

Actual transfer curve
code

DNL

e e

1LSB

T N N WY T R B

Analog input volt; 4095
nalog input voltage
Offset Error (LSB)

Eo

\

Note: The INL is the peak difference between the transition point of the steps of the calibrated transfer curve
and the ideal transfer curve. A calibrated transfer curve means it has calibrated the offset and gain error from
the actual transfer curve.
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6.5.2 LDO

Symbol Parameter Min Typ Max Unit Test Condition
Ta Temperature -40 25 85 C -
Vipo1 Output Voltage 1.176 1.2 1.224 \% Normal mode
Vipo2 Output Voltage 0.9 \% Low power mode
Vipos Output Voltage 1.26 \% Over voltage mode
Notes:

1. Itis critical that a 0.1 pF capacitor is connected between Vpp and the closest Vss pin of the device.
2. To ensure power stability, a 1uF capacitor must be connected between LDO pin and the closest Vss pin of
the device.

Table 6.5.2-1 LDO Characteristics

6.5.3 Low Voltage Reset and Brown-out Detector

Symbol Parameter Min Typ Max Unit Test Condition
Ta Temperature -40 25 85 T -
lgop Operating Current - 60 MA Vpp = 3.6V
1.50 1.60 1.70 Y, BODVL [2:0]=000
1.70 1.80 1.90 Y, BODVL [2:0]=001
1.90 2.00 2.10 \% BODVL [2:0]=010
Ve Brown-out Detect Level 2.10 2.20 2.30 v BODVL [2:0]=011
B (Falling edge) 2.30 2.40 2.50 v BODVL [2:0]=100
2.50 2.60 2.70 \Y BODVL [2:0]=101
2.70 2.80 2.90 \Y BODVL [2:0]=110
2.90 3.00 3.10 \% BODVL [2:0]=111
Veos s Br?\{\/n—out Detect Level i Veon F + )
- (Rising edge) Vivs_sop
Vivs_sop Hysteresis - 80 - mv -
Vi Low Voltage Reset Voltage 1.45 15 1.55 \% -

Table 6.5.3-1 Low Voltage Reset and Brown-out Detector Characteristics
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6.54 [Power-on Reset

{

Symbol Parameter Min Typ Max Unit Test Condition
Ta Temperature -40 25 85 T -
Veor Power-on Reset Voltage 1.45 \% -
Veornvs Power-on Reset Hysteresis - 110 - mV -
VDD Raising Rate to Ensure
RRvoo Power-on Reset 0.01 ) ) ms/V )
VDD Falling Rate to Ensure
FRveo Power-on Reset 05 . ) ms/V .
Table 6.5.4-1 Power-on Reset Characteristics
RRVDD
Vpor ---=------— it TV SV N
Vpor - VPoRHYS —-------—7%- b XN NG
|
1 |
VDD i !
|
Power-on
Reset ! \
~—Reset—»«———Release———+—Reset—
Figure 6.5-1 Power-on Reset Condition
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6.6 USB Characteristics

6.6.1 USB Full-Speed Characteristics

Symbol Parameter Min Typ Max Unit Test Condition

Vin Input High (driven) 2.0 - - \Y -

Vi Input Low - - 0.8 \% -

N Differential Input Sensitivity 0.2 - - \ |PADP-PADM|

Vewm Differential 0.8 - 25 \Y Includes Vp, range
Common-mode Range
Single-ended Receiver Threshold 0.8 - 2.0 \ -

Ve Receiver Hysteresis - 200 - mvV -

Vo Output Low (driven) 0 - 0.3 \% -

Vou Output High (driven) 2.8 - 3.6 \% -

Vcrs Output Signal Cross Voltage 1.3 - 2.0 \% -

Rpu Pull-up Resistor 1.2 kQ -

Zprv Driver Output Resistance - 10 - Q Steady state drive*

Cin Transceiver Capacitance - - 20 pF Pin to GND

*Driver output resistance doesn’t include series resistor resistance.
Table 6.6.1-1 USB Full-Speed Characteristics

6.6.2 USB Full-Speed PHY Characteristics

Symbol Parameter Min Typ Max Unit Test Condition
Ter Rise Time 4 - 20 ns C=50p
Ter Fall Time 4 - 20 ns C=50p
Terer Rise and Fall Time Matching 90 - 111.11 % Terer=Ter/Trr

Table 6.6.2-1 USB Full-Speed PHY Characteristics

6.6.3 USB VBUS Characteristics

Symbol Parameter Min. Typ. Max. Unit Test Conditions

Vsus VBUS Pin Input Voltage 5.0 \ -

Table 6.6.3-1 USB VBUS Characteristics
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6.7 VAD Characteristics

Symbol Parameter Min Typ Max Unit Test Condition

VDDA =VDD =33V
HCLK = 3.072MHz (HIRC/16)

Operation Current DMIC_MCLK = 1.536 MHz (HIRC/32)
IvabioLe ) - 1.25 - mA
Idle mode with VAD DMIC_CLK = 384 kHz (DMIC_MCLK/4)
Sample Rate = 8 kHz (Down sample 48)
No load

Table 6.7-1 VAD Characteristics

Note: This table is guaranteed by characteristics result, not tested in production.
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6.8 Flash DC Electrical Characteristic

Symbol Parameter Min Typ Max Unit Test Condition
Vel Supply Voltage 1.08 - 1.32 \%
Nenpur Endurance 10000 - - cycles?
Trer Data Retention 10 - - year
Terase Page Erase Time 92 _ 160 ms
Tmer Mass Erase Time 300 - 350 ms Ta=25T
Teros Program Time 42 - 50 us
Iop1 Read Current - - 4.12 mA
lop2 Program Current - - 5 mA
Iops Erase Current - - 5 UA
Notes:

1. VFLA s source from chip LDO output voltage.
2. Number of program/erase cycles.
3. This table is guaranteed by design, not test in production.

Table 6.8-1 Flash DC Electrical Characteristics
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6.9 1°C Dynamic Characteristics

Standard Mode!? Fast Mode!?
Symbol Parameter , - ki
Min. Max. Min. Max.
tow SCL low period 47 - 1.2 - us
thicH SCL high period 4 - 0.6 - us
tsu; sTA Repeated START condition setup 4.7 - 1.2 - us
time
tho; sTA START condition hold time 4 - 0.6 - us
tsu; sto STOP condition setup time 4 - 0.6 - us
taur Bus free time 479 - 1.28 - us
tsu:paT Data setup time 250 - 100 - nS
tiip:pAT Data hold time o 3.450 o 0.8" us
t SCL/SDA rise time - 1000 20+0.1Cb 300 nS
te SCL/SDA fall time - 300 - 300 nS
Cp Capacitive load for each bus line - 400 - 400 pF
Notes:

1. Guaranteed by design, not tested in production.

2. HCLK must be higher than 2 MHz to achieve the maximum standard mode l’c frequency. It must be higher
than 8 MHz to achieve the maximum fast mode I°C frequency.

3. ’C controller must be retriggered immediately at slave mode after receiving STOP condition.

4. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the
undefined region of the falling edge of SCL.

5.  The maximum hold time of the Start condition has only to be met if the interface does not stretch the low
period of SCL signal.

Table 6.9-1 I°C Dynamic Characteristics

Repeated
STOP START START STOP

SDA

SCL

thoisTA tsusta tsusto

trooAT tsupat

Figure 6.9-1 I°C Timing Diagram
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6.10 SPI Dynamic Characteristics

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

SPI MASTER MODE (VDD = 1.8 V~3.6V, 30 PF LOADING CAPACITOR)

Tw(sckr) ?PI high and low time, peripheral clock 25 } 275 ns
twscky) =20 MHz

tos Data input setup time 2 - - ns
[0 Data input hold time 4 - - ns
tv Data output valid time - - 1 ns
thmo) Data output hold time 0 - - ns

SPI MASTER MODE (VDD = 3.0~3.6 V, 30 PF LOADING CAPACITOR)

:x::z:j SI;I()h'\ilgljnzand low time, peripheral clock 225 ) 275 ns
tos Data input setup time 2 ns
thomy Data input hold time 4 ns
tv Data output valid time - 1 ns
thmo) Data output hold time 0 - - ns

Table 6.6.3-1 Dynamic Characteristics of Data Input and Output Pin in Master Mode

CLKPOL=0

TXNEG=1 p—
RXNEG=0

SPI Clock

CLKPOL=1

TXNEG=0 ) o
e oy 1(SCK) H(SCK)

SPI data output X - X ———
(SPI_MOSI) Data Valid Da_ta_\/ahd

FM‘DH—»‘

SPI data input ) X T
(SPI_MISO) X Data Valid D_at_a Valid

CLKPOL=0 o
TXNEG=0
RXNEG=1 /
SPI Clock
CLKPOL=1 \
TXNEG=1 o
RXNEG=0 tv
SPI data output - - -—
(SPI_MOSI) X Data Valid X Data Valid o
tﬁsui ton ﬂ
SPI data input X - X . P
(SPI_MISO) Data Valid Data Valid o

Figure 6.10-1 SPI Master Mode Timing Diagram
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
SPI SLAVE MODE (VDD = 1.8 V~3.6V, 30 PF LOADING CAPACITOR)
tss Slave select setup time 3 - - Pegilgrgiral
tsh Slave select hold time 2 - - Peripheral
clock
tos Data input setup time 2 - - ns
tesy Data input hold time 55 - - ns
taso) Data output access time - - 18 ns
tv Data output valid time - 18.5- 24.5 ns
thso) Data output hold time 6 - - ns
SPI SLAVE MODE (VDD =3.0V ~ 3.6 V, 30 PF LOADING CAPACITOR)
tss Slave select setup time 3 - - Pe(r:ilgrgﬁral
tsm Slave select hold time 2 - - Peripheral
clock
tos Data input setup time 2 - - ns
sy Data input hold time 6 - - ns
taso) Data output access time - - 24 ns
tv Data output valid time - 23 30 ns
thso) Data output hold time 7 - - ns

Table 6.6.3-2 Dynamic Characteristics of Data Input and Output Pin in Slave Mode
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|
SSACTPOL=1 *
tss )
|
| *
1
|
|

[
SPI SS — tsh —
SSACTPOL=0

[

CLKPOL=0|

- !
\
TXNEG=1 | —-- \
RXNEG=0 | X \ f \ /_ _\ ‘
SPI Clock I | | | I

CLKPOL=1 | ‘ ‘ ‘ \_ J

TXNEG=0 | \ / ‘\ J o

\

_ | 1,
RXNEG=1 | —V 4" | |

Data Valid X Data Valid X >—

tos] -

e tDH}ﬂ ; o

Data Valid X Data Valid x

SPI data output
(SPI_MISO)

SPI data input
(SPI_MOSI)

|
SSACTPOL=1 \
tss_y tsm

L]

SPI SS 4‘ }F Hy
SSACTPOL=0 | } } /—
! - I
CLKPOL=0| } } ‘
TXNEG=0 | | | | —-- |
RXNEG=1 | .
SPI Clock I } } } } |
CLKPOL=1 i \ |
TXNEG=1 | | ‘ | | \___/
RXNEG:OAL a(S0) ¢ tv » 1 1 1 1
SPI data output 1{ X - >< : -—
(SPI_MISO) Data Valid Data Valid o >_
tps! T T T
"Ei‘i ton \—b‘ | |
SPI data input - : -
(SPI_MOSI) >< Data Valid >< Data Valid .

Figure 6.10-2 SPI Slave Mode Timing Diagram
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6.11 1°S Dynamic Characteristics

Symbol Parameter Min Max Unit Test Conditions
t 2 igh ti - . )
WICKH) I’S clock high time 40 Master feexk = MHz, data: 24 bits, audio
. frequency = 256 kHz
tw(ckL) IS clock low time 40 - q Yy
tuws) WS valid time 4 - Master mode
ns

thows) WS hold time 1 - Master mode
tsuws) WS setup time 24 - Slave mode
thws) WS hold time 0 - Slave mode

2 .
DUCY(scro I°S slave input clock duty 30 70 % Slave mode

cycle
tsu(sp_MR) 10 - Master receiver

Data input setup time
tsusp_sRr) 7 - Slave receiver
thsp_MR) 7 - Master receiver

Data input hold time
thsp_sRr) 4 - Slave receiver

ns

tusp_sT) Data output valid time - 10 Slave transmitter (after enable edge)
thso_sT) Data output hold time 4 - Slave transmitter (after enable edge)
tuso_mm) Data output valid time - 4 Master transmitter (after enable edge)
thso_vm) Data output hold time 0 - Master transmitter (after enable edge)

Table 6.11-1 I°S Dynamic Characteristics
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CPOL=0 _/_\_/_\ \ / ___/ \\_/_
F
E tu(CKH) +e——>
N4 P e
(@] , : / \ 3

CcPOL=1 \ / \ / \ / \_/_
t(WS) —» - >+ t,(CKL)
WS output

- > t(SD_ST) t(SD_ST)
SDyransmit X LSB transmit® X SB transmit Bitn transmit LSB transmit
t,(SD_MR) t,(SD_MR)
SDreceive X LSB receive® MSB receive Bitn receive x LSB receive
Figure 6.11-1 I°S Master Mode Timing Diagram

e /N N "/
= |
Q. H |
£ i %
S R ey L o— 1

s TN\ NSNS
t,(CKH) = > > £,(CKL)
WS input

tu(WS) L t(SD_ST) t(SD_ST)
SDrransmit X LSB transmit®® X SB transmit Bitn transmit LSB transmit
t(SD_SR) t(SD_SR)
SDeceive X LSB receive® MSB receive Bitn receive LSB receive

Figure 6.11-2 I°S Slave Mode Timing Diagram
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7 APPLICATION CIRCUIT

vce
USB_VBU. —
AVoo USB_D- —
l USB_D: — USB Slot
1uF == 0.1uF == —
AVss =
Power N
o SPI_ cs i
Voo SPI_CLK CLK SPI Device
l l SPI_MISO MISO
1WF== 0.1uF== SPI_MOSI MosI
v vee
ss
v 4.7K 4.7K
o0
SWD ICE LUK 12C_scL| l CLK C Devi
- evice
Interface er 12¢_SDA .
c
RS 232 Transceiver PC COM Port
10K RXD)| ROUT RIN
UART
Reset I i NRESET TXD| TN TOUT|
Circuit * P J
ISD94100 Audio Codec
i 12S_LRCK|——Fs K )
12S_BCLK BCLK i
- Series 12S_DI DO I2S Device
20p 125_DO DI
_{ YT N 12S_MCLK MCLKI
4-24.576 vee
MH:
——e
20p
»—{ XT1_OUT LR LR 1
4 = 4 =
-4 5 g & g & |+
Crystal = 2P =
—{ X32_IN DMIC_CLKO| —l—i—l ] .
DMIC_DATO| Digital
—] DMIC_CLK1 ‘ Microphone
20p 32.768kHz DMIC_DATY vce
sl g 2|09 e
.—{ X32_0UT R LR
1 LR LR
Voltage l
Measurement =
SAR ADC \ N EADCO_CH[12:0] Audio Power Stage
DPWM_LP LP
DPWM_LN LN
PWM ] PwMo_cHis:0 DPWM_RP RP .
CHIS:0] DPWM_RN RN H] Audio
Amplifier
LDO_CAP Audio Power Stage
LDO =L DPWM_SP P
I DPWM_SN IN

Figure 7-1 Application Circuit
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8 PACKAGE DIMENSIONS

8.1 QFN 48L (6x6x0.8 mm?Pitch 0.4 mm)

)2
C0.25X45"
| | a )
™ JUUUUWUUUUUQ/
‘ w[ T =
| — | —
| el | |S
| -] 1 ]
S R e e e NEL- B
1 -] I (o
| el | |E
| — 1 —]
‘ 25 i 12
, 100000A0N0N(
| |
D L K
MILLIMETERS.
SYMBOLS | MIN. | NOM. | MAX.
A 0.70 | 0.75 | 0.80
A1 0.00 | 0.02 | 0.05
A3 0.203 REF.
N b 0.15] 0.20 | 0.25
“ ) 6.00 BSC
E 6.00 BSC
) 0.40 BSC
K 020 — —
8 D2 4.45 | 4,50 | 4.55
E2 4.45 [ 4.50 | 4.55
i L 0.35 | 0.40 | 0.45
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3 .
8.2 LQFP 64L (7x7x1.4 mm”footprint 2.0 mm)
5 4% | |bbb| Y| T-UZ]
o]
—-—-‘ SYMBOL | MIN [ NOM | MAX
i o o Z4q—cc TOTAL THICKNESS A — | — 1 s
I [H] -
ARARRA AR A AR AAE STAND OFF A | 005 [— 015
- | N MOLD THICKNESS A2 1.35 | 1.4 | 1.45
| —) +. — — |
== i = LEAD WDTH(PLATING) b 013 | 0.18 | 0.23
— . = LEAD WDTH b1 013 | 0.16 | 0.19
=] | == L/F THICKNESS(PLATING) ¢ 009 | — | 02
= = L/F THICKNESS 1 009 | —— | 016
B s ———— s ¢ [0 -
| E= | = ! X D 3 BSC
[ — ! = 5 Y E 9 BSC
£/2] o | =5 —— X D1 7 BSC
1o ] ' == Y Ef 7 B5C
i LEAD PITCH e 0.4 BSC
I L 0.45 | 06 [ 0.75
7 3z FOOTPRINT L1 1 REF
[ o | 35 | 7
o7 8l 0 | — | ——
[ R I S
g =l 0 | iz | 1
TOP VIEW R1 008 | —— | ———
’_[ DETAIL F R2 0.08 — ¥
| A U s 02 | — | ——
ali | f \.l FACKAGE EDGE TOLERANCE| _aaa 02
~ T LEAD EDGE TOLERANCE bbb 0.2
sox[e =] I~ JL -~ 18E=[ | FOPLANARITY cce 0.08
SEATING — e LEAD OFFSET ddd 0.07
SIDE VIEW OLD FLATNESS eee 0.05
PLATING BASE METAL i [i2)
N/
M
T I A AZ
- R2 r’uc{ PLANE
——b—] ] " ;
[Eadd@[Y[T-v[z] Al P !
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8.3 LQFP 64L (10x10x1.4 mm®footprint 2.0 mm)

EBHEGIEE SYMBOL | MIN | NOM | MAX |
”Fom THICKNESS A | =—=[-—=] 15
[STAND OFF Al | 005 | -——] 015
PINT CORNER —| MOLD THICKNESS A2 1.35 | 1.4 [ 1.45
[ EAD WIDTH(PLATING) b 047 | 022 | 0.27
LEAD WIDTH bt | 017 | 0.2 | 023
| /F THICKNESS(PLATING) c 008 | ---| 02
| /F THICKNESS ¢t |oos|---] 018
X D 12 BSC
¥ E 12 BSC
X D1 10 BSC
BODY SIZE Y & 10 B5¢
[EAD PITCH e 0.5 BSC
L 045 06 | 075
FOOTPRINT L1 1 REF
[ o [—] 7
[ ¢ | -—]--
02 12° REF
03 12° REF
R1 01 [--=] 0.2
R2 01 [--=] 02
B 0.2 REF
PACKAGE EDGE TOLERANCE| aaa 0.2
| EAD EDGE TOLERANCE bbb 0.2
COPLANARITY oot 0.08
LEAD OFFSET ddd 0.08
seamG B> FLATNESS 005
PLANE

pu'nng_\ /—BASE METAL |
7 |

%311
ll A A2

——

[F[aad@[V[T—U[Z] A [0.25]
GALUGE FLANE
SECTION G=G DETAIL F
SCALE: 1001 SCALE: 20/1
NOTES

1. DATUM T, U, AND Z TO BE DETERMINED AT DATUM PLANE H.

2. DIMENSIONS D AND E TO BE DETERMINED AT SEATING PLANE
DATUM .

3. DIMENSIONS D1 AND E1 DO NOT INCLUDE MOLDPROTRUSION.
ALLOWABLE PROTRUSION IS 0.25 PER SIDE. DIMENSIONS D1
AND E1 DO INCLUDE MOLD MISMATCH AND ARE DETERMINED
AT DATUM PLANE DATUM H.

4. DIMENSION b DOES NOT INCLUDE DAM BAR PROTRUSION.
ALLOWABLE DAM BAR PROTRUSIOM SHALL NOT CAUSE THE
LEAD WIDTH TO EXCEED THE MAXIMUMbE DIMENSION BY MORE
THAN 0.08 mm. DAM BAR CANNOT BE LOCATED ON THE
LOWER RADIUS OR THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND AN ADJACENT LEAD IS 0.07 mm.
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9 REVISION HISTORY

Date Revision Description
2017.10.27 1.0 1. Preliminary version release
2017.11.01 1.01 1. Figure 4.1-1 updated
1. Typo correction
2. Added application circuit
2017.11.28 1.02 ) o
3. Electrical characteristics updated.
4. Figure 6.3-1 updated.
1. Maximum ADC clock frequency updated.
2. Figure 6.3-1, Figure 6.3-3, Figure 7.4-1, Section 7.4.4, Section 6.5.1,
2018.03.21 1.03 Section 6.5.2 updated
3. Minimum VDD and AVDD operation voltage updated
4. Section 8 updated
1. Section 4.2.1 updated
2018.03.26 1.04 2. Table7.2-1, Table 7.5.2-1 updated
3. Section 7.2, Section 7.4, Section 7.5 updated
1. Added part number, QFN48 package dimension and QFN48 pin diagram
2018.05.17 1.05 2. Electrical characteristics updated
3. Parts information list and pin configuration updated
2018.06.11 1.06 1. Figure 6.3-1 updated.
2018.08.14 1.07 1. Figure 4.2-1, Table 4.1-1 and Table 4.2-1 updated.
2018.12.17 1.08 1. Added part number ISD94113ADI, Table 4.1-1 and Table 4.2-1 is
updated.
1. Added part number ISD94124ARI and ISD94124BRI
2019.01.07 1.09 ) )
2. Added LQFP64 10x10 package dimensions
2019.01.29 1.10 1. Change ISD94124ARI maximum clock to 200MHz in section 4.1 Parts
T ’ Information, but add note for maximum 100MHz of DMIC application.
2019.07.01 1.11 1. Added VAD Characteristics
2019.07.15 1.12 1. Application circuit is updated
1. Changed cover title.
2019.09.09 1.13 )
2. Changed header title.
2019.10.30 1.14 1. Removed part number 194124EDI
1. Removed functional description section
2019.11.06 1.15 o o
2. Ordering information is updated.
2020.01.16 1.16 1. Added partno 194124CYI

1. Added part no 194124SYI1 and 194124SDI
2020.03.27 1.17 2. Ordering information is updated.
3. HIRC calibrated internal oscillator frequency range is updated.
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2020.07.22 1.18 1. Updated Figure 4.2-1 and Table 4.2-1.
2020.08.14 1.19 1. Updated Table 4.1-1.
2020.09.23 1.20 1. Updated Figure 4.2-1
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Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property
damage. Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic
energy control instruments, airplane or spaceship instruments, the control or operation of
dynamic, brake or safety systems designed for vehicular use, traffic signal instruments, all
types of safety devices, and other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay
claims to Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the
damages and liabilities thus incurred by Nuvoton.

Flgase note that all data and specifications are subject to change without notice.
All the trademarks of products and companies mentioned in this datasheet belong to their respective owners.
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