HOLTEK#

HT32F61244/HT32F61245
Datasheet

32-Bit Arm® Cortex®-M0+ Music Synthesizer Microcontroller
with Flash Data Memory up to 64 KB Flash, 8 KB SRAM and
16/32 Mbits Flash Data Memory with 16-channel Music
Synthesis Engine (MIDI Engine), DAC, 1 MSPS ADC, UART,
SPI, QSPI, I°C, GPTM, SCTM, BFTM, CRC, LSTM and WDT

Revision: V1.10 Date: January 31, 2023

wwiw.holtek.com



32-Bit Arm® Cortex®-M0+ Music Synthesizer MCU
with Flash Data Memory
HT32F61244/HT32F61245 HOLTEK i ‘

www.holtek.com

1 General Description

These devices are high performance, low power consumption 32-bit microcontrollers based around
an Arm® Cortex®-MO+ processor core. The Cortex®-MO0+ is a next-generation processor core which
is tightly coupled with Nested Vectored Interrupt Controller (NVIC), SysTick timer and including
advanced debug support.

The devices operate at a frequency of up to 48 MHz with a Flash accelerator to obtain maximum
efficiency. They provide up to 64 KB of embedded Flash memory for code/data storage and 8 KB
of embedded SRAM memory for system operation and application program usage. A variety of
peripherals, such as ADC, 2-channel DAC, I’C, UART, SPI, QSPI, GPTM, SCTM, BFTM, CRC-
16/32, LSTM, WDT, 16-channel music synthesizer, SW-DP (Serial Wire Debug Port), etc., are also
implemented in the devices. Several power saving modes provide the flexibility for maximum
optimization between wakeup latency and power consumption, an especially important
consideration in low power applications.

The devices integrate Wave Table synthesis function. They can operate up to 16 channels of Wave
Table synthesis at one time and control the MIDI Engine to generate melody by setting the special
registers. The Wave Table synthesis waveform data including instrument tone, MIDI scores,
voice, sound effect, etc., are stored in the internal SPI Flash Data Memory. With these features, the
devices provide enhanced functions and higher performance.

The above features ensure that the devices are suitable for use in a wide range of applications,
especially in areas such as electronic organs, digital pianos, electronic drums, electric guitars,
electric accordions and so on.

arm CORTEX
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2 Features

Core

m 32-bit Arm®™ Cortex®-MO+ processor core

m Up to 48 MHz operating frequency

m Single-cycle multiplication

m Integrated Nested Vectored Interrupt Controller (NVIC)

m 24-bit SysTick timer

The Cortex®-MO+ processor is a very low gate count, highly energy efficient processor that is
intended for microcontrollers and deeply embedded applications that require an area optimized,

low-power processor. The processor is based on the ARMv6-M architecture and supports Thumb®
instruction sets; single-cycle I/O ports; hardware multiplier and low latency interrupt respond time.

On-Chip Memory

m Up to 64 KB on-chip Flash memory for instruction/data and options storage
m § KB on-chip SRAM
m Supports multiple booting modes

The Arm® Cortex®-MO0+ processor accesses and debug accesses share the single external interface
to external AHB peripherals. The processor accesses take priority over debug accesses. The
maximum address range of the Cortex®-MO+ is 4 GB since it has a 32-bit bus address width.
Additionally, a pre-defined memory map is provided by the Cortex®-MO+ processor to reduce
the software complexity of repeated implementation by different device vendors. However, some
regions are used by the Arm® Cortex®-MO+ system peripherals. Refer to the Arm® Cortex®-MO0+
Technical Reference Manual for more information. Figure 2 in the Overview chapter shows the
memory map of the device, including code, SRAM, peripheral and other pre-defined regions.

Flash Memory Controller - FMC

m Flash accelerator to obtain maximum efficiency

m 32-bit word programming with In System Programming Interface (ISP) and In Application
Programming (IAP)

m Flash protection capability to prevent illegal access

The Flash Memory Controller, FMC, provides all the necessary functions and pre-fetch buffer
for the embedded on-chip Flash Memory. Since the access speed of the Flash Memory is slower
than the CPU, a wide access interface with a pre-fetch buffer and cache are provided for the Flash
Memory in order to reduce the CPU waiting time which will cause CPU instruction execution
delay. The Flash Memory word programming/page erase functions are also provided.
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Reset Control Unit - RSTCU

m Supply supervisor:

e Power On Reset / Power Down Reset — POR/PDR

e Brown-Out Detector — BOD

e Programmable Low Voltage Detector — LVD
The Reset Control Unit, RSTCU, has three kinds of reset, a power on reset, a system reset and an
APB unit reset. The power on reset, known as a cold reset, resets the full system during power up.
A system reset resets the processor core and peripheral IP components with the exception of the
SW-DP controller. The resets can be triggered by an external signal, internal events and the reset
generators.

Clock Control Unit — CKCU

m External 4 to 16 MHz crystal oscillator

m Internal 8 MHz RC oscillator trimmed to £2 % accuracy at 3.3 V operating voltage and 25 °C
operating temperature

m Internal 32 kHz RC oscillator

m Integrated system clock PLL

m Independent clock divider and gating bits for peripheral clock sources

The Clock Control unit, CKCU, provides a range of oscillator and clock functions. These include
a High Speed Internal RC oscillator (HSI), a High Speed External crystal oscillator (HSE), a
Low Speed Internal RC oscillator (LSI), a Phase Lock Loop (PLL), an HSE clock monitor, clock
prescalers, clock multiplexers, APB clock divider and gating circuitry. The clocks of AHB, APB
and Cortex®-MO+ are derived from the system clock (CK_SYS) which can come from the LSI,
HSI, HSE or PLL. The Watchdog Timer and Low Speed Timer (LSTM) use the LSI as their clock
source.

Power Control Unit - PWRCU

m Single Vpp power supply: 2.3 Vto 3.6 V

m Integrated 1.5 V LDO regulator for MCU core, peripherals and memories power supply

m Vpp power supply for LSTM

m Two power domains: Vpp, Vcore

m Four power saving modes: Sleep, Deep-Sleep1, Deep-Sleep2, Power-Down

Power consumption can be regarded as one of the most important issues for many embedded
system applications. Accordingly the Power Control Unit, PWRCU, in the devices provides many
types of power saving modes such as Sleep, Deep-Sleepl, Deep-Sleep2 and Power-Down mode.

These operating modes reduce the power consumption and allow the application to achieve the best
trade-off between the conflicting demands of CPU operating time, speed and power consumption.
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External Interrupt/Event Controller — EXTI

m Up to 16 EXTI lines with configurable trigger source and type

m All GPIO pins can be selected as EXTTI trigger source

m Source trigger type includes high level, low level, negative edge, positive edge or both edges
m Individual interrupt enable, wakeup enable and status bits for each EXTI line

m Software interrupt trigger mode for each EXTI line

m Integrated deglitch filter for short pulse blocking

The External Interrupt/Event Controller, EXTI, comprises 16 edge detectors which can generate
a wake-up event or interrupt requests independently. Each EXTI line can also be masked

independently.

Analog to Digital Converter - ADC

m 12-bit SAR ADC engine

m Up to 1 Msps conversion rate

m Up to 16 external analog input channels

A 12-bit multi-channel ADC is integrated in the devices. There are multiplexed channels, which
include 16 external analog signal channels and 2 internal channels which can be measured. If
the input voltage is required to remain within a specific threshold window, an Analog Watchdog
function will monitor and detect these signals. An interrupt will then be generated to inform the
device that the input voltage is not within the preset threshold levels. There are three conversion
modes to convert an analog signal to digital data. The ADC can be operated in one shot, continuous

and discontinuous conversion modes.

/0 Ports — GPIO

m Up to 49 GPIOs

m Port A, B, C, D are mapped as 16 external interrupts — EXTI

m Almost all I/O pins have a configurable output driving current.

There are up to 49 General Purpose 1/O pins, GPIO, named PAO ~ PA15, PBO ~ PBI15, PCO ~ PC15
and PDO for the implementation of logic input/output functions. Each of the GPIO ports has a series
of related control and configuration registers to maximize flexibility and to meet the requirements
of a wide range of applications.

The GPIO ports are pin-shared with other alternative functions to obtain maximum functional
flexibility on the package pins. The GPIO pins can be used as alternative functional pins by
configuring the corresponding registers regardless of the input or output pins. The external
interrupts on the GPIO pins of the devices have related control and configuration registers in the
External Interrupt Control Unit, EXTIL.
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General-Purpose Timer — GPTM

m 16-bit up, down, up/down auto-reload counter

m Up to 4 independent channels

m 16-bit programmable prescaler that allows division of the prescaler clock source by any factor
between 1 and 65536 to generate the counter clock frequency

m Input Capture function

m Compare Match Output

m PWM waveform generation with Edge-aligned and Center-aligned

m Single Pulse Mode Output

m Encoder interface controller with two inputs using quadrature decoder

The General-Purpose Timer, GPTM, consists of one 16-bit up/down-counter, four 16-bit Capture/

Compare Registers (CCRs), one 16-bit Counter Reload Register (CRR) and several control/status

registers. They can be used for a variety of purposes including general time measurement, input

signal pulse width measurement, output waveform generation such as single pulse generation

or PWM output generation. The GPTM also supports an Encoder Interface using a quadrature

decoder with two inputs.

Single-Channel Timer — SCTM

m 16-bit up and auto-reload counter

m One channel for each timer

m 16-bit programmable prescaler that allows division of the prescaler clock source by any factor
between 1 and 65536 to generate the counter clock frequency

m Input Capture function

m Compare Match Output

m PWM waveform generation with Edge-aligned

The Single-Channel Timer, SCTM, consists of one 16-bit up-counter, one 16-bit Capture/Compare

Register (CCR), one 16-bit Counter-Reload Register (CRR) and several control/status registers. It

can be used for a variety of purposes including general timer, input signal pulse width measurement

or output waveform generation such as single pulse generation or PWM output.

Basic Function Timer - BFTM

m 32-bit compare match count-up counter — no I/O control

m One shot mode — stops counting when compare match occurs

m Repetitive mode — restarts counter when compare match occurs

The Basic Function Timer, BFTM, is a simple count-up 32-bit counter designed to measure time
intervals and generate a one shot or repetitive interrupts. The BETM can operate in two functional
modes which are repetitive and one shot modes. In the repetitive mode the BFTM restarts the
counter when a compare match event occurs. The BFTM also supports a one shot mode which will
force the counter to stop counting when a compare match event occurs.
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Digital to Analog Converter — DAC

m Two 16-bit high resolution D/A converters with excellent frequency response characteristics and
good power consumption for stereo audio output.

Music Synthesis Engine (MIDI Engine) — MSE

m Up to 16 simultaneous sounds

m 10-bit Volume Control

m Output sampling frequency up to 50 kHz
m Waveform data lengths of 8, 12 or 16 bits
m Stereo output

m Supports Repeat loop Play

m Supports PDMA interface

Watchdog Timer - WDT

m 12-bit down counter with 3-bit prescaler

m Provides reset to the system

m Programmable watchdog timer window function
m Register write protection function

The Watchdog Timer, WDT, is a hardware timing circuit that can be used to detect system failures
due to software trapped in a deadlock. It includes a 12-bit count-down counter, a prescaler, a
WDT delta value register, WDT operation control circuitry and a WDT protection mechanism.
If the software does not reload the counter value before a Watchdog Timer underflow occurs, a
reset will be generated when the counter underflows. In addition, a reset is also generated if the
software reloads the counter when the counter value is greater than the WDT delta value. It means
that the counter must be reloaded within a limited timing window using a specific method. The
Watchdog Timer counter can be stopped while the processor is in the debug mode. The register
write protection function can be enabled to prevent an unexpected change in the Watchdog Timer
configuration.

Low Speed Timer — LSTM

m 24-bit up-counter with a programmable prescaler

m Alarm function

m Interrupt and Wake-up event

Low Speed Timer, LSTM, circuitry includes the APB interface, a 24-bit up-counter, a control
register, a prescaler, a compare register and a status register. The LSTM circuits are located in the
Vpp power domain. When the device enters the power-saving mode, the LSTM counter is used as a
wakeup timer to let the system resume from the power saving mode.
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Inter-Integrated Circuit — I°C

m Supports both master and slave modes with a frequency of up to 1 MHz
m Provides an arbitration function and clock synchronization

m Supports 7-bit and 10-bit addressing modes and general call addressing
m Supports slave multi-addressing mode using address mask function

The I*C is an internal circuit allowing communication with an external 1°C interface which is an
industry standard two-wire serial interface used for connection to external hardware. These two
serial lines are known as a serial data line, SDA, and a serial clock line, SCL. The I?*C module
provides three data transfer rates: 100 kHz in the Standard mode, 400 kHz in the Fast mode and
1 MHz in the Fast plus mode. The SCL period generation register is used to setup different kinds of
duty cycle implementations for the SCL pulse.

The SDA line which is connected directly to the I?C bus is a bidirectional data line between the
master and slave devices and is used for data transmission and reception. The I*C also has an
arbitration detect function and clock synchronization function to prevent situations where more
than one master attempts to transmit data to the I*C bus at the same time.

Serial Peripheral Interface — SPI

m Supports both master and slave mode

m Frequency of up to (feck/2) MHz for the master mode and (fpck/3) MHz for the slave mode

m FIFO Depth: 8 levels

m Multi-master and multi-slave operation

The Serial Peripheral Interface, SPI, provides an SPI protocol data transmit and receive function
in both master and slave modes. The SPI interface uses 4 pins, among which are the serial data
input and output lines MISO and MOSI, the clock line, SCK, and the slave select line, SEL. One
SPI device acts as a master device which controls the data flow using the SEL and SCK signals to
indicate the start of data communication and the data sampling rate. To receive the data bits, the
streamlined data bits are latched on a specific clock edge and stored in the data register or in the
RX FIFO. Data transmission is carried out in a similar way with the reverse sequence. The mode
fault detection provides a capability for multi-master applications.

Quad Serial Peripheral Interface — QSPI

m Supports both master and slave modes

m Master mode speed up to ficrk/2

m Slave mode speed up to fcrk/3

m Programmable data frame length up to 16 bits

m FIFO Depth: 8 levels

m MSB or LSB first shift selection

m Programmable slave select high or low active polarity

m Multi-master and multi-slave operation

m Master mode supports the dual/quad output read mode of QSPI series NOR Flash
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m Four error flags with individual interrupt
e Read overrun
e Write collision
e Mode fault
e Slave abort
m Supports PDMA interface

The Quad Serial Peripheral Interface, QSPI, provides an SPI protocol data transmit and receive
functions in both master and slave modes. The QSPI interface uses 6 pins for Dual/Quad SPI,
among which are serial data input and output lines SIO3, SIO2, MISO/SIOI and MOSI/SIOO0, the
clock line SCK, and the slave select line SEL.

Universal Asynchronous Receiver Transmitter - UART

m Asynchronous serial communication operating baud rate clock frequency up to fpcix/16 MHz
m Full duplex communication
m Fully programmable serial communication characteristics including:

e Word length: 7, 8 or 9-bit character

e Parity: Even, odd or no-parity bit generation and detection

e Stop bit: 1 or 2 stop bit generation

e Bit order: LSB-first or MSB-first transfer
m Error detection: Parity, overrun and frame error
The Universal Asynchronous Receiver Transceiver, UART, provides a flexible full duplex data
exchange using asynchronous transfer. The UART is used to translate data between parallel and
serial interfaces, and is commonly used for RS232 standard communication. The UART peripheral
function supports Line Status Interrupt. The software can detect a UART error status by reading
UART Status & Interrupt Flag Register, URSIFR. The status includes the type and the condition
of transfer operations as well as several error conditions resulting from Parity, Overrun, Framing
and Break events.

Cyclic Redundancy Check — CRC

m Supports CRC16 polynomial: 0x8005, X' + X' + X2+ 1

m Supports CCITT CRC16 polynomial: 0x1021, X' + X"+ X° +1

m Supports IEEE-802.3 CRC32 polynomial: 0x04C11DB7,
X32+x26+x23+X22+X16+X12+X11+X10+X8+X7+X5+X4+X2+X+1

m Supports 1’s complement, byte reverse & bit reverse operation on data and checksum

m Supports byte, half-word & word data size

m Programmable CRC initial seed value

m CRC computation executed in 1 AHB clock cycle for 8-bit data and 4 AHB clock cycles for 32-bit
data

m Supports PDMA to complete a CRC computation of a block of memory
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The CRC calculation unit is an error detection technique test algorithm which is used to verify data
transmission or storage data correctness. A CRC calculation takes a data stream or a block of data
as its input and generates a 16-bit or 32-bit output remainder. Ordinarily, a data stream is suffixed by
a CRC code and used as a checksum when being sent or stored. Therefore, the received or restored
data stream is calculated by the same generator polynomial as described above. If the new CRC code
result does not match the one calculated earlier, that means the data stream contains a data error.

Peripheral Direct Memory Access — PDMA

m 6 channels with trigger source grouping

m 8-bit, 16-bit, 32-bit width data transfer

m Supports Linear address, circular address and fixed address modes
m 4-level programmable channel priority

m Auto reload mode

m Supports trigger source:

ADC, SPI, QSPI, UART, I°C, GPTM, MIDI Engine and software request
The Peripheral Direct Memory Access controller, PDMA, moves data between the peripherals
and the system memory on the AHB bus. Each PDMA channel has a source address, destination
address, block length and transfer count. The PDMA can exclude the CPU intervention and avoid
interrupt service routine execution. It improves system performance as the software does not need
to join each data movement operation.

SPI Flash Data Memory

m Full voltage range: 2.3 V~3.6 V

m Serial Interface Architecture

m SPI compatible: Mode 0 and Mode 3

m 256 bytes per programmable page

m Standard, Dual or Quad SPI modes

m Low power consumption

m Uniform Sector Architecture

m Any sector or block can be erased individually

m Software and Hardware Reset

m Read Unique ID Number

The Flash data memory is a 16/32 Mbits Serial Flash memory, with advanced write protection
mechanisms. The devices support the single bit and four bits serial input and output commands
via standard Serial Peripheral Interface signals: Serial Clock, Chip Select, Serial DI(DQO) and
DO(DQ1), DQ2 and DQ3. The memory can be programmed 1 to 256 bytes each time, using the
Page Program instruction.

The devices also offer a sophisticated method for protecting individual blocks against erronecous
or malicious program and erase operations. By providing the ability to individually protect and
unprotect blocks, a system can unprotect a specific block to modify its contents while keeping the
remaining blocks of the memory array securely protected.
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Debug Support

m Serial Wire Debug Port — SW-DP
m 4 comparators for hardware breakpoint or code / literal patch

m 2 comparators for hardware watch points

Package and Operation Temperature

m 48/ 64-pin LQFP package
m Operation temperature range: -40 °C to 85 °C
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3 Overview

Device Information

Table 1. Features and Peripheral List

Peripherals HT32F61244 HT32F61245

Main Flash (KB) 63
Option Bytes Flash (KB) 1
SRAM (KB) 8

GPTM 1

SCTM 2
Timers BFTM 2

LSTM 1

WDT 1

QSPI 1
Communication SPl !

UART 1

1’C 1
PDMA 6 Channels
CRC-16 /32 1
EXTI 16
12-bit ADC 1
Number of channels 16 Channels
Music Synthesis Engine 16 Channels
16-bit DAC 2 Channels
SPI Flash Data Memory 16 Mbits 32 Mbits
GPIO Up to 49
CPU frequency Up to 48 MHz
Operating voltage 23V~36V
Operating temperature -40°C~85°C
Package 48 / 64-pin LQFP
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Figure 1. Block Diagram
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Memory Map
OxFFFF_FFFF
Reserved
0xE010_0000
Private peripheral bus _
0xE000_0000 [~ O0x400F_FFFF
B Reserved
0x400E_2000
0x400E_0000 QSPI
0x400B_8000 Reserved
0x400B_0000 GPIOA~D AHB
0x4009_2000 Reserved
REEEATEE 0x4009_0000 PDMA
0x4008_C000 Reserved
0x4008_A000 CRC
0x4008_8000 CKCU & RSTCU
0x4008_2000 Reserved
0x4010_0000 0x4008_0000 FMC
AHB peripherals 512 KB 0x4007_8000 Reserved
) 0x4008_0000 0x4007_7000 BFTM1
Peripheral ¢
APB peripherals 0x4007_6000 BFTMO
0x4000_0000 512KB 0x4007_5000 Reserved
0x4007_4000 SCTM1
Reserved
0x4006_E000 GPTM
Reserved
Reserved 0x4006_A000 LSTM & PWRCU
SRAM Reserved
0x4006_8000 WDT
Reserved
0x4006_0000 MIDI Engine
0x2000_2000 Reserved
0x4005_4000 DAC
8 KB on-chip SRAM 8 KB R APB
0x2000_0000 0x4004_8000 1’c
Rocd 0x4003_5000 Reserved
0x1FFO0_0400 _ 0x4003_4000 SCTMO
. . 0x4002_5000 Reserved
Option byte alias 1KB
0x1FF0_0000 | 0x4002_4000 EXTI
Reserved jResonved
0x1F00_0800 _ 0x4002_2000 AFIO
Code Boot loader 2KB RESEREE
0x1F00_0000 | 0x4001_0000 ADC
Reserved REEEEE
0x0001_0000 _ 0x4000_4000 SPI
Reserved
0x4000_1000 UART
L_ 0x4000_0000 Reserved
64 KB on-chip Flash -
64 KB
0x0000_0000

Figure 2. Memory Map
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Start Address End Address Peripheral Bus
0x4000_0000 0x4000_OFFF Reserved
0x4000_1000 0x4000_1FFF UART
0x4000_2000 0x4000_3FFF Reserved
0x4000_4000 0x4000_4FFF SPI
0x4000_5000 0x4000_FFFF Reserved
0x4001_0000 0x4001_OFFF ADC
0x4001_1000 0x4002_1FFF Reserved
0x4002_2000 0x4002_2FFF AFIO
0x4002_3000 0x4002_3FFF Reserved
0x4002_4000 0x4002_4FFF EXTI
0x4002_5000 0x4003_3FFF Reserved
0x4003_4000 0x4003_4FFF SCTMO
0x4003_5000 0x4004_7FFF Reserved
0x4004_8000 0x4004_8FFF 12C
0x4004_9000 0x4005_3FFF Reserved
0x4005_4000 0x4005_4FFF DAC APB
0x4005_5000 0x4005_FFFF Reserved
0x4006_0000 0x4006_OFFF MIDI Engine
0x4006_1000 0x4006_7FFF Reserved
0x4006_8000 0x4006_8FFF WDT
0x4006_9000 0x4006_9FFF Reserved
0x4006_A000 0x4006_AFFF LSTM & PWRCU
0x4006_B000 0x4006_DFFF Reserved
0x4006_E000 0x4006_EFFF GPTM
0x4006_F000 0x4007_3FFF Reserved
0x4007_4000 0x4007_4FFF SCTMA1
0x4007_5000 0x4007_5FFF Reserved
0x4007_6000 0x4007_6FFF BFTMO
0x4007_7000 0x4007_7FFF BFTM1
0x4007_8000 0x4007_FFFF Reserved
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Start Address End Address Peripheral Bus
0x4008_0000 0x4008_1FFF FMC
0x4008_2000 0x4008_7FFF Reserved
0x4008_8000 0x4008_9FFF CKCU & RSTCU
0x4008_A000 0x4008_BFFF CRC
0x4008_C000 0x4008_FFFF Reserved
0x4009_0000 0x4009_1FFF PDMA
0x4009_2000 0x400A_FFFF Reserved
0x400B_0000 0x400B_1FFF GPIOA AHB
0x400B_2000 0x400B_3FFF GPIOB
0x400B_4000 0x400B_5FFF GPIOC
0x400B_6000 0x400B_7FFF GPIOD
0x400B_8000 0x400D_FFFF Reserved
0x400E_0000 0x400E_1FFF QSPI
0x400E_2000 0x400F_FFFF Reserved
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Clock Structure

CK_REF
CKREFEN CKREFPRE
8 MHz PLLSRC
HSIRC PLLEN fck_pLe,max = 48 MHz
| 8 STCLK
8 —p )
1 CK_PLL (to SysTick)
HSIEN PLL ,
0 SW[2:0]
CK_GPIO
4-16 MHz fo_svsmax = 48 MHz PAEN —i ) P (0 GPIO port)
HSE XTAL L o0x PDEN
CK_HSI o011 | SKSYS | AHB Prescaler - FCLK
HSEEN +1,2,4,8,16,32 > (free running clock)
CK_HSE 010
HCLKC
11 CMOPEN (to Cortex™-M0+)
@ (control by HW)
110 <
S5 HCLKD
PDMAEN (to PDMA)
Clock
Monitor HCLKQ
QSPIEN (to QSPI)
CK_CRC
CRCEN (to CRC)
CK LS| HCLKF
32 kHz — CK_WDT (to Flash)
LSIRC CMOPEN
FMCEN
WDTEN
HCLKS
(to SRAM)
CMOPEN
CK_LSTM SRAMEN
LSTMEN HCLKBM
(to Bus Matrix)
CKOUTSRC[2:0] CMOPEN
BMEN
000|————— CK_REF
001f—————— CK_AHB/16
010p———— CK_SYS/16 ’ |./|-\(;P|_B|(é\de )
CKOUT ] ridge;
DJ—— o11——— ok HsErte CMOPEN
100|——————— CK_HSI/16 —
101[———— Reserved APBEN
110f———— CK_LSI
CK_AHB
Legend: . Peripherals | CK_AHB/2
HSE = High Speed External clock Clock PCLK ( AFIO, ADC,
HSI = High Speed Internal clock Prescaler | CK_AHB/4 SPIEN DAC, SPI, UART, I°C,
= +1,2,4,8 GPTM, BFTMx,
LSI = Low Speed Internal clock CK_AHB/8 12CEN SCTMx, EXTI, WDT,
Midi Engine)
ADC
Prescaler ~|———®CK_ADC IP
+1,2,34,8,...
ADCEN
Figure 3. Clock Structure
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4 SPI Flash Data Memory

The SPI Flash Data Memory is the location where the user’s music data is stored. By using the
Holtek Audio Workshop tool, these devices offer users the flexibility to conveniently change and
develop their applications while also offering a means of field programming.

The SPI Flash data memory supports the single bit and four bits serial input and output commands
via standard Serial Peripheral Interface (SPI) signals: Serial Clock, Chip Select, Serial DI(DQO)

and DO(DQI), DQ2 and DQ3.

The internal Flash Data Memory within the devices has a capacity of 16 / 32 Mbits respectively and

can be programmed 1 to 256 bytes each time, using the Page Program instruction.

I \ I \
X-Decoder Flash Memory
—V ——V
Address
Buffer 4
And
Latches
N\
14 Y-Decoder
Ll
= ~ “
A 4 A\ A 4 ﬁ

1/0 Buffers

Control Logic And
Data Latches

T

Cs#

T

CLK

R

DI(DQO)  DO(DQ1) DQ2

Serial Interface
DQ3
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Standard SPI Mode

The Flash data memory is accessed through an SPI compatible bus consisting of four signals: Serial
Clock (CLK), Chip Select (CS#), Serial Data Input (DI) and Serial Data Output (DO). Both SPI bus
operation Modes 0 (0, 0) and 3 (1, 1) are supported. The primary difference between Mode 0 and
Mode 3, as shown in the following figure, concerns the normal state of the CLK signal when the
SPI bus master is in standby state and data is not being transferred to the Serial Flash. For Mode 0,
the CLK signal is normally low. For Mode 3 the CLK signal is normally high. In either case, data
input on the DI line is sampled on the rising edge of CLK. Data output on the DO line is clocked
out on the falling edge of CLK.

CS# _| l—
- le_I_I_I_I_I_I_I_I_I_I_I_I_I_I_LI_LILTL—LL opeo
DI (Bit 7Xit 6XBit 5XBit 4XBit 3XBit 2XBit 1XBit 0) 'XXVKX‘ X 3ON‘TCAFEXXV)(X‘E(XX XXO—

MSB A v v

4 \4 W
HIGH IMPEDANCE
bo Bit 7XBit 6XBit 5XBit 4XBit 3Bt 2XBit 1XBIt )
B

MS

Quad I/0 SPI Mode

The Flash Memory supports Quad input/output operation when using the Quad I/O Fast Read (EBh)
instruction. This instruction allows data to be transferred to or from the Serial Flash memory at
four to six times the rate possible with the standard SPI. When using Quad SPI instruction the DI
and DO lines become bidirectional I/O lines DQO and DQI, and DQ2 and DQ3 are also used.

CS# \

MODE3 0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23
vobEe S T T U U UL L
o MOBED NN RSN RN R E—
|<—|nstruction (EBh) —>| ! ! i 1© Switchgs from
i i H Ihput to Gutput
DQO 4XoX4XoY4XoX4aYo '4;. @(z:
: : : i Eﬂ L

|_

AN L
DQ3 EXEXXEXXE DEOET
A A i a1 f :|_

A23-16} A15-8 | A7-0 DummyDummy{DummyiyByte 1} Byte 2

= a a —
DQ1 51 XsX1¥s5X1X5X1

j ; : ! A —
DQ2 6X2X 6 X2X 6 X2X6 X2 :6::6|_
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Read Data Bytes at Higher Speed (FAST_READ) (0Bh)

The Flash data Memory is first selected by driving Chip Select (CS#) to Low. The instruction
code for the Read Data Bytes at Higher Speed (FAST READ) instruction is followed by a 3-byte
address (A23-A0) and a dummy byte, each bit being latched-in during the rising edge of Serial
Clock (CLK). Then the memory contents, at that address, is shifted out on Serial Data Output (DO),
each bit being shifted out at the falling edge of Serial Clock (CLK).

The instruction sequence is shown in following figure. The first byte to be addressed can be at
any location. The address is automatically incremented to the next higher address after each byte
of data is shifted out. The whole memory can, therefore, be read with a single Read Data Bytes at
Higher Speed (FAST READ) instruction. When the highest address is reached, the address counter
rolls over to 000000h, allowing the read sequence to be continued indefinitely.

The Read Data Bytes at Higher Speed (FAST READ) instruction is terminated by driving Chip
Select (CS#) to High. Chip Select (CS#) can be driven High at any time during data output. Any
Read Data Bytes at Higher Speed (FAST READ) instruction, while an Erase, Program or Write
cycle is in progress, is rejected without having any effects on the cycle that is in progress.

CS# \ ) )

MODE3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31
oD T T LT UL, T L L
CLk — —

|<— Instruction (0Bh) —>|<— 24-Bit Address —PI

b XX (23)22K 2 H~ 3 X2 )1 X O

DO | {—

cs# — il

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

CLK [

Dummy Byte ———p| .
DI maamaann XXX X XXX XXX XXX X XXX XXX XXX

|¢—— Data Out | ———»i4——— Data Out 2 ————»
v

| —
Do —i 7 X6X5XAX3X2 K1 XOX7 X6 X5 XAX3X2XIXOX7,
*

* *

* = MSB
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Quad Input / Output FAST_READ (EBh)

For the Quad Input/Output FAST READ (EBh) instruction, the address and data bits are input and
output through four lines, DQO, DQI1, DQ2 and DQ3 and six dummy clocks are required prior to
the data output. The Quad I/O dramatically reduces instruction overhead allowing faster random
access for code execution (XIP) directly from the Quad SPL

The Quad Input/Output FAST READ (EBh) instruction enables quad throughput of Serial Flash in
read mode. The address is latched on the rising edge of CLK, and data of every four bits (interleave
on 4 1/0 lines) is shifted out on the falling edge of CLK. The first address can be any location. The
address is automatically increased to the next higher address after each byte data is shifted out, so
the whole memory can be read out with a single Quad Input/Output FAST READ instruction. The
address counter rolls over to 000000h when the highest address has been reached. Once writing
Quad Input/Output FAST READ instruction, the following address/dummy/data out will be
performed as 4-bit instead of previous 1-bit.

The sequence of issuing Quad Input/Output FAST READ (EBh) instruction is: CS# goes low =
send Quad Input/Output FAST READ (EBh) instruction = 24-bit address interleave on DQ3,
DQ2, DQI and DQO = 6 dummy clocks = data out interleave on DQ3, DQ2, DQI1 and DQO =
drive CS# to High at any time during data out to end Quad Input/Output FAST READ (EBh)
operation, as shown in the following figure.

CS# \

MODE3 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

MODE 0 }
— i : : : 1 ! i
Instruction Ip Switch:es from
(EBh) i i ; Ihput to Qutput
DQO 4XoXaXoYaXoYaYo N @Xz:
0000 ﬁ. (5
= a a A —
DQ1 5X1X5X1X5X1X5X1
: : : : ——
A S Ly
DQ2 6X2X6X2K6X2X6X2 6 X 6
EOEEE 120 0.0 G
; 5 : H i i
i i i 1 i i
A23-16 | A15-8 i A7-0 {DummyiDummy;Dummyiy Byte 1} Byte 2 |
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5 Pin Assignment

HT32F61244/61245
48 LQFP-A
< | < S
o lo|lv| ||| 3|3l oo e >
ololg|lo|lolo|lw|v|w|w|o| o T T
> > o) [¢2) N - 4] S w N - o % o
AFO 48 | 47 | 46 | 45 | 44 | 43 [ 42 | 41 | 40 [ 39 | 38 | 37 AFO AF1
(Default) O (Default)
-33va 33V_A|33v_A[33v_A| 33v | 33v | 33v | 33v | 33v | 33v
PAO 1 [38V_A 36 | VDD_SPI
PA1 2 |sav.a .3.3VDigita| Power Pad 35 | vss spi
PA2 3 [s3v.A 34 VSS_2
. 3.3 V Analog Power Pad
PA3 4 |33v.A 33v | 33 PA14
PA4 5 |3v.A . 1.5V Power Pad sav | 32 SWDIO PA13
PA5 6 |33V_A o 33v | 31 SWCLK PA12
A~ | 3:3V Digital & Analog I/O Pad
PA6 7 |33v.A 33v | 30 PA11
PA7 8 |[sav.a 33v | 3.3 V Digital I/O Pad s3v | 29 PA10
PC4 9 |[33v.A 33v | 28 BPOAgTI_
33%=1 3.3 v Pad with default Pull-up
PC5 10 [33v_A 33v | 27 PA8
33V,
PC6 11 | sav Soxi | 3:3V + XTAL Pad ssv | 26 PC13
PC7 12 | s3v 33v | 25 PC12
V| 3a3v | sav [ sav [ sav )%?'Y\E )%?'Y\E 33v | aav
13|14 |15 (16|17 | 18 [ 19| 20 | 21 | 22 | 23 | 24
X x —
< < 3 = d |w]
218la|2|zl2|3|g|2|Z2|3|3] 33
gl2|2]&|8|s|3|e|lc|ela|=|E]
— ] ~
S| 2|2 >
N | w |~ -

Figure 4. 48-pin LQFP Pin Assignment
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HT32F61244/61245
64 LQFP-A
<| < <| v | v o
AR IR AR A R I A A A A A A A g3
> > o] ~ (o] w N - I()J I3} N a & w N - % o
AFO 64 [ 63 | 62 | 61 | 60 | 59 | 58 | 57 | 56 | 55 | 54 | 53 | 52 [ 51 [ 50 | 49 AFO AF1
(Default) O (Default)
-33V_A 33v_A|33v_A[33v_A|33V_A 33V_A. 33v [ s3v | s3v | 33v | 33v | 33v | 33v
PAO 1 |[s3v.A 33V | 48 PBO
PA1 2 |33v.A 47 VDD_SPI
PA2 3 [33v.A 46 | VSS_SPI
3.3 V Digital Power Pad
PA3 4 |33V_A 33v | 45 NC
PA4 5 |33v_A 3.3 V Analog Power Pad 33V | 44 NC
PA5 6 |33v.A 33v | 43 NC
1.5 V Power Pad
PA6 7 |33v.A 42 VSS_2
PA7 8 |[33v.A 3.3 V Digital & Analog I/0 Pad 33v | 41 PA15
VDD_4 9 33v | 40 PA14
3.3 V Digital I/0 Pad
vss_4 | 10 ®-139| swbio PA13
PC4 | 11 [sva 3.3V Pad with default Pull-up 0| 38| sweik PA12
PC5 12 |33v_A 33v | 37 PA11
3.3V + XTAL Pad
PC8 13 [3sv_A 33v | 36 PA10
33V_ PA9_
PC9 14 [33v_A pu [ 38 BOOT
PC6 15 | 33v 33v | 34 PA8
PC7 16 | 33v 33v | 33 PC13
3V sav | sav [ sav | sav | sav | S ASSE sav | sav | sav | sav [ sav
17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
X = —
< < x =
2ls|alz2|z|8|3|alz|3|zl3]|2|3]|3]3 83
o o} (&} » @ = x o g9 e o X Q pEY N N T
ofLf'sfa]®]el=lc|°]|lz|E|lo|°|o|~>]|D® c o
= 3 =
bl o | T
w W | @ >
=2 2= T
N w & N

Figure 5. 64-pin LQFP Pin Assignment
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Alternate Function Number

o

- AFO | AF1 | AF2 |AF3| AF4 AF5 AF6 AF7 |AF8|AF9 | AF10 | AF11 | AF12 | AF13 | AF14 | AF15
Lg:P L:l?:P yetem | Gpio | A0 | NA| GPTM | SPUQSPI | UART | FC | NA| NA| NA | NA | NA | SCTM | NA | SyStem
1 1 PAO ADC_IN4 QSPI_SCK
2 2 PA1 ADC_IN5 QSPI_SIO0
3 3 PA2 ADC_IN6 QSPI_SIO1
4 4 PA3 ADC_IN7 QSPI_SEL
5 5 PA4 ADC_IN8 GT_CHO SPI_SCK 12C_sCL
6 6 PA5 ADC_IN9 GT_CH1 SPI_MOSI 12C_SDA
7 7 PA6 ADC_IN10 GT_CH2 SPI_MISO
8 8 PA7 ADC_IN11 GT_CH3 SPI_SEL
9 — VDD_4
10 — VSS_4
1 9 PC4 ADC_IN12 GT_CHO QSPI_SI02 UR_TX SCTMO
12 10 PC5 ADC_IN13 GT_CH1 | QSPISIO3 | UR_RX SCTM1
13 — PC8 ADC_IN14 GT_CH2
14 — PC9 ADC_IN15 GT_CH3
15 1 PC6 12C_SCL
16 12 PC7 12C_SDA
17 13 CLDO
18 14 VDD_1
19 15 VSS_1
20 16 nRST
21 17 PB9 QSPI_SI02
22 18 PB10
23 19 PB11
24 20 LSTMOUT PB12 SCTMO0 WAKEUP
25 — PDO QSPI_SIO3 12C_SDA
26 21 XTALIN PB13
27 22 XTALOUT PB14
28 23 PB15 SPI_SEL
29 — PCO SPI_SCK
30 — PC10 QSPI_SEL
31 24 PC11 QSPI_SCK
32 25 PC12 QSPI_SIO0 12C_SsCL
33 26 PC13 QSPI_SIO1 12C_SDA
34 27 PA8 QSPI_SI02
35 2 figiecs SPI_MOSI cKouT
36 29 PA10 QSPI_SIO3
37 30 PA11 SPI_MISO SCTMO
38 31 SWCLK PA12
39 32 SWDIO PA13
40 33 PA14 QSPI_SEL
41 — PA15 QSPI_SCK SCTM1
42 34 VSS_2
43 ~ 45 — NC
46 35 VSS_SPI
47 36 VDD_SPI
48 37 PBO QSPI_SIO0 12C_SCL
49 38 PB1 QSPI_SIO1 12C_SDA
50 39 PB2 SPI_SEL UR_TX
51 40 PB3 SPI_SCK UR_RX SCTM1
52 41 PB4 SPI_MOSI SCTMO0
53 42 PB5 SPI_MISO
54 — PC14 12C_SCL
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Alternate Function Number
Package
AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 | AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15

64 48 S ADC/ 2 S
e | e Dﬁ:’;: GPIO | ‘nnc | N/A| GPTM | SPUQSPI | UART EC |NA|NA| NA | NA | NA | SCTM | N/A gfl:‘:’r"

55 — PC15 12C_SDA

56 — VDD_3

57 43 PC1 DAC_RCH QSPI_SEL

58 44 PC2 DAC_LCH QSPI_SCK

59 — PC3 ADC_INO QSPI_SIO0

60 45 PB6 ADC_IN1 QSPI_SIO1 UR_TX

61 — PB7 ADC_IN2 QSPI_SI02

62 46 PB8 ADC_IN3 QSPI_SIO3 UR_RX

63 47 VDDA

64 48 VSSA
Table 4. Pin Description

Pin Number Pin Tvoe 1/0 Output Description
e .

64LQFP | 48LQFP Name YP® " structure ®  Driving Default Function (AF0)

1 1 PAO Al/O 33V 4/8/12/16 mA | PAO

2 2 PA1 Al/O 33v 4/8/12/16 mA | PA1

3 3 PA2 Al/O 33V 4/8/12/16 mA | PA2

4 4 PA3 Al/O 33V 4/8/12/16 mA | PA3

5 5 PA4 Al/O 33v 4/8/12/16 mA | PA4

6 6 PA5 Al/O 33v 4/8/12/16 mA | PA5

7 7 PA6 Al/O 33V 4/8/12/16 mA | PA6

8 8 PA7 Al/O 33V 4/8/12/16 mA | PA7

9 — VDD_4 P — — Voltage for digital 1/0

10 — VSS 4 P — — Ground reference for digital I/O

11 9 PC4 | AI/O 33V 4/8/12116 ma | PC4. this pin provides a UART_TX
function in the Boot loader mode.

12 10 PC5 | AlO 33V 4/8/12116 ma P 5. this pin provides a UART_RX
function in the Boot loader mode.

13 — PC8 Al/O 33V 4/8/12/16 mA | PC8

14 — PC9 Al/O 33v 4/8/12/16 mA | PC9

15 11 PC6 I/0 33v 4/8/12/16 mA | PC6

16 12 PC7 I/0 33V 4/8/12/16 mA | PC7
Core power LDO Vcore output.

17 13 CLDO = . . A 22 uF capamtqr must be conn_ectgd
as close as possible between this pin
and VSS_1.

18 14 VDD _1 P — — Voltage for digital 1/0

19 15 VSS_1 P — — Ground reference for digital I/0

20 16 ARST | 33V _PU . E_xtgrnal reset pin and external wakeup
pin in the Power-Down mode

21 17 PB9 I/0 33V 4/8/12/16 mA | PB9

22 18 PB10 I/0 33v 4/8/12/16 mA | PB10

23 19 PB11 I/0 33v 4/8/12/16 mA | PB11

24 20 PB12 I/0 33V 4/8/12/16 mA | PB12
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Pin Number Pin Tvoe J[e} Output Description
64LQFP | 48LQFP Name YP® " structure®  Driving Default Function (AF0)

25 — PDO I/0 33V 4/8/12/16 mA | PDO

26 21 PB13 | AI/O 33V 4/8/12/16 mA | XTALIN

27 22 PB14 | AI/O 33V 4/8/12/16 mA | XTALOUT

28 23 PB15 I/0 33V 4/8/12/16 mA | PB15

29 — PCO I/0 33V 4/8/12/16 mA | PCO

30 — PC10 I/0 33V 4/8/12/16 mA | PC10

31 24 PC11 I/0 33V 4/8/12/16 mA | PC11

32 25 PC12 I/0 33V 4/8/12/16 mA | PC12

33 26 PC13 I/0 33V 4/8/12/16 mA | PC13

34 27 PA8 I/0 33V 4/8/12/16 mA | PA8

35 28 PA9 I/0 33V_PU 4/8/12/16 mA | PA9_BOOT

36 29 PA10 I/0 33V 4/8/12/16 mA | PA10

37 30 PA11 I/0 33V 4/8/12/16 mA | PA11

38 31 PA12 I/0 33V_PU 4/8/12/16 mA | SWCLK

39 32 PA13 I/0 33V_PU 4/8/12/16 mA | SWDIO

40 33 PA14 I/0 33V 4/8/12/16 mA | PA14

41 — PA15 I/0 33V 4/8/12/16 mA | PA15

42 34 VSS_2 P — — Ground reference for digital I/O
43 ~ 45 — NC — — — No connected

46 35 V§PS|_ . 33V . il?(larl(-;lsgg Data Memory Ground

47 36 Vggl— — 33V — SPI Flash Data Memory Power

48 37 PBO I/0 33V 4/8/12/16 mA | PBO

49 38 PB1 I/0 33V 4/8/12/16 mA | PB1

50 39 PB2 I/0 33V 4/8/12/16 mA | PB2

51 40 PB3 I/0 33V 4/8/12/16 mA | PB3

52 41 PB4 I/0 33V 4/8/12/16 mA | PB4

53 42 PB5 I/0 33V 4/8/12/16 mA | PB5

54 — PC14 I/0 33V 4/8/12/16 mA | PC14

55 — PC15 I/0 33V 4/8/12/16 mA | PC15

56 — VDD_3 P — — Voltage for digital 1/0

57 43 PC1 Al/O 33V 4/8/12/16 mA | PC1

58 44 PC2 Al/O 33V 4/8/12/16 mA | PC2

59 — PC3 Al/O 33V 4/8/12/16 mA | PC3

60 45 PB6 Al/O 33V 4/8/12/16 mA | PB6

61 — PB7 Al/O 33V 4/8/12/16 mA | PB7

62 46 PB8 Al/O 33V 4/8/12/16 mA | PB8

63 47 VDDA P — — Analog voltage for ADC and DAC

64 48 VSSA P — — Ground reference for the ADC and DAC

Note: 1. | = input, O = output, A = Analog port, P = power supply, PU = pull-up.
2. 33V = 3.3 V tolerant.
3. The GPIOs are in an AFO0 state after a Vcore power on reset (POR).
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Internal Connection Signals

The SPI Flash data memory supports the single bit and four bits serial input and output commands
via standard Serial Peripheral Interface signals: Serial Clock, Chip Select, Serial DI (DQO) and
DO (DQI1), DQ2 and DQ3. These signals have been internally connected to the QSPI peripheral.
The connections are listed in the following table and the related control registers should be
configured correctly using application program.

Table 5. Internal Connection Signal Lines

Connected Standard
Serial Peripheral Description
Interface Signal Name

QSPI Peripheral
Signal Name

SPI Flash data memory serial data input (data
input / output 0)™,

The MCU AFIO setting should be AF5 to select the
QSPI pin function.

PD6 / QSPI_DO DI (DQO)

SPI Flash data memory serial clock input.
PD5 / QSPI_SCK CLK The MCU AFIO setting should be AF5 to select the
QSPI pin function.

SPI Flash data memory data input / output 3"
PD4 / QSPI_D3 DQ3 The MCU AFIO setting should be AF5 to select the
QSPI pin function.

SPI Flash data memory data input / output 2
PD3 /QSPI_D2 DQ2 The MCU AFIO setting should be AF5 to select the
QSPI pin function.

SPI Flash data memory data output (data input /
output 1)

The MCU AFIO setting should be AF5 to select the
QSPI pin function.

PD2/QSPI_D1 DO (DQ1)

SPI Flash data memory chip select.
PD1/QSPI_SCSB CS# The MCU AFIO setting should be AF5 to select the
QSPI pin function.

Note: 1. DQO and DQ1 are used for Standard SPI and Quad 1/0 SPI modes.
2. DQO ~ DQ3 are used for Quad I/0O SPI mode.
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6 Application Circuits

HT7833

5V

0.1uF

V33

I

; ;10“': l 10pF_l?

VDD: Digital Power
VDDA: Analog Power
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Absolute Maximum Ratings

The following table shows the absolute maximum ratings of the devices. These are stress ratings
only. Stresses beyond absolute maximum ratings may cause permanent damage to the devices.
Note that the devices are not guaranteed to operate properly at the maximum ratings. Exposure to
the absolute maximum rating conditions for extended periods may affect device reliability.

Table 6. Absolute Maximum Ratings

Symbol Parameter Min. Max. Unit
Voo External Main Supply Voltage Vss-0.3 | Vss + 3.6 \Y,
Vbpa External Analog Supply Voltage Vssa-0.3 | Vssa+ 3.6 Vv
Vin Input Voltage on 1/0 Ves-0.3 | Vop + 0.3 \%
Ta Ambient Operating Temperature Range -40 85 °C
Tste Storage Temperature Range -60 150 °C
T, Maximum Junction Temperature — 125 °C
Po Total Power Dissipation — 500 mwW
Vesp Electrostatic Discharge Voltage — Human Body Mode | -4000 4000 Vv

Recommended DC Operating Conditions
Table 7. Recommended DC Operating Conditions

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Voo 1/0 Operating Voltage — 2.3 3.3 3.6 \%
Vooa Analog Operating Voltage — 2.5 3.3 3.6 Vv

On-Chip LDO Voltage Regulator Characteristics
Table 8. LDO Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Voo = 2.0 V Regulator input
Vioo v;ﬁ;”z' Regulator Output| &7 ' " 35 mA and voltage 1425 15 157 | V
9 variation = £5 %, After trimming.
Vpp = 2.0 V Regulator input .
ILoo Output Current @ Vioo =15V 30 35 mA
External Filter Capacitor | The capacitor value is dependent
Cioo Value for Internal Core | on the core power current — 2.2 — uF
Power Supply consumption
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Power Consumption

Table 9. Power Consumption Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. Max. | Unit

Vpp = 3.3V, HSE = 8 MHz,
PLL =48 MHz, fucik = 48 MHz,
fPCLK =48 MHZ,

All peripherals enabled

Vpp = 3.3V, HSE = 8 MHz,
PLL =48 MHz, fucwk = 48 MHz,
fPCLK =48 MHZ,

Supply Current All peripherals disabled

(Run Mode) Voo = 3.3V, HSE off, PLL off,
LSI on, fHCLK =32 kHZ,

fPCLK =32 kHZ,

All peripherals enabled

Voo = 3.3 V, HSE off, PLL off,
LSI on, fHCLK =32 kHZ,

fPCLK =32 kHZ,

All peripherals disabled

loo Voo = 3.3 V, HSE = 8 MHz,
PLL = 48 MHz, fycik = 0 MHz,
fPCLK =48 MHZ,

Supp|y Current All periphera|s enabled
(Sleep Mode) Voo = 3.3V, HSE = 8 MHz,
PLL =48 MHZ, fHCLK =0 MHZ,
fPCLK =48 MHZ,

All peripherals disabled

VDD =3.3 V,

All clock off (HSE / PLL / fucix), — 11587 | — MA
LDO in low power mode, LS| on
VDD =3.3 V,

All clock off (HSE / PLL / fucix), — 4.11 — MA
LDO off, DMOS on, LSl on

Supply Current Vop = 3.3V, LDO off, DMOS off,
(Power-Down Mode) | LSl on

— 1381 —

mA

— 2.75 — mA

— 9.76 —

mA

— | 147 | —

Supply Current
(Deep-Sleep1 Mode)

Supply Current
(Deep-Sleep2 Mode)

— 123 — | A

Note: 1. HSE means high speed external oscillator. HSI means 8 MHz high speed internal oscillator.
2. LSl means 32 kHz low speed internal oscillator.
3. Code = while (1) {208 NOP} executed in Flash.
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Reset and Supply Monitor Characteristics

Table 10. Vpp Power Reset Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol

Parameter

Conditions

Min. | Typ. | Max. | Unit

VPOR

Power-on Reset Threshold
(Rising Voltage on Vpp)

Vror

Power-down Reset
Threshold (Falling Voltage
on VDD)

Ta=-40°C~85°C

166 | 1.79 | 190 | V

149 1164 178 | V

VPORHYST

POR Hysteresis

— 150 — mV

tPOR

Reset Delay Time

VDD = 33 V

— 0.1 0.2 ms

Note: 1. Data based on characterization results only, not tested in production.
2. If the LDO is turned on, the Vpp POR has to be in the de-assertion condition. When the Vpp

POR is in the assertion state then the LDO will be turned off.

Table 11. LVD/BOD Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Veoo \é‘;'tt:gﬂeozf Brown Out E‘ter ?aoqcfl:'y-tﬁirr(l:ed 202 | 21 218 | Vv
(Voo Falling edge)
LVDS =000 2.17 | 2.25 | 2.33
LVDS =001 | 2.32 2.4 2.48
LVDS =010 247 | 255 | 2.63
Vies Voltage of Low Voltage | Ta = -40 °C ~ 85 °C LvDS =011 262 | 2.7 | 278 v
Detection (Voo Falling edge) | LVDS =100| 2.77 | 2.85 | 2.93
LVDS =101| 2.92 3.0 3.08
LvDS =110 | 3.07 | 3.15 | 3.23
LVDS =111 | 3.22 3.3 3.38
Vwonrst | LVD Hysteresis Vop =33V — — 100 — mV
tsuvo LVD Setup Time Vop =33V — — — 5 us
tatvo LVD Active Delay Time | Vpp = 3.3V — — — — us
IppLvp Operation Current @ | Vpp=3.3V — — 5 15 pA

Note: 1. Data based on characterization results only, not tested in production.
2. Bandgap current is not included.
3. LVDS field is in the PWRCU LVDCSR register
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External Clock Characteristics

Table 12. High Speed External Clock (HSE) Characteristics

Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Voo Operation Range — 2.0 — 3.6 \%
High Speed External
fise Oscillator Frequency (HSE) - 4 — | 16 | MHz
. VDD =33 V, RESR =100 Q
C. Load Capacitance @ 16 MHz — — 22 pF
Internal Feedback Resistor
Rense between XTALIN and — — 1 — MQ
XTALOUT Pins
Voo =3.3V,C.=12pF
. . , @ 16 MHz, HSEDR =0
Resr Equivalent Series Resistance — — 160 Q
Vop =24V, CL=12pF
@ 16 MHz, HSEDR =1
Dhse HSE Oscillator Duty cycle — 40 — 60 %
HSE Oscillator Current _
IppHse Consumption Vpp =3.3V @ 16 MHz — | TBD | — mA
HSE Oscillator P D
loworse CurrentSCI ator Power Down Voo = 3.3V o — 001 pA
tsunse HSE Oscillator Startup Time |Vpp =3.3V — — 4 ms

Note: The following guidelines are recommended to increase the stability of the crystal circuit of the
HSE clock in the PCB layout.
1. The crystal oscillator should be located as close as possible to the MCU to keep the trace

ength as short as possible to reduce the parasitic capacitance.

2. Shield lines in the vicinity of the crystal by using a ground plane to isolate signals and reduce
noise.
3. Keep the high frequency signal lines away from the crystal area to prevent the crosstalk
adverse effects.

Internal Clock Characteristics

Table 13. High Speed Internal Clock (HSI) Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Voo Operation Range — 2.0 — 3.6 \%
fusi HSI Frequency Voo =33V @ 25°C — 8 — MHz
Vop=3.3V, TA=25°C -2 — +2 %
Fact_ory Calibrated HSI Vop =25V ~36YV, 3 . +3 o
ACChys) Oscillator Frequency To=-40°C~85°C
Accuracy — _
e T PR
Duty Duty Cycle fusi = 8 MHz 35 — 65 %
Oscillator Supply Current — 300 500 MA
IooHs fusi = 8 MHz
Power Down Current — — 0.05 WA
tsumsi Startup Time fusi = 8 MHz — — 10 us
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Table 14. Low Speed Internal Clock (LSI) Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Low Speed Internal Oscillator Voo = 3.3V,
fis Frequency (LSI) Ta = -40 °C ~ 85 °C 2132 1 43 | Kz
After factory-trimmed, o
ACC.s; | LSI Frequency Accuracy Voo = 3.3 V. T = 25 °C 10 | — | +10 | %
IboLsi LSI Oscillator Operating Current | Vpp = 3.3V, TA=25 °C — 04 | 08 MA
tsuLsi LSI Oscillator Startup Time Vop=3.3V, Ta=25°C — — 100 V&

PLL Characteristics

Table 15. PLL Characteristics
Ta =25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
foLun PLL input clock — 4 _ 16 | MHz
fek_pLL PLL output clock — 16 — 48 | MHz
tLock PLL lock time — — | 200 | — us

Memory Characteristics

Table 16. Flash Memory Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Number of Guaranteed Program/ K
Nenou Erase Cycles before Failure To=-40°C~85°C 10 — —
cycles
(Endurance)
treT Data Retention Time Ta=-40°C~85°C 10 — — | Years
teroG Word Programming Time Ta=-40°C~85°C 20 — — us
terase Page Erase Time Ta=-40°C~85°C 2 — — ms
tveERASE Mass Erase Time To=-40°C~85°C 10 — — ms

I/0 Port Characteristics

Table 17. 1/0 Port Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit

Low Level Input 33VIO [VI=Vss, Qn-chlp — — WA
pull-up resister

3
Current Resetpin | gisabled. — = 3 A

3

3

IIL

MA
MA

. 3.3VI/O VI = Vpp, On-chip — —
High Level Input ) pull-down resister
Current Reset pin disabled. J— J—

ln
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Symbol Parameter Conditions Min. | Typ. Max. | Unit
VDD
3.3VI/0 -05 | — Vv
v Low Level Input x 0.35
" Voltage R _ 05 Voo |
eset pin -0. — |x035
Voo Voo
3.3VI/0O — Vv
V High Level Input x 0.65 +0.5
IH
Voltage ) Voo Voo
Reset pin x065 — | +05 Vv
o 33V 10 A .
Schmitt Trigger Input % Vpp
Vhvs . mV
Voltage Hysteresis ) 0.12
Reset pin — —
% Vpp
3.3V I/O 4 mAdrive, VoL =0.4V 4 — —
Low Level Output 3.3V /0 8 mAdrive, Vo= 0.4V 8 | — | —
lou Current - mA
(GP'O Sink Current) 3.3V I1/012 mA drlve, Vo|_ =04V 12 — —
3.3V 1/O 16 mAdrive, VoL = 0.4V 16 — —
3.3V /O 4 mAdrive, 4 . .
VOH = VDD -04V
High Level Output 3.3V /O 8 mAdrive, 8 . .
| Current Vo = Vop - 0.4 V mA
o (GPIO Source 3.3V 1/0 12 mA drive, o | _ | _
Current) Vo = Vop - 0.4 V
3.3V I/0 16 mA drive, 16 . .
VOH = VDD -04V
3.3V 4 mAdrive I/O, lo. =4 mA — — 0.4
v Low Level Output 3.3V 8 mAdrive I/O, lo. = 8 mA — | — | 04 v
OL Voltage 33V12mAdrive /O, loo=12mA | — | — | 04
3.3V 16 mAdrive /O, o =16 mA | — — 0.4
3.3V 4 mAdrive /0, low = 4 mA _\{)DZ —
) 3.3V 8 mAdrive I/O, lon = 8 mA Voo | _ —
High Level Output -04
Von Vv
Voltage . Vob
3.3V 12 mAdrive I/O, lop= 12 mA 04 — —
. VDD
3.3V 16 mAdrive I/O, lon = 16 mA -04 — —
Internal Pull-up
Reu Resistor 3.3VI/0O — 46 — kQ
Internal Pull-down
Rep Resistor 3.3VI/0 — 46 — kQ
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ADC Characteristics

Table 18. ADC Characteristics
Ta = 25 °C, unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vopa Operating Voltage — 2.7 3.3 3.6 \%
A/DC rter Input Volt
Vaoen Rangeonve er Input Voltage . 0 . Veges Vv
A/DC rter Ref
Veers Vo”ag(;nve er Reference . — | Voor | Voon Vv
lapc Current Consumption Vopa = 3.3V, 1 Msps — 0.9 1.0 mA
Power Down Current _
IADCiDN Consumption Vooa=3.3V — — 0.1 HA
fanc A/D Converter Clock — 0.7 — 16 MHz
fs Sampling Rate — 0.05 | — 1 MHz
1ffanc
toL Data Latency — — 12.5 — Cycles
tsan Sampling & Hold Time — — | 35 — 1/faoc
S& : Cycles
t A/D Converter Conversion . . 16 . 1/fanc
ADCCONY | Time Cycles
R, Inpult Sampling Switch . . . 1 kO
Resistance
. . No pin/pad capacitance
C Input Sampling Capacitance included — 16 — pF
tsu Startup up Time — — — 1 us
N Resolution — — 12 — bit
INL Integral Non-linearity Error | fs = 750 kHz, Vppa = 3.3V | — 12 15 LSB
DNL Differential Non-linearity fs = 750 kHz, Vopr = 3.3V | — +1 . LSB
Error
Eo Offset Error — — — +10 LSB
Ec Gain Error — — — +10 LSB

Note: 1. Data based on characterization results only, not tested in production.

2. The figure below shows the equivalent circuit of the A/D Converter Sample-and-Hold input
stage where C, is the storage capacitor, R, is the resistance of the sampling switch and Rs
is the output impedance of the signal source Vs. Normally the sampling phase duration is
approximately, 3.5/fapc. The capacitance, C;, must be charged within this time frame and
it must be ensured that the voltage at its terminals becomes sufficiently close to Vs for
accuracy. To guarantee this, Rs is not allowed to have an arbitrarily large value.
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Figure 6. ADC Sampling Network Model

The worst case occurs when the extremities of the input range (0 V and Vggr) are sampled
consecutively. In this situation a sampling error below %4 LSB is ensured by using the following

equation:

35
fapcCiln(2V*?)
Where fapc is the ADC clock frequency and N is the ADC resolution (N = 12 in this case). A safe
margin should be considered due to the pin/pad parasitic capacitances, which are not accounted for
in this simple model.

S 1

If, in a system where the A/D Converter is used, there are no rail-to-rail input voltage variations
between consecutive sampling phases, Rs may be larger than the value indicated by the equation
above.

SCTM/GPTM Characteristics

Table 19. SCTM/GPTM Characteristics

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Timer Clock Source for GPTM and

fTM SCTM — — — 48 MHz
tres Timer Resolution Time — 1 — — 1/fmm
f External Signal Frequency On L . . 1/2 f

EXT Channel 0 ~ 3 ™

RES Timer Resolution — — — 16 bits
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I2C Characteristics
Table 20. I?’C Characteristics

Standard Fast Plus
Symbol Parameter Mode Fast Mode Mode Unit
Min. | Max. | Min. | Max. | Min. | Max.

fscL SCL Clock Frequency — 100 — 400 — 1000 | kHz
tscLm) SCL Clock High Time 4.5 — 1125 | — 0.45 — us
tscLy SCL Clock Low Time 4.5 — 1125 | — 0.45 — us
traLL SCL and SDA Fall Time — 1.3 — 0.34 — 10135 | wps
trise SCL and SDA Rise Time — 1.3 — 0.34 — 0.135 us
tsu(son) SDA Data Setup Time 500 — 125 — 50 — ns
trispa) SDA Data Hold Time 0 — 0 — 0 — ns
tsusta) START Condition Setup Time | 500 — 125 — 50 — ns
thisTa) START Condition Hold Time 0 — 0 — 0 — ns
tsuisto) STOP Condition Setup Time 500 — 125 — 50 — ns
Note: 1. Data based on characterization results only, not tested in production.

2. To achieve 100 kHz standard mode, the peripheral clock frequency must be higher than 2 MHz.

3. To achieve 400 kHz fast mode, the peripheral clock frequency must be higher than 8 MHz.

4. To achieve 1 MHz fast mode plus, the peripheral clock frequency must be higher than 20 MHz.

5. The above characteristic parameters of the 1°C bus timing are based on: SEQFILTER = 01
and COMBFILTEREN = 0 that COMB_filter is disabled.

tFALL tRISE l

_N

?

| > € (I |
| | | |
SCL | | | | |
| I g > e N | |
| | tscL) tscLH) | | |
[ | | | Iy
| e ¢ | | | lsusTo)
| |<->I H(SDA) |4->| |<->I tsuspa) I<—>|
| 4 \ [
| | | | WV | | |
SDA
(. | | | W\ |
tsu(sTa) el T T T W T

Figure 7. I°C Timing Diagrams
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SPI Characteristics

Table 21. SPI Characteristics
Symbol ‘ Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
SPI Master Mode

fsok Esalql\til:r?::‘i/r Output SCK Clock %A:Isgegrir;ﬁgfal clock — — feok/2 | MHz
requency fecik
:sz SCK Clock High and Low Time — tS_CK2’2 _ tSfK1/2 ns
tvmo) Data Output Valid Time — — — 5 ns
thvo) Data Output Hold Time — 2 — — ns
tsuqmry Data Input Setup Time — 5 — _ ns
thoan Data Input Hold Time — 5 — — ns
SPI Slave Mode
fsok g;lqifr:/:ylnpm SCK Clock glFa;lIvSe,\r/ilggeeral clock — — feck/3 | MHz
frequency fpcik
Dutyscx SE:ySézi/\gTelnput SCK Clock . 30 o 70 %
tsu(seL) SEL Enable Setup Time — 3 X tpoik | — — ns
thseL) SEL Enable Hold Time — 2 X tpok | — _ ns
taso) Data Output Access Time — — — | 3xtok | NS
tois(so) Data Output Disable Time — — — 10 ns
tviso) Data Output Valid Time — — — 25 ns
thiso) Data Output Hold Time — 15 — — ns
tsues Data Input Setup Time — 5 — — ns
ths)) Data Input Hold Time — 4 — — ns

Note: 1. fsck is SPI output/input clock frequency and tsck = 1/fsck.
2. frcik is SPI peripheral clock frequency and tecik = 1/frcik-
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Figure 8. SPI Timing Diagrams — SPI Master Mode
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Figure 9. SPI Timing Diagrams — SPI Slave Mode with CPHA =1
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QSPI Characteristics

Table 22. QSPI Characteristics
Symbol‘ Parameter Conditions ‘ Min. ‘Typ.‘ Max. ‘ Unit
QSPI Master Mode

O L T R R
clock frequency fucik
Ezi(:; SCK Clock High and Low Time - tsk/2-2| — |tsex/2+1| ns
tvmo) Data Output Valid Time — — — 5 ns
thowo) Data Output Hold Time — 2 — — ns
tsuw Data Input Setup Time — 5 — — ns
v Data Input Hold Time — 5 _ _ ns
QSPI Slave Mode (1-bit Serial Mode Only)
o Emsmemnsccon L, s e
clock frequency fucik
Dutysex gfglgiﬁ Input SCK Clock . 30 - 20 %
tsu(se) SEL Enable Setup Time — 3% tyak | — _ ns
) SEL Enable Hold Time — 2 X tyok | — _ ns
taso) Data Output Access Time — — — | 3%xtyk | ns
toisso) Data Output Disable Time — — — 10 ns
tviso) Data Output Valid Time — — — 25 ns
th(so) Data Output Hold Time — 15 — _ ns
tsues Data Input Setup Time — 5 — — ns
thsi) Data Input Hold Time — 4 — _ ns

Note: 1. fsck is QSPI output/input clock frequency and tsck = 1/fsck-
2. fHCLK is QSPI peripheral clock frequency and thok = 1/fHCLK-
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Figure 10. QSPI Timing Diagrams — QSPI Master Mode (1-bit Serial Mode, DUALEN = 0,
QUADEN = 0)
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Figure 11. QSPI Timing Diagrams — QSPI Master Mode (Dual Mode, DUALEN = 1)
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Figure 12. QSPI Timing Diagrams — QSPI Master Mode (Quad Mode, QUADEN = 1)
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Figure 13. QSPI Timing Diagrams — QSPI Slave Mode with CPHA = 1 (1-bit Serial Mode)

Audio D/A Converter Characteristics
Table 23. Audio D/A Converter Characteristics

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vop Operating Voltage — 22 — 3.6 \Y,
lop Operating Current Vop =3V — 3 — mA
THD+N | Total Harmonic Distortion + Noise ™' | Vpr =3V, 10kQload | — | -50 | — | dB

Note: Sine wave input @1 kHz, -6 dB.
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SPI Flash Data Memory DC Characteristics
Table 24. SPI Flash Data Memory DC Characteristics

Symbol Parameter Conditions Min Typ Max | Unit

Voo Operating Voltage — 23 — 3.6 \Y

I Input Leakage Current — — 1 12 uA
Output Leakage

o Current - - L *2 WA

Ists Standby Current CS# = Vcc, Vin = Vpp or Ve — — 2 MA

CLK=0.1 Vco /0.9 VDD at

] 48 MHz, DQ = open - 6 14 mA
Operating Current
|CC1 (Read) CLK = 01 VCC / 09 VDD at
48 MHz, Quad Output Read, — 8.5 20 mA
DQ = open
Operating Current _
lcca (Page Program) CS#=Vmp — 9 30 mA
Vi Input Low Voltage — -0.5 — 102xVpp| V
Vin Input High Voltage — 0.7%xVpp| — |Vop+04| V
V0|_ OUtpUt Low Voltage |o|_ =100 IJA, VDD = VDD Min. — — 0.3 V
VOH OUtpUt ngh Voltage IOH =-100 |JA, Voo = Vpp Min. | Vpp - 0.2 — — V
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8 Package Information

Note that the package information provided here is for consultation purposes only. As this
information may be updated at regular intervals users are reminded to consult the Holtek website
for the latest version of the Package/Carton Information.

Additional supplementary information with regard to packaging is listed below. Click on the
relevant section to be transferred to the relevant website page.

e Package Information (include Outline Dimensions, Product Tape and Reel Specifications)
e The Operation Instruction of Packing Materials

e Carton information
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48-pin LQFP (7 mm x 7 mm) Outline Dimensions

D
ToRRRRRRRReT
37£ ;24
= =
A8l E=
=" ==
lGLGE
Dimensions in inch
Symbol -

Min. Nom. Max.
A — 0.354 BSC —
B — 0.276 BSC —
C — 0.354 BSC —
D — 0.276 BSC —
E — 0.020 BSC —
F 0.007 0.009 0.011
G 0.053 0.055 0.057
H — — 0.063
I 0.002 — 0.006
J 0.018 0.024 0.030
K 0.004 — 0.008
a 0° — 7°

Dimensions in mm
Symbol :

Min. Nom. Max.
A — 9.0 BSC —
B — 7.0 BSC —
C — 9.0 BSC —
D — 7.0 BSC —
E — 0.5BSC —
F 0.17 0.22 0.27
G 1.35 1.4 1.45
H — — 1.60
I 0.05 — 0.15
J 0.45 0.60 0.75
K 0.09 — 0.20
a 0° — 7°
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64-pin LQFP (7 mm x 7 mm) Outline Dimensions

RSaaaaaaenaanet
49— 32 =
= =N |
il
Dimensions in inch
Symbol -

Min. Nom. Max.
A — 0.354 BSC —
B — 0.276 BSC —
C — 0.354 BSC —
D — 0.276 BSC —
E — 0.016 BSC —
F 0.005 0.007 0.009
G 0.053 0.055 0.057
H — — 0.063
I 0.002 — 0.006
J 0.018 0.024 0.030
K 0.004 — 0.008
a 0° — 7°

Dimensions in mm
Symbol -

Min. Nom. Max.
A — 9.00 BSC —
B — 7.00 BSC —
C — 9.00 BSC —
D — 7.00 BSC —
E — 0.40 BSC —
F 0.13 0.18 0.23
G 1.35 1.40 1.45
H — — 1.60
I 0.05 — 0.15
J 0.45 0.60 0.75
K 0.09 — 0.20
a 0° — 7°
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The information provided in this document has been produced with reasonable care and
attention before publication, however, HOLTEK does not guarantee that the information
is completely accurate. The information contained in this publication is provided for
reference only and may be superseded by updates. HOLTEK disclaims any expressed,
implied or statutory warranties, including but not limited to suitability for commercialization,
satisfactory quality, specifications, characteristics, functions, fitness for a particular
purpose, and non-infringement of any third-party’s rights. HOLTEK disclaims all liability
arising from the information and its application. In addition, HOLTEK does not recommend
the use of HOLTEK'’s products where there is a risk of personal hazard due to malfunction
or other reasons. HOLTEK hereby declares that it does not authorise the use of these
products in life-saving, life-sustaining or safety critical components. Any use of HOLTEK’s
products in life-saving/sustaining or safety applications is entirely at the buyer’s risk, and
the buyer agrees to defend, indemnify and hold HOLTEK harmless from any damages,
claims, suits, or expenses resulting from such use. The information provided in this
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and is protected by copyright law and other intellectual property laws. No license, express
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prior notice. For the latest information, please contact us.
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