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1. Introduction 

1.1 Features 

This datasheet describes the M4 core microcontroller of LT7689 TFT controller. Provide for engineers who 
want to use the LT7689's M4 Core for development. The LT7689 controller does not connect all MCU 
core-controlled hardware pins. Therefore, the control of the pin in the datasheet is not fully effective, and the 
user must refer to the LT7689 datasheet. 
 

Table 1-1: M4 Core Organization 

Internal 
Features 

Name Description 

MCU 

Cortex-M4  ̧Typical Clock Frequency 120~150MHz 

PIT*2 / WDT / 32.768KHz RTC  

DMAC*2 / EDMAC*2 / NVIC  

Clock / Reset 
 ̧Internal 120MHz Oscillator and 8MHz 
Oscillator, System Clock Support 2/3/4/5 
Divisor 

Memory 

ROM  ̧24KByte 

RAM  ̧256KByte 

FLASH 

 ̧Main Block: 508KByte 
 ̧Info Block: 512Byte 
 ̧Page Size: 512Byte 
 ̧Chip Erase Time: 20ms 
 ̧Page Erase Time: 2ms (Typical) 
 ̧Word Programming Time: 100us (Typical) 
 ̧Page Programming Time: 2ms (Typical) 
 ̧Read/Write Times: 100K 
 ̧Data Storage Time: 10 Years 

Supporting 
Interface 

SPI*3 
 ̧Support Master Slave Mode, or as GPIO 
 ̧Transfer Rate: 20Mbps 

USB2.0 OTG  ̧Support High Speed / Fast Speed Mode 

EPORT*5 
 ̧Max. 40 GPIO Pins for Edge or Level 
Detect 

PWM  ̧4 Channels 

ADC  

DAC  

UART*3 

 ̧Clock can Select internal 120MHz 
Oscillator  

 ̧Can be as GPIO 
 ̧Support 16byte FIFO 

I2C*3 
 ̧Support Master / Slave Mode, or as GPIO 
 ̧Support Standard, Quick Mode and High 
Speed Mode Switch by Software 

Algorithm 
Module 

AES/DES  

CRC  
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1.2 Features 

Å Cortex-M4 Processor: 

ï outstanding processing performance combined with fast interrupt handling 

ï enhanced system debug with extensive breakpoint and trace capabilities 

ï efficient processor core, system and memories 

ï ultra-low power consumption with integrated sleep modes 

ï platform security robustness, with integrated memory protection unit (MPU). 

ï IEEE754-compliant single-precision FPU 

Å Cache 

ï Has two AHB bus interfaces, a master and a slave interface. 

ï Has a 2-way set-associative organization. 

ï Has an AHB bus interface to access its programmer's model. 

Å OnCE Debug Support 

Å On-chip, 256K Bytes of Static Random-Access Memory (SRAM): 

ï Single cycle byte, half-word (16-bit), and word (32-bit) reads and writes 

Å On-chip, 24K Bytes of Static Read Only Memory (ROM): 

ï Single cycle byte, half-word (16-bit), and word (32-bit) read access. 

Å On-chip Embedded Flash (EFLASH): 

ï Memory Organization: 128Kx38+128x38 

ï Reads of bytes, aligned halfwords (16 bits) and aligned words (32 bits) 

ï Automated program and erase operation 

ï Optional interrupt on command completion 

ï Data Retention: 10 years under 85 degrees 

ï 0.99~1.21V/1.5~1.98V dual power supplies 

Å CPM: 

ï Selectable system clock sources 

ï Separate clock divider 

ï Support for power saving mode 

ï Module clock can be gated separately 

Å Programmable 32bit Interrupt Timer : 

ï 32-bit counter with modulus "initial count" register 

ï Selectable as free running or count down 

ï 32 selectable prescalers ð 2
0 

to 2
31

 

Å Watchdog Timer : 

ï 16-bit counter with modulus "initial count" register 

ï Pause option for low-power modes 

Å Time Counter : 

ï 16-bit counter with modulus "initial count" register 

ï Pause option for low-power modes 

Å Reset : 

ï Separate reset in and reset out signals 

ï Sources of reset: Power-on reset, Software reset, Watchdog timer, Time Counter, Power Attack Detect 
Reset (Low and High Voltage Detect Reset) 

ï Status flag indicates source of last reset 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -40- 

LT7689_MCUCore _ENG / V 1.0 

Å DMA Controller 

ï Six independently programmable DMA controller channels 

ï Data transfers in 8, 16, 32 ,64bits 

ï Support single transfer, Burst 4, 8, 16 transfer, and burst always under a special case. 

ï Support single cycle transfer 

ï Support automatic transfer mode 

ï Support LLI transfer mode 

ï Follow a fixed priority rule 

Å EDMAC: 

ï Programmable transfer total number 

ï Programmable read buffer address and write buffer address 

ï Support read, write and write then read transfer 

Å CRC Coprocessor: 

ï Support CRC32 / CRC16 / CRC8 

ï Support DMAC Data from CRC 

Å External Interrupts Supported(EPORT) : 

ï Rising/falling edge select 

ï Low-level sensitive 

ï Ability for software generation of external interrupt event 

ï Interrupt pins configurable as general-purpose I/O 

Å I2C Controller 

ï Supports 10 bit addressing. 

ï Supports Standard Mode, Fast Mode and High-Speed Mode 

ï Software option to select between High-Speed mode and Standard/Fast mode 

ï Compatibility with standard and fast-mode of I2C bus version 2.1 standard. 

ï Multiple-master operation. 

ï Software-programmable for one of 64 different serial clock frequencies. 

ï Software-selectable acknowledge bit. 

ï Interrupt-driven, byte-by-byte data transfer. 

ï Arbitration-lost interrupt with automatic mode switching from master to slave. 

ï Transfer completion and read configure interrupt. 

ï Start and stop signal generation/detection. 

ï Repeated START signal generation. 

ï Acknowledge bit generation/detection. 

ï Bus-busy detection. 

ï Option slave address receiving enable when system clock stop mode 

ï SCL or SDA line gpio function supported 

Å Serial Communications Interface(SCI): 

ï Full-duplex operation 

ï Standard mark/space non-return-to-zero (NRZ) format 

ï The baud rate divisor is a 22-bit number consisting of 16-bit integer and 6-bit fractional part 

ï Programmable 8-bit or 9-bit data format 

ï Separately enabled transmitter and receiver 

ï Separate receiver and transmitter central processor unit (CPU) interrupt requests 

ï Programmable transmitter output polarity 

ï Two receiver wakeup methods: 

ï Interrupt-driven operation with eight flags 

ï Receiver framing error detection 

ï Hardware parity checking 

ï 1/16 bit-time noise detection 
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ï General-purpose, I/O capability 

ï Serial IR interface low-speed, IrDA-compatible(up to 115.2Kbit/s) 

ï Separate 16x9 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading 

ï FIFO trigger levels of 1/8, 1/4, 1/2, 3/4, and 7/8 

ï Efficient transfers using Direct Memory Access Controller (DMA) 

ï Automatic hardware flow control supported 

Å ISO7816 Interface : 

ï Support of ISO7816-3 

ï Support both card and card reader mode 

ï Support T=0 and T=1 protocol 

ï Half-duplex operation 

ï 1 transmit buffer + 1 receive buffer 

ï F/D selection(31,23.25, 46.5, 93, 186, 372,744,8,12,16,32,64,128,256,512) 

ï 9-bit guard time counter (GTCNT) 

ï 24 bits waiting time counter (WTCNT) 

ï Programmable transmitter output polarity 

ï Interrupt-driven operation with seven flags: 
 ̧Transmitter empty 
 ̧Transmission complete 
 ̧Receive full 
 ̧ERROR 
 ̧Start bit detected 
 ̧Timeout on WT counter 
 ̧Answer to Reset 

ï Auto-character repetition on error signal detection in transmit mode 

ï Auto-error signal generation on parity error detection in receive mode 

ï Hardware parity checking 

ï 1/16 bit-time noise detection 

ï General purpose, IO capability 

Å Synchronous Serial Interface (SSI): 

ï Serial-master operation. 

ï DMA controller interface ï Enables the SSI to interface to a DMA controller over the bus using 
handshaking interface for transfer requests. 

ï Clock stretching support in enhanced SPI transfers. 

ï Data item size (4 to 32 bits) ï Item size of each data transfer under control of the programmer. 

ï FIFO depth ï Configurable depth of the transmit and receive FIFO buffers from 2 to 256 words deep. The 
FIFO width is fixed at 32 bits. 

ï Enhanced SPI support. 

ï Execute in Place (XIP) mode support. 

Å Serial Peripheral Interfaces (SPI) : 

ï Master mode and slave mode configurable 

ï Slave select output 

ï Mode fault error flag with CPU interrupt capability 

ï Separate transmit and receive FIFOs 

ï Serial clock with programmable polarity and phase 

ï Control of SPI operation during doze mode 
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Å USB: 

ï Performs all transaction scheduling in hardware 

ï Operates either as a function controller for a USB peripheral or as the host/peripheral in point-to-point 
communications with another USB function 

ï Synchronous RAM interface for FIFOs 

ï Certified compliant with the USB 2.0 standard for high-speed (480 Mbps) functions and with the 
On-The-Go supplement 

ï Supports point-to-point communications with one high-, full- or low-speed device 

ï Supports Session Request Protocol (SRP) and Host Negotiation Protocol (HNP) 

ï Supports Suspend and Resume 

ï Configurable for up to 15 additional Transmit endpoints and up to 15 additional Receive endpoints 

ï Configurable FIFOs, including the option of dynamic FIFO sizing 

ï Support for DMA access to FIFOs 

ï Soft connect/disconnect option 

ï Support No VBUS Select when USB as peripheral role 

Å PWM: 

ï Programmable period 

ï Programmable duty cycle 

ï Two Dead-Zone generator 

ï Capture function 

ï Pins can be configured as general-purpose I/O 

Å Magnet Card Reader: 

ï Support ISO7811-2 

ï Support at most 3 tracks decode at the same time 

ï Support the card speed 10--150cm/s 

Å ADC: 

ï 12-bit, 10-bit, 8-bit or 6-bit configurable resolution 

ï ADC conversion time: 1.0 ɛs for 12-bit resolution (1MHz), 0.88 ɛs conversion time for 10 bit resolution, 
faster conversion times can be obtained by lowering resolution. 

ï Programmable sampling time 

ï DMA support 

Å DAC: 

ï Left or right data alignment 

ï DMA capability 

ï External triggers for conversion 

ï Programmable internal buffer 

ï Input voltage reference, Vrefh 

ï FIFO Based operation 

Å Secure Features: 

ï Internal power on reset 

ï Voltage detector 

ï Frequency detector 

ï Light detector 

ï Power Glitch detector 

ï Metal Shield protection 

ï Temperature detector 

ï Data encryption 

ï Safe optimized routing 
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Å ZUC: 

ï Support ZUC algorithm with 128 bits key 

ï Support several security countermeasures to prevent side channel attacks: 

ï Protection against SPA/DPA 

ï Protection against Hi_Order DPA 

ï Protection against DFA 

ï Support MLBBUS Interface with C0 CPU 

Å Crypto Accelerator Module: 
The CRYPTO Accelerator module supports popular public key cryptography algorithms (ECC/SM2/RSA) 
by implementing some large integer arithmetic operations in hardware. 

ï Large operand size N integer arithmetic 

ï 32 * R bits 

ï R is positive integer from 1 to 64 

ï Programmable scalar or modulo operation 

ï Y = (A ^ E) mod N 

ï Y = (A + E) mod N 

ï Y = (A + A) mod N 

ï Y = (A - E) mod N 

ï Y = (A * R) mod N 

ï Y = (A * A * R) mod N 

ï Y = (A * E * R) mod N 

ï ECC2P 

ï ECCPQ 

ï Discrete "sea-of-gates" implementation 

ï Protection against SPA\DPA and probing attacks 

Å AES Module: 

ï Support AES encryption/decryption algorithm 

ï Support AES algorithm with 128/192/256 bits key 

ï Support Electronic Code Book (ECB ) mode operation and CTR(counter) mode operation 

Å SHA Coprocessor: 

ï Collection of Secure Hash Algorithm cores 

ï SM3(256) 

ï SHA-0(160) 

ï SHA-1(160) 

ï SHA-224(224) 

ï SHA-256(256) 

ï SHA-384(384) 

ï SHA_512(512) 

ï Keccak-224(224) 

ï Keccak-256(256) 

ï Keccak-384(384) 

ï Keccak-512(512) 

ï Ripemd160(160) 

ï Share hardware between different SHA processing 

ï High performance 
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Å SM4 Module: 

ï Support sm4 encryption/decryption algorithm. 

ï Support sm4 algorithm with 128 bits key 

ï Support ECB and CBC mode 

ï Support CLBBUS Interface 

Å DES Coprocessor: 

ï Support DES and Triple-DES encryption and decryption algorithm 

ï Support DES algorithm with 64(56) bits key 

ï Support Triple-DES algorithm with 128(112) bits or 192(168) bits key 

ï Support ECB mode and CBC mode 

ï Support MLBBUS Interface 

Å TRNG(Random Number Generator) 
 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -45- 

LT7689_MCUCore _ENG / V 1.0 

1.3 System Block 

The following figures are the internal clock diagram, and application diagram of LT7689. 
 
 

 
Figure 1-1: System Block 

 

 
Figure 1-2: Application Block Diagram 
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2. Signal Description 

2.1 Pin Assignment 

 

 
Figure 2-1: Pin Assignment 
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2.2 Pin Signals Properties 

Table 2-1: Attribute Table Annotations 

Items Abbreviation Definition 

Pin Type 

S Power Pin 

I/O In/Out Pin 

I Input Pin 

O Output Pin 

ANA Analog Pin 

Output 
ST Standard CMOS 

OD Open Drain 

Default State 

I Input 

O Output 

PU Pull Up 

PD Pull Low 

HIZ High Impedance 

Multi-Ports 

GPIO General Purpose I/O Pins 

EPORT 
ERPORT Module, or Interrupt 

Input 

 

Table 2-2: Signal Properites of M4 Core 

Signals Name Pin Type Output Description 
Default 
State 

Pin Number 

QFN96 

AVDD S - ADC Power I 14 

ADCIN[1] A - ADC Analog I/P-1 I 15 

ADCIN[0] A - ADC Analog I/P-2 I 16 

AVDD S - DAC Ref. Voltage I 17 

DAC_OUT A - DAC O/P O 18 

RST# I - Reset I/P I PU 19 

WAKEUP I - Wakeup I/P I PD 20 

VCC35V S - Power I/P I 21 

LDO3_V12 S - Core Power O 22 

VDD_2 S - I/O Power I 23 

LDO1_V11 S - FLASH Core Power O 24 

I2C_SD IO ST/OD I2C Data I PU 25 

I2C_CK IO ST/OD I2C Clock I PU 26 

SS3#  IO ST/OD SPI3 Chip Select  27 

GINT[1]/TXD3  IO ST/OD EPORT-1 I PU 30 

GINT[2]/RXD3  IO ST/OD EPORT-2 I PU 31 

GINT[3]/RXD2  IO ST/OD EPORT-3 I PU 32 

GINT[4]/TXD1 IO ST/OD EPORT-4 I PU 33 

GINT[5]/TXD2 IO ST/OD EPORT-5 I PU 34 

XTAL A - 12MOSC O/P O 29 

EXTAL A - 12MOSC I/P I 28 

VBAT S - RTC Battery Power I 35 

32K_XO A - 32KOSC O/P O 36 

32K_XI A - 32KOSC I/P I 37 

AVDD S - USBPHY Power I 38 
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Signals Name Pin Type Output Description 
Default 
State 

Pin Number 

QFN96 

OTG_ID  A - USB ID State  39 

LDO2_V11 S - USBPHY Core Power O 40 

DM A - USB D- Port  41 

DP A - USB D+ Port  42 

GINT[15] / PWM[3] I/O ST EPORT I PU 43 

GINT[14] / PWM[2] I/O ST EPORT I PU 13 

GINT[13] / PWM[1] I/O ST EPORT I PU 2 

SCK1 I/O ST/OD SPI1 Clock I PU 3 

MOSI1 I/O ST/OD 
SPI1 Data - Master Out / 

Slave In 
I PU 4 

SS1# I/O ST/OD SPI1 Chip Select I PU 5 

MISO1 I/O ST/OD 
SPI1 Data - Master In / 

Slave Out 
I PU 6 

RXD1 I ST/OD UART1 RX Data I PU 7 

TXD1 O ST/OD UART1 TX Date I PU 8 

VDD_2 S - I/O Power O 9 

SCK3 / GINT[9] I/O ST/OD SPI3 Clock I PU 10 

MOSI3 / GINT[11] I/O ST/OD 
SPI3 Data - Master Out / 

Slave In 
I PU 11 

MISO3 / GINT[10] I/O ST/OD 
SPI3 Data - Master In / 

Slave Out 
I PU 12 

 
Note: The other unlisted pins are output pins of LT7689ôs TFT controller and do not controlled by the 
internal M4 core. Please refer to the LT7689 datasheet. 
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3. System Memory Map 

3.1 Introduction 

The address map, shown in 3.2, includes: 

Å 24K Bytes of internal read only memory (ROM) 

Å 256K Bytes of internal static random-access memory (SRAM) 

Å 512K Bytes Embedded Flash 

Å Internal memory mapped registers 
 
 

3.2 Address Map 

 

Table 3-1: Boot Modes 

Mode[1] Mode[0] Boot Mode Aliasing 

0 0 ROM ROM is selected as the boot space 

0 1 EFLASH EFLASH is selected as the boot space 

1 0 Reserved Reserved 

1 1 SPI FLASH SPI FLASH is selected as the boot space 

 
 

Table 3-2: Memory Mapping vs. Boot Mode/Physical Remap 

Address 
Boot/Remap in 

ROM 
Boot/Remap in 

EFLASH 
Boot/Remap in SPI 

FLASH 

0xA4000000~0xA7FFFFFF Reserved Reserved Reserved 

0x80000000~0x87FFFFFF Reserved Reserved Reserved 

0x90000000~0x90FFFFFF Reserved Reserved Reserved 

0x94000000~0x97FFFFFF Reserved Reserved Reserved 

0x60000000~0x60FFFFFF SPI FLASH SPI FLASH SPI FLASH 

0x20030000~0x20037FFF SRAM3 SRAM3 SRAM3 

0x20020000~0x2002FFFF SRAM2 SRAM2 SRAM2 

0x20010000~0x2001FFFF SRAM1 SRAM1 SRAM1 

0x20000000~0x2000FFFF SRAM0 SRAM0 SRAM0 

0x1FFF8000~0x1FFFFFFF TCM(SRAMD) TCM(SRAMD) TCM(SRAMD) 

0x10000000~0x10FFFFFF SPIM1 SPIM1 SPIM1 

0x08000000~0x0807FFFF EFLASH EFLASH EFLASH 
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0x04000000~0x04005FFF ROM ROM ROM 

0x00000000~0x00FFFFFF 
ROM(24K) 

Aliased 
EFLASH(512K) 

Aliased 
SPIM1(16M) 

Aliased 

  
 

Table 3-3: Register Address Location Map 
 

0x4000_0000 4Kbyte 

AHB_IPS1 

IO Control Module(IOCTRL) 

0x4000_1000 4Kbyte Chip configuration (CCM) 

0x4000_2000 4Kbyte Reset (RESET) 

0x4000_3800 4Kbyte EFM 

0x4000_4000 4Kbyte CPM 

0x4000_5000 4Kbyte Watchdog timer (WDT) 

0x4000_6000 4Kbyte TC 

0x4000_7000 4Kbyte PIT32_0 

0x4000_8000 4Kbyte PIT32_1 

0x4000_9000 4Kbyte USI1 

0x4000_a000 4Kbyte EDMAC1 

0x4000_b000 4Kbyte Reserved 

0x4001_0000 4Kbyte SPI1 

0x4001_1000 4Kbyte SPI2 

0x4001_2000 4Kbyte SPI3 

0x4001_3000 4Kbyte SCI1 

0x4001_4000 4Kbyte SCI2 

0x4001_5000 4Kbyte USI2 

0x4001_6000 4Kbyte Reserved 

0x4001_7000 4Kbyte I2C 

0x4001_8000 4Kbyte PWM 

0x4001_9000 4Kbyte Edge Port (EPORT) 

0x4001_a000 4Kbyte Edge Port 1(EPORT1) 

0x4001_b000 4Kbyte I2C2 

0x4001_c000 4Kbyte I2C3 

0x4001_d000 4Kbyte SCI3 

0x4001_e000 4Kbyte Reserved 

0x4002_0000 4Kbyte ADC 

0x4002_1000 4Kbyte DAC 

0x4002_2000 4Kbyte MCC 

0x4002_3000 4Kbyte TSI 

0x4002_4000 4Kbyte Edge Port 2(EPORT2) 

0x4002_5000 4Kbyte Edge Port 3(EPORT3) 

0x4002_6000 4Kbyte Edge Port 4(EPORT4) 

0x4003_0000 4Kbyte LD 

0x4003_1000 4Kbyte True Random Number Generator (TRNG) 

0x4003_2000 4Kbyte PGD 

0x4003_3000 4Kbyte SEC_DET 

0x4003_4000 4Kbyte PCI 

0x4003_5000 4Kbyte PMU_RTC 
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0x4003_6000 4Kbyte 

AHB_IPS2 

Reserved 

0x4003_7000 4Kbyte CRYPTO 

0x4003_8000 4Kbyte SHA 

0x4003_9000 4Kbyte EDMAC0 

0x4003_a000 4Kbyte Reserved 

0x4004_0000 4Kbyte 

AHB1(AHB_CLB) 

Data Encryption Standard Module (DES) 

0x4004_1000 4Kbyte AES 

0x4004_2000 4Kbyte SM4 

0x4004_3000 4Kbyte ZUC 

0x4004_4000 4Kbyte 

AHB2 

CRC0 

0x4004_5000 4Kbyte CRC1 

0x4004_6000 4Kbyte DMAC1 

0x4004_7000 4Kbyte DMAC2 

0x4004_8000 4Kbyte Reserved 

0x4004_9000 4Kbyte Reserved 

0x4004_a000 4Kbyte SPIM2 

0x4004_b000 4Kbyte 
AHB3 

Reserved 

0x4004_c000 4Kbyte USBC 

0x4005_0000 4Kbyte 

AHB_APB 

Reserved 

0x4005_1000 4Kbyte Cache_Config 

0x4005_2000 4Kbyte Reserved 

0x4005_3000 4Kbyte Reserved 

0x4005_4000 4Kbyte Reserved 

0x4005_5000 4Kbyte Cache2_Config 

0x6000_0000 16Mbyte AHB_SPIM1 SPIM1 

Reserved 4Kbyte Reserved Reserved 

Reserved 4Kbyte Reserved Reserved 

0xe000_0000 4Kbyte M4 M4 SYS 
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4. Chip Configuration Module (CCM) 

4.1 Introduction 

The chip configuration module (CCM) controls the chipôs configuration and operation mode. 
 
 

4.2 Features 

The CCM performs these operations. 

Å Selects the chip operation mode 

ï  Normal Master mode 

ï  Normal Single chip mode 

ï  Special Test Modes for EFLASH(Stb Mode) 

ï  Test Mode for EFLASH direct 

ï  Test mode for TRNG 

ï  Test mode for OSC 

ï  Test mode for phy bist 

ï  Test mode for phy direct 

ï  Test mode for memory bist 

ï  Test mode for PMU 

ï  Test mode for PMURTC 

ï  Test mode for LD and PGD 

Å Selects boot device 

Å Selects bus monitor configuration 
 

4.3 Modes of Operation 

The CCM configures the chip for following modes of operation: 

Å Normal Master mode 

Å Normal Single Chip mode 

Å TRNG test mode 

Å OSC test mode 

Å EFLASH test mode 

Å PMM test mode 

Å PMURTC test mode 

Å Memory bist test mode 

Å Usbc phy test mode 

The operating mode is determined at reset and cannot be changed thereafter. 

 

4.3.1 Normal Master Mode 

In normal master mode, the boot device is internal eflash. 
 

4.3.2 Normal Single Chip Mode 

In normal single chip mode, the boot device is internal rom. 
 

4.3.3 TRNG Test Mode 

For TRNG test only. In the Mode, the pin of TRNG will be mapped to the chipôs external pin. 
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4.3.4 OSC Test Mode 

For OSC test only. In the Mode, the pin of OSC will be mapped to the chipôs external pin. 
 

4.3.5 EFLASH Test Mode 

For EFLASH test only. In the mode, the pin of EFLASH will be mapped to the chipôs external pin. 
 

4.3.6 PMM Test Mode 

For PMM test only. In the mode, the pin of PMM will be mapped to the chipôs external pin. 
 

4.3.7 USBPHY Test Mode 

For PHY test only. In the mode, the test pin of usb phy will be mapped to the chipôs external pin. 
 
 

4.4 Signals Descriptions 

Table 4-1 provides an overview of the CCM signals. For more detailed information, refer to Section 5 Signal 
Description. 
 

Table 4-1: Signal Properties 

Name Function Reset State 

MODE[2:0] Modes Selects Internal weak pulldown device 

TEST Modes Selects Internal weak pulldown device 

 
 

4.5 Memory Map and Registers 

This subsection provides a description of the memory map and registers. 
 

4.5.1 Programming Model 

The CCM programming model consists of the following registers: 
 

Å CCR ð chip configuration register: controls chip configuration . (see Figure 4-1 Chip Configuration 
Register(CCR)). 

Å CIR ð chip identification register: contains a unique part number. (see Figure 4-4 Chip Identification 
Register(CIR)) 

 
Some control register bits are implemented as write-once bits. These bits are always readable, but once the bit 
has been written, additional writes have no effect, except during debug and test operations . 
 
Some write-once bits and test bits can be read and written while in debug mode or test mode. When debug or 
test mode is exited, the chip configuration module resumes operation based on the current register values. If 
the first write to a write-once register bit occurs while in debug or test mode, the register bit remains writable on 
exit from debug or test mode. Table 4-2 shows the accessibility of write-once bits. 
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Table 4-2: Write-Once Bits Read/Write Accessibility 

Configuration Read/Write Access 

All configurations Read-always 

Debug operation (all modes) Write-always 

Test operation (all modes) Write-always 

Master mode Write-once 

  
 

4.5.2 Memory Map 

Table 4-3: CCM Memory Map 

Address Offset 31:16 15:0 Access
1

 

0x0000 CCR ð chip configuration register FDCR ð FD configuration register S 

0x0004 
PHYPA ð PHY parameter 

configuration register 
CIR ð chip identification register S 

0x0008 CTR ð chip test register Reserved2 S 

0x000c Reserved S 

0x0010 PCFG12 S 

0x0014 PCFG3 S 

0x0018 RTCCFG12 S 

0x001c RTCCFG3 S 

0x0020 RTC_SR S 

0x0028 RTC_PR S 

Notes: 

1. S = supervisor-only access. User mode accesses to supervisor only address locations have no effect 

and result in a cycle termination transfer error. 

2. Writing to reserved addresses has no effect; reading returns zeros. 

 
 

4.5.3 Register Descriptions 

4.5.3.1 Chip Configuration Register 

Address Offset : 0x0002 
 

 
Note: Reset Value is determined by PIN status 

 

Figure 4-1: Chip Configuration Register(CCR) 
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CLKMODE_PDE ð Clkmode pad pulldown enable 
if clkmode is set ,choose internal oscillator. if clkmode is clear, choose external oscillator. 

0 = pulldown disable; 1 = pulldown enable 

BTLDDISð Boot Loader Mode Disable Bit  

1 = Boot Loader Mode is disabled 
0 = Boot Loader Mode is enabled 

JTAGDISð JTAG DISABLE STATUS 
1 = JTAG is disabled; 0 = JTAG is enabled 

TESTDISð TEST MODE DISABLE STATUS 
1 = TESTMODE is disabled; 0 = TESTMODE is enabled 

SWAPDISð SWAP MODE DISABLE STATUS 
1 = SWAPMODE is disabled; 0 = SWAPMODE is enabled 

MODE[2:0] ð Chip Configuration Mode Field 
This read-only field reflects the chip configuration mode as shown .Descriptions (see 4.3 Modes of 
Operation) 
 

MODE[2:0] CHIP MODE 

000 Normal Single Chip(Rom boot) 

001 Normal Master(Flash boot) 

010 Normal Single Chip Swap Mode 

011 Normal Master Swap Mode 

1XX Chip Test Mode 

 
 

periph_bridge_pae ð early absent slot error enable  
1 = enable; 0 = disable 

periph_bridge_rae ð powered down slot error and slave transfer error enable  

1 = enable; 0 = disable 

SHINT ð Show Interrupt bit 

The SHINT bit allows visibility to any active interrupt request to the processor. If the SHINT bit is set, 
the RSTOUT pin is the OR of the fast and normal interrupt signals. 

1 = Internal requests reflected on RSTOUT pin  
0 = Normal RSTOUT pin function 

 
Note: The FRCRSTOUT function in the reset controller has a higher priority than the SHINT 
function. 
 
BME ð Bus Monitor Enable Bit 
The BME bit enables the bus monitor to operate. The bus monitor can monitor the internal bus 
operation. Once there is response in timeout period (according to the BMT) in internal bus, the bus 
monitor will terminate the bus operation . 

1 = Bus monitor enabled;  
0 = Bus monitor disabled 

 
Table 4-2 shows the read/write accessibility of this write-once bit. 

BMD ð Bus Monitor Debug Mode Bit 
The BMD bit controls how the bus monitor responds during debug mode. 

1 = Bus monitor enabled in debug mode;  
0 = Bus monitor disabled in debug mode 

This bit is read/write always. 

BMT ð Bus Monitor Timing Field 

The BMT field selects the timeout period for the bus monitor. 
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Table 4-4: Bus Monitor Timeout Values 

BMT 
Timeout Period  

(in System Clocks) 

00 256 

01 128 

10 64 

11 16 

 
Table 4-2 shows the read/write accessibility of these write-once bits. 
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4.5.3.2 FD Configuration Register 

The FD register is configuration register for FD. 
 
Address Offset : 0x0000 

 
 

Figure 4-2: FD Configuration Register(FDCR) 

 
HFDCR[7:0] ð Program the high frequency detect point 
LFDCR[7:0] ð Program the low frequency detect point. 

  
 
4.5.3.3 PHY Parameter Configuration Register. 

Address Offset : 0x0006 

 

Figure 4-3: PHY Parameter Configuration Register(PHYPA) 

 
PHYPA[15]: USBC Register Big Endian and Little Endian Select  

1 = USBC Register Select Little Endian 
0 = USBC Register Select Big Endian 

PHYPA[14]: USB Resume Signal Select 

1 = USB Resume generate by Line State and Power State  
0 = USB Resume generate by Line State 

PHYPA[13]: USBPHY ID PULLUP Configure, need to configure with PHYPA[12]  
1 = USBPHY ID PULLUP Enabled 
0 = USBPHY ID PULLUP Disabled 

PHYPA[12]: Select USBPHY ID PULLUP Controlled By PHYPA[13] 

1 = Select USBPHY ID PULLUP Controlled By PHYPA[13] 
0 = Select USBPHY ID PULLUP Controlled By USBC Controller 

PHYPA[11]: Select USBPHY VBUSVALID(PHYPA[10]), AVALID(PHYPA[9]), 
SESSENDVALID(PHYPA[8]) Controlled By Register 

1 = Select USBPHY VBUSVALID AVALID SESSENDVALID Controlled By Register 
0 = Select USBPHY VBUSVALID AVALID SESSENDVALID Controlled By USBC Controller 
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PHYPA[10]: USBPHY VBUSVALID Configure, need to configure with PHYPA[11]  
1 = USBPHY VBUSVALID Enabled 
0 = USBPHY VBUSVALID Disabled 

PHYPA[9]: USBPHY AVALID Configure, need to configure with PHYPA[11]  

1 = USBPHY AVALID Enabled 
0 = USBPHY AVALID Disabled 

PHYPA[8]: USBPHY SESSENDVALID Configure, need to configure with PHYPA[11] 
1 = USBPHY SESSENDVALID Enabled 
0 = USBPHY SESSENDVALID Disabled 

PHYPA[7]: Select USBPHY REG_EN Controlled By PHYPA[1]  

1 = Select USBPHY REG_EN Controlled By PHYPA[1] 
0 = Select USBPHY REG_EN Controlled By USBC Controller 

PHYPA[6]: Control CLK_12M_EN Output 
1 = Enable USBPHY CLK_12M_EN Output  
0 = Disable USBPHY CLK_12M_EN Output 

PHYPA[5]: Select USBPHY PLL_EN(PHYPA[0]), SUSPENDM(PHYPA[2]), Controlled By Register 

1 = Select USBPHY USBPHY PLL_EN and SUSPENDM Controlled By Register 
0 = Select USBPHY USBPHY PLL_EN and SUSPENDM Controlled By USBC Controller 

PHYPA[4]: USBPHY TERMSELECT Configure, need to configure with PHYPA[3]  
1 = USBPHY TERMSELECT Enabled 
0 = USBPHY TERMSELECT Disabled 

PHYPA[3]: Select USBPHY TERMSELECT(PHYPA[4]) 

1 = Select USBPHY USBPHY TERMSELECT Controlled By Register 
0 = Select USBPHY USBPHY TERMSELECT Controlled By USBC Controller 

PHYPA[2]: USBPHY SUSPENDM Configure, need to configure with PHYPA[5]  
1 = USBPHY SUSPEMDM Enabled 
0 = USBPHY SUSPENDM Disabled 

PHYPA[1]: USBPHY REG_EN Configure, need to configure with PHYPA[7]  

1 = USBPHY REG_EN Enabled 
0 = USBPHY REG_EN Disabled 

PHYPA[0]: USBPHY PLL_EN Configure, need to configure with PHYPA[5]  
1 = USBPHY PLL_EN Enabled 
0 = USBPHY PLL_EN Disabled 

  
 
4.5.3.4 Chip Identification Register 

The CIR register is a read-only register; writing to CIR has no effect. The chipôs ID and Revision number can 
be read in this register. 
 
Address Offset : 0x0004 
 

 15 14 13 12 11 10 9 8 

R PIN 

W         

RESET: 0 0 1 1 0 1 0 0 

 7 6 5 4 3 2 1 0 

R PRN 

W         

RESET: 0 0 0 0 0 0 1 1 

 
= Writes have no effect and the access terminates without a transfer error exception. 
 

Figure 4-4: Chip Identification Register(CIR) 
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PIN[7:0] ð Part Identification Number Field 
This read-only field contains a unique version identification number for the chip. 

PRN[7:0] ð Part Revision Number Field 

This read-only field contains the full-layer mask revision number. This number is increased by one 
for each new full-layer mask set of this part. The revision numbers are assigned in chronological 
order. 
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4.5.3.5 Chip Test Register 

The chip test register is reserved for factory testing. 
Note: To safeguard against unintentionally activating test logic, write $0000 to lock out test features. Setting 
any bits in the CTR register may lead to unpredictable results. 
 
Address Offset : 0x000a 

 

Figure 4-5: Chip Test Register(CTR) 

 
TEST--ips_test_access select bit 

 
 
 
4.5.3.6 PMU Configuration1/2 Register 

Address Offset : 0x0010 

 
 

Figure 4-6: PMU Configuration1/2 Register(PCFG12) 

  
 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -61- 

LT7689_MCUCore _ENG / V 1.0 

4.5.3.7 PMU Configuration3 Register 

Address Offset : 0x0014 

 
 

Figure 4-7: PMU Configuration3 Register (PCFG3) 

 
GINTx_IEð Pin GINTx IE select bit  

1 = Pin GINTx input enable 
0 = Pin GINTx input disable 

TDO_PUE ð Pin tdo pull enable bit  

1 = Pin tdo pull enable 
0 = Pin tdo pull disable 

RSTOUT_PUE ð Pin rstout pull enable bit  
1 = Pin rstout pull enable 
0 = Pin rstout pull disable 

CLKOUT_PUE ð Pin clkout pull enable bit  

1 = Pin clkout pull enable 
0 = Pin clkout pull disable 

GINT37_PS ð Pin gint[37] pull select bit  
1 = Pin gint[37] pullup enable 
0 = Pin gint[37] pulldown enable  

SS2_SWAP ð SS2/GINT swap enable signal 

1 = swap enable(SPI function) 
0 = swap disable(GINT function)  

PWM0_EN-PWM0 input and output enable bit  

PWM1_EN-PWM1 input and output enable bit  

PWM2_EN-PWM2 input and output enable bit 
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4.5.3.8 RTC Configuration1/2 Register 

Address Offset : 0x0018 

 
Notes: 

1. The register is loaded from eflash, and W/R the register must enter ips test mode by configurated the 

CTR register 

2. The register is loaded from eflash, and W/R the register must enter ips test mode by configurated the 

CTR register 
 

Figure 4-8: RTC Configuration1/2 Register(RTCCFG12) 

 
rtc_en_interface ð enable rtc interface  

1 = rtc interface enable 
0 = rtc interface disable  

bias_trim_valueð config osc bias trim value 

day_int enable ð PMU_RTC day interrupt enable 

hour_int enable ð PMU_RTC hour interrupt enable  

minute_int enable ð PMU_RTC minute interrupt enable  

second_int enable ð PMU_RTC second interrupt enable  

day pulse inv ð PMU_RTC day pulse invert 

hour pulse inv ð PMU_RTC hour pulse invert  

minute pulse inv ð PMU_RTC minute pulse invert  

second pulse inv ð PMU_RTC second pulse invert 
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4.5.3.9 RTC Configuration3 Register 

Address Offset : 0x001c 

 
Notes: 
1. The register is loaded from eflash, W/R the register must enter ips test mode by configurated the 

CTR register 

2. W/R the register must enter ips test mode by configurated the CTR register 

Figure 4-9: RTC Configuration3 Register(RTCCFG3) 

 
cap_trim_valueð config osc c1/c2 trim value 
Note: when before config bias_trim_value and cap_trim_value, please set rtc_en_interface=1 first, 
then wait 2us,set bias_trim_value and cap_trim_value. 
 
RTC_TM---enter rtc test mode 
1 = enable rtc test mode; 0 = disable rtc test mode 
Note: before set this bit, should set ips_test_access first 

 

4.5.3.10 PMU_RTC Status Register 

Address Offset : 0x0020 

 

Figure 4-10: PMU_RTC Status Register (RTCSR)  
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osc_2k_clk_src ð vdd 3p3v 2k clk source status when in test mode  

1 = clk source value 1 
0 = clk source value 0 

osc_128k_clk_src ð vdd 3p3v 128k clk source status when in test mode  
1 = clk source value 1 
0 = clk source value 0 

lvdt1p8v_src ð vdd1p8v flag when in vccq test mode  

1 = vdd1.8v supply power 
0 = not supply power 

lvdt5v_src ðvdd3p3v flag when in vccq test mode  
1 = vdd5v work 
0 = not work 

 
 
4.5.3.11 PMU_RTC Pulse Register 

Address Offset : 0x0028 

 

Figure 4-11: PMU_RTC Pulse Register (RTCPR) 

 

day pulse - will assert every day and will last one second time.  

hour pulse - will assert every hour and will last one second time. 

minute pulse - will assert every minute and will last one second time.  

second pulse - will assert every second and will last 16us. 
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5. Cache 

5.1 Introduction 

The Cache module provides the processor with tightly-coupled processor-local memories and bus paths to all 
slave memory spaces. 
 
A cache is a block of high-speed memory locations containing address information (commonly known as a tag) 
and the associated data. The purpose is to decrease the average time of a memory access. Caches operate 
on two principles of locality: 

Å Spatial locality ð An access to one location is likely to be followed by accesses from adjacent locations 
(for example, sequential instruction execution or usage of a data structure). 

Å Temporal locality ð An access to an area of memory is likely to be repeated within a short time period 
(for example, execution of a code loop). 

 
To minimize the quantity of control information stored, the spatial locality property is used to group several 
locations together under the same tag. This logical block is commonly known as a cache line. 
 
When data is loaded into a cache, access times for subsequent loads and stores are reduced, resulting in 
overall performance benefits. An access to information already in a cache is known as a cache hit, and other 
accesses are called cache misses. 
 
Normally, caches are self-managing, with the updates occurring automatically. Whenever the processor 
wants to access a cacheable location, the cache is checked. If the access is a cache hit, the access occurs 
immediately. Otherwise, a location is allocated and the cache line is loaded from memory. Different cache 
topologies and access policies are possible. 
 
However, they must comply with the memory coherency model of the underlying architecture. Caches 
introduce a number of potential problems, mainly because of: 
 

Å memory accesses occurring at times other than when the programmer would normally expect them, 

Å the existence of multiple physical locations where a data item can be held. 
 
The Cache Controller (ahb_cache) is targeted for use with any 32 bit AMBA_AHB bus based application that 
desires a cache function. This cache function can increase performance by providing fast access to recently 
used code or data. 
 
The local memory controller supports three modes of operation: 
 
1. Write-through ð access to address spaces with this cache mode are cacheable. 

Å A write-through read miss on the input bus causes a line read on the output bus of a 16-byte-aligned 
memory address containing the desired address. This miss data is loaded into the 
cache and is marked as valid and not modified. 
Å A write-through read hit to a valid cache location returns data from the cache with no output bus access. 

Å A write-through write miss bypasses the cache and writes to the output bus (no allocate on write miss 
policy for write-through mode spaces). 

Å A write-through write hit updates the cache hit data and writes to the output bus. 
 

2. Write-back ð access to address spaces with this cache mode are cacheable. 

Å A write-back read miss on the input bus will cause a line read on the output bus of a 16-byte-aligned 
memory address containing the desired address. This miss data is loaded into the 
cache and marked as valid and not modified. 
Å A write-back read hit to a valid cache location will return data from the cache with no output bus access. 

Å A write-back write miss will do a "read-to-write" (allocate on write miss policy for write-back mode 
spaces). A line read on the output bus of a 16 byte aligned memory address containing the desired write 
address is performed. This miss data is loaded into the cache and marked as valid and modified; and the 
write data will then update the appropriate cache data locations. 
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3. Non-cacheable ð access to address spaces with this cache mode are not cacheable.  
 
These accesses bypass the cache and access the output bus. 
 
The ahb_cache has two AMBA_ AHB bus interfaces, a master and a slave interface. The master interface has 
decode logic to determine the cache mode of valid address phase accesses. 
Master accesses will then access or bypass the cache depending on their cache mode. The slave interface is 
used for cache misses as well as accesses that bypass the cache. 
 
The ahb_cache has a 2-way set-associative organization. The cache has 32-bit wide address and data paths 
and a 16-byte line size. The cache tags and data storage use single port, synchronous RAMs. The ahb_cache 
controller has a variety of read and write data buffers to improve performance. Cache misses and line pushes 
generate 4-beat 32-bit wrapping burst accesses with the critical word accessed first for maximum 
performance. 
 
The ahb_cache uses the positive edge of its single clock input. The single input clock must match the master bus 
clock. The master bus and slave bus operate at the same frequency as the platform bus. 
  
 
The ahb_cache has an AMBA _AHB bus interface to access its programmer's model. The programmer's 
model provides access to cache control functions and resources as well as all cache tag and data storage. 
 
 

5.2 Block Diagram 

These Cache module provides zero wait state access to RAM and cacheable address spaces. 
 

 

Figure 5-1: Cache Module Block Diagram 
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5.3 Representative I/O List 

5.3.1 Clocks 

The hclk input should match the master bus clock. The ahb_cache uses the positive edge of this clock. The 
slave bus operates at the same frequency as the master bus. 
 
 

5.3.2 Resets 

The ahb_cache controller uses a single asynchronous reset. 
 
This is the active-low B asynchronous reset signal. This reset signal must be negated synchronously after a 
rising edge of the platform clocks. 
 
 

5.4 Memory Map/Register Definition 

Table 5-1: Cache Module Memory Map 

Address 
Offset 

Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0 Access 

0x0000 Cache control register (LMEM_CCR) S/U 

0x0004 Cache line control register (LMEM_CLCR) S/U 

0x0008 Cache search address register (LMEM_CSAR) S/U 

0x000c Cache read/write value register (LMEM_CCVR) S/U 

0x0020 Cache access register(LMEM_ACR) S/U 

0x0024 Cache region2_6_7 access register(LMEM_R267_ACR) S/U 

0x0040 Cache Region6 Segment0 Highaddress(LMEM_R6_S0_HADDR) S/U 

0x0044 Cache Region6 Segment1 Highaddress(LMEM_R6_S1_HADDR) S/U 

0x0048 Cache Region6 Segment2 Highaddress(LMEM_R6_S2_HADDR) S/U 

0x004c Cache Region6 Segment3 Highaddress(LMEM_R6_S3_HADDR) S/U 

0x0050 Cache Region6 Segment0 Lowaddress(LMEM_R6_S0_LADDR) S/U 

0x0054 Cache Region6 Segment1 Lowaddress(LMEM_R6_S1_LADDR) S/U 

0x0058 Cache Region6 Segment2 Lowaddress(LMEM_R6_S2_LADDR) S/U 

0x005c Cache Region6 Segment3 Lowaddress(LMEM_R6_S3_LADDR) S/U 

0x0060 Cache Region7 Segment0 Highaddress(LMEM_R7_S0_HADDR) S/U 

0x0064 Cache Region7 Segment1 Highaddress(LMEM_R7_S1_HADDR) S/U 

0x0068 Cache Region7 Segment2 Highaddress(LMEM_R7_S2_HADDR) S/U 

0x006c Cache Region7 Segment3 Highaddress(LMEM_R7_S3_HADDR) S/U 

0x0070 Cache Region7 Segment0 Lowaddress(LMEM_R7_S0_LADDR) S/U 

0x0074 Cache Region7 Segment1 Lowaddress(LMEM_R7_S1_LADDR) S/U 

0x0078 Cache Region7 Segment2 Lowaddress(LMEM_R7_S2_LADDR) S/U 

0x007c Cache Region7 Segment3 Lowaddress(LMEM_R7_S3_LADDR) S/U 

0x0080 Cache Region2 Segment0 Highaddress(LMEM_R2_S0_HADDR) S/U 

0x0084 Cache Region2 Segment1 Highaddress(LMEM_R2_S1_HADDR) S/U 

0x0088 Cache Region2 Segment2 Highaddress(LMEM_R2_S2_HADDR) S/U 

0x008c Cache Region2 Segment3 Highaddress(LMEM_R2_S3_HADDR) S/U 

0x0090 Cache Region2 Segment0 Lowaddress(LMEM_R2_S0_LADDR) S/U 

0x0094 Cache Region2 Segment1 Lowaddress(LMEM_R2_S1_LADDR) S/U 

0x0098 Cache Region2 Segment2 Lowaddress(LMEM_R2_S2_LADDR) S/U 
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Address 
Offset 

Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0 Access 

0x009c Cache Region2 Segment3 Lowaddress(LMEM_R2_S3_LADDR) S/U 

0x0180 cache page invalidation start address S/U 

0x0184 cache page invalidate size S/U 

0x0188 cache clock gate S/U 

 
Notes: 

1. S = CPU supervisor mode access only, U = CPU user mode access only 

2. User mode accessed to supervisor-only address locations have no effect and result in a cycle 

termination transfer error 
 

5.5 Register Description 

This subsection provides a description of the Cache module. 
 
 

5.5.1 Cache Control Register (LMEM_CCR) 

Address Offset : 0x0000 

 

Figure 5-2: Cache Control Register (LMEM_CCR) 

 
ENCACHEðCache enable. 

1 = cache enabled; 0 = cache disabled 

reduce_cachemem_acc[1:0] - Configured ô1ô to reduce cache memory access when cache disabled. 

cache_idle_ref- Determine whether cache status is idle.  

cache_burst_type- To make burst type from cache configurable. 

1 = burst type is always wrap4. 
0 = burst type is incr4 when start address is 16bytes aligned. 

INVW0ð Invalidate way 0. If the PUSHW0 and INVW0 bits are set, then after setting the GO bit, push 
all modified lines in way 0 and invalidate all lines in way 0 (clear way 0). 

1 = When setting the GO bit, invalidate all lines in way 0.  
0 = no operation 
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PUSHW0 ð Push way 0 
1 = When setting the GO bit, push all modified lines in way 0  
0 = no operation 

INVW1ð Invalidate way 1. If the PUSHW1 and INVW1 bits are set, then after setting the GO bit, push 

all modified lines in way 1 and invalidate all lines in way 1 (clear way 1). 
1 = When setting the GO bit, invalidate all lines in way 1.  
0 = no operation 

PUSHW1 ð Push way 1 

1 = When setting the GO bit, push all modified lines in way 1  
0 = no operation 

GOð Initiate Cache Command Setting this bit initiates the cache command indicated by bits 27-24. 
Reading this bit indicates if a command is active. This bit stays set until the command completes. 
Writing zero has no effect.. 

1 = Write: initiate command indicated by bits 27-24. Read: cache command active.  
0 = Write: no effect. Read: no cache command active. 

  
 

5.5.2 Cache Line Control Register (LMEM_CLCR) 

Address Offset : 0x0004 

 

Figure 5-3: Cache Line Control Register (LMEM_CLCR) 

 
LGOð Initiate Cache Line Command. Setting this bit initiates the cache line command indicated by bits 
27-24. Reading this bit indicates if a line command is active. This bit stays set until the command 
completes. Writing zero has no effect. This bit is shared with CSAR[LGO]. 

1 = Write: initiate line command indicated by bits 27-24. Read: line command active.  
0 = Write: no effect. Read: no line command active. 

CACHE_ADDRESSð Cache address. CLCR[11:4] bits are used to access the tag arrays; 

CLCR[11:2] bits are used to access the data arrays. 

WSELð Way select. Select the way of the line commands. 

1 = way 1; 0 = way 0. 

TDSELð Tag/Data select. Select tag or data for search and read or write commands. 

1 = Tag; 0 = Data. 
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LCMD[1:0]ðLine command. 
00 = Search and read or write.  
01 = Invalidate 
10 = Push 
11 = Clear 

LADSELð Line Address Select. When using the cache address, the way must also be specified in 

CLCR[WSEL]. When using the physical address, both ways are searched and the command is 
performed only if a hit. 

0 = Cache address; 1 = Physical address 

LACCð Line access type. 

0 = Read 
1 = Write 

 
 

5.5.3 Cache Search Address Register (LMEM_CSAR) 

The CSAR register is used to define the explicit cache address or the physical address for line-sized 
commands specified in the CLCR[LADSEL] bit. 
 
Address Offset : 0x0008 

 

Figure 5-4: Cache Search Address Register (LMEM_CSAR) 

 
PHYSICAL_ADDRESSð Physical Address. PHYADDR represents bits [31:2] of the system address. 

CSAR[31:12] bits are used for tag compare 

CSAR[11:4] bits are used to access the tag arrays CSAR[11:2] bits are used to access the data 
arrays. 

LGOð Initiate Cache Line Command. Setting this bit initiates the cache line command indicated by 
bits 27-24. Reading this bit indicates if a line command is active. This bit stays set until the command 
completes. Writing zero has no effect. 

This bit is shared with CLCR[LGO] 

1 = Write: initiate line command indicated by bits 27-24. Read: line command active.  
0 = Write: no effect. Read: no line command active. 
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5.5.4 Cache Read/Write Value Register (LMEM_CCVR) 

The CCVR register is used to source write data or return read data for the commands specified in the CLCR 
register. 
 
Address Offset : 0x000C 

 

Figure 5-5: Cache Read/Write Value Register (LMEM_CCVR) 

 
 

DATAð Cache read/write Data  
For tag search, read or write: 

Å CCVR[31:12] bits are used for tag array R/W value 

Å CCVR[11:4] bits are used for tag set address on reads; unused on writes 

Å CCVR[3:2] bits are reserved For data search, read or write: 

Å CCVR[31:0] bits are used for data array R/W value 
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5.5.5 Cache Access Register(LMEM_ACRG) 

The ACRG is used to control the attributes of 10 different memory regions such as write-through, write-back or 
non-cacheable. 
 
Address Offset : 0x0020 

 

Figure 5-6: Cache Access Register(LMEM_ACRG) 

 
ROM: 0x04000000 ~ 0x04005fff 

ROM_CACHEABLEð Region is cacheable. 
1 = cacheable. 
0 = non-cacheable 

ROM_WT_WBð Region is write-through if cacheable. 

1 = write-back 
0 = write-through 

In additional, there are cacheable regions such as R2, R3, R6 and R7.  

The base of these regions are: 

R2: 0x08000000~0x0807ffff 

R6: 0x10000000~0x10ffffff  

R7:0x00000000~0x00ffffff 

The attributes of these regions are defined in LMEM_DIV_ACRG. 
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5.5.6 Cache Divide Access Register(LMEM_DIV_ACRG) 

The ACRG is used to control the attributes of different memory regions such as write-through, write-back or 
non-cacheable. 
 
Address Offset : 0x0024 

 

Figure 5-7: Cache Access Register(LMEM_DIV_ACRG) 

 
The three region R2, R6 and R7 are divided into 4 sub-regions. 

RX_Y_CACHEABLEð Region X the Yth(Y=0, 1, 2, 3) segment is cacheable. R2 means region2, R6 

means region6, R7 means region7. 
1 = cacheable. 
0 = non-cacheable 

RX_Y_WT_WBð Region X the Yth(Y=0, 1, 2, 3) segment is write-through if cacheable.R2 means 

region2, R6 means region6, R7 means region7 
1 = write-back 
0 = write-through 
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5.5.7 Cache R6 Segmentx High Address Register (LMEM_R6_Sx_HIGHADDR) 

The LMEM_R6_Sx_HIGHADDR register is used to define the high bound address of segmentx of R6. 
x=0,1,2,3 
 
Address Offset : 0x0040-0x004c 

 

Figure 5-8: R6 Segmentx High Address Register (LMEM_R6_Sx_HIGH_ADDR) 

 
R6_Sx_HIGH_ADDRESS[23:15]ð Physical Address. The reset value is 0x80*(x+1) - 0x1, x=0, 1, 2, 
3. 

  

5.5.8 Cache R6 Segmentx Low Address Register (LMEM_R6_Sx_LOWADDR) 

The LMEM_R6_Sx_LOWADDR register is used to define the low bound address of segmentx of R6. 
x=0,1,2,3 
 
Address Offset : 0x0050-0x005c 

 

Figure 5-9: R6 Segmentx Low Address Register (LMEM_R6_Sx_LOW_ADDR)  
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R6_Sx_LOW_ADDRESS[23:15]ð Physical Address Offset. The reset value is 0x80*x, x=0, 1, 2, 3. 

  
 

5.5.9 Cache R7 Segmentx High Address Register (LMEM_R7_Sx_HIGHADDR) 

The LMEM_R7_Sx_HIGHADDR register is used to define the high bound address of segmentx of R7. 
x=0,1,2,3 
 
Address Offset : 0x0060-0x006c 

 
 

Figure 5-10: R7 Segmentx High Address Register (LMEM_R7_Sx_HIGH_ADDR) 

 
R7_Sx_HIGH_ADDRESS[23:15]ð Physical Address. The reset value is 0x80*(x+1) - 0x1, x=0, 1, 2, 
3. 
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5.5.10 Cache R7 Segmentx Low Address Register (LMEM_R7_Sx_LOWADDR) 

The LMEM_R7_Sx_LOWADDR register is used to define the low bound address of segmentx of R7. 
x=0,1,2,3 
 
Address Offset : 0x0070-0x007c 

 

Figure 5-11: R7 Segmentx Low Address Register (LMEM_R7_Sx_LOW_ADDR) 

 
R7_Sx_LOW_ADDRESS[23:15]ð Physical Address Offset. The reset value is 0x80*x, x=0, 1, 2, 3. 

  
 

5.5.11 Cache R2 Segmentx High Address Register (LMEM_R2_Sx_HIGHADDR) 

The LMEM_R2_Sx_HIGHADDR register is used to define the high bound address of segmentx of R2. 
x=0,1,2,3 
 
Address Offset : 0x0080-0x008c 

 

Figure 5-12: R2 Segmentx High Address Register (LMEM_R2_Sx_HIGH_ADDR) 

 
R2_Sx_HIGH_ADDRESS[19:15]ð Physical Address. The reset value is 0x4*(x+1)-1, x=0, 1, 2,3. 
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5.5.12 Cache R2 Segmentx Low Address Register (LMEM_R2_Sx_LOWADDR) 

The LMEM_R2_Sx_LOWADDR register is used to define the low bound address of segmentx of R2. 
x=0,1,2,3 
 
Address Offset : 0x0090-0x009c 

 

Figure 5-13: R2 Segmentx Low Address Register (LMEM_R2_Sx_LOW_ADDR) 

 
R2_Sx_LOW_ADDRESS[19:15]ð Physical Address Offset. The reset value is 0x4*x, x=0, 1, 2, 3. 
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5.5.13 Cache Page Invalidation Base Address Register (LMEM_PAGE_INV_BADDR) 

Address Offset : 0x0180 

 

Figure 5-14: Cache Page Invalidate Base Address Register (LMEM_PAGE_INV_BADDR) 

 
page_inv_baddr[31:4]ð cache invalidate start address for system memory. Lower 4bits is ignored 
because of line alignment. 

start_page_invð start to page invalidate. Cleared if the invalidation is completed.  

This bit is shared in bit 0 of LMEM_PAGE_INV_SIZE_REG. 

  
 

5.5.14 Cache Page Invalidation Base Size Register (LMEM_PAGE_INV_SIZE) 

Address Offset : 0x0184 

 

Figure 5-15: Cache Page Invalidate Size Register (LMEM_PAGE_INV_SIZE) 
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page_inv_size[15:4]ð cache invalidate size for system memory. Lower 4bits is ignored because of line 
alignment. 

start_page_invð start to page invalidate. Cleared if the invalidation is completed.  

This bit is shared in bit 0 of LMEM_PAGE_INV_BADDR_REG. 

  
 

5.5.15 Cache Clock Enable Register (LMEM_CACHE_CLK_EN) 

Address Offset : 0x0188 

 

Figure 5-16: Cache Clock Enable Register (LMEM_CACHE_CLK_EN) 

 
cache_clk_enableð cache clock is enabled. Must be ô1ô if cache is enabled. 

 
 

5.6 Cache Function 

The caches on this device are structured as follows. Both caches have a 2-way set associative cache 
structure with a total size of 8 Kbytes. The caches have 32-bit address and data paths and a 16-byte line size. 
The cache tags and data storage use external single-port, synchronous RAMs. 
 
For these 8-KByte caches, each cache TAG function uses two 256 x 22-bit RAM arrays and the cache DATA 
function uses two 1024 x 32-bit RAM arrays. The cache TAG entries store 20 bits of upper address as well as a 
modified and valid bit per cache line. The cache DATA entries store four bytes of code or data. 
 
All normal cache accesses use physical addresses. This leads to the following cache address use: 
 
CACHE - 8 Kbytes size = (256 sets) x (16-byte lines) x (2-way set-associative)  
 
TAG: 

Å address[31:12] used in tag for compare (hit) logic 

Å address[11:4] used to select 1 of 256 sets 

Å address[3:0] not used  
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DATA: 

Å address[31:12] not used 

Å address[11:4] used to select one of 256 sets 

Å address[3:2] used to select one of four 32-bit words within a set 

Å address[1:0] used to select the byte within the 32-bit word 
 
The caches use a one-cycle parallel TAG and DATA access structure. This structure is aligned in the two 
stage AMBA _AHB bus pipeline from the negative edge of the address phase to the negative edge of the data 
phase: 
 
 

 

Figure 5-17: Cache Tag And Data Access Structure 

 
On a normal cacheable operation, the full address is registered on the negedge of the address phase in the 
cache control logic while address bits[11:4] are registered in the TAG arrays and address bits[11:2] are 
registered in the DATA arrays. During the full cycle from the negedge of the address phase to the negative 
edge of the data phase, the TAG and DATA arrays are accessed and cache hit analyzed. For hits, the desired 
read data is returned in the second half of the data phase and writes are done starting on the negedge of the 
data phase cycle. For misses, the data phase is held as needed while the cache uses its slave bus to access 
the desired cache line via a line-sized data transfer sent to the crossbar switch. 
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5.7 Cache Control 

The Code and System Caches are disabled at reset. Cache tag and data arrays are not cleared at reset. 
Therefore, to enable the caches, cache commands must be done to clear and initialize the required tag array 
bits and to configure and enable the caches. 
 

5.7.1 Cache Set Commands 

The cache set commands may operate on: 

Å all of way 0, 

Å all of way 1, or 

Å all of both ways (complete cache). 
 
Cache set commands are initiated using the upper bits in the CCR register. Cache set commands perform 
their operation on the cache independent of the cache enable bit, CCR[ENCACHE]. 
 
A cache set command is initiated by setting the CCR[GO] bit. This bit also acts as a busy bit for set 
commands. It stays set while the command is active and is cleared by the hardware when the set command 
completes. 
 
Supported cache set commands are given in Figure 5-18. Set commands work as follows: 

Å Invalidate ī Unconditionally clear valid and modify bits of a cache entry. 

Å Push ī Push a cache entry if it is valid and modified, then clear the modify bit. If entry not valid or not 
modified, leave as is. 

Å Clear ī Push a cache entry if it is valid and modified, then clear the valid and modify bits. If entry not valid 
or not modified, clear the valid bit. 

 

 

Figure 5-18: Cache Set Commands 

 
After a reset, complete an invalidate cache command before using the cache. 
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5.7.2 Cache Line Commands 

Cache line commands operate on a single line in the cache at a time. Cache line commands can be performed 
using a physical or cache address. 

Å A cache address consists of a set address and a way select. The line command acts on the specified 
cache line. 

Å Cache line commands with physical addresses first search both ways of the cache set specified by bits 
[11:4] of the physical address. If they hit, the commands perform their action on the hit way. 

 
Cache line commands are specified using the upper bits in the CLCR register. Cache line commands perform 
their operation on the cache independent of the cache enable bit (CCR[ENCACHE]). Using a cache address, 
the command can be completely specified using the CLCR register. Using a physical address, the command 
must also use the CSAR register to specify the physical address. 
 
A line cache command is initiated by setting the line command go bit (CLCR[LGO] or CSAR[LGO]). This bit 
also acts a busy bit for line commands. It stays set while the command is active and is cleared by the 
hardware when the command completes. 
 
The CLCR[27:24] bits select the line command as follows: 
 

Figure 5-19: Cache Line Commands 

 
5.7.2.1 Executing A Series Of Line Commands Using Cache Addresses 

A series of line commands with incremental cache addresses can be performed by just writing to the CLCR. 

Å Place the command in CLCR[27:24], 

Å Set the way (CLCR[WSEL]) and tag/data (CLCR[TDSEL]) controls as needed, 

Å Place the cache address in CLCR[CACHEADDR], and 

Å Set the line command go bit (CLCR[LGO]). 
 
When one line command completes, initiate the next command by following these steps: 

Å Increment the cache address (at bit 2 to step through data or at bit 4 to step through lines), and 

Å Set the line command go bit (CLCR[LGO]). 
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5.7.2.2 Executing A Series Of Line Commands Using Physical Addresses 

Perform a series of line commands with incremental physical addresses using the following steps: 

Å Write to the CLCR. 

Å Place the command in CLCR[27:24] 

Å Set the tag/data (CLCR[TDSEL]) control 

Å Place the physical address in CSAR[PHYADDR] and set the line command go bit (CSAR[LGO]). 
 
When one line command completes, initiate the next command by following these steps: 

Å Increment the physical address (at bit 2 to step through data or at bit 4 to step through lines), and 

Å Set the line command go bit (CSAR[LGO]). 
 
The line command go bit is shared between the CLCR and CSAR registers, so that the above steps can be 
completed in a single write to the CSAR register. 
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6. Clock and Power Module 

6.1 Overview 

The clock and power module contains: 

Å Internal high speed 120MHz oscillator 

Å Internal low speed 8MHz oscillator 

Å External crystal/resonator (12MHZ) 

Å Status and control registers 

Å Clock and Power Control logic 
 
 

6.2 Features 

Features of the clock and power module include: 

Å Two system clock sources 

ï Internal high speed 120MHz oscillator 

ï Internal low speed 8MHz oscillator 

Å Separate clock divider 

Å Support for power saving mode 

Å Module clock can be gated separately 
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6.3 Clock Structure 
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6.4 Clock Source Select 

System Clock Source can be internal high speed oscillator(120MHz) or internal low speed oscillator(8MHz). 
Clock source select is controlled by CSWCFGR register of this module. To change clock source, config 
CSWCFGR and wait for switch status in CSWCFGR. 
 

6.4.1 Power Saving Options 

6.4.1.1 Wait and Doze 

When the core executes WAIT and DOZE instruction, the system clocks to the peripherals and 
embedded-flash are still enabled, the clock to the core is gated. 
 
 
6.4.1.2 Stop 

When the core executes STOP instruction, the system will enter one of the sleep mode as specified in 
SLPCFGR&SLPCFGR2. 
  
 
6.4.1.3 Detailed Power Saving Mode Description 

 

Main System 
Power Mode 

Clock & PAD Wakeup Source Power
*1

 

RUN 
All clock work 

Clock gate configurable All 
PAD work 

None 
voltage scaling support 

(1.2V/1.15V/1.1V/1.05V/0.9V) 

WAIT 
 

Core M4 clock stop Other 
clock work All PAD work 

All interrupt 
WK PAD (level high)  
USBDET (level high)  

POR (reset) 
PCI domain interrupt 

C0_SUB domain interrupt 

AO domain ON 
WK domain ON  
PD domain ON 

USB domain configurable 
PCI domain ON 

C0_SUB domain supply 
independently 

LOWPOWER 

All clock stop 
(except 

Clock need by wakeup 
source 

and RTC32K)  
All PAD work 

SPI (SS3 PAD, level low) 
USI1 

I2C1-3 
EPORT0-4 (level H/L, edge support)  

USB RESUME 
 (USB domain config ON)  

TSI TOUCH 
RTC (time pulse and alarm) 

WK PAD (level high) 
USBDET (level high) 
POR (reset, level low) 
PCI domain interrupt 

C0_SUB domain interrupt 

AO domain ON  
WK domain ON  
PD domain ON 

USB domain configurable  
PCI domain ON 

C0_SUB domain supply 
independently 

RETENTION 
 (POWEROFF1.0) 

All clock stop 
 (except 

Clock need by wakeup 
source and RTC32K) 

All PAD state hold/latch
*3

 

SPI (SS3 PAD, level low) 
USI1  
I2C1 

EPORT0 (level H/L, edge) 
*2

 
USB RESUME 

 (USB domain config ON)  
TSI TOUCH 

RTC (time pulse only)  
WK PAD (level high)  
USBDET (level high)  
POR (reset, level low) 
PCI domain interrupt 

C0_SUB domain interrupt 

AO domain ON  
WK domain ON  
PD domain OFF 

USB domain configurable  
PCI domain ON 

C0_SUB domain supply 
independently 
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Main System 
Power Mode 

Clock & PAD Wakeup Source Power
*1

 

DEEP SLEEP 
 (POWEROFF1.5) 

All clock stop 
 (except 

Clock need by wakeup 
source 

and RTC32K) 

All PAD state hold/latch
*3

 

SP (SS3 PAD, level low) 
USI1  
I2C1 

EPORT0 (level H/L, edge) 
*2

 
USB RESUME 

 (USB domain config ON) 
TSI TOUCH 

RTC (time pulse only)  
WK PAD (level high) 
USBDET (level high) 
POR (reset, level low) 
PCI domain interrupt 

C0_SUB domain interrupt 

AO domain ON  
WK domain OFF  
PD domain OFF 

USB domain configurable  
PCI domain ON 

C0_SUB domain supply 
independently 

HIBER 
 (POWEROFF2.0) 

All clock stop 
 (except RTC32K)  

All PAD HIZ(tri-state)
*4

 

WK PAD (level high) 
USBDET (level high) 
POR (reset, level low) 

AO domain OFF 
WK domain OFF 
PD domain OFF 

USB domain OFF 
PCI domain ON 

C0_SUB domain supply 
independently 

PCI 
Independent power supply 

INT32K work  
PAD SDIO work 

None 

AO domain OFF 
WK domain OFF  
PD domain OFF  

USB domain OFF  
PCI domain ON 

C0_SUB domain supply 
independently 

Note 

*1: AO domain modules include: CPM, CCM&RESET, IO_CTRL, IOMUX_AO, EPORT1, USI1, I2C1, 

TSI ;  

WK domain modules include: SRAMD (32KB, MEMORY IP only), KEY_CTRL ;  

USB domain modules include: USB ;  

PCI domain modules include: PCI ;  

PD domain includes: M4 +other modules; 

If domain power is ON, when exit the power saving mode, register&memory value in the specific 

domain is held ;  

If domain power is OFF, when exit the power saving mode, register&memory value in the specific 

domain is reset ;  

Especially, core M4 uses RETENTION technique to hold register value in RETENTION mode, which 

makes M4 hold status in this power saving mode. When exit RETENTION mode,M4 continues to 
run without reset; 

*2:Only support gint[5:0](default function only, not for alternate function) on chip level; 

*3:Except gint[37] change to input pull down(can also be config to input pull up), 

gint[32],gint[33],tsi_ch[2]/gint[34],tsi_ch[3]/gint[35],tsi_ch[1]/gint[38],tsi_ch[10]/gint[39],gint[36] 
change to input pull up on chip level; 

*4:Except WAKEUP, USBDET change to input pull down, POR change to input pull up on chip level; 
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6.5 Memory Map and Registers 

6.5.1 Module Memory Map 

 
Table 6-1: CPM Memory Map 

 

Address 31:16 15:0 Access1 

0x0000 Sleep Config Register (SLPCFGR) S 

0x0004 Sleep Control Register (SLPCR) S 

0x0008 System Clock Divider Register (SCDIVR) S 

0x000c Peripheral Clock Divider Register 1(PCDIVR1) S 

0x0010 Peripheral Clock Divider Register 2(PCDIVR2) S 

0x0014 Peripheral Clock Divider Register 3(PCDIVR3) S 

0x0018 Clock Divider Update Register(CDIVUPDR) S 

0x001c Clock Divider Enable Register(CDIVENR) S 

0x0020 Oscillator Control and Status Register(OCSR) S 

0x0024 Clock Switch Config Register(CSWCFGR) S 

0x0028 Core Tick Timer Register(CTICKR) S 

0x002c Chip Config Register(CHIPCFGR) S 

0x0030 Power Control Register(PWRCR) S 

0x0034 Sleep Counter Register(SLPCNTR) S 

0x0038 Wakeup Counter Register(WKPCNTR) S 

0x003c Multiple Clock Gate Control Register (MULTICGTCR) S 

0x0040 System Clock Gate Control Register (SYSCGTCR) S 

0x0044 AHB3 Clock Gate Control Register (AHB3CGTCR) S 

0x0048 Arith Clock Gate Control Register (ARITHCGTCR) S 

0x004c Ips Clock Gate Control Register (IPSCGTCR) S 

0x0050 VCC General Trim Register(VCCGTRIMR) S 

0x0054 VCC Lvdt Trim Register(VCCLTRIMR) S 

0x0058 VCC Vref Trim Register(VCCVTRIMR) S 

0x005c VCC Core Test Mode Register(VCCCTMR) S 

0x0060 OSC8M Trim Register(O8MTRIMR) S 

0x0064 Reserved S 

0x0068 OSC120M Trim Register(O120MTRIMR) S 

0x006c CARD LDO Trim Register(CARDTRIMR) S 

0x0070 OSCL Stable Time Register(OSCLSTIMER) S 

0x0074 OSCH Stable Time Register(OSCHSTIMER) S 

0x0078 OSCE Stable Time Register(OSCESTIMER) S 

0x007c Power Status Register(PWRSR) S 

0x0080 Reserved S 

0x0084 Reserved S 

0x0088 Reserved S 

0x008c RTC Trim Register(RTCTRIMR) S 

0x0090 PAD Wakeup Interrupt Control(PADWKPINTCR) S 

0x0094 Wakeup Filter Counter Register(WKPFILTCNTR) S 

0x0098 CARD Power On Counter Register(CARDPOCR) S 
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Address 31:16 15:0 Access1 

0x009c RTC32K Stable Time Register(RTCSTIMER) S 

0x00A0 Memory Power Down Sleep Control Register(MPDSLPCR) S 

0x00A4 Reserved S 

0x00A8 Reserved S 

0x00AC Multiple Reset Control Register (MULTICGTCR) S 

0x00B0 System Reset Control Register (SYSCGTCR) S 

0x00B4 AHB3 Reset Control Register (AHB3CGTCR) S 

0x00B8 Arith Reset Control Register (ARITHCGTCR) S 

0x00BC Ips Reset Control Register (IPSCGTCR) S 

0x00C0 Sleep Config Register 2(SLPCFGR2) S 

0x00C4 Reserved S 

0x00C8 Reserved S 

0x00CC Reserved S 

0x00D0 Power Down Counter Register(PDNCNTR) S 

0x00D4 Power On Counter Register(PONCNTR) S 

0x00D8 PAD SS3 Control Register(PADSS3CR) S 

0x00DC Wakeup Source Control Register(WKPSCR) S 

Note: S = supervisor-only access. User mode accesses to supervisor only address locations 
have no effect and result in a cycle termination transfer error. 
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6.5.2 Register Description 

6.5.2.1 Sleep Config Register 

Register address : 0x0000 ~ 0x0003 

 

Figure 6-1: Sleep Config Register (SLPCFGR) 

 
SLEEP_MODE ð Sleep Mode for system to Enter When STOP 

Å 2ôb00: Enter Low Power mode(with VDD_WK_SWOFF=0 & VDD_PD_RET=0 in SLPCFGR2). 

Å 2ôb01: Enter Retention mode(with VDD_WK_SWOFF=0 & VDD_PD_RET=1 in SLPCFGR2) 

Å 2ôb01: Enter Deep Sleep mode(with VDD_WK_SWOFF=1 & VDD_PD_RET=0 in SLPCFGR2) 

Å 2ôb1x: Enter Hibernation mode(with VDD_WK_SWOFF=0 & VDD_PD_RET=0 in SLPCFGR2). 
 
EPORT*_SLPEN ð EPORT* Module Clock Sleep Enable When STOP 
Specify if the EPORT* Module Clock is enabled and is switched to OSCL clock automatically in system 
sleep mode. 

1 = enable; 0 = disable 

OSCEXT/PMU128K/RTC32K_SLPEN ð OSCEXT/PMU128K/RTC32K Sleep Enable When STOP 
Specify if the OSCEXT/PMU128K/RTC32K is enabled in system sleep mode. 

1 = enable; 0 = disable 

V33_HP_LPEN ð VDD33/VDD33_FLASH LDO Enter Low Power State When STOP 

Specify if the VDD33/VDD33_FLASH LDO enter low power state in system sleep mode. 
1 = VRFlash 3.3V LDO enter low power enable  
0 = VRFlash 3.3V LDO enter low power disable 

HP_FLASH_LPEN ð Internal FLASH HP LDO Power Down When STOP  

Specify if the Internal FLASH HP LDO enter low power in system sleep mode. 
1 = FLASH HP LDO enter low power enable  
0 = FLASH HP LDO enter low power disable 

CARD0PD ðCard 0 LDO Power OFF Config  

Specify if the Card 0 LDO is powered off. 
1 = power off;  0 = power on 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -91- 

LT7689_MCUCore _ENG / V 1.0 

CARD0PO ðCard 0 LDO Voltage Out Config  
Specify the Card 0 LDO output voltage. 

Å 2ôb00: 1.8V 

Å 2ôb01: 3.0V 

Å 2ôb10: 3.3V 

Å 2ôb11: 5V 

VRFlashPD ð VDD33/VDD33_FLASH LDO Power OFF Config When STOP  

Specify if VDD33/VDD33_FLASH LDO is powered off in system sleep mode. 
1 = power off;  0 = power on 

FLASH_IPSLP ð Flash IP Sleep Config When STOP 
Specify if the Flash IP enter sleep mode in system sleep mode. 

1 = enter sleep mode 
0 = not enter sleep mode 

  

 

6.5.2.2 Sleep Control Register 

Register address : 0x0004 ~ 0x0007 

 
 

= Writes have no effect and the access terminates without a transfer error exception. 
 

Figure 6-2: Sleep Control Register (SLPCR) 

 
SLP_CFG_KEY[1:0] ð SLP CFG Mode Key. 
 
If SLP_PROTECT_EN bit in VCCVTRIMR is set, the SLPCFGR register can not be changed, unless the 
correct sequence write in these two bits. The right sequence is :2ôb01->2ôb10->2ôb11.After write these two 
bits following this sequence, these two bitsô value is 2ôb11,then the SLPCFGR register can be changed at 
will. Only writes 2ôb00 can clear these two bits when the value equals to 2ôb11.Writes other value has no 
effect and returns 2ôb11. 
 
SLP_CFG_MODE ð SLP CFG Mode 
 
After write the SLP_CFG_KEY following the sequence, this bit will be 1. 
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6.5.2.3 System Clock Divider Register 

Register address : 0x0008 ~ 0x000b 

 
 

= Writes have no effect and the access terminates without a transfer error exception. 

Figure 6-3: System Clock Divider Register (SCDIVR) 

 
*_DIV[n:0] ð Clock Divider Divisor Configure 
Specify the divide value of *_CLK. The divisor value is *_DIV[n:0]+1. 
Write 1 to SYSDIV_UPDATE bit in CDIVUPDR will update the configured SCDIVR divisor to DIVIDER. 
read always return 0. 
 
Note: if value of this register has been changed by flash info load, user need to set 
bit11(OVERWR_SCDIV_TRIM) in VCCCTMR before CPU overwriting the old value. 

  
 
6.5.2.4 Peripheral Clock Divider Register 1 

Register address : 0x000c ~ 0x000f 

 
= Writes have no effect and the access terminates without a transfer error exception. 

Figure 6-4: Peripheral Clock Divider Register 1(PCDIVR1) 
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*_DIV[n:0] ð Clock Divider Divisor Configure 
Specify the divide value of *_CLK. The divisor value is *_DIV[n:0]+1. 
 
Write 1 to PERDIV_UPDATE bit in CDIVUPDR will update the configured PCDIVR1,PCDIVR2,PCDIVR3 
divisor to DIVIDER. read always return 0. 
 
Note: if value of this register has been changed by flash info load, user need to set 
bit10(OVERWR_PCDIV_TRIM) in VCCCTMR before CPU overwriting the old value. 

  
 
6.5.2.5 Peripheral Clock Divider Register 2 

Register address : 0x0010 ~ 0x0013 

 
= Writes have no effect and the access terminates without a transfer error exception. 

 

Figure 6-5: Peripheral Clock Divider Register 2(PCDIVR2) 

 
*_DIV[n:0] ð Clock Divider Divisor Configure 
Specify the divide value of *_CLK. The divisor value is *_DIV[n:0]+1 
 
Write 1 to PERDIV_UPDATE bit in CDIVUPDR will update the configured PCDIVR1,PCDIVR2,PCDIVR3 
divisor to DIVIDER. read always return 0. 
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6.5.2.6 Peripheral Clock Divider Register 3 

Register address : 0x0014 ~ 0x0017 

 
 

= Writes have no effect and the access terminates without a transfer error exception. 
 

Figure 6-6: Peripheral Clock Divider Register 3(PCDIVR3) 

  
 
*_DIV[n:0] ð Clock Divider Divisor Configure 
Specify the divide value of *_CLK. The divisor value is *_DIV[n:0]+1 
 
Write 1 to PERDIV_UPDATE bit in CDIVUPDR will update the configured PCDIVR1,PCDIVR2,PCDIVR3 
divisor to DIVIDER. read always return 0. 
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6.5.2.7 Clock Divider Update Register 

Register address : 0x0018 ~ 0x001b 

 
 

= Writes have no effect and the access terminates without a transfer error exception. 
 

Figure 6-7: Clock Divider Update Register(CDIVUPDR) 

 
*DIV_UPD ð Clock Divider Update 
Write 1 to DIVUPD bit, the clock divider and divider enable config specified in SCDIVR&PCDIVR1 
&PCDIVR2&PCDIVR3&CDIVENR will take effect. Read *DIV_UPD bit returns 0. 

  
 
6.5.2.8 Clock Divider Enable Register 

Register address : 0x001c ~ 0x001f 

 

Figure 6-8: Clock Divider Enable Register(CDIVENR) 

 
*DIVEN ð Clock Divider Enable 
Specify the clock divider if enabled. When not enabled, no clock out from clock divider. Write 1 to 
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*DIV_UPDATE bit in CDIVUPDR will update the configured enable bit to DIVIDER. 
1 = Clock Divider enabled  
0 = Clock Divider disabled 

  
 
6.5.2.9 Oscillator Control and Status Register 

Register address : 0x0020 ~ 0x0023 

 

Figure 6-9: Oscillator Control and Status Register (OCSR) 

 

*_STABLE ð Clock Source Stable  
1 = Clock Source Stable 
0 = Clock Source not Stable 

*_EN ð Clock Source Enable 
1 = Clock Source Enable  
0 = Clock Source Disable 

Note: if value of TRNG_OSCEN and *_EN this register has been changed by flash info load, user need 

to set bit9(OVERWR_OCSR_TRIM) in VCCCTMR before CPU overwriting the old value. 
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6.5.2.10 Clock Switch Config Register 

Register address : 0x0024 ~ 0x0027 

 

Figure 6-10: Clock Switch Config Register(CSWCFGR) 

 
*_SEL_ST ð Clock Select Status Bit 
These bits reflect which source the clock switch is being selected at the moment. These bits are in one 
hot pattern. For example, SYS_SEL_ST: 

Å 2ôb01: OSC8M is being selected 

Å 2ôb10: OSC120M is being selected 

SYS_SEL ð SoC Clock Source Select 
When software want to switch the clock source to SoC, must ensure the current selected clock and the 
next selected clock source are active. 

Å 1ôb0: Select the OSC8M as SoC clock source 

Å 1ôb1: Select the OSC120M as SoC clock source 

CLKOUT_SEL ð Clock Output to PAD Select 

Å 2ôb00: Select system clock 

Å 2ôb01: Select arith_clk clock 

Å 2ôb10: Reserved 

Å 2ôb11: Select RTC 32K clock 

Note:  if value of CLKOUT_SEL/SYS_SEL has been changed by flash info load, user need to set 

bit29(OVERWR_CSWCFG_TRIM) in VCCCTMR before CPU overwriting the old value. 
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6.5.2.11 Core Tick Timer Register 

Register address : 0x0028 ~ 0x002b 

 

Figure 6-11: Core Tick Timer Register (CTICKR) 

 
NO_REF ð no alternative reference bit. 
Indicates that no alternative reference clock source has been integrated. 

1 = CORE_CLK is selected as reference clock source.  
0 = RTC32K is selected as reference clock source. 

SKEW ð skew bit. 
1 = not guarantee an exact multiple of 10ms.  
0 = guarantee an exact multiple of 10ms. 

CALIB ð calibration bit. 

Provides an integer value to compute a 10ms (100Hz) delay. 
 
 
6.5.2.12 Chip Config Register 

Register address : 0x002c ~ 0x002f 
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Figure 6-12: Chip Config Register(CHIPCFGR) 

 
PCI_H2L_ISOEN ð PCI H2L Isolation Enable. 

1 = Enable;  0 = Disable 

PCI_H2L_ISOSEL ð PCI H2L Isolation Select. 

This bit indicates which isolation bit to select for PCI H2L isolation. 
1 = Control bit PCI_H2L_ISOEN in CPM module is select  
0 = Control bit in PCI module is select 

USBPHY_O_ISOEN ð USBPHY Output Isolation Enable. 

1 = Enable;  0 = Disable 

USBPHY_RSTMASK ð USBPHY Reset Signal Mask. 

1 = Reset masked to assert  
0 = Reset not masked 

USBPHY_PSWEN ð USBPHY Power Switch Enable. 
1 = Enable;  0 = Disable 

*_SRM ð Software Reset Mask. 
Set *_SRM to reset corresponding circuit. USBPHY_OSC_MODE[1:0]ðSelect USBPHY OSC Mode 

00: Auto Detect Oscillator 
01: Auto Detect Oscillator(only for fast simulation)  
10: Select Internal Oscillator 
11: Select External Oscillator 

M2S_INT ð Main System to Sub System Interrupt. 
1 = assert the interrupt  
0 = clear the interrupt 

S2M_INT ð Sub System to Main System Interrupt. 

From this bit, Main System can read the status of S2M interrupt which is sent by S2M_INT bit of 
SRSTMASKR in CPM of Sub System. 

S2M_INT_CLR ð Sub System to Main System Interrupt Clear. 
Set this bit to clear S2M interrupt until S2M_INT is clear. After S2M_INT is clear, clear this bit or S2M 
interrupt can not be set again. 

S2M_INT_EN ð Sub System to Main System Interrupt Enable. 

Set this bit to enable S2M interrupt. 

S2M_O_ISOEN ð Sub System to Main System Output Isolation Enable. 

1 = Enable;  0 = Disable 

S2M_PST_ISOEN ð Sub System to Main System Power Status Isolation Enable. 

Clear this bit and read SUB_SYS_PWRRDY in PWRSR to get Sub System Power Status 
1 = Enable;  0 = Disable 

*_CLK_GTE ð * Clock Enable. 
1 = Enable;  0 = Disable 
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6.5.2.13 Power Control Register 

Register address : 0x0030 ~ 0x0033 

 
 

Figure 6-13: Power Control Register(PWRCR) 

 
VCC_CLR_LATCH ð VCC Clear IO latch. 
Write 1 to this bit to clear IO latch. 

VCC_SET_LATCH ð VCC Set IO latch. 
Write 1 to this bit to set IO latch. 

VCARD*_ISOEN ð VCARD0 interface Isolation Enable. 
1 = Enable;  0 = Disable 

LVD5V_PD_CHIP ð LVD5V power down chip. 
1 = When LVD5V detected by PMU, enter Power Off2 mode 
0 = When LVD5V detected by PMU, keep current state of Chip 

*_RE_LVDT* ð Lvdt* Reset Enable. 

1 = Enable;  0 = Disable 

*_IE_LVDT* ð Lvdt* Interrupt Enable. 

1 = Enable;  0 = Disable 

*_OE_LVDT* ð Lvdt* Output Enable. 

1 = Enable;  0 = Disable 

*_EN_LVDT* ð Lvdt* Enable. 

1 = Enable;  0 = Disable 
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6.5.2.14 Sleep Counter Register 

Register address : 0x0034 ~ 0x0037 

 

Figure 6-14: Sleep Counter Register(SLPCNTR) 

 
SLPCNT* ð Sleep Counter. 
Specify the delay time when the system enters sleep mode. 

  

 

6.5.2.15 Wakeup Counter Register 

Register address : 0x0038 ~ 0x003b 

 
 

Figure 6-15: Wakeup Counter Register(WKPCNTR) 

 
WKPCNT* ð Wakeup Counter. 
Specify the delay time when the system wakes up from sleep mode. 
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6.5.2.16 Multiple Clock Gate Control Register 

Register address : 0x003c ~ 0x003f 

 

Figure 6-16: Multiple Clock Gate Control Register(MULTICGTCR) 

 
MULTICLK_GTE[31:0] ð Multiple Clock Gate Enable Control Register 
Specify the enable bit values of modulesô clock gates. (see Table 6-2 MULTICLK_GTE[31:0] Bits 
Corresponding Modules). 

1 = Module Clock Enabled  
0 = Module Clock Disabled 

 
Note: if value of clkout in this register has been changed by flash info load, user need to set 
bit13(OVERWR_ARITHCGT_TRIM) in VCCCTMR before CPU overwriting the old value. 

 

Table 6-2: MULTICLK_GTE[31:0] Bits Corresponding Modules 

GTE Bit Corresponding Module 

0 Reserved 

1 EFM_BUS 

2 Reserved 

3 RSVD 

4 Reserved 

5 MCC 

6 MCCADR 

7 ADC 

8 RSVD 

9 MESH 

10 TC 

11 RSVD 

12 RSVD 

13 RSVD 

14 RSVD 

15 CLKOUT 

16 KEY_CTRL 
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GTE Bit Corresponding Module 

17 RSVD 

18 EFM_IPS 

19 CPM_IPS 

20 EPORT 

21 EPORT1 

22 EPORT2 

23 EPORT3 

24 EPORT4 

25 RSVD 

26 TRACE 

27 RESERVED 

28 RESERVED 

29 RESERVED 

30 RSVD 

31 RSVD 

  
 
6.5.2.17 System Clock Gate Control Register 

Register address : 0x0040 ~ 0x0043 

 

Figure 6-17: System Clock Gate Control Register(SYSCGTCR) 

 
SYSCLK_GTE[31:0] ð System Clock Gate Enable Control Register 
Specify the enable bit values of modulesô clock gates. (see Table 6-3 SYSCLK_GTE[31:0] Bits 
Corresponding Modules). 

1 = Module Clock Enabled  
0 = Module Clock Disabled 

 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -104- 

LT7689_MCUCore _ENG / V 1.0 

able 6-3: SYSCLK_GTE[31:0] Bits Corresponding Modules 

GTE Bit Corresponding Module 

0 Reserved 

1 DMAC1 

2 DMAC2 

3 RSVD 

4 CRC0 

5 CRC1 

6 RSVD 

7 Reserved 

8 RSVD 

9 RSVD 

10 RSVD 

11 AHB2_MUX 

12 SRAMD 

13 SRAM0 

14 SRAM1 

15 SRAM2 

16 SRAM3 

17 SSI4 

18 SSI5 

19 ROM 

20 RESERVED 

21 RESERVED 

22 M2S_BUS_M 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 
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6.5.2.18 AHB3 Clock Gate Control Register 

Register address : 0x0044 ~ 0x0047 

 

Figure 6-18: AHB3 Clock Gate Control Register (AHB3CGTCR) 

 
AHB3CLK_GTE[31:0] ð AHB3 Clock Gate Enable Control Register 
Specify the enable bit values of modulesô clock gates. (see Table 6-4 AHB3CLK_GTE[31:0] Bits 
Corresponding Modules). 

1 = Module Clock Enabled  
0 = Module Clock Disabled 

 

Table 6-4: AHB3CLK_GTE[31:0] Bits Corresponding Modules 

GTE Bit Corresponding Module 

0 RSVD 

1 RSVD 

2 RSVD 

3 USBC 

4 RSVD 

5 AHB3_MUX 

6 Reserved 

7 Reserved 

8 Reserved 

9 Reserved 

10 Reserved 

11 Reserved 

12 Reserved 

13 Reserved 

14 Reserved 

15 Reserved 

16 Reserved 

17 Reserved 

18 Reserved 
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GTE Bit Corresponding Module 

19 Reserved 

20 Reserved 

21 Reserved 

22 Reserved 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 

  
 
6.5.2.19 Arith Clock Gate Control Register 

Register address : 0x0048 ~ 0x004b 

 
 

Figure 6-19: Arith Clock Gate Control Register (ARITHCGTCR) 

 
ARITHCLK_GTE[31:0] ð ARITH Clock Gate Enable Control Register 
Specify the enable bit values of modulesô clock gates. (see Table 6-5 ARITHCLK_GTE[31:0] Bits 
Corresponding Modules). 

1 = Module Clock Enabled  
0 = Module Clock Disabled 

 
Note: if value of this register has been changed by flash info load, user need to set 
bit13(OVERWR_ARITHCGT_TRIM) in VCCCTMR before CPU overwriting the old value. 
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Table 6-5: ARITHCLK_GTE[31:0] Bits Corresponding Modules 

GTE Bit Corresponding Module 

0 RESERVED 

1 AES 

2 SM4 

3 RESERVED 

4 RF for AES&SM4 

5 CRYPTO 

6 SHA 

7 EDMAC0 

8 DES 

9 ZUC 

10 AHB2MLB 

11 AHB2IPS2 

12 Reserved 

13 Reserved 

14 Reserved 

15 Reserved 

16 Reserved 

17 Reserved 

18 Reserved 

19 Reserved 

20 Reserved 

21 Reserved 

22 Reserved 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 
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6.5.2.20 Ips Clock Gate Control Register 

Register address : 0x004c ~ 0x004f 

 
 

Figure 6-20: Ips Clock Gate Control Register (IPSCGTCR) 

 
IPSCLK_GTE[31:0] ð IPS Clock Gate Enable Control Register 
Specify the enable bit values of modulesô clock gates. (see Table 6-6 IPSCLK_GTE[31:0] Bits 
Corresponding Modules). 

1 = Module Clock Enabled  
0 = Module Clock Disabled 

 

Table 6-6: IPSCLK_GTE[31:0] Bits Corresponding Modules 

GTE Bit Corresponding Module 

0 IO_CTRL 

1 WDT 

2 RTC 

3 PIT1 

4 PIT2 

5 USI1 

6 EDMAC1 

7 SPI1 

8 SPI2 

9 SPI3 

10 SCI1 

11 SCI2 

12 USI2 

13 RSVD 

14 I2C1 

15 PWM0 

16 I2C2 

17 I2C3 

18 SCI3 
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GTE Bit Corresponding Module 

19 RSVD 

20 QADC 

21 DAC 

22 MCC 

23 TSI 

24 LD 

25 TRNG 

26 PGD 

27 SEC_DET 

28 PCI 

29 PMURTC 

30 AHB2IPS 

31 CCM&RESET 

  
 
6.5.2.21 VCC General Trim Register 

Register address : 0x0050 ~ 0x0053 

 
 

Figure 6-21: VCC General Trim Register(VCCGTRIMR) 

 
Trim bits for PMC VCC. 

V33_SW_ENB ð V33 switch enable 

when vdd5v<3.6V, set this bit to low will let vd33/vd33_flash=vdd5v. 

DISCHARGE_EN ð discharge enable 

when this bit is set, discharge vd33 when chip switch to poff2 mode. 

TRIM_128KHz ð trim the 128KHz clk.  

TRIM_2KHz ð trim the 2KHz clk. 

2KHZ_GTE ð 2KHz clk gate enable  

1 = enable;  0 = disable 
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VCC_LATCH_AUTO_SET ð VCC auto Set IO latch when system enter sleep mode. 

Write 1 to this bit to enable IO auto latch set. 

VCC_LATCH_AUTO_CLR ð VCC auto clear IO latch when system exit sleep mode. 

Write 1 to this bit to enable IO auto latch clear. 

ST_1V ð when this bit is set, the core voltage is 0.9V. SAMPLE_DIV ð bg wake-up period trim. 

TEST_BIAS ð test the bias current enable signal. BIAS1_RES_TRIM ð trimming bias1 current. 

BIAS2_RES_TRIM ð core voltage scaling function. 

b'00 is 1.05V; b'01 is 1.1V; b'10 is 1.15V; b'11 is 1.21V 

Note: user need to set bit23(OVERWR_VCC_TRIM) in VCCCTMR before CPU overwriting the old 
value. 

  
 
6.5.2.22 VCC Lvdt Trim Register 

Register address : 0x0054 ~ 0x0057 

 

Figure 6-22: VCC Lvdt Trim Register(VCCLTRIMR) 

 
Trim bits for PMC VCC. 

LVDT5V_TRIM_MSB ð trim bits for lvdt 5v 

b'00 is~4.3V; b'01 is ~2.7V; b'10 is ~2.0V; b'11 is~1.6V 

LVDT_COARSE_EN ð coarse lvdt module enable signal  

1 = enable coarse lvdt module 
0 = disable coarse lvdt module 

LVDT5V_HYS_TRIM ð trimming hysteresis of lvdt 5v  
20mv~40mv; 10mv one step 

LVDT5V_TRIM ð trim bits for lvdt 5v 
When LVDT5V_TRIM_MSB=00,lvdt trig point is as below: 3'b000: 3.22V 

3'b001: 3.30V 
3'b010: 3.39V 
3'b011: 3.48V 
3'b100: 3.58V 
3'b101: 3.68V 
3'b110: 4.02V 
3'b111: 4.15V 
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LVDT18_HYS_TRIM ð trimming hysteresis of lvdt 1p5v  
20mv~40mv; 10mv one-step 

LVDT18_TRIM ð trim bits for lvdt 1p8v 
 
Note: user need to set bit22(OVERWR_LVD_TRIM) in VCCCTMR before CPU overwriting the old value. 

  
 
6.5.2.23 VCC Vref Trim Register 

Register address : 0x0058 ~ 0x005b 

 

Figure 6-23: VCC Vref Trim Register(VCCVTRIMR) 

 
Trim bits for PMC VCC. 

SLP_PROTECT_EN ð Sleep Cfg Reg protect enable bit 

WK_EN[2:0] ð wakeup source enable bits for PAD POR,WAKE and USBDET respectively in poff2 mode, 

write 1 to VREF_TRIM_LOAD bit to confirm any change in these bits 

S2M_O_ISOEN_SRAM_MASK ð set this bit to disable c0sub to main system isolation for c0sub 

VDD_SRAM power domain signal 

S2M_O_ISOEN_VDD_MASK ð set this bit to disable c0sub to main system isolation for c0sub VDD 

power domain signal 

VREF_FORCE_ST ð let vref stable when encounter pesd  

VREF_TRIM_EN ð used to trim the 1V vref 
1 = enable vref trim 
0 = disable vref trim 

VREF_TRIM_LOAD ð load the vref trimming value and wakeup source enable bits 

VREF_STORE_EN ð store the vref voltage value enable  
1 = enable to store the vref voltage value 
0 = disable to store the vref voltage value  

VREF_TRIM_VAL ð trim the 1v vref 

Note: if value of SLP_PROTECT_EN has been changed by flash info load, user need to set 
bit21(OVERWR_VREF_TRIM) in VCCCTMR before CPU overwriting the old value. 
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If user want to overwrite value of SLP_PROTECT_EN / WK_EN / VREF_TRIM_EN 
/ VREF_STORE_EN / VREF_TRIM_VAL by cpu overwriting, user need to set 
bit21(OVERWR_VREF_TRIM) in VCCCTMR before CPU overwriting the old value. 

  
 
6.5.2.24 VCC Core Test Mode Register 

Register address : 0x005c ~ 0x005f 

. 
 

Figure 6-24: VCC Core Test Mode Register(VCCCTMR) 

 
CORE_TEST_KEY[1:0] ð Core Test Mode Key. 
 
The VCCCTMR register can not be changed, unless the correct sequence write in these two bits. The 
right sequence is :2ôb01->2ôb10->2ôb11.After write these two bits following this sequence, these two bitsô 
value is 2ôb11, then the VCCCTMR register can be changed at will. Only writes 2ôb00 can clear these two 
bits when the value equals to 2ôb11.Writes other value has no effect and returns 2ôb11. 

SOFT_POR[1:0] ð Software POR Bit. 
Set this bit the generate a software POR event to the Main System. 
1 = soft por;  0 = not soft por 

OVERWR_CSWCFG_TRIM ð Enable CPU to Overwrite the Trimmed Value for CSWCFGR. Note: Only 

SYSCLK_SEL[1:0] being trimmed to 2ôb00 is supported. 
1 = enable;  0 = disable 

OVERWR_RTC_TRIM ð Enable CPU to Overwrite the Trimmed Value for RTCTRIMR. 
1 = enable;  0 = disable 

OVERWR_RTC_STABLE_TRIM ð Enable CPU to Overwrite the Trimmed Value for RTCSTIMER. 
1 = enable;  0 = disable 

OVERWR_CARDLDO_TRIM ð Enable CPU to Overwrite the Trimmed Value for Card 0/1 LDO and 
Analog Wakeup Filter 

1 = enable;  0 = disable 

OVERWR_VCC_TRIM ð Enable CPU to Overwrite the Trimmed Value for VCC from FLASH 

1 = enable;  0 = disable 
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OVERWR_LVD_TRIM ð Enable CPU to Overwrite the Trimmed Value for LVD from FLASH 
1 = enable;  0 = disable 

OVERWR_VREF_TRIM ð Enable CPU to Overwrite the Trimmed Value for VREF from FLASH 
1 = enable;  0 = disable 

OVERWR_OSC8M_TRIM ð Enable CPU to Overwrite the Trimmed Value for OSC8M from FLASH 
1 = enable;  0 = disable 

OVERWR_OSC120M_TRIM ð Enable CPU to Overwrite the Trimmed Value for OSC120M from FLASH 
1 = enable;  0 = disable 

OVERWR_OSCL_STABLE_TRIM ð Enable CPU to Overwrite the Trimmed Value for OSC8M Stable 
Time from FLASH 

1 = enable;  0 = disable 

OVERWR_OSCH_STABLE_TRIM ð Enable CPU to Overwrite the Trimmed Value for OSC120M Stable 

Time from FLASH 
1 = enable;  0 = disable 

OVERWR_OSCE_STABLE_TRIM ð Enable CPU to Overwrite the Trimmed Value for External OSC 
Stable Time from FLASH 

1 = enable;  0 = disable 

OVERWR_ARITHCGTR_TRIM ð Enable CPU to Overwrite the Trimmed Value for ARITHCGTCR. 

1 = enable;  0 = disable 

OVERWR_SCDIV_TRIM ð Enable CPU to Overwrite the Trimmed Value for SCDIVR. 

1 = enable;  0 = disable 

OVERWR_PCDIV_TRIM ð Enable CPU to Overwrite the Trimmed Value for PCDIVR. 

1 = enable;  0 = disable 

OVERWR_OCSR_TRIM ð Enable CPU to Overwrite the Trimmed Value for OCSR. 

1 = enable;  0 = disable 

TEST_MODE_ENð Enable CPU Core Test Mode of PMC VCC. 

1 = enable;  0 = disable 

OFF_MODE2&OFF_MODE&EN_LP are Direct control bits of the PMC VCC in core test mode only. 

Software should not change the value of these bits . 
 
 
6.5.2.25 OSC8MHz Trim Register 

Register address : 0x0060 ~ 0x0063 
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Figure 6-25: OSC8MHz Trim Register(O8MTRIMR) 

 
OSC8M_TRIM[16:0] ð OSC8MHz Trim Value. 
 
Note: user need to set bit20(OVERWR_OSC8M_TRIM) in VCCCTMR before CPU overwriting the old 
value. 

  
 
6.5.2.26 OSC120MHz Trim Register 

Register address : 0x0068 ~ 0x006b 

 
 

Figure 6-26: OSC120MHz Trim Register(O120MTRIMR) 

 
OSC120M_TRIM[16:0] ð OSC120MHz Trim Value. 
 
Note: user need to set bit19(OVERWR_OSC120M_TRIM) in VCCCTMR before CPU overwriting the old 
value. 
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6.5.2.27 CARD LDO Trim Register 

Register address : 0x006c ~ 0x006f 

 
 

Figure 6-27: Card LDO Trim Register(CARDTRIMR) 

 
WKP_DFILT_EN ð Wakeup Digital Filter Enable. 

1 = enable;  0 = disable 

WKP_DFILT_BYPASS ð Wakeup Digital Filter Bypass. 
1 = bypass;  0 = not bypass 

WKP_DFILT_GTE ð Wakeup Digital Filter Clock Gate Enable. 
1 = enable;  0 = disable 

EFM_RWSC_INIT[3:0] ð EFM RWSC Initial Trim Value  

WKP_AFILT_BYPASS ð Wakeup Analog Filter Bypass. 

1 = bypass;  0 = not bypass 

WKP_AFILT_TRIM[3:0] ð Wakeup Analog Filter Trim Value. 
 
CARD*_RREDUCE ð When high will reduce 10% resistance of the current sensor. 

1 = reduce;  0 = not reduce 

Note: if user wan to overwrite value of EFM_RWSC_INIT / WKP_AFILT_BYPASS / CARD0_REDUCE / 
WKP_AFILT_TRIM by cpu writing, user need to set bit24(OVERWR_CARDLDO_TRIM) in VCCCTMR 
before CPU overwriting the old value. 
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6.5.2.28 OSCL Stable Time Register 

Register address : 0x0070 ~ 0x0073 

 
 

Figure 6-28: OSCL Stable Time Register(OSCLSTIMER) 

 
*_STIME ð * Clock Source Stable Time. 
Specify the stable time of * Clock Source when enable bit in OCSR is turned on. 
 
Note: if user want to overwrite value of OSC8M_STIME by cpu writing, user need to set 
bit18(OVERWR_OSCL_STABLE_TRIM) in VCCCTMR before CPU overwriting the old value. 

 
 
6.5.2.29 OSCH Stable Time Register 

Register address : 0x0074 ~ 0x0077 

 
 

Figure 6-29: OSCH Stable Time Register(OSCHSTIMER) 
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*_STIME ð * Clock Source Stable Time. 
Specify the stable time of * Clock Source when enable bit in OCSR is turned on. 
 
Note: user need to set bit17(OVERWR_OSCH_STABLE_TRIM) in VCCCTMR before CPU overwriting 
the old value. 

  
 
6.5.2.30 OSCE Stable Time Register 

Register address : 0x0078 ~ 0x007b 

 

 

Figure 6-30: OSCE Stable Time Register(OSCESTIMER) 

 
*_STIME ð * Clock Source Stable Time. 
Specify the stable time of * Clock Source when enable bit in OCSR is turned on. 
 
Note: user need to set bit16(OVERWR_OSCE_STABLE_TRIM) in VCCCTMR before CPU overwriting 
the old value. 
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6.5.2.31 Power Status Register 

Register address : 0x007c ~ 0x007f 

 

Figure 6-31: Power Status Register(PWRSR) 

 

Status bits of PMC VCC. 

VCARD*_ISOEN_O ð VCARD* isolation enable output  

VCC_LVDT5_F ð VCC 5V Low Voltage detect flag  

VCC_LVDT18_F ð VCC 1.8V Low Voltage detect flag  

CARD*_LVD_F ð Card* Ldo low voltage detect flag  

VCC_LVDT5_RT ð VCC 5V Low Voltage detect real time  

VCC_LVDT18_RT ð VCC 1.8V Low Voltage detect real time  

CARD*_LVD_RT ð Card* Ldo low voltage detect real time 

CARD*_EN_FAIL_F ð Card* Ldo fail flag  

VCC_HP_READY ð VCC High Power ready  

VCC_CARD*_READY ð VCC Card* Ldo ready 

SUB_SYS_SRAM_REG[7:4] ð Direct status of PWR_INDIC_REG[7:4] in PWRINDICR of C0sub 

system CPM section 

M2S_BUS_S_RST ð Main system to C0sub system bus reset release 

1 = reset released;  0 = reset not released 

M2S_BUS_S_RDY ð Main system to C0sub system bus ready 

1 = ready;  0 = not ready 

SUB_SYS_PWRRDY ð C0sub system power ready 

1 = ready;  0 = not ready 
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6.5.2.32 RTC Trim Register 

Register address : 0x008c ~ 0x008f 

 

Figure 6-32: RTC Trim Register(RTCTRIMR) 

 

RTC_TRIM_EN ð RTC trim enable  
1 = enable;  0 = disable 

RTC_TRIM_LOAD ð RTC trim load enable  
1 = enable;  0 = disable 

RTC_TRIM_VAL ð RTC trim value 

Note: user need to set bit28(OVERWR_RTC_TRIM) in VCCCTMR before CPU overwriting the old value. 

  
 
6.5.2.33 PAD Wakeup Interrupt Control Register 

Register address : 0x0090 ~ 0x0093 
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Figure 6-33: PAD Wakeup Interrupt Control Register(PADWKPINTCR) 

  
*_RT ð wake up source real time value  

1 = wake up source valid 
0 = wake up source invalid 

*_EN ð wake up source wakeup enable  
1 = enable;  0 = disable 

*_INTM ð wake up source interrupt enable for wakeup interrupt request  
1 = enable;  0 = disable 

*_STAT ð wake up source interrupt status  
1 = wake up source interrupt valid 
0 = wake up source interrupt invalid 

 
 
6.5.2.34 Wakeup Filter Counter Register 

Register address : 0x0094 ~ 0x0097 

 
 

Figure 6-34: Wakeup Filter Counter Register(WKPFILTCNTR) 

 
WAKEUP_FILTCNT*[7:0] ð Wakeup Filter Counter. Specify the wakeup filter counter value. 
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6.5.2.35 CARD Power On Counter Register 

Register address : 0x0098 ~ 0x009b 

 
 

Figure 6-35: Card Power on Counter Register(CARDPOCR) 

 
POWAITCNT[19:0] ð CARD Power on wait Counter.  
Specify the card power one filter counter value. 

 
 
6.5.2.36 RTC 32K Stable Time Register 

Register address : 0x009c ~ 0x009f 

 
 

Figure 6-36: RTC 32K Stable Time Register(RTCSTIMER) 

 
RTCSTIME[19:0] ð RTC 32K reference clock stable wait Counter. 
 
Note: user need to set bit26(OVERWR_RTC_STABLE_TRIM) in VCCCTMR before CPU overwriting the 
old value.  
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6.5.2.37 Memory Power Down Sleep Control Register 

Register address : 0x00a0 ~ 0x00a3 

 

Figure 6-37: Memory Power Down Sleep Control Register (MPDSLPCR) 

 
MEM_SLPPD[31:0] ð Memory Sleep Power Down 
Specify the control bit values of memorysô power saving mode signal in sleep mode. LS stands for Light 
Sleep, DS stands for Deep Sleep, SD stands for Shut Down. In LS&DS mode, the contents in memory 
array can be retained, while in SD mode, the contents are lost.(see Table 6-7 MEM_SLPPD[31:0] Bits 
Corresponding Memory). 

1 = Memory enter Power Saving Mode in Sleep Mode 
0 = Memory Not enter Power Saving Mode in Sleep Mode 

 

Table 6-7: MEM_SLPPD[31:0] Bits Corresponding Memory 

SLPPD Bit Corresponding Memory 

0 ICACHE_DS 

1 RESERVED 

2 Reserved 

3 Reserved 

4 DCACHE_DS 

5 Reserved 

6 Reserved 

7 Reserved 

8 SRAM0_DS 

9 SRAM1_DS 

10 SRAM2_DS 

11 SRAM3_DS 

12 SRAMD_DS 

13 Reserved 

14 Reserved 

15 CODE_ROM_LS 

16 Reserved 

17 Reserved 
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SLPPD Bit Corresponding Memory 

18 ARITH_RF_LS 

19 ARITH_RF_DS 

20 CRYPTO_RF_LS 

21 CRYPTO_RF_DS 

22 Reserved 

23 Reserved 

24 Reserved 

25 ARITH_RF_SD 

26 CRYPTO_RF_SD 

27 Reserved 

28 USBC_SRAM_DS 

29 Reserved 

30 Reserved 

31 Reserved 

  
 
6.5.2.38 Multiple Reset Control Register 

Register address : 0x00ac ~ 0x00af 

 
 

Figure 6-38: Multiple Reset Control Register(MULTIRSTCR) 

 
MULTIRST_MSK[31:0] ð Multiple Reset Mask Control Register 
Specify the mask bit values of modulesô resets. (see Table 6-8 MULTIRST_MSK[31:0] Bits 
Corresponding Modules). 

1 = Module Reset Asserted 
0 = Module Reset not Asserted 
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Table 6-8: MULTIRST_MSK[31:0] Bits Corresponding Modules 

MSK Bit Corresponding Module 

0 Reserved 

1 EFM_BUS 

2 Reserved 

3 RSVD 

4 M2S_BUS_S 

5 MCC 

6 MCCADR 

7 RSVD 

8 RSVD 

9 RSVD 

10 RSVD 

11 RSVD 

12 RSVD 

13 RSVD 

14 RSVD 

15 RSVD 

16 KEY_CTRL 

17 CCM&RESET 

18 EFM_IPS 

19 CPM_IPS 

20 EPORT 

21 EPORT1 

22 EPORT2 

23 EPORT3 

24 EPORT4 

25 RSVD 

26 RSVD 

27 RSVD 

28 RSVD 

29 RSVD 

30 RSVD 

31 RSVD 
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6.5.2.39 System Reset Control Register 

 
Register address : 0x00b0 ~ 0x00b3 

 
 

Figure 6-39: System Reset Control Register(SYSRSTCR) 

 
SYSRST_MSK[31:0] ð System Reset Control Register 
Specify the mask bit values of modulesô resets. (see Table 6-9 SYSRST_MSK[31:0] Bits Corresponding 
Modules). 

1 = Module Reset Asserted 
0 = Module Reset not Asserted 

 

Table 6-9: SYSRST_MSK[31:0] Bits Corresponding Modules 

MSK Bit Corresponding Module 

0 Reserved 

1 DMAC1 

2 DMAC2 

3 RSVD 

4 CRC0 

5 CRC1 

6 RSVD 

7 Reserved 

8 RSVD 

9 RSVD 

10 RSVD 

11 AHB2_MUX 

12 SRAMD 

13 SRAM0 

14 SRAM1 

15 SRAM2 

16 SRAM3 

17 SSI4 
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MSK Bit Corresponding Module 

18 SSI5 

19 ROM 

20 RESERVED 

21 RESERVED 

22 M2S_BUS_M 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 

  
 
6.5.2.40 AHB3 Reset Control Register 

Register address : 0x00b4 ~ 0x00b7 

 
 

Figure 6-40: AHB3 Reset Control Register (AHB3RSTCR) 

 
AHB3RST_MSK[31:0] ð AHB3 Reset Mask Control Register 
Specify the mask bit values of modulesô resets. (see Table 6-10 AHB3RST_MSK[31:0] Bits 
Corresponding Modules). 

1 = Module Reset Asserted 
0 = Module Reset not Asserted 
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Table 6-10: AHB3RST_MSK[31:0] Bits Corresponding Modules 

MSK Bit Corresponding Module 

0 RSVD 

1 RSVD 

2 RSVD 

3 USBC 

4 RSVD 

5 AHB3_MUX 

6 Reserved 

7 Reserved 

8 Reserved 

9 Reserved 

10 Reserved 

11 Reserved 

12 Reserved 

13 Reserved 

14 Reserved 

15 Reserved 

16 Reserved 

17 Reserved 

18 Reserved 

19 Reserved 

20 Reserved 

21 Reserved 

22 Reserved 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 
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6.5.2.41 Arith Reset Control Register 

Register address : 0x00b8 ~ 0x00bb 

 
 

Figure 6-41: Arith Reset Control Register (ARITHRSTCR) 

 
ARITHRST_MSK[31:0] ð ARITH Clock Reset Control Register 
Specify the mask bit values of modulesô resets. (see Table 6-11 ARITHRST_MSK[31:0] Bits 
Corresponding Modules). 

1 = Module Reset Asserted  
0 = Module Reset Asserted 

 

Table 6-11: ARITHRST_MSK[31:0] Bits Corresponding Modules 

MSK Bit Corresponding Module 

0 RESERVED 

1 AES 

2 SM4 

3 RESERVED 

4 RF for AES&SM4 

5 CRYPTO 

6 SHA 

7 EDMAC0 

8 DES 

9 ZUC 

10 AHB2MLB 

11 AHB2IPS2 

12 Reserved 

13 Reserved 

14 Reserved 

15 Reserved 

16 Reserved 

17 Reserved 

18 Reserved 
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MSK Bit Corresponding Module 

19 Reserved 

20 Reserved 

21 Reserved 

22 Reserved 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 

  
 
6.5.2.42 Ips Reset Control Register 

Register address : 0x00bc ~ 0x00bf 

 

Figure 6-42: Ips Reset Control Register (IPSRSTCR) 

 
IPSRST_MSK[31:0] ð IPS Reset Control Register 
Specify the mask bit values of modulesô resets. (see Table 6-12 IPSRST_MSK[31:0] Bits Corresponding 
Modules). 

1 = Module Reset Asserted 
0 = Module Reset not Asserted 
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Table 6-12: IPSRST_MSK[31:0] Bits Corresponding Modules 

MSK Bit Corresponding Module 

0 IO_CTRL 

1 WDT 

2 RTC 

3 PIT1 

4 PIT2 

5 USI1 

6 EDMAC1 

7 SPI1 

8 SPI2 

9 SPI3 

10 SCI1 

11 SCI2 

12 USI2 

13 RSVD 

14 I2C1 

15 PWM0 

16 I2C2 

17 I2C3 

18 SCI3 

19 RSVD 

20 QADC 

21 DAC 

22 MCC 

23 TSI 

24 LD 

25 TRNG 

26 PGD 

27 SEC_DET 

28 PCI 

29 PMURTC 

30 AHB2IPS 

31 RSVD 
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6.5.2.43 Sleep Config Register 2 

Register address : 0x00c0 ~ 0x00c3 

 
 

Figure 6-43: Sleep Config Register 2(SLPCFGR2) 

 
*_INTM_SGL ð wake up source interrupt enable for each single interrupt request  

1 = enable;  0 = disable 

*_SLPEN ð * Clock Sleep Enable When STOP 
Specify if the * Clock is enabled in system sleep mode. 

1 = enable;  0 = disable 

Note: When system enters retention or deep sleep mode, CPM_IPS_SLPEN should be configed to 0. 
 
VDD_WK_SWOFF ð set with SLEEP_MODE in SLPCFGR to enter Deep Sleep Mode 

1 = VDD_WK power domain switch off  
0 = VDD_WK power domain switch on 

VDD_PD_RET ð set with SLEEP_MODE in SLPCFGR to enter Retention Mode 
1 = VDD_PD power domain retention on(core M4 only)  
0 = VDD_PD power domain retention off(core M4 only) 
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6.5.2.44 Power Down Counter Register 

Register address : 0x00d0 ~ 0x00d3 

 
 

Figure 6-44: Power Down Counter Register(PDNCNTR) 

 
PDNCNT* ð Power Down Counter. 
Specify the delay time when the system enters sleep mode. 

  
 
6.5.2.45 Power On Counter Register 

Register address : 0x00d4 ~ 0x00d7 

 
 

Figure 6-45: Power On Counter Register(PONCNTR) 

 
PONCNT* ð Power On Counter. 
Specify the delay time when the system enters sleep mode. 
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6.5.2.46 PAD SS3 Control Register 

Register address : 0x00d8 ~ 0x00db 

 
 

Figure 6-46: PAD SS3 Control Register(PADSS3CR) 

 
SS3_CTR_EN ð PAD SS3 Control Enable 
Set this bit to override PAD SS3 control to PADSS3CR register. 

1 = override;  0 = not override 

SS3_WKPSRC_MSK ð PAD SS3 Wakeup Source Mask  
1 = mask;  0 = not mask 

SS3_DOUT ð PAD SS3 Output Data  
1 = high;  0 = low 

SS3_OBE ð PAD SS3 Output Enable  
1 = enable;  0 = disable 

SS3_PUE ð PAD SS3 Pull Enable 
1 = enable;  0 = disable 

 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -134- 

LT7689_MCUCore _ENG / V 1.0 

6.5.2.47 Wakeup Source Control Register 

Register address : 0x00dc ~ 0x00df 

 
 

Figure 6-47: Wakeup Source Control Register(WKPSCR) 

 
WKPSEN[15:0] ð Wakeup Source Enable. 
Specify if the wakeup source can wake up the system in power saving mode. (see Table 6-13 
WKPSEN[15:0] Bits Corresponding Source). 

1 = Enable;  0 = Disable 
 

Table 6-13: WKPSEN[15:0] Bits Corresponding Source 

WKPSEN Bit Corresponding Module 

0 EPORT[0] 

1 EPORT[1] 

2 EPORT[2] 

3 EPORT[3] 

4 EPORT[4] 

5 EPORT[5] 

6 USI1_ATR 

7 USI1_RE 

8 I2C 

9 TSI 

10 PCI_ASYNC_TIMER 

11 PCI_SDIO 

12 RESERVED 

13 USBC 

14 PMURTC_PULSE 

15 RSVD 

16 Reserved 

17 Reserved 

18 Reserved 

19 Reserved 
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WKPSEN Bit Corresponding Module 

20 Reserved 

21 Reserved 

22 Reserved 

23 Reserved 

24 Reserved 

25 Reserved 

26 Reserved 

27 Reserved 

28 Reserved 

29 Reserved 

30 Reserved 

31 Reserved 
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7. USBC 

7.1 Introduction 

USB 2.0 High-speed Dual-Role Controller provides a óDual-roleô USB controller for use as either the host or the 
peripheral in point-to-point communications with another USB function (which may be either high-speed, 
full-speed or low-speed). Alternatively it can be used as the function controller for a high-speed/full-speed 
USB peripheral. 
 
It is certified compliant both with the USB 2.0 standard for high-speed and full-speed functions and with the 
On-The-Go supplement to the USB 2.0 specification. . 
 
 

7.2 Features 

The USB 2.0 High-speed Dual-Role Controller includes the following features:  

1. Performs all transaction scheduling in hardware 

2. Operates either as a function controller for a USB peripheral or as the host/peripheral in point-to-point 

communications with another USB function 

3. Synchronous RAM interface for FIFOs 

4. Certified compliant with the USB 2.0 standard for high-speed (480 Mbps) functions and with the 
On-The-Go supplement 

5. Supports point-to-point communications with one high-, full- or low-speed device  

6. Supports Session Request Protocol (SRP) and Host Negotiation Protocol (HNP) 

7. Supports Suspend and Resume 

8. Configurable for up to 15 additional Transmit endpoints and up to 15 additional Receive endpoints 

9. Configurable FIFOs, including the option of dynamic FIFO sizing  

10. Support for DMA access to FIFOs 

11. Soft connect/disconnect option 

12. Support No VBUS Select when USB as peripheral role 

 
 

7.3 System Clock 

The USB controller is designed to take its system clock CLK from the AHB bus clock. This avoids any 
resynchronization logic between the USB controller and the AHB, allowing single cycle access to both the USB 
controller registers and the FIFOs. 
 
The minimum frequency at which the core (and the AHB bus) can be clocked depends on the selected UTMI 
width. If an 8-bit UTMI is used (as is strongly recommended), the core can be clocked at speeds close to 
30MHz. If however a 16-bit UTMI is used, the minimum frequency needs to be increased to over 48MHz to 
ensure that the bus turn-around time is met. 
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7.4 USB RESET 

7.4.1 In Peripheral Mode 

When the USB controller is acting as a peripheral and a reset condition is detected on the USB, the device will 
perform the following actions: 

Å Sets FAddr to 0. 

Å Sets Index to 0. 

Å Flushes all endpoint FIFOs. 

Å Clears all control/status registers. 

Å Enables all endpoint interrupts. 

Å Generates a Reset interrupt. 
 
If the HS Enab bit in the UCSR register (D5) was set, the USB controller also tries to negotiate for high-speed 
operation. Whether high-speed operation is selected is indicated by HS Mode bit (UCSR.D4). 
 
When the application software driving the USB controller receives a Reset interrupt, it should close any open 
pipes and wait for bus enumeration to begin. 
 

7.4.2 In Host Mode 

If the Reset bit in the UCSR register is set while the USB controller is in Host mode, the USB controller will 
generate Reset signaling on the bus. If the HS Enab bit in the UCSR register (D5) was set, it will also try to 
negotiate for high-speed operation. 
 
The CPU should keep the Reset bit set for at least 20 ms to ensure correct resetting of the target device. 
 
After the CPU has cleared the bit, the USB controller will start its frame counter and transaction scheduler. 
Whether high-speed operation is selected will be indicated by HS Mode bit (UCSR.D4). 
 
 

7.5 USB 2.0 High-speed Dual-Role Controller Registers 

7.5.1 Common USB Registers 

Table 7-1: Common USB Registers 
 

Mnemonic Description 
Register Address 

Offset 

FAddr Function address register. 0x000 

UCSR UCSR management register. 0x001 

IntrTx 
Interrupt register for Endpoint 0 plus Tx 
Endpoints 1 to 15. 

0x002 

IntrRx Interrupt register for Rx Endpoints 1 to 15. 0x004 

IntrTxE Interrupt enable register for IntrTx. 0x006 

IntrRxE Interrupt enable register for IntrRx. 0x008 

IntrUSB Interrupt register for common USB interrupts. 0x00A 

IntrUSBE Interrupt enable register for IntrUSB. 0x00B 

Frame Frame number. 0x00C 

Index 
Index register for selecting the endpoint status 
and control registers. 

0x00E 

Testmode Enables the USB 2.0 test modes. 0x00F 
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7.5.2 Indexed Registers 

Table 7-2: Indexed Registers-Host Mode 

Mnemonic Description 
Register Address 

Offset 

TxMaxP Maximum packet size for host Tx endpoint. 0x010 

CSR0 
Control Status register for Endpoint 0.(Index 
register set to Endpoint 0) 

0x012 

TxCSR 
Control Status register for host Tx 
endpoint.(Index register set to Endpoint 1-15) 

RxMaxP 
Maximum packet size for host Rx 
endpoint.(Index register set to Endpoint 1-15) 

0x014 

RxCSR 
Control Status register for host Rx 
endpoint.(Index register set to Endpoint 1-15) 

0x016 

Count0 
Number of received bytes in Endpoint 0 
FIFO.(Index register set to Endpoint 0) 

0x018 

RxCount 
Number of bytes in host Rx endpoint 
FIFO.(Index register set to Endpoint 1-15) 

TxType 
Sets the transaction protocol and peripheral 
endpoint number for the host Tx 
endpoint.(Index register set to Endpoint 1-15) 

0x01A 

NAKLimit0 
Sets the NAK response timeout on Endpoint 
0.(Index register set to Endpoint 0) 

0x01B 

TxInterval 

Sets the polling interval for Interrupt/ISOC 
transactions or the NAK response timeout on 
Bulk transactions for host Tx endpoint.(Index 
register set to Endpoint 1-15) 

RxType 
Sets the transaction protocol and peripheral 
endpoint number for the host Rx 
endpoint.(Index register set to Endpoint 1-15) 

0x01C 

RxInterval 

Sets the polling interval for Interrupt/ISOC 
transactions or the NAK response timeout on 
Bulk transactions for host Rx endpoint.(Index 
register set to Endpoint 1-15) 

0x01D 

 
 

Table 7-3: Indexed Registers-Peripheral Mode 

Mnemonic Description 
Register Address 

Offset 

TxMaxP Maximum packet size for host Tx endpoint. 0x010 

CSR0 
Control Status register for Endpoint 0.(Index 
register set to Endpoint 0) 

0x012 

TxCSR 
Control Status register for host Tx 
endpoint.(Index register set to Endpoint 1-15) 

RxMaxP 
Maximum packet size for host Rx 
endpoint.(Index register set to Endpoint 1-15) 

0x014 

RxCSR 
Control Status register for host Rx 
endpoint.(Index register set to Endpoint 1-15) 

0x016 

Count0 
Number of received bytes in Endpoint 0 
FIFO.(Index register set to Endpoint 0) 

0x018 

RxCount 
Number of bytes in host Rx endpoint 
FIFO.(Index register set to Endpoint 1-15) 
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7.5.3 Registers about FIFOs 

Table 7-4: Registers About FIFOs 
 

Mnemonic Description 
Register Address 

Offset 

FIFOx FIFOs for Endpoints 0-15. 0x020 ~0x05F 

 
 

7.5.4 Additional Control and Configuration Registers 

Table 7-5: Additional Control and Configuration Registers 
 

Mnemonic Description 
Register Address 

Offset 

DevCtl OTG device control register 0x060 

TxFIFOsz Tx Endpoint FIFO size 0x062 

RxFIFOsz Rx Endpoint FIFO size 0x063 

TxFIFOadd Tx Endpoint FIFO address 0x064 

RxFIFOadd Rx Endpoint FIFO address 0x066 

 
 

7.5.5 DMA Registers 

The DMA controller has one interrupt register which indicates which channels have a pending interrupt, and a 
set of three control registers for each configured channel. 
 

Table 7-6: DMA Registers 

Mnemonic Description 
Register Address 

Offset 

INTR Indicates pending DMA interrupts 0x200 

CNTL (1) DMA Channel 1 Control 0x204 

ADDR (1) DMA Channel 1 AHB Memory Address 0x208 

COUNT (1) DMA Channel 1 Byte Count 0x20c 

- Unused 0x210 

CNTL (2) DMA Channel 2 Control 0x214 

ADDR (2) DMA Channel 2 AHB Memory Address 0x218 

COUNT (2) DMA Channel 2 Byte Count 0x21c 

etc.   
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7.6 Common Registers 

7.6.1 FADDR 

FAddr is an 8-bit register that should be written with the 7-bit address of the peripheral part of the transaction. 
When the USB controller is being used in Host mode (DevCtl.D2=1), this register should be set to the value 
sent in a SET_ADDRESS command during device enumeration as the address for the peripheral device. 
 
When the USB controller is being used in Peripheral mode (DevCtl.D2=0), this register should be written with 
the address received through a SET_ADDRESS command, which will then be used for decoding the function 
address in subsequent token packets. 
 

Table 7-7: FADDR Register 

Address offset: 0x00 Reset Value:8ôh00 

Bit Name Function 

D7 - Unused, always returns 0 

D6 ~ D0 Func Addr The Function Address 

 

7.6.2 UCSR 

UCSR is an 8-bit register that is used for controlling Suspend and Resume signaling, and some basic 
operational aspects of the USB controller. 

 

Table 7-8: UCSR Register 

Address offset: 0x01 Reset Value:8ôh20 

Bit Name Function 

D7 ISO Update 

When set by the CPU, the USB controller will wait for an SOF 
token from the time TxPktRdy is set before sending the 
packet. If an IN token is received before an SOF token, then 
a zero length data packet will be sent. 

D6 Soft Conn 

If Soft Connect/Disconnect feature is enabled, then the USB 

D+/D- lines are enabled when this bit is set by the CPU and 
tri-stated when this bit is cleared by the CPU. (See Section 
5.1) 

D5 HS Enab 
When set by the CPU, the USB controller will negotiate for 
High-speed mode when the device is reset by the hub. If not 
set, the device will only operate in Full-speed mode. 

D4 HS Mode 

When set, this read-only bit indicates 

High-speed mode successfully negotiated during USB reset. 
In Peripheral Mode, becomes valid when USB reset 
completes (as indicated by USB reset interrupt). In Host 
Mode, becomes valid when Reset bit is cleared. Remains 
valid for the duration of the session. 

D3 Reset This bit is set when Reset signaling is present on the bus. 

D2 Resume 

Set by the CPU to generate Resume signaling when the 

function is in Suspend mode. The CPU should clear this bit 
after 10 ms (a maximum of 15 ms) to end Resume signaling. 
In Host mode, this bit is also automatically set when Resume 
signaling from the target is detected while the USB controller 
is suspended. 

D1 Suspend Mode 

In Host mode, this bit is set by the CPU to enter Suspend 
mode. In Peripheral mode, this bit is set on entry into 
Suspend mode. It is cleared when the CPU reads the 
interrupt register, or sets the Resume bit above. 
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Bit Name Function 

D0 
Enable 

SuspendM 
Set by the CPU to enable the SUSPENDM signal. 

 
 

7.6.3 INTRTX 

IntrTx is a 16-bit read-only register that indicates which interrupts are currently active for Endpoint 0 and the 
Tx Endpoints 1ï15. 
 

Table 7-9: INTRTX Register 

Address offset: 0x02 Reset Value:16ôh0000 

Bit Name Function 

D15 EP15 Tx Tx Endpoint 15 interrupt. 

D14 EP14 Tx Tx Endpoint 14 interrupt. 

D13 EP13 Tx Tx Endpoint 13 interrupt. 

D12 EP12 Tx Tx Endpoint 12 interrupt. 

D11 EP11 Tx Tx Endpoint 11 interrupt. 

D10 EP10 Tx Tx Endpoint 10 interrupt. 

D9 EP9 Tx Tx Endpoint 9 interrupt. 

D8 EP8 Tx Tx Endpoint 8 interrupt. 

D7 EP7 Tx Tx Endpoint 7 interrupt. 

D6 EP6 Tx Tx Endpoint 6 interrupt. 

D5 EP5 Tx Tx Endpoint 5 interrupt. 

D4 EP4 Tx Tx Endpoint 4 interrupt. 

D3 EP3 Tx Tx Endpoint 3 interrupt. 

D2 EP2 Tx Tx Endpoint 2 interrupt. 

D1 EP1 Tx Tx Endpoint 1 interrupt. 

D0 EP0 Endpoint 0 interrupt. 

 

7.6.4 INTRRX 

IntrRx is an 16-bit read-only register that indicates which of the interrupts for Rx Endpoints 1 ï 15 are currently 
active. 

 

Table 7-10: INTRRX Register 

Address offset: 0x04 Reset Value:16ôh0000 

Bit Name Function 

D15 EP15 Rx Rx Endpoint 15 interrupt. 

D14 EP14 Rx Rx Endpoint 14 interrupt. 

D13 EP13 Rx Rx Endpoint 13 interrupt. 

D12 EP12 Rx Rx Endpoint 12 interrupt. 

D11 EP11 Rx Rx Endpoint 11 interrupt. 

D10 EP10 Rx Rx Endpoint 10 interrupt. 

D9 EP9 Rx Rx Endpoint 9 interrupt. 

D8 EP8 Rx Rx Endpoint 8 interrupt. 

D7 EP7 Rx Rx Endpoint 7 interrupt. 

D6 EP6 Rx Rx Endpoint 6 interrupt. 
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D5 EP5 Rx Rx Endpoint 5 interrupt. 

D4 EP4 Rx Rx Endpoint 4 interrupt. 

D3 EP3 Rx Rx Endpoint 3 interrupt. 

D2 EP2 Rx Rx Endpoint 2 interrupt. 

D1 EP1 Rx Rx Endpoint 1 interrupt. 

D0 Unused Always returned 0 

 

7.6.5 INTRTXE 

IntrTxE is a 16-bit register that provides interrupt enable bits for the interrupts in IntrTx. Where a bit is set to 1, 
MC_NINT will be asserted on the corresponding interrupt in the IntrTx register becoming set. Where a bit is set 
to 0, the interrupt in IntrTx is still set but MC_NINT is not asserted. On reset, the bits corresponding to Endpoint 
0 and the Tx endpoints included in the design are set to 1, while the remaining bits are set to 0. Note: Bits 
relating to endpoints that have not been configured will always return 0. 

 

Table 7-11: INTRTXE Register 

Address offset: 0x06 Reset Value:16ôhFFFF 

Bit Name Function 

D15 EP15 TxE Tx Endpoint 15 interrupt Enable. 

D14 EP14 TxE Tx Endpoint 14 interrupt Enable. 

D13 EP13 TxE Tx Endpoint 13 interrupt Enable. 

D12 EP12 TxE Tx Endpoint 12 interrupt Enable. 

D11 EP11 TxE Tx Endpoint 11 interrupt Enable. 

D10 EP10 TxE Tx Endpoint 10 interrupt Enable. 

D9 EP9 TxE Tx Endpoint 9 interrupt Enable. 

D8 EP8 TxE Tx Endpoint 8 interrupt Enable. 

D7 EP7 TxE Tx Endpoint 7 interrupt Enable. 

D6 EP6 TxE Tx Endpoint 6 interrupt Enable. 

D5 EP5 TxE Tx Endpoint 5 interrupt Enable. 

D4 EP4 TxE Tx Endpoint 4 interrupt Enable. 

D3 EP3 TxE Tx Endpoint 3 interrupt Enable. 

D2 EP2 TxE Tx Endpoint 2 interrupt Enable. 

D1 EP1 TxE Tx Endpoint 1 interrupt Enable. 

D0 EP0 Enable Endpoint 0 interrupt Enable. 
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7.6.6 INTRRXE 

 
IntrRxE is a 16-bit register that provides interrupt enable bits for the interrupts in IntrRx. Where a bit is set to 1, 
MC_NINT will be asserted on the corresponding interrupt in the IntrRx register becoming set. Where a bit is set 
to 0, the interrupt in IntrTx is still set but MC_NINT is not asserted. On reset, the bits corresponding to the Rx 
endpoints included in the design are set to 1, while the remaining bits are set to 0. 
 

Table 7-12: INTRRXE Register 

Address offset: 0x08 Reset Value:16ôhFFFF 

Bit Name Function 

D15 EP15 RxE Rx Endpoint 15 interrupt Enable. 

D14 EP14 RxE Rx Endpoint 14 interrupt Enable. 

D13 EP13 RxE Rx Endpoint 13 interrupt Enable. 

D12 EP12 RxE Rx Endpoint 12 interrupt Enable. 

D11 EP11 RxE Rx Endpoint 11 interrupt Enable. 

D10 EP10 RxE Rx Endpoint 10 interrupt Enable. 

D9 EP9 RxE Rx Endpoint 9 interrupt Enable. 

D8 EP8 RxE Rx Endpoint 8 interrupt Enable. 

D7 EP7 RxE Rx Endpoint 7 interrupt Enable. 

D6 EP6 RxE Rx Endpoint 6 interrupt Enable. 

D5 EP5 RxE Rx Endpoint 5 interrupt Enable. 

D4 EP4 RxE Rx Endpoint 4 interrupt Enable. 

D3 EP3 RxE Rx Endpoint 3 interrupt Enable. 

D2 EP2 RxE Rx Endpoint 2 interrupt Enable. 

D1 EP1 RxE Rx Endpoint 1 interrupt Enable. 

D0 Unused Always returned 0 

 

7.6.7 INTRUSB 

IntrUSB is an 8-bit read-only register that indicates which USB interrupts are currently active. All active 
interrupts will be cleared when this register is read. 
 

Table 7-13: INTRUSB Register 

Address offset: 0x0A Reset Value:8ôh00 

Bit Name Function 

D7 VBus Error 
Set when VBus drops below the VBus Valid 
threshold during a session. Only valid when 
USB controller is óAô device. 

D6 Sess Req 
Set when Session Request signaling has been 
detected. Only valid when USB controller is óAô 
device. 

D5 Discon 
Set in Host mode when a device disconnect is 
detected. Set in Peripheral mode when a 
session ends. Valid at all transaction speeds. 

D4 Conn 
Set when a device connection is detected. Only 
valid in Host mode. Valid at all transaction 
speeds. 

D3 SOF Set when a new frame starts 
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D2 

Reset 
Set in Peripheral mode when Reset signaling is 
detected on the bus. 

Babble Set in Host mode when babble is detected. 

D1 Resume 
Set when Resume signaling is detected on the 
bus while the USB controller is in Suspend 
mode. 

D0 Suspend 
Set when Suspend signaling is detected on the 
bus. Only valid in Peripheral mode. 

 
 

7.6.8 INTRUSBE 

IntrUSBE is an 8-bit register that provides interrupt enable bits for each of the interrupts in IntrUSB. 
 

Table 7-14: INTRUSBE Register 

Address offset: 0x0B Reset Value:8ôh06 

Bit Name Function 

D7 VBus Error Enable VBus Error Interrupt Enable 

D6 Sess Req Enable Sess Req Interrupt Enable 

D5 Discon Enable Discon Interrupt Enable 

D4 Conn Enable Conn Interrupt Enable 

D3 SOF Enable SOF Interrupt Enable 

D2 
Reset Enable Reset Interrupt Enable 

Babble Enable Babble Interrupt Enable 

D1 Resume Enable Resume Interrupt Enable 

D0 Suspend Enable Suspend Interrupt Enable 

 

 

7.6.9 FRAME 

Frame is a 16-bit read-only register that holds the last received frame number. 

 

Table 7-15: FRAME Register 

Address offset: 0x0C Reset Value:16ôh0000 

Bit Name Function 

D15:D11 Reserved When reading always return 0 

D10:D0 Frame Number the last received frame number 
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7.6.10 INDEX 

Each Tx endpoint and each Rx endpoint have their own set of control/status registers located between 100h ï 
1FFh. In addition one set of Tx control/status and one set of Rx control/status registers appear at 10h ï 19h. 
Index is a 4-bit register that determines which endpoint control/status registers are accessed. 

 

Table 7-16: INDEX Register 

Address offset: 0x0E Reset Value:4ôb0000 

Bit Name Function 

D3:D0 Index Selected Endpoint 

 
 

7.6.11 TESTMODE 

Testmode is an 8-bit register that is primarily used to put the USB controller into one of the four test modes for 
High-speed operation described in the USB 2.0 specification ï in response to a SET FEATURE: TESTMODE 
command. It is not used in normal operation. 
 

Table 7-17: TESTMODE Register 

Address offset: 0x0F Reset Value:8ôh00 

Bit Name Function 

D7 Force_Host 

The CPU sets this bit to instruct the core to enter 
Host mode when the Session bit is set, regardless 
of whether it is connected to any peripheral. The 
state of the CID input, Host Disconnect and 
LineState signals are ignored. The core will then 
remain in Host mode until the Session bit is 
cleared, even if a device is disconnected, and if the 
Force_Host bit remains set, will re-enter Host 
mode the next time the Session bit is set. While in 
this mode, the status of the HOSTDISCON signal 
from the PHY may be read from bit 7 of the DevCtl 
register. 
The operating speed is determined from the 
Force_HS and Force_FS bits as follows: 
 
Force_HS  Force_FS  Operating Speed 

0        0         Low Speed 
0        1         Full Speed 
1        0         High Speed 
1        1         Undefined 

D6 FIFO_Access 
The CPU sets this bit to transfer the packet in the 
Endpoint 0 Tx FIFO to the Endpoint 0 Rx FIFO. It is 
cleared automatically. 

D5 Force_FS 
The CPU sets this bit either in conjunction with bit 
7 above or to force the USB controller into Full 
speed mode when it receives a USB reset. 

D4 Force_HS 
The CPU sets this bit either in conjunction with bit 
7 above or to force the USB controller into High 
speed mode when it receives a USB reset. 
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Bit Name Function 

D3 Test_Packet 

(High-speed mode) The CPU sets this bit to enter 
the Test_Packet test mode. In this mode, the USB 
controller repetitively transmits on the bus a 
53-byte test packet, the form of which is defined in 
the Universal Serial Bus Specification Revision 
2.0, Section 7.1.20 

D2 Test_K 
(High-speed mode) The CPU sets this bit to enter 
the Test_K test mode. In this mode, the USB 
controller transmits a continuous K on the bus. 

D1 Test_J 
(High-speed mode) The CPU sets this bit to enter 
the Test_J test mode. In this mode, the USB 
controller transmits a continuous J on the bus. 

D0 Test_SE0_NAK 

(High-speed mode) The CPU sets this bit to enter 
the Test_SE0_NAK test mode. In this mode, the 
USB controller remains in High-speed mode but 
responds to any valid IN token with a NAK. 

 
 

7.6.12 DEVCTL 

DevCtl is an 8-bit register that is used to select whether the USB controller is operating in Peripheral mode or 
in Host mode, and for controlling and monitoring the USB VBus line. 
 

Table 7-18: DEVCTL Register 

Address offset: 0x60 Reset Value:8ôh80 

Bit Name Function 

D7 B-Device 

This Read-only bit indicates whether the USB 
controller is operating as the óAô device or the óBô 
device. 0 ? óAô device; 1 ? óBô device. Only valid while 
a session is in progress. 

D6 FSDev 

This Read-only bit is set when a full-speed or 
high-speed device has been detected being 
connected to the port. (High-speed devices are 
distinguished from full-speed by checking for 
high-speed chirps when the device is reset.) Only 
valid in Host mode. 

D5 LSDev 
This Read-only bit is set when a low-speed device 
has been detected being connected to the port. Only 
valid in Host mode. 

D4 ~ D3 VBus[1:0] 

These Read-only bits encode the current VBus level 
as follows: 

D4  D3          Meaning 
 0     0      Below SessionEnd 
 0     1 Above SessionEnd, below AValid 
 0     0   Above AValid, below VBusValid 
 1     1      Above VBusValid 

D2 Host Mode 
This Read-only bit is set when the USB controller is 
acting as a Host. 
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Bit Name Function 

D1 Host Req 

When set, the USB controller will initiate the Host 
Negotiation when Suspend mode is entered. It is 
cleared when Host Negotiation is completed. See 
Section 15. (óBô device only) 

D0 Session 

When operating as an óAô device, this bit is set or 
cleared by the CPU to start or end a session. 
When operating as a óBô device, this bit is set/cleared 
by the USB controller when a session starts/ends. It 
is also set by the CPU to initiate the Session Request 
Protocol, or cleared by the CPU when in Suspend 
mode to perform a software disconnect. 

 
 

7.7 Indexed Registers 

7.7.1 CSR0 

CSR0 is a 16-bit register that provides control and status bits for Endpoint 0. Note: The interpretation of the 
register depends on whether the USB controller is acting as a peripheral or as a host. Users should also be 
aware that the value returned when the register is read reflects the status attained e.g. as a result of writing to 
the register. 
 

Table 7-19: CSR0 - Peripheral Mode 

Address offset: 0x12(with Index register set to 0) Reset Value:16ôh0000 

Bit Name Function 

D15 ~ D9 - Unused. Return 0 when read. 

 
D8 

 
FlushFIFO 

The CPU writes a 1 to this bit to flush the next packet to 
be transmitted/read from the Endpoint 0 FIFO. The 
FIFO pointer is reset and the TxPktRdy/RxPktRdy bit 
(below) is cleared. 

D7 ServicedSetupEnd 
The CPU writes a 1 to this bit to clear the SetupEnd bit. 
It is cleared automatically. 

D6 ServicedRxPktRdy 
The CPU writes a 1 to this bit to clear the RxPktRdy bit. 
It is cleared automatically. 

 
D5 

 
SendStall 

The CPU writes a 1 to this bit to terminate the current 
transaction. The STALL handshake will be transmitted 
and then this bit will be cleared automatically. 

D4 SetupEnd 

This bit will be set when a control transaction ends 
before the DataEnd bit has been set. An interrupt will 
be generated and the FIFO flushed at this time. The bit 
is cleared by the CPU writing a 1 to the 
ServicedSetupEnd bit. 

D3 DataEnd 

The CPU sets this bit: 
1. When setting TxPktRdy for the last data packet. 
2. When clearing RxPktRdy after unloading the last 

data packet. 
3. When setting TxPktRdy for a zero length data packet. 
It is cleared automatically. 

D2 SentStall 
This bit is set when a STALL handshake is transmitted. 
The CPU should clear this bit. 
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Bit Name Function 

D1 TxPktRdy 

The CPU sets this bit after loading a data packet into 
the FIFO. It is cleared automatically when the 
data packet has been transmitted. An interrupt is 
generated (if enabled) when the bit is cleared. 

D0 RxPktRdy 
This bit is set when a data packet has been received. 
An interrupt is generated when this bit is set. The CPU 
clears this bit by setting the ServicedRxPktRdy bit. 

 
 

Table 7-20: CSR0 - Host Mode 

Address offset: 0x12(with Index register set to 0) Reset Value:16ôh0000 

Bit Name Function 

D15 ~ D12 - Unused. Return 0 when read. 

D11 Dis Ping 

The CPU writes a 1 to this bit to instruct the core not to 
issue PING tokens in data and status phases of a 
high-speed Control transfer (for use with devices that 
do not respond to PING). 

D10 ~ D9 - Unused. Return 0 when read. 

D8 FlushFIFO 

The CPU writes a 1 to this bit to flush the next packet 
to be transmitted/read from the Endpoint 0 FIFO. The 
FIFO pointer is reset and the TxPktRdy/RxPktRdy bit 
(below) is cleared. 

D7 NAK Timeout 

This bit will be set when Endpoint 0 is halted following 
the receipt of NAK responses for longer than the time 
set by the NAKLimit0 register. The CPU should clear 
this bit to allow the endpoint to continue. 

D6 StatusPkt 

The CPU sets this bit at the same time as the 
TxPktRdy or ReqPkt bit is set, to perform a status 
stage transaction. Setting this bit ensures that the data 
toggle is set to 1 so that a DATA1 packet is used for 
the Status Stage transaction. 

D5 ReqPkt 
The CPU sets this bit to request an IN transaction. It is 
cleared when RxPktRdy is set. 

D4 Error 

This bit will be set when three attempts have been 
made to perform a transaction with no response from 
the peripheral. The CPU should clear this bit. An 
interrupt is generated when this bit is set. 

D3 SetupPkt 
The CPU sets this bit, at the same time as the 
TxPktRdy bit is set, to send a SETUP token instead of 
an OUT token for the transaction. 

D2 RxStall 
This bit is set when a STALL handshake is received. 
The CPU should clear this bit. 

D1 TxPktRdy 

The CPU sets this bit after loading a data packet into 
the FIFO. It is cleared automatically when the data 
packet has been transmitted. An interrupt is generated 
(if enabled) when the bit is cleared. 

D0 RxPktRdy 

This bit is set when a data packet has been received. 
An interrupt is generated (if enabled) when this bit is 
set. The CPU should clear this bit when the packet 
has been read from the FIFO. 
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7.7.2 COUNT0 

Count0 is a 7-bit read-only register that indicates the number of received data bytes in the Endpoint 0 FIFO. The 
value returned changes as the contents of the FIFO change and is only valid while RxPktRdy (CSR0.D0) is 
set. 

Table 7-21: COUNT0 

Address offset: 0x18(with Index register set to 0) Reset Value:7ôb0000000 

Bit Name Function 

D6 ~ D0 Count0 Endpoint 0 Rx Count 

 
 

7.7.3 NAKLIMIT0 (Host Mode Only) 

NAKLimit0 is a 5-bit register that sets the number of frames/microframes (High-Speed transfers) after which 
Endpoint 0 should timeout on receiving a stream of NAK responses. 
The number of frames/microframes selected is 2(m-1) (where m is the value set in the register, valid values 2 ï 
16). If the host receives NAK responses from the target for more frames than the number represented by the 
Limit set in this register, the endpoint will be halted. Note: A value of 0 or 1 disables the NAK timeout function. 

 

Table 7-22: NAKLIMIT0 (Host Mode Only) 

Address offset: 0x1B(with Index register set to 0) Reset Value:5ôb00000 

Bit Name Function 

D4 ~ D0 NAK LIMIT0 Endpoint 0 NAK LIMIT0 NUMBER 

 
 

7.7.4 TXMAXP 

The TxMaxP register defines the maximum amount of data that can be transferred through the selected Tx 
endpoint in a single operation. There is a TxMaxP register for each Tx endpoint (except Endpoint 0). 
 

Table 7-23: TXMAXP 

Address offset: 0x10 Reset Value11ôh0000 

Bit Name Function 

D10 ~ D0 TXMAXP Maximum Payload/transaction 

 
Bits 10:0 define (in bytes) the maximum payload transmitted in a single transaction. The value set can be up to 
1024 bytes but is subject to the constraints placed by the USB Specification on packet sizes for Bulk, Interrupt 
and Isochronous transfers in Full-speed and High-speed operations. 
 

7.7.5 TXCSR 

TxCSR is a 16-bit register that provides control and status bits for transfers through the currently-selected Tx 
endpoint. There is a TxCSR register for each configured Tx endpoint (not including Endpoint 0). Note: The 
interpretation of the register depends on whether the USB controller is acting as a peripheral or as a host. 
Users should also be aware that the value returned when the register is read reflects the status attained e.g. as 
a result of writing to the register. 
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Table 7-24: TXCSR - Peripheral Mode 

Address offset: 0x12 Reset Value:16ôh0000 

Bit Name Function 

D15 AutoSet 

If the CPU sets this bit, TxPktRdy will be automatically 
set when data of the maximum packet size (value in 
TxMaxP) is loaded into the Tx FIFO. If a packet of less 
than the maximum packet size is loaded, then TxPktRdy 
will have to be set manually. 

D14 ISO 
The CPU sets this bit to enable the Tx endpoint for 
Isochronous transfers, and clears it to enable the Tx 
endpoint for Bulk or Interrupt transfers. 

D13 Mode 
The CPU sets this bit to enable the endpoint direction as 
Tx, and clears it to enable the endpoint direction as Rx. 

D12 DMAReqEnab 
The CPU sets this bit to enable the DMA request for the 
Tx endpoint. 

D11 FrcDataTog 

The CPU sets this bit to force the endpoint data toggle to 
switch and the data packet to be cleared from the FIFO, 
regardless of whether an ACK was received. This can be 
used by Interrupt Tx endpoints that are used to 
communicate rate feedback for Isochronous endpoints. 

D10 DMAReqMode 
The CPU sets this bit to select DMA Mode 1 and clears 
this bit to select DMA Mode 0. 

D9 ~ D8 - Unused, always return 0. 

D7 IncompTx 

When the endpoint is being used for high-bandwidth 
Isochronous/Interrupt transfers, this bit is set to indicate 
where a large packet has been split into 2 or 3 packets 
for transmission but insufficient IN tokens have been 
received to send all the parts. 

D6 ClrDataTog 
The CPU writes a 1 to this bit to reset the endpoint data 
toggle to 0. 

D5 SentStall 
This bit is set when a STALL handshake is transmitted. 
The FIFO is flushed and the TxPktRdy bit is cleared (see 
below). The CPU should clear this bit. 

D4 SendStall 
The CPU writes a 1 to this bit to issue a STALL 
handshake to an IN token. The CPU clears this bit to 
terminate the stall condition. 

D3 FlushFIFO 

The CPU writes a 1 to this bit to flush the latest packet 
from the endpoint Tx FIFO. The FIFO pointer is reset, the 
TxPktRdy bit (below) is cleared and an interrupt is 
generated. May be set simultaneously with TxPktRdy to 
abort the packet that is currently being loaded into the 
FIFO 

D2 UnderRun 
The USB sets this bit if an IN token is received when the 
TxPktRdy bit not set. The CPU should clear this bit. 

D1 
FIFONotEm

pty 
The USB sets this bit when there is at least 1 packet in 
the Tx FIFO. 
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Bit Name Function 

D0 TxPktRdy 

The CPU sets this bit after loading a data packet into the 
FIFO. It is cleared automatically when a data packet has 
been transmitted. An interrupt is also generated at this 
point (if enabled). 
TxPktRdy is also automatically cleared prior to loading a 
second packet into a double-buffered FIFO. 

 
 

Table 7-25: TXCSR - Host Mode 

Address offset: 0x12 Reset Value:16ôh0000 

Bit Name Function 

D15 AutoSet 

If the CPU sets this bit, TxPktRdy will be automatically 
set when data of the maximum packet size (value in 
TxMaxP) is loaded into the Tx FIFO. If a packet of less 
than the maximum packet size is loaded, then TxPktRdy 
will have to be set manually. 

D14 - Unused, always returns zero. 

D13 Mode 
The CPU sets this bit to enable the endpoint direction as 
Tx, and clears it to enable the endpoint direction as Rx. 

D12 DMAReqEnab 
The CPU sets this bit to enable the DMA request for the 
Tx endpoint. 

D11 FrcDataTog 

The CPU sets this bit to force the endpoint data toggle 
to switch and the data packet to be cleared from the 
FIFO, regardless of whether an ACK was received. This 
can be used by Interrupt Tx endpoints that are used to 
communicate rate feedback for Isochronous endpoints. 

D10 DMAReqMode 
The CPU sets this bit to select DMA Mode 1 and clears 
this bit to select DMA Mode 0. 

D9 ~ D8 - Unused, always return 0. 

D7 

Nak Timeout 
 
 
 
 
 

IncompTx 

Bulk endpoints only: This bit will be set when the Tx 
endpoint is halted following the receipt of NAK 
responses for longer than the time set as the NAK Limit 
by the TxInterval register. 
The CPU should clear this bit to allow the endpoint to 
continue. 
 
 
High-bandwidth Interrupt endpoints only: This bit will be 
set if no response is received from the device to which 
the packet is being sent. 

D6 ClrDataTog 
The CPU writes a 1 to this bit to reset the endpoint data 
toggle to 0. 

D5 RxStall 

This bit is set when a STALL handshake is received. 
When this bit is set, any DMA request that is in progress 
is stopped, the FIFO is completely flushed and the 
TxPktRdy bit is cleared (see below). The CPU should 
clear this bit. 

D4 - Unused. Returns zero when read. 
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Bit Name Function 

D3 FlushFIFO 

The CPU writes a 1 to this bit to flush the latest packet 
from the endpoint Tx FIFO. The FIFO pointer is reset, 
the TxPktRdy bit (below) is cleared and an interrupt is 
generated. May be set simultaneously with TxPktRdy to 
abort the packet that is currently being loaded into the 
FIFO. Note: FlushFIFO should only be used when 
TxPktRdy is set. At other times, it may cause data to be 
corrupted. Also note that, if the FIFO is double-buffered, 
FlushFIFO may need to be set twice to completely clear 
the FIFO. 

D2 Error 

The USB sets this bit when 3 attempts have been made 
to send a packet and no handshake packet has been 
received. When the bit is set, an interrupt is generated, 
TxPktRdy is cleared and the FIFO completely flushed. 
The CPU should clear this bit. Valid only when the 
endpoint is operating in Bulk or Interrupt mode. 

D1 FIFONotEmpty 
The USB sets this bit when there is at least 1 packet in 
the Tx FIFO. 

D0 TxPktRdy 

The CPU sets this bit after loading a data packet into the 
FIFO. It is cleared automatically when a data packet has 
been transmitted. An interrupt is also generated at this 
point (if enabled). TxPktRdy is also automatically 
cleared prior to loading a second packet into a 
double-buffered FIFO. 

 
 

7.7.6 RXMAXP 

The RxMaxP register defines the maximum amount of data that can be transferred through the selected Rx 
endpoint in a single operation. There is a RxMaxP register for each Rx endpoint (except Endpoint 0). 
 

Table 7-26: RXMAXP 

Address offset: 0x14 Reset Value11ôh0000 

Bit Name Function 

D10 ~ D0 RXMAXP Maximum Payload/transaction 

 
Bits 10:0 define (in bytes) the maximum payload transmitted in a single transaction. The value set can be up to 
1024 bytes but is subject to the constraints placed by the USB Specification on packet sizes for Bulk, Interrupt 
and Isochronous transfers in Full-speed and High-speed operations. 
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7.7.7 RXCSR 

RxCSR is an 16-bit register that provides control and status bits for transfers through the currently-selected 
Rx endpoint. There is an RxCSR register for each configured Rx endpoint (not including Endpoint 0). 
 

Table 7-27: RXCSR - Peripheral Mode 

Address offset: 0x16 Reset Value:16ôh0000 
 

Bit Name Function 

D15 AutoClear 

If the CPU sets this bit then the RxPktRdy bit will be 
automatically cleared when a packet of RxMaxP bytes 
has been unloaded from the Rx FIFO. When packets of 
less than the maximum packet size are unloaded, 
RxPktRdy will have to be cleared manually. 

D14 ISO 
The CPU sets this bit to enable the Rx endpoint for 
Isochronous transfers, and clears it to enable the Rx 
endpoint for Bulk/Interrupt transfers. 

D13 DMAReqEnab 
The CPU sets this bit to enable the DMA request for the 
Rx endpoint. 

D12 

DisNyet 
 
 
 
 
 

PID Error 

Bulk/Interrupt Transactions: The CPU sets this bit to 
disable the sending of NYET handshakes. 
When set, all successfully received Rx packets are 
ACK'd including at the point at which the FIFO becomes 
full. 
 
 
ISO Transactions: The core sets this bit to indicate a 
PID error in the received packet. 

D11 DMAReqMode 
The CPU sets this bit to select DMA Mode 1 and clears 
this bit to select DMA Mode 0. 

D10 ~ D9 - Unused, always return 0. 

D8 IncompRx 

This bit is set in a high-bandwidth Isochronous/Interrupt 
transfer if the packet in the Rx FIFO is incomplete 
because parts of the data were not received. It is 
cleared when RxPktRdy is cleared. 

D7 ClrDataTog 
The CPU writes a 1 to this bit to reset the endpoint data 
toggle to 0. 

D6 SentStall 
This bit is set when a STALL handshake is transmitted. 
The CPU should clear this bit. 

D5 SendStall 
The CPU writes a 1 to this bit to issue a STALL 
handshake. The CPU clears this bit to terminate the stall 
condition 

D4 FlushFIFO 
The CPU writes a 1 to this bit to flush the next packet to 
be read from the endpoint Rx FIFO. The FIFO pointer is 
reset and the RxPktRdy bit (below) is cleared. 

D3 DataError 
This bit is set when RxPktRdy is set if the data packet 
has a CRC or bit-stuff error. It is cleared when 
RxPktRdy is cleared. 

D2 OverRun 
This bit is set if an OUT packet cannot be loaded into 
the Rx FIFO. The CPU should clear this bit. 

D1 FIFOFull 
This bit is set when no more packets can be loaded into 
the Rx FIFO 
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D0 RxPktRdy 

This bit is set when a data packet has been received. 
The CPU should clear this bit when the packet has been 
unloaded from the Rx FIFO. An interrupt is generated 
when the bit is set. 

 
 
 

Table 7-28: RXCSR - Host Mode 

Address offset: 0x16 Reset Value:16ôh0000 

Bit Name Function 

D15 AutoClear 

If the CPU sets this bit then the RxPktRdy bit will be 
automatically cleared when a packet of RxMaxP bytes 
has been unloaded from the Rx FIFO. When packets of 
less than the maximum packet size are unloaded, 
RxPktRdy will have to be cleared manually 

D14 AutoReq 
If the CPU sets this bit, the ReqPkt bit will be 
automatically set when the RxPktRdy bit is cleared. 

D13 DMAReqEnab 
The CPU sets this bit to enable the DMA request for the 
Rx endpoint. 

D12 PID Error 

ISO Transactions Only: The core sets this bit to 
indicate a PID error in the received packet. 
Bulk/Interrupt Transactions: The setting of this bit is 
ignored. 

D11 DMAReqMode 
The CPU sets this bit to select DMA Mode 1 and clears 
this bit to select DMA Mode 0. Note: This bit should not 
be cleared in the same cycle as RxPktRdy is cleared. 

D10 ~ D9 - Unused, always return 0. 

D8 IncompRx 
This bit will be set in a high-bandwidth 
Isochronous/Interrupt transfer if the packet received is 
incomplete. It will be cleared when RxPktRdy is cleared. 

D7 ClrDataTog 
The CPU writes a 1 to this bit to reset the endpoint data 
toggle to 0. 

D6 RxStall 
When a STALL handshake is received, this bit is set and 
an interrupt is generated. The CPU should clear this bit 

D5 ReqPkt 
The CPU writes a 1 to this bit to request an IN 
transaction. It is cleared when RxPktRdy is set. 

D4 FlushFIFO 
The CPU writes a 1 to this bit to flush the next packet to 
be read from the endpoint Rx FIFO. The FIFO pointer is 
reset and the RxPktRdy bit (below) is cleared 

D3 
DataError/ NAK 

Timeout 

When operating in ISO mode, this bit is set when 
RxPktRdy is set if the data packet has a CRC or bit-stuff 
error and cleared when RxPktRdy is cleared. In Bulk 
mode, this bit will be set when the Rx endpoint is halted 
following the receipt of NAK responses for longer than 
the time set as the NAK Limit by the RxInterval register. 
The CPU should clear this bit to allow the endpoint to 
continue. 
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D2 Error 

The USB sets this bit when 3 attempts have been made 
to receive a packet and no data packet has been 
received. The CPU should clear this bit. An interrupt is 
generated when the bit is set. 

D1 FIFOFull 
This bit is set when no more packets can be loaded into 
the Rx FIFO. 

D0 RxPktRdy 

This bit is set when a data packet has been received. 
The CPU should clear this bit when the packet has been 
unloaded from the Rx FIFO. An interrupt is generated 
when the bit is set. 

 
 
 

7.7.8 RXCOUNT 

RxCount is a 13-bit read-only register that holds the number of received data bytes in the packet currently in 
line to be read from the Rx FIFO. If the packet was transmitted as multiple bulk packets, the number given will 
be for the combined packet. 
 

Table 7-29: RXCOUNT 

Address offset: 0x18 Reset Value:13ôh0000 

Bit Name Function 

D12 ~ D0 Rx Count Endpoint Rx Count 

 
 
 

7.7.9 TXTYPE (Host Mode Only) 

TxType is a 6-bit register that should be written with the endpoint number to be targeted by the endpoint in the 
lower 4 bits, and the transaction protocol to use for the currently-selected Tx endpoint in the upper 2 bits. 

 

Table 7-30: TXTYPE 

Address offset: 0x1A Reset Value:8ôh00 

Bit Name Function 

D5 ~ D4 Protocol 

The CPU should set this to select the required protocol for 
the Tx endpoint: 

0   0: Illegal 
0   1: Isochronous 
1   0: Bulk 
1   1: Interrupt 

D3 ~ D0 
Target Endpoint 

Number 

The CPU should set this value to the endpoint number 
contained in the Tx endpoint descriptor returned to the 
USB controller during device 
enumeration. 
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7.7.10 TXINTERVAL (Host Mode Only) 

TxInterval is an 8-bit register that, for Interrupt and Isochronous transfers, defines the polling interval for the 
currently-selected Tx endpoint. For Bulk endpoints, this register sets the number of frames/microframes after 
which the endpoint should timeout on receiving a stream of NAK responses. There is a TxInterval register for 
each configured Tx endpoint (except Endpoint 0). 
 

Table 7-31: TXINTERVAL 

Address offset: 0x1B Reset Value:8ôh00 

Transfer 
Type 

Speed 
Valid 

values (m) 
Interpretation 

Interrupt 
Low Speed or Full Speed 1 - 255 Polling interval is m frames 

High Speed 1 - 16 Polling interval is 2(m-1) 

Isochronous Full Speed or High Speed 1 - 16 Polling interval is 2(m-1) frames / 
microframs 

Bulk Full Speed or High Speed 2 - 16 NAK Limit is 2(m-1) frames / 
microframs 

 
 

7.7.11 RXTYPE (Host mode only) 

RxType is a 6-bit register that should be written with the endpoint number to be targeted by the endpoint in the 
lower 4 bits, and the transaction protocol to use for the currently-selected Rx endpoint in the upper 2 bits. 
 

Table 7-32: RXTYPE 

Address offset: 0x1C Reset Value:8ôh00 

Bit Name Function 

D5 ~ D4 Protocol 

The CPU should set this to select the 
required protocol for the Rx endpoint:  

0   0: Illegal 
0   1: Isochronous 
1   0: Bulk 
1   1: Interrupt 

D3 ~ D0 
Target Endpoint 

Number 

The CPU should set this value to the 
endpoint number contained in the Rx 
endpoint descriptor returned to the USB 
controller during device enumeration. 
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7.7.12 RXINTERVAL (Host Mode Only) 

RxInterval is an 8-bit register that, for Interrupt and Isochronous transfers, defines the polling interval for the 
currently-selected Rx endpoint. For Bulk endpoints, this register sets the number of frames/microframes after 
which the endpoint should timeout on receiving a stream of NAK responses. There is a RxInterval register for 
each configured Rx endpoint (except Endpoint 0). 
 

Table 7-33: RXINTERVAL 

Address offset: 0x1D Reset Value:8ôh00 

Transfer 
Type 

Speed 
Valid 

Values (m) 
Interpretation 

Interrupt 
Low Speed or Full Speed 1 - 255 Polling interval is m frames 

High Speed 1 - 16 Polling interval is 2(m-1) microframes 

Isochronous Full Speed or High Speed 1 - 16 Polling interval is 2(m-1) 

frames/microframes 

Bulk Full Speed or High Speed 2 - 16 NAK Limit is 2(m-1) frames/microframes 

 
 

7.8 FIFOx (Addresses 20h - 5Fh) 

This address range provides 16 addresses for CPU access to the FIFOs for each endpoint. Writing to these 
addresses loads data into the TxFIFO for the corresponding endpoint. Reading from these addresses unloads 
data from the RxFIFO for the corresponding endpoint. 
 
The address range is 20h ï 5Fh and the FIFOs are located on 32-bit double-word boundaries (Endpoint 0 at 
20h, Endpoint 1 at 24h ... Endpoint 15 at 5Ch). 
 
 

7.9 Dynamic FIFO Sizing 

If needed, the USB controller can be configured to have a single overall FIFO size of 128, 256, 512, 1K é 64K 
bytes, areas of which may then be allocated to the different endpoints when the USB controller is initialized. 
(Users are however strongly advised to only use this feature where the USB controller is used in a device that 
actually requires different FIFO sizes in different contexts because of the cost in additional gate count and in 
complexity of the firmware that this feature imposes on the core.) 
 
The allocation of FIFO space to the different endpoints requires the specification for each Tx and Rx endpoint 
of: 

Å The start address of the FIFO within the RAM block 

Å The maximum size of packet to be supported 

Å Whether double-buffering is required 
 
(These last two together define the amount of space that needs to be allocated to the FIFO.) 
 

Table 7-34: Dynamic FIFO Register Map 

REGISTER MAP 

ADDR NAME DESCRIPTION 

0x62 TxFIFOsz Tx Endpoint FIFO size 

0x63 RxFIFOsz Rx Endpoint FIFO size 

0x64,65 TxFIFOadd Tx Endpoint FIFO address 

0x66,67 RxFIFOadd Rx Endpoint FIFO address 
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Table 7-35: TxFIFOsz / RxFIFOsz 

 

Bit Name Function 

D4 DPB 

Defines whether double-packet 
buffering supported. When ó1ô, 
double-packet buffering is supported. 
When ó0ô, only single-packet buffering 
is supported. 

D3 ~ D0 SZ[3:0] 

SZ[3:0]   Packet Size (Bytes) 
0 0 0 0      8 
0 0 0 1      16 
0 0 1 0      32 
0 0 1 1      64 
0 1 0 0      128 
0 1 0 1      256 
0 1 1 0      512 
0 1 1 1      1024 
1 0 0 0      2048 
1 0 0 1      4096 

If DPB = 0, the FIFO will also be this 
size; if DPB = 1, the FIFO will be twice 
this size. 

 
 

7.10 DMA 

Table 7-36: TxFIFOadd / RxFIFOadd 
 

Bit Name Function 

D13 - Reserved for future use 

D12 ~ D0 AD[12:0] 

Start address of the endpoint FIFO in units of 8 
bytes as follows: 
 

AD[12:0]   Start Address 
0 0 0 0         0000 
0 0 0 1         0008 
0 0 0 2         0010 
é é 
1 F F F        FFF8 
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7.10.1 DMA Registers 

The DMA Controller have 8 channels. The DMA controller has one interrupt register which indicates which 
channels have a pending interrupt, and a set of three control registers for each configured channel. 

 

Table 7-37: DMA Registers 

Address Register Description 

0x200 INTR 

Indicates pending DMA interrupts, one bit per DMA 
channel implemented. 
D0 used for DMA Channel 1, D1 for DMA Channel 
2 etc. Cleared when read. 

0x204 CNTL(1) 

DMA Channel 1 Control: 
D0: Enable DMA 
D1: Direction. 0= DMA Write (Rx endpoint), 

1=DMA Read (Tx endpoint)  
D2: DMA Mode 
D3: Interrupt Enable  
D7ï4: Endpoint number  
D8: Bus Error 
D10ï9: Burst Mode 

 
00 = Burst Mode 0 : Bursts of unspecified length 
01 = Burst Mode 1 : INCR4 or unspecified length 
10 = Burst Mode 2 : INCR8, INCR4 or unspecified 
length 
11 = Burst Mode 3 : INCR16, INCR8, INCR4 or 
unspecified length 

0x208 ADDR(1) DMA Channel 1 AHB Memory Address (32 bits) 

0x20c COUNT(1) DMA Channel 1 Byte Count (32 bits)* 

0x210 - Unused 

0x214 CNTL(2) 

DMA Channel 2 Control: 
D0: Enable DMA 
D1: Direction. 0= DMA Write (Rx endpoint), 

1=DMA Read (Tx endpoint)  
D2: DMA Mode 
D3: Interrupt Enable  
D7ï4: Endpoint number  
D8: Bus Error 
D10ï9: Burst Mode 

 
00 = Burst Mode 0 : Bursts of unspecified length 
01 = Burst Mode 1 : INCR4 or unspecified length 
10 = Burst Mode 2 : INCR8, INCR4 or unspecified 
length 
11 = Burst Mode 3 : INCR16, INCR8, INCR4 or 
unspecified length 

0x218 ADDR(2) DMA Channel2 AHB Memory Address (32 bits) 

0x21c COUNT(2) DMA Channel 2 Byte Count (32 bits)* 

... ... ... 

0x270 - - 
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Address Register Description 

0x274 CNTL(7) 

DMA Channel 7 Control: 
D0: Enable DMA 
D1: Direction. 0= DMA Write (Rx endpoint), 

1=DMA Read (Tx endpoint)  
D2: DMA Mode 
D3: Interrupt Enable  
D7ï4: Endpoint number  
D8: Bus Error 
D10ï9: Burst Mode 

 
00 = Burst Mode 0 : Bursts of unspecified length 
01 = Burst Mode 1 : INCR4 or unspecified length 
10 = Burst Mode 2 : INCR8, INCR4 or unspecified 
length 
11 = Burst Mode 3 : INCR16, INCR8, INCR4 or 
unspecified length 

0x278 ADDR(7) DMA Channel 7 AHB Memory Address (32 bits) 

0x27c COUNT(7) DMA Channel 7 Byte Count (32 bits)* 

 
 

7.10.2 DMA Bus Errors 

If a bus error occurs while the DMA controller is accessing memory on the AHB, the DMA controller will 
immediately terminate the DMA transfer and interrupt the processor with the Bus Error (D8) bit of the CNTL 
register set. 
 
Note: The generation of this interrupt is not affected by the setting of the Interrupt Enable bit in the DMA CNTL 
register (bit 3). 
 
The interrupt will still be generated when CNTL.D3 = 0. 
 
 

7.10.3 Transferring Packets 

Use of the built-in DMA controller to access the FIFOs requires both the DMA controller and the USBC 
endpoint to be appropriately programmed. Many variations are possible. The following sections detail the 
standard set-ups used for the basic actions of transferring individual packets and multiple packets. 
 
 
7.10.3.1 Individual Packet: Rx Endpoint 

The transfer of individual packets will normally be carried out using DMA Mode 0. For this, the USBC Rx 
endpoint should be programmed as follows: 
The relevant interrupt enable bit in the IntrRxE register set to 1. 
  
 
The DMAReqEnab bit (D13) of the appropriate RxCSR register set to 0. (Note: There is no need to set the 
USBC to generate DMA requests for this operation.) When a packet has been received by the USBC, it will 
generate the appropriate Endpoint interrupt. The processor should then program selected channel of the 
DMA controller as follows: 

 
ADDR : Memory address to store packet 

COUNT : Size of packet (determined by reading the USBC RxCount register)  

CNTL : DMA Enable (D0) =1; Direction (D1) =0; DMA Mode (D2) =0; Interrupt Enable (D3) =1; 
Required Burst Mode (D10ï9). 
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The DMA controller will then request bus mastership and transfer the packet to memory. When it has 
completed the transfer, it will generate a DMA interrupt (DMA_NINT taken low). The processor should then 
clear the RxPktRdy bit in the RxCSR register. 
 
 
7.10.3.2 Individual Packet: Tx Endpoint 

To carry out this operation using DMA Mode 0, an USBC Tx endpoint should be programmed as follows: 
 
The relevant interrupt enable bit in the IntrTxE register set to 1. 
 
The DMAReqEnab bit (D12) of the appropriate TxCSR register set to 0. (Note: There is no need to set the 
USBC to generate DMA requests for this operation.) 
 
When the FIFO in the USBC becomes available, the USBC will interrupt the processor with the appropriate Tx 
Endpoint interrupt. The processor should then program the DMA controller as follows: 
 

ADDR : Memory address of packet to send 

COUNT : Size of packet to be sent 

CNTL : DMA Enable (D0) =1; Direction (D1) =1; DMA Mode (D2) =0; Interrupt Enable (D3) 

=1;Required Burst Mode (D10ï9). 
 
The DMA controller will then request bus mastership and transfer the packet to the USBC FIFO. When it has 
completed the transfer, it will generate a DMA interrupt. The processor should then set the TxPktRdy bit in the 
USBC TxCSR register. 
 
 
7.10.3.3 MULTIPLE PACKETS: RX ENDPOINT 

The transfer of multiple packets will normally be carried out using DMA Mode 1. 
 
Where multiple packets are to be received using DMA Mode 1, the DMA Controller should be programmed as 
follows: 

 
ADDR : Memory address of the buffer in which to store transfer 

COUNT : Maximum size of data buffer 

CNTL : DMA Enable (D0) =1; Direction (D1) =0; DMA Mode (D2) =1; Interrupt Enable (D3) 

=1;Required Burst Mode (D10ï9). and the USBC Rx endpoint should be programmed as 
follows: 

 
The relevant interrupt enable bit in the IntrRxE register should be set to 1. 
 
The AutoClear (D15), DMAReqEnab (D13) and DMAReqMode (D11) bits of the appropriate RxCSR register 
should be set to 1. In Host mode, the AutoReq (D14) bit should also be set to 1 and the RqPktCount register 
should be programmed with the number of packets in the transfer. 
 
As each packet is received by the USBC, the DMA controller will request bus mastership and transfer the 
packet to memory. With AutoClear set, the USBC will automatically clear the RxPktRdy bit. 
 
In Peripheral mode or where RqPktCount is zero, this process will continue automatically until the USBC 
receives a óshort packetô (one of less than the maximum packet size for the endpoint) signifying the end of the 
transfer. This óshort packetô will not be transferred by the DMA controller: instead the USBC will interrupt the 
processor by generating the appropriate Endpoint interrupt. The processor can then read the USBC RxCount 
register to see the size of the óshort packetô and either unload it manually or reprogram the DMA controller in 
Mode 0 to unload the packet. 
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In Host mode with AutoReq set and RqPktCount non-zero, the core will decrement the value in the RqPktCount 
register following each request. When the value decrements from 1 to 0, the AutoReq bit is cleared to prevent 
any further transactions being attempted. 
 
The DMA controller ADDR register will have been incremented as the packets were unloaded so the 
processor can determine the size of the transfer by comparing the current value of ADDR against the start 
address of the memory buffer. 
  
 
7.10.3.4 Multiple Packets: Tx Endpoint 

To carry out this operation using DMA Mode 1, the DMA controller should be programmed as follows: 

ADDR : Memory address of data block to send 

COUNT : Size of data block 

CNTL : DMA Enable (D0) =1; Direction (D1) =1; DMA Mode (D2) =1; Interrupt Enable (D3) =1; 

Required Burst Mode (D10ï9). and the USBC Tx endpoint should be programmed as follows: 
 
The relevant interrupt enable bit in the IntrTxE register should be set to 1 (simply so that errors can be 
detected). 
 
The AutoSet (D15), DMAReqEnab (D12) and the DMAReqMode (D10) bits of the appropriate TxCSR register 
should be set to 1. 
 
When the FIFO in the USBC becomes available, the DMA controller will request bus mastership and transfer a 
packet to the FIFO. With AutoSet set, the USBC will automatically set the TxPktRdy bit. This process will 
continue until the entire data block has been transferred to the USBC. The DMA controller will then interrupt the 
processor by taking DMA_NINT low. If the last packet to be loaded was less than the maximum packet size for 
the endpoint, the TxPktRdy bit will not have been set for this packet: the processor should therefore respond to 
the DMA interrupt by setting the TxPktRdy bit to allow the last óshort packetô to be sent. If the last packet to be 
loaded was of the maximum packet size, then the action to take depends on whether the transfer is under the 
control of an application such as the mass storage software on a Windows system that keeps count of the 
individual packets sent. If the transfer isnôt under such control, the processor should still respond to the DMA 
interrupt by setting the TxPktRdy bit. This has the effect of sending a null packet for the receiving software to 
interpret as indicating the end of the transfer. 
 
 

7.11 Functional Description 

7.11.1 Reset 

When a reset condition is detected on the bus, the USBC tries to negotiate for high-speed operation if the HS 
Enab bit in the UCSR register is set. The device will then perform the following actions: 

1. Set the FAdress register to zero 

2. Set EINDEXR register to zero 

3. Flush all endpoints FIFOs 

4. Clear all control and status registers 

5. Enable all endpoint interrupts 

6. Generate a Reset interrupt 
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7.11.2 Soft Connect 

The USBC can be configured to allow its connection to the USB bus to be controlled by software. The PHY 
used alongside the USBC can be switched between normal mode and non-driving mode by setting or clearing 
bit 6 (Soft Conn bit) in the UCSR register. When this bit is set to 1, the PHY is placed in its normal mode and 
the data lines of the USB bus are enabled. At the same time, the USBC is in POWERED state, in which it will 
not respond to any USB signaling except a USB reset. When this bit is set to 0, the PHY is put into non-driving 
mode, data lines are tri-stated and the USBC appears to other devices on the USB bus as if it has been 
disconnected. 
 

7.11.3 Start Of Frame (SOF) 

The USBC should receive a start of frame packet (SOF) from the host once every 1ms when the USBC is in 
Full-speed mode (the default). 
 
A SOF interrupt will be generated when the SOF packet is received if the SOF interrupt is enabled. The frame 
number contained in the packet is written into the Frame Number register. If no SOF packet is received after 
1.00385ms, it is assumed the packet has been lost. The USBC will continue to generate the SOF interrupt 
every millisecond, but the Frame number register is not updated. 
 

7.11.4 Suspend/Resume 

When no activity has occurred on the USB for 3ms, the USBC will enter Suspend mode and the suspend 
interrupt will be generated. 
 
When Resume signaling is detected, the clock to the USBC must be restarted, and the USBC will exit Suspend 
mode, while the Resume interrupt will be generated. 
 
The USBC can also support remote wakeup. The CPU can set the Resume bit in the UCSR register to get the 
USBC out of suspend mode and drive Resume signaling onto the bus. The CPU should clear this bit after 
approximately 10ms to end the Resume signal. At this time no Resume interrupt will be generated. 
  
 

7.11.5 In-Transaction Handling 

In-Transactions are handled through the USBC Tx FIFOs. 
 
The maximum size of data packet is programmable and determined by the value written to the TXPSZR 
register for the endpoint. 
 
The maximum packet size set for any endpoint must not exceed the FIFO size. And the TXPSZR register 
should not be written to while there is data is in the FIFO as unexpected results may occur. 
 

7.11.6 Transmit Packet Buffering 

Only one packet can be buffered in the FIFO. As each packet to be sent is load into the Tx FIFO, the TxPktRdy 
bit in TxCSR needs to be set. If the AutoSet bit in TxCSR is set, the TxPktRdy bit will be automatically set 
when a maximum-sized packet is loaded into the FIFO. For packet sizes less than the maximum, TxPktRdy will 
always have to be set manually. 
 
When the TxPktRdy bit is set, either manually or automatically, the FIFONotEmpty bit in TxCSR is also set and 
the packet is ready to be sent. When the packet has been successfully sent, both TxPktRdy and 
FIFONotEmpty will be cleared and the appropriate Tx endpoint interrupt generated. The next packet can then 
be loaded into the FIFO. 
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7.11.7 Out-Transaction Handling 

Out-Transactions are handled through the USBC Rx FIFOs. 
 
The maximum size of data packet is determined by the value written to the RXPSZR register for the endpoint. 
 
The maximum packet size set for any endpoint must not exceed the FIFO size. 

7.11.8 Receive Packet Buffering 

Only one packet can be buffered in the FIFO. When a packet is received and placed in the Rx FIFO, the 
RxPktRdy bit and the FIFOFull bit in RxCSR are set and the appropriate Rx endpoint interrupt is generated (if 
enabled) to signal that a packet can now be unloaded from the FIFO. 
 
After the packet has been unloaded, the RxPktRdy bit needs to be cleared in order to allow further packets to 
be received. If the AutoClear bit in RxCSR is set and a maximum-sized packet is unloaded from the FIFO, 
the RxPktRdy bit is cleared automatically. The FIFOFull bit is also cleared. For packet sizes less than the 
maximum, RxPktRdy will always have to be cleared manually. 
 

7.11.9 External Clock Reference Detector 

The USBC will detect the CLK12_REF automatically in 20ms after RSTN be released. If there is a clock from 
CLK12_REF then USB will use it and power down internal RC and clock Recover, else USB use internal RC 
output as reference clock and recover 12MHz clock from DP/DM data frame. 
 
 

7.12 Transfer Operation 

There are three basic transfer types supported by the USBC, as described below. 
 

7.12.1 Control Transfer 

Control transfers are typically used for command and status operations. They are essential to set up a USB 
device with all enumeration functions being performed using control transfers. In the USBC, Endpoint 0 
supports this type of transfer. 
A control transfer can have up to three stages : 

1.The Setup Stage is where a request is sent. This consists of three packets. A setup token is sent 
first which contains the address and endpoint number. 

2.The data packet is sent next and always has a PID type of Data0 and includes a setup packet 
which details the type of request. The setup packet is detailed later. 

3.The last packet is a handshake used for acknowledging successful receipt or to indicate an error. If 
the function successfully receives the setup data (valid CRC and PID etc) it responds with ACK, 
otherwise it ignores the data and doesnôt send a handshake packet. The USBC cannot issue a 
STALL or NAK packet in response to a setup packet. 

 
 

Figure 7-1: Setup Stage Format 
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The optional Data Stage consists of one or more IN or OUT transfers. The setup request indicates the amount 
of data to be transmitted in this stage. If it exceeds the maximum packet size, data will be sent in multiple 
transfers each being the maximum packet length except for the last packet. 
 
The data stage has two different scenarios depending upon the direction of data transfer (see Figure 7-2). 
 

 

Figure 7-2: Data Stage Format 

 
IN: When the host is ready to receive control data it issues an IN Token. If the device receives the IN token 
with an error e.g. the PID doesn't match the inverted PID bits, then it ignores the packet. If the token was 
received correctly, the device can either reply with a DATA packet containing the control data to be sent, a 
stall packet indicating the endpoint has had a error or a NAK packet indicating to the host that the endpoint is 
working, but temporary has no data to send. 
 
OUT: When the host needs to send the device a control data packet, it issues an OUT token followed by a 
DATA packet containing the control data as the payload. If any part of the OUT token or DATA packet is 
corrupt then the device ignores the packet. If the deviceôs endpoint buffer was empty and it has clocked the 
data into the endpoint buffer it issues an ACK informing the host it has successfully received the data. If the 
endpoint buffer was not empty due to processing of the previous packet, then the device returns a NAK. 
However if the endpoint has had a error and its halt bit has been set, it returns a STALL. 
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The Status Stage reports the status of the overall request and this once again varies per direction of transfer. 
Status reporting is always performed by the device. 

 

 

Figure 7-3: Status Stage Format 

 
IN: If the host sent IN token(s) during the data stage to receive data, then the host must acknowledge the 
successful receipt of this data. This is done by the host sending an OUT token followed by a zero length data 
packet. The device can now report its status in the handshaking stage. An ACK indicates the device has 
completed the command and is now ready to accept another command. If an error occurred during the 
processing of this command, then the device will issue a STALL. However if the device is still processing, it 
returns a NAK indicating to the host to repeat the status stage later. 
 
OUT: If the host sent OUT token(s) during the data stage to transmit data, the device will acknowledge the 
successful receipt of data by sending a zero length packet in response to an IN token. However if an error 
occurred, it should issue a STALL or if it is still busy processing data, it should issue a NAK, asking the host to 
retry the status phase later. 
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7.12.2 Interrupt Transfer 

An Interrupt request is queued by the device until the host polls the USB device asking for data. The diagram 
below shows the format of an Interrupt IN and Interrupt OUT transaction. In the USBC, Endpoint 1supports 
this type of transfer. 
 

 

Figure 7-4: Interrupt Transfer Format 

 
IN: The host will periodically poll the interrupt endpoint. This rate of polling is specified in the endpoint 
descriptor which is covered later. Each poll will involve the host sending an IN Token. 
 
If an interrupt has been queued by the device, the device will send a data packet containing data relevant to 
the interrupt when it receives an IN Token. Upon successful receipt at the host, the host will return an ACK. 
However if the data is corrupted, the host will return no status. 
 
If an interrupt condition was not present when the host polled the interrupt endpoint with an IN token, then the 
device signals this state by sending a NAK. If an error has occurred on the endpoint, a STALL is sent in reply 
to the IN token instead. 
 
OUT: When the host wants to send the device interrupt data, it issues an OUT token followed by a data packet 
containing the interrupt data. The device will issue responses to the host based on different conditions. 
  
 

7.12.3 Bulk Transfer 

Bulk transfers can be used for large volumes of data, such as a print-job sent to a printer. Bulk transfers 
provide error correction in the form of a CRC16 field on the data payload and error detection/re-transmission 
mechanism ensuring data is transmitted and received without error. In the USBC, Endpoint 1 supports this 
type of transfer. 
 
For Full Speed transfers, the maximum bulk packet size is 64 bytes long. If the data payload falls short of the 
maximum packet size, it doesn't need to be padded with zeros. A bulk transfer is considered complete when it 
has transferred the exact amount of data requested, transferred a packet less than the maximum endpoint 
size or transferred a zero-length packet. 
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Figure 7-5: Bulk Transfer Format 

 
The above diagram shows the format of a bulk IN and OUT transaction. 
 
IN: When the host is ready to receive bulk data it issues an IN Token. If the device receives the IN token with 
an error, it ignores the packet. If the token was received correctly, the device can either reply with a DATA 
packet containing the bulk data to be sent, a stall packet indicating the endpoint has had a error, or a NAK 
packet indicating to the host that the endpoint is busy, and temporarily has no data to send. 
  
 
OUT: When the host wants to send the device a bulk data packet, it issues an OUT token followed by a data 
packet containing the bulk data. If any part of the OUT token or data packet is corrupt, the device ignores the 
packet. If the deviceôs endpoint buffer was empty and it has clocked the data into the endpoint buffer it issues 
an ACK, informing the host it has successfully received the data. If the endpoint buffer was not empty due to 
processing a previous packet, then the device returns a NAK. However if the endpoint has had an error and it's 
halt bit has been set, it returns a STALL. 
 

7.12.4 Control Transactions 

 
EP0 is the control endpoint of the USBC. Software should handle all the Standard Device Requests that may 
be sent or received via EP0. The protocol for these device requests involves different numbers and types of 
transaction per transfer. 
The Standard Device Requests required by a USB peripheral can be divided into three categories: Zero Data 
Requests, Write Requests, and Read Requests. 
 

Å Zero Data Requests : all the information is included in the command. 

Å Write Requests: the command will be followed by additional data. 

Å Read Requests: the device is required to send data back to the host. 
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7.12.4.1 Zero Data Requests 

Zero data requests have all their information included in the 8-byte command and require no additional data to 
be transferred. For example: SET_ADDRESS, SET_CONFIGURATION, SET_INTERFACE, 
SET_FEATURE. 
 
The E0CSR register is the USBC control transfer status register. Software should set the corresponding bit 
based on the different condition to handle the control transfer. 
 
When the USBC receives an EP0 interrupt, the sequence of events will begin. 
 
The RxPktRdy bit (E0CSR) will have been set. The 8-byte command should then be read from the Endpoint 0 
FIFO, decoded, and the appropriate action taken. For example if the command is SET_ADDRESS, the 7-bit 
address value contained in the command should be written to the FADDRR register. 
 
The E0CSR register should then be written to set the ServicedRxPktRdy bit (indicating that the command has 
been read from the FIFO) and set the DataEnd bit (indicating that no further data is expected for this request). 
 
When the host moves to the status stage of the request, a second EP0 interrupt will be generated to indicate 
that the request has completed. No further action is required from Software: the second interrupt is just a 
confirmation that the request completed successfully. 
 
If the command is an unrecognized command, or for some other reason cannot be executed, then the E0CSR 
register should be written to set the ServicedRxPktRdy bit and set the SendStall bit. When the host moves to 
the status stage of the request, the USBC will send a STALL to tell the host that the request was not executed. 
A second EP0 interrupt will be generated and the SentStall bit will be set. 
 
If the host sends more data after the DataEnd bit has been set, then the USBC will send a STALL. An EP0 
interrupt will be generated and the SentStall bit will be set. 
 
 
7.12.4.2 Write Requests 

Write requests involve an additional packet (or multiple packets) of data being sent from the host after the 
8-byte command. For example: SET_DESCRIPTOR. 
 
The E0CSR register is the USBC control transfer status register. Software should set corresponding bits 
based on different conditions to handle the control transfer. 
 
When USBC receives an EP0 interrupt, the sequence of events will begin. The RxPktRdy bit will have been 
set. The 8-byte command should be read from the Endpoint0 FIFO and decoded. The E0CSR register should 
then be written to set the ServicedRxPktRdy bit (indicating that the command has been read from the FIFO) 
but in this case the DataEnd bit should not be set (indicating that more data is expected). 
 
When a second EP0 interrupt is received, the E0CSR register should be read to check the endpoint status. 
The RxPktRdy bit should be set to indicate that a data packet has been received. The E0COUNTR register 
should then be read to determine the size of this data packet. The data packet can then be read from the 
Endpoint0 FIFO. 
 
If the length of the data associated with the request (indicated by the Length field in the command) is greater 
than the maximum packet size for Endpoint0, further data packets will be sent. In this case, E0CSR should be 
written to set the ServicedRxPktRdy bit, but the DataEnd bit should not be set. 
 
When all the expected data packets have been received, the E0CSR register should be written to set the 
ServicedRxPktRdy bit and set the DataEnd bit (indicating that no more data is expected). 
 
When the host moves to the status stage of the request, another Endpoint0 interrupt will be generated to 
indicate that the request has completed. No further action is required from Software: the interrupt is just a 
confirmation that the request completed successfully. 
 
If the command is an unrecognized command, or for some other reason cannot be executed, then the E0CSR 
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register should be written to set the ServicedRxPktRdy bit and set the SendStall bit. When the host sends 
more data, the USBC will send a STALL to tell the host that the request was not executed. An Endpoint0 
interrupt will be generated and the SentStall bit will be set. If the host sends more data after the DataEnd has 
been set, then the USBC will also send a STALL. An Endpoint0 interrupt will be generated and the SentStall 
bit will be set. 
 
 
7.12.4.3 Read Requests 

Read requests involve a packet (or multiple packets) of data sent from the device to the host after the 8-byte 
command. For example: GET_CONFIGURATION, GET_STATUS, GET_INTERFACE, GET_DESCRIPTOR. 
 
When USBC receives an EP0 interrupt, the following sequence of events will begin: The RxPktRdy bit 
(E0CSR) will have been set. The 8-byte command should be read from the Endpoint0 FIFO and decoded. The 
E0CSR register should then be written to set the ServicedRxPktRdy bit (indicating that the command has been 
read from the FIFO). 
 
The data to be sent to the host should be written to the EP0 FIFO. If the data to be sent is greater than the 
maximum packet size for EP0, only the maximum packet size should be written to the FIFO. The E0CSR 
register should then be written to set the TxPktRdy bit (indicating that there is a packet in the FIFO to be sent). 
When the packet has been sent to the host, another EP0 interrupt will be generated and the next data packet 
can be written to the FIFO. When the last data packet has been written to the FIFO, the E0CSR register should 
be written to set the TxPktRdy bit and to set the DataEnd bit (indicating that there is no more data after this 
packet). 
 
When the host moves to the Status stage of the request, another EP0 interrupt will be generated to indicate 
that the request has completed. No further action is required from Software: the interrupt is just a confirmation 
that the request completed successfully. 
 
If the command is an unrecognized command, or for some other reason cannot be executed, then the E0CSR 
register should be written to set the ServicedRxPktRdy bit and set the SendStall bit . When the host requests 
data, the USBC will send a STALL to tell the host that the request was not executed. An Endpoint0 interrupt 
will be generated and the SentStall bit will be set. 
 
If the host requests more data after DataEnd (D3) has been set, then the USBC will send a STALL. An Endpoint 
0 interrupt will be generated and the SentStall bit will be set. 
 
 
7.12.4.4 Endpoint0 States 

Endpoint0 control has three modes: IDLE, TX and RX corresponding to the different phases of the control 
transfer and the states Endpoint0 enters for the different phases of the transfer. The default mode on 
power-up or reset should be IDLE. 
 
RxPktRdy becoming set when Endpoint0 is in IDLE state indicates a new device request. Once the device 
request is unloaded from the FIFO, the USBC decodes the descriptor to find out whether there is a Data 
phase and, if so, the direction of the Data phase of the control transfer (in order to set the FIFO direction). 
 
Depending on the direction of the Data phase, Endpoint0 goes into either TX state or RX state. If there is no 
Data phase, Endpoint0 remains in IDLE state, ready to accept the next device request. 
 
The actions that the CPU needs to take at the different phases of the possible transfers (e.g. Loading the 
FIFO, Setting TxPktRdy) are indicated in Figure 7-6 below. The USBC changes the FIFO direction depending 
on the direction of the Data phase independently of the CPU. 
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7.12.4.5 Endpoint0 Interrupt Service Routine 

The EP0 interrupts will be generated in the following cases: 

Å When the core sets the RxPktRdy bit (E0CSR bit 0) after a valid token has been received and data 
has been written to the FIFO. 

Å When the core clears the TxPktRdy bit (E0CSR bit 1) after the packet of data in the FIFO has been 
successfully transmitted to the host. 

Å When the core sets the SentStall bit (E0CSR bit 2) after a control transaction is ended due to a 
protocol violation. 

Å When the core sets the SetupEnd bit (E0CSR bit 4) because a control transfer has ended before 
DataEnd (E0CSR bit 3) is set. 

 
Whenever the Endpoint0 interrupt service routine is entered, Software must first check to see if the current 
control transfer has been ended due to either a STALL condition or a premature end of control transfer. If the 
control transfer ends due to a STALL condition, the SentStall bit would be set. If the control transfer ends due 
to a premature end of control transfer, the SetupEnd bit would be set. In either case, Software should abort 
processing the current control transfer and set the state to IDLE. 
 

Figure 7-6: EP0 Transfer Scenarios 
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Once Software has determined that the interrupt was not generated by an illegal bus state, the next action 
taken depends on the Endpoint state. 
  
If Endpoint0 is in IDLE state, the only valid reason an interrupt can be generated is as a result of the core 
receiving data from the USB bus. The service routine must check for this by testing the RxPktRdy bit. 
 
If the RxPktRdy bit is set, then the core has received a SETUP packet, which must be unloaded from the FIFO 
and decoded to determine what to do next. 
 
Depending on the command contained within the SETUP packet, Endpoint0 will enter one of three states: 

Å If the command is a single packet transaction without any data phase (e.g. SET_ADDRESS, 
SET_INTERFACE, etc.), the endpoint will remain in IDLE state. 

Å If the command has an OUT data phase (e.g. SET_DESCRIPTOR, etc.), the endpoint will enter RX 
state. 

Å If the command has an IN data phase (e.g. GET_DESCRIPTOR, etc.), the endpoint will enter TX 
state. 

 
If the endpoint is in TX state, the interrupt indicates that the core has received an IN token and data from the 
FIFO has been sent. The Software must respond to this either by placing more data in the FIFO if the host is 
still expecting more data, or by setting the DataEnd bit to indicate that the data phase is complete. Once the 
data phase of the transaction has been completed, Endpoint0 should be returned to IDLE state to await the 
next control transaction. 
 
If the endpoint is in RX state, the interrupt indicates that a data packet has been received. Software must 
respond by unloading the received data from the FIFO. Software must then determine whether it has received 
all of the expected data. If it has, the Software should set the DataEnd bit and return Endpoint0 to IDLE state. 
If more data is expected, the Software should set the ServicedRxPktRdy bit (E0CSR bit 6) to indicate that it 
has read the data in the FIFO and leave the endpoint in RX state. 
 

7.12.5 Bulk IN Transactions 

7.12.5.1 Bulk IN Setup 

Bulk IN transactions are used to transfer data from the device controller to the host. 
 
The TxCSR register is the USBC Tx transfer status register. Software should set the corresponding bits based 
on different conditions to handle transfers to the host. 
 
When the AutoSet bit is enabled, the TxPktRdy bit will be automatically set when a packet of TxMaxP bytes 
has been loaded into the FIFO. 
 
First, the TXPSZR register must be written with the maximum packet size for the endpoint. This value should 
be the same as the Standard Endpoint Descriptorôs wMaxPacketSize field for the endpoint. The relevant 
interrupt enable bit in the IntrTxE register should be set to "1" if the interrupt is required for this endpoint. 
 
The TxCSR register should be set as follows: 

ï Bit15 (AutoSet): If set to 1, the AutoSet feature is enabled, otherwise the TxPktRdy bit should set 
manually. 

ï Bit13 (Mode): Set to 1 to ensure the Tx FIFO is enabled. 

ï Bit11 (FrcDataTog): Set to 0 to allow normal data toggle operation. 
 
The lower byte of TxCSR should be written to set the ClrDataTog bit, when the endpoint is first configured. 
This will ensure that data toggle starts in the correct state. If there are any data packets in the FIFO, they 
should be flushed by setting the FlushFIFO bit. 
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7.12.5.2 Bulk IN Operation 

When data is to be transferred over a Bulk IN pipe, a data packet needs to be loaded into the FIFO and the 
TxCSR register written to set the TxPktRdy bit. When the packet has been sent, the TxPktRdy bit will be 
cleared by the USBC and an interrupt generated so that the next packet can be loaded into the FIFO. 
 
The packet size must not exceed the size specified by the lower 11 bits of the TXPSZR register. This part of 
the register defines the payload for transfers over the USB and is required by the USB Specification to be either 
8, 16, 32 or 64 bits for Full-speed. If more than this amount of data is to be transferred, this needs to be sent 
as multiple USB packets which should all be TXPSZR[10:0] in size, except for the last packet which holds the 
residue. 
 
The host determines that all the data for a transfer has been sent by comparing the actual amount of data 
transferred to the expected amount of data. 
 
Alternatively, it may infer all the data has been sent when it receives a packet which is smaller than the stated 
payload. In this case, if the total size of the data is a multiple of this payload, it will be necessary for the device 
to send a null packet after all the data has been sent. This is done by setting TxPktRdy when the next interrupt 
is received, without loading any data into the FIFO. 
  
 
7.12.5.3 Bulk IN Error Handling 

Software can set the SendStall bit (TxCSR) to shut down the Bulk IN pipe. After that, when the USBC 
receives the next IN token, it will send a STALL to the host, set the SentStall bit and generate an interrupt. 
When Software receives an interrupt with the SentStall bit set, it should clear the SentStall bit. It should, 
however, leave the SendStall bit set until it is ready to re-enable the Bulk IN pipe. When a pipe is re-enabled, 
the data toggle sequence should be restarted by setting the ClrDataTog bit in the TxCSR register. 
 

7.12.6 Bulk OUT Transactions 

Bulk OUT transactions are used to transfer data from the host to the device. 
 
The RxCSR register is the USBC Rx transfer status register. Software should set the corresponding bits 
based on different conditions to handle transfer to the host. 
 
When the AutoClear bit is enabled, the RxPktRdy bit will be automatically clear when a packet of RxMaxP 
bytes has been unloaded from the FIFO. 
 
 
7.12.6.1 Bulk OUT Setup 

First, the RxMaxP register must be written with the maximum packet size for the endpoint in configuring a Rx 
endpoint for Bulk transactions. This value should be the same as the Standard Endpoint Descriptorôs 
wMaxPacketSize field for the endpoint. The relevant interrupt enable bit in the IntrRxE register should be set 
to "1" if an interrupt is required for this endpoint. 
 
The RxCSR register should be set as follows: 

ï Bit15 (AutoClear): If set to 1, the AutoClear feature is enabled, otherwise the RxPktRdy bit should 
set manually. 

ï Bit12 (DisNyet): Set to 0 to allow normal PING flow control. 
 
The lower byte of RxCSR should be written to set the ClrDataTog bit, when the endpoint is first configured. 
This will ensure that data toggle starts in the correct state. If there are any data packets in the FIFO, they 
should be flushed by setting the FlushFIFO bit. 

  



LT7689  M CU Core Specification  
 

©  Levetop Semiconductor Co., Ltd. Page -174- 

LT7689_MCUCore _ENG / V 1.0 

7.12.6.2 Bulk OUT Operation 

The RxPktRdy bit is set by the USBC and an interrupt is generated when a data packet is received by a Bulk 
Rx endpoint. Software should read the RxCount register for the endpoint to determine the size of the data 
packet. The data packet should be unloaded from the FIFO, and then the RxPktP bit should be cleared 
automatically or manually. 
 
The packets received must not exceed the size specified by the lower 11 bits of the RxMaxP register. This part 
of the register defines the payload for transfers over the USB and is required by the USB Specification to be 
either 8, 16, 32 or 64 bits for Full-Speed. 
 
When a block of data larger than wMaxPacketSize needs to be sent to the device, the host will send it as 
multiple packets. All the packets will be wMaxPacketSize in size, except the last packet, which will contain the 
residue. 
 
Software may use an application-specific method to determine the total size of the block and hence when the 
last packet has been received. Alternatively, it may infer that the entire block has been received when it 
receives a packet which is less than the normal packet size. If the total size of the data block is a multiple of the 
wMaxPacketSize, a null data packet will be sent after the bulk data, to signify that the transfer is finished. 
 
 
7.12.6.3 Bulk Out Error Handling 

Software can set the SendStall bit (RxCSR) to shut down the Bulk OUT pipe. After that, when the USBC 
receives a next packet, it will send a STALL to the host, set the SentStall bit and generate an interrupt. When 
Software receives an interrupt with the SentStall bit is set, it should clear the SentStall bit. It should, however, 
leave the SendStall bit set until it is ready to re-enable the Bulk OUT pipe. When a pipe is re-enabled, the data 
toggle sequence should be re-started by setting the ClrDataTog bit in the RxCSR register. 
 

7.12.7 Interrupt Transactions 

The Interrupt IN transaction uses the same protocol as a Bulk IN transactions and can be used the same way. 
Similarly, an Interrupt OUT transaction uses almost the same protocol as a Bulk OUT transaction and can be 
used the same way. 
 
The USB Specification defines that Interrupt transactions may support continuous toggles of the data-toggle 
bit, which Bulk transactions do not support. This feature is enabled by setting the FrcDataTog bit in the TxCSR 
register. When this bit is set to "1", the USBC will consider the packet as having been successfully sent and 
toggle the data bit for the endpoint, regardless of whether an ACK was received from the host. 
 
Interrupt endpoints do not support PING flow control. This means that the USBC should never respond with a 
NYET handshake, only ACK/NAK/STALL. To ensure this, the DisNyet bit in the RxCSR register should be set 
to "1" to disable the transmission of NYET handshakes. 
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8. EFlash Module 

8.1 Introduction 

The EFLASH(EFM) is a CMOS page-erase, 38-bit-program embedded Flash memory. 38-bit contains 32-bit 
data and 6 ECC bits. This memory is partitioned into two memory blocks. One is the main memory block, the 
other is the information block. The main memory block consists of 131072 words by 38 bits. The information 
block consists of 128 words by 38 bits. The information block can be used for the storage of device 
information. The page erase operation erases all bytes within a page. A page is composed of 2 adjacent rows 
for main memory block and information block. The flash erases and program with VDIO(1.5~1.98V)power 
supply. 
 

8.2 Features 

Features of the EFM include: 

Å Memory Organization: 128Kx38+128x38 

Å Reads of bytes, aligned halfwords (16 bits) and aligned words (32 bits) 

Å Automated program and erase operation 

Å Optional interrupt on command completion 

Å Data Retention: 10 years under 85 degrees 

Å 0.99~1.21V/1.5~1.98V dual power supplies 
 
 

8.3 Modes of Operation 

FLASH Normal Mode ð In this mode, the EFM is programmed and erased though the EFM controller 
designed by user. 
 
FLASH SMW Mode ð In this mode, the EFM is programmed and erased though the "smart-write" algorithm IP 
provided by TSMC. 

  

 

8.4 Block Diagram 

 

Figure 8-1: EFM Block Diagram 
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8.5 Module Memory Map 

The flash block is mapped starting at address 0x0000_0000 in flash boot mode. shows the flash main blocksô 
address mapping. 
 

 

Figure 8-2: EFM Array Memory Map 

  
 
The EFM module also contains a set of control and status registers. The memory map for these registers is 
shown in Table 8-1. 
 

Table 8-1: Register Memory Map 

Address 
Offset 

Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0 Access1,2 

0x0000 EFCR S 

0x0004 EFAPR S 

0x0008 EFSTAT S 

0x000c EFINTM S 

0x0010 EFCMD S 

0x0014 EECCECNT S 

0x0018 ETIMBASE S 

0x001c ETIMCFG S 

0x0020 EFPETIMER S 

0x0024 SMWOP0 S 

0x0028 SMWOP1 S 

0x002c SMWOP2 S 

0x0030 SMWOP3 S 

0x0034 SMPWHVOP0 S 

0x0038 SMPWHVOP1 S 

0x003c SMEWHVOP0 S 

0x0040 SMEWHVOP1 S 

0x0044 SMWINFO0 S 

0x0048 Reserved S 

0x004c EF0RDN0STAT S 

0x0050 EF0RDN1STAT S 

0x0054 EF0RDN2STAT S 
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Address 
Offset 

Bits 31-24 Bits 23-16 Bits 15-8 Bits 7-0 Access1,2 

0x0058 EF0RDN3STAT S 

0x005c EF0RDN4STAT S 

0x0060 EF0RDN5STAT S 

0x0064 EF0RDN6STAT S 

0x0068 EF0RDN7STAT S 

0x006c Reserved S 

0x0070 Reserved S 

0x0074 Reserved S 

0x0078 Reserved S 

0x007c Reserved S 

0x0080 Reserved S 

0x0084 Reserved S 

0x0088 Reserved S 

0x008c ERRADDR0 S 

0x0090 Reserved S 

0x0094 Reserved S 

0x0098 Reserved S 

0x009c Reserved S 

0x00a0 Reserved S 

0x00a4 Reserved S 

0x00a8 Reserved S 

0x00ac Reserved S 

0x00b0 TRIMCODE0L S 

0x00b4 TRIMCODE0H S 

0x00b8 TRIMCODE1L S 

0x00bc TRIMCODE1H S 

0x00c0 Reserved S 

0x00c4 Reserved S 

0x00c8 Reserved S 

0x00cc Reserved S 

0x00d0 Reserved S 

0x00d4 Reserved S 

0x00d8 Reserved S 

0x00dc Reserved S 

0x00e0 Reserved S 

0x00e4 Reserved S 

0x00e8 Reserved S 

0x00f0 Reserved S 

0x00f4 Reserved S 

0x00f8 Reserved S 

0x00fc Reserved S 

 
Notes: 

1. S = CPU supervisor mode access only. 

2. User mode accesses to supervisor-only address locations have no effect and result in a cycle 

termination transfer error. 
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8.6 Register Descriptions 

 

8.6.1 EFM Configuration Register(EFCR) 

Address Offset: 0x00 
 

 
 

Figure 8-3: EFM Configuration Register(EFCR) 

 
ECC_DIS ð ECC checking enable when read  

1 = Disable ECC checking when read 
0 = Enable ECC checking when read 

 
INFO_SWITCH ð When set, read/write INFO0 will switch to read/write INFO-1  

1 = read/write INFO-1 
0 = read/write INFO-0 

 
AHB_ERROR_RES ð When set, AHB return ERROR response when reading Flash while writing Flash 
 
RWW_RES ð When set, AHB return OK response when reading Flash while writing Flash and assert 
read-while-write interrupt 
 
ULTRA_HS_ACC ð When the frequency of controller works above 200MHz. This bit must be asserted. 
 
RWSC ð Configure the wait cycle number for read data valid. 
Note: When both AHB_ERROR_RES and RWW_RES are set, AHB will return ERROR response, and 
no read-while-write interrupt generated. 

  
 

  






































































































































































































































































































































































































































































































































































































































