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Description

The Atmel® | SMART ARM926EJ-S™-based SAM9G46 embedded
microprocessor unit (eMPU) features the frequently requested combination of
user interface functionality and high data rate connectivity, including LCD
controller, resistive touchscreen, camera interface, audio, Ethernet 10/100 and
high speed USB and SDIO. With the processor running at 400 MHz and multiple
100+ Mbps data rate peripherals, the SAM9G46 provides adequate performance
and bandwidth to the network or local storage media.

The SAM9G46 eMPU supports DDR2 and NAND Flash memory interfaces for
program and data storage. An internal 133 MHz multi-layer bus architecture
associated with 39 DMA channels, a dual external bus interface and distributed
memory including a 64-Kbyte SRAM that can be configured as a tightly coupled
memory (TCM) sustains the high bandwidth required by the processor and the
high speed peripherals.

On-chip hardware accelerators with DMA support enable high-speed data
encryption and authentication of the transferred data or application. Supported
standards are up to 256-bit AES, FIPS PUB 46-3 compliant TDES and FIPS
Publication 180-2 compliant SHA1 and SHA256. A True Random Number
Generator is embedded for key generation and exchange protocols.

The 1/0s support 1.8V or 3.3V operation, which are independently configurable for
the memory interface and peripheral 1/0s. This feature completely eliminates the
need for any external level shifters. In addition it supports 0.8 mm ball pitch
package for low cost PCB manufacturing.

The SAM9G46 power management controller features efficient clock gating and a
battery backup section minimizing power consumption in active and standby
modes.
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Features

e 400 MHz ARM926EJ-S ARM® Thumb® Processor
— 32 Kbytes Data Cache, 32 Kbytes Instruction Cache, MMU
e Memories
— 4-port, 4-bank DDR2/LPDDR Controller
—  External Bus Interface supporting 4-bank DDR2/LPDDR, SDRAM/LPSDR, Static Memories, CompactFlash®,
SLC NAND Flash with ECC
— 64 Kbytes internal SRAM, single-cycle access at system speed or processor speed through TCM interface
— 64 Kbytes internal ROM, embedding bootstrap routine
e Peripherals
— LCD Controller (LCDC) supporting STN and TFT displays up to 1280*860
— ITU-R BT. 601/656 Image Sensor Interface (I1SI)
— Dual High Speed USB Host and a High Speed USB Device with On-Chip Transceivers
— 10/100 Mbps Ethernet MAC Controller (EMAC)
— Two High Speed Memory Card Hosts (SDIO, SDCard, e.MMC and CE ATA)
— AC’97 Controller (AC97C)
— Two Master/Slave Serial Peripheral Interfaces (SPI)
— 2 Three-channel 16-bit Timer/Counters (TC)
— Two Synchronous Serial Controllers (12S mode)
— Four-channel 16-bit PWM Controller
— 2 Two-wire Interfaces (TWI)
— Four USARTs with ISO78186, IrDA, Manchester and SPI modes; one Debug Unit (DBGU)
— 8-channel 10-bit ADC with 4-wire Touchscreen support
— Write Protected Registers
e Cryptography
— True Random Number Generator (TRNG)
— AES256-, 192-, 128-bit Key Algorithm
— TDES Compliant with FIPS PUB 46-3 Specifications
— SHA (SHA1 and SHA256) Compliant with FIPS Publication 180-2
e System
— 133 MHz twelve 32-bit layer AHB Bus Matrix
— 39 DMA Channels
— Boot from NAND Flash, SDCard, DataFlash or serial DataFlash
— Reset Controller (RSTC) with on-chip Power-on Reset
— Selectable 32768 Hz Low-power and 12 MHz Crystal Oscillators
— Internal Low-power 32 kHz RC Oscillator
— One PLL for the system and one 480 MHz PLL optimized for USB High Speed
— Two Programmable External Clock Signals
— Advanced Interrupt Controller (AIC)
— Periodic Interval Timer (PIT), Watchdog Timer (WDT), Real-time Timer (RTT) and Real-time Clock (RTC)

— Five 32-bit Parallel Input/Output Controllers

— 160 Programmable 1/O Lines Multiplexed with up to Two Peripheral 1/0Os with Schmitt trigger input
e Package

— 324-ball TFBGA - 15 x 15 x 1.2 mm, 0.8 mm pitch
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1. Block Diagram

Figure 1-1. SAM9G46 Block Diagram
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2.  Signal Description

Table 2-1 gives details on the signal names classified by peripheral.

Table 2-1. Signal Description List
Active | Reference

Signal Name Function Type | Level | Voltage |Comments

Power Supplies
VDDIOMO DDR2 I/O Lines Power Supply Power 1.65-1.95V
VDDIOM1 EBI I/O Lines Power Supply Power 1.65-1.95Vor3.0-3.6 V
VDDIOPO Peripherals I/0 Lines Power Supply Power 1.65-3.6 V
VDDIOP1 Peripherals I/O Lines Power Supply Power 1.65-3.6 V
VDDIOP2 ISI /O Lines Power Supply Power 1.65-3.6 V
vDDBU Backup I/O Lines Power Supply Power 1.8-3.6V
VDDANA Analog Power Supply Power 3.0-36V
VDDPLLA PLLA Power Supply Power 09-11V
VDDPLLUTMI PLLUTMI Power Supply Power 0.9-11V
VDDOSC Oscillator Power Supply Power 1.65-3.6 V
VDDCORE Core Chip Power Supply Power 0.9-1.1V
VDDUTMIC ggxgssﬁgglprHs UTMI+ Core Power 0.9-1.1V

VDDUTMII UDPHS and UHPHS UTMI+ Interface Power 3.0-3.6 V
Power Supply

GNDIOM DDR2 and EBI I/O Lines Ground Ground
GNDIOP Peripherals and ISI I/O Lines Ground | Ground
GNDCORE Core Chip Ground Ground
GNDOSC PLLA, PLLUTMI and Oscillator Ground | Ground
GNDBU Backup Ground Ground
GNDUTMI UDPHS and UHPHS UTMI+ Core and Ground

Interface Ground

GNDANA Analog Ground Ground

Clocks, Oscillators and PLLs

XIN Main Oscillator Input Input

XOuUT Main Oscillator Output Output

XIN32 Slow Clock Oscillator Input Input

XOuUT32 Slow Clock Oscillator Output Output

VBG Bias Voltage Reference for USB Analog

PCKO-PCK1 Programmable Clock Output Output @
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Table 2-1. Signal Description List (Continued)

Active | Reference
Signal Name Function Type | Level | Voltage |Comments

Shutdown, Wakeup Logic

Driven at OV only.
0: The device is in backup mode.

SHDN Shutdown Control Output VDDBU 1: The device is running (not in
backup mode).
WKUP Wake-up Input Input VDDBU | Accepts between 0V and VDDBU
ICE and JTAG
TCK Test Clock Input VDDIOPO |No pull-up resistor, Schmitt trigger
TDI Test Data In Input VDDIOPO |No pull-up resistor, Schmitt trigger
TDO Test Data Out Output VDDIOPO
TMS Test Mode Select Input VDDIOPO |No pull-up resistor, Schmitt trigger
JTAGSEL JTAG Selection Input VDDBU | Pull-down resistor (15 k<)
RTCK Return Test Clock Output VDDIOPO
Reset/Test
Open drain output.
NRST Microcontroller Reset I/0 Low | VDDIOPO | Pull-up resistor (100 kQ2), Schmitt
trigger.
TST Test Mode Select Input vppBy | Pull-down resistor (15 k),
Schmitt trigger
NTRST Test Reset Signal Input vDDIoPo | Pull-up resistor (100 kE2),
Schmitt trigger
BMS Boot Mode Select Input vDDIOPo | Must be connected to GND or

VDDIOPO

Debug Unit - DBGU

DRXD Debug Receive Data Input @
DTXD Debug Transmit Data Output @
Advanced Interrupt Controller - AIC
IRQ External Interrupt Input Input @
FIQ Fast Interrupt Input Input @
P10 Controller - PIOA / PIOB / PIOC / PIOD / PIOE
PAO-PA31 Parallel IO Controller A 110 @
PB0O-PB31 Parallel 1O Controller B 110 @
PC0-PC31 Parallel 10 Controller C 110 @ ZL:)”Oeig;)@i)r,]pSucthitﬂrtﬁr?;ger
PDO-PD31 Parallel IO Controller D 110 @
PEO-PE31 Parallel IO Controller E 10 @

SAM9G46 Series [DATASHEET 5
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Table 2-1. Signal Description List (Continued)

Active | Reference
Signal Name Function Type | Level | Voltage |Comments

DDR Memory Interface - DDR2/LPDDR Controller - DDRSDRCO

DDR_D0-DDR_D15 Data Bus 1/0 VDDIOMO |Pulled-up input at reset
DDR_AO0-DDR_A13 Address Bus Output VDDIOMO |0 at reset
DDR_CLK-#DDR_CLK DDR Differential Clock Input Output VDDIOMO

DDR_CKE DDR Clock Enable Output | High | VDDIOMO

DDR_CS DDR Chip Select Output | Low | VDDIOMO

DDR_WE DDR Write Enable Output | Low | VDDIOMO

DDR_RAS-DDR_CAS Row and Column Signal Output | Low | VDDIOMO

DDR_DQM[0..1] Write Data Mask Output VDDIOMO

DDR_DQS|0..1] Data Strobe Output VDDIOMO

DDR_BAO-DDR_BA1 Bank Select Output VDDIOMO

DDR_VREF Reference Voltage Input VDDIOMO

External Bus Interface - EBI

D0-D31 Data Bus 1/0 VDDIOML1 | Pulled-up input at reset
AO0-A25 Address Bus Output VDDIOML1 |0 at reset

NWAIT External Wait Signal Input | Low |VDDIOM1

EBI - Static Memory Controller - SMC

NCS0-NCS5 Chip Select Lines Output | Low | VDDIOM1
NWRO-NWR3 Write Signal Output | Low | VDDIOM1
NRD Read Signal Output | Low | VDDIOM1
NWE Write Enable Output | Low | VDDIOM1
NBSO0-NBS3 Byte Mask Signal Output | Low | VDDIOM1
EBI - CompactFlash Support
CFCE1-CFCE2 CompactFlash Chip Enable Output | Low | VDDIOM1
CFOE CompactFlash Output Enable Output | Low | VDDIOM1
CFWE CompactFlash Write Enable Output | Low | VDDIOM1
CFIOR CompactFlash IO Read Output | Low | VDDIOM1
CFIOW CompactFlash 10 Write Output | Low | VDDIOM1
CFRNW CompactFlash Read Not Write Output VDDIOM1
CFCS0-CFCs1 CompactFlash Chip Select Lines Output | Low | VDDIOM1
EBI - NAND Flash Support
NANDCS NAND Flash Chip Select Output | Low | VDDIOM1
NANDOE NAND Flash Output Enable Output | Low | VDDIOM1
NANDWE NAND Flash Write Enable Output | Low | VDDIOM1

6 SAM9G46 Series [DATASHEET] Atmel
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Table 2-1. Signal Description List (Continued)
Active | Reference

Signal Name Function Type | Level | Voltage |Comments

EBI - DDR2/SDRAM/LPDDR Controller - DDRSDRC1
SDCK, #SDCK DDR2/SDRAM Differential Clock Output VDDIOM1
SDCKE DDR2/SDRAM Clock Enable Output | High | VDDIOM1
SDCS DDR2/SDRAM Controller Chip Select | Output | Low |VDDIOM1
BAO-BA1 Bank Select Output VDDIOM1
SDWE DDR2/SDRAM Write Enable Output | Low | VDDIOM1
RAS - CAS Row and Column Signal Output | Low | VDDIOM1
SDA10 SDRAM Address 10 Line Output VDDIOM1
DQSJ[0..1] Data Strobe Output VDDIOM1
DQM[0..3] Write Data Mask Output VDDIOM1

High Speed Multimedia Card Interface - HSMCIx

MCIx_CK Multimedia Card Clock 110 @
MCIx_CDA Multimedia Card Slot A Command 110 @
MCIx_DAO-MCIx_DA7 Multimedia Card Slot A Data 110 @

Universal Synchronous Asynchronous Receiver Transmitter - USARTX

SCKx USARTX Serial Clock 110 @)
TXDx USARTX Transmit Data Output @
RXDx USARTX Receive Data Input @
RTSx USARTX Request To Send Output @
CTSx USARTX Clear To Send Input @
Synchronous Serial Controller - SSCx
TDx SSC Transmit Data Output @
RDx SSC Receive Data Input @
TKx SSC Transmit Clock 10 @
RKx SSC Receive Clock 110 @
TFx SSC Transmit Frame Sync 110 @
RFx SSC Receive Frame Sync 110 @
AC97 Controller - AC97C
AC97RX AC97 Receive Signal Input @
ACO7TX AC97 Transmit Signal Output @
AC97FS AC97 Frame Synchronization Signal | Output @
AC97CK AC97 Clock signal Input @
Time Counter - TCx
TCLKx TC Channel x External Clock Input Input @
TIOAX TC Channel x I/O Line A /0 @
TIOBx TC Channel x I/O Line B /0 @

SAM9G46 Series [DATASHEET 7
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Table 2-1.

Signal Description List (Continued)

Signal Name

Function

Type

Active
Level

Reference
Voltage

Comments

Pulse Width Modulation Controller - PWM

PWMXx Pulse Width Modulation Output ’ Output ’ ‘ @
Serial Peripheral Interface - SPIx_
SPIx_MISO Master In Slave Out 110 @
SPIx_MOSI Master Out Slave In 110 @
SPIx_SPCK SPI Serial Clock 110 @
SPIx_NPCS0 SPI Peripheral Chip Select 0 110 Low @
SPIx_NPCS1-SPIx_NPCS3 | SPI Peripheral Chip Select Output | Low @
Two-wire Interface - TWI
TWDx Two-wire Serial Data 110 @
TWCKXx Two-wire Serial Clock 110 @
USB Host High Speed Port - UHPHS
HFSDPA USB Host Port A Full Speed Data + Analog VDDUTMII
HFSDMA USB Host Port A Full Speed Data - Analog VDDUTMII
HHSDPA USB Host Port A High Speed Data + Analog VDDUTMII
HHSDMA USB Host Port A High Speed Data - Analog VDDUTMII
HFSDPB USB Host Port B Full Speed Data + Analog VDDUTMII | Multiplexed with DFSDP
HFSDMB USB Host Port B Full Speed Data - Analog VDDUTMII | Multiplexed with DFSDM
HHSDPB USB Host Port B High Speed Data + Analog VDDUTMII | Multiplexed with DHSDP
HHSDMB USB Host Port B High Speed Data - Analog VDDUTMII | Multiplexed with DHSDM
USB Device High Speed Port - UDPHS
DFSDM USB Device Full Speed Data - Analog VDDUTMII
DFSDP USB Device Full Speed Data + Analog VDDUTMII
DHSDM USB Device High Speed Data - Analog VDDUTMII
DHSDP USB Device High Speed Data + Analog VDDUTMII
8 SAM9G46 Series [DATASHEET]
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Table 2-1. Signal Description List (Continued)

Active | Reference
Signal Name Function Type | Level | Voltage |Comments

Ethernet 10/100 - EMAC

ETXCK Transmit Clock or Reference Clock Input @ Ml only, REFCK in RMII
ERXCK Receive Clock Input @ MIl only

ETXEN Transmit Enable Output @

ETX0-ETX3 Transmit Data Output @ ETX0-ETX1 only in RMII
ETXER Transmit Coding Error Output @ MIl only

ERXDV Receive Data Valid Input @ RXDV in Mll, CRSDV in RMII
ERX0-ERX3 Receive Data Input @ ERXO0-ERX1 only in RMII
ERXER Receive Error Input @

ECRS Carrier Sense and Data Valid Input @ MIl only

ECOL Collision Detect Input @ Ml only

EMDC Management Data Clock Output @

EMDIO Management Data Input/Output 110 @

Image Sensor Interface - ISI

ISI_DO-ISI_D11 Image Sensor Data Input VDDIOP2
ISI_MCK Image sensor Reference clock Output VDDIOP2
ISI_HSYNC Image Sensor Horizontal Synchro Input VDDIOP2
ISI_VSYNC Image Sensor Vertical Synchro Input VDDIOP2
ISI_PCK Image Sensor Data clock Input VDDIOP2
LCD Controller - LCDC
LCDDO-LCDD23 LCD Data Bus Output VDDIOP1
LCDVSYNC LCD Vertical Synchronization Output VDDIOP1
LCDHSYNC LCD Horizontal Synchronization Output VDDIOP1
LCDDOTCK LCD Dot Clock Output VDDIOP1
LCDDEN LCD Data Enable Output VDDIOP1
LCDCC LCD Contrast Control Output VDDIOP1
LCDPWR LCD panel Power enable control Output VDDIOP1
LCDMOD LCD Modulation signal Output VDDIOP1

SAM9G46 Series [DATASHEET 9
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Table 2-1. Signal Description List (Continued)
Active | Reference
Signal Name Function Type | Level | Voltage |Comments
Touchscreen Analog-to-Digital Converter Controller - TSADCC

ADOX, Analog input channel 0 or Touchscreen | VDDANA | Multiplexed with ADO
Top channel

AD1X,, Analog input channel 1 or Touchscreen | VDDANA | Multiplexed with AD1
Bottom channel

AD2Y, Analog input channel 2 or Touchscreen | VDDANA | Multiplexed with AD2
Right channel

AD3Y,, Analog input channel 3 or Touchscreen | VDDANA | Multiplexed with AD3
Left channel

GPAD4-GPAD7 Analog Inputs Analog VDDANA

TSADTRG ADC Trigger Input VDDANA

TSADVREF ADC Reference Analog VDDANA

Notes: 1. Refer to peripheral multiplexing tables in Section 7.4 “Peripheral Signals Multiplexing on 1/O Lines” for these signals.
2. When configured as an input, the NRST pin enables asynchronous reset of the device when asserted low. This allows
connection of a simple push button on the NRST pin as a system-user reset.
3. Programming of this pull-up resistor is performed independently for each I/O line through the P1O Controllers. After reset, all
the 1/0O lines default as inputs with pull-up resistors enabled, except those which are multiplexed with the External Bus
Interface signals that require to be enabled as Peripheral at reset. This is explicitly indicated in the column “Reset State” of
the peripheral multiplexing tables.
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3. Package and Pinout
The SAM9G46 is delivered in a 324-ball TFBGA Green-compliant package.

3.1 324-ball TFBGA Package Outline
Figure 3-1 shows the orientation of the 324-ball TFBGA package.
A detailed mechanical description is given in Section 49. “Mechanical Characteristics”.

Figure 3-1. Orientation of the 324-ball TFBGA Package

Bottom View
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3.2 324-ball TFBGA Package Pinout

Table 3-1. SAMO9G46 Pinout for 324-ball BGA Package

Pin Signal Name Pin Signal Name Pin Signal Name Pin Signal Name
Al pC27 E10 | NANDWE K1 PE21 P10 | TMS

A2 pC28 E1l | DQS1 K2 PE23 P11 | VDDPLLA
A3 PC25 E12 D13 K3 PE26 P12 PB20

A4 PC20 E13 D11 K4 PE22 P13 PB31

A5 PC12 El4 A4 K5 PE24 P14 DDR_D7
A6 PC7 E15 A8 K6 PE25 P15 DDR_D3
A7 PC5 E16 | A9 K7 PE27 P16 | DDR_D4
A8 PCO E17 | A7 K8 PE28 P17 | DDR_D5
A9 NWR3/NBS3 E18 VDDCORE K9 VDDIOPO P18 DDR_D10
Al10 NCSO F1 PD22 K10 VDDIOPO R1 PA18

All DQSO0 F2 PD24 K11 GNDIOM R2 PA20

Al12 RAS F3 SHDN K12 GNDIOM R3 PA24

Al3 | SDCK F4 PE1 K13 | vDDIOMO R4 PA30

Al4 | NSDCK F5 PE3 K14 | DDR_A7Y R5 PB4

Al5 D7 F6 VDDIOM1 K15 DDR_A8 R6 PB13

Al6 DDR_VREF F7 PC19 K16 DDR_A9 R7 PDO

SAM9G46 Series [DATASHEET 11
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Table 3-1. SAMO9G46 Pinout for 324-ball BGA Package (Continued)

Pin Signal Name Pin Signal Name Pin Signal Name Pin Signal Name
Al7 DO F8 PC14 K17 DDR_A11 R8 PD9
Al8 Al4 F9 PC4 K18 DDR_A10 R9 PD18

Bl PC31 F10 NCS1/SDCS L1 PAO R10 TDI

B2 PC29 F11 NRD L2 PE30 R11 RTCK
B3 PC30 F12 SDWE L3 PE29 R12 PB22

B4 pPC22 F13 | AO/NBSO L4 PE31 R13 | PB29

B5 PC17 F14 A1/NBS2/NWR2 L5 PA2 R14 DDR_D6
B6 PC10 F15 A3 L6 PA4 R15 DDR_D1
B7 PC11 F16 A6 L7 PA8 R16 DDR_DO
B8 PC2 F17 A5 L8 PD2 R17 HHSDMA
B9 SDA10 F18 A2 L9 PD13 R18 HFSDMA
B10 | Al17/BAl G1 PD25 L10 | PD29 T1 PA22
B1l1 | DQMO G2 PD23 L11 PD31 T2 PA25
B12 SDCKE G3 PE6 L12 VDDIOMO T3 PA26
B13 D12 G4 PEO L13 VDDIOMO T4 PBO

B14 D8 G5 PE2 L14 DDR_A1 T5 PB6

B15 D4 G6 PES8 L15 DDR_A3 T6 PB16
B16 | D3 G7 PE4 L16 | DDR_A4 T7 PD1
B17 | Al5 G8 PE11 L17 | DDR_A6 T8 PD11
B18 Al3 G9 GNDCORE L18 DDR_A5 T9 PD19
C1 XIN32 G10 | VDDIOM1 M1 PA1 T10 PD30
Cc2 GNDANA G11 VDDIOM1 M2 PA5 T11 BMS

C3 WKUP G12 | VDDCORE M3 PAG6 T12 PB8

C4 PC26 G13 | VDDCORE M4 PA7 T13 | PB30
C5 pPC21 G14 | DDR_DQMO M5 PA10 T14 | DDR_D2
C6 PC15 G15 DDR_DQS1 M6 PA14 T15 PB21
Cc7 PC9 G16 DDR_BA1 M7 PB14 T16 PB23
C8 PC3 G17 DDR_BAO M8 PD4 T17 HHSDPA
C9 NWRO/NWE G18 DDR_DQSO M9 PD15 T18 HFSDPA
C10 | A16/BAO H1 PD26 M10 | NRST Ul PA27
Cl1 | CAS H2 PD27 M11 | PB11 u2 PA29
C12 D15 H3 VDDIOP1 M12 | PB25 U3 PA28
C13 D10 H4 PE13 M13 | PB27 U4 PB3
Cl4 D6 H5 PES M14 | VDDIOMO us PB7
C15 D2 H6 PE7 M15 | DDR_D14 ué6 PB17
C16 | GNDIOM H7 PE9 M16 | DDR_D15 u7 PD7
Cl7 | A18 H8 PE10 M17 | DDR_AO us PD10
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Table 3-1. SAM9G46 Pinout for 324-ball BGA Package (Continued)

Pin Signal Name Pin Signal Name Pin Signal Name Pin Signal Name
C18 Al2 H9 GNDCORE M18 | DDR_A2 U9 PD14

D1 XOUT32 H10 GNDIOP N1 PA3 U10 TCK

D2 PD20 H11 VDDCORE N2 PA9 ull VDDOSC

D3 GNDBU H12 GNDIOM N3 PA12 ui2 GNDOSC

D4 VDDBU H13 GNDIOM N4 PA15 ui3 PB10

D5 pPC24 H14 | DDR_CS N5 PA16 ul4 | PB26

D6 PC18 H15 DDR_WE N6 PA17 uil5 HHSDPB/DHSDP
D7 PC13 H16 DDR_DQM1 N7 PB18 ul6 HHSDMB/DHSDM
D8 PC6 H17 DDR_CAS N8 PD6 ul7 GNDUTMI

D9 NWR1/NBS1 H18 DDR_NCLK N9 PD16 uis VDDUTMIC

D10 NANDOE J1 PE19 N10 NTRST V1 PA31

D11 | DQM1 J2 PE16 N11 | PB9 V2 PB1

D12 | D14 J3 PE14 N12 | PB24 V3 PB2

D13 D9 J4 PE15 N13 PB28 V4 PB5

D14 D5 J5 PE12 N14 DDR_D13 V5 PB15

D15 D1 J6 PE17 N15 DDR_D8 V6 PD3

D16 VDDIOM1 J7 PE18 N16 DDR_D9 V7 PD5

D17 | ALl J8 PE20 N17 | DDR_D11 V8 PD12

D18 | Al0 J9 GNDCORE N18 | DDR_D12 V9 PD17

E1l PD21 J10 GNDCORE P1 PA11 V10 TDO

E2 TSADVREF Ji1 GNDIOP P2 PA13 V11 XOouT

E3 VDDANA J12 GNDIOM P3 PA19 V12 XIN

E4 JTAGSEL J13 GNDIOM P4 PA21 V13 VDDPLLUTMI

E5 TST J14 | DDR_A12 P5 PA23 V14 | VDDIOP2

E6 pPC23 J15 | DDR_A13 P6 PB12 V15 | HFSDPB/DFSDP
E7 PC16 J16 DDR_CKE P7 PB19 V16 HFSDMB/DFSDM
E8 PC8 J1i7 DDR_RAS P8 PD8 V17 VDDUTMII

E9 PC1 J18 DDR_CLK P9 PD28 V18 VBG

SAM9G46 Series [DATASHEET 13
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4. Power Considerations
4.1  Power Supplies
The SAM9G46 has several types of power supply pins. Some supply pins share common ground (GND) pins
whereas others have separate grounds. See Table 4-1.
Table 4-1. SAM9G46 Power Supply Pins
Pin(s) Item(s) powered Range Typical Ground
Core, including the processor
VDDCORE Embedded memories 09-11V 1.0v GNDCORE
Peripherals
VDDIOMO DDR2/LPDDR I/O lines 1.65-1.95V 1.8V
1.65-1.95V 1.8V GNDIOM
VDDIOM1 External Bus Interface 1 1/O lines
3.0-3.6V 3.3V
1.65-1.95V 1.8v
VDDIOPO, VDDIOP1, VDDIOP2 Peripherals I/O lines GNDIOP
3.0-3.6V 3.3V
Slow Clock oscillator
VDDBU Internal RC oscillator 1.8-3.6V - GNDBU
Part of the System Controller
VDDPLLUTMI PLLUTMI cell 0.9-1.1V 1.0v
VDDPLLA PLLA cell 0.9-1.1V 1.0v GNDOSC
VDDOSC Main Oscillator cells 1.65-3.6 V -
USB device
VDDUTMIC 0.9-1.1V 1.0v
Host UTMI+ core
GNDUTMI
USB device
VDDUTMII ) 3.0-3.6V 3.3v
Host UTMI+ interface
VDDANA Analog-to-Digital Converter 3.0-36V 3.3V GNDANA
4.2 Power Sequence Requirements

The SAM9G46 board design must comply with the guidelines described in Section 4.2.1 “Power-up Sequence”
and Section 4.2.2 “Power-down Sequence” to guarantee reliable operation of the device. Any deviation from these
sequences may lead to unpredictable results.
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4.2.1 Power-up Sequence

Figure 4-1. VDDCORE and VDDIO Constraints at Startup

Voo (V)
V,
V typ DDIO
Dmi/ Vooio > Vou
OH
/ Vooio > Vi
v -

V,

DDCORE

V,

bocorelYP

V.

T+

Core Supply POR Output

scee {UULLMAANAAMLLLLLLL AT AR

Vppcore @nd Vppgy are controlled by the internal PORs (Power-on Reset) to guarantee that these power sources
reach their target values prior to the release of POR.

®  Vppop Must be 2V, (refer to Table 48-2 “DC Characteristics” for more details) within (tggr + t;) after
Vppcore has reached vy,

®  Vppom Must reach Vg, (refer to Table 48-2 “DC Characteristics” for more details) within (tzst + t; + t,) after
Vbpeore has reached Vo,

— tggr iS @ POR characteristic
- =3 X5k
- =16 X150«

The tg cx Min (22 ps) is obtained for the maximum frequency of the internal RC oscillator (44 kHz).

— lrsr=30us
— 1, =66ps
- t,=352ups

In conclusion, Vpp,op and Vppom Must be established first, then Vppeore t0 ensure a reliable operation of the
device. Vpposer VooeLl: Vooutvn @nd Vpputmic Must be started at any time prior to Vppeore 10 €nsure correct
behavior of the ROM code.

SAM9G46 Series [DATASHEET 15
Atmel [ ]

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



4.2.2 Power-down Sequence

To ensure that the device does not operate outside the operating conditions defined in Section 4.1 “Power
Supplies”, it is good practice to first place the device in reset state before removing its power supplies. No specific
sequencing is required with respect to its supply channels as long as the NRST line is held active during the
power-down phase.

Figure 4-2. Recommended Power-Down Sequence

A trsTPD -
< No specific order and no
specific timing required
NRST among the channels
_______ /
- - -I --------------------------

VDDCORE | \ |,

VDDIOMO : \ '

VDDIOML X N !

N T

VDDIOPO-2 ! \ !

L I

VDDBU I N\ |
l

VDDPLLUTMI | \ :
1

|

VDDUTMIC | \ |

+ |

VDDUTMII | \ X

VDDPLLA | N\ '

VDDOSC : N\ !

VDDANA T N\ !

>
time
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S.

Figure 5-1.

Memories

SAM9G46 Memory Mapping

Address Memory Space

0x0000 0000

OXOFFF FFFF
0x1000 0000

OXLFFF FFFF
0x2000 0000

OX2FFF FFFF
0x3000 0000

O0X3FFF FFFF
0x4000 0000

OX4FFF FFFF
0x5000 0000

OX5FFF FFFF
0x6000 0000

OX6FFF FFFF
0x7000 0000

OX7FFF FFFF
0x8000 0000

OXEFFF FFFF
0xF000 0000

OXFFFF FFFF

Atmel

Internal Memories

EBI
Chip Select 0

EBI
Chip Select 1/
DDRSDRC1

EBI
Chip Select 2

EBI
Chip Select 3/
NANDFlash

EBI
Chip Select 4/
Compact Flash
Slot 0

EBI
Chip Select 5/
Compact Flash
Slot 1

DDRSDRCO
Chip Select

Undefined
(Abort)

Internal Peripherals

256 Mbytes

256 Mbytes

256 Mbytes

256 Mbytes

256 Mbytes

256 Mbytes

256 Mbytes

256 Mbytes

1,792 Mbytes

256 Mbytes

0xF000 0000

O0xFFF7 8000

OxFFF7 C000

OxFFF8 0000

OxFFF8 4000

O0xFFF8 8000

OxFFF8 C000

0xFFF9 0000

OxFFF9 4000

OxFFF9 8000

O0xFFF9 C000

O0xFFFA 0000

OxFFFA 4000

OxFFFA 8000

OxFFFA C000

OxFFFB 0000

OxFFFB 4000

OxFFFB 8000

OxFFFB C000

OxFFFC 0000

OxFFFC 4000

OxFFFC 8000

OxFFFC C000

O0xFFFD 0000

OxFFFD 4000

OxFFFD 8000

OxFFFF C000
\OXFFFF _—

Notes:

(1) Can be ROM, EBI1_NCSO0 or SRAM
depending on BMS and REMAP
(2) Software programmable

Peripheral Mapping

Reserved

UDPHS

TCO, TC1, TC2

MCI0

TWIO

TWI1

USARTO

USART1

USART2

USART3

SSCO

SSC1

SPI0

SPI1

AC97

TSADCC

ISI

PWM

EMAC

AES

TDES

SHA

TRNG

MCI1

TC3, TC4, TC5

Reserved

System Controller

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes
16 Kbytes

16 Kbytes

16 Kbytes

16 Kbytes

Internal Memory Mapping

0x0000 0000
0x0010 0000
0x0020 0000
0x0030 0000
0x0040 0000
0x0050 0000
0x0060 0000
0x0070 0000
0x0080 0000
0x0090 0000
0x00A0 0000

OXOFFF FFFF

OxFFFF C000

OxFFFF E200

OxFFFF E400

OxFFFF E600

OxFFFF E800

OxFFFF EAOO

OxFFFF EC00

OxFFFF EEOO

OXFFFF FO0O

OxFFFF F200

OXFFFF F400

OxFFFF F600

OxFFFF F800

OxFFFF FA0O

OXFFFF FCOO

OxFFFF FDOO

OXFFFF FD10
OXFFFF FD20
OXFFFF FD30
OXFFFF FD40
OXFFFF FD50
OXFFFF FD60
OXFFFF FD70
OXFFFF FDBO
OXFFFF FDCO
OXFFFF FFFF

S

Boot Memory (1)

ITCM(2)

DTCM(2)

SRAM

ROM

LCD User Interface

UDPHS RAM

UHP OHCI

UHP EHCI

Reserved

Undefined
(Abort)

1 Mbytes
1 Mbytes
1 Mbytes
1 Mbytes
1 Mbytes
1 Mbytes
1 Mbytes
1 Mbytes
1 Mbytes

1 Mbytes

System Controller Mapping

Reserved

ECC

DDRSDRC1

DDRSDRCO

SMC

MATRIX

DMAC

DBGU

AlC

PIOA

PIOB

PIOC

PIOD

PIOE

PMC

SYSC RrsTC

SYSC SHDWC

SYsC RTT

SYsC PIT

SYsC WDT

SYsC

SCKCR

SYSC GPBR

Reserved

RTC

Reserved

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes
512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

256 bytes

16 bytes
16 bytes
16 bytes
16 bytes
16 bytes
16 bytes
16 bytes

16 bytes
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51 Memory Mapping

Other areas are unused and performing an access within them provides an abort to the master requesting such an
access.

A first level of address decoding is performed by the AHB Bus Matrix, i.e., the implementation of the Advanced
High performance Bus (AHB) for its Master and Slave interfaces with additional features.

Decoding breaks up the 4 Gbytes of address space into 16 banks of 256 Mbytes. Banks 1 to 6 are directed to the
EBI that associates these banks to the external chip selects NCS0 to NCS5.

Bank 7 is directed to the DDRSDRCO that associates this bank to the DDR_NCS chip select and so dedicated to
the 4-port DDR2/LPDDR controller.

Bank 0 is reserved for the addressing of the internal memories, and a second level of decoding provides 1 Mbyte
of internal memory area. The bank 15 is reserved for the peripherals and provides access to the Advanced
Peripheral Bus (APB).

Other areas are unused and performing an access within them provides an abort to the master requesting such an
access.

5.2 Embedded Memories

5.2.1 Internal SRAM

The SAM9G46 product embeds a total of 64 Kbytes high-speed SRAM split in 4 blocks of 16 Kbytes connected to
one slave of the matrix. After reset and until the Remap Command is performed, the four SRAM blocks are
contiguous and only accessible at address 0x00300000. After Remap, the SRAM also becomes available at
address 0x0.

Figure 5-2. Internal SRAM Reset
RAM RAM

Remap
64K ) 64K

0x00300000 — <4——— 0x00000000

The SAM9G46 device embeds two memory features. The processor Tightly Coupled Memory (TCM) interface that
allows the processor to access the memory up to processor speed (PCK) and the interface on the AHB side
allowing masters to access the memory at AHB speed (MCK).

A wait state is necessary to access the TCM at 400 MHz. Setting the bit NWS_TCM in the bus Matrix TCM
Configuration Register of the matrix inserts a wait state on the ITCM and DTCM accesses.

5.2.2 TCM Interface

On the processor side, this Internal SRAM can be allocated to three areas:

e Internal SRAM A is the ARM926EJ-S Instruction TCM. The user can map this SRAM block anywhere in the
ARMO926 instruction memory space using CP15 instructions and the TCR configuration register located in
the Chip Configuration User Interface. This SRAM block is also accessible by the ARM926 Masters and by
the AHB Masters through the AHB bus.

18 SAM9G46 Series [DATASHEET] /ltmeL
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e Internal SRAM B is the ARM926EJ-S Data TCM. The user can map this SRAM block anywhere in the
ARM926 data memory space using CP15 instructions. This SRAM block is also accessible by the ARM926
Data Master and by the AHB Masters through the AHB bus.

e Internal SRAM C is only accessible by all the AHB Masters. After reset and until the Remap Command is
performed, this SRAM block is accessible through the AHB bus at address 0x0030 0000 by all the AHB
Masters. After Remap, this SRAM block also becomes accessible through the AHB bus at address 0x0 by
the ARM926 Instruction and the ARM926 Data Masters.

Within the 64 Kbytes SRAM size available, the amount of memory assigned to each block is software
programmable according to Table 5-1.

Table 5-1. TCM and DTCM Memory Configuration

SRAM A ITCM size (Kbytes) seen at
0x100000 through AHB

SRAM B DTCM size (Kbytes) seen at
0x200000 through AHB

SRAM C (Kbytes) seen at 0x300000
through AHB

0 0 64
0 64 0
32 32 0

5.2.3 Internal ROM

The SAM9G46 embeds an Internal ROM, which contains the boot ROM and SAM-BA® program.

At any time, the ROM is mapped at address 0x0040 0000. It is also accessible at address 0x0 (BMS = 1) after the
reset and before the Remap Command.

SAM9G46 Series [DATASHEET] 19

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15

Atmel



5.3 1/O Drive Selection and Delay Control

5.3.1 I/O Drive Selection
The aim of this control is to adapt the signal drive to the frequency. Two bits allow the user to select High or Low
drive for memories data/address/ctrl signals.

e Setting the bit [17], EBI_DRIVE, in the CCFG_EBICSA register of the matrix allows to control the drive of the
EBI.

e Setting the bit [18], DDR_DRIVE, in the CCFG_EBICSA register of the matrix allows to control the drive of
the DDR.

5.3.2 Delay Control

To avoid the simultaneous switching of all the 1/Os, a delay can be inserted on the different EBI, DDR2 and PIO
lines.
The control of these delays is the following:

e DDRSDRC

DDR_D[15:0] controlled by two registers, DELAY1 and DELAY2, located in the DDRSDRC user interface
— DDR_D|0] <=> DELAY1[3:0],
— DDR_D[1] <=> DELAY1[7:4],...
— DDR_D[6] <=> DELAY1[27:24],
— DDR_D[7] <=> DELAY1[31:28]
—  DDR_D[8] <=> DELAY2[3:0],
— DDR_D[9] <=> DELAYZ2[7:4],...,
— DDR_D[14] <=> DELAY2[27:24],
— DDR_D[15] <=> DELAY2[31:28]

DDR_A[13:0] controlled by two registers, DELAY3 and DELAY4, located in the DDRSDRC user interface
— DDR_AJ0] <=> DELAY3[3:0],
— DDR_A[1] <=> DELAY3[7:4], ...,
— DDR_A[6] <=> DELAY3[27:24],
— DDR_A[7] <=> DELAY3[31:28]
— DDR_A[8] <=> DELAY4[3:0],
— DDR_A[9] <=> DELAY4[7:4], ...,
— DDR_A[12] <=> DELAY4[19:16],
— DDR_A[13] <=> DELAY4[23:20]

e EBI (DDRSDRC\HSMC3\Nandflash)

D[15:0] controlled by two registers, DELAY1 and DELAY?2, located in the HSMC3 user interface
— DJ0] <=> DELAY1[3:0],
— DI[1] <=> DELAY1[7:4]....,
— DI[6] <=> DELAY1[27:24],
— DJ[7] <=> DELAY1[31:28]
— DI8] <=> DELAY2[3:0],
— DJ9] <=> DELAY2[7:4],...,
— D[14] <=> DELAY2[27:24],
— D[15] <=> DELAY2[31:28]
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D[31,16]on PIOC[31:16] controlled by two registers, DELAY3 and DELAY4, located in the HSMC3 user interface

— DIJ16] <=> DELAY3[3:0],

—  D[17] <=> DELAY3[7:4],...,
— D[22] <=> DELAY3[27:24],
— PC[23] <=> DELAY3[31:28]
— DJ24] <=> DELAY4[3:0],

—  D[25] <=> DELAY4[7:4],...,
— D[30] <=> DELAY4[27:24],
—  D[31] <=> DELAY4[31:28]

A[25:0], controlled by four registers, DELAY5, DELAY6, DELAY7 and DELAYS8, located in the HSMC3 user

interface
—  A[0] <=> DELAY5[3:0],
— A[l] <=> DELAY5[7:4],...,
—  A[6] <=> DELAY5[27:24],
— A[7] <=> DELAY5[31:28]
—  A[8] <=> DELAY6[3:0],
— A[9] <=> DELAY6[7:4],...,
— A[14] <=> DELAY®6[27:24],
— A[15] <=> DELAY6[31:28]
—  A[16] <=> DELAY7[3:0],
—  A[17] <=> DELAY7[7:4],
—  A[18] <=> DELAY7[11:8]

A25 on PC[12] and A[24:19] on PC[7:2]
— Al19 <=>DELAY7[15:12],
—  A20 <=> DELAY7[19:16]....,
— A23 <=>DELAY7[31:28],
—  A24 <=> DELAY8[3:0],
—  A25<=>DELAYS8[7:4]

e PIOA User interface

The delay can only be inserted on the HSMCIO and HSMCI1 I/O lines, so on PA[9:2] and PA[30:23]. The delay is
controlled by two registers, DELAY1 and DELAY2, located in the PIOA user interface.

—  PA[2] <=> DELAY1[3:0],

—  PA[3] <=> DELAY1[7:4],...,
—  PA[8] <=> DELAY1[27:24],
—  PA[9] <=> DELAY1[31:28]
—  PA[23] <=> DELAY2[3:0],

—  PA[24] <=> DELAYZ2[7:4],...,
—  PA[29] <=> DELAY2[27:24],
— PA[30] <=> DELAY2[31:28]

Atmel
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6. System Controller
The System Controller is a set of peripherals that allows handling of key elements of the system, such as power,
resets, clocks, time, interrupts, watchdog, etc.

The System Controller User Interface also embeds the registers that configure the Matrix and a set of registers for
the chip configuration. The chip configuration registers configure the EBI chip select assignment and voltage range
for external memories.

6.1 System Controller Mapping

The System Controller’s peripherals are all mapped within the highest 16 Kbytes of address space, between
addresses OxFFFF E800 and OXFFFF FFFF.

However, all the registers of the System Controller are mapped on the top of the address space. All the registers of
the System Controller can be addressed from a single pointer by using the standard ARM instruction set, as the
Load/Store instruction have an indexing mode of +4 Kbyte.

Figure 6-1 on page 23 shows the System Controller block diagram.

Figure 5-1 on page 17 shows the mapping of the User Interfaces of the System Controller peripherals.
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6.2 System Controller Block Diagram

Figure 6-1. SAM9G46 System Controller Block Diagram

System Controller
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6.3  Chip Identification

The SAM9G46 Chip ID is defined in the Debug Unit Chip ID Register and Debug Unit Chip ID Extension Register.
e Chip ID: 0x819B05A2
e Ext ID: 0x00000003
e JTAG ID: 05B2_703F
e ARMO926 TAP ID: 0x0792603F

6.4 Backup Section

The SAM9G46 features a Backup Section that embeds:
e RC Oscillator

Slow Clock Oscillator

SCKCR

RTT

RTC

Shutdown Controller

128-bit backup registers

e Apartof RSTC

This section is powered by the VDDBU rail.
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7. Peripherals

7.1 Peripheral Mapping

As shown in Figure 5-1 “SAM9G46 Memory Mapping” , the peripherals are mapped in the upper 256 Mbytes of the
address space between the addresses OxFFF7 8000 and OXFFFC FFFF.

Each User Peripheral is allocated 16 Kbytes of address space.

7.2  Peripheral Identifiers

Table 7-1 defines the Peripheral Identifiers of the SAM9GA46. A peripheral identifier is required for the control of the
peripheral interrupt with the Advanced Interrupt Controller and for the control of the peripheral clock with the Power
Management Controller.

Table 7-1. SAMO9G46 Peripheral Identifiers

Peripheral ID | Peripheral Mnemonic | Peripheral Name External Interrupt
0 AIC Advanced Interrupt Controller FIQ
1 SYSC System Controller
2 PIOA Parallel /0O Controller A
3 PIOB Parallel 1/0 Controller B
4 PIOC Parallel 1/0 Controller C
5 P1OD, PIOE Parallel I/O Controller D, Parallel I/O Controller E
6 TRNG True Random Number Generator
7 USARTO Universal Synchronous Asynchronous Receiver Transmitter O
8 USART1 Universal Synchronous Asynchronous Receiver Transmitter 1
9 USART2 Universal Synchronous Asynchronous Receiver Transmitter 2
10 USART3 Universal Synchronous Asynchronous Receiver Transmitter 3
11 MCIO High Speed Multimedia Card Interface 0
12 TWIO Two-Wire Interface O
13 TWIL1 Two-Wire Interface 1
14 SPIO Serial Peripheral Interface O
15 SPI1 Serial Peripheral Interface 1
16 SSCO Synchronous Serial Controller 0
17 SSC1 Synchronous Serial Controller 1
18 TCO..TC5 Timer Counter O .. Timer Counter 5
19 PWM Pulse Width Modulation Controller
20 TSADCC Touchscreen ADC Controller
21 DMAC DMA Controller
22 UHPHS USB High Speed Host Port
23 LCDC LCD Controller
24 AC97C AC97 Controller
25 EMAC Ethernet MAC
26 ISI Image Sensor Interface

Atmel

SAM9G46 Series [DATASHEET] 25

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



Table 7-1. SAM9G46 Peripheral Identifiers (Continued)
Peripheral ID Peripheral Mnemonic | Peripheral Name External Interrupt
27 UDPHS USB High Speed Device Port
AES Advanced Encryption Standard
28 TDES Triple Data Encryption Standard
SHA Secure Hash Algorithm
29 MCI1 High Speed Multimedia Card Interface 1
30 Reserved - -
31 AlC Advanced Interrupt Controller IRQ

7.3  Peripheral Interrupts and Clock Control

7.3.1 System Interrupt

The System Interrupt in Source 1 is the wired-OR of the interrupt signals coming from:
e the DDR2/LPDDR Controller

the Debug Unit

the Periodic Interval Timer

the Real-time Timer

the Real-time Clock

the Watchdog Timer

the Reset Controller

e the Power Management Controller

The clock of these peripherals cannot be deactivated and Peripheral ID 1 can only be used within the Advanced
Interrupt Controller.

7.3.2 External Interrupts

All external interrupt signals, i.e., the Fast Interrupt signal FIQ or the Interrupt signal IRQ, use a dedicated
Peripheral ID. However, there is no clock control associated with these peripheral IDs.

7.4  Peripheral Signals Multiplexing on I/O Lines

The SAM9GA46 features five P1O controllers, PIOA, PIOB, PIOC, PIOD and PIOE, which multiplexes the 1/O lines
of the peripheral set.

Each PIO Controller controls up to 32 lines. Each line can be assigned to one of two peripheral functions, A or B.
The multiplexing tables in the following paragraphs define how the 1/O lines of the peripherals A and B are
multiplexed on the PIO Controllers. The two columns “Function” and “Comments” have been inserted in this table
for the user’'s own comments; they may be used to track how pins are defined in an application.

Note that some peripheral function which are output only, might be duplicated within the both tables.

The column “Reset State” indicates whether the PIO Line resets in I/O mode or in peripheral mode. If I/O is
mentioned, the P10 Line resets in input with the pull-up enabled, so that the device is maintained in a static state
as soon as the reset is released. As a result, the bit corresponding to the PIO Line in the register PIO_PSR
(Peripheral Status Register) resets low.

If a signal name is mentioned in the “Reset State” column, the PIO Line is assigned to this function and the
corresponding bit in PIO_PSR resets high. This is the case of pins controlling memories, in particular the address
lines, which require the pin to be driven as soon as the reset is released. Note that the pull-up resistor is also
enabled in this case.
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7.4.1 PIO Controller A Multiplexing

Table 7-2. Multiplexing on PIO Controller A (PIOA)
Reset Power
/O Line Peripheral A Peripheral B State Supply Function Comments
PAO MCIO_CK TCLK3 I/10 VDDIOPO
PAl MCIO_CDA TIOA3 I/0 VDDIOPO
PA2 MCIO_DAO TIOB3 I/0 VDDIOPO
PA3 MCIO_DA1 TCKL4 I/O VDDIOPO
PA4 MCIO_DA2 TIOA4 I/O VDDIOPO
PA5 MCIO_DA3 TIOB4 I/O VDDIOPO
PA6 MCIO_DA4 ETX2 I/10 VDDIOPO
PA7 MCIO_DA5 ETX3 110 VDDIOPO
PA8 MCIO_DA6 ERX2 I/0 VDDIOPO
PA9 MCIO_DA7 ERX3 I/0 VDDIOPO
PA10 ETXO I/O VDDIOPO
PA11 ETX1 I/0 VDDIOPO
PA12 ERXO I/0 VDDIOPO
PA13 ERX1 I/0 VDDIOPO
PA14 ETXEN 110 VDDIOPO
PA15 ERXDV 110 VDDIOPO
PA16 ERXER I/O VDDIOPO
PA17 ETXCK I/O VDDIOPO
PA18 EMDC I/0 VDDIOPO
PA19 EMDIO I/0 VDDIOPO
PA20 TWDO I/0 VDDIOPO
PA21 TWCKO 110 VDDIOPO
PA22 MCI1_CDA SCK3 I/O VDDIOPO
PA23 MCI1_DAO RTS3 I/O VDDIOPO
PA24 MCI1_DAl CTS3 I/1O VDDIOPO
PA25 MCI1_DA2 PWM3 I/0 VDDIOPO
PA26 MCI1_DA3 TIOB2 110 VDDIOPO
PA27 MCI1_DA4 ETXER 110 VDDIOPO
PA28 MCI1_DA5 ERXCK I/O VDDIOPO
PA29 MCI1_DA6 ECRS I/O VDDIOPO
PA30 MCI1_DA7 ECOL I/1O VDDIOPO
PA31 MCI1_CK PCKO I/0 VDDIOPO
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7.4.2 PIO Controller B Multiplexing

Table 7-3. Multiplexing on PIO Controller B (PIOB)
Reset Power
/O Line Peripheral A Peripheral B State Supply Function Comments
PBO SPI0_MISO I/0 VDDIOPO
PB1 SPI0_MOSI I/0 VDDIOPO
PB2 SPIO_SPCK le] VDDIOPO
PB3 SPIO_NPCSO 110 VDDIOPO
PB4 TXD1 I/O VDDIOPO
PB5 RXD1 lfe] VDDIOPO
PB6 TXD2 I/0 VDDIOPO
PB7 RXD2 I/0 VDDIOPO
PB8 TXD3 ISI_D8 110 VDDIOP2
PB9 RXD3 ISI_D9 110 VDDIOP2
PB10 TWD1 ISI_D10 110 VDDIOP2
PB11 TWCK1 ISI_D11 I/O VDDIOP2
PB12 DRXD I/0 VDDIOPO
PB13 DTXD I/0 VDDIOPO
PB14 SPI1_MISO 110 VDDIOPO
PB15 SPI1_MOSI CTSO 110 VDDIOPO
PB16 SPI1_SPCK SCKO I/O VDDIOPO
PB17 SPI1_NPCSO RTSO 110 VDDIOPO
PB18 RXDO SPIO_NPCS1 I/0 VDDIOPO
PB19 TXDO SPI0_NPCS2 I/0 VDDIOPO
PB20 ISI_DO 110 VDDIOP2
PB21 ISI_D1 110 VDDIOP2
PB22 ISI_D2 I/O VDDIOP2
PB23 ISI_D3 I/0 VDDIOP2
PB24 ISI_D4 I/O VDDIOP2
PB25 ISI_D5 I/0 VDDIOP2
PB26 ISI_D6 110 VDDIOP2
PB27 ISI_D7 110 VDDIOP2
PB28 ISI_PCK I/O VDDIOP2
PB29 ISI_VSYNC I/0 VDDIOP2
PB30 ISI_HSYNC I/1O VDDIOP2
PB31 ISI_MCK PCK1 1/0 VDDIOP2
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7.4.3 PIO Controller C Multiplexing

Table 7-4. Multiplexing on PIO Controller C (PIOC)

Reset Power
/0O Line Peripheral A Peripheral B State Supply Function Comments
PCO DQM2 DQM2 | VDDIOM1
PC1 DQM3 DQM3 | VDDIOM1
PC2 Al19 Al9 VDDIOM1
PC3 A20 A20 VDDIOM1
PC4 A21/NANDALE A21 VDDIOM1
PC5 A22/NANDCLE A22 VDDIOM1
PC6 A23 A23 VDDIOM1
PC7 A24 A24 VDDIOM1
PC8 CFCE1 110 VDDIOM1
PC9 CFCE2 RTS2 110 VDDIOM1
PC10 NCS4/CFCS0 TCLK2 I/0 VDDIOM1
PC11 NCS5/CFCS1 CTS2 I/O VDDIOM1
PC12 A25/CFRNW A25 VDDIOM1
PC13 NCS2 I/O VDDIOM1
PC14 NCS3/NANDCS 110 VDDIOM1
PC15 NWAIT 110 VDDIOM1
PC16 D16 1/0 VDDIOM1
PC17 D17 1/0 VDDIOM1
PC18 D18 1/0 VDDIOM1
PC19 D19 1/0 VDDIOM1
PC20 D20 110 VDDIOM1
PC21 D21 110 VDDIOM1
PC22 D22 1/0 VDDIOM1
PC23 D23 1/0 VDDIOM1
PC24 D24 1/0 VDDIOM1
PC25 D25 1/0 VDDIOM1
PC26 D26 110 VDDIOM1
PC27 D27 110 VDDIOM1
PC28 D28 1/0 VDDIOM1
PC29 D29 110 VDDIOM1
PC30 D30 1/10 VDDIOM1
PC31 D31 1/0 VDDIOM1
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7.4.4 PIO Controller D Multiplexing

Table 7-5. Multiplexing on PIO Controller D (PIOD)
Reset Power
/0O Line Peripheral A Peripheral B State Supply Function Comments
PDO TKO PWM3 /0 VDDIOPO
PD1 TFO 1/0 VDDIOPO
PD2 TDO 110 VDDIOPO
PD3 RDO 1/0 VDDIOPO
PD4 RKO 1/0 VDDIOPO
PD5 RFO 1/0 VDDIOPO
PD6 AC97RX 1/0 VDDIOPO
PD7 ACI7TX TIOAS /0 VDDIOPO
PD8 AC97FS TIOB5 I/0 VDDIOPO
PD9 AC97CK TCLK5 I/0 VDDIOPO
PD10 TD1 1/0 VDDIOPO
PD11 RD1 1/0 VDDIOPO
PD12 TK1 PCKO I/0 VDDIOPO
PD13 RK1 I/O VDDIOPO
PD14 TF1 I/0 VDDIOPO
PD15 RF1 I/0 VDDIOPO
PD16 RTS1 1/0 VDDIOPO
PD17 CTS1 110 VDDIOPO
PD18 SPI1_NPCS2 IRQ I/0 VDDIOPO
PD19 SPI1_NPCS3 FIQ 1/0 VDDIOPO
PD20 TIOAO I/0 VDDANA TSADO
PD21 TIOAl I/0 VDDANA TSAD1
PD22 TIOA2 1/0 VDDANA TSAD2
PD23 TCLKO I/0 VDDANA TSAD3
PD24 SPIO_NPCS1 PWMO I/O VDDANA GPAD4
PD25 SPI0_NPCS2 PWM1 I/10 VDDANA GPAD5
PD26 PCKO PWM2 I/0 VDDANA GPAD6
PD27 PCK1 SPI0_NPCS3 110 VDDANA GPAD7
PD28 TSADTRG SPI1_NPCS1 1/0 VDDIOPO
PD29 TCLK1 SCK1 1/0 VDDIOPO
PD30 TIOBO SCK2 1/0 VDDIOPO
PD31 TIOB1 PWM1 I/0 VDDIOPO
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7.4.5 PIO Controller E Multiplexing

Table 7-6. Multiplexing on PIO Controller E (PIOE)
Reset Power
/0 Line Peripheral A Peripheral B State Supply Function Comments
PEO LCDPWR PCKO /0 VDDIOP1
PE1 LCDMOD I/0 VDDIOP1
PE2 LCDCC /0 VDDIOP1
PE3 LCDVSYNC 1/0 VDDIOP1
PE4 LCDHSYNC 1/0 VDDIOP1
PES5 LCDDOTCK 1/0 VDDIOP1
PE6 LCDDEN I/0 VDDIOP1
PE7 LCDDO LCDD2 I/0 VDDIOP1
PES8 LCDD1 LCDD3 I/0 VDDIOP1
PE9 LCDD2 LCDD4 I/0 VDDIOP1
PE10 LCDD3 LCDD5 1/0 VDDIOP1
PE11 LCDD4 LCDD6 1/0 VDDIOP1
PE12 LCDD5 LCDD7 I/0 VDDIOP1
PE13 LCDD6 LCDD10 I/O VDDIOP1
PE14 LCDD7 LCDD11 I/0 VDDIOP1
PE15 LCDD8 LCDD12 I/0 VDDIOP1
PE16 LCDD9 LCDD13 1/0 VDDIOP1
PE17 LCDD10 LCDD14 1/0 VDDIOP1
PE18 LCDD11 LCDD15 I/0 VDDIOP1
PE19 LCDD12 LCDD18 I/0 VDDIOP1
PE20 LCDD13 LCDD19 I/0 VDDIOP1
PE21 LCDD14 LCDD20 I/0 VDDIOP1
PE22 LCDD15 LCDD21 1/0 VDDIOP1
PE23 LCDD16 LCDD22 1/0 VDDIOP1
PE24 LCDD17 LCDD23 1/0 VDDIOP1
PE25 LCDD18 1/0 VDDIOP1
PE26 LCDD19 I/0 VDDIOP1
PE27 LCDD20 I/0 VDDIOP1
PE28 LCDD21 1/0 VDDIOP1
PE29 LCDD22 1/0 VDDIOP1
PE30 LCDD23 110 VDDIOP1
PE31 PWM2 PCK1 I/0 VDDIOP1

SAM9G46 Series [DATASHEET 31
Atmel [ ]

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



8. ARM926EJ-S Processor Overview

8.1 Description

The ARM926EJ-S processor is a member of the ARM9™ family of general-purpose microprocessors. The
ARM926EJ-S implements ARM architecture version 5TEJ and is targeted at multi-tasking applications where full
memory management, high performance, low die size and low power are all important features.

The ARM926EJ-S processor supports the 32-bit ARM and 16-bit THUMB instruction sets, enabling the user to
trade off between high performance and high code density. It also supports 8-bit Java instruction set and includes
features for efficient execution of Java bytecode, providing a Java performance similar to a JIT (Just-In-Time
compilers), for the next generation of Java-powered wireless and embedded devices. It includes an enhanced
multiplier design for improved DSP performance.

The ARM926EJ-S processor supports the ARM debug architecture and includes logic to assist in both hardware
and software debug.
The ARM926EJ-S provides a complete high performance processor subsystem, including:

e An ARM9EJ-S integer core

e A Memory Management Unit (MMU)

e Separate instruction and data AMBA AHB bus interfaces

e Separate instruction and data TCM interfaces
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8.2 Embedded Characteristics
e RISC Processor Based on ARM v5TEJ Architecture with Jazelle technology for Java acceleration
e Two Instruction Sets
—  ARM High-performance 32-bit Instruction Set
—  Thumb High Code Density 16-bit Instruction Set
e DSP Instruction Extensions
e 5-Stage Pipeline Architecture:
— Instruction Fetch (F)
— Instruction Decode (D)
—  Execute (E)
—  Data Memory (M)
— Reaqgister Write (W)
e 32-Kbyte Data Cache, 32-Kbyte Instruction Cache
—  Virtually-addressed 4-way Associative Cache
—  Eight words per line
—  Write-through and Write-back Operation
—  Pseudo-random or Round-robin Replacement
e Write Buffer
—  Main Write Buffer with 16-word Data Buffer and 4-address Buffer
—  DCache Write-back Buffer with 8-word Entries and a Single Address Entry
—  Software Control Drain
e Standard ARM v4 and v5 Memory Management Unit (MMU)
— Access Permission for Sections
— Access Permission for large pages and small pages can be specified separately for each quarter of
the page
— 16 embedded domains
e Bus Interface Unit (BIU)
— Arbitrates and Schedules AHB Requests
—  Separate Masters for both instruction and data access providing complete Matrix system flexibility
—  Separate Address and Data Buses for both the 32-bit instruction interface and the 32-bit data interface
— On Address and Data Buses, data can be 8-bit (Bytes), 16-bit (Half-words) or 32-bit (Words)
e TCM Interface
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8.3 Block Diagram

Figure 8-1. ARM926EJ-S Internal Functional Block Diagram
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8.4 ARMOYEJ-S Processor

8.4.1 ARMOYEJ-S Operating States

The ARM9EJ-S processor can operate in three different states, each with a specific instruction set:
e ARM state: 32-bit, word-aligned ARM instructions.
e THUMB state: 16-bit, halfword-aligned Thumb instructions.
e Jazelle state: variable length, byte-aligned Jazelle instructions.

In Jazelle state, all instruction Fetches are in words.

8.4.2 Switching State

The operating state of the ARM9EJ-S core can be switched between:
e ARM state and THUMB state using the BX and BLX instructions, and loads to the PC
e ARM state and Jazelle state using the BXJ instruction

All exceptions are entered, handled and exited in ARM state. If an exception occurs in Thumb or Jazelle states, the
processor reverts to ARM state. The transition back to Thumb or Jazelle states occurs automatically on return from
the exception handler.

8.4.3 Instruction Pipelines
The ARM9EJ-S core uses two kinds of pipelines to increase the speed of the flow of instructions to the processor.

A five-stage (five clock cycles) pipeline is used for ARM and Thumb states. It consists of Fetch, Decode, Execute,
Memory and Writeback stages.

A six-stage (six clock cycles) pipeline is used for Jazelle state It consists of Fetch, Jazelle/Decode (two clock
cycles), Execute, Memory and Writeback stages.

8.4.4 Memory Access

The ARM9EJ-S core supports byte (8-bit), half-word (16-bit) and word (32-bit) access. Words must be aligned to
four-byte boundaries, half-words must be aligned to two-byte boundaries and bytes can be placed on any byte
boundary.

Because of the nature of the pipelines, it is possible for a value to be required for use before it has been placed in
the register bank by the actions of an earlier instruction. The ARM9EJ-S control logic automatically detects these
cases and stalls the core or forward data.

8.4.5 Jazelle Technology

The Jazelle technology enables direct and efficient execution of Java byte codes on ARM processors, providing
high performance for the next generation of Java-powered wireless and embedded devices.

The new Java feature of ARM9EJ-S can be described as a hardware emulation of a JVM (Java Virtual Machine).
Java mode will appear as another state: instead of executing ARM or Thumb instructions, it executes Java byte
codes. The Java byte code decoder logic implemented in ARM9EJ-S decodes 95% of executed byte codes and
turns them into ARM instructions without any overhead, while less frequently used byte codes are broken down
into optimized sequences of ARM instructions. The hardware/software split is invisible to the programmer, invisible
to the application and invisible to the operating system. All existing ARM registers are re-used in Jazelle state and
all registers then have particular functions in this mode.

Minimum interrupt latency is maintained across both ARM state and Java state. Since byte codes execution can
be restarted, an interrupt automatically triggers the core to switch from Java state to ARM state for the execution of
the interrupt handler. This means that no special provision has to be made for handling interrupts while executing
byte codes, whether in hardware or in software.
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8.4.6 ARMO9EJ-S Operating Modes

In all states, there are seven operation modes:
e User mode is the usual ARM program execution state. It is used for executing most application programs
e Fast Interrupt (FIQ) mode is used for handling fast interrupts. It is suitable for high-speed data transfer or

channel process

Interrupt (IRQ) mode is used for general-purpose interrupt handling

Supervisor mode is a protected mode for the operating system

Abort mode is entered after a data or instruction prefetch abort

System mode is a privileged user mode for the operating system

Undefined mode is entered when an undefined instruction exception occurs

Mode changes may be made under software control, or may be brought about by external interrupts or exception
processing. Most application programs execute in User Mode. The non-user modes, known as privileged modes,
are entered in order to service interrupts or exceptions or to access protected resources.

8.4.7 ARMO9YEJ-S Registers

The ARM9EJ-S core has a total of 37 registers.
e 31 general-purpose 32-bit registers
e  Six 32-hit status registers

Table 8-1 shows all the registers in all modes.
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Table 8-1. ARM9TDMI Modes and Registers Layout
User and System Fast Interrupt
Mode Supervisor Mode Abort Mode Undefined Mode Interrupt Mode Mode
RO RO RO RO RO RO
R1 R1 R1 R1 R1 R1
R2 R2 R2 R2 R2 R2
R3 R3 R3 R3 R3 R3
R4 R4 R4 R4 R4 R4
R5 R5 R5 R5 R5 R5
R6 R6 R6 R6 R6 R6
R7 R7 R7 R7 R7 R7
R8 R8 R8 R8 R8 R8_FIQ
R9 R9 R9 R9 R9 R9_FIQ
R10 R10 R10 R10 R10 R10_FIQ
R11 R11 R11 R11 R11 R11_FIQ
R12 R12 R12 R12 R12 R12_FIQ
R13 R13_SVC R13_ABORT R13_UNDEF R13_IRQ R13_FIQ
R14 R14_SVC R14 ABORT R14 UNDEF R14 IRQ R14 FIQ
PC PC PC PC PC PC
CPSR CPSR CPSR CPSR CPSR CPSR
SPSR_SVC SPSR_ABORT SPSR_UNDEF SPSR_IRQ SPSR_FIQ

‘ Mode-specific banked registers

The ARM state register set contains 16 directly-accessible registers, r0 to r15, and an additional register, the
Current Program Status Register (CPSR). Registers r0 to r13 are general-purpose registers used to hold either
data or address values. Register r14 is used as a Link register that holds a value (return address) of r15 when BL
or BLX is executed. Register r15 is used as a program counter (PC), whereas the Current Program Status
Register (CPSR) contains condition code flags and the current mode bits.

In privileged modes (FIQ, Supervisor, Abort, IRQ, Undefined), mode-specific banked registers (r8 to r14 in FIQ
mode or rl13 to r14 in the other modes) become available. The corresponding banked registers r14_fiq, r14_svc,
rl4 abt, r14 irqg, r14_und are similarly used to hold the values (return address for each mode) of r15 (PC) when
interrupts and exceptions arise, or when BL or BLX instructions are executed within interrupt or exception routines.
There is another register called Saved Program Status Register (SPSR) that becomes available in privileged
modes instead of CPSR. This register contains condition code flags and the current mode bits saved as a result of
the exception that caused entry to the current (privileged) mode.

In all modes and due to a software agreement, register r13 is used as stack pointer.
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8.4.7.1

38

The use and the function of all the registers described above should obey ARM Procedure Call Standard (APCS)
which defines:

e Constraints on the use of registers
e Stack conventions
e Argument passing and result return
For more details, refer to ARM Software Development Kit.

The Thumb state register set is a subset of the ARM state set. The programmer has direct access to:
e Eight general-purpose registers r0—r7
e Stack pointer, SP
e Link register, LR (ARM r14)
e PC
e CPSR

There are banked registers SPs, LRs and SPSRs for each privileged mode (for more details see the ARM9EJ-S
Technical Reference Manual, revision rlp2 page 2-12).

Status Registers

The ARM9EJ-S core contains one CPSR, and five SPSRs for exception handlers to use. The program status
registers:

e hold information about the most recently performed ALU operation

e control the enabling and disabling of interrupts

e set the processor operation mode

Figure 8-2. Status Register Format

3130292827 24 765 0

N|Z|C|V|Q J Reserved I |F|T Mode

LJ |
Jazelle state bit |
Reserved Mode bits

Sticky Overflow

Overflow Thumb state bit
Carry/Borrow/Extend
Zero FIQ disable
Negative/Less than

IRQ disable

Figure 8-2 shows the status register format, where:
e N: Negative, Z: Zero, C: Carry, and V: Overflow are the four ALU flags

e The Sticky Overflow (Q) flag can be set by certain multiply and fractional arithmetic instructions like QADD,
QDADD, QSUB, QDSUB, SMLAxy, and SMLAWY needed to achieve DSP operations.
The Q flag is sticky in that, when set by an instruction, it remains set until explicitly cleared by an MSR
instruction writing to the CPSR. Instructions cannot execute conditionally on the status of the Q flag.

e The Jbitin the CPSR indicates when the ARM9EJ-S core is in Jazelle state, where:
— J=0: The processor is in ARM or Thumb state, depending on the T bit
— J=1:The processor is in Jazelle state.

e Mode: five bits to encode the current processor mode
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8.4.7.2
8.4.7.3

8.4.7.4

Exceptions

Exception Types and Priorities

The ARM9EJ-S supports five types of exceptions. Each type drives the ARM9EJ-S in a privileged mode. The types
of exceptions are:

Fast interrupt (FIQ)

Normal interrupt (IRQ)

Data and Prefetched aborts (Abort)

Undefined instruction (Undefined)

e Software interrupt and Reset (Supervisor)

When an exception occurs, the banked version of R14 and the SPSR for the exception mode are used to save the
state.

More than one exception can happen at a time, therefore the ARM9EJ-S takes the arisen exceptions according to
the following priority order:
e Reset (highest priority)
Data Abort
FIQ
IRQ
Prefetch Abort
e BKPT, Undefined instruction, and Software Interrupt (SWI) (Lowest priority)

The BKPT, or Undefined instruction, and SWI exceptions are mutually exclusive.

Note that there is one exception in the priority scheme: when FIQs are enabled and a Data Abort occurs at the
same time as an FIQ, the ARM9EJ-S core enters the Data Abort handler, and proceeds immediately to FIQ vector.
A normal return from the FIQ causes the Data Abort handler to resume execution. Data Aborts must have higher
priority than FIQs to ensure that the transfer error does not escape detection.

Exception Modes and Handling

Exceptions arise whenever the normal flow of a program must be halted temporarily, for example, to service an
interrupt from a peripheral.
When handling an ARM exception, the ARM9EJ-S core performs the following operations:
1. Preserves the address of the next instruction in the appropriate Link Register that corresponds to the new
mode that has been entered. When the exception entry is from:
— ARM and Jazelle states, the ARM9EJ-S copies the address of the next instruction into LR (current
PC(r15) + 4 or PC + 8 depending on the exception).

—  THUMB state, the ARM9EJ-S writes the value of the PC into LR, offset by a value (current PC + 2, PC
+ 4 or PC + 8 depending on the exception) that causes the program to resume from the correct place
on return.

2. Copies the CPSR into the appropriate SPSR.
3. Forces the CPSR mode bits to a value that depends on the exception.
4. Forces the PC to fetch the next instruction from the relevant exception vector.

The register r13 is also banked across exception modes to provide each exception handler with private stack
pointer.

The ARM9EJ-S can also set the interrupt disable flags to prevent otherwise unmanageable nesting of exceptions.

When an exception has completed, the exception handler must move both the return value in the banked LR
minus an offset to the PC and the SPSR to the CPSR. The offset value varies according to the type of exception.
This action restores both PC and the CPSR.
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The fast interrupt mode has seven private registers r8 to r14 (banked registers) to reduce or remove the
requirement for register saving which minimizes the overhead of context switching.

The Prefetch Abort is one of the aborts that indicates that the current memory access cannot be completed. When
a Prefetch Abort occurs, the ARM9EJ-S marks the prefetched instruction as invalid, but does not take the
exception until the instruction reaches the Execute stage in the pipeline. If the instruction is not executed, for
example because a branch occurs while it is in the pipeline, the abort does not take place.

The breakpoint (BKPT) instruction is a new feature of ARM9EJ-S that is destined to solve the problem of the
Prefetch Abort. A breakpoint instruction operates as though the instruction caused a Prefetch Abort.

A breakpoint instruction does not cause the ARM9EJ-S to take the Prefetch Abort exception until the instruction
reaches the Execute stage of the pipeline. If the instruction is not executed, for example because a branch occurs
while it is in the pipeline, the breakpoint does not take place.
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8.4.8 ARM Instruction Set Overview

The ARM instruction set is divided into:

e Branch instructions
Data processing instructions
Status register transfer instructions
Load and Store instructions
Coprocessor instructions
e Exception-generating instructions

ARM instructions can be executed conditionally. Every instruction contains a 4-bit condition code field (bits[31:28]).
For further details, see the ARM Technical Reference Manual.
Table 8-2 gives the ARM instruction mnemonic list.

Table 8-2. ARM Instruction Mnemonic List
Mnemonic Operation Mnemonic Operation
MOV Move MVN Move Not
ADD Add ADC Add with Carry
SUB Subtract SBC Subtract with Carry
RSB Reverse Subtract RSC Reverse Subtract with Carry
CMP Compare CMN Compare Negated
TST Test TEQ Test Equivalence
AND Logical AND BIC Bit Clear
EOR Logical Exclusive OR ORR Logical (inclusive) OR
MUL Multiply MLA Multiply Accumulate
SMULL Sign Long Multiply UMULL Unsigned Long Multiply
SMLAL Signed Long Multiply Accumulate UMLAL Unsigned Long Multiply Accumulate
MSR Move to Status Register MRS Move From Status Register
B Branch BL Branch and Link
BX Branch and Exchange S Software Interrupt
LDR Load Word STR Store Word
LDRSH Load Signed Halfword
LDRSB Load Signed Byte
LDRH Load Half Word STRH Store Half Word
LDRB Load Byte STRB Store Byte
LDRBT Load Register Byte with Translation STRBT Store Register Byte with Translation
LDRT Load Register with Translation STRT Store Register with Translation
LDM Load Multiple ST™M Store Multiple
SWP Swap Word SWPB Swap Byte
MCR Move To Coprocessor MRC Move From Coprocessor
LDC Load To Coprocessor STC Store From Coprocessor
CDP Coprocessor Data Processing
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8.4.9 New ARM Instruction Set

Table 8-3. New ARM Instruction Mnemonic List
Mnemonic | Operation Mnemonic | Operation
BXJ Branch and exchange to Java MRRC Move double from coprocessor
BLX (M Branch, Link and exchange MCR2 ﬁ‘éts:g?;igsoTove of ARM reg to
SMLAXxy Signed Multiply Accumulate 16 * 16 bit MCRR Move double to coprocessor
SMLAL Signed Multiply Accumulate Long CDP2 Alternative Coprocessor Data Processing
SMLAWY Signed Multiply Accumulate 32 * 16 bit BKPT Breakpoint
SMULxy | Signed Multiply 16 * 16 bit PLD iggrzsrg'oad' Memory prepare to load from
SMULWYy Signed Multiply 32 * 16 bit STRD Store Double
QADD Saturated Add STC2 Alternative Store from Coprocessor
QDADD Saturated Add with Double LDRD Load Double
QSuB Saturated subtract LDC2 Alternative Load to Coprocessor
QDSuUB Saturated Subtract with double CLz Count Leading Zeroes

Notes: 1. A Thumb BLX contains two consecutive Thumb instructions, and takes four cycles.
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8.4.10 Thumb Instruction Set Overview

The Thumb instruction set is a re-encoded subset of the ARM instruction set.
The Thumb instruction set is divided into:
e Branch instructions
Data processing instructions
Load and Store instructions
Load and Store multiple instructions
Exception-generating instruction

Table 8-4 gives the Thumb instruction mnemonic list.

Table 8-4. Thumb Instruction Mnemonic List
Mnemonic Operation Mnemonic Operation
MOV Move MVN Move Not
ADD Add ADC Add with Carry
SUB Subtract SBC Subtract with Carry
CMP Compare CMN Compare Negated
TST Test NEG Negate
AND Logical AND BIC Bit Clear
EOR Logical Exclusive OR ORR Logical (inclusive) OR
LSL Logical Shift Left LSR Logical Shift Right
ASR Arithmetic Shift Right ROR Rotate Right
MUL Multiply BLX Branch, Link, and Exchange
B Branch BL Branch and Link
BX Branch and Exchange SWiI Software Interrupt
LDR Load Word STR Store Word
LDRH Load Half Word STRH Store Half Word
LDRB Load Byte STRB Store Byte
LDRSH Load Signed Halfword LDRSB Load Signed Byte
LDMIA Load Multiple STMIA Store Multiple
PUSH Push Register to stack POP Pop Register from stack
BCC Conditional Branch BKPT Breakpoint
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8.5 CP15 Coprocessor

Coprocessor 15, or System Control Coprocessor CP15, is used to configure and control all the items in the list

below:
e ARMO9EJ-S
e Caches (ICache, DCache and write buffer)
e TCM
e MMU
e Other system options

To control these features, CP15 provides 16 additional registers. See Table 8-5.

Table 8-5. CP15 Registers
Register Name Read/Write

0 ID Code™® Read/Unpredictable
0 Cache type™® Read/Unpredictable
0 TCM status™ Read/Unpredictable
1 Control Read/write

2 Translation Table Base Read/write

3 Domain Access Control Read/write

4 Reserved None

5 Data fault Status” Read/write

5 Instruction fault status™® Read/write

6 Fault Address Read/write

7 Cache Operations Read/Write

8 TLB operations Unpredictable/Write
9 cache lockdown® Read/write

9 TCM region Read/write

10 TLB lockdown Read/write

11 Reserved None

12 Reserved None

13 FCSE PID®" Read/write

13 Context ID®) Read/Write

14 Reserved None

15 Test configuration Read/Write

Notes: 1. Register locations 0,5, and 13 each provide access to more than one register. The register accessed depends on
the value of the opcode_2 field.

2. Register location 9 provides access to more than one register. The register accessed depends on the value of the

CRm field.
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8.5.1 CP15 Registers Access
CP15 registers can only be accessed in privileged mode by:

e MCR (Move to Coprocessor from ARM Register) instruction is used to write an ARM register to CP15.

e MRC (Move to ARM Register from Coprocessor) instruction is used to read the value of CP15 to an ARM
register.

Other instructions like CDP, LDC, STC can cause an undefined instruction exception.

The assembler code for these instructions is:
MCR/ MRC{ cond} pl5, opcode_1, Rd, CRn, CRm opcode_2.

The MCR, MRC instructions bit pattern is shown below:

31 30 29 28 27 26 25 24

| cond | 1 1 1 0 |
23 22 21 20 19 18 17 16

| opcode_1 L | CRn |
15 14 13 12 1 10 9 8

| Rd | 1 1 1 1 |
7 6 5 4 3 2 1 0

| opcode_2 | 1 | CRm |

* CRm[3:0]: Specified Coprocessor Action

Determines specific coprocessor action. Its value is dependent on the CP15 register used. For details, refer to CP15 spe-
cific register behavior.

» opcode_2[7:5]
Determines specific coprocessor operation code. By default, set to 0.

* Rd[15:12]: ARM Register
Defines the ARM register whose value is transferred to the coprocessor. If R15 is chosen, the result is unpredictable.

* CRnN[19:16]: Coprocessor Register
Determines the destination coprocessor register.

L: Instruction Bit

o

: MCR instruction

=

: MRC instruction

opcode_1[23:20]: Coprocessor Code
Defines the coprocessor specific code. Value is c15 for CP15.

» cond [31:28]: Condition
For more details, see Chapter 2 in ARM926EJ-S TRM.
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8.6 Memory Management Unit (MMU)

The ARM926EJ-S processor implements an enhanced ARM architecture v5 MMU to provide virtual memory
features required by operating systems like Symbian OS®, Windows CE®, and Linux®. These virtual memory
features are memory access permission controls and virtual to physical address translations.

The Virtual Address generated by the CPU core is converted to a Modified Virtual Address (MVA) by the FCSE
(Fast Context Switch Extension) using the value in CP15 registerl3. The MMU translates modified virtual
addresses to physical addresses by using a single, two-level page table set stored in physical memory. Each entry
in the set contains the access permissions and the physical address that correspond to the virtual address.

The first level translation tables contain 4096 entries indexed by bits [31:20] of the MVA. These entries contain a
pointer to either a 1 MB section of physical memory along with attribute information (access permissions, domain,
etc.) or an entry in the second level translation tables; coarse table and fine table.

The second level translation tables contain two subtables, coarse table and fine table. An entry in the coarse table
contains a pointer to both large pages and small pages along with access permissions. An entry in the fine table
contains a pointer to large, small and tiny pages.

Table 7 shows the different attributes of each page in the physical memory.

Table 8-6. Mapping Details
Mapping Name Mapping Size Access Permission By Subpage Size
Section 1 Mbyte Section -
Large Page 64 Kbytes 4 separated subpages 16 Kbytes
Small Page 4 Kbytes 4 separated subpages 1 Kbyte
Tiny Page 1 Kbyte Tiny Page -

The MMU consists of;
e Access control logic
e Translation Look-aside Buffer (TLB)
e Translation table walk hardware

8.6.1 Access Control Logic

The access control logic controls access information for every entry in the translation table. The access control
logic checks two pieces of access information: domain and access permissions. The domain is the primary access
control mechanism for a memory region; there are 16 of them. It defines the conditions necessary for an access to
proceed. The domain determines whether the access permissions are used to qualify the access or whether they
should be ignored.

The second access control mechanism is access permissions that are defined for sections and for large, small and
tiny pages. Sections and tiny pages have a single set of access permissions whereas large and small pages can
be associated with 4 sets of access permissions, one for each subpage (quarter of a page).

8.6.2 Translation Look-aside Buffer (TLB)

The Translation Look-aside Buffer (TLB) caches translated entries and thus avoids going through the translation
process every time. When the TLB contains an entry for the MVA (Modified Virtual Address), the access control
logic determines if the access is permitted and outputs the appropriate physical address corresponding to the
MVA. If access is not permitted, the MMU signals the CPU core to abort.

If the TLB does not contain an entry for the MVA, the translation table walk hardware is invoked to retrieve the
translation information from the translation table in physical memory.
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8.6.3 Translation Table Walk Hardware

The translation table walk hardware is a logic that traverses the translation tables located in physical memory, gets
the physical address and access permissions and updates the TLB.

The number of stages in the hardware table walking is one or two depending whether the address is marked as a
section-mapped access or a page-mapped access.

There are three sizes of page-mapped accesses and one size of section-mapped access. Page-mapped accesses
are for large pages, small pages and tiny pages. The translation process always begins with a level one fetch. A
section-mapped access requires only a level one fetch, but a page-mapped access requires an additional level two
fetch. For further details on the MMU, please refer to chapter 3 in ARM926EJ-S Technical Reference Manual.

8.6.4 MMU Faults

The MMU generates an abort on the following types of faults:

e Alignment faults (for data accesses only)

e Translation faults

e Domain faults

e Permission faults
The access control mechanism of the MMU detects the conditions that produce these faults. If the fault is a result
of memory access, the MMU aborts the access and signals the fault to the CPU core.The MMU retains status and

address information about faults generated by the data accesses in the data fault status register and fault address
register. It also retains the status of faults generated by instruction fetches in the instruction fault status register.

The fault status register (register 5 in CP15) indicates the cause of a data or prefetch abort, and the domain
number of the aborted access when it happens. The fault address register (register 6 in CP15) holds the MVA
associated with the access that caused the Data Abort. For further details on MMU faults, please refer to chapter 3
in ARM926EJ-S Technical Reference Manual.
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8.7 Caches and Write Buffer

The ARM926EJ-S contains a 32K Byte Instruction Cache (ICache), a 32K Byte Data Cache (DCache), and a write
buffer. Although the ICache and DCache share common features, each still has some specific mechanisms.

The caches (ICache and DCache) are four-way set associative, addressed, indexed and tagged using the
Modified Virtual Address (MVA), with a cache line length of eight words with two dirty bits for the DCache. The
ICache and DCache provide mechanisms for cache lockdown, cache pollution control, and line replacement.

A new feature is now supported by ARM926EJ-S caches called allocate on read-miss commonly known as
wrapping. This feature enables the caches to perform critical word first cache refilling. This means that when a
request for a word causes a read-miss, the cache performs an AHB access. Instead of loading the whole line
(eight words), the cache loads the critical word first, so the processor can reach it quickly, and then the remaining
words, no matter where the word is located in the line.

The caches and the write buffer are controlled by the CP15 register 1 (Control), CP15 register 7 (cache
operations) and CP15 register 9 (cache lockdown).

8.7.1 Instruction Cache (ICache)

The ICache caches fetched instructions to be executed by the processor. The ICache can be enabled by writing 1
to | bit of the CP15 Register 1 and disabled by writing 0 to this same bit.

When the MMU is enabled, all instruction fetches are subject to translation and permission checks. If the MMU is
disabled, all instructions fetches are cachable, no protection checks are made and the physical address is flat-
mapped to the modified virtual address. With the MVA use disabled, context switching incurs ICache cleaning
and/or invalidating.

When the ICache is disabled, all instruction fetches appear on external memory (AHB) (see Tables 4-1 and 4-2 in
page 4-4 in ARM926EJ-S TRM).

On reset, the ICache entries are invalidated and the ICache is disabled. For best performance, ICache should be
enabled as soon as possible after reset.

8.7.2 Data Cache (DCache) and Write Buffer

ARMO926EJ-S includes a DCache and a write buffer to reduce the effect of main memory bandwidth and latency on
data access performance. The operations of DCache and write buffer are closely connected.

8.7.2.1 DCache

The DCache needs the MMU to be enabled. All data accesses are subject to MMU permission and translation
checks. Data accesses that are aborted by the MMU do not cause linefills or data accesses to appear on the
AMBA ASB interface. If the MMU is disabled, all data accesses are noncachable, nonbufferable, with no protection
checks, and appear on the AHB bus. All addresses are flat-mapped, VA = MVA = PA, which incurs DCache
cleaning and/or invalidating every time a context switch occurs.

The DCache stores the Physical Address Tag (PA Tag) from which every line was loaded and uses it when writing
modified lines back to external memory. This means that the MMU is not involved in write-back operations.

Each line (8 words) in the DCache has two dirty bits, one for the first four words and the other one for the second
four words. These bits, if set, mark the associated half-lines as dirty. If the cache line is replaced due to a linefill or
a cache clean operation, the dirty bits are used to decide whether all, half or none is written back to memory.

DCache can be enabled or disabled by writing either 1 or O to bit C in register 1 of CP15 (see Tables 4-3 and 4-4
on page 4-5 in ARM926EJ-S TRM).

The DCache supports write-through and write-back cache operations, selected by memory region using the C and
B bits in the MMU translation tables.

The DCache contains an eight data word entry, single address entry write-back buffer used to hold write-back data
for cache line eviction or cleaning of dirty cache lines.
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The Write Buffer can hold up to 16 words of data and four separate addresses. DCache and Write Buffer
operations are closely connected as their configuration is set in each section by the page descriptor in the MMU
translation table.

8.7.2.2 Write Buffer

The ARM926EJ-S contains a write buffer that has a 16-word data buffer and a four- address buffer. The write
buffer is used for all writes to a bufferable region, write-through region and write-back region. It also allows to avoid
stalling the processor when writes to external memory are performed. When a store occurs, data is written to the
write buffer at core speed (high speed). The write buffer then completes the store to external memory at bus speed
(typically slower than the core speed). During this time, the ARM9EJ-S processor can preform other tasks.

DCache and Write Buffer support write-back and write-through memory regions, controlled by C and B bits in each
section and page descriptor within the MMU translation tables.
8.7.2.3 Write-though Operation

When a cache write hit occurs, the DCache line is updated. The updated data is then written to the write buffer
which transfers it to external memory.

When a cache write miss occurs, a line, chosen by round robin or another algorithm, is stored in the write buffer
which transfers it to external memory.
8.7.2.4 Write-back Operation

When a cache write hit occurs, the cache line or half line is marked as dirty, meaning that its contents are not up-
to-date with those in the external memory.

When a cache write miss occurs, a line, chosen by round robin or another algorithm, is stored in the write buffer
which transfers it to external memory.
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8.8  Tightly-Coupled Memory Interface

8.8.1 TCM Description

The ARM926EJ-S processor features a Tightly-coupled Memory (TCM) interface, which enables separate
instruction and data TCMs (ITCM and DTCM) to be directly reached by the processor. TCMs are used to store
real-time and performance critical code, they also provide a DMA support mechanism. Unlike AHB accesses to
external memories, accesses to TCMs are fast and deterministic and do not incur bus penalties.

The user has the possibility to independently configure each TCM size with values within the following ranges,
[0 Kbyte, 64 Kbytes] for ITCM size and [0 Kbyte, 64 Kbytes] for DTCM size.

TCMs can be configured by two means: HMATRIX TCM register and TCM region register (register 9) in CP15 and
both steps should be performed. HMATRIX TCM register sets TCM size whereas TCM region register (register 9)
in CP15 maps TCMs and enables them.

The data side of the ARM9EJ-S core is able to access the ITCM. This is necessary to enable code to be loaded
into the ITCM, for SWI and emulated instruction handlers, and for accesses to PC-relative literal pools.

8.8.2 Enabling and Disabling TCMs

Prior to any enabling step, the user should configure the TCM sizes in HMATRIX TCM register. Then enabling
TCMs is performed by using TCM region register (register 9) in CP15. The user should use the same sizes as
those put in HMATRIX TCM register. For further details and programming tips, please refer to chapter 2.3 in
ARM926EJ-S TRM.

8.8.3 TCM Mapping

The TCMs can be located anywhere in the memory map, with a single region available for ITCM and a separate
region available for DTCM. The TCMs are physically addressed and can be placed anywhere in physical address
space. However, the base address of a TCM must be aligned to its size, and the DTCM and ITCM regions must
not overlap. TCM mapping is performed by using TCM region register (register 9) in CP15. The user should input
the right mapping address for TCMs.
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8.9

8.9.1

Bus Interface Unit

The ARM926EJ-S features a Bus Interface Unit (BIU) that arbitrates and schedules AHB requests. The BIU
implements a multi-layer AHB, based on the AHB-Lite protocol, that enables parallel access paths between
multiple AHB masters and slaves in a system. This is achieved by using a more complex interconnection matrix
and gives the benefit of increased overall bus bandwidth, and a more flexible system architecture.

The multi-master bus architecture has a number of benefits:

e It allows the development of multi-master systems with an increased bus bandwidth and a flexible
architecture.

e Each AHB layer becomes simple because it only has one master, so no arbitration or master-to-slave
muxing is required. AHB layers, implementing AHB-Lite protocol, do not have to support request and grant,
nor do they have to support retry and split transactions.

e The arbitration becomes effective when more than one master wants to access the same slave
simultaneously.

Supported Transfers

The ARM926EJ-S processor performs all AHB accesses as single word, bursts of four words, or bursts of eight
words. Any ARM9EJ-S core request that is not 1, 4, 8 words in size is split into packets of these sizes. Note that
the Atmel bus is AHB-Lite protocol compliant, hence it does not support split and retry requests.

Table 8-7 gives an overview of the supported transfers and different kinds of transactions they are used for.

Table 8-7. Supported Transfers

HBurst[2:0] Description Operation

Single

Single transfer of word, half word, or byte:

e Data write (NCNB, NCB, WT, or WB that has missed in DCache)
Single transfer e Dataread (NCNB or NCB)
® NC instruction fetch (prefetched and non-prefetched)
°

Page table walk read

Incr4

Half-line cache write-back, Instruction prefetch, if enabled. Four-word burst NCNB,

Four-word incrementing burst NCB, WT. or WB write.

Incr8

Eight-word incrementing burst | Full-line cache write-back, eight-word burst NCNB, NCB, WT, or WB write.

Wrap8

Eight-word wrapping burst Cache linefill

8.9.2

8.9.3

Thumb Instruction Fetches

All instructions fetches, regardless of the state of ARM9EJ-S core, are made as 32-bit accesses on the AHB. If the
ARMO9EJ-S is in Thumb state, then two instructions can be fetched at a time.

Address Alignment

The ARM926EJ-S BIU performs address alignment checking and aligns AHB addresses to the necessary
boundary. 16-bit accesses are aligned to halfword boundaries, and 32-bit accesses are aligned to word
boundaries.
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9. SAM9G46 Debug and Test

9.1 Description

The SAM9GA46 features a number of complementary debug and test capabilities. A common JTAG/ICE (In-Circuit
Emulator) port is used for standard debugging functions, such as downloading code and single-stepping through
programs. The Debug Unit provides a two-pin UART that can be used to upload an application into internal SRAM.
It manages the interrupt handling of the internal COMMTX and COMMRX signals that trace the activity of the
Debug Communication Channel.

A set of dedicated debug and test input/output pins gives direct access to these capabilities from a PC-based test
environment.

9.2 Embedded Characteristics

e ARM926 Real-time In-circuit Emulator
—  Two real-time Watchpoint Units
— Two Independent Registers: Debug Control Register and Debug Status Register
—  Test Access Port Accessible through JTAG Protocol
—  Debug Communications Channel

e Debug Unit
—  Two-pin UART
—  Debug Communication Channel Interrupt Handling
—  Chip ID Register

e |EEE1149.1 JTAG Boundary-scan on All Digital Pins
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9.3 Block Diagram

Figure 9-1. Debug and Test Block Diagram
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9.4  Application Examples

9.4.1 Debug Environment

Figure 9-2 shows a complete debug environment example. The ICE/JTAG interface is used for standard
debugging functions, such as downloading code and single-stepping through the program. A software debugger

running on a personal computer provides the user interface for configuring a Trace Port interface utilizing the
ICE/JTAG interface.

Figure 9-2. Application Debug and Trace Environment Example

/
/ Host Debugger PC \

ICENJTAG
Interface
ICENTAG
Connector
RS232 ’
SAM9G46 | connector Terminal
SAM9G46-based Application Board
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9.4.2 Test Environment

Figure 9-3 shows a test environment example. Test vectors are sent and interpreted by the tester. In this example,
the “board in test” is designed using a number of JTAG-compliant devices. These devices can be connected to

form a single scan chain.

Figure 9-3. Application Test Environment Example
Test Adaptor Tester
JTAG
Interface
ICE/JTAG —{Chipn{ - -4 Chip 2

SAM9G46 Chip 1

SAM9G46-based Application Board In Test

9.5 Debug and Test Pin Description
Table 9-1. Debug and Test Pin List

Pin Name Function Type Active Level
Reset/Test

NRST Microprocessor Reset Input/Output Low

TST Test Mode Select Input High

ICE and JTAG

NTRST Test Reset Signal Input Low

TCK Test Clock Input

TDI Test Data In Input

TDO Test Data Out Output

T™MS Test Mode Select Input

RTCK Returned Test Clock Output

JTAGSEL JTAG Selection Input
Debug Unit

DRXD Debug Receive Data Input

DTXD Debug Transmit Data Output
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9.6 Functional Description

9.6.1 TestPin

One dedicated pin, TST, is used to define the device operating mode. The user must make sure that this pin is tied
at low level to ensure normal operating conditions. Other values associated with this pin are reserved for
manufacturing test.

9.6.2 EmbeddedICE

The ARM9EJ-S EmbeddedICE-RT™ is supported via the ICE/JTAG port. It is connected to a host computer via an
ICE interface. Debug support is implemented using an ARM9EJ-S core embedded within the ARM926EJ-S. The
internal state of the ARM926EJ-S is examined through an ICE/JTAG port which allows instructions to be serially
inserted into the pipeline of the core without using the external data bus. Therefore, when in debug state, a store-
multiple (STM) can be inserted into the instruction pipeline. This exports the contents of the ARM9EJ-S registers.
This data can be serially shifted out without affecting the rest of the system.

There are two scan chains inside the ARM9EJ-S processor which support testing, debugging, and programming of
the EmbeddedICE-RT. The scan chains are controlled by the ICE/JTAG port.

EmbeddedICE mode is selected when JTAGSEL is low. It is not possible to switch directly between ICE and JTAG
operations. A chip reset must be performed after JTAGSEL is changed.

For further details on the EmbeddedICE-RT, see the ARM document:
ARMO9EJ-S Technical Reference Manual (DDI 0222A).

9.6.3 JTAG Signal Description
TMS is the Test Mode Select input which controls the transitions of the test interface state machine.

TDI is the Test Data Input line which supplies the data to the JTAG registers (Boundary Scan Register, Instruction
Register, or other data registers).

TDO is the Test Data Output line which is used to serially output the data from the JTAG registers to the equipment
controlling the test. It carries the sampled values from the boundary scan chain (or other JTAG registers) and
propagates them to the next chip in the serial test circuit.

NTRST (optional in IEEE Standard 1149.1) is a Test-ReSeT input which is mandatory in ARM cores and used to
reset the debug logic. On Atmel ARM926EJ-S-based cores, NTRST is a Power-on Reset output. It is asserted on
power on. If necessary, the user can also reset the debug logic with the NTRST pin assertion during 2.5 MCK
periods.

TCK is the Test Clock input which enables the test interface. TCK is pulsed by the equipment controlling the test
and not by the tested device. It can be pulsed at any frequency. Note the maximum JTAG clock rate on
ARMO926EJ-S cores is 1/6th the clock of the CPU. This gives 5.45 kHz maximum initial JTAG clock rate for an
ARMOE running from the 32.768 kHz slow clock.

RTCK is the Return Test Clock. Not an IEEE Standard 1149.1 signal added for a better clock handling by
emulators. From some ICE Interface probes, this return signal can be used to synchronize the TCK clock and take
not care about the given ratio between the ICE Interface clock and system clock equal to 1/6th. This signal is only
available in JTAG ICE Mode and not in boundary scan mode.

9.6.4 Debug Unit

The Debug Unit provides a two-pin (DXRD and TXRD) USART that can be used for several debug and trace
purposes and offers an ideal means for in-situ programming solutions and debug monitor communication.
Moreover, the association with two peripheral data controller channels permits packet handling of these tasks with
processor time reduced to a minimum.
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The Debug Unit also manages the interrupt handling of the COMMTX and COMMRX signals that come from the
ICE and that trace the activity of the Debug Communication Channel. The Debug Unit allows blockage of access to
the system through the ICE interface.

A specific register, the Debug Unit Chip ID Register, gives information about the product version and its internal
configuration.

The SAM9G46 Debug Unit Chip ID value is 0x819B 05A2 and the extended ID is 0x00000004 on 32-bit width.
For further details on the Debug Unit, see Section 27. “Debug Unit (DBGU)".

9.6.5 |IEEE 1149.1 JTAG Boundary Scan

IEEE 1149.1 JTAG Boundary Scan allows pin-level access independent of the device packaging technology.

IEEE 1149.1 JTAG Boundary Scan is enabled when JTAGSEL is high. The SAMPLE, EXTEST and BYPASS
functions are implemented. In ICE debug mode, the ARM processor responds with a non-JTAG chip ID that
identifies the processor to the ICE system. This is not IEEE 1149.1 JTAG-compliant.

It is not possible to switch directly between JTAG and ICE operations. A chip reset must be performed after
JTAGSEL is changed.

A Boundary-scan Descriptor Language (BSDL) file is provided to set up test.
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9.6.6 JID Code Register

Access: Read-only

31 30 29 28 27 26 25 24
| VERSION PART NUMBER

23 22 21 20 19 18 17 16
| PART NUMBER

15 14 13 12 11 10 9 8
| PART NUMBER MANUFACTURER IDENTITY

7 6 5 4 3 2 1 0
| MANUFACTURER IDENTITY 1

* VERSIONJ[31:28]: Product Version Number
Set to 0x0.

* PART NUMBER[27:12]: Product Part Number
Product part Number is 5B27

¢ MANUFACTURER IDENTITY[11:1]
Set to OxO1F.

Bit[0] required by IEEE Std. 1149.1.
Set to Ox1.

JTAG ID Code value is 05B2_703F.
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10.

10.1

Boot Strategies

The system always boots at address 0x0. To ensure maximum boot possibilities the memory layout can be
changed with two parameters.
e REMAP allows the user to layout the internal SRAM bank to 0x0 to ease the development. This is done by
software once the system has boot.
e BMS allows the user to layout to 0x0, when convenient, the ROM or an external memory. This is done by
hardware at reset.
Note: All the memory blocks can always be seen at their specified base addresses that are not concerned by
these parameters.

The SAM9G46 manages a boot memory that depends on the level on the BMS pin at reset. The internal memory
area mapped between address 0x0 and 0xO000F FFFF is reserved to this effect.

If BMS is detected at 0, the boot memory is the memory connected on the Chip Select 0 of the External Bus
Interface.
e Boot on on-chip RC
e Boot with the default configuration for the Static Memory Controller, byte select mode, 16-bit data bus,
Read/Write controlled by Chip Select, allows boot on 16-bit non-volatile memory.
To speed up the boot sequence, user programmed software should perform a complete configuration:
e Enable the 32768 Hz oscillator if best accuracy is needed
Program the PMC (main oscillator enable or bypass mode)
Program and Start the PLL
Reprogram the SMC setup, cycle, hold, mode timings registers for EBI CS0 to adapt them to the new clock
Switch the system clock to the new value

If BMS is detected at 1, the boot memory is the embedded ROM and the boot program described below is
executed.

Boot Program

The Boot Program is contained in the embedded ROM. It is also called “ROM Code” or “First level bootloader”. At
power on, if the BMS pin is detected at 1, the boot memory is the embedded ROM and the boot program is
executed.

The boot program consists of several steps. First, it performs device initialization. Then it attempts to boot from

external non volatile memories (NVM). And finally, if no valid program is found in NVM, it executes a routine called
“SAM-BA Monitor”.
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10.2 Flow Diagram

The boot program implements the algorithm shown in Figure 10-1.

Figure 10-1. Boot Program Algorithm Flow Diagram

Device Setup

Valid boot code
found in one
NVM

Copy and run it
in internal SRAM

SAM-BA Monitor
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10.3 Device Initialization

10.3.1 Clock at Start Up

At boot start up, the processor clock (PCK) and the master clock (MCK) are found on the slow clock. The slow
clock can be an external 32 kHz crystal oscillator or the internal RC oscillator. By default the slow clock is the
internal RC oscillator. Its frequency is not precise and is between 20 kHz and 40 kHz. Its start up is much faster
than an external 32 kHz quartz. If a battery supplies the backup power and if the external 32 kHz clock was
previously started up and selected, the slow clock at boot is the external 32 kHz quartz oscillator. Refer to the Slow
Clock Crystal Oscillator description in Section 24. “Clock Generator”.

10.3.2 Initialization Sequence

Initialization follows the steps described below:

1.

Stack setup for ARM supervisor mode.

Main Oscillator Detection: (External crystal or external clock on XIN). The Main Oscillator is disabled at
startup (MOSCEN = 0). First it is bypassed (OSCBYPASS set at 1). Then the MAINRDY bit is polled. Since
this bit is raised, the Main Clock Frequency field is analyzed (MAINF). If the value is bigger than 16, an
external clock connected on XIN is detected. If not, an external quartz connected between XIN and XOUT
(whose frequency is unknown at this moment) is detected.

Main Oscillator Enabling: if an external clock is connected on XIN, the Main Oscillator does not need to be
started. Otherwise, the OSCBYPASS bit is not set. The Main Oscillator is enabled (MOSCEN = 1) with the
maximum start-up time and the MOSC bit is polled to wait for stabilization.

Main Oscillator Selection: the Master Clock source is switched from Slow Clock to the Main Oscillator
without prescaler. The PMC Status Register is polled to wait for MCK Ready. PCK and MCK are now the
Main Oscillator clock.

C variable initialization: non zero-initialized data are initialized in RAM (copy from ROM to RAM). Zero-
initialized data are set to 0 in RAM.

PLLA initialization: PLLA is configured to allow communication on the USB link for the SAM-BA Monitor. Its
configuration depends on the Main Oscillator source (external clock or crystal) and on its frequency.

Table 10-1. External Clock and Crystal Frequencies allowed for Boot Sequence (in MHz)

Description 4 12 28 Other
Boot on External Memories Yes Yes Yes No
SAM-BA Monitor through DBGU Yes Yes Yes No
SAM-BA Monitor through USB No Yes No No

Atmel
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10.4 NVM Boot
10.4.1 NVM Bootloader Program Description

Figure 10-2. NVM Bootloader Program Diagram

Sart

Initialize NVM

Restore the reset values
— > for the peripheralsand
Jump to next boot solution

Initialization OK?

Valid code detection in NVM

NVM containsvalid code

Copy the valid code
from external NVM to internal SRAM.

Restore the reset values for the peripherals.
Perform the REMAP and set the PCto 0
to jump to the downloaded application

-
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Figure 10-3. Remap Action after Download Completion

0x0000_0000 0x0000_0000
REMAP
Internal Internal
ROM > SRAM
0x0030_0000 0x0030_0000
Internal Internal
SRAM SRAM
0x0040_0000 0x0040_0000
Internal Internal
ROM ROM

The NVM bootloader program initializes the NVM. It initializes the required PIO. It sets the right peripheral
depending on the NVM and tries to access the memory. If the initialization fails, it restores the reset values for the
P10 and peripherals and then the next NVM bootloader program is executed.

If the initialization is successful, the NVM bootloader program reads the beginning of the NVM and determines if
the NVM contains valid code.

If the NVM does not contain valid code, the NVM bootloader program restores the reset value for the peripherals
and then the next NVM bootloader program is executed.

If valid code is found, this code is loaded from NVM into internal SRAM and executed by branching at address
0x0000_0000 after remap. This code may be the application code or a second-level bootloader. All the calls to
functions are PC relative and do not use absolute addresses.
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10.4.2 Valid Code Detection
There are two kinds of valid code detection. Depending on the NVM bootloader, either one or both of them is used.

10.4.2.1 ARM Exception Vectors Check

The NVM bootloader program reads and analyzes the first 28 bytes corresponding to the first seven ARM
exception vectors. Except for the sixth vector, these bytes must implement the ARM instructions for either branch
or load PC with PC relative addressing.

Figure 10-4. LDR Opcode

31 28|27 24|23 20|19 16|15 12|11 0
11 1 00 1 I P|U 1 WO Rn Rd O set

Figure 10-5. B Opcode

31 28|27 24|23 0
11 1 0|1 0 1 0 O set (24 bits)

Unconditional instruction: OxE for bits 31 to 28
Load PC with PC relative addressing instruction:
— Rn=Rd=PC=0xF
—  1==0 (12-bit immediate value)
—  P==1 (pre-indexed)
— U offset added (U==1) or subtracted (U==0)
- ==1
The sixth vector, at offset 0x14, contains the size of the image to download. The user must replace this vector with
his/her own vector. This information is described below.

Figure 10-6.  Structure of the ARM Vector 6

31 0

Sze of the code to download in bytes

The value has to be smaller than 60 Kbytes. 60 Kbytes is the maximum size for a valid code. This size is the
internal SRAM size minus the stack size used by the ROM Code at the end of the internal SRAM.

Example
An example of valid vectors follows:

00 €a000006 BOx20

04 eafffffe BOx04

08 ea00002f B _main

Oc eafffffe BOxO0c

10 eafffffe BOx10

14 00001234 BOx14 <- Code size = 4660 bytes <

60 Kbytes
18 eafffffe BOx18

10.4.2.2 boot.bin file check
The NVM bootloader program looks for a boot.bin file in the root directory of a FAT12/16/32 formatted NVM Flash.
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10.4.3 NVM Bootloader Sequence

Figure 10-7. NVM Bootloader Sequence Diagram

Device
Setup
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f

TWI EEPROM Boot TWI EEPROM to SRAM TWI EEPROM Bootloader

No

SAM-BA
Monitor

10.4.3.1 NAND Flash Boot

The NAND Flash bootloader program uses the EBI CS3. It uses both valid code detections. First it searches a
boot.bin file. Then it analyzes the ARM exception vectors.

The first block must be guaranteed by the manufacturer. There is no ECC check.

After NAND Flash interface configuration, the Manufacturer ID is read. If it is different from OxFF, the Device ID is
read, else, the NAND Flash boot is aborted. The Boot program contains a list of SLC small block Device ID with
their characteristics (size, bus width, voltage) (see Table 10-2). If the device ID is not found in this list, the NAND
Flash device is considered as an SLC large block and its characteristics are obtained by reading the Extended
Device ID byte 3.
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Supported NAND Flash Devices
The supported SLC small block NAND Flash devices that are described below inTable 10-2.

Table 10-2. Supported SLC Small Block NAND Flash
Size Page Size Block Size
Device ID (Mbytes) (bytes) (bytes) Bus Width Voltage (V)

Ox6E 1 256 4096 8 5

0x64 2 256 4096 8 5

0x6B 4 512 8196 8 5

OXE8 1 256 4096 8 3.3
OXEC 1 256 4096 8 3.3
OXEA 2 256 4096 8 3.3
OXE3 4 512 8196 8 3.3
OXE5 4 512 8196 8 33
0xD6 8 512 8196 8 33
OXE6 8 512 8196 8 33
0x33 16 512 16384 8 1.8
0x73 16 512 16384 8 3.3
0x43 16 512 16384 16 1.8
0x53 16 512 16384 16 3.3
0x45 32 512 16384 16 1.8
0x55 32 512 16384 16 33
0x36 64 512 16384 8 1.8
0x76 64 512 16384 8 3.3
0x46 64 512 16384 16 1.8
0x56 64 512 16384 16 33
0x78 128 512 16384 8 1.8
0x79 128 512 16384 8 33
0x72 128 512 16384 16 1.8
0x74 128 512 16384 16 3.3

The NAND Flash boot also supports all the SLC large block NAND Flash devices.

10.4.3.2 SD Card Boot
The SD Card bootloader uses MCIO. It uses only one valid code detection. It searches a boot.bin file.

Supported SD Card devices
SD Card Boot supports all SD Card memories compliant with SD Memory Card Specification V2.0. This includes
SDHC cards.
10.4.3.3 SPI Flash Boot
Two kinds of SPI Flash are supported: SPI Serial Flash and SPI DataFlash.

The SPI Flash bootloader tries to boot on SPI0 Chip Select 0, first looking for SPI Serial flash, and then for SPI
DataFlash.

66 SAM9G46 Series [DATASHEET]

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15

Atmel



It uses only one valid code detection: analysis of ARM exception vectors.

The SPI Flash read is done using the Continuous Read command from address 0x0. This command is OXE8 for
DataFlash and 0x0B for Serial Flash devices.

Supported DataFlash Devices
The SPI Flash Boot program supports the DataFlash devices listed in Table 10-3.

Table 10-3. DataFlash Device

Device Density Page Size (bytes) Number of Pages
AT45DB011 1 Mbit 264 512
AT45DB021 2 Mbits 264 1024
AT45DB041 4 Mbits 264 2048
AT45DB081 8 Mbits 264 4096
AT45DB161 16 Mbits 528 4096
AT45DB321 32 Mbits 528 8192
AT45DB642 64 Mbits 1056 8192

Supported Serial Flash Devices
The SPI Flash Boot program supports all Serial Flash devices.

10.4.3.4TWI EEPROM Boot
The TWI EEPROM Bootloader uses the TWIO. It uses only one valid code detection. It analyzes the ARM
exception vectors.
Supported TWI EEPROM Devices
TWI EEPROM Boot supports all I’C-compatible TWI EEPROM memories using 7 bits device address 0x50.

10.4.4 Hardware and Software Constraints

The NVM drivers use several PIOs in peripheral mode to communicate with devices. Care must be taken when
these PIOs are used by the application. The devices connected could be unintentionally driven at boot time, and
electrical conflicts between output pins used by the NVM drivers and the connected devices may occur.

To assure correct functionality, it is recommended to plug in critical devices to other pins not used by NVM.

Table 10-4 on page 68 contains a list of pins that are driven during the boot program execution. These pins are
driven during the boot sequence for a period of less than 1 second if no correct boot program is found.

Before performing the jump to the application in internal SRAM, all the PIOs and peripherals used in the boot
program are set to their reset state.

SAM9G46 Series [DATASHEET 67
Atmel [ ]

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



Table 10-4. PIO Driven during Boot Program Execution

68

NVM Bootloader Peripheral Pin PIO Line
EBI CS3 SMC NANDCS PIOC14
EBI CS3 SMC NAND ALE A21
NAND
EBI CS3 SMC NAND CLE A22
EBI CS3 SMC Cmd/Addr/Data D[16:0]
MCIO0 MCIO_CK PIOAO
MCIO0 MCIO_CD PIOAl
MCI0 MCI0_DO PIOA2
SD Card
MCIO MCI0_D1 PIOA3
MCIO MCI0_D2 PIOA4
MCIO MCIO_D3 PIOAS
SPIO MOSI PIOB1
SPIO MISO PIOBO
SPI Flash
SPIO SPCK PIOB2
SPIO NPCSO PIOB3
TWIO TWDO PIOA20
TWIO EEPROM
TWIO TWCKO PIOA21
DBGU DRXD PIOB12
SAM-BA Monitor
DBGU DTXD PIOB13
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10.5 SAM-BA Monitor
If no valid code has been found in NVM during the NVM bootloader sequence, the SAM-BA Monitor program is

launched.

The SAM-BA Monitor principle is to:

Figure 10-8.

Atmel

Initialize DBGU and USB
Check if USB Device enumeration has occurred.
Check if characters have been received on the DBGU.

Once the communication interface is identified, the application runs in an infinite loop waiting for
different commands as listed in Table 10-5 on page 70.

SAM-BA Monitor Diagram

No valid code in NVM

Init DBGU and USB

No

USB Enumeration
Successful ?

Character(s) received
on DBGU ?

Run monitor Run monitor
Wait for command Wait for command
on the USBlink on the DBGU link
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10.5.1 Command List

Table 10-5. Commands Available through the SAM-BA Monitor

Command Action Argument(s) Example

N Set normal mode No argument N#

T Set terminal mode No argument T#

(e} Write a byte Address, Value# 0200001,CA#

0 Read a byte Address,# 0200001,#

H Write a half word Address, Value# H200002,CAFE#
h Read a half word Address,# h200002,#

w Write a word Address, Valuet# W200000,CAFEDECA#
w Read a word Address,# w200000,#

S Send a file Address,# S200000,#

R Receive a file Address, NbOfBytes# R200000,1234#
G Go Address# G200200#

\% Display version No argument V#

Mode commands:
— Normal mode configures SAM-BA Monitor to send / receive data in binary format,
—  Terminal mode configures SAM-BA Monitor to send / receive data in ascii format.
e Write commands: Writes a byte (O), a halfword (H) or a word (W) to the target.
— Address: Address in hexadecimal.
— Value: Byte, halfword or word to write in hexadecimal.
—  Output: >
e Read commands: Reads a byte (0), a halfword (h) or a word (w) from the target.
— Address: Address in hexadecimal
—  Output: The byte, halfword or word read in hexadecimal following by *>’
e Send afile (S): Sends a file to a specified address
— Address: Address in hexadecimal
—  Output: >

Note:  There is a time-out on this command which is reached when the prompt ‘>’ appears before the end of the command
execution.

e Receive a file (R): Receives data into a file from a specified address
— Address: Address in hexadecimal
— NbOfBytes: Number of bytes in hexadecimal to receive
—  Output: >’
e Go (G): Jumps to a specified address and execute the code
— Address: Address to jump in hexadecimal

—  Output: *>’once returned from the program execution. If the executed program does not handle the link
register at its entry and does not return, the prompt will not be displayed.

e Get Version (V): Returns the Boot Program version
—  Output: version, date and time of ROM code followed by the prompt: >’.
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10.5.2 DBGU Serial Port

Communication is performed through the DBGU serial port initialized to 115200 Baud, 8 bits of data, no parity, 1
stop bit.

10.5.2.1 Supported External Crystal/External Clocks
The SAM-BA Monitor supports a frequency of 12 MHz to allow DBGU communication for both external crystal and
external clock.

10.5.2.2 Xmodem Protocol

The Send and Receive File commands use the Xmodem protocol to communicate. Any terminal performing this
protocol can be used to send the application file to the target. The size of the binary file to send depends on the
SRAM size embedded in the product. In all cases, the size of the binary file must be lower than the SRAM size
because the Xmodem protocol requires some SRAM memory in order to work.

The Xmodem protocol supported is the 128-byte length block. This protocol uses a two-character CRC-16 to
guarantee detection of a maximum bit error.

Xmodem protocol with CRC is accurate provided both sender and receiver report successful transmission. Each
block of the transfer looks like:

<SOH><blk #><255-blk #><--128 data bytes--><checksum> in which:
— <SOH> =01 hex
—  <blk #> = binary number, starts at 01, increments by 1, and wraps OFFH to O0H (not to 01)
—  <255-blk #> = 1's complement of the blk#.
—  <checksum> = 2 bytes CRC16

Figure 10-9 shows a transmission using this protocol.

Figure 10-9. Xmodem Transfer Example

Host Device

C

SOH 01 FEData[128] CRCCRC

ACK

SOH 02 FD Data[128] CRCCRC

ACK

SOH 03 FC Data[100] CRCCRC

ACK

EOT

ACK
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10.5.3 USB Device Port

10.5.3.1 Supported External Crystal / External Clocks

The only frequency supported by SAM-BA Monitor to allow USB communication is a 12 MHz crystal or external
clock.

10.5.3.2USB Class

The device uses the USB communication device class (CDC) drivers to take advantage of the installed PC RS-232
software to talk over the USB. The CDC class is implemented in all releases of Windows®, beginning with
Windows 98SE®. The CDC document, available at www.usb.org, describes how to implement devices such as
ISDN modems and virtual COM ports.

The Vendor ID is Atmel’s vendor ID 0xO3EB. The product ID is 0x6124. These references are used by the host
operating system to mount the correct driver. On Windows systems, the INF files contain the correspondence
between vendor ID and product ID.

10.5.3.3 Enumeration Process

The USB protocol is a master/slave protocol. The host starts the enumeration, sending requests to the device
through the control endpoint. The device handles standard requests as defined in the USB Specification.

Table 10-6. Handled Standard Requests

Request Definition

GET_DESCRIPTOR Returns the current device configuration value.
SET_ADDRESS Sets the device address for all future device access.
SET_CONFIGURATION Sets the device configuration.
GET_CONFIGURATION Returns the current device configuration value.
GET_STATUS Returns status for the specified recipient.
SET_FEATURE Used to set or enable a specific feature.
CLEAR_FEATURE Used to clear or disable a specific feature.

The device also handles some class requests defined in the CDC class.

Table 10-7. Handled Class Requests

Request Definition

SET_LINE_CODING Configures DTE rate, stop bits, parity and number of character bits.
GET_LINE_CODING Requests current DTE rate, stop bits, parity and number of character bits.
SET_CONTROL_LINE_STATE RS-232 signal used to tell the DCE device the DTE device is now present.

Unhandled requests are STALLed.

10.5.3.4Communication Endpoints

There are two communication endpoints and endpoint O is used for the enumeration process. Endpoint 1 is a 64-
byte Bulk OUT endpoint and endpoint 2 is a 64-byte Bulk IN endpoint. SAM-BA Boot commands are sent by the
host through endpoint 1. If required, the message is split by the host into several data payloads by the host driver.

If the command requires a response, the host can send IN transactions to pick up the response.
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11. Reset Controller (RSTC)

11.1 Description

The Reset Controller (RSTC), based on power-on reset cells, handles all the resets of the system without any
external components. It reports which reset occurred last.

The Reset Controller also drives independently or simultaneously the external reset and the peripheral and
processor resets.

11.2 Embedded Characteristics
The Reset Controller is based on two Power-on Reset cells, one on VDDBU and one on VDDCORE.

The Reset Controller is capable to return to the software the source of the last reset, either a general reset
(vVDDBU rising), a wake-up reset (VDDCORE rising), a software reset, a user reset or a watchdog reset.

The Reset Controller controls the internal resets of the system and the NRST pin. The NRST pin is bidirectional. It
is handled by the on-chip reset controller and can be driven low to provide a reset signal to the external
components or asserted low externally to reset the microcontroller. It will reset the Core and the peripherals except
the Backup region. There is no constraint on the length of the reset pulse and the reset controller can guarantee a
minimum pulse length.

The NRST pin integrates a permanent pull-up resistor to VDDIOPO of about 100 kQ. NRST is an open drain
output.

The configuration of the Reset Controller is saved as supplied on VDDBU.

11.3 Block Diagram

Figure 11-1. Reset Controller Block Diagram

Reset Controller
Main Supply
POR
Backup Supply .| startup ——> rste_irq
POR Counter
Reset
State
Manager
> proc_nreset
user_reset
NRST
|:|_ NRST > periph_nreset
Manager
nrst_out
— exter_nreset
> backup_neset
WDRPROC
wd_fault >

SLCK
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11.4

11.4.1

11.4.2

Functional Description

Reset Controller Overview
The Reset Controller is made up of an NRST Manager, a Startup Counter and a Reset State Manager. It runs at
Slow Clock and generates the following reset signals:
e proc_nreset: Processor reset line. It also resets the Watchdog Timer.
e backup_nreset: Affects all the peripherals powered by VDDBU.
e periph_nreset: Affects the whole set of embedded peripherals.
e nrst_out: Drives the NRST pin.
These reset signals are asserted by the Reset Controller, either on external events or on software action. The

Reset State Manager controls the generation of reset signals and provides a signal to the NRST Manager when an
assertion of the NRST pin is required.

The NRST Manager shapes the NRST assertion during a programmable time, thus controlling external device
resets.

The startup counter waits for the complete crystal oscillator startup. The wait delay is given by the crystal oscillator
startup time maximum value that can be found in the section Crystal Oscillator Characteristics in the Electrical
Characteristics section of the product datasheet.

The Reset Controller Mode Register (RSTC_MR), allowing the configuration of the Reset Controller, is powered
with VDDBU, so that its configuration is saved as long as VDDBU is on.

NRST Manager

The NRST Manager samples the NRST input pin and drives this pin low when required by the Reset State
Manager. Figure 11-2 shows the block diagram of the NRST Manager.

Figure 11-2. NRST Manager
RSTC_MR

RSTC SR URSTIEN

URSTS
i)_, rstc_irq
NRSTL | rsTC_MR Other | 2

URSTEN interrupt
sources
I > user_reset

NRST | RSTC_MR

mi
| nrst_out

I External Reset Timer fe«———————— exter_nreset

11.4.2.1 NRST Signal or Interrupt

74

The NRST Manager samples the NRST pin at Slow Clock speed. When the line is detected low, a User Reset is
reported to the Reset State Manager.

However, the NRST Manager can be programmed to not trigger a reset when an assertion of NRST occurs.
Writing the bit URSTEN at 0 in RSTC_MR disables the User Reset trigger.

The level of the pin NRST can be read at any time in the bit NRSTL (NRST level) in RSTC_SR. As soon as the pin
NRST is asserted, the bit URSTS in RSTC_SR is set. This bit clears only when RSTC_SR is read.

The Reset Controller can also be programmed to generate an interrupt instead of generating a reset. To do so, the
bit URSTIEN in RSTC_MR must be written at 1.
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11.4.2.2 NRST External Reset Control

The Reset State Manager asserts the signal ext_nreset to assert the NRST pin. When this occurs, the “nrst_out”
signal is driven low by the NRST Manager for a time programmed by the field ERSTL in RSTC_MR. This assertion
duration, named EXTERNAL_RESET_LENGTH, lasts 2ERSTH+1) glow Clock cycles. This gives the approximate
duration of an assertion between 60 us and 2 seconds. Note that ERSTL at 0 defines a two-cycle duration for the
NRST pulse.

This feature allows the Reset Controller to shape the NRST pin level, and thus to guarantee that the NRST line is
driven low for a time compliant with potential external devices connected on the system reset.

As the field is within RSTC_MR, which is backed up, this field can be used to shape the system power-up reset for
devices requiring a longer startup time than the Slow Clock Oscillator.

11.4.3 BMS Sampling

The product matrix manages a boot memory that depends on the level on the BMS pin at reset. The BMS signal is
sampled three slow clock cycles after the Core Power-On Reset output rising edge.

Figure 11-3. BMS Sampling

s« L LML L L L LY L L L L

Core Supply
POR output
XXX HorL
BMS Signal -
BMS sampling delay
=3 cycles

proc_nreset S S

11.4.4 Reset States

The Reset State Manager handles the different reset sources and generates the internal reset signals. It reports
the reset status in the field RSTTYP of the Status Register (RSTC_SR). The update of the field RSTTYP is
performed when the processor reset is released.
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11.4.4.1 General Reset

A general reset occurs when VDDBU and VDDCORE are powered on. The backup supply POR cell output rises
and is filtered with a Startup Counter, which operates at Slow Clock. The purpose of this counter is to make sure
the Slow Clock oscillator is stable before starting up the device. The length of startup time is hardcoded to comply
with the Slow Clock Oscillator startup time.

After this time, the processor clock is released at Slow Clock and all the other signals remain valid for three cycles
for proper processor and logic reset. Then, all the reset signals are released and the field RSTTYP in RSTC_SR
reports a General Reset. As the RSTC_MR is reset, the NRST line rises 2 cycles after the backup_nreset, as
ERSTL defaults at value 0x0.

When VDDBU is detected low by the Backup Supply POR Cell, all resets signals are immediately asserted, even if
the Main Supply POR Cell does not report a Main Supply shutdown.

VDDBU only activates the backup_nreset signal.

The backup_nreset must be released so that any other reset can be generated by VDDCORE (Main Supply POR
output).

Figure 11-4 shows how the General Reset affects the reset signals.

Figure 11-4. General Reset State
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11.4.4.2 Wake-up Reset

The Wake-up Reset occurs when the Main Supply is down. When the Main Supply POR output is active, all the
reset signals are asserted except backup_nreset. When the Main Supply powers up, the POR output is
resynchronized on Slow Clock. The processor clock is then re-enabled during three Slow Clock cycles, depending
on the requirements of the ARM processor.

At the end of this delay, the processor and other reset signals rise. The field RSTTYP in RSTC_SR is updated to
report a Wake-up Reset.

The “nrst_out” remains asserted for EXTERNAL_RESET LENGTH cycles. As RSTC_MR is backed up, the
programmed number of cycles is applicable.

When the Main Supply is detected falling, the reset signals are immediately asserted. This transition is
synchronous with the output of the Main Supply POR.

Figure 11-5. Wake-up State
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11.4.4.3 User Reset

The User Reset is entered when a low level is detected on the NRST pin and the bit URSTEN in RSTC_MR is at 1.
The NRST input signal is resynchronized with SLCK to insure proper behavior of the system.

78

The User Reset is entered as soon as a low level is detected on NRST. The Processor Reset and the Peripheral
Reset are asserted.

The User Reset is left when NRST rises, after a two-cycle resynchronization time and a three-cycle processor
startup. The processor clock is re-enabled as soon as NRST is confirmed high.

When the processor reset signal is released, the RSTTYP field of the Status Register (RSTC_SR) is loaded with
the value 0x4, indicating a User Reset.

The NRST Manager guarantees that the NRST line is asserted for EXTERNAL_RESET_LENGTH Slow Clock
cycles, as programmed in the field ERSTL. However, if NRST does not rise after EXTERNAL_RESET_LENGTH
because it is driven low externally, the internal reset lines remain asserted until NRST actually rises.

Figure 11-6.
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11.4.4.4 Software Reset

The Reset Controller offers several commands used to assert the different reset signals. These commands are
performed by writing the Control Register (RSTC_CR) with the following bits at 1:

PROCRST: Writing PROCRST at 1 resets the processor and the watchdog timer.

PERRST: Writing PERRST at 1 resets all the embedded peripherals, including the memory system, and, in
particular, the Remap Command. The Peripheral Reset is generally used for debug purposes.

Except for Debug purposes, PERRST must always be used in conjunction with PROCRST (PERRST and
PROCRST set both at 1 simultaneously.)

EXTRST: Writing EXTRST at 1 asserts low the NRST pin during a time defined by the field ERSTL in the
Mode Register (RSTC_MR).

The software reset is entered if at least one of these bits is set by the software. All these commands can be
performed independently or simultaneously. The software reset lasts three Slow Clock cycles.

The internal reset signals are asserted as soon as the register write is performed. This is detected on the Master
Clock (MCK). They are released when the software reset is left, i.e., synchronously to SLCK.

If EXTRST is set, the nrst_out signal is asserted depending on the programming of the field ERSTL. However, the
resulting falling edge on NRST does not lead to a User Reset.

If and only if the PROCRST bit is set, the Reset Controller reports the software status in the field RSTTYP of the
Status Register (RSTC_SR). Other Software Resets are not reported in RSTTYP.

As soon as a software operation is detected, the bit SRCMP (Software Reset Command in Progress) is set in the
Status Register (RSTC_SR). It is cleared as soon as the software reset is left. No other software reset can be
performed while the SRCMP bit is set, and writing any value in RSTC_CR has no effect.

Figure 11-7. Software Reset
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11.4.4.5 Watchdog Reset
The Watchdog Reset is entered when a watchdog fault occurs. This state lasts three Slow Clock cycles.

When in Watchdog Reset, assertion of the reset signals depends on the WDRPROC bit in WDT_MR:

e If WDRPROC is 0, the Processor Reset and the Peripheral Reset are asserted. The NRST line is also
asserted, depending on the programming of the field ERSTL. However, the resulting low level on NRST
does not result in a User Reset state.

e If WDRPROC =1, only the processor reset is asserted.

The Watchdog Timer is reset by the proc_nreset signal. As the watchdog fault always causes a processor reset if
WDRSTEN is set, the Watchdog Timer is always reset after a Watchdog Reset, and the Watchdog is enabled by
default and with a period set to a maximum.

When the WDRSTEN in WDT_MR bit is reset, the watchdog fault has no impact on the reset controller.

Figure 11-8. Watchdog Reset
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11.4.5 Reset State Priorities
The Reset State Manager manages the following priorities between the different reset sources, given in
descending order:
e Backup Reset
Wake-up Reset
Watchdog Reset
Software Reset
User Reset

Particular cases are listed below:

e When in User Reset:
— Awatchdog event is impossible because the Watchdog Timer is being reset by the proc_nreset signal.
— A software reset is impossible, since the processor reset is being activated.

e When in Software Reset:
— A watchdog event has priority over the current state.
—  The NRST has no effect.

e When in Watchdog Reset:
— The processor reset is active and so a Software Reset cannot be programmed.
— A User Reset cannot be entered.
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11.4.6 Reset Controller Status Register

The Reset Controller status register (RSTC_SR) provides several status fields:

e RSTTYP field: This field gives the type of the last reset, as explained in previous sections.

e SRCMP bit: This field indicates that a Software Reset Command is in progress and that no further software
reset should be performed until the end of the current one. This bit is automatically cleared at the end of the
current software reset.

e NRSTL bit: The NRSTL bit of the Status Register gives the level of the NRST pin sampled on each MCK
rising edge.

e URSTS bit: A high-to-low transition of the NRST pin sets the URSTS bit of the RSTC_SR. This transition is
also detected on the Master Clock (MCK) rising edge (see Figure 11-9). If the User Reset is disabled
(URSTEN = 0) and if the interruption is enabled by the URSTIEN bit in the RSTC_MR, the URSTS bit
triggers an interrupt. Reading the RSTC_SR status register resets the URSTS bit and clears the interrupt.

Figure 11-9. Reset Controller Status and Interrupt
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82 SAM9G46 Series [DATASHEET] Atmel

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



11.5 Reset Controller (RSTC) User Interface

Table 11-1. Register Mapping

Offset Register Name Access Reset Backup Reset
0x00 Control Register RSTC_CR Write-only - -

0x04 Status Register RSTC_SR Read-only 0x0000_0001 0x0000_0000
0x08 Mode Register RSTC_MR Read/Write - 0x0000_0001

Note: 1. The reset value of RSTC_SR either reports a General Reset or a Wake-up Reset depending on last rising power supply.
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11.5.1 Reset Controller Control Register

Name: RSTC_CR

Address: OXFFFFFDOO

Access: Write-only
31 30 29 28 27 26 25 24

| KEY |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - [ - [ - | [ - ]
7 6 5 4 3 2 1 0

| — | — | - | - | EXTRST | PERRST | - | PROCRST |

* PROCRST: Processor Reset
0: No effect.

1: If KEY is correct, resets the processor.

 PERRST: Peripheral Reset
0: No effect.
1: If KEY is correct, resets the peripherals.

« EXTRST: External Reset
0: No effect.
1: If KEY is correct, asserts the NRST pin.

» KEY: Password
Should be written at value 0xA5. Writing any other value in this field aborts the write operation.
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11.5.2 Reset Controller Status Register

Name: RSTC_SR
Address: OXFFFFFDO4
Access: Read-only

31 30 29 28 27 26 25 24
I R - S I R R — ]
23 22 21 20 19 18 17 16
| — | - | - — | - | — |SRCMP NRSTL |
15 14 13 12 11 10 9 8
| - | - | - - | - | RSTTYP |
7 6 5 4 3 2 1 0
I R — T - 1 - - URSTS |

o

URSTS: User Reset Status
: No high-to-low edge on NRST happened since the last read of RSTC_SR.

1: At least one high-to-low transition of NRST has been detected since the last read of RSTC_SR.

RSTTYP: Reset Type

Reports the cause of the last processor reset. Reading this RSTC_SR does not reset this field.

RSTTYP Reset Type Comments
0 0 0 General Reset Both VDDCORE and VDDBU rising
0 0 1 Wake Up Reset VDDCORE rising
0 1 0 Watchdog Reset Watchdog fault occurred
0 1 1 Software Reset Processor reset required by the software
1 0 0 User Reset NRST pin detected low

* NRSTL: NRST Pin Level
Registers the NRST Pin Level at Master Clock (MCK).

» SRCMP: Software Reset Command in Progress

0: No software command is being performed by the reset controller. The reset controller is ready for a software command.

1: A software reset command is being performed by the reset controller. The reset controller is busy.
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11.5.3 Reset Controller Mode Register

Name: RSTC_MR

Address: OxFFFFFDOS8

Access: Read/Write
31 30 29 28 27 26 25 24

| KEY |
23 22 21 20 19 18 17 16

- T - T - T - T - : - ]
15 14 13 12 11 10 9 8

I - I - I - I - I ERSTL |
7 6 5 4 3 2 1 0

| - | - | | URSTIEN | - | — - URSTEN |

 URSTEN: User Reset Enable
0: The detection of a low level on the pin NRST does not generate a User Reset.
1: The detection of a low level on the pin NRST triggers a User Reset.

e URSTIEN: User Reset Interrupt Enable
0: USRTS bitin RSTC_SR at 1 has no effect on rstc_irg.
1: USRTS bit in RSTC_SR at 1 asserts rstc_irq if URSTEN = 0.

» ERSTL: External Reset Length

This field defines the external reset length. The external reset is asserted during a time of 2ERSTH*1 Slow Clock cycles.
This allows assertion duration to be programmed between 60 us and 2 seconds.

» KEY: Password
Should be written at value 0xA5. Writing any other value in this field aborts the write operation.
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12. Real-time Timer (RTT)

12.1 Description

The Real-time Timer (RTT) is built around a 32-bit counter and used to count elapsed seconds. It generates a
periodic interrupt and/or triggers an alarm on a programmed value.

12.2 Embedded Characteristics
e Real-time Timer, allowing backup of time with different accuracies
—  32-bit Free-running back-up Counter
— Integrates a 16-bit programmable prescaler running on slow clock
— Alarm Register capable to generate a wake-up of the system through the Shutdown Controller

12.3 Block Diagram

Figure 12-1. Real-time Timer
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RTT_AR ALMV

12.4 Functional Description

The Real-time Timer is used to count elapsed seconds. It is built around a 32-bit counter fed by Slow Clock divided
by a programmable 16-bit value. The value can be programmed in the field RTPRES of the Real-time Mode
Register (RTT_MR).

Programming RTPRES at 0x00008000 corresponds to feeding the real-time counter with a 1 Hz signal (if the Slow
Clock is 32.768 kHz). The 32-bit counter can count up to 232 seconds, corresponding to more than 136 years, then
roll over to O.
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The Real-time Timer can also be used as a free-running timer with a lower time-base. The best accuracy is
achieved by writing RTPRES to 3. Programming RTPRES to 1 or 2 is possible, but may result in losing status
events because the status register is cleared two Slow Clock cycles after read. Thus if the RTT is configured to
trigger an interrupt, the interrupt occurs during 2 Slow Clock cycles after reading RTT_SR. To prevent several
executions of the interrupt handler, the interrupt must be disabled in the interrupt handler and re-enabled when the
status register is clear.

The Real-time Timer value (CRTV) can be read at any time in the register RTT_VR (Real-time Value Register). As
this value can be updated asynchronously from the Master Clock, it is advisable to read this register twice at the
same value to improve accuracy of the returned value.

The current value of the counter is compared with the value written in the alarm register RTT_AR (Real-time Alarm
Register). If the counter value matches the alarm, the bit ALMS in RTT_SR is set. The alarm register is set to its
maximum value, corresponding to OxFFFF_FFFF, after a reset.

The bit RTTINC in RTT_SR is set each time the Real-time Timer counter is incremented. This bit can be used to
start a periodic interrupt, the period being one second when the RTPRES is programmed with 0x8000 and Slow
Clock equal to 32.768 Hz.

Reading the RTT_SR status register resets the RTTINC and ALMS fields.

Writing the bit RTTRST in RTT_MR immediately reloads and restarts the clock divider with the new programmed
value. This also resets the 32-bit counter.
Note:  Because of the asynchronism between the Slow Clock (SCLK) and the System Clock (MCK):
1) The restart of the counter and the reset of the RTT_VR current value register is effective only 2 slow clock cycles
after the write of the RTTRST bit in the RTT_MR.
2) The status register flags reset is taken into account only 2 slow clock cycles after the read of the RTT_SR (Status
Register).

Figure 12-2. RTT Counting

APB cycle APB cycle
<> <>

o (JUUUUHUTIUTTUUTUTUUUUL
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12.5 Real-time Timer (RTT) User Interface

Table 12-1. Register Mapping

Offset Register Name Access Reset

0x00 Mode Register RTT_MR Read/Write 0x0000_8000
0x04 Alarm Register RTT_AR Read/Write OxFFFF_FFFF
0x08 Value Register RTT_VR Read-only 0x0000_0000
0x0C Status Register RTT_SR Read-only 0x0000_0000
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12.5.1 Real-time Timer Mode Register

Name: RTT_MR

Address: OxFFFFFD20

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

| - | - | - | - | - | RTTRST | RTTINCIEN | ALMIEN |
15 14 13 12 11 10 9 8

| RTPRES |
7 6 5 4 3 2 1 0

| RTPRES |

» RTPRES: Real-time Timer Prescaler Value

Defines the number of SLCK periods required to increment the Real-time timer. RTPRES is defined as follows:
RTPRES = 0: The prescaler period is equal to 21°,

RTPRES # 0: The prescaler period is equal to RTPRES.

e ALMIEN: Alarm Interrupt Enable
0: The bit ALMS in RTT_SR has no effect on interrupt.
1: The bit ALMS in RTT_SR asserts interrupt.

» RTTINCIEN: Real-time Timer Increment Interrupt Enable
0: The bit RTTINC in RTT_SR has no effect on interrupt.
1: The bit RTTINC in RTT_SR asserts interrupt.

* RTTRST: Real-time Timer Restart
1: Reloads and restarts the clock divider with the new programmed value. This also resets the 32-bit counter.
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12.5.2 Real-time Timer Alarm Register

Name: RTT_AR

Address: OxFFFFFD24

Access: Read/Write
31 30 29 28 27 26 25 24

| ALMV |
23 22 21 20 19 18 17 16

| ALMV |
15 14 13 12 11 10 9 8

| ALMV |
7 6 5 4 3 2 1 0

| ALMV |

* ALMV: Alarm Value
Defines the alarm value (ALMV+1) compared with the Real-time Timer.
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12.5.3 Real-time Timer Value Register

Name: RTT_VR

Address: OXFFFFFD28

Access: Read-only
31 30 29 28 27 26 25 24

| CRTV |
23 22 21 20 19 18 17 16

| CRTV |
15 14 13 12 11 10 9 8

| CRTV |
7 6 5 4 3 2 1 0

| CRTV |

¢ CRTV: Current Real-time Value
Returns the current value of the Real-time Timer.
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12.5.4 Real-time Timer Status Register

Name: RTT_SR

Address: OXFFFFFD2C

Access: Read-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

| - | - | - | - | - | - [ RTTINC | ALMS |

ALMS: Real-time Alarm Status
: The Real-time Alarm has not occurred since the last read of RTT_SR.

o

1: The Real-time Alarm occurred since the last read of RTT_SR.

 RTTINC: Real-time Timer Increment

o

: The Real-time Timer has not been incremented since the last read of the RTT_SR.

=Y

: The Real-time Timer has been incremented since the last read of the RTT_SR.
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13. Real-time Clock (RTC)

13.1 Description

The Real-time Clock (RTC) peripheral is designed for very low power consumption.

It combines a complete time-of-day clock with alarm and a two-hundred-year Gregorian calendar, complemented
by a programmable periodic interrupt. The alarm and calendar registers are accessed by a 32-bit data bus.

The time and calendar values are coded in binary-coded decimal (BCD) format. The time format can be 24-hour

mode or 12-hour mode with an AM/PM indicator.

Updating time and calendar fields and configuring the alarm fields are performed by a parallel capture on the 32-bit
data bus. An entry control is performed to avoid loading registers with incompatible BCD format data or with an
incompatible date according to the current month/year/century.

13.2 Embedded Characteristics
Low power consumption

Full asynchronous design

Two hundred year calendar
Programmable Periodic Interrupt
Alarm and update parallel load

13.3 Block Diagram

Figure 13-1. RTC Block Diagram
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13.4 Product Dependencies

13.4.1 Power Management

The Real-time Clock is continuously clocked at 32768 Hz. The Power Management Controller has no effect on
RTC behavior.

13.4.2 Interrupt

The RTC Interrupt is connected to interrupt source 1 (IRQ1) of the advanced interrupt controller. This interrupt line
is due to the OR-wiring of the system peripheral interrupt lines (System Timer, Real-time Clock, Power
Management Controller, Memory Controller, etc.). When a system interrupt occurs, the service routine must first
determine the cause of the interrupt. This is done by reading the status registers of the above system peripherals
successively.

13.5 Functional Description

The RTC provides a full binary-coded decimal (BCD) clock that includes century (19/20), year (with leap years),
month, date, day, hours, minutes and seconds.

The valid year range is 1900 to 2099, a two-hundred-year Gregorian calendar achieving full Y2K compliance.
The RTC can operate in 24-hour mode or in 12-hour mode with an AM/PM indicator.

Corrections for leap years are included (all years divisible by 4 being leap years, including year 2000). This is
correct up to the year 2099.

After a general reset (a backup reset), the calendar is initialized to Thursday, January 1, 1998.

13.5.1 Reference Clock
The reference clock is Slow Clock (SLCK). It can be driven internally or by an external 32.768 kHz crystal.

During low power modes of the processor (idle mode), the oscillator runs and power consumption is critical. The
crystal selection has to take into account the current consumption for power saving and the frequency drift due to
temperature effect on the circuit for time accuracy.

13.5.2 Timing

The RTC is updated in real time at one-second intervals in normal mode for the counters of seconds, at one-
minute intervals for the counter of minutes and so on.

Due to the asynchronous operation of the RTC with respect to the rest of the chip, to be certain that the value read
in the RTC registers (century, year, month, date, day, hours, minutes, seconds) are valid and stable, it is
necessary to read these registers twice. If the data is the same both times, then it is valid. Therefore, a minimum of
two and a maximum of three accesses are required.

13.5.3 Alarm
The RTC has five programmable fields: month, date, hours, minutes and seconds.

Each of these fields can be enabled or disabled to match the alarm condition:

e [f all the fields are enabled, an alarm flag is generated (the corresponding flag is asserted and an interrupt
generated if enabled) at a given month, date, hour/minute/second.

e If only the “seconds” field is enabled, then an alarm is generated every minute.

Depending on the combination of fields enabled, a large number of possibilities are available to the user ranging
from minutes to 365/366 days.
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13.5.4 Error Checking

1355

96

Verification on user interface data is performed when accessing the century, year, month, date, day, hours,
minutes, seconds and alarms. A check is performed on illegal BCD entries such as illegal date of the month with
regard to the year and century configured.

If one of the time fields is not correct, the data is not loaded into the register/counter and a flag is set in the validity
register. The user can not reset this flag. It is reset as soon as an acceptable value is programmed. This avoids
any further side effects in the hardware. The same procedure is done for the alarm.
The following checks are performed:
1. Century (check if it is in range 19-20)
Year (BCD entry check)
Date (check range 01-31)
Month (check if it is in BCD range 01-12, check validity regarding “date”)
Day (check range 1-7)
Hour (BCD checks: in 24-hour mode, check range 00-23 and check that AM/PM flag is not set if RTC is set
in 24-hour mode; in 12-hour mode check range 01-12)
7. Minute (check BCD and range 00-59)
8. Second (check BCD and range 00-59)

Note:  If the 12-hour mode is selected by means of the RTC_MODE register, a 12-hour value can be programmed and the
returned value on RTC_TIME will be the corresponding 24-hour value. The entry control checks the value of the
AM/PM indicator (bit 22 of RTC_TIME register) to determine the range to be checked.

L

Updating Time/Calendar

To update any of the time/calendar fields, the user must first stop the RTC by setting the corresponding field in the
Control Register. Bit UPDTIM must be set to update time fields (hour, minute, second) and bit UPDCAL must be
set to update calendar fields (century, year, month, date, day).

Then the user must poll or wait for the interrupt (if enabled) of bit ACKUPD in the Status Register. Once the bit
reads 1, it is mandatory to clear this flag by writing the corresponding bit in RTC_SCCR. The user can now write to
the appropriate Time and Calendar register.

Once the update is finished, the user must reset (0) UPDTIM and/or UPDCAL in the Control

When entering programming mode of the calendar fields, the time fields remain enabled. When entering the
programming mode of the time fields, both time and calendar fields are stopped. This is due to the location of the
calendar logic circuity (downstream for low-power considerations). It is highly recommended to prepare all the
fields to be updated before entering programming mode. In successive update operations, the user must wait at
least one second after resetting the UPDTIM/UPDCAL bit in the RTC_CR (Control Register) before setting these
bits again. This is done by waiting for the SEC flag in the Status Register before setting UPDTIM/UPDCAL bit.
After resetting UPDTIM/UPDCAL, the SEC flag must also be cleared.
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Figure 13-2. Update Sequence

Begin

Prepare TIme or Calendar Fields

Set UPDTIM and/or UPDCAL
bit(s) in RTC_CR

<€
Read RTC_SR
Polling or
IRQ (if enabled)
ACKUPD No
=1?
Yes

Clear ACKUPD bit in RTC_SCCR

Update Time andor Calendar values in
RTC_TIMR/RTC_CALR

Clear UPDTIM and/or UPDCAL bit in
RTC _CR

End
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13.6 Real-time Clock (RTC) User Interface

Table 13-1. Register Mapping
Offset Register Name Access Reset
0x00 Control Register RTC_CR Read/Write 0x0
0x04 Mode Register RTC_MR Read/Write 0x0
0x08 Time Register RTC_TIMR Read/Write 0x0
0x0C Calendar Register RTC_CALR Read/Write 0x01210720
0x10 Time Alarm Register RTC_TIMALR Read/Write 0x0
0x14 Calendar Alarm Register RTC_CALALR Read/Write 0x01010000
0x18 Status Register RTC_SR Read-only 0x0
0x1C Status Clear Command Register RTC_SCCR Write-only
0x20 Interrupt Enable Register RTC_IER Write-only
0x24 Interrupt Disable Register RTC_IDR Write-only
0x28 Interrupt Mask Register RTC_IMR Read-only 0x0
0x2C Valid Entry Register RTC_VER Read-only 0x0
OxFC Reserved Register - - -
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13.6.1 RTC Control Register

Name: RTC_CR

Address: OxFFFFFDBO

Access: Read/Write
31 30 29 28 27 26 25 24

| - | - | - | - | - | - | - - |
23 22 21 20 19 18 17 16

| - | - | - | - | - | - | CALEVSEL |
15 14 13 12 11 10 9 8

| _ | _ | _ | — | — | — | TIMEVSEL |
7 6 5 4 3 2 1 0

| — | — | — | — | - | — | upDcCAL UPDTIM |

» UPDTIM: Update Request Time Register
0: No effect.
1: Stops the RTC time counting.

Time counting consists of second, minute and hour counters. Time counters can be programmed once this bit is set and
acknowledged by the bit ACKUPD of the Status Register.

 UPDCAL: Update Request Calendar Register
0: No effect.
1: Stops the RTC calendar counting.

Calendar counting consists of day, date, month, year and century counters. Calendar counters can be programmed once
this bit is set.

 TIMEVSEL: Time Event Selection

The event that generates the flag TIMEV in RTC_SR (Status Register) depends on the value of TIMEVSEL.
0: Minute change.

1: Hour change.

2: Every day at midnight.

3: Every day at noon.

» CALEVSEL: Calendar Event Selection

The event that generates the flag CALEV in RTC_SR depends on the value of CALEVSEL.
0: Week change (every Monday at time 00:00:00).

1: Month change (every 01 of each month at time 00:00:00).

2, 3: Year change (every January 1 at time 00:00:00).
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13.6.2 RTC Mode Register

Name: RTC_MR
Address: OxFFFFFDB4
Access: Read/Write
31 30 29 28 27 26 25 24
I - I - I - | - I - I - I - I -
23 22 21 20 19 18 17 16
I - I - I - | - I - I - I - I -
15 14 13 12 1 10 9 8
I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

. - r - r - 1 - 1 - [ - [ - | +HrvoD |

« HRMOD: 12-/24-hour Mode
0: 24-hour mode is selected.
1: 12-hour mode is selected.

All non-significant bits read zero.
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13.6.3 RTC Time Register

Name: RTC_TIMR

Address: OxFFFFFDB8

Access: Read/Write
31 30 29 28 27 26 25 24

I I - - - - - ]
23 22 21 20 19 18 17 16

| — [ Aavpm | HOUR |
15 14 13 12 1 10 9 8

| - | MIN |
7 6 5 4 3 2 1 0

| - | SEC |

» SEC: Current Second
The range that can be set is 0-59 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

* MIN: Current Minute
The range that can be set is 0-59 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

* HOUR: Current Hour
The range that can be set is 1-12 (BCD) in 12-hour mode or 0—23 (BCD) in 24-hour mode.

 AMPM: Ante Meridiem Post Meridiem Indicator
This bit is the AM/PM indicator in 12-hour mode.

0: AM.

1. PM.

All non-significant bits read zero.
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13.6.4 RTC Calendar Register

Name: RTC_CALR

Address: OxFFFFFDBC

Access: Read/Write
31 30 29 28 27 26 25 24

| - | - | DATE |
23 22 21 20 19 18 17 16

| DAY MONTH |
15 14 13 12 1 10 9 8

| YEAR |
7 6 5 4 3 2 1 0

| - | CENT |

e CENT: Current Century
The range that can be set is 19-20 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

* YEAR: Current Year
The range that can be set is 00-99 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

* MONTH: Current Month
The range that can be set is 01-12 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

» DAY: Current Day in Current Week
The range that can be set is 1-7 (BCD).
The coding of the number (which number represents which day) is user-defined as it has no effect on the date counter.

e DATE: Current Day in Current Month
The range that can be set is 01-31 (BCD).
The lowest four bits encode the units. The higher bits encode the tens.

All non-significant bits read zero.
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13.6.5 RTC Time Alarm Register

Name: RTC_TIMALR

Address: OXFFFFFDCO

Access: Read/Write
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

[ HOUREN [ Awpm | HOUR |
15 14 13 12 11 10 9 8

[ MINEN | MIN |
7 6 5 4 3 2 1 0

|  SECEN | SEC |

» SEC: Second Alarm
This field is the alarm field corresponding to the BCD-coded second counter.

* SECEN: Second Alarm Enable
0: The second-matching alarm is disabled.
1: The second-matching alarm is enabled.

* MIN: Minute Alarm
This field is the alarm field corresponding to the BCD-coded minute counter.

* MINEN: Minute Alarm Enable
0: The minute-matching alarm is disabled.
1: The minute-matching alarm is enabled.

* HOUR: Hour Alarm
This field is the alarm field corresponding to the BCD-coded hour counter.

 AMPM: AM/PM Indicator
This field is the alarm field corresponding to the BCD-coded hour counter.

* HOUREN: Hour Alarm Enable
0: The hour-matching alarm is disabled.
1: The hour-matching alarm is enabled.
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13.6.6 RTC Calendar Alarm Register

Name: RTC_CALALR

Address: OXFFFFFDC4

Access: Read/Write
31 30 29 28 27 26 25 24

| DATEEN | — | DATE |
23 22 21 20 19 18 17 16

[ MTHEN | — | — | MONTH |
15 14 13 12 11 10 9 8

| - | - | - | - | - | - | - | - |
7 6 5 4 3 2 1 0

* MONTH: Month Alarm
This field is the alarm field corresponding to the BCD-coded month counter.

* MTHEN: Month Alarm Enable
0: The month-matching alarm is disabled.
1: The month-matching alarm is enabled.

¢ DATE: Date Alarm
This field is the alarm field corresponding to the BCD-coded date counter.

» DATEEN: Date Alarm Enable
0: The date-matching alarm is disabled.
1: The date-matching alarm is enabled.
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13.6.7 RTC Status Register

Name: RTC_SR

Address: OxFFFFFDC8

Access: Read-only
31 30 29 28 27 26 25 24

I - I - I - | - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - | - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

| _ [ — | - | caev. | Tmimev |  sec | ALARM | ACKUPD |

» ACKUPD: Acknowledge for Update
0: Time and calendar registers cannot be updated.
1: Time and calendar registers can be updated.

 ALARM: Alarm Flag
0: No alarm matching condition occurred.
1: An alarm matching condition has occurred.

» SEC: Second Event
0: No second event has occurred since the last clear.
1: At least one second event has occurred since the last clear.

e TIMEV: Time Event
0: No time event has occurred since the last clear.
1: At least one time event has occurred since the last clear.

The time event is selected in the TIMEVSEL field in RTC_CTRL (Control Register) and can be any one of the following
events: minute change, hour change, noon, midnight (day change).

« CALEV: Calendar Event
0: No calendar event has occurred since the last clear.
1: At least one calendar event has occurred since the last clear.

The calendar event is selected in the CALEVSEL field in RTC_CR and can be any one of the following events: week
change, month change and year change.
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13.6.8 RTC Status Clear Command Register

Name: RTC_SCCR

Address: OxXFFFFFDCC

Access: Write-only
31 30 29 28 27 26 25 24

| - | - | - | - | - | - | - | - |
23 22 21 20 19 18 17 16

| - | - | - | - | - | - | - | - |
15 14 13 12 11 10 9 8

| - | - | - | - | - | - | - | - |
7 6 5 4 3 2 1 0

| — | - | - | caictR | TmMCLR | secctR | ALRCLR | ACKCLR |

* ACKCLR: Acknowledge Clear
0: No effect.
1: Clears corresponding status flag in the Status Register (RTC_SR).

* ALRCLR: Alarm Clear
0: No effect.
1: Clears corresponding status flag in the Status Register (RTC_SR).

e SECCLR: Second Clear
0: No effect.

1: Clears corresponding status flag in the Status Register (RTC_SR).

e TIMCLR: Time Clear
0: No effect.
1: Clears corresponding status flag in the Status Register (RTC_SR).

» CALCLR: Calendar Clear
0: No effect.
1: Clears corresponding status flag in the Status Register (RTC_SR).

106  SAM9G46 Series [DATASHEET]

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15

Atmel



13.6.9 RTC Interrupt Enable Register

Name: RTC_IER

Address: OxFFFFFDDO

Access: Write-only
31 30 29 28 27 26 25 24

I - I - I - | - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - | - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

| _ [ — | - | caen | TiMEN | seceN | ALREN | ACKEN |

» ACKEN: Acknowledge Update Interrupt Enable
0: No effect.
1: The acknowledge for update interrupt is enabled.

 ALREN: Alarm Interrupt Enable
0: No effect.
1: The alarm interrupt is enabled.

» SECEN: Second Event Interrupt Enable
0: No effect.

1: The second periodic interrupt is enabled.

* TIMEN: Time Event Interrupt Enable
0: No effect.
1: The selected time event interrupt is enabled.

e CALEN: Calendar Event Interrupt Enable
0: No effect.
1: The selected calendar event interrupt is enabled.
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13.6.10 RTC Interrupt Disable Register

Name: RTC_IDR

Address: OxFFFFFDD4

Access: Write-only
31 30 29 28 27 26 25 24

I - I - I - | - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - | - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

| — [ — | - | cabis | TiMDis | secpis | ALRDIS | AcKkDIS |

* ACKDIS: Acknowledge Update Interrupt Disable
0: No effect.
1: The acknowledge for update interrupt is disabled.

e ALRDIS: Alarm Interrupt Disable
0: No effect.
1: The alarm interrupt is disabled.

» SECDIS: Second Event Interrupt Disable
0: No effect.

1: The second periodic interrupt is disabled.

» TIMDIS: Time Event Interrupt Disable
0: No effect.
1: The selected time event interrupt is disabled.

e CALDIS: Calendar Event Interrupt Disable
0: No effect.
1: The selected calendar event interrupt is disabled.
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13.6.11 RTC Interrupt Mask Register

Name: RTC_IMR

Address: OxFFFFFDD8

Access: Read-only
31 30 29 28 27 26 25 24

I - I - I - | - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - | - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

| _ [ — | - | caa | 1™ | sec [ AR | Ack |

» ACK: Acknowledge Update Interrupt Mask
0: The acknowledge for update interrupt is disabled.
1: The acknowledge for update interrupt is enabled.

e ALR: Alarm Interrupt Mask
0: The alarm interrupt is disabled.
1: The alarm interrupt is enabled.

» SEC: Second Event Interrupt Mask
0: The second periodic interrupt is disabled.
1: The second periodic interrupt is enabled.

* TIM: Time Event Interrupt Mask
0: The selected time event interrupt is disabled.
1: The selected time event interrupt is enabled.

e CAL: Calendar Event Interrupt Mask
0: The selected calendar event interrupt is disabled.
1: The selected calendar event interrupt is enabled.
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13.6.12 RTC Valid Entry Register

Name: RTC_VER

Address: OxFFFFFDDC

Access: Read-only
31 30 29 28 27 26 25 24

I - I - I - | - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - | - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - | - I - I - I - I - |
7 6 5 4 3 2 1 0

| — | — | — | — | NvcAalALR [ NvTIMALR [ Nveal | nvTiv |

* NVTIM: Non-valid Time
0: No invalid data has been detected in RTC_TIMR (Time Register).
1: RTC_TIMR has contained invalid data since it was last programmed.

» NVCAL: Non-valid Calendar
0: No invalid data has been detected in RTC_CALR (Calendar Register).
1: RTC_CALR has contained invalid data since it was last programmed.

* NVTIMALR: Non-valid Time Alarm
0: No invalid data has been detected in RTC_TIMALR (Time Alarm Register).
1: RTC_TIMALR has contained invalid data since it was last programmed.

* NVCALALR: Non-valid Calendar Alarm
0: No invalid data has been detected in RTC_CALALR (Calendar Alarm Register).
1: RTC_CALALR has contained invalid data since it was last programmed.

110 SAM9G46 Series [DATASHEET] Atmel

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



14. Periodic Interval Timer (PIT)

14.1 Description

The Periodic Interval Timer (PIT) provides the operating system’s scheduler interrupt. It is designed to offer
maximum accuracy and efficient management, even for systems with long response time.

14.2 Embedded Characteristics

e Includes a 20-bit Periodic Counter, with less than 1us accuracy
e Includes a 12-bit Interval Overlay Counter
e Real-time OS or Linux/WIinCE compliant tick generator

14.3 Block Diagram

Figure 14-1. Periodic Interval Timer

PIT_MR
PIV
— PIT_MR
PITIEN
set L
0 PT SR [ piTs P
l i reset
0 §0 1 ’
12-bit
0 L 7 Adder
read PIT_PIVR
MCK 20-bit
Counter
MCK/16
Prescaler > | CPIV | PIT_PIVR | PICNT |
| CPIV | PIT_PIIR | PICNT |
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14.4 Functional Description
The Periodic Interval Timer aims at providing periodic interrupts for use by operating systems.

The PIT provides a programmable overflow counter and a reset-on-read feature. It is built around two counters: a
20-bit CPIV counter and a 12-bit PICNT counter. Both counters work at Master Clock /16.

The first 20-bit CPIV counter increments from 0 up to a programmable overflow value set in the field PIV of the
Mode Register (PIT_MR). When the counter CPIV reaches this value, it resets to 0 and increments the Periodic
Interval Counter, PICNT. The status bit PITS in the Status Register (PIT_SR) rises and triggers an interrupt,
provided the interrupt is enabled (PITIEN in PIT_MR).

Writing a new PIV value in PIT_MR does not reset/restart the counters.

When CPIV and PICNT values are obtained by reading the Periodic Interval Value Register (PIT_PIVR), the
overflow counter (PICNT) is reset and the PITS is cleared, thus acknowledging the interrupt. The value of PICNT
gives the number of periodic intervals elapsed since the last read of PIT_PIVR.

When CPIV and PICNT values are obtained by reading the Periodic Interval Image Register (PIT_PIIR), there is
no effect on the counters CPIV and PICNT, nor on the bit PITS. For example, a profiler can read PIT_PIIR without
clearing any pending interrupt, whereas a timer interrupt clears the interrupt by reading PIT_PIVR.

The PIT may be enabled/disabled using the PITEN bit in the PIT_MR (disabled on reset). The PITEN bit only
becomes effective when the CPIV value is 0. Figure 14-2 illustrates the PIT counting. After the PIT Enable bit is
reset (PITEN = 0), the CPIV goes on counting until the PIV value is reached, and is then reset. PIT restarts
counting, only if the PITEN is set again.

The PIT is stopped when the core enters debug state.

Figure 14-2. Enabling/Disabling PIT with PITEN

APB cycle APB cycle
<> <>
e L
15
estarts MCK Prescaler
MCK Prescaler 0 N
PITEN /
AN )
CPIV 0 1 IV - 1) X PIV 0 Xl
PICNT 0 1 0
PITS (PIT_SR)
APB Interface ><

read PIT_PIVR
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14.5 Periodic Interval Timer (PIT) User Interface

Table 14-1. Register Mapping

Offset Register Name Access Reset

0x00 Mode Register PIT_MR Read/Write Ox000F_FFFF
0x04 Status Register PIT_SR Read-only 0x0000_0000
0x08 Periodic Interval Value Register PIT_PIVR Read-only 0x0000_0000
0x0C Periodic Interval Image Register PIT_PIIR Read-only 0x0000_0000
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14.5.1 Periodic Interval Timer Mode Register

Name: PIT_MR

Address: OxFFFFFD30

Access: Read/Write
31 30 29 28 27 26 25 24

| - [ - | - | - [ - - PITIEN PITEN |
23 22 21 20 19 18 17 16

I - I - I - I - I PIV |
15 14 13 12 11 10 9 8

| PIV |
7 6 5 4 3 2 1 0

| PIV |

* PIV: Periodic Interval Value

Defines the value compared with the primary 20-bit counter of the Periodic Interval Timer (CPIV). The period is equal to
(PIV +1).

* PITEN: Period Interval Timer Enabled
0: The Periodic Interval Timer is disabled when the PIV value is reached.
1: The Periodic Interval Timer is enabled.

e PITIEN: Periodic Interval Timer Interrupt Enable
0: The bit PITS in PIT_SR has no effect on interrupt.
1: The bit PITS in PIT_SR asserts interrupt.
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14.5.2 Periodic Interval Timer Status Register

Name: PIT_SR

Address: OXFFFFFD34

Access: Read-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - [ PTS |

* PITS: Periodic Interval Timer Status
0: The Periodic Interval timer has not reached PIV since the last read of PIT_PIVR.

1: The Periodic Interval timer has reached PIV since the last read of PIT_PIVR.
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14.5.3 Periodic Interval Timer Value Register

Name: PIT_PIVR

Address: OXFFFFFD38

Access: Read-only
31 30 29 28 27 26 25 24

| PICNT |
23 22 21 20 19 18 17 16

| PICNT CPIV |
15 14 13 12 11 10 9 8

| CPIV |
7 6 5 4 3 2 1 0

| CPIV |

Reading this register clears PITS in PIT_SR.

e CPIV: Current Periodic Interval Value
Returns the current value of the periodic interval timer.

¢ PICNT: Periodic Interval Counter
Returns the number of occurrences of periodic intervals since the last read of PIT_PIVR.
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14.5.4 Periodic Interval Timer Image Register

Name: PIT_PIIR

Address: OXFFFFFD3C

Access: Read-only
31 30 29 28 27 26 25 24

| PICNT |
23 22 21 20 19 18 17 16

| PICNT CPIV |
15 14 13 12 11 10 9 8

| CPIV |
7 6 5 4 3 2 1 0

| CPIV |

e CPIV: Current Periodic Interval Value
Returns the current value of the periodic interval timer.

* PICNT: Periodic Interval Counter
Returns the number of occurrences of periodic intervals since the last read of PIT_PIVR.
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15.

15.1

15.2

15.3

118

Watchdog Timer (WDT)

Description

The Watchdog Timer can be used to prevent system lock-up if the software becomes trapped in a deadlock. It
features a 12-bit down counter that allows a watchdog period of up to 16 seconds (slow clock at 32.768 kHz). It
can generate a general reset or a processor reset only. In addition, it can be stopped while the processor is in
debug mode or idle mode.

Embedded Characteristics
e 16-bit key-protected only-once-Programmable Counter
e Windowed, prevents the processor to be in a dead-lock on the watchdog access

Block Diagram

Figure 15-1. Watchdog Timer Block Diagram

write WDT_MR
WDT_MR
WDT_CR WDV
|WDRSTT | reload rr £
q \ 1 0 ;
12-bit Down
Counter
WDT_MR reload
WDD Current |
Value < 1/128 SLCK
A
<=WDD
WDT_MR
A WDRSTEN
=0
:l N\ ‘ > wdt_fault
1_/ N (to Reset Controller)
y Sset

|W__DLE| ’ ) wdt_int
set reset -

WDERR I r
read WDT_SR reset WDFIEN

or ®
reset WDT_MR

SAM9G46 Series [DATASHEET] Atmel

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



15.4 Functional Description

The Watchdog Timer can be used to prevent system lock-up if the software becomes trapped in a deadlock. It is
supplied with VDDCORE. It restarts with initial values on processor reset.

The Watchdog is built around a 12-bit down counter, which is loaded with the value defined in the field WDV of the
Mode Register (WDT_MR). The Watchdog Timer uses the Slow Clock divided by 128 to establish the maximum
Watchdog period to be 16 seconds (with a typical Slow Clock of 32.768 kHz).

After a Processor Reset, the value of WDV is OxFFF, corresponding to the maximum value of the counter with the
external reset generation enabled (field WDRSTEN at 1 after a Backup Reset). This means that a default
Watchdog is running at reset, i.e., at power-up. The user must either disable it (by setting the WDDIS bit in
WDT_MR) if he does not expect to use it or must reprogram it to meet the maximum Watchdog period the
application requires.

The Watchdog Mode Register (WDT_MR) can be written only once. Only a processor reset resets it. Writing the
WDT_MR reloads the timer with the newly programmed mode parameters.

In normal operation, the user reloads the Watchdog at regular intervals before the timer underflow occurs, by
writing the Control Register (WDT_CR) with the bit WDRSTT to 1. The Watchdog counter is then immediately
reloaded from WDT_MR and restarted, and the Slow Clock 128 divider is reset and restarted. The WDT_CR is
write-protected. As a result, writing WDT_CR without the correct hard-coded key has no effect. If an underflow
does occur, the “wdt_fault” signal to the Reset Controller is asserted if the bit WDRSTEN is set in the Mode
Register (WDT_MR). Moreover, the bit WDUNF is set in the Watchdog Status Register (WDT_SR).

To prevent a software deadlock that continuously triggers the Watchdog, the reload of the Watchdog must occur
while the Watchdog counter is within a window between 0 and WDD, WDD is defined in the WatchDog Mode
Register WDT_MR.

Any attempt to restart the Watchdog while the Watchdog counter is between WDV and WDD results in a
Watchdog error, even if the Watchdog is disabled. The bit WDERR is updated in the WDT_SR and the “wdt_fault”
signal to the Reset Controller is asserted.

Note that this feature can be disabled by programming a WDD value greater than or equal to the WDV value. In
such a configuration, restarting the Watchdog Timer is permitted in the whole range [0; WDV] and does not
generate an error. This is the default configuration on reset (the WDD and WDV values are equal).

The status bits WDUNF (Watchdog Underflow) and WDERR (Watchdog Error) trigger an interrupt, provided the bit
WDFIEN is set in the mode register. The signal “wdt_fault” to the reset controller causes a Watchdog reset if the
WDRSTEN bit is set as already explained in the reset controller programmer Datasheet. In that case, the
processor and the Watchdog Timer are reset, and the WDERR and WDUNF flags are reset.

If a reset is generated or if WDT_SR is read, the status bits are reset, the interrupt is cleared, and the “wdt_fault”
signal to the reset controller is deasserted.

Writing the WDT_MR reloads and restarts the down counter.

While the processor is in debug state or in idle mode, the counter may be stopped depending on the value
programmed for the bits WDIDLEHLT and WDDBGHLT in the WDT_MR.
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Figure 15-2. Watchdog Behavior
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15.5 Watchdog Timer (WDT) User Interface

Table 15-1. Register Mapping

Offset Register Name Access Reset
0x00 Control Register WDT_CR Write-only -
0x04 Mode Register WDT_MR Read-write Once Ox3FFF_2FFF
0x08 Status Register WDT_SR Read-only 0x0000_0000
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15.5.1 Watchdog Timer Control Register

Name: WDT_CR

Address: OXFFFFFD40

Access: Write-only
31 30 29 28 27 26 25 24

| KEY |
23 22 21 20 19 18 17 16

I - I - - - I - I - - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - 1}
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - [ WORSTT |

« WDRSTT: Watchdog Restart
0: No effect.

1: Restarts the Watchdog.

« KEY: Password
Should be written at value 0xA5. Writing any other value in this field aborts the write operation.
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15.5.2 Watchdog Timer Mode Register

Name: WDT_MR

Address: OxFFFFFD44

Access: Read-write Once
31 30 29 28 27 26 25 24

| [ [ WDIDLEHLT | WDDBGHLT WDD |
23 22 21 20 19 18 17 16

| WDD |
15 14 13 12 11 10 9 8

[ wDDIS WDRPROC | WDRSTEN WDFIEN WDV |
7 6 5 4 3 2 1 0

| WDV |

* WDV: Watchdog Counter Value
Defines the value loaded in the 12-bit Watchdog Counter.

« WDFIEN: Watchdog Fault Interrupt Enable
0: A Watchdog fault (underflow or error) has no effect on interrupt.
1: A Watchdog fault (underflow or error) asserts interrupt.

« WDRSTEN: Watchdog Reset Enable
0: A Watchdog fault (underflow or error) has no effect on the resets.

1: A Watchdog fault (underflow or error) triggers a Watchdog reset.

» WDRPROC: Watchdog Reset Processor
0: If WDRSTEN is 1, a Watchdog fault (underflow or error) activates all resets.

1: If WDRSTEN is 1, a Watchdog fault (underflow or error) activates the processor reset.

« WDD: Watchdog Delta Value

Defines the permitted range for reloading the Watchdog Timer.

If the Watchdog Timer value is less than or equal to WDD, writing WDT_CR with WDRSTT = 1 restarts the timer.
If the Watchdog Timer value is greater than WDD, writing WDT_CR with WDRSTT = 1 causes a Watchdog error.

« WDDBGHLT: Watchdog Debug Halt
0: The Watchdog runs when the processor is in debug state.

1. The Watchdog stops when the processor is in debug state.

 WDIDLEHLT: Watchdog Idle Halt
0: The Watchdog runs when the system is in idle mode.
1: The Watchdog stops when the system is in idle state.

« WDDIS: Watchdog Disable
0: Enables the Watchdog Timer.
1: Disables the Watchdog Timer.
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15.5.3 Watchdog Timer Status Register

Name: WDT_SR

Address: OXFFFFFD48

Access: Read-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | WDERR | WDUNF |

WDUNF: Watchdog Underflow
: No Watchdog underflow occurred since the last read of WDT_SR.

o

1: At least one Watchdog underflow occurred since the last read of WDT_SR.

WDERR: Watchdog Error
: No Watchdog error occurred since the last read of WDT_SR.

= O

: At least one Watchdog error occurred since the last read of WDT_SR.
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16. Shutdown Controller (SHDWC)

16.1 Description

The Shutdown Controller controls the power supplies VDDIO and VDDCORE and the wake-up detection on
debounced input lines.

16.2 Embedded Characteristics

The Shutdown Controller is supplied on VDDBU and allows a software-controllable shutdown of the system
through the pin SHDN. An input change of the WKUP pin or an alarm releases the SHDN pin, and thus wakes up
the system power supply.

16.3 Block Diagram

Figure 16-1. Shutdown Controller Block Diagram

Shutdown Controller

SLCK

SHDW_MR

read SHDW_SR

reset l

| WAKEUPO| sHbw_sr
set T

read SHDW_SR
Wake-up
reset
RTTWKEN [ SHDW_MR RTTWK [sHDW_SR Shutdown SHDN
[Rrrven | [rrnwx_Jswow. S |10
RTT Alarm set T Controller
SHDW_CR
read SHDW_SR SHDW Shutdown
reset
SHDW_MR RTCWK | SHDW_SR
RTC Alarm set
16.4 1/O Lines Description
Table 16-1. I/O Lines Description
Name Description Type
WKUPO Wake-up 0 input Input
SHDN Shutdown output Output

Atmel
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16.5 Product Dependencies

16.5.1 Power Management

The Shutdown Controller is continuously clocked by Slow Clock. The Power Management Controller has no effect
on the behavior of the Shutdown Controller.

16.6 Functional Description

The Shutdown Controller manages the main power supply. To do so, it is supplied with VDDBU and manages
wake-up input pins and one output pin, SHDN.

A typical application connects the pin SHDN to the shutdown input of the DC/DC Converter providing the main
power supplies of the system, and especially VDDCORE and/or VDDIO. The wake-up inputs (WKUPOQ) connect to
any push-buttons or signal that wake up the system.

The software is able to control the pin SHDN by writing the Shutdown Control Register (SHDW_CR) with the bit
SHDW at 1. The shutdown is taken into account only 2 slow clock cycles after the write of SHDW_CR. This
register is password-protected and so the value written should contain the correct key for the command to be
taken into account. As a result, the system should be powered down.

A level change on WKUPO is used as wake-up. Wake-up is configured in the Shutdown Mode Register
(SHDW_MR). The transition detector can be programmed to detect either a positive or negative transition or any
level change on WKUPO. The detection can also be disabled. Programming is performed by defining WKMODEDO.

Moreover, a debouncing circuit can be programmed for WKUPO. The debouncing circuit filters pulses on WKUPO
shorter than the programmed number of 16 SLCK cycles in CPTWKO of the SHDW_MR. If the programmed level
change is detected on a pin, a counter starts. When the counter reaches the value programmed in the
corresponding field, CPTWKO, the SHDN pin is released. If a new input change is detected before the counter
reaches the corresponding value, the counter is stopped and cleared. WAKEUPO of the Status Register
(SHDW_SR) reports the detection of the programmed events on WKUPO with a reset after the read of SHDW_SR.

The Shutdown Controller can be programmed so as to activate the wake-up using the RTT alarm (the detection of
the rising edge of the RTT alarm is synchronized with SLCK). This is done by writing the SHDW_MR using the
RTTWKEN fields. When enabled, the detection of the RTT alarm is reported in the RTTWK bit of the SHDW_SR
Status register. It is reset after the read of SHDW_SR. When using the RTT alarm to wake up the system, the user
must ensure that the RTT alarm status flag is cleared before shutting down the system. Otherwise, no rising edge
of the status flag may be detected and the wake-up fails.

The Shutdown Controller can be programmed so as to activate the wake-up using the RTC alarm (the detection of
the rising edge of the RTC alarm is synchronized with SLCK). This is done by writing the SHDW_MR using the
RTCWKEN field. When enabled, the detection of the RTC alarm is reported in the RTCWK bit of the SHDW_SR
Status register. It is reset after the read of SHDW_SR. When using the RTC alarm to wake up the system, the user
must ensure that the RTC alarm status flag is cleared before shutting down the system. Otherwise, no rising edge
of the status flag may be detected and the wake-up fails fail.
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16.7 Shutdown Controller (SHDWC) User Interface

Table 16-2. Register Mapping

Offset Register Name Access Reset

0x00 Shutdown Control Register SHDW_CR Write-only -

0x04 Shutdown Mode Register SHDW_MR Read/Write 0x0000_0003

0x08 Shutdown Status Register SHDW_SR Read-only 0x0000_0000
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16.7.1 Shutdown Control Register

Name: SHDW_CR

Address: OXFFFFFD10

Access: Write-only
31 30 29 28 27 26 25 24

| KEY |
23 22 21 20 19 18 17 16

I - I - - - I - I - - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - 1}
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - [ sHow |

¢ SHDW: Shutdown Command
0: No effect.

1: If KEY is correct, asserts the SHDN pin.

* KEY: Password
Should be written at value 0xA5. Writing any other value in this field aborts the write operation.
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16.7.2 Shutdown Mode Register

Name: SHDW_MR

Address: OxFFFFFD14

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

| - | - | - | - | - | — | RTCWKEN | RTTWKEN |
15 14 13 12 11 10 9 8

I - I - I - I - |
7 6 5 4 3 2 1 0

| CPTWKO | - | - | WKMODEO |

« WKMODEQ: Wake-up Mode 0

WKMODE[1:0] Wake-up Input Transition Selection

None. No detection is performed on the wake-up input

Low to high level

High to low level

k|| O | O
| O |k | O

Both levels change

» CPTWKO: Counter on Wake-up 0

Defines the number of 16 Slow Clock cycles, the level detection on the corresponding input pin shall last before the wake-
up event occurs. Because of the internal synchronization of WKUPO, the SHDN pin is released
(CPTWK x 16 + 1) Slow Clock cycles after the event on WKUP.

RTTWKEN: Real-time Timer Wake-up Enable
: The RTT Alarm signal has no effect on the Shutdown Controller.

o

1: The RTT Alarm signal forces the de-assertion of the SHDN pin.

» RTCWKEN: Real-time Clock Wake-up Enable
: The RTC Alarm signal has no effect on the Shutdown Controller.

= O

: The RTC Alarm signal forces the de-assertion of the SHDN pin.
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16.7.3 Shutdown Status Register

Name: SHDW_SR

Address: OXFFFFFD18

Access: Read-only
31 30 29 28 27 26 25 24

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

| - | - | - | - | - | - | RTCWK | RTTWK |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

. - r - ¢ - - [ - [ = [ - [ WAKEUPO |

« WAKEUPO: Wake-up 0 Status
0: No wake-up event occurred on the corresponding wake-up input since the last read of SHDW_SR.
1: At least one wake-up event occurred on the corresponding wake-up input since the last read of SHDW_SR.

e« RTTWK: Real-time Timer Wake-up
0: No wake-up alarm from the RTT occurred since the last read of SHDW_SR.
1: At least one wake-up alarm from the RTT occurred since the last read of SHDW_SR.

 RTCWK: Real-time Clock Wake-up
0: No wake-up alarm from the RTC occurred since the last read of SHDW_SR.
1: At least one wake-up alarm from the RTC occurred since the last read of SHDW_SR.
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17. General Purpose Backup Registers (GPBR)

17.1 Description

The System Controller embeds four general-purpose backup registers.

17.2 Embedded Characteristics
e 128-hit general-purpose backup registers

17.3 General Purpose Backup Registers (GPBR) User Interface

Table 17-1. Register Mapping

Offset Register Name Access Reset
0x0 General Purpose Backup Register 0 SYS_GPBRO Read/Write -
Oxc General Purpose Backup Register 3 SYS_GPBR3 Read/Write -
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17.3.1 General Purpose Backup Register x

Name: SYS_GPBRx

Address: OxFFFFFDG60 [0], OXFFFFFD64 [1], OXFFFFFD68 [2], OXFFFFFD6C [3]

Type: Read/Write
31 30 29 28 27 26 25 24

| GPBR_VALUEX |
23 22 21 20 19 18 17 16

| GPBR_VALUEX |
15 14 13 12 11 10 9 8

| GPBR_VALUEX |
7 6 5 4 3 2 1 0

| GPBR_VALUEX |

* GPBR_VALUEXx: Value of GPBR x
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18. Bus Matrix (MATRIX)

18.1 Description

The Bus Matrix implements a multi-layer AHB, based on the AHB-Lite protocol, that enables parallel access paths
between multiple AHB masters and slaves in a system, thus increasing the overall bandwidth. The Bus Matrix
interconnects up to 16 AHB masters to up to 16 AHB slaves. The normal latency to connect a master to a slave is
one cycle except for the default master of the accessed slave which is connected directly (zero cycle latency).

The Bus Matrix user interface is compliant with ARM Advanced Peripheral Bus and provides a Chip Configuration
User Interface with Registers that allow the Bus Matrix to support application specific features.

18.2 Embedded Characteristics

e 12-layer Matrix, handling requests from 11 masters

e Programmable Arbitration strategy
—  Fixed-priority Arbitration
— Round-Robin Arbitration, either with no default master, last accessed default master or fixed default

master

e Burst Management
—  Breaking with Slot Cycle Limit Support
— Undefined Burst Length Support

e One Address Decoder provided per Master

e Boot Mode Select
— Non-volatile Boot Memory can be internal ROM or external memory on EBI_NCSO0
—  Selection is made by General purpose NVM bit sampled at reset

e Remap Command

— Allows Remapping of an Internal SRAM in Place of the Boot Non-Volatile Memory (ROM or External
Flash)

—  Allows Handling of Dynamic Exception Vectors
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18.2.1 Matrix Masters

The Bus Matrix of the SAM9G46 manages Masters, thus each master can perform an access concurrently with
others, depending on whether the slave it accesses is available.

Each Master has its own decoder, which can be defined specifically for each master. In order to simplify the
addressing, all the masters have the same decodings.

Table 18-1. List of Bus Matrix Masters

Master 0 ARM926™ Instruction

Master 1 ARM926 Data

Master 2 Peripheral DMA Controller (PDC)
Master 3 USB HOST OHCI

Master 4 DMA

Master 5 DMA

Master 6 ISI Controller DMA

Master 7 LCD DMA

Master 8 Ethernet MAC DMA

Master 9 USB Device High Speed DMA
Master 10 USB Host High Speed EHCI DMA
Master 11 Reserved

18.2.2 Matrix Slaves

Each Slave has its own arbiter, thus allowing a different arbitration per Slave to be programmed.

Table 18-2. List of Bus Matrix Slaves

Slave 0 Internal SRAM
Internal ROM
USB OHCI
USB EHCI
Slave 1

UDP High Speed RAM

LCD User Interface

Reserved
Slave 2 DDR Port 0
Slave 3 DDR Port 1
Slave 4 DDR Port 2
Slave 5 DDR Port 3
Slave 6 External Bus Interface
Slave 7 Internal Peripherals
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18.2.3 Masters to Slaves Access
All the Masters can normally access all the Slaves. However, some paths do not make sense, such as allowing

access from the Ethernet MAC to the internal peripherals. Thus, these paths are forbidden or simply not wired, and
shown as “-” in the following tables.

The four DDR ports are connected differently according to the application device.
The user can disable the DDR multi-port in the DDR Multi-port Register (bit DDRMP_DIS) in the Chip
Configuration User Interface.

e When the DDR multi-port is enabled (DDRMP_DIS = 0), the ARM instruction and data are respectively
connected to DDR Port 0 and DDR Port 1. The other masters share DDR Port 2 and DDR Port 3.

e When the DDR multi-port is disabled (DDRMP_DIS = 1), DDR Port 1 is dedicated to the LCD controller. The
remaining masters share DDR Port 2 and DDR Port 3.

Figure 18-1. DDR Multi-port

LCD
DMA
) DDR_S1
ARMD =3

z >

&2 T

= E<

lw) —_—

* * DDRMP_DIS

—) DDR_S2

—) DDR_S3

MATRIX
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Table 18-3. Masters to Slaves Access DDRMP_DIS =0

Master 0 1 2 3 4&5 6 7 8 9 10 11

ARM ARM USB Host ISI LCD Ethernet | USB |USB Host
Slave 926 Instr. | 926 Data| PDC OHCI DMA DMA DMA MAC Device HS EHCI |Reserved

0 Internal SRAM 0 X X X X X X - X X X -

Internal ROM X - - - - - X - R

UHP OHCI

UHP EHCI

LCD User Int.

UDPHS RAM

X | X | X | X | X |X

Reserved

X | X | X | X | X | X |X

DDR Port 0

DDR Port 1 - X - - - - - - - - -

DDR Port 2 - - - - - - - - - - X

DDR Port 3 - -

EBI

N[0 o~ W N

X | X | X
X | X | X
X

Internal Peripheral

Table 18-4. Masters to Slaves Access with DDRMP_DIS = 1 (default)

Master 0 1 2 3 4&5 6 7 8 9 10 11
ARM ARM USB UsB usB
926 926 HOST ISI LCD Ethern | Device Host Reserv

Slave Instr. Data PDC OHCI DMA DMA DMA et MAC HS EHCI ed
0 Internal SRAM 0O X X X X X X - X X X -
Internal ROM X X X - - - - - X - -
UHP OHCI X X - - - - y - - - .
UHP EHCI X X - - - - - - - - -
! LCD User Int. X X - - - - - - - - -
UDPHS RAM X X - - - - - - - - .
Reserved X X - - - - - - - - -
2 DDR Port 0 - - - - - - . - - . X
3 DDR Port 1 - - - - - - X - - R R
4 DDR Port 2 X - - - - - . - - - .
5 DDR Port 3 - X X X - .
6 EBI X X X X X
7 Internal Peripheral X X - X - - - - - -

Table 18-5 summarizes the Slave Memory Mapping for each connected Master, depending on the Remap status

(RCBXx bit in Bus Matrix Master Remap Control Register MATRIX_MRCR) and the BMS state at reset.
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Table 18-5. Internal Memory Mapping

Master
Slave RCBx=0
RCBx =1
Base Address BMS =1 BMS =0
0x0000 0000 Internal ROM EBI NCSO Internal SRAM

18.3 Memory Mapping

The Bus Matrix provides one decoder for every AHB master interface. The decoder offers each AHB master
several memory mappings. In fact, depending on the product, each memory area may be assigned to several
slaves. Booting at the same address while using different AHB slaves (i.e., external RAM, internal ROM or internal
Flash, etc.) becomes possible.

The Bus Matrix user interface provides Master Remap Control Register (MATRIX_MRCR) that performs remap
action for every master independently.

18.4 Special Bus Granting Mechanism

The Bus Matrix provides some speculative bus granting techniques in order to anticipate access requests from
some masters. This mechanism reduces latency at first access of a burst or single transfer as long as the slave is
free from any other master access, but does not provide any benefit as soon as the slave is continuously accessed
by more than one master, since arbitration is pipelined and then has no negative effect on the slave bandwidth or
access latency.

This bus granting mechanism sets a different default master for every slave.

At the end of the current access, if no other request is pending, the slave remains connected to its associated
default master. A slave can be associated with three kinds of default masters: no default master, last access
master and fixed default master.

To change from one kind of default master to another, the Bus Matrix user interface provides the Slave
Configuration Registers, one for each slave, that set a default master for each slave. The Slave Configuration
Register contains two fields: DEFMSTR_TYPE and FIXED_DEFMSTR. The 2-bit DEFMSTR_TYPE field selects
the default master type (no default, last access master, fixed default master), whereas the 4-bit FIXED_DEFMSTR
field selects a fixed default master provided that DEFMSTR_TYPE is set to fixed default master. Please refer to
Section 18.7.2 “Bus Matrix Slave Configuration Registers” on page 145.

18.4.1 No Default Master

After the end of the current access, if no other request is pending, the slave is disconnected from all masters. No
Default Master suits low-power mode.

This configuration incurs one latency clock cycle for the first access of a burst after bus Idle. Arbitration without
default master may be used for masters that perform significant bursts or several transfers with no Idle in between,
or if the slave bus bandwidth is widely used by one or more masters.

This configuration provides no benefit on access latency or bandwidth when reaching maximum slave bus
throughput whatever is the number of requesting masters.
18.4.2 Last Access Master

After the end of the current access, if no other request is pending, the slave remains connected to the last master
that performed an access request.
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This allows the Bus Matrix to remove the one latency cycle for the last master that accessed the slave. Other non
privileged masters still get one latency clock cycle if they want to access the same slave. This technique is useful
for masters that mainly perform single accesses or short bursts with some Idle cycles in between.

This configuration provides no benefit on access latency or bandwidth when reaching maximum slave bus
throughput whatever is the number of requesting masters.

18.4.3 Fixed Default Master

After the end of the current access, if no other request is pending, the slave connects to its fixed default master.
Unlike last access master, the fixed master does not change unless the user modifies it by a software action (field
FIXED_DEFMSTR of the related MATRIX_SCFG).

This allows the Bus Matrix arbiters to remove the one latency clock cycle for the fixed default master of the slave.
Every request attempted by this fixed default master will not cause any arbitration latency whereas other non
privileged masters will still get one latency cycle. This technique is useful for a master that mainly perform single
accesses or short bursts with some Idle cycles in between.

This configuration provides no benefit on access latency or bandwidth when reaching maximum slave bus
throughput whatever is the number of requesting masters.

18.5 Arbitration

The Bus Matrix provides an arbitration mechanism that reduces latency when conflict cases occur, i.e., when two
or more masters try to access the same slave at the same time. One arbiter per AHB slave is provided, thus
arbitrating each slave differently.

The Bus Matrix provides the user with the possibility of choosing between two arbitration types or mixing them for
each slave:

1. Round-Robin Arbitration (default)

2. Fixed Priority Arbitration

The resulting algorithm may be complemented by selecting a default master configuration for each slave.
When a re-arbitration must be done, specific conditions apply. See Section 18.5.1 “Arbitration Scheduling”.

18.5.1 Arbitration Scheduling

Each arbiter has the ability to arbitrate between two or more different master requests. In order to avoid burst
breaking and also to provide the maximum throughput for slave interfaces, arbitration may only take place during
the following cycles:

1. Idle Cycles: When a slave is not connected to any master or is connected to a master which is not currently
accessing it.

2. Single Cycles: When a slave is currently doing a single access.

3. End of Burst Cycles: When the current cycle is the last cycle of a burst transfer. For defined length burst,
predicted end of burst matches the size of the transfer but is managed differently for undefined length burst.
See “Undefined Length Burst Arbitration” on page 139.

4. Slot Cycle Limit: When the slot cycle counter has reached the limit value indicating that the current master
access is too long and must be broken. See “Slot Cycle Limit Arbitration” on page 139.
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18.5.1.1 Undefined Length Burst Arbitration

In order to optimize AHB burst lengths and arbitration, it may be interesting to set a maximum for undefined length
bursts (INCR). The Bus Matrix provides specific logic in order to re-arbitrate before the end of the INCR transfer. A
predicted end of burst is used as a defined length burst transfer and can be selected from among the following
Undefined Length Burst Type (ULBT) possibilities:

1. Unlimited: No predicted end of burst is generated and therefore INCR burst transfer will not be broken by this
way, but will be able to complete unless broken at the Slot Cycle Limit. This is normally the default and
should be let as is in order to be able to allow full 1 Kilobyte AHB intra-boundary 256-beat word bursts
performed by some Atmel AHB masters.

2. 1-beat bursts: Predicted end of burst is generated at each single transfer inside the INCR transfer.

3. 4-beat bursts: Predicted end of burst is generated at the end of each 4-beat boundary inside INCR transfer.

4. 8-beat bursts: Predicted end of burst is generated at the end of each 8-beat boundary inside INCR transfer.

5. 16-beat bursts: Predicted end of burst is generated at the end of each 16-beat boundary inside INCR
transfer.

6. 32-beat bursts: Predicted end of burst is generated at the end of each 32-beat boundary inside INCR
transfer.

7. 64-beat bursts: Predicted end of burst is generated at the end of each 64-beat boundary inside INCR
transfer.

8. 128-beat bursts: Predicted end of burst is generated at the end of each 128-beat boundary inside INCR
transfer.

Use of undefined length 16-beat bursts or less is discouraged since this generally decreases significantly overall
bus bandwidth due to arbitration and slave latencies at each first access of a burst.

If the master does not permanently and continuously request the same slave or has an intrinsically limited average
throughput, the ULBT should be let at its default unlimited value, knowing that the AHB specification natively limits
all word bursts to 256 beats and double-word bursts to 128 beats because of its 1 Kilobyte address boundaries.

Unless duly needed the ULBT should be let to its default O value for power saving.
This selection can be done through the field ULBT of the Master Configuration Registers (MATRIX_MCFG).

18.5.1.2 Slot Cycle Limit Arbitration

The Bus Matrix contains specific logic to break long accesses, such as back to back undefined length bursts or
very long bursts on a very slow slave (e.g., an external low speed memory). At each arbitration time a counter is
loaded with the value previously written in the SLOT_CYCLE field of the related Slave Configuration Register
(MATRIX_SCFG) and decreased at each clock cycle. When the counter elapses, the arbiter has the ability to re-
arbitrate at the end of the current AHB bus access cycle.

Unless some master has a very tight access latency constraint which could lead to data overflow or underflow due
to a badly undersized internal fifo with respect to its throughput, the Slot Cycle Limit should be disabled
(SLOT_CYCLE = 0) or let to its default maximum value in order not to inefficiently break long bursts performed by
some Atmel masters.

However, the Slot Cycle Limit should not be disabled in the very particular case of a master capable of accessing
the slave by performing back to back undefined length bursts shorter than the number of ULBT beats with no Idle
cycle in between, since in this case the arbitration could be frozen all along the bursts sequence.

In most cases this feature is not needed and should be disabled for power saving.
Warning: This feature cannot prevent any slave from locking its access indefinitely.
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18.5.2 Arbitration Priority Scheme
The bus Matrix arbitration scheme is organized in priority pools.

Round-Robin priority is used inside the highest and lowest priority pools, whereas fix level priority is used between
priority pools and inside the intermediate priority pools.

For each slave, each master x is assigned to one of the slave priority pools through the Priority Registers for
Slaves (MxPR fields of MATRIX_PRAS and MATRIX_PRBS). When evaluating masters requests, this
programmed priority level always takes precedence.

After reset, all the masters are belonging to the lowest priority pool (MxPR = 0) and so are granted bus access in a
true Round-Robin fashion.

The highest priority pool must be specifically reserved for masters requiring very low access latency. If more than
one master belong to this pool, these will be granted bus access in a biased Round-Robin fashion which allow tight
and deterministic maximum access latency from AHB bus request. In fact, at worst, any currently high priority
master request will be granted after the current bus master access is ended and the other high priority pool
masters, if any, have been granted once each.

The lowest priority pool shares the remaining bus bandwidth between AHB Masters.

Intermediate priority pools allow fine priority tuning. Typically, a moderately latency critical master or a bandwidth
only critical master will use such a priority level. The higher the priority level (MXPR value), the higher the master
priority.

All combination of MxPR values are allowed for all masters and slaves. For example some masters might be
assigned to the highest priority pool (round-robin) and the remaining masters to the lowest priority pool (round-
robin), with no master for intermediate fix priority levels.

If more than one master is requesting the slave bus, whatever are the respective masters priorities, no master will
be granted the slave bus for two consecutive runs. A master can only get back to back grants as long as it is the
only requesting master.

18.5.2.1 Fixed Priority Arbitration

This arbitration algorithm is the first and only applied between masters from distinct priority pools. It is also used
inside priority pools other than the highest and lowest ones (intermediate priority pools).

It allows the Bus Matrix arbiters to dispatch the requests from different masters to the same slave by using the
fixed priority defined by the user in the MxPR field for each master inside the MATRIX_PRAS and MATRIX_PRBS
Priority Registers. If two or more master requests are active at the same time, the master with the highest priority
number MxPR is serviced first.

Inside intermediate priority pools, if two or more master requests with the same priority are active at the same time,
the master with the highest number is serviced first.

18.5.2.2 Round-Robin Arbitration

This algorithm is only used inside the highest and lowest priority pools. It allows the Bus Matrix arbiters to dispatch
the requests from different masters to the same slave in a fair way. If two or more master requests are active at the
same time inside the priority pool, they are serviced in a round-robin increasing master number order.
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18.6 Write Protect Registers

To prevent any single software error that may corrupt MATRIX behavior, the entire MATRIX address space from
address offset 0x000 to Ox1FC can be write-protected by setting the WPEN bit in the MATRIX Write Protect Mode
Register (MATRIX_WPMR).

If a write access to anywhere in the MATRIX address space from address offset 0x000 to Ox1FC is detected, then
the WPVS flag in the MATRIX Write Protect Status Register (MATRIX_WPSR) is set and the field WPVSRC
indicates in which register the write access has been attempted.

The WPVS flag is reset by writing the MATRIX Write Protect Mode Register (MATRIX_WPMR) with the
appropriate access key WPKEY.

The protected registers are:

“Bus Matrix Master Configuration Registers”
“Bus Matrix Slave Configuration Registers”
“Bus Matrix Priority Registers A For Slaves”
“Bus Matrix Priority Registers B For Slaves”

“Bus Matrix Master Remap Control Register”
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18.7 Bus Matrix (MATRIX) User Interface

Table 18-6. Register Mapping

Offset Register Name Access Reset

0x0000 Master Configuration Register O MATRIX_MCFGO Read/Write 0x00000001
0x0004 Master Configuration Register 1 MATRIX_MCFG1 Read/Write 0x00000000
0x0008 Master Configuration Register 2 MATRIX_MCFG2 Read/Write 0x00000000
0x000C Master Configuration Register 3 MATRIX_MCFG3 Read/Write 0x00000000
0x0010 Master Configuration Register 4 MATRIX_MCFG4 Read/Write 0x00000000
0x0014 Master Configuration Register 5 MATRIX_MCFG5 Read/Write 0x00000000
0x0018 Master Configuration Register 6 MATRIX_MCFG6 Read/Write 0x00000000
0x001C Master Configuration Register 7 MATRIX_MCFG7 Read/Write 0x00000000
0x0020 Master Configuration Register 8 MATRIX_MCFG8 Read/Write 0x00000000
0x0024 Master Configuration Register 9 MATRIX_MCFG9 Read/Write 0x00000000
0x0028 Master Configuration Register 10 MATRIX_MCFG10 Read/Write 0x00000000

0x002C-0x003C | Reserved - - -
0x0040 Slave Configuration Register 0 MATRIX_SCFGO Read/Write 0x000001FF
0x0044 Slave Configuration Register 1 MATRIX_SCFG1 Read/Write 0x000001FF
0x0048 Slave Configuration Register 2 MATRIX_SCFG2 Read/Write 0x000001FF
0x004C Slave Configuration Register 3 MATRIX_SCFG3 Read/Write 0x000001FF
0x0050 Slave Configuration Register 4 MATRIX_SCFG4 Read/Write 0x000001FF
0x0054 Slave Configuration Register 5 MATRIX_SCFG5 Read/Write 0x000001FF
0x0058 Slave Configuration Register 6 MATRIX_SCFG6 Read/Write 0x000001FF
0x005C Slave Configuration Register 7 MATRIX_SCFG7 Read/Write 0x000001FF
0x0060-0x007C | Reserved - - -

0x0080 Priority Register A for Slave 0 MATRIX_PRASO Read/Write 0x00000000
0x0084 Priority Register B for Slave 0 MATRIX_PRBSO0 Read/Write 0x00000000
0x0088 Priority Register A for Slave 1 MATRIX_PRAS1 Read/Write 0x00000000
0x008C Priority Register B for Slave 1 MATRIX_PRBS1 Read/Write 0x00000000
0x0090 Priority Register A for Slave 2 MATRIX_PRAS2 Read/Write 0x00000000
0x0094 Priority Register B for Slave 2 MATRIX_PRBS2 Read/Write 0x00000000
0x0098 Priority Register A for Slave 3 MATRIX_PRAS3 Read/Write 0x00000000
0x009C Priority Register B for Slave 3 MATRIX_PRBS3 Read/Write 0x00000000
0x00A0 Priority Register A for Slave 4 MATRIX_PRAS4 Read/Write 0x00000000
0x00A4 Priority Register B for Slave 4 MATRIX_PRBS4 Read/Write 0x00000000
0x00A8 Priority Register A for Slave 5 MATRIX_PRASS5 Read/Write 0x00000000
0x00AC Priority Register B for Slave 5 MATRIX_PRBS5 Read/Write 0x00000000
0x00BO Priority Register A for Slave 6 MATRIX_PRAS6 Read/Write 0x00000000
0x00B4 Priority Register B for Slave 6 MATRIX_PRBS6 Read/Write 0x00000000
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Table 18-6. Register Mapping (Continued)

Offset Register Name Access Reset
0x00B8 Priority Register A for Slave 7 MATRIX_PRAS7 Read/Write 0x00000000
0x00BC Priority Register B for Slave 7 MATRIX_PRBS7 Read/Write 0x00000000

0x00C0-0x00FC | Reserved - - -
0x0100 Master Remap Control Register MATRIX_MRCR Read/Write 0x00000000

0x0104-0x010C | Reserved - - —
0x0110-0x01EO0 | Chip Configuration Registers - - -

O0x01E4 Write Protect Mode Register MATRIX_WPMR Read/Write 0x00000000
Ox01E8 Write Protect Status Register MATRIX_WPSR Read-only 0x00000000
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18.7.1 Bus Matrix Master Configuration Registers

Name: MATRIX_MCFGO...MATRIX_MCFG10

Address: OxFFFFEAOO

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

| - | - | - | - | - | ULBT |

This register can only be written if the WPEN bit is cleared in the “Write Protect Mode Register”.

e ULBT: Undefined Length Burst Type
0: Unlimited Length Burst

No predicted end of burst is generated and therefore INCR bursts coming from this master can only be broken if the Slave
Slot Cycle Limit is reached. If the Slot Cycle Limit is not reached, the burst is normally completed by the master, at the lat-
est, on the next AHB 1 Kbyte address boundary, allowing up to 256-beat word bursts or 128-beat double-word bursts.

1: Single Access

The undefined length burst is treated as a succession of single accesses, allowing re-arbitration at each beat of the INCR
burst.

2: 4-beat Burst

The undefined length burst is split into 4-beat bursts, allowing re-arbitration at each 4-beat burst end.

3: 8-beat Burst

The undefined length burst is split into 8-beat bursts, allowing re-arbitration at each 8-beat burst end.

4: 16-beat Burst

The undefined length burst is split into 16-beat bursts, allowing re-arbitration at each 16-beat burst end.
5: 32-beat Burst

The undefined length burst is split into 32-beat bursts, allowing re-arbitration at each 32-beat burst end.
6: 64-beat Burst

The undefined length burst is split into 64-beat bursts, allowing re-arbitration at each 64-beat burst end.
7: 128-beat Burst

The undefined length burst is split into 128-beat bursts, allowing re-arbitration at each 128-beat burst end.
Unless duly needed the ULBT should be let to its default O value for power saving.
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18.7.2 Bus Matrix Slave Configuration Registers

Name: MATRIX_SCFGO...MATRIX_SCFG7

Address: OxFFFFEA40

Access: Read/Write
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

| - | - | FIXED_DEFMSTR | DEFMSTR_TYPE |
15 14 13 12 11 10 9 8

| - | - | - - - - | - SLOT_CYCLE |
7 6 5 4 3 2 1 0

| SLOT_CYCLE |

This register can only be written if the WPEN bit is cleared in the “Write Protect Mode Register”.

e SLOT_CYCLE: Maximum Bus Grant Duration for Masters

When SLOT_CYCLE AHB clock cycles have elapsed since the last arbitration, a new arbitration takes place so as to let an
other master access this slave. If an other master is requesting the slave bus, then the current master burst is broken.

If SLOT_CYCLE = 0, the Slot Cycle Limit feature is disabled and bursts always complete unless broken according to the
ULBT.

This limit has been placed in order to enforce arbitration so as to meet potential latency constraints of masters waiting for
slave access or in the particular case of a master performing back to back undefined length bursts indefinitely freezing the
arbitration.

This limit must not be small. Unreasonably small values break every burst and the Bus Matrix arbitrates without performing
any data transfer. The default maximum value is usually an optimal conservative choice.

In most cases this feature is not needed and should be disabled for power saving.
See “Slot Cycle Limit Arbitration” on page 139 for details.

« DEFMSTR_TYPE: Default Master Type

0: No Default Master

At the end of the current slave access, if no other master request is pending, the slave is disconnected from all masters.
This results in a one clock cycle latency for the first access of a burst transfer or for a single access.

1: Last Default Master

At the end of the current slave access, if no other master request is pending, the slave stays connected to the last master
having accessed it.

This results in not having one clock cycle latency when the last master tries to access the slave again.
2: Fixed Default Master

At the end of the current slave access, if no other master request is pending, the slave connects to the fixed master the
number that has been written in the FIXED_DEFMSTR field.

This results in not having one clock cycle latency when the fixed master tries to access the slave again.
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* FIXED_DEFMSTR: Fixed Default Master

This is the number of the Default Master for this slave. Only used if DEFMSTR_TYPE is 2. Specifying the number of a
master which is not connected to the selected slave is equivalent to setting DEFMSTR_TYPE to 0.
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18.7.3 Bus Matrix Priority Registers A For Slaves
Name: MATRIX_PRASO...MATRIX_PRAS7

Address:  OXFFFFEA80 [0], OXFFFFEAB8S [1], OXFFFFEAQO [2], OXFFFFEA98 [3], OXFFFFEAAO [4], OXFFFFEAAS [5],
OXFFFFEABO [6], OXFFFFEABS [7]

Access: Read/Write
31 30 29 28 27 26 25 24

| - | - | M7PR | - | - | M6PR |
23 22 21 20 19 18 17 16

| - | - | M5PR | - | - | M4PR |
15 14 13 12 11 10 9 8

| - | - | M3PR | - | - | M2PR |
7 6 5 4 3 2 1 0

| - | - | M1PR | - | - | MOPR |

This register can only be written if the WPEN bit is cleared in the “Write Protect Mode Register”.

« MxPR: Master x Priority

Fixed priority of Master x for accessing the selected slave. The higher the number, the higher the priority.
All the masters programmed with the same MxPR value for the slave make up a priority pool.
Round-Robin arbitration is used inside the lowest (MxPR = 0) and highest (MxPR = 3) priority pools.
Fixed priority is used inside intermediate priority pools (MxPR = 1) and (MxPR = 2).

See Section 18.5.2 “Arbitration Priority Scheme” for details.
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18.7.4 Bus Matrix Priority Registers B For Slaves
Name: MATRIX_PRBSO0...MATRIX_PRBS7

Address:  OXFFFFEA84 [0], OXFFFFEASC [1], OXFFFFEA94 [2], OXFFFFEAQC [3], OXFFFFEAA4 [4], OXFFFFEAAC [5],
OXFFFFEAB4 [6], 0OXFFFFEABC [7]

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

I - I - I - I - I - I M10PR |
7 6 5 4 3 2 1 0

| - | - | M9PR | - | - | M8PR |

This register can only be written if the WPEN bit is cleared in the “Write Protect Mode Register”.

* MxPR: Master x Priority

Fixed priority of Master x for accessing the selected slave. The higher the number, the higher the priority.
All the masters programmed with the same MxPR value for the slave make up a priority pool.
Round-Robin arbitration is used inside the lowest (MxPR = 0) and highest (MxPR = 3) priority pools.
Fixed priority is used inside intermediate priority pools (MxPR = 1) and (MxPR = 2).

See Section 18.5.2 “Arbitration Priority Scheme” for details.
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18.7.5 Bus Matrix Master Remap Control Register

Name: MATRIX_MRCR

Address: OxFFFFEBOO

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

| - | — | - | - | - | RCB10 | RCB9 | RCBS8 |
7 6 5 4 3 2 1 0

| RCB7 | RCB6 | RCB5 | RCB4 | RCB3 | RCB2 | RCB1 | RCBO |

This register can only be written if the WPEN bit is cleared in the “Write Protect Mode Register”.

 RCB: Remap Command Bit for Master x
0: Disable remapped address decoding for the selected Master
1: Enable remapped address decoding for the selected Master
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18.7.6 Chip Configuration User Interface

Table 18-7. Register Mapping (Chip Configuration User Interface)

Offset Register Name Access Reset
0x0110 Bus Matrix TCM Configuration Register CCFG_TCMR Read/Write 0x00000000
0x0114 Reserved - - -
0x0118 DDR Multi-Port Register CCFG_DDRMPR Read/Write 0x00000001
0x011C-0x0124 | Reserved - - -
0x0128 EBI Chip Select Assignment Register CCFG_EBICSA Read/Write 0x00070000
0x012C-0x01FC | Reserved - - -
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18.7.6.1 Bus Matrix TCM Configuration Register

Name: CCFG_TCMR

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - I - | TCM_NWS | - I - I - |
7 6 5 4 3 2 1 0

| DTCM_SIZE | ITCM_SIZE |

* ITCM_SIZE: Size of ITCM enabled memory block
000: 0 Kbyte (No ITCM Memory)

110: 32 Kbyte

Others: Reserved

» DTCM_SIZE: Size of DTCM enabled memory block
000: 0 Kbyte (No DTCM Memory)

110: 32 Kbyte

111: 64 Kbyte

Others: Reserved

« TCM_NWS: TCM Wait State
0: No TCM Wait State
1: 1 TCM Wait State (only for ration 3:1 or 4:1)
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18.7.6.2Bus Matrix DDR Multi-Port Register

Name: CCFG_DDRMPR

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - I - |
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 1 10 9 8

I - I - I - I - I - I - I - I - |
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | DDRMP_DIS |

 DDRMP_DIS: DDR Multi-Port Disable
0: Multi-Port is enabled
1: Multi-Port is disabled
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18.7.6.3 EBI Chip Select Assignment Register

Name: CCFG_EBICSA

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - I - I - I - I - - |
23 22 21 20 19 18 17 16

| - | - | - | - | - | DDR_DRIVE | EBI_DRIVE |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - | EBI_DBPUC |
7 6 5 4 3 2 1 0

| - | - | EBI_CS5A | EBI_CS4A | EBI_CS3A | - | EBI_CS1A | - |

* EBI_CS1A: EBI Chip Select 1 Assighment
0: EBI Chip Select 1 is assigned to the Static Memory Controller.
1. EBI Chip Select 1 is assigned to the SDRAM Controller.

« EBI_CS3A: EBI Chip Select 3 Assighment
0: EBI Chip Select 3 is only assigned to the Static Memory Controller and EBI_NCS3 behaves as defined by the SMC.
1: EBI Chip Select 3 is assigned to the Static Memory Controller and the SmartMedia Logic is activated.

» EBI_CS4A: EBI Chip Select 4 Assignment
0: EBI Chip Select 4 is only assigned to the Static Memory Controller and EBI_NCS4 behaves as defined by the SMC.
1: EBI Chip Select 4 is assigned to the Static Memory Controller and the Compact Flash Logic Slot 0 is activated.

» EBI_CS5A: EBI Chip Select 5 Assighment
0: EBI Chip Select 5 is only assigned to the Static Memory Controller and EBI_NCS5 behaves as defined by the SMC.
1. EBI Chip Select 5 is assigned to the Static Memory Controller and the Compact Flash Logic Slot 1 is activated.

« EBI_DBPUC: EBI Data Bus Pull-up Configuration
0: EBI DO-D15 Data Bus bits are internally pulled-up to the VDDIOM1 power supply.
1: EBI DO-D15 Data Bus bits are not internally pulled-up.

« EBI_DRIVE: EBI I/O Drive Configuration

EBI 1/O drive configuration allows to avoid overshoots and to give the best performance according to the bus load and
external memories.

Value Drive configuration Conditions
00 Optimized for 1.8V powered memories with Low Drive | Maximum load capacitance < 30 pF
01 Optimized for 3.3V powered memories with Low Drive | Maximum load capacitance < 30 pF
10 Optimized for 1.8V powered memories with High Drive | Maximum load capacitance < 55 pF
11 Optimized for 3.3V powered memories with High Drive | Maximum load capacitance < 55 pF
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« DDR_DRIVE: DDR2 Dedicated Port I/O Slew Rate Selection

DDR2 dedicated port 1/O slew rate selection allows to avoid overshoots and to give the best performance according to the
bus load and external memories.

0: Low Drive, optimized for load capacitance < 30 pF.
1: High Drive, optimized for load capacitance < 55 pF.
Note: This concerns only stand-alone DDR controller.

154 SAM9G46 Series [DATASHEET] AtmeL

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



18.7.7 Write Protect Mode Register

Name: MATRIX_WPMR

Address: OxFFFFEBE4

Access: Read/Write
31 30 29 28 27 26 25 24

| WPKEY |
23 22 21 20 19 18 17 16

| WPKEY |
15 14 13 12 11 10 9 8

| WPKEY |
7 6 5 4 3 2 1 0

S ) S S ) BN

For more details on MATRIX_WPMR, refer to Section 18.6 “Write Protect Registers” on page 141.

+ WPEN: Write Protect ENable

0: Disables the Write Protect if WPKEY corresponds to 0x4D4154 (“MAT” in ASCII).
1: Enables the Write Protect if WPKEY corresponds to 0x4D4154 (“MAT"” in ASCII).
Protects the entire MATRIX address space from address offset 0x000 to Ox1FC.

* WPKEY: Write Protect KEY (Write-only)

Should be written at value 0x4D4154 (“MAT” in ASCII). Writing any other value in this field aborts the write operation of the
WPEN bit. Always reads as 0.
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18.7.8 Write Protect Status Register

Name: MATRIX_WPSR

Address: OxFFFFEBES

Access: Read-only
31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

| WPVSRC |
15 14 13 12 1 10 9 8

| WPVSRC |
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - WPvS |

For more details on MATRIX_WPSR, refer to Section 18.6 “Write Protect Registers” on page 141.

» WPVS: Write Protect Violation Status
0: No Write Protect Violation has occurred since the last write of the MATRIX_WPMR.
1. At least one Write Protect Violation has occurred since the last write of the MATRIX_WPMR.

* WPVSRC: Write Protect Violation Source
When WPVS is active, this field indicates the register address offset in which a write access has been attempted.

Otherwise it reads as 0.
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19. External Memories
The product embeds two DDRSDR controllers: DDRSDRCO and DDRSDRC1.

Figure 19-1. DDRSDR Controllers

DDRSDRCO
P| Port3

—p| Port2 DDR2 or LPDDR

el POt 1 Device
_> Port 0

I

EBI

Bus Matrix
DDR2 or LPDDR

or SDR or LPSDR
Device

DDRSDRC1 |«

CompactFlash

Compact Flash
Controller <

Device
—
NAND Flash NAND Flash
Controller < Device

Static Memory
Controller <

b4

Static Memory
Device

e DDRSDRCO is a multi-port DDRSDR controller, standalone. It supports only DDR2 and LPDDR devices. Its
user interface is located at OxFFFFEGOO.

e DDRSDRCI1 is a single-port DDRSDR controller, embedded in EBI. It supports DDR2, LPDDR, SDR and
LPSDR devices. Its user interface is located at OxFFFFE400.

Both are described in Section 21. “DDR SDR SDRAM Controller (DDRSDRC)".
All references to SDR and LPSDR must be ignored for DDRSDRCO, multi-port DDRSDR controller.
All references to multi-port must be ignored for DDRSDRC1, DDRSDR controller embedded in EBI.
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19.1 DDRSDRCO Multi-port DDRSDR Controller

19.1.1 Description

The DDR2 Controller is dedicated to 4-port DDR2/LPDDR support. Data transfers are performed through a 16-bit
data bus on one chip select. The DDR2 Controller operates with 1.8V Power Supply (VDDIOMO).

19.1.2 Embedded Characteristics

19.1.2.1 DDRZ2/LPDDR Controller
Four AHB Interfaces, Management of All Accesses Maximizes Memory Bandwidth and Minimizes Transaction
Latency.
e Supports AHB Transfers:
—  Word, Half Word, Byte Access.
e Supports DDR-SDRAM 2, LPDDR
e Numerous Configurations Supported
— 2K, 4K, 8K, 16K Row Address Memory Parts
— DDR2 with Four Internal Banks
— DDR2/LPDDR with 16-bit Data Path
—  One Chip Select for DDR2/LPDDR Device (256 Mbytes Address Space)
e Programming Facilities
—  Multibank Ping-pong Access (Up to 4 Banks Opened at Same Time = Reduces Average Latency of
Transactions)

— Timing Parameters Specified by Software
— Automatic Refresh Operation, Refresh Rate is Programmable
— Automatic Update of DS, TCR and PASR Parameters

e Energy-saving Capabilities

—  Self-refresh, Power-down and Deep Power Modes Supported

Power-up Initialization by Software

CAS Latency of 2, 3 Supported

Reset function supported (DDR2)

Auto Precharge Command Not Used

On Die Termination not supported

OCD mode not supported
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19.1.3 DDRZ2 Controller Block Diagram

Figure 19-2. Organization of the DDR2
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Bus Matrix gl DDR_CS
»[] DDR_CKE
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DDR2
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< > Controller
»[ ] DDR_DQS[0..1]
*[] DDR_DQM[0..1]
v »[] DDR_WE
»[] DDR_BAO, DDR_BA1
Address Decoders >
« [ DDR_VREF
User Interface

< l >

APB
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19.1.4 1/O Lines Description

Table 19-1. DDR2 I/O Lines Description

Name Function Type Active Level
DDR2/LPDDR Controller

DDR_DO0-DDR_D15 Data Bus I/0

DDR_AO0-DDR_A13 Address Bus Output

DDR_DQMO-DDR_DQM1 Data Mask Output

DDR_DQS0-DDR_DQS1 Data Strobe Output

DDR_VREF Reference Voltage for DDR2 operations, typically 0.9V Input

DDR_CS Chip Select Output Low

DDR_CLK - #DDR_CLK DDR2 Differential Clock Output

DDR_CKE Clock enable Output High

DDR_RAS Row signal Output Low

DDR_CAS Column signal Output Low

DDR_WE Write enable Output Low

DDR_BAO-DDR_BA1 Bank Select Output

19.1.5 Product Dependencies

The pins used for interfacing the DDR2 memory are not multiplexed with the PIO lines.
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Figure 19-3.

Implementation Example

Hardware Configuration - 2 x 8-bit DDR2
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19.1.6.1 Software Configuration - 2 x 8-bit DDR2

The following configuration has to be performed:
Initialize the DDR2 Controller depending on the DDR2 device and system bus frequency.

The DDR?2 initialization sequence is described in Section 21.4.3 “DDR2-SDRAM Initialization”.
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The following hardware configuration is given for illustration only. The user should refer to the memory
manufacturer web site to check current device availability.
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19.2 External Bus Interface (EBI)

19.2.1 Description

The External Bus Interface (EBI) is designed to ensure the successful data transfer between several external
devices and the embedded Memory Controller of an ARM-based device.

The Static Memory, DDR, SDRAM and ECC Controllers are all featured external Memory Controllers on the EBI.
These external Memory Controllers are capable of handling several types of external memory and peripheral
devices, such as SRAM, PROM, EPROM, EEPROM, Flash, DDR2 and SDRAM. The EBI operates with 1.8V or
3.3V Power Supply (VDDIOM1).

The EBI also supports the CompactFlash and the NAND Flash protocols via integrated circuitry that greatly
reduces the requirements for external components. Furthermore, the EBI handles data transfers with up to six
external devices, each assigned to six address spaces defined by the embedded Memory Controller. Data
transfers are performed through a 16-bit or 32-bit data bus, an address bus of up to 26 bits, up to six chip select
lines (NCS[5:0]) and several control pins that are generally multiplexed between the different external Memory
Controllers.

19.2.2 Embedded Characteristics

The SAM9GA46 features an External Bus Interface to interface to a wide range of external memories and to any
parallel peripheral.

19.2.2.1 External Bus Interface
e Integrates Three External Memory Controllers:
—  Static Memory Controller
— DDR2/SDRAM Controller
—  SLC NAND Flash ECC Controller
Additional logic for NAND Flash and CompactFlash
Optional Full 32-bit External Data Bus
Up to 26-bit Address Bus (up to 64 Mbytes linear per chip select)
Up to 6 chip selects, Configurable Assignment:
—  Static Memory Controller on NCSO
— DDR2/SDRAM Controller (SDCS) or Static Memory Controller on NCS1
—  Static Memory Controller on NCS2
—  Static Memory Controller on NCS3, Optional NAND Flash support
—  Static Memory Controller on NCS4-NCS5, Optional CompactFlash support

19.2.2.2 Static Memory Controller
e 8-, 16- or 32-bit Data Bus
e Multiple Access Modes supported
—  Byte Write or Byte Select Lines
— Asynchronous read in Page Mode supported (4- up to 32-byte page size)
Multiple device adaptability
—  Control signals programmable setup, pulse and hold time for each Memory Bank
Multiple Wait State Management
—  Programmable Wait State Generation
—  External Wait Request
—  Programmable Data Float Time
Slow Clock mode supported
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19.2.2.3 DDR2/SDR Controller

Supports DDR/LPDDR, SDR-SDRAM and LPSDR
Numerous Configurations Supported
— 2K, 4K, 8K, 16K Row Address Memory Parts
—  SDRAM with Four Internal Banks
—  SDR-SDRAM with 16- or 32- bit Data Path
— DDR2/LPDDR with 16-bit Data Path
—  One Chip Select for SDRAM Device (256 Mbyte Address Space)
Programming Facilities
—  Multibank Ping-pong Access (Up to 4 Banks Opened at Same Time = Reduces Average Latency of
Transactions)
— Timing Parameters Specified by Software
— Automatic Refresh Operation, Refresh Rate is Programmable
— Automatic Update of DS, TCR and PASR Parameters (LPSDR)
Energy-saving Capabilities
—  Self-refresh, Power-down and Deep Power Modes Supported
SDRAM Power-up Initialization by Software
CAS Latency of 2, 3 Supported
Auto Precharge Command Not Used
SDR-SDRAM with 16-bit Datapath and Eight Columns Not Supported
—  Clock Frequency Change in Precharge Power-down Mode Not Supported

19.2.2.4 NAND Flash Error Correction Code Controller

Atmel

Tracking the accesses to a NAND Flash device by triggering on the corresponding chip select

Single bit error correction and 2-bit Random detection

Automatic Hamming Code Calculation while writing
— ECC value available in a register

Automatic Hamming Code Calculation while reading
—  Error Report, including error flag, correctable error flag and word address being detected erroneous
—  Support 8- or 16-bit NAND Flash devices with 512-, 1024-, 2048- or 4096-bytes pages
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19.2.3 EBI Block Diagram

Figure 19-4. Organization of the External Bus Interface
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19.2.4 1/O Lines Description

Table 19-2. EBI I/O Lines Description

Name Function Type Active Level
EBI
EBI_DO-EBI_D31 Data Bus I/O
EBI_AO-EBI_A25 Address Bus Output
EBI_NWAIT External Wait Signal Input Low
SMC
EBI_NCSO-EBI_NCS5 Chip Select Lines Output Low
EBI_NWRO0-EBI_NWR3 Write Signals Output Low
EBI_NRD Read Signal Output Low
EBI_NWE Write Enable Output Low
EBI_NBSO-EBI_NBS3 Byte Mask Signals Output Low
EBI for NAND Flash Support
EBI_NANDCS NAND Flash Chip Select Line Output Low
EBI_NANDOE NAND Flash Output Enable Output Low
EBI_NANDWE NAND Flash Write Enable Output Low
DDR2/SDRAM Controller
EBI_SDCK, EBI_SDCK# DDR2/SDRAM Differential Clock Output
EBI_SDCKE DDR2/SDRAM Clock Enable Output High
EBI_SDCS DDR2/SDRAM Controller Chip Select Line Output Low
EBI_BAO-EBI_BAl Bank Select Output
EBI_SDWE DDR2/SDRAM Write Enable Output Low
EBI_RAS - EBI_CAS Row and Column Signal Output Low
EBI_SDA10 SDRAM Address 10 Line Output

The connection of some signals through the MUX logic is not direct and depends on the Memory Controller in use
at the moment.

Table 19-3 details the connections between the two Memory Controllers and the EBI pins.

Table 19-3. EBI Pins and Memory Controllers 1/0 Lines Connections

EBIx Pins SDRAM I/O Lines SMC /O Lines
EBI_NWR1/NBS1/CFIOR NBS1 NWR1
EBI_AO/NBSO Not Supported SMC_A0
EBI_A1/NBS2/NWR2 Not Supported SMC_A1
EBI_A[11:2] SDRAMC_A[9:0] SMC_A[11:2]
EBI_SDA10 SDRAMC_A10 Not Supported
EBI_A12 Not Supported SMC_A12
EBI_A[14:13] SDRAMC_A[12:11] SMC_A[14:13]
EBI_A[25:15] Not Supported SMC_A[25:15]
EBI_D[31:0] D[31:0] D[31:0]
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19.2.5 Application Example

19.2.5.1 Hardware Interface

Table 19-4 details the connections to be applied between the EBI pins and the external devices for each Memory
Controller.

Table 19-4. EBI Pins and External Static Devices Connections

Pins of the SMC Interfaced Device
2 x 8-bit 4 x 8-bit 2 x 16-bit
8-bit Static Static 16-bit Static Static Static 32-bit Static

Signals: EBI_ Device Devices Device Devices Devices Device
DO-D7 DO-D7 DO-D7 DO-D7 DO-D7 DO-D7 DO-D7
D8-D15 - D8-D15 D8-D15 D8-D15 D8-15 D8-15
D16-D23 - - - D16-D23 D16-D23 D16-D23
D24-D31 - - - D24-D31 D24-D31 D24-D31
AO0/NBSO A0 - NLB - NLB® BEO®
A1/NWR2/NBS2 Al A0 A0 WE® NLB® BE2®)
A2-A25 A[2:25] A[1:24] A[1:24] AJ0:23] AJ0:23] AJ0:23]
NCSO0 cs Cs (o] cs (o] cs
NCS1/DDRSDCS (o] Cs Cs Cs (o] (o]
NCS2 Cs cs cs cs cs cs
NCS3/NANDCS Cs cs cs cs cs Cs
NCS4/CFCS0 Cs cs cs cs cs Cs
NCS5/CFCS1 Cs Cs cs cs Cs Cs
NRD/CFOE OE OE OE OE OE OE
NWRO/NWE WE WE® WE WE® WE WE
NWR1/NBS1 - we® NUB WE® NUB® BE1®)
NWR3/NBS3 - - - WE® NUB® BE3®)

Notes: 1. NWR1 enables upper byte writes. NWRO enables lower byte writes.

NWRXx enables corresponding byte x writes. (x = 0,1,2 or 3)

NBSO and NBS1 enable respectively lower and upper bytes of the lower 16-bit word.
NBS2 and NBS3 enable respectively lower and upper bytes of the upper 16-bit word.
BEx: Byte x Enable (x =0, 1, 2 or 3)

ok wb
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Table 19-5. EBI Pins and External Device Connections
Pins of the Interfaced Device
DDRC SDRAMC SMC
CompactFlash
Signals: EBI_ DDR2/LPDDR SDRAM CompactFlash True IDE Mode NAND Flash
DO-D7 D0-D7 DO-D7 D0-D7 DO-D7 1/00-1/07
D8-D15 D8-D15 D8-D15 D8-15 D8-15 1/08-1/015®
D16-D31 - D16-D31 - - -
AO/NBSO - - A0 A0 -
AL/NWR2/NBS2 - - Al Al -
DQMO0-DQM3 DQMO0-DQM3 DQMO0-DQM3 - - -
DQS0-DQM1 DQS0-DQS1 - - - -
A2-A10 AJ0:8] AJ0:8] A[2:10] A[2:10] -
All A9 A9 - - -
SDA10 A10 A10 - - -
Al2 - - - - -
A13-A14 A[11:12] A[11:12] - - -
A15 A13 A13 - - -
A16/BAO BAO BAO - - -
A17/BA1 BA1 BA1 - - -
A18-A20 - - - - -
A21/NANDALE - - - - ALE
A22/NANDCLE - - REG REG CLE
A23-A24 - - - - -
A25 - - CFRNW® CFRNW® -
NCSO0 - - - - -
NCS1/DDRSDCS DDRCS SDCS - - -
NCS2 - - - - -
NCS3/NANDCS - - - - CE®
NCS4/CFCS0 - - CcFcso® CFcsoW -
NCS5/CFCS1 - - CFCs1®W CFCs1®W -
NANDOE - - - - OE
NANDWE - - - - WE
NRD/CFOE - - OE - -
NWRO/NWE/CFWE - - WE WE -
NWR1/NBS1/CFIOR - - IOR IOR -
NWR3/NBS3/CFIOW - - IowW IowW -
CFCE1 - - CE1 CSo -
CFCE2 - - CE2 Cs1 -
SDCK CK CLK - - -
SDCK# CK# - - - -
SDCKE CKE CKE - - -
RAS RAS RAS - - -
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Table 19-5. EBI Pins and External Device Connections (Continued)

Pins of the Interfaced Device
DDRC SDRAMC SMC
CompactFlash

Signals: EBI_ DDR2/LPDDR SDRAM CompactFlash True IDE Mode NAND Flash
CAS CAS CAS - - -
SDWE WE WE - - -
NWAIT® - - WAIT WAIT -
Pxx? - - CD1 or CD2 CD1 or CD2 -
Pxx? - - - - CE®
Pxx? - - - - RDY

Notes: 1. Not directly connected to the CompactFlash slot. Permits the control of the bidirectional buffer between the EBI data bus
and the CompactFlash slot.

2. Any PIO line.

3. CE connection depends on the NAND Flash.
For standard NAND Flash devices, it must be connected to any free PIO line.
For “CE don’t care” NAND Flash devices, it can be either connected to NCS3/NANDCS or to any free PIO line.

4. 1/08-1/015 pins used only for 16-bit NAND Flash device.
5. EBI_NWAIT signal is multiplexed with PC15.

19.2.5.2 Connection Examples
Figure 19-5 shows an example of connections between the EBI and external devices.

Figure 19-5. EBI Connections to Memory Devices
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19.2.6 Product Dependencies

19.2.6.1 1/O Lines

The pins used for interfacing the External Bus Interface may be multiplexed with the PIO lines. The programmer
must first program the PIO controller to assign the External Bus Interface pins to their peripheral function. If /O
lines of the External Bus Interface are not used by the application, they can be used for other purposes by the PIO
Controller.

19.2.7 Functional Description

The EBI transfers data between the internal AHB Bus (handled by the Bus Matrix) and the external memories or
peripheral devices. It controls the waveforms and the parameters of the external address, data and control buses
and is composed of the following elements:

e the Static Memory Controller (SMC)

the DDR2/SDRAM Controller (DDRSDRC)

the ECC Controller (ECC)

a chip select assignment feature that assigns an AHB address space to the external devices
a multiplex controller circuit that shares the pins between the different Memory Controllers
programmable CompactFlash support logic

programmable NAND Flash support logic

19.2.7.1 Bus Multiplexing

The EBI offers a complete set of control signals that share the 32-bit data lines, the address lines of up to 26 bits
and the control signals through a multiplex logic operating in function of the memory area requests.

Multiplexing is specifically organized in order to guarantee the maintenance of the address and output control lines
at a stable state while no external access is being performed. Multiplexing is also designed to respect the data float
times defined in the Memory Controllers. Furthermore, refresh cycles of the DDR2 and SDRAM are executed
independently by the DDR SDR SDRAM Controller (DDRSDRC) without delaying the other external Memory
Controller accesses.

19.2.7.2 Pull-up Control

The EBI Chip Select Assignment Register (CCFG_EBICSA) in Section 18.7.6 “Chip Configuration User Interface”
permit enabling of on-chip pull-up resistors on the data bus lines not multiplexed with the PIO Controller lines. The
pull-up resistors are enabled after reset. Setting the CCFG_EBICSA.EBI_DBPUC bit disables the pull-up resistors
on the lines DO-D15. Enabling the pull-up resistor on the lines D16—-D31 can be performed by programming the
appropriate PI1O controller.

19.2.7.3 Static Memory Controller

For information on the Static Memory Controller, refer to Section 20. “Static Memory Controller (SMC)”.

19.2.7.4 DDR2SDRAM Controller
For information on the DDR2SDRAM Controller, refer to Section 21. “DDR SDR SDRAM Controller (DDRSDRC)".

19.2.7.5 ECC Controller
For information on the ECC Controller, refer to Section 22. “Error Correction Code Controller (ECC)”.

19.2.7.6 CompactFlash Support
The External Bus Interface O integrates circuitry that interfaces to CompactFlash devices.

The CompactFlash logic is driven by the Static Memory Controller (SMC) on the NCS4 and/or NCS5 address
space. Programming the EBI_CS4A and/or EBI_CS5A bit of the CCFG_EBICSA register to the appropriate value
enables this logic. (For details on this register, refer to the Section 18. “Bus Matrix (MATRIX)".) Access to an
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external CompactFlash device is then made by accessing the address space reserved to NCS4 and/or NCS5 (i.e.,
between 0x5000 0000 and Ox5FFF FFFF for NCS4 and between 0x6000 0000 and Ox6FFF FFFF for NCS5).

All CompactFlash modes (Attribute Memory, Common Memory, I/O and True IDE) are supported but the signals
_101S16 (I/0 and True IDE modes) and _ATA SEL (True IDE mode) are not handled.
I/O Mode, Common Memory Mode, Attribute Memory Mode and True IDE Mode

Within the NCS4 and/or NCS5 address space, the current transfer address is used to distinguish I/O mode,
common memory mode, attribute memory mode and True IDE mode.

The different modes are accessed through a specific memory mapping as illustrated on Figure 19-6. A[23:21] bits
of the transfer address are used to select the desired mode as described in Table 19-6.

Figure 19-6. CompactFlash Memory Mapping

A
True IDE Alternate Mode Space
Offset 0XOOEO 0000
True IDE Mode Space
Offset 0x00C0O 0000
CF Address Space I/O Mode Space
Offset 0x0080 0000
Common Memory Mode Space
Offset 0x0040 0000
Attribute Memory Mode Space
\ 4 Offset 0x0000 0000

Note:  The A22 pin is used to drive the REG signal of the CompactFlash Device (except in True IDE mode).

Table 19-6. CompactFlash Mode Selection

A[23:21] Mode Base Address
000 Attribute Memory
010 Common Memory
100 I/O Mode
110 True IDE Mode
111 Alternate True IDE Mode

CFCEL1 and CFCE2 Signals

To cover all types of access, the SMC must be alternatively set to drive 8-bit data bus or 16-bit data bus. The odd
byte access on the D[7:0] bus is only possible when the SMC is configured to drive 8-bit memory devices on the
corresponding NCS pin (NCS4 or NCS5). The DBW field in the SMC MODE Register corresponding to the NCS4
and/or NCS5 address space must be set as shown in Table 19-7 to enable the required access type.

NBS1 and NBSO are the byte selection signals from SMC and are available when the SMC is set in Byte Select
mode on the corresponding Chip Select.

The CFCE1 and CFCE2 waveforms are identical to the corresponding NCSx waveform. For details on these
waveforms and timings, refer to Section 20. “Static Memory Controller (SMC)”".
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Table 19-7. CFCE1 and CFCE2 Truth Table
Mode CFCE2 CFCE1 DBW Comment SMC Access Mode
Attribute Memory NBS1 NBSO 16 bits Access to Even Byte on D[7:0] | Byte Select
. Access to Even Byte on D[7:0]
NBS1 NBSO 16 bits Byte Select
Common Memory Access to Odd Byte on D[15:8]
1 0 8 bits Access to Odd Byte on D[7:0]
. Access to Even Byte on D[7:0]
NBS1 NBSO 16 bits Byte Select
I/O Mode Access to Odd Byte on D[15:8]
1 0 8 bits Access to Odd Byte on D[7:0]
True IDE Mode
. ) Access to Even Byte on D[7:0]
Task File 1 0 8 bits
Access to Odd Byte on D[7:0]
) . Access to Even Byte on D[7:0]
Data Register 1 0 16 bits Byte Select
Access to Odd Byte on D[15:8]
Alternate True IDE Mode
Control Register
0 1 Don't Care | Access to Even Byte on D[7:0] | Don't Care
Alternate Status Read
Drive Address 0 1 8 hits Access to Odd Byte on D[7:0]
Standby Mode or Address Space is not
. 1 1 - - -
assigned to CF

Read/Write Signals

In I/O mode and True IDE mode, the CompactFlash logic drives the read and write command signals of the SMC
on CFIOR and CFIOW signals, while the CFOE and CFWE signals are deactivated. Likewise, in common memory
mode and attribute memory mode, the SMC signals are driven on the CFOE and CFWE signals, while the CFIOR
and CFIOW are deactivated. Figure 19-7 on page 172 demonstrates a schematic representation of this logic.

Attribute memory mode, common memory mode and I/O mode are supported by setting the address setup and
hold time on the NCS4 (and/or NCS5) chip select to the appropriate values. For details on these signal waveforms,
please refer to Section 20. “Static Memory Controller (SMC)”.
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Figure 19-7. CompactFlash Read/Write Control Signals

External Bus Interface
SMC CompactFlash Logic
A23
1—»\
1—p° >
0—> »° » CFOE
1—») ,r >, » CFWE
A22 >,/
NRD_NOE >
NWRO_NWE »{© » CFIOR
1—>, » CFIOW
1—»)/
Table 19-8. CompactFlash Mode Selection
Mode Base Address CFOE CFWE CFIOR CFIOW
Attribute Memory
NRD NWRO_NWE 1 1
Common Memory
1/0 Mode 1 1 NRD NWRO_NWE
True IDE Mode 0 1 NRD NWRO_NWE

Multiplexing of CompactFlash Signals on EBI Pins

Table 19-9 and Table 19-10 illustrate the multiplexing of the CompactFlash logic signals with other EBI signals on
the EBI pins. The EBI pins in Table 19-9 are strictly dedicated to the CompactFlash interface as soon as the
EBI_CS4A and/or EBI_CS5A bits(s) of the EBI Chip Select Assignment Register in the Chip Configuration User
Interface is/are set. These pins must not be used to drive any other memory devices.

The EBI pins in Table 19-10 remain shared between all memory areas when the corresponding CompactFlash
interface is enabled (EBI_CS4A = 1 and/or EBI_CS5A = 1).

Table 19-9. Dedicated CompactFlash Interface Multiplexing

CompactFlash Signals EBI Signals
Pins CS4A =1 CS5A =1 CS4A =0 CS5A =0
NCS4/CFCS0 CFCSO0 NCS4
NCS5/CFCS1 CFCS1 NCS5

Table 19-10. Shared CompactFlash Interface Multiplexing

Access to CompactFlash Device Access to Other EBI Devices
Pins CompactFlash Signals EBI Signals
NRD/CFOE CFOE NRD
NWRO/NWE/CFWE CFWE NWRO/NWE
NWR1/NBS1/CFIOR CFIOR NWR1/NBS1
NWR3/NBS3/CFIOW CFIowW NWR3/NBS3
A25/CFRNW CFRNW A25
e it S st w0 Atmel



Application Example

Figure 19-8 illustrates an example of a CompactFlash application. CFCS0 and CFRNW signals are not directly
connected to the CompactFlash slot 0, but do control the direction and the output enable of the buffers between
the EBI and the CompactFlash Device. The timing of the CFCSO signal is identical to the NCS4 signal. Moreover,
the CFRNW signal remains valid throughout the transfer, as does the address bus. The CompactFlash _WAIT
signal is connected to the NWAIT input of the Static Memory Controller. For details on these waveforms and
timings, refer to Section 20. “Static Memory Controller (SMC)".

Figure 19-8. CompactFlash Application Example

EBI CompactFlash Connector
D[15:0] I_(>-'| H D[15:0]
DIR /OE
A25/CFRNW
NCS4/CFCS0 ﬁ
CD (PIO) ( ( -cot
l N\ _cp2
IOE
A[10:0] > A[10:0]
A22/REG > _REG
NOE/CFOE > _OE
NWE/CFWE > WE
NWR1/CFIOR > _IORD
NWR3/CFIOW > _IOWR
CFCE1 > _CE1
CFCE2 'l> _CE2
NWAIT <ll _WAIT
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19.2.7.7 NAND Flash Support
External Bus Interfaces integrate circuitry that interfaces to NAND Flash devices.

External Bus Interface

The NAND Flash logic is driven by the Static Memory Controller on the NCS3 address space. Programming the
EBI_CS3A field in the CCFG_EBICSA register to the appropriate value enables the NAND Flash logic. For details
on this register, refer to Section 18. “Bus Matrix (MATRIX)". Access to an external NAND Flash device is then
made by accessing the address space reserved to NCS3 (i.e., between 0x4000 0000 and Ox4FFF FFFF).

The NAND Flash Logic drives the read and write command signals of the SMC on the NANDOE and NANDWE
signals when the NCS3 signal is active. NANDOE and NANDWE are invalidated as soon as the transfer address
fails to lie in the NCS3 address space. See Figure 19-10 for more information. For details on these waveforms,
refer to Section 20. “Static Memory Controller (SMC)”.

Figure 19-9. NAND Flash Signal Multiplexing on EBI Pins

SMC NAND Flash Logic
NCSx > \_\ NANDOE
NRD_NOE > !l J " NANDOE
NANDWE
> NANDWE
NWRO_NWE > {\1 J/ "
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NAND Flash Signals

The address latch enable and command latch enable signals on the NAND Flash device are driven by address bits
A22 and A21 of the EBI address bus. The command, address or data words on the data bus of the NAND Flash
device are distinguished by using their address within the NCSx address space. The chip enable (CE) signal of the
device and the ready/busy (R/B) signals are connected to PIO lines. The CE signal then remains asserted even
when NCSx is not selected, preventing the device from returning to standby mode.

Figure 19-10. NAND Flash Application Example

D[7:0
[7.0] P AD[7:0]
A[22:21
[ ] P ALE
» CLE
NCSx/NANDCS Not Connected
EBI
NAND Flash
NANDOE » NOE
NANDWE »| NWE
PIO » CE
PIO |« R/B
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19.2.8 Implementation Examples

The following hardware configurations are given for illustration only. The user should refer to the memory
manufacturer web site to check current device availability.

19.2.8.1 2 x 8-bit DDR2 on EBI

Figure 19-11. Hardware Configuration - 2 x 8-bit DDR2 on EBI
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e — N E T — 1
. EBI_SDAI10 _%_ ._EBLS All')|” HE_E
N ] | ’ iy TTEs R LF
IO o] A | e —— M1 i L) Ih
i ) lay 9 — e
BraEm [ - Ean VD | i I [T 1 . —
TEN - — 0 -;E;g-—-n_ Jg# -t —
VOO 7 —
Fu I e —— ] —4 T 1oonF it
e oot L !..E' —— o e " ey
exg i [ Fd| o vora e — o v [T e .
=t VG iy p= -
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ng.'{'_a ] - Va3 |- Ol 1ekeE MELK BB [
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HesL cakm o8y g LEL_VERL caem [— i
— = | ks | e : &
o [ o—F VES - CAs B [ I
R [ - K 3 ] Wower Frog I__ L8
WEER [ L= B3 ves L ! we e R
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—lEn Va3 | i ]
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Software Configuration - 2 x 8-bit DDR2 on EBI
e Assign EBI_CSL1 to the DDR2 controller by setting the EBI_CS1A bit in the EBI Chip Select Assignment
Register located in the bus matrix memory space.

e Initialize the DDR2 Controller depending on the DDR2 device and system bus frequency.
The DDR2 initialization sequence is described in Section 21.4.3 “DDR2-SDRAM Initialization”.

176 SAM9G46 Series [DATASHEET] /Itmel

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



19.2.8.2 16-bit LPDDR on EBI

Figure 19-12. Hardware Configuration - 16-bit LPDDR on EBI
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AT D3 Fee
T Do 6
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g LOM VoD S | pr— 100nF
11— ;v von 2 B—% C4 100nF
i i woD |- i CE 100nF
e CHE
T ——— voog (AL i CE 100nF
VODIOM Sl % VODO b C1D 100nF
i wong e ]! C12 100nF
—E————=i LDas YO0o (2 4 Crd 00k
=1 E2 | inoe vooo B2 J——% CiE 100nF
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Software Configuration - 16-bit LPDDR on EBI
The following configuration has to be performed:

e Assign EBI_CSL1 to the DDR2 controller by setting the bit EBI_CS1A in the EBI Chip Select Assignment
Register located in the bus matrix memory space.

e Initialize the DDR2 Controller depending on the LPDDR device and system bus frequency.
The LPDDR initialization sequence is described in Section 21.4.2 “Low-power DDR1-SDRAM Initialization”.
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19.2.8.3 16-bit SDRAM

Figure 19-13. Hardware Configuration - 16-bit SDRAM
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Software Configuration - 16-bit SDRAM
The following configuration has to be performed:

e Assign the EBI CS1 to the SDRAM controller by setting the bit EBI_CS1A in the EBI Chip Select Assignment
Register located in the bus matrix memory space.

e Initialize the SDRAM Controller depending on the SDRAM device and system bus frequency.
The Data Bus Width is to be programmed to 16 bits.
The SDRAM initialization sequence is described in Section 21.4.1 “SDR-SDRAM Initialization”.
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19.2.8.4 2 x 16-bit SDRAM

Figure 19-14. Hardware Configuration - 2 x 16-bit SDRAM
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Software Configuration - 2 x 16-bit SDRAM
The following configuration has to be performed:

e Assign the EBI CS1 to the SDRAM controller by setting the bit EBI_CS1A in the EBI Chip Select Assignment
Register located in the bus matrix memory space.

e Initialize the SDRAM Controller depending on the SDRAM device and system bus frequency.

The Data Bus Width is to be programmed to 32 bits. The data lines D[16..31] are multiplexed with PIO lines and
thus the dedicated PIOs must be programmed in peripheral mode in the P1O controller.

The SDRAM initialization sequence is described in Section 21.4.1 “SDR-SDRAM Initialization”.
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19.2.8.5 8-bit NAND Flash

Figure 19-15. Hardware Configuration - 8-bit NAND Flash

D[0..7] <>
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NANDOE 8 RE 1102 D3
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(ANY PIO) 9 1 CE 104 [ —7z
/05 |F42—=2
(ANY PI0)<___} R oY I RiB /06 nggg /
1107
3V 19 wpP
R2 10K NG 48
N.C L 47
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x—3{ N N.C 40—
x—41NcC NC 32—
—S1NC PRE JB—“I
x—L1 N N.Cc 32—
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TSOP48 PACKAGE

Software Configuration - 8-bit NAND Flash
The following configuration has to be performed:

e Assign the EBI CS3 to the NAND Flash by setting the bit EBI_CS3A in the EBI Chip Select Assignment
Register located in the bus matrix memory space

e Reserve A21/ A22 for ALE / CLE functions. Address and Command Latches are controlled respectively by
setting to 1 the address bit A21 and A22 during accesses.

e Configure a PIO line as an input to manage the Ready/Busy signal.

e Configure Static Memory Controller CS3 Setup, Pulse, Cycle and Mode accordingly to NAND Flash timings,
the data bus width and the system bus frequency.
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19.2.8.6 16-bit NAND Flash

Figure 19-16. Hardware Configuration - 16-bit NAND Flash
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Software Configuration - 16-bit NAND Flash

2 Gb

TSOP48 PACKAGE

The software configuration is the same as for an 8-bit NAND Flash except for the data bus width programmed in

the SMC MODE Register.
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19.2.8.7 NOR Flash on NCSO

Figure 19-17. Hardware Configuration - NOR Flash on NCSO
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Software Configuration - NOR Flash on NCSO

The default configuration for the Static Memory Controller, byte select mode, 16-bit data bus, Read/Write
controlled by Chip Select, allows boot on 16-bit non-volatile memory at slow clock.

For another configuration, configure the Static Memory Controller CS0 Setup, Pulse, Cycle and Mode depending
on Flash timings and system bus frequency.

182 SAM9G46 Series [DATASHEET] Atmel

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



19.2.8.8 CompactFlash

Figure 19-18. Hardware Configuration - CompactFlash
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Software Configuration - CompactFlash
The following configuration has to be performed:
e Assign the EBI CS4 and/or EBI_CS5 to the CompactFlash Slot 0 and/or Slot 1 by setting the bit EBI_CS4A
and/or EBI_CS5A in the EBI Chip Select Assignment Register located in the bus matrix memory space.
e The address line A23 is to select I/O (A23 = 1) or Memory mode (A23 = 0) and the address line A22 for REG
function.
e A22, A23, CFRNW, CFS0, CFCS1, CFCE1 and CFCE2 signals are multiplexed with PIO lines and thus the
dedicated PIOs must be programmed in peripheral mode in the PIO controller.
e Configure a PIO line as an output for CFRST and two others as an input for CFIRQ and CARD DETECT
functions respectively.

e Configure SMC CS4 and/or SMC_CS5 (for Slot 0 or 1) Setup, Pulse, Cycle and Mode accordingly to
CompactFlash timings and system bus frequency.
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19.2.8.9 CompactFlash True IDE

Figure 19-19. Hardware Configuration - CompactFlash True IDE
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Software Configuration - CompactFlash True IDE

The following configuration has to be performed:

Assign the EBI CS4 and/or EBI_CS5 to the CompactFlash Slot 0 and/or Slot 1 by setting the bit EBI_CS4A
and/or EBI_CS5A in the EBI Chip Select Assignment Register located in the bus matrix memory space.
The address line A21 is to select Alternate True IDE (A21 = 1) or True IDE (A21 = 0) modes.

A21, CFRNW, CFSO0, CFCS1, CFCE1 and CFCEZ2 signals are multiplexed with PIO lines and thus the
dedicated PIOs must be programmed in peripheral mode in the P1O controller.

Configure a PIO line as an output for CFRST and two others as an input for CFIRQ and CARD DETECT
functions respectively.

Configure SMC CS4 and/or SMC_CSS5 (for Slot 0 or 1) Setup, Pulse, Cycle and Mode accordingly to
CompactFlash timings and system bus frequency.

19.2.9 Programmable I/O Lines Power Supplies and Drive Levels

The power supply pin VDDIOML1 accepts two voltage ranges. This allows the device to reach its maximum speed
either out of 1.8V or 3.3V external memories.

The maximum speed is 133 MHz on the SDCK pin and #SDCK signals loaded with 10 pF. The load on
data/address and control signals are 30 pF for power supply at 1.8V and 50 pF for power supply at 3.3V. The data
lines frequency reaches 133 MHz in DDR2 mode. The other signals (control and address) do not go over 66 MHz.

The EBI I/Os accept two drive levels, HIGH and LOW. This allows to avoid overshoots and give the best
performance according to the bus load and external memories. Refer to the EBI Chip Select Assignment Register
for more details.

The voltage ranges and the drive level are determined by programming EBI_DRIVE field in the EBI Chip Select
Assignment Register.

At reset the selected default drive level is High.

At reset, the selected voltage defaults to 3.3V typical and power supply pins can accept either 1.8V or 3.3V. The
user must make sure to program the EBI voltage range before getting the device out of its Slow Clock Mode.
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20. Static Memory Controller (SMC)

20.1 Description
The Static Memory Controller (SMC) generates the signals that control the access to the external memory devices
or peripheral devices. It has 6 Chip Selects and a 26-bit address bus. The 32-bit data bus can be configured to
interface with 8-, 16-, or 32-bit external devices. Separate read and write control signals allow for direct memory
and peripheral interfacing. Read and write signal waveforms are fully parametrizable.
The SMC can manage wait requests from external devices to extend the current access. The SMC is provided with
an automatic slow clock mode. In slow clock mode, it switches from user-programmed waveforms to slow-rate
specific waveforms on read and write signals. The SMC supports asynchronous burst read in page mode access
for page size up to 32 bytes.
20.2 1/O Lines Description
Table 20-1. I/O Line Description
Name Description Type Active Level
NCS[7:0] Static Memory Controller Chip Select Lines Output Low
NRD Read Signal Output Low
NWRO/NWE Write 0/Write Enable Signal Output Low
AO/NBSO Address Bit 0/Byte 0 Select Signal Output Low
NWR1/NBS1 Write 1/Byte 1 Select Signal Output Low
A1/NWR2/NBS2 Address Bit 1/Write 2/Byte 2 Select Signal Output Low
NWR3/NBS3 Write 3/Byte 3 Select Signal Output Low
A[25:2] Address Bus Output
D[31:0] Data Bus I/0
NWAIT External Wait Signal Input Low
20.3 Multiplexed Signals
Table 20-2. Static Memory Controller (SMC) Multiplexed Signals
Multiplexed Signals Related Function
NWRO NWE Byte-write or byte-select access, see “Byte Write or Byte Select Access” on page 189
A0 NBSO 8-bit or 16-/32-bit data bus, see “Data Bus Width” on page 189
NWR1 NBS1 Byte-write or byte-select access, see “Byte Write or Byte Select Access” on page 189
Al NWR2 NBS2 g;tleeixrlittg ro:;)zt;)l/)tléiaetl?acbtu;écs:; Zsfea“ssfev\\//\;crjittz oornBF;/?S esél8e?:.t Access” on page 189
NWR3 NBS3 Byte-write or byte-select access, see “Byte Write or Byte Select Access” on page 189
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20.4 Application Example

20.4.1 Hardware Interface

Figure 20-1.

DO0-D31
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ALNWR2/NBS2 \\ DO-DA 1y b7 28013 nopr
NWRENBS3 [\ o
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SMC Connections to Static Memory Devices

/NS

20.5 Product Dependencies

20.5.1

188

I/O Lines

The pins used for interfacing the Static Memory Controller may be multiplexed with the PIO lines. The programmer
must first program the PIO controller to assign the Static Memory Controller pins to their peripheral function. If I/O
Lines of the SMC are not used by the application, they can be used for other purposes by the PIO Controller.
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20.6

20.7

20.7.1

20.7.2

External Memory Mapping

The SMC provides up to 26 address lines, A[25:0]. This allows each chip select line to address up to 64 Mbytes of
memory.

If the physical memory device connected on one chip select is smaller than 64 Mbytes, it wraps around and
appears to be repeated within this space. The SMC correctly handles any valid access to the memory device
within the page (see Figure 20-2).

A[25:0] is only significant for 8-bit memory, A[25:1] is used for 16-bit memory, A[25:2] is used for 32-bit memory.

Figure 20-2.  Memory Connections for Eight External Devices

NCS[0] - NCS[7] NCS7_ IM\iemory Enable
NRD NCS6 [ I -
Sue | Memory Enable
NWE NCS5
| Memory Enable
22?21 NCS4 I Memory Enable
: NCS3 I Memory Enable
NCS2 I Memory Enable —
NCS1 I Memory Enable —
NCSO
Memory Enable —
Output Enable ——
Write Enable —
A[25:0] —
80or160r32 | p31.0) or D[15:0] or|
D[7:0]

Connection to External Devices

Data Bus Width

A data bus width of 8, 16, or 32 bits can be selected for each chip select. This option is controlled by the field DBW
in SMC_MODE (Mode Register) for the corresponding chip select.

Figure 20-3 shows how to connect a 512K x 8-bit memory on NCS2. Figure 20-4 shows how to connect a 512K x
16-bit memory on NCS2. Figure 20-5 shows two 16-bit memories connected as a single 32-bit memory

Byte Write or Byte Select Access

Each chip select with a 16-bit or 32-bit data bus can operate with one of two different types of write access: byte
write or byte select access. This is controlled by the BAT field of the SMC_MODE register for the corresponding
chip select.
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Figure 20-3.  Memory Connection for an 8-bit Data Bus

D[7:0] D[7:0]
A[18:2] A[18:2]
A0 A0
SMC Al Al
NWE Write Enable
NRD Output Enable
NCS[2] Memory Enable

Figure 20-4.  Memory Connection for a 16-bit Data Bus

D[15:0] D[15:0]
A[19:2] A[18:1]
Al A[0]
SMC NBSO Low Byte Enable

NBS1 High Byte Enable
NWE Write Enable
NRD Qutput Enable

NCS[2] Memory Enable

Figure 20-5. Memory Connection for a 32-bit Data Bus

D[31:16] D[31:16]
D[15:0] D[15:0]
A[20:2] A[18:0]
SMC NBSO Byte 0 Enable
NBS1 Byte 1 Enable
NBS2 Byte 2 Enable
NBS3 Byte 3 Enable
NWE Write Enable
NRD Output Enable
NCS[2] Memory Enable
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20.7.2.1 Byte Write Access

Byte write access supports one byte write signal per byte of the data bus and a single read signal.
Note that the SMC does not allow boot in Byte Write Access mode.

e For 16-bit devices: the SMC provides NWRO and NWR1 write signals for respectively byteO (lower byte) and
bytel (upper byte) of a 16-bit bus. One single read signal (NRD) is provided.

Byte Write Access is used to connect 2 x 8-bit devices as a 16-bit memory.

e For 32-bit devices: NWRO, NWR1, NWR2 and NWR3, are the write signals of byte0 (lower byte), bytel,
byte2 and byte 3 (upper byte) respectively. One single read signal (NRD) is provided.

Byte Write Access is used to connect 4 x 8-bit devices as a 32-bit memory.
Byte Write option is illustrated on Figure 20-6.

20.7.2.2 Byte Select Access

In this mode, read/write operations can be enabled/disabled at a byte level. One byte-select line per byte of the
data bus is provided. One NRD and one NWE signal control read and write.

e For 16-bit devices: the SMC provides NBSO and NBS1 selection signals for respectively byteO (lower byte)
and bytel (upper byte) of a 16-bit bus.

Byte Select Access is used to connect one 16-bit device.

e For 32-hit devices: NBSO, NBS1, NBS2 and NBS3, are the selection signals of byteO (lower byte), bytel,
byte2 and byte 3 (upper byte) respectively. Byte Select Access is used to connect two 16-bit devices.

Figure 20-7 shows how to connect two 16-bit devices on a 32-bit data bus in Byte Select Access mode, on NCS3
(BAT = Byte Select Access).

Figure 20-6.  Connection of 2 x 8-bit Devices on a 16-bit Bus: Byte Write Option

D[7:0] D[7:0]
D[15:8] —
A[24:2] A[23:1]
SMC Al A[0]
NWRO Write Enable
NWR1
NRD Read Enable
NCS[3] Memory Enable
D[15:8]
A[23:1]
A[0]
Write Enable
Read Enable
L] Memory Enable
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20.7.2.3 Signal Multiplexing

Depending on the BAT, only the write signals or the byte select signals are used. To save IOs at the external bus
interface, control signals at the SMC interface are multiplexed. Table 20-3 shows signal multiplexing depending on
the data bus width and the byte access type.

For 32-bit devices, bits A0 and Al are unused. For 16-bit devices, bit AO of address is unused. When Byte Select
Option is selected, NWR1 to NWR3 are unused. When Byte Write option is selected, NBSO to NBS3 are unused.

Figure 20-7. Connection of 2x16-bit Data Bus on a 32-bit Data Bus (Byte Select Option)

D[15:0] D[15:0]
D[31:16] |—
A[25:2] A[23:0]
NWE Write Enable
NBSO Low Byte Enable
NBS1 High Byte Enable
SMC NBS2
NBS3
NRD Read Enable
NCS[3] Memory Enable
D[31:16]
A[23:0]
Write Enable
Low Byte Enable
High Byte Enable
Read Enable
L] Memory Enable

Table 20-3. SMC Multiplexed Signal Translation

Signal Name 32-bit Bus 16-bit Bus 8-bit Bus
Device Type 1x32-bit 2x16-bit 4 x 8-bit 1x16-bit 2 x 8-bit 1 x 8-bit
Byte Access Type (BAT) Byte Select Byte Select Byte Write Byte Select Byte Write

NBSO_AO0 NBSO NBSO NBSO A0
NWE_NWRO NWE NWE NWRO NWE NWRO NWE
NBS1_NWR1 NBS1 NBS1 NWR1 NBS1 NWR1

NBS2_NWR2_A1l NBS2 NBS2 NWR2 Al Al Al
NBS3_NWR3 NBS3 NBS3 NWR3
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20.8 Standard Read and Write Protocols

In the following sections, the byte access type is not considered. Byte select lines (NBSO to NBS3) always have
the same timing as the A address bus. NWE represents either the NWE signal in byte select access type or one of
the byte write lines (NWRO to NWR3) in byte write access type. NWRO to NWR3 have the same timings and
protocol as NWE. In the same way, NCS represents one of the NCS[0..5] chip select lines.

20.8.1 Read Waveforms
The read cycle is shown on Figure 20-8.
The read cycle starts with the address setting on the memory address bus, i.e.:
{A[25:2], A1, AOQ} for 8-bit devices
{A[25:2], A1} for 16-bit devices
A[25:2] for 32-bit devices.

Figure 20-8. Standard Read Cycle

MCK ! |
I
|

A[25:2] >{
|
|
|
NBSO,NBS1,
NBS2,NBS3, 3<

A0, Al |
|
T T T
NRD : r\\ //, : :
1
| | | | |
| | | | |
| | |
NCS I AN I I 1/ :
1 t t 4
| : | | | |
| | | | | |
| | | /—0—\ 1 |
D[31:0] ' ' ' | I I
I X | ./ ! :
| | |
| NRDJSETUP | NRD_PULSE | NRD_HOLD |
I N | |
| | |
| |
| |
. |

NCS_RD_PULSE

| NRD_CYCLE

20.8.1.1 NRD Waveform
The NRD signal is characterized by a setup timing, a pulse width and a hold timing.
1. NRD_SETUP: the NRD setup time is defined as the setup of address before the NRD falling edge;
2. NRD_PULSE: the NRD pulse length is the time between NRD falling edge and NRD rising edge;
3. NRD_HOLD: the NRD hold time is defined as the hold time of address after the NRD rising edge.

20.8.1.2NCS Waveform
Similarly, the NCS signal can be divided into a setup time, pulse length and hold time:
1. NCS_RD_SETUP: the NCS setup time is defined as the setup time of address before the NCS falling edge.
2. NCS_RD_PULSE: the NCS pulse length is the time between NCS falling edge and NCS rising edge;
3. NCS_RD_HOLD: the NCS hold time is defined as the hold time of address after the NCS rising edge.
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20.8.1.3Read Cycle

The NRD_CYCLE time is defined as the total duration of the read cycle, i.e., from the time where address is set on
the address bus to the point where address may change. The total read cycle time is equal to:

NRD_CYCLE = NRD_SETUP + NRD_PULSE + NRD_HOLD
= NCS_RD_SETUP + NCS_RD_PULSE + NCS_RD_HOLD

All NRD and NCS timings are defined separately for each chip select as an integer number of Master Clock cycles.
To ensure that the NRD and NCS timings are coherent, user must define the total read cycle instead of the hold
timing. NRD_CYCLE implicitly defines the NRD hold time and NCS hold time as:

NRD_HOLD = NRD_CYCLE - NRD SETUP - NRD PULSE
NCS_RD_HOLD = NRD_CYCLE - NCS_RD_SETUP - NCS_RD_PULSE

20.8.1.4 Null Delay Setup and Hold

If null setup and hold parameters are programmed for NRD and/or NCS, NRD and NCS remain active continuously
in case of consecutive read cycles in the same memory (see Figure 20-9).

Figure 20-9. No Setup, No Hold On NRD and NCS Read Signals
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20.8.1.5Null Pulse

Programming null pulse is not permitted. Pulse must be at least set to 1. A null value leads to unpredictable
behavior.

194 SAM9G46 Series [DATASHEET] /ItmeL

Atmel-11028G-ATARM-SAM9G46-Datasheet_08-Dec-15



20.8.2 Read Mode

As NCS and NRD waveforms are defined independently of one other, the SMC needs to know when the read data
is available on the data bus. The SMC does not compare NCS and NRD timings to know which signal rises first.
The READ_MODE parameter in the SMC_MODE register of the corresponding chip select indicates which signal
of NRD and NCS controls the read operation.

20.8.2.1 Read is Controlled by NRD (READ_MODE = 1):

Figure 20-10 shows the waveforms of a read operation of a typical asynchronous RAM. The read data is available
tppcc after the falling edge of NRD, and turns to ‘Z’ after the rising edge of NRD. In this case, the READ_MODE
must be set to 1 (read is controlled by NRD), to indicate that data is available with the rising edge of NRD. The
SMC samples the read data internally on the rising edge of Master Clock that generates the rising edge of NRD,
whatever the programmed waveform of NCS may be.

Figure 20-10. READ_MODE = 1: Data is sampled by SMC before the rising edge of NRD

NBSO,NBS1,
NBS2,NBS3, >< ><

A0, AL |
|
NRD : ! |
| | |
| | |
| | |
|
NCS ! I\ \ L/ !
| | t 4 |
. \ L :
1 | t A
o —! ' | e — |
D[31:0] : ; : { — :
|
, | |

Data Sampling

20.8.2.2 Read is Controlled by NCS (READ_MODE = 0)

Figure 20-11 shows the typical read cycle of an LCD module. The read data is valid tp5cc after the falling edge of
the NCS signal and remains valid until the rising edge of NCS. Data must be sampled when NCS is raised. In that
case, the READ_MODE must be set to 0 (read is controlled by NCS): the SMC internally samples the data on the
rising edge of Master Clock that generates the rising edge of NCS, whatever the programmed waveform of NRD
may be.
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Figure 20-11. READ_MODE = 0: Data is sampled by SMC before the rising edge of NCS
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20.8.3 Write Waveforms

The write protocol is similar to the read protocol. It is depicted in Figure 20-12. The write cycle starts with the
address setting on the memory address bus.

20.8.3.1 NWE Waveforms

The NWE signal is characterized by a setup timing, a pulse width and a hold timing.
1. NWE_SETUP: the NWE setup time is defined as the setup of address and data before the NWE falling
edge;
2. NWE_PULSE: The NWE pulse length is the time between NWE falling edge and NWE rising edge;
3. NWE_HOLD: The NWE hold time is defined as the hold time of address and data after the NWE rising edge.

The NWE waveforms apply to all byte-write lines in Byte Write access mode: NWRO to NWR3.

20.8.3.2NCS Waveforms
The NCS signal waveforms in write operation are not the same that those applied in read operations, but are
separately defined:
1. NCS_WR_SETUP: the NCS setup time is defined as the setup time of address before the NCS falling edge.
2. NCS_WR_PULSE: the NCS pulse length is the time between NCS falling edge and NCS rising edge;
3. NCS_WR_HOLD: the NCS hold time is defined as the hold time of address after the NCS rising edge.

Figure 20-12. Write Cycle
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20.8.3.3 Write Cycle

The write_cycle time is defined as the total duration of the write cycle, that is, from the time where address is set
on the address bus to the point where address may change. The total write cycle time is equal to:

NWE_CYCLE = NWE_SETUP + NWE_PULSE + NWE_HOLD
=NCS_WR_SETUP + NCS_WR_PULSE + NCS_WR_HOLD
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All NWE and NCS (write) timings are defined separately for each chip select as an integer number of Master Clock
cycles. To ensure that the NWE and NCS timings are coherent, the user must define the total write cycle instead of
the hold timing. This implicitly defines the NWE hold time and NCS (write) hold times as:

NWE_HOLD = NWE_CYCLE - NWE_SETUP - NWE_PULSE
NCS_WR_HOLD = NWE_CYCLE - NCS_WR_SETUP - NCS_WR_PULSE

20.8.3.4 Null Delay Setup and Hold

If null setup parameters are programmed for NWE and/or NCS, NWE and/or NCS remain active continuously in
case of consecutive write cycles in the same memory (see Figure 20-13). However, for devices that perform write
operations on the rising edge of NWE or NCS, such as SRAM, either a setup or a hold must be programmed.

Figure 20-13. Null Setup and Hold Values of NCS and NWE in Write Cycle
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20.8.3.5Null Pulse

Programming null pulse is not permitted. Pulse must be at least set to 1. A null value leads to unpredictable
behavior.

20.8.4 Write Mode

The WRITE_MODE parameter in the SMC_MODE register of the corresponding chip select indicates which signal
controls the write operation.

20.8.4.1 Write is Controlled by NWE (WRITE_MODE = 1):

Figure 20-14 shows the waveforms of a write operation with WRITE_MODE set to 1. The data is put on the bus
during the pulse and hold steps of the NWE signal. The internal data buffers are turned out after the NWE_SETUP
time, and until the end of the write cycle, regardless of the programmed waveform on NCS.
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Figure 20-14. WRITE_MODE = 1. The write operation is controlled by NWE
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20.8.4.2Write is Controlled by NCS (WRITE_MODE = 0)

Figure 20-15 shows the waveforms of a write operation with WRITE_MODE set to 0. The data is put on the bus
during the pulse and hold steps of the NCS signal. The internal data buffers are turned out after the
NCS_WR_SETUP time, and until the end of the write cycle, regardless of the programmed waveform on NWE.

Figure 20-15. WRITE_MODE = 0. The write operation is controlled by NCS
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20.8.5 Coding Timing Parameters

All timing parameters are defined for one chip select and are grouped together in one SMC_REGISTER according
to their type.

The SMC_SETUP register groups the definition of all setup parameters:

e NRD_SETUP, NCS_RD_SETUP, NWE_SETUP, NCS_WR_SETUP

The SMC_PULSE register groups the definition of all pulse parameters:

e NRD_PULSE, NCS_RD_PULSE, NWE_PULSE, NCS_WR_PULSE

The SMC_CYCLE register groups the definition of all cycle parameters:

e NRD_CYCLE, NWE_CYCLE

Table 20-4 shows how the timing parameters are coded and their permitted range.

Table 20-4. Coding and Range of Timing Parameters

Permitted Range
Coded Value Number of Bits Effective Value Coded Value Effective Value
setup [5:0] 6 128 x setup[5] + setup[4:0] 0<31 0<128+31
pulse [6:0] 7 256 x pulse[6] + pulse[5:0] 0<63 0<256 + 63
0<256 + 127
cycle [8:0] 9 256 x cycle[8:7] + cycle[6:0] 0<127 0<512 + 127
0<768 + 127

20.8.6 Reset Values of Timing Parameters

Table 20-8 gives the default value of timing parameters at reset.

20.8.7 Usage Restriction

The SMC does not check the validity of the user-programmed parameters. If the sum of SETUP and PULSE
parameters is larger than the corresponding CYCLE parameter, this leads to unpredictable behavior of the SMC.

For read operations:

Null but positive setup and hold of address and NRD and/or NCS can not be guaranteed at the memory interface
because of the propagation delay of theses signals through external logic and pads. If positive setup and hold
values must be verified, then it is strictly recommended to program non-null values so as to cover possible skews
between address, NCS and NRD signals.

For write operations:

If a null hold value is programmed on NWE, the SMC can guarantee a positive hold of address, byte select lines,
and NCS signal after the rising edge of NWE. This is true for WRITE_MODE = 1 only. See “Early Read Wait State”
on page 201.

For read and write operations: a null value for pulse parameters is forbidden and may lead to unpredictable
behavior.

In read and write cycles, the setup and hold time parameters are defined in reference to the address bus. For
external devices that require setup and hold time between NCS and NRD signals (read), or between NCS and
NWE signals (write), these setup and hold times must be converted into setup and hold times in reference to the
address bus.
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20.9

20.9.1

20.9.2

Automatic Wait States

Under certain circumstances, the SMC automatically inserts idle cycles between accesses to avoid bus contention
or operation conflict.

Chip Select Wait States

The SMC always inserts an idle cycle between 2 transfers on separate chip selects. This idle cycle ensures that
there is no bus contention between the de-activation of one device and the activation of the next one.

During chip select wait state, all control lines are turned inactive: NBSO to NBS3, NWRO to NWR3, NCSJ0..5], NRD
lines are all set to 1.

Figure 20-16 illustrates a chip select wait state between access on Chip Select 0 and Chip Select 2.

Figure 20-16. Chip Select Wait State between a Read Access on NCSO and a Write Access on NCS2
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Early Read Wait State

In some cases, the SMC inserts a wait state cycle between a write access and a read access to allow time for the
write cycle to end before the subsequent read cycle begins. This wait state is not generated in addition to a chip
select wait state. The early read cycle thus only occurs between a write and read access to the same memory
device (same chip select).

An early read wait state is automatically inserted if at least one of the following conditions is valid:
e if the write controlling signal has no hold time and the read controlling signal has no setup time (Figure 20-
17).
e in NCS write controlled mode (WRITE_MODE = 0), if there is no hold timing on the NCS signal and the

NCS_RD_SETUP parameter is set to 0, regardless of the read mode (Figure 20-18). The write operation
must end with a NCS rising edge. Without an Early Read Wait State, the write operation could not complete

properly.
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e in NWE controlled mode (WRITE_MODE = 1) and if there is no hold timing (NWE_HOLD = 0), the feedback
of the write control signal is used to control address, data, chip select and byte select lines. If the external
write control signal is not inactivated as expected due to load capacitances, an Early Read Wait State is
inserted and address, data and control signals are maintained one more cycle. See Figure 20-19.

Figure 20-17. Early Read Wait State: Write with No Hold Followed by Read with No Setup
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Figure 20-18. Early Read Wait State: NCS Controlled Write with No Hold Followed by a Read with No NCS Setup
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Figure 20-19. Early Read Wait State: NWE-controlled Write with No Hold Followed by a Read with one Set-up Cycle
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20.9.3 Reload User Configuration Wait State
The user may change any of the configuration parameters by writing the SMC user interface.

When detecting that a new user configuration has been written in the user interface, the SMC inserts a wait state
before starting the next access. The so called “Reload User Configuration Wait State” is used by the SMC to load
the new set of parameters to apply to next accesses.

The Reload Configuration Wait State is not applied in addition to the Chip Select Wait State. If accesses before
and after re-programming the user interface are made to different devices (Chip Selects), then one single Chip
Select Wait State is applied.

On the other hand, if accesses before and after writing the user interface are made to the same device, a Reload
