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22.6.18 PIO Multi-driver Enable Register

Name: PIO_MDER

Address:  OxFFFFF450 (PIOA), OXFFFFF650 (PIOB), OXFFFFF850 (PIOC), OXFFFFFA50 (PIOD)

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

| P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 |
23 22 21 20 19 18 17 16

| P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 |
15 14 13 12 11 10 9 8

| P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8 |
7 6 5 4 3 2 1 0

| P7 | P6 | P5 | P4 | P3 | P2 | P1 | PO |

This register can only be written if the WPEN bit is cleared in the PIO Write Protection Mode Register.

« P0O-P31: Multi-drive Enable
0: No effect.
1: Enables multi-drive on the I/O line.
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Figure 26-2.
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27.5.5 Error Location Status Register

Name: PMERRLOC_ELSR

Address: OxFFFFE610

Access: Read-write

Reset: 0x00000000
31 30 29 28 27 26 25 24

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

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

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

I - I - | - - I - I - | - | BUSY |

e« BUSY: Error Location Engine Busy
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27.5.6 Error Location Interrupt Enable Register

Name: PMERRLOC_ELIER

Address: OxXFFFFEG614

Access: Read-only

Reset: 0x00000000
31 30 29 28 27 26 25 24

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

. - rr - ¢ - - r - rr - ¢ - [ - 1}
15 14 13 12 11 10 9 8

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

. - r - ¢ - - 1 - [ - | - [ DONE ]

+ DONE: Computation Terminated Interrupt Enable
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Figure 28-3. 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 28-4. Memory Connection for a 16-bit Data Bus

D[15:0] D[15:0]
A[19:2] A[18:1]
A1 A[0]
SMC NBSO Low Byte Enable

NBS1 High Byte Enable
NWE Write Enable
NRD Output Enable

NCS[2] Memory Enable

Figure 28-5. Memory Connection for a 32-bit Data Bus

D[31:16] D[31:16]
D[15:0] D[15:0]
Al20:2] 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

28.8.2.1 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.
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28.9.5 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 28-5 shows how the timing parameters are coded and their permitted range.

Table 28-5. 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] 031 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] 0127 0 512+127
0 <768+127

28.9.6 Reset Values of Timing Parameters

Table 28-9, “Register Mapping,” on page 424 gives the default value of timing parameters at reset.

28.9.7 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.

Atmel

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 405.

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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31.7.8 UDPHS Endpoint Configuration Register
Name: UDPHS_EPTCFGx [x=0..6]

Address:  OxF803C100 [0], 0xF803C120 [1], 0xF803C140 [2], 0xF803C160 [3], 0XF803C180 [4], OXF803C1AO [5],
0xF803C1CO [6]

Access: Read/Write
31 30 29 28 27 26 25 24
[ EPT_MAPD | - | - - I - I - | - I - |
23 22 21 20 19 18 17 16
I - I - - - I - I - - I - |
15 14 13 12 11 10 9 8
I - I - - - I - I - NB_TRANS |
7 6 5 4 3 2 1 0
| BK_NUMBER | EPT_TYPE | EPT_DIR | EPT_SIZE |
» EPT_SIZE: Endpoint Size (cleared upon USB reset)
Set this field according to the endpoint size™ in bytes (see Section 31.6.6 "Endpoint Configuration”).
Value Name Description
0 8 8 bytes
1 16 16 bytes
2 32 32 bytes
3 64 64 bytes
4 128 128 bytes
5 256 256 bytes
6 512 512 bytes
7 1024 1024 bytes
Note: 1. 1024 bytes is only for isochronous endpoint.
 EPT_DIR: Endpoint Direction (cleared upon USB reset)
0: Clear this bit to configure OUT direction for Bulk, Interrupt and Isochronous endpoints.
1: Set this bit to configure IN direction for Bulk, Interrupt and Isochronous endpoints.
For Control endpoints this bit has no effect and should be left at zero.
e« EPT_TYPE: Endpoint Type (cleared upon USB reset)
Set this field according to the endpoint type (see Section 31.6.6 "Endpoint Configuration”).
(Endpoint 0 should always be configured as control)
Value Name Description
0 CTRLS Control endpoint
1 ISO Isochronous endpoint
2 BULK Bulk endpoint
3 INT Interrupt endpoint
/ItmeL SAM9G25 [DATASHEET] 573
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NAK_IN: NAKIN Clear
: No effect.

: Clear the NAK_IN flags of UDPHS_EPTSTAX.

= O

NAK_OUT: NAKOUT Clear
: No effect.

= O

: Clear the NAK_OUT flag of UDPHS_EPTSTAX.
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—SRC_DSCR is set (source address is contiguous).
—FC field is programmed with memory to peripheral flow control mode.
—Both DST_DSCR and SRC_DSCR are set (descriptor fetch is disabled).

—DIF and SIF are set with their respective layer ID. If SIF is different from DIF, DMA Controller is able
to prefetch data and write HSMCI simultaneously.

h. Configure the fields of LLI(n).DMAC_CFGx for Channel x as follows:
—FIFOCFG defines the watermark of the DMA channel FIFO.
—DST_H2SEL is set to true to enable hardware handshaking on the destination.
—SRC_REP is configured to 0. (contiguous memory access at block boundary)

—DST_PER is programmed with the hardware handshaking ID of the targeted HSMCI Host
Controller.

i. IfLLI(n) is the last descriptor, then LLI(n).DSCR points to 0 else LLI(n) points to the start address of
LLI(n+1).

j- Program DMAC_CTRLBXx for the Channel Register x with 0. Its content is updated with the LLI fetch
operation.

k. Program DMAC_DSCRXx for the Channel Register x with the address of the first descriptor LLI(0).
[.  Enable Channel x writing one to DMAC_CHER]x]. The DMA is ready and waiting for request.

7. Poll CBTC[x] bit in the DMAC_EBCISR.

8. If a new list of buffers shall be transferred, repeat step 6. Check and handle HSMCI errors.

9. Poll FIFOEMPTY field in the HSMCI_SR.

10. Send The STOP_TRANSMISSION command writing HSMCI_ARG then HSMCI_CMDR.

11. Wait for XFRDONE in the HSMCI_SR.

33.8.8 READ_MULTIPLE_BLOCK

33.8.8.1Block Length is a Multiple of 4
1. Wait until the current command execution has successfully terminated.

a. Check that CMDRDY and NOTBUSY are asserted in HSMCI_SR.
Program the block length in the card. This value defines the value block_length.
Program the block length in the HSMCI Configuration Register with block_length value.
Set RDPROOF bit in HSMCI_MR to avoid overflow.
Configure the fields of the HSMCI_DMA register as follows:

— ROPT bit is configured to O.

—  OFFSET field is configured to 0.

—  CHKSIZE is user defined.

— DMAEN is set to true to enable DMAC hardware handshaking in the HSMCI. This bit was previously
set to false.

6. Issue a READ_MULTIPLE_BLOCK command.
7. Program the DMA Controller to use a list of descriptors:

a s~ wn
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36.6 Functional Description

The PWM macrocell is primarily composed of a clock generator module and 4 channels.
—  Clocked by the system clock, MCK, the clock generator module provides 13 clocks.
—  Each channel can independently choose one of the clock generator outputs.

— Each channel generates an output waveform with attributes that can be defined independently for
each channel through the user interface registers.

36.6.1 PWM Clock Generator

Figure 36-2. Functional View of the Clock Generator Block Diagram

——>
MCK modulo n counter

——> MCK

» MCK/2
» MCK/4
» MCK/8
» MCK/16
» MCK/32
» MCK/64
> MCK/128
> MCK/256
> MCK/512
» MCK/1024

HDivider Al clkA

PREA| | DIVA
PWM_MR

Divider B clkB

PREB| |DIVB
PWM_MR

Caution: Before using the PWM macrocell, the programmer must first enable the PWM clock in the Power
Management Controller (PMC).

The PWM macrocell master clock, MCK, is divided in the clock generator module to provide different clocks
available for all channels. Each channel can independently select one of the divided clocks.
The clock generator is divided in three blocks:

— A modulo n counter which provides 11 clocks: Fycx, Fyck/2: Fuek/4 Fuck/8: Fuek/16, Fyck/32,
Fuck/64, Fpek/128, Fuck/256, Fyck/512, Fyck/1024

— Two linear dividers (1, 1/2, 1/3,... 1/255) that provide two separate clocks: clkA and clkB

748 SAM9G25 [DATASHEET]
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36.7.7 PWM Interrupt Mask Register

Name: PWM_IMR

Address: 0xF8034018

Access: Read-only
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

| - | — | - | - | CHID3 | CHID2 | CHID1 | CHIDO |

» CHIDx: Channel ID.

0 = Interrupt for PWM channel x is disabled.

1 = Interrupt for PWM channel x is enabled.
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38.7.22 USART FI DI RATIO Register

Name: US_FIDI

Address: 0xF801C040 (0), 0xF8020040 (1), 0xF8024040 (2), 0xF8028040 (3)

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

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

| FI_DI_RATIO |

This register can only be written if the WPEN bit is cleared in the USART Write Protection Mode Register.

e FI_DI_RATIO: FI Over DI Ratio Value

0: If 1ISO7816 mode is selected, the baud rate generator generates no signal.

1-2: Do not use.

3-2047: If ISO7816 mode is selected, the baud rate is the clock provided on SCK divided by FI_DI_RATIO.
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39.6.3 UART Interrupt Enable Register

Name: UART_IER

Address: 0xF8040008 (0), 0xF8044008 (1)

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

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

. - r - ¢ - - [ - [ - | - -
15 14 13 12 11 10 9 8

. - rr - ¢ - - [ - [ - [ wxewmery | - ]

7 6 5 4 3 2 1 0
| PR | FrRaME [ ovrE | — | — | - |  TXRDY [ RxrRDY |

The following configuration values are valid for all listed bit names of this register:
0: No effect.
1: Enables the corresponding interrupt.

 RXRDY: Enable RXRDY Interrupt

e TXRDY: Enable TXRDY Interrupt

e OVRE: Enable Overrun Error Interrupt
« FRAME: Enable Framing Error Interrupt
e PARE: Enable Parity Error Interrupt

e« TXEMPTY: Enable TXEMPTY Interrupt

Atmel SAMOG25 [DATASHEET] 917
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» FSOS: Transmit Frame Sync Output Selection

Value Name Description
0 NONE None, TF pin is an input
1 NEGATIVE Negative Pulse, TF pin is an output
2 POSITIVE Positive Pulse, TF pin is an output
3 LOW Driven Low during data transfer
4 HIGH Driven High during data transfer
5 TOGGLING Toggling at each start of data transfer

* FSDEN: Frame Sync Data Enable
0: The TD line is driven with the default value during the Transmit Frame Sync signal.
1: SSC_TSHR value is shifted out during the transmission of the Transmit Frame Sync signal.

» FSEDGE: Frame Sync Edge Detection
Determines which edge on frame sync will generate the interrupt TXSYN (Status Register).

Value Name Description
0 POSITIVE Positive Edge Detection
1 NEGATIVE Negative Edge Detection

» FSLEN_EXT: FSLEN Field Extension
Extends FSLEN field. For details, refer to FSLEN bit description on page 985.

986  SAMOIG25 [DATASHEET] Atmel

Atmel-11032G-ATARM-SAM9G25-Datasheet_31-Aug-15



43.6.5 1Sl Color Space Conversion YCrCb to RGB Set 0 Register

Name: ISI_Y2R_SETO

Address: 0xF8048010

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

I c3 |
23 22 21 20 19 18 17 16

I c2 |
15 14 13 12 11 10 9 8

I c1 |
7 6 5 4 3 2 1 0

I co |

» CO: Color Space Conversion Matrix Coefficient CO
CO element default step is 1/128, ranges from 0 to 1.9921875.

* C1: Color Space Conversion Matrix Coefficient C1
C1 element default step is 1/128, ranges from 0 to 1.9921875.

e C2: Color Space Conversion Matrix Coefficient C2
C2 element default step is 1/128, ranges from 0 to 1.9921875.

e C3: Color Space Conversion Matrix Coefficient C3
C3 element default step is 1/128, ranges from 0 to 1.9921875.
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43.6.6 1Sl Color Space Conversion YCrCb to RGB Set 1 Register

Name: ISI_Y2R_SET1

Address: 0xF8048014

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

| — | Choff | Croff | Yoff | - | - | - | C4 |
7 6 5 4 3 2 1 0

| c4 |

» C4: Color Space Conversion Matrix Coefficient C4
C4 element default step is 1/128, ranges from 0 to 3.9921875.

» Yoff: Color Space Conversion Luminance Default Offset
0: No offset.
1: Offset = 128.

» Croff: Color Space Conversion Red Chrominance Default Offset
0: No offset.
1: Offset = 16.

» Cboff: Color Space Conversion Blue Chrominance Default Offset
0: No offset.

1: Offset = 16.
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44.4.2.1 FIFO

The FIFO depths are 128 bytes for receive and 128 bytes for transmit and are a function of the system clock speed,
memory latency and network speed.

Data is typically transferred into and out of the FIFOs in bursts of four words. For receive, a bus request is asserted
when the FIFO contains four words and has space for 28 more. For transmit, a bus request is generated when
there is space for four words, or when there is space for 27 words if the next transfer is to be only one or two
words.

Thus the bus latency must be less than the time it takes to load the FIFO and transmit or receive three words (112
bytes) of data.

At 100 Mbit/s, it takes 8960 ns to transmit or receive 112 bytes of data. In addition, six master clock cycles should
be allowed for data to be loaded from the bus and to propagate through the FIFOs. For a 133 MHz master clock
this takes 45 ns, making the bus latency requirement 8915 ns.

44.4.2.2 Receive Buffers

Received frames, including CRC/FCS optionally, are written to receive buffers stored in memory. Each receive
buffer is 128 bytes long. The start location for each receive buffer is stored in memory in a list of receive buffer
descriptors at a location pointed to by the Receive Buffer Queue Pointer Register (EMAC_RBQP). The receive
buffer start location is a word address. For the first buffer of a frame, the start location can be offset by up to three
bytes depending on the value written to bits 14 and 15 of the Network Configuration Register (EMAC_NCFGR). If
the start location of the buffer is offset the available length of the first buffer of a frame is reduced by the
corresponding number of bytes.

Each list entry consists of two words, the first being the address of the receive buffer and the second being the
receive status. If the length of a receive frame exceeds the buffer length, the status word for the used buffer is
written with zeroes except for the ‘Start of Frame’ bit and the offset bits, if appropriate. Bit O of the address field is
written to one to show the buffer has been used. The receive buffer manager then reads the location of the next
receive buffer and fills that with receive frame data. The final buffer descriptor status word contains the complete
frame status. Refer to Table 44-1 for details of the receive buffer descriptor list.

Table 44-1. Receive Buffer Descriptor Entry

Bit Function

Word 0

31:2 Address of beginning of buffer

1 Wrap - marks last descriptor in receive buffer descriptor list.

Ownership - needs to be zero for the EMAC to write data to the receive buffer. The EMAC sets this to one once it has
0 successfully written a frame to memory.

Software has to clear this bit before the buffer can be used again.

Word 1
31 Global all ones broadcast address detected
30 Multicast hash match
29 Unicast hash match
28 External address match
27 Reserved for future use
26 Specific address register 1 match
25 Specific address register 2 match
24 Specific address register 3 match
1050 SAM9G25 [DATASHEET)] AtmeL

Atmel-11032G-ATARM-SAM9G25-Datasheet_31-Aug-15



44.6.14 Hash Register Bottom

Name: EMAC_HRB

Address: 0xF802C090

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

| ADDR |
23 22 21 20 19 18 17 16

| ADDR |
15 14 13 12 11 10 9 8

| ADDR |
7 6 5 4 3 2 1 0

| ADDR |

» ADDR: Hash Address Bottom
Bits 31:0 of the hash address register. See Section 44.4.8 "Hash Addressing”.
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45.18.1.3 Timing Extraction

Figure 45-10. SPI Master mode 1 and 2

SPCK -
—
) SPl, SPIy
|
MISO * *
SPl,
MOSI X
Figure 45-11. SPI Master mode 0 and 3
SPCK / \
SPI, SPl, |

SPls

MOSI X

Figure 45-12. SPI Slave mode 0 and 3

NPCS0

sPi, SPly,

SPCK B
SPlg
MISO ;'( X
SPI, SPlg
MOSI }){ >‘<
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