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SAM9G20

A first level of address decoding is performed by the 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 7 are directed to the EBI that associates
these banks to the external chip selects EBI_NCSO0 to EBI_NCS7. Bank 0 is reserved for the addressing of the internal memories, and a
second level of decoding provides 1 Mbyte of internal memory area. 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.

Each Master has its own bus and its own decoder, thus allowing a different memory mapping per Master. However, in order to simplify the
mappings, all the masters have a similar address decoding.

Regarding Master 0 and Master 1 (Arm926 Instruction and Data), three different Slaves are assigned to the memory space decoded at
address 0x0: one for internal boot, one for external boot, one after remap. Refer to Table 7-1 "Internal Memory Mapping” for details.

7.1 Embedded Memories

* 64 Kbyte ROM

- Single Cycle Access at full matrix speed
* Two 16 Kbyte Fast SRAM

- Single Cycle Access at full matrix speed

7.1.1 Boot Strategies

Table 7-1 summarizes the Internal Memory Mapping for each Master, depending on the Remap status and the BMS state at reset.

Table 7-1: Internal Memory Mapping
REMAP =0
Address BMS =1 BMS =0 REMAP =1
0x0000 0000 ROM EBI_NCSO SRAMO 16 KB
0x0010 0000 ROM
0x0020 0000 SRAMO 16 KB
0x0030 0000 SRAM1 16 KB
0x0050 0000 USB Host User Interface

The system always boots at address 0x0. To ensure a maximum number of possibilities for boot, the memory layout can be configured
with two parameters.

REMAP allows the user to lay out the first internal SRAM bank to 0x0 to ease development. This is done by software once the system has
booted. When REMAP = 1, BMS is ignored. Refer to Section 18. “SAM9G20 Bus Matrix” for more details.

When REMAP = 0, BMS allows the user to lay out to 0x0, at his convenience, the ROM or an external memory. This is done via hardware
at reset.

Note:  Memory blocks not affected by these parameters can always be seen at their specified base addresses. See the complete
memory map presented in Figure 7-1.

The SAM9G20 matrix manages a boot memory that depends on the level on the BMS pin at reset. The internal memory area mapped
between address 0x0 and 0xO00F FFFF is reserved for this purpose.

If BMS is detected at 1, the boot memory is the embedded ROM.

If BMS is detected at 0, the boot memory is the memory connected on the Chip Select 0 of the External Bus Interface.

7111 BMS =1, Boot on Embedded ROM
The system boots using the Boot Program.

» Boot on slow clock (On-chip RC or 32768 Hz)

¢ Auto baudrate detection

« Downloads and runs an application from external storage media into internal SRAM
* Downloaded code size depends on embedded SRAM size
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10.2 Block Diagram

Figure 10-1: Arm926EJ-S Internal Functional Block Diagram
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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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20.8.3.5 Null 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 oper-
ation.

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, regard-
less of the programmed waveform on NCS.
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Figure 21-8: Deep Power-down Mode Behavior
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22.6.5 ECC Parity Register 4

Name:ECC_PR4
Access:Read-only

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

| NPARITY4 |
15 14 13 12 11 10 9 8

| WORDADDA4 |
7 6 5 4 3 2 1 0

| WORDADDR4

BITADDR4 |

Once the entire main area of a page is written with data, the register content must be stored at any free location of the spare area.

BITADDRA4: corrupted Bit Address in the page between the 2048th and the 2559th bytes

During a page read, this value contains the corrupted bit offset where an error occurred, if a single error was detected. If multiple errors

were detected, this value is meaningless.

WORDADDR4: corrupted Word Address in the page between the 2048th and the 2559th bytes

During a page read, this value contains the word address (8-bit word) where an error occurred, if a single error was detected. If multiple
errors were detected, this value is meaningless.

NPARITY4
Parity N

© 2017 Microchip Technology Inc.
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22.6.8 ECC Parity Register 7
Name:ECC_PR7
Access:Read-only

31 30 29 28 27 26 25 24

23 22 21 20 19 18 17 16
| NPARITY7

15 14 13 12 11 10 9 8
| NPARITY7 WORDADD7

7 6 5 4 3 2 1 0
| WORDADDRY7 BITADDR7

Once the entire main area of a page is written with data, the register content must be stored at any free location of the spare area.

BITADDRY: corrupted Bit Address in the page between the 3584h and the 4095th bytes

During a page read, this value contains the corrupted bit offset where an error occurred, if a single error was detected. If multiple errors

were detected, this value is meaningless.

WORDADDRY7: corrupted Word Address in the page between the 3584th and the 4095th bytes
During a page read, this value contains the word address (8-bit word) where an error occurred, if a single error was detected. If multiple

errors were detected, this value is meaningless.

NPARITY7
Parity N

DS60001516A-page 232
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23.4.8

Transmit Next Counter Register
Name:PERIPH_TNCR
Access:Read/Write

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

TXNCTR: Transmit Counter Next

TXNCTR contains next transmit buffer size.

When a half duplex peripheral is connected to the PDC, RXNCTR = TXNCTR.

© 2017 Microchip Technology Inc.
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27.5.7

Name:DBGU_RHR
Access:Read-only

Debug Unit Receiver Holding Register

31 30 29 28 27 26 25 24
I - S g SR
23 22 21 20 19 18 17 16
I - S g SR
15 14 13 12 11 10 9 8
I : S - T ]
7 6 5 4 3 2 1 0

RXCHR

RXCHR: Received Character
Last received character if RXRDY is set.

DS60001516A-page 340
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27.5.10 Debug Unit Chip ID Register
Name:DBGU_CIDR
Access:Read-only

31 30 29 28 27 26 25 24
| EXT NVPTYP | ARCH |
23 22 21 20 19 18 17 16
| ARCH | SRAMSIZ |
15 14 13 12 11 10 9 8
| NVPSIZ2 | NVPSIZ |
7 6 5 4 3 2 1 0
| EPROC VERSION |

VERSION: Version of the Device
Current version of the device.

EPROC: Embedded Processor

EPROC Processor
0 0 1 Arm946ES
0 1 0 Arm7TDMI
1 0 0 Arm920T
1 0 1 Arm926EJS

NVPSIZ: Nonvolatile Program Memory Size

NVPSIZ Size
0 0 0 0 None
0 0 0 1 8K bytes
0 0 1 0 16K bytes
0 0 1 1 32K bytes
0 1 0 0 Reserved
0 1 0 1 64K bytes
0 1 1 0 Reserved
0 1 1 1 128K bytes
1 0 0 0 Reserved
1 0 0 1 256K bhytes
1 0 1 0 512K bytes
1 0 1 1 Reserved
1 1 0 0 1024K bytes
1 1 0 1 Reserved
1 1 1 0 2048K bytes
1 1 1 1 Reserved

© 2017 Microchip Technology Inc.
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28.4 Functional Description
The PIO Controller features up to 32 fully-programmable /O lines. Most of the control logic associated to each 1/O is represented in

Figure 28-3. In this description each signal shown represents but one of up to 32 possible indexes.

Figure 28-3: I/O Line Control Logic
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| PIO_IER[31] |

| PIO_IMR[31]

| PIO_IDR[31] |

DS60001516A-page 350 © 2017 Microchip Technology Inc.



SAM9G20

29.7.8 SPI Interrupt Mask Register
Name: SPI_IMR
Access: Read-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
| _ | _ | _ | — | — | TXEmPTY [ NSSR |
7 6 5 4 3 2 1 0
[ 7xBuFE | RxBUFF | ENDTX | ENDRX | OVRES MODF | TRE | RDRF |

RDRF: Receive Data Register Full Interrupt Mask

TDRE: SPI Transmit Data Register Empty Interrupt Mask
MODF: Mode Fault Error Interrupt Mask

OVRES: Overrun Error Interrupt Mask

ENDRX: End of Receive Buffer Interrupt Mask

ENDTX: End of Transmit Buffer Interrupt Mask
RXBUFF: Receive Buffer Full Interrupt Mask

TXBUFE: Transmit Buffer Empty Interrupt Mask

NSSR: NSS Rising Interrupt Mask

TXEMPTY: Transmission Registers Empty Mask
0: The corresponding interrupt is not enabled.
1: The corresponding interrupt is enabled.

© 2017 Microchip Technology Inc.
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¢ Multi-master receiver mode
« Slave transmitter mode
¢ Slave receiver mode

These modes are described in the following sections.

30.6.3 Master Mode

30.6.3.1 Definition
The Master is the device that starts a transfer, generates a clock and stops it.

30.6.3.2 Application Block Diagram

Figure 30-5: Master Mode Typical Application Block Diagram
VDD
Rp Rp
) TWD
Host with hd >
TWI

Interface TWCK >

Mlc_:rochlp TWI 12C RTC 12C LCD 12C Temp.

Serial EEPROM Controller Sensor
Slave 1 Slave 2 Slave 3 Slave 4

Rp: Pull up value as given by the 12C Standard

30.6.3.3 Programming Master Mode
The following registers have to be programmed before entering Master mode:

1. DADR (+IADRSZ + IADR if a 10 bit device is addressed): The device address is used to access slave devices in read or write mode.
2. CKDIV + CHDIV + CLDIV: Clock Waveform.

3. SVDIS: Disable the slave mode.

4. MSEN: Enable the master mode.

30.6.3.4 Master Transmitter Mode

After the master initiates a Start condition when writing into the Transmit Holding Register, TWI_THR, it sends a 7-bit slave address, con-
figured in the Master Mode register (DADR in TWI_MMR), to notify the slave device. The bit following the slave address indicates the
transfer direction, 0 in this case (MREAD = 0 in TWI_MMR).

The TWI transfers require the slave to acknowledge each received byte. During the acknowledge clock pulse (9th pulse), the master
releases the data line (HIGH), enabling the slave to pull it down in order to generate the acknowledge. The master polls the data line during
this clock pulse and sets the Not Acknowledge bit (NACK) in the status register if the slave does not acknowledge the byte. As with the
other status bits, an interrupt can be generated if enabled in the interrupt enable register (TWI_IER). If the slave acknowledges the byte,
the data written in the TWI_THR, is then shifted in the internal shifter and transferred. When an acknowledge is detected, the TXRDY bit
is set until a new write in the TWI_THR.

When no more data is written into the TWI_THR, the master generates a stop condition to end the transfer. The end of the complete trans-
fer is marked by the TWI_TXCOMP bit set to one. See Figure 30-6, Figure 30-7, and Figure 30-8.

TXRDY is used as Transmit Ready for the PDC transmit channel.

© 2017 Microchip Technology Inc. DS60001516A-page 411
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Figure 31-19: FSK Modulator Output
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31.6.3.7 Synchronous Receiver

In synchronous mode (SYNC = 1), the receiver samples the RXD signal on each rising edge of the Baud Rate Clock. If a low level is
detected, it is considered as a start. All data bits, the parity bit and the stop bits are sampled and the receiver waits for the next start bit.
Synchronous mode operations provide a high speed transfer capability.

Configuration fields and bits are the same as in asynchronous mode.
Figure 31-20 illustrates a character reception in synchronous mode.

Figure 31-20: Synchronous Mode Character Reception

Example: 8-bit, Parity Enabled 1 Stop

Baud Rate

- mmmmmmmmﬂ_p
0 || T T T T T T T[T

Sampling |
Start DO D1 D2 D3 D4 D5 D6 D7 Stop Bit

Parity Bit

31.6.3.8 Receiver Operations

When a character reception is completed, it is transferred to the Receive Holding Register (US_RHR) and the RXRDY bit in the Status
Register (US_CSR) rises. If a character is completed while the RXRDY is set, the OVRE (Overrun Error) bit is set. The last character is
transferred into US_RHR and overwrites the previous one. The OVRE bit is cleared by writing the Control Register (US_CR) with the RST-
STA (Reset Status) bit at 1.

© 2017 Microchip Technology Inc. DS60001516A-page 459
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31.7.3 USART Interrupt Enable Register

Name: US_IER

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

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

| - | - | - | MANE | CTSIC DCDIC | DSRIC | RIIC |
15 14 13 12 11 10 9 8

| - | - | NACK | RXBUFF | TXBUFE ITER | TXEMPTY | TIMEOUT |
7 6 5 4 3 2 1 0

| PARE | FRAME | OVRE | ENDTX | ENDRX RXBRK | TXRDY | RXRDY |

RXRDY: RXRDY Interrupt Enable

TXRDY: TXRDY Interrupt Enable

RXBRK: Receiver Break Interrupt Enable

ENDRX: End of Receive Transfer Interrupt Enable
ENDTX: End of Transmit Interrupt Enable

OVRE: Overrun Error Interrupt Enable

FRAME: Framing Error Interrupt Enable

PARE: Parity Error Interrupt Enable

TIMEOUT: Time-out Interrupt Enable

TXEMPTY: TXEMPTY Interrupt Enable

ITER: Iteration Interrupt Enable

TXBUFE: Buffer Empty Interrupt Enable

RXBUFF: Buffer Full Interrupt Enable

NACK: Non Acknowledge Interrupt Enable

RIIC: Ring Indicator Input Change Enable

DSRIC: Data Set Ready Input Change Enable
DCDIC: Data Carrier Detect Input Change Interrupt Enable
CTSIC: Clear to Send Input Change Interrupt Enable

MANE: Manchester Error Interrupt Enable

DS60001516A-page 480
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32.3 Application Block Diagram

Figure 32-2: Application Block Diagram
0S or RTOS Driver Power Interrupt Test
Management Management Management
SSC
Serial AUDIO Codec Time Slot Frame Line Interface
Management | Management

32.4 Pin Name List

Table 32-1: I/O Lines Description

Pin Name Pin Description Type
RF Receiver Frame Synchro Input/Output
RK Receiver Clock Input/Output
RD Receiver Data Input

TF Transmitter Frame Synchro Input/Output
TK Transmitter Clock Input/Output
TD Transmitter Data Output

32.5 Product Dependencies

32.5.1 I/O Lines
The pins used for interfacing the compliant external devices may be multiplexed with PIO lines.
Before using the SSC receiver, the PIO controller must be configured to dedicate the SSC receiver I/O lines to the SSC peripheral mode.

Before using the SSC transmitter, the PIO controller must be configured to dedicate the SSC transmitter I/O lines to the SSC peripheral
mode.

32.5.2 Power Management

The SSC is not continuously clocked. The SSC interface may be clocked through the Power Management Controller (PMC), therefore the
programmer must first configure the PMC to enable the SSC clock.

325.3 Interrupt

The SSC interface has an interrupt line connected to the Advanced Interrupt Controller (AIC). Handling interrupts requires programming
the AIC before configuring the SSC.

All SSC interrupts can be enabled/disabled configuring the SSC Interrupt mask register. Each pending and unmasked SSC interrupt will
assert the SSC interrupt line. The SSC interrupt service routine can get the interrupt origin by reading the SSC interrupt status register.

32.6 Functional Description

This section contains the functional description of the following: SSC Functional Block, Clock Management, Data format, Start, Transmitter,
Receiver and Frame Sync.

The receiver and transmitter operate separately. However, they can work synchronously by programming the receiver to use the transmit
clock and/or to start a data transfer when transmission starts. Alternatively, this can be done by programming the transmitter to use the
receive clock and/or to start a data transfer when reception starts. The transmitter and the receiver can be programmed to operate with
the clock signals provided on either the TK or RK pins. This allows the SSC to support many slave-mode data transfers. The maximum
clock speed allowed on the TK and RK pins is the master clock divided by 2.

© 2017 Microchip Technology Inc. DS60001516A-page 497
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The transmit buffer queue pointer register must not be written while transmit is active. If a new value is written to the transmit buffer queue
pointer register, the queue pointer resets itself to point to the beginning of the new queue. If transmit is disabled by writing to bit 3 of the
network control, the transmit buffer queue pointer register resets to point to the beginning of the transmit queue. Note that disabling receive
does not have the same effect on the receive queue pointer.

Once the transmit queue is initialized, transmit is activated by writing to bit 9, the Transmit Start bit of the network control register. Transmit
is halted when a buffer descriptor with its used bit set is read, or if a transmit error occurs, or by writing to the transmit halt bit of the network
control register. (Transmission is suspended if a pause frame is received while the pause enable bit is set in the network configuration
register.) Rewriting the start bit while transmission is active is allowed.

Transmission control is implemented with a Tx_go variable which is readable in the transmit status register at bit location 3. The Tx_go
variable is reset when:

- transmit is disabled

- a buffer descriptor with its ownership bit set is read

- anew value is written to the transmit buffer queue pointer register

- bit 10, tx_halt, of the network control register is written

- there is a transmit error such as too many retries or a transmit underrun.
To set tx_go, write to bit 9, tx_start, of the network control register. Transmit halt does not take effect until any ongoing transmit finishes.
If a collision occurs during transmission of a multi-buffer frame, transmission automatically restarts from the first buffer of the frame. If a

“used” bit is read midway through transmission of a multi-buffer frame, this is treated as a transmit error. Transmission stops, tx_er is
asserted and the FCS is bad.

If transmission stops due to a transmit error, the transmit queue pointer resets to point to the beginning of the transmit queue. Software
needs to re-initialize the transmit queue after a transmit error.

If transmission stops due to a “used” bit being read at the start of the frame, the transmission queue pointer is not reset and transmit starts
from the same transmit buffer descriptor when the transmit start bit is written.

Table 35-2: Transmit Buffer Descriptor Entry

Bit Function

Word 0

31:0 | Byte Address of buffer

Word 1

Used. Needs to be zero for the EMAC to read data from the transmit buffer. The EMAC sets this to one for the first buffer of

a frame once it has been successfully transmitted.

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

Note:  This bit is only set for the first buffer in a frame unlike receive where all buffers have the Used bit set once used.

30 Wrap. Marks last descriptor in transmit buffer descriptor list.

29 Retry limit exceeded, transmit error detected

Transmit underrun, occurs either when hresp is not OK (bus error) or the transmit data could not be fetched in time or when

28 buffers are exhausted in mid frame.

27 Buffers exhausted in mid frame

26:17 | Reserved

16 No CRC. When set, no CRC is appended to the current frame. This bit only needs to be set for the last buffer of a frame.

15 Last buffer. When set, this bit indicates the last buffer in the current frame has been reached.
14:11 | Reserved

10:0 | Length of buffer

© 2017 Microchip Technology Inc. DS60001516A-page 603
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35.3.8 Hash Addressing

The hash address register is 64 bits long and takes up two locations in the memory map. The least significant bits are stored in hash reg-
ister bottom and the most significant bits in hash register top.

The unicast hash enable and the multicast hash enable bits in the network configuration register enable the reception of hash matched
frames. The destination address is reduced to a 6-bit index into the 64-bit hash register using the following hash function. The hash func-
tion is an exclusive or of every sixth bit of the destination address.

hash_index[5] = da[5] * da[11] ~ da[17] * da[23] ~ da[29] ~ da[35] ~ da[41] " da[47]
hash_index[4] = da[4] ~ da[10] ~ da[16] ~ da[22] ~ da[28] ~ da[34] * da[40] " da[46]
hash_index[3] = da[3] ~ da[09] " da[15] ~ da[21] ~ da[27] ~ da[33] * da[39] " da[45]
hash_index[2] = da[2] ~ da[08]  da[14] ~ da[20] ~ da[26] ~ da[32] * da[38] " da[44]
hash_index[1] = da[1] ~ da[07] * da[13] ~ da[19] ~ da[25] ~ da[31] ~ da[37] " da[43]
hash_index|[0] = da[0] ~ daJ06] * da[12] ~ da[18] ~ da[24] ~ da[30] * da[36] " da[42]

da[ 0] represents the least significant bit of the first byte received, that is, the multicast/unicast indicator, and da[ 47] represents the
most significant bit of the last byte received.

If the hash index points to a bit that is set in the hash register, then the frame is matched according to whether the frame is multicast or
unicast.

A multicast match is signalled if the multicast hash enable bit is set. da[0] is 1 and the hash index points to a bit set in the hash register.
A unicast match is signalled if the unicast hash enable bit is set. da[0] is 0 and the hash index points to a bit set in the hash register.

To receive all multicast frames, the hash register should be set with all ones and the multicast hash enable bit should be set in the network
configuration register.

35.3.9 Copy All Frames (or Promiscuous Mode)

If the copy all frames bit is set in the network configuration register, then all non-errored frames are copied to memory. For example, frames
that are too long, too short, or have FCS errors or rx_er asserted during reception are discarded and all others are received. Frames with
FCS errors are copied to memory if bit 19 in the network configuration register is set.

35.3.10 Type ID Checking

The contents of the type_id register are compared against the length/type ID of received frames (i.e., bytes 13 and 14). Bit 22 in the receive
buffer descriptor status is set if there is a match. The reset state of this register is zero which is unlikely to match the length/type ID of any
valid Ethernet frame.

Note:  Atype ID match does not affect whether a frame is copied to memory.

35.3.11 VLAN Support
An Ethernet encoded 802.1Q VLAN tag looks like this:

Table 35-4: 802.1Q VLAN Tag
TPID (Tag Protocol Identifier) 16 bits TCI (Tag Control Information) 16 bits
0x8100 First 3 bits priority, then CFI bit, last 12 bits VID

The VLAN tag is inserted at the 13t byte of the frame, adding an extra four bytes to the frame. If the VID (VLAN identifier) is null (0x000),
this indicates a priority-tagged frame. The MAC can support frame lengths up to 1536 bytes, 18 bytes more than the original Ethernet
maximum frame length of 1518 bytes. This is achieved by setting bit 8 in the network configuration register.

The following bits in the receive buffer descriptor status word give information about VLAN tagged frames:
* Bit 21 set if receive frame is VLAN tagged (i.e. type id of 0x8100)
« Bit 20 set if receive frame is priority tagged (i.e. type id of 0x8100 and null VID). (If bit 20 is set bit 21 is set also.)

e Bit 19, 18 and 17 set to priority if bit 21 is set
* Bit 16 set to CFl if bit 21 is set
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35.5.6 Transmit Buffer Queue Pointer Register

Name:EMAC_TBQP
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

This register points to the entry in the transmit buffer queue (descriptor list) currently being used. It is written with the start location of the
transmit buffer descriptor list. The lower order bits increment as buffers are used up and wrap to their original values after either 1024

buffers or when the wrap bit of the entry is set. This register can only be written when bit 3 in the transmit status register is low.

As transmit buffer reads consist of bursts of two words, it is recommended that bit 2 is always written with zero to prevent a burst crossing
a 1K boundary, in violation of section 3.6 of the AMBA specification.

ADDR: Transmit buffer queue pointer address

Written with the address of the start of the transmit queue, reads as a pointer to the first buffer of the frame being transmitted or about to

be transmitted.

DS60001516A-page 618

© 2017 Microchip Technology Inc.



SAM9G20

38. Image Sensor Interface (ISI)

38.1 Overview

The Image Sensor Interface (ISI) connects a CMOS-type image sensor to the processor and provides image capture in various formats.
It does data conversion, if necessary, before the storage in memory through DMA.

The ISI supports color CMOS image sensor and grayscale image sensors with a reduced set of functionalities.

In grayscale mode, the data stream is stored in memory without any processing and so is not compatible with the LCD controller.

Internal FIFOs on the preview and codec paths are used to store the incoming data. The RGB output on the preview path is compatible
with the LCD controller. This module outputs the data in RGB format (LCD compatible) and has scaling capabilities to make it compliant
to the LCD display resolution (See Table 38-3).

Several input formats such as preprocessed RGB or YCbCr are supported through the data bus interface.
It supports two modes of synchronization:

1. The hardware with ISI_VSYNC and ISI_HSYNC signals

2. The International Telecommunication Union Recommendation ITU-R BT.656-4 Start-of-Active-Video (SAV) and End-of-Active-
Video (EAV) synchronization sequence.

Using EAV/SAV for synchronization reduces the pin count (ISI_VSYNC, ISI_HSYNC not used). The polarity of the synchronization pulse
is programmable to comply with the sensor signals.

Table 38-1: I/O Description

Signal Dir Description
ISI_VSYNC IN Vertical Synchronization
ISI_HSYNC IN Horizontal Synchronization
ISI_DATA[11..0] IN Sensor Pixel Data
ISI_MCK ouT Master Clock Provided to the Image Sensor
ISI_PCK IN Pixel Clock Provided by the Image Sensor
Figure 38-1: ISI Connection Example
Image Sensor Image Sensor Interface
data[11..0] > |SI_DATA[11..0]
CLK ISI_MCK
PCLK ISI_PCK
VSYNC ISI_VSYNC
HSYNC ISI_HSYNC
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Example

The first FBD, stored at address 0x30000, defines the location of the first frame buffer.
Destination Address: frame buffer IDO 0x02A000

Next FBD address: 0x30010

Second FBD, stored at address 0x30010, defines the location of the second frame buffer.
Destination Address: frame buffer ID1 0x3A000

Transfer width: 32 bit

Next FBD address: 0x30000, wrapping to first FBD.

Using this technique, several frame buffers can be configured through the linked list. Figure 38-6 illustrates a typical three frame buffer
application. Frame n is mapped to frame buffer 0, frame n+1 is mapped to frame buffer 1, frame n+2 is mapped to Frame buffer 2, further
frames wrap. A codec request occurs, and the full-size 4:2:2 encoded frame is stored in a dedicated memory space.

Figure 38-6: Three Frame Buffers Application and Memory Mapping

Codec Done
Codec Request

frame n-1 frame n frame n+1 frame n+2 frame n+3 frame n+4

I I I I I I

Memory Space

4:2:2 Image
Full ROI

© 2017 Microchip Technology Inc. DS60001516A-page 699



