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Supported Features Detail

* Legacy mode - AXI4-Lite interface based design
* AXlinterface

Supports AXI4-Lite interface - Legacy mode

All registers in the core should be accessed as 32-bit access and only through single length AXI4-Lite
transaction

¢ Configurable SPI modes

Supports Standard, Dual and Quad SPI mode of operation
Standard mode supports

- Master and Slave SPI mode

- MSB/LSB first transactions

- Local loopback capability for testing

- Multiple master and multiple slave environment

- Optional 0 or 16 or 256 element deep (an element is a byte, a half-word or a word) transmit and
receive FIFOs

Dual/Quad SPI mode supports:
- Master mode only

- MSB transfer only

SPI transfer length of 8-bit only

Multiple master and multiple slave environment

- Optional 16 or 256 deep transmit and receive FIFO.

Optional support of 6 pin SPI interface mode (In Quad mode only)

e AXI4 memory mapped interface mode
* AXI4 interface

Supports AXI4 memory mapped interface

* Configurable SPI interface supports:

Standard, Dual and Quad mode of SPI configuration
Master mode only

16 or 256 element deep transmit and receive FIFO
MSB-only transfer of 8-bit length at SPI

Multiple SPI slaves - configurable up to 32
Configurable XIP (Execute In Place) and non-XIP modes

¢ Enhanced mode - Non-XIP mode (burst mode access) - AXI4 memory mapped design:

- SPIread and write commands provided by master
- Only fixed burst transfer at DTR and DRR FIFO locations.
- Only one read or one write transaction is acceptable at a time from AXI4 memory mapped interface

- All registers in the core should be accessed as 32-bit access and only through single length AXI4
transaction

- WRAP transactions not supported
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* Read only XIP mode - AXI4-Lite + AXI4 memory mapped interface based design

AXI4-Lite mode used for setting the configuration register and reading the status/debug register

Read commands only at SPI interface

INCR and WRAP read transactions at memory mapped address
64 beat deep fixed internal FIFO with 32-bit data width
FIXED transactions unsupported

Unsupported Features

The following features relate to the AXI4 memory mapped interface. These features are not supported by the core.

INCR of length more than 1 and WRAP bursts are not supported in Enhanced mode
FIXED burst is not supported in XIP mode

Narrow bursts in Enhanced mode are not supported; only the last 8 bits from the 32 burst bits are valid in
Enhanced mode.

Write Channel and transactions are not supported in XIP mode

Atomic, Locked and Cache Transactions

Debug/Secure and User signals

Out of order transactions

Region signals

QOS signals

Holes in byte strobes

Barrier transactions

Write interleaving

User signals

AXI TrustZone and Low power state

Simultaneous read and write transactions are not supported in Enhanced mode
Un-aligned address when the core is configured in Read only XIP mode

Byte access in XIP mode
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Functional Description

The top-level block diagram for the AXI Quad SPI core when configured with the AXI4-Lite interface option is

shown in Figure 1.
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Figure 1: AXI Quad SPI Core Top-Level Block Diagram

The choice of either AXI4-Lite or AXI4 memory mapped interface

is based on the parameter

C_TYPE_OF_AXI4_INTERFACE. The default value of this parameter is 0 which selects the AXI4-Lite interface. For
the selected AXI4 interface, the core always works as a slave in the AXI4 interface.

Legacy Mode

Legacy mode is selected by setting the parameter C_TYPE_OF_AXI4_INTERFACE to 0. It uses the AXI4-Lite
interface. This mode of operation is fully compatible with the AXI Quad SPI v1.00a core in terms of functionality,

register bit placement and register access.

The AXI Quad SPI IP core, when configured in Standard SPI mode, is a full-duplex synchronous channel which
supports a four-wire interface (receive, transmit, clock and slave-select) between a master and a selected slave.
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When configured in Dual/Quad SPI mode, this core supports additional pins for interfacing with external memory.
These additional pins are used while transmitting the command, address, and data based on the control register
settings and command used.

The core supports the Manual Slave Select mode as the default mode of operation for slave select mode. This mode
allows you to manually control the slave select line by the data written to the slave select register, thereby allowing
transfers of an arbitrary number of elements without toggling the slave select line between elements. However,
before starting a new transfer, you must toggle the slave select line.

The other mode of operation related to slave select is Automatic Slave Select mode. In this mode the slave select line
is toggled automatically after each element transfer. This mode, which is supported only in Standard SPI mode, is
described in more detail in SPI Protocol Slave Select Assertion Modes.

The core functionality is divided into Standard SPI mode and Dual and Quad SPI mode. The functionality for each
mode differs in the way the slave memory works.

Standard SPI Mode

Standard SPI mode is selected when C_SPI_MODE is set to 0. The relevant parameters in this mode are:

e C_SPI MODE

e C_SPI_ MEMORY

e C_USE_STARTUP

e C_NUM_TRANSFER_BITS
e C_NUM_SS_BITS

e C_SCK_RATIO

e C_FIFO_DEPTH

The properties of the core, including or excluding a FIFO, in this mode are described as follows:

1. The choice of inclusion of the FIFO is based on the C_FIFO_DEPTH parameter, which if included in the design,
the transmit and receive FIFO depth is limited to 16 or 256. It is recommended that a FIFO depth of 256 is used,
because this is the most suitable depth to co-relate with the flash memory page size.

2. The valid values for the C_FIFO_DEPTH parameter in this mode are 0 or 16 or 256.

When C_FIFO_DEPTH = 0, no FIFO is included in the core. Data transmission occurs through the single transmit
and receive register. When C_FIFO_DEPTH = 16 or 256, the transmit or receive FIFO is included in the design with
a depth of 16 or 256 elements. The width of the transmit and receive FIFO is configured through the
C_NUM_TRANSFER_BITS parameter.

The AXI Quad SPI IP core supports continuous transfer mode. When configured as master, the transfer continues
until the data is available in transmit register /FIFO. This capability is provided in both manual and automatic slave
select modes. As an example, during page read command, you must fill the command, address, and number of data
beats in the DTR equal to the same number of data bytes that is intended to be read by the SPI memory.

When the core is configured as a slave, if the slave select line (SPISEL) goes High (inactive state) inadvertently in
between the data element transfer, the current transfer is aborted. If the slave select line goes Low, the aborted data
element is transmitted again. The slave mode of the core is allowed only in the Standard SPI mode.
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Dual/Quad SPI Mode

Dual SPI mode is selected when C_SPI_MODE is set to 1. The relevant parameters in this mode are:

e C_SPI MODE

e C_SPI MEMORY

e C_USE_STARTUP

e C_NUM_TRANSFER_BITS
e C_NUM_SS_BITS

s C_FIFO_DEPTH

The properties associated with the FIFO are:

* The depth of the FIFO is based on the C_FIFO_DEPTH parameter., which has valid values of 16 or 256.
¢ The width of the FIFO is 8 bits because the page size of the SPI slave memories is 8 bit only

The behavior of the ports in Dual mode is:

* For Standard SPI mode instruction, the IO0 and IO1 pins are unidirectional (the same as the MOSI and MISO
pins).

e For Dual mode SPI instruction, the IO0 and IO1 pins are bidirectional - depending on the type of memory
chosen and type of command.

The Quad SPI mode is selected when C_SPI_MODE is set to 2. The behavior of the ports in the Quad mode is:

e For Standard mode SPI instruction, the IO0 and IO1 pins are unidirectional and function the same as in
Standard SPI mode.

¢ For Dual mode SPI instruction, the IO0 and IO1 pins are uni-directional or bidirectional depending on the type
of instruction used and type of memory selected by setting the control register bits. IO2 and 103 bits are
3-state.

e For Quad mode SPI instructions, the 100, I01, 102, and 103 pins are uni-directional or bidirectional depending
on the type of memory used while transmitting the command, address, and data.

The parameter C_SPI_MODE =1 or 2 forces the core to operate in Dual or Quad SPI mode, while the core continues
to support the Standard SPI commands and interface. The internal command logic guides the core I/O behavior
depending on the command loaded in the DTR FIFO (SPI DTR). The C_SPI_MODE parameter settings also decide
the I/O pin availability.

Common Information for Both SPI Modes

The core permits additional slaves to be added with automatic generation of the required decoding logic for
individual slave select outputs by the master. Additional masters can also be added. However, detection of all
possible conflicts is not implemented with this interface standard. To eliminate conflicts, the system software is
required to arbitrate bus control.

The core can communicates with both off-chip and on-chip masters and slaves. The number of slaves is limited to
32 by the size of the Slave Select Register. However, the number of slaves and masters affects the achievable
performance in terms of frequency and resource utilization. All of the SPI core and interrupt registers are 32 bits
wide. The core supports only 32-bit word access to all SPI and interrupt register modules.
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AXl14 Memory Mapped Interface

The AXI4 memory mapped interface is selected when C_TYPE_OF_AXI4_INTERFACE is 1. In this mode, the core
can be operated in Enhanced mode (C_XIP_MODE = 0) or XIP mode (C_XIP_MODE = 1). In this mode, the AXI4
memory mapped interface is used for burst transactions at the DTR and DRR locations.

Enhanced Mode - Non-XIP Mode

In this mode, the AXI4-Lite interface for the core is replaced with the AXI4 Full interface. This mode also supports
Standard, Dual and Quad modes using the C_SPI_MODE parameter. The target slave memory can be chosen by
setting the C_SPI_MEMORY to 0 or 1 or 2. All the registers are mapped at the same offset which are mapped for
AXI4-Lite interface. The AXI4 interface is allowed to do burst transactions at the Data Transmit Register and Data
Receive Register only. All other registers should be accessed as single access only. This should be noted while
designing the application for the core.

The DTR and DRR FIFOs are fixed at 256 deep. The core supports the same functionality as the AXI4-Lite interface
the core is supporting. The added advantage for this mode is burst capability at the DTR and DRR locations,
reducing the overhead of data writing and reading to and from the core at the AXI4 interface side.
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Figure 2: Block Diagram of AXI Quad SPI in XIP Mode
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In XIP mode, the core has an AXI4-Lite as well as an AXI4 memory mapped interface (Figure 2). The AXI4-Lite
interface is chosen for accessing the configuration register and the status register. The AXI4 full interface is used
only for reading. The AXI4 full interface supports only the read channel. No write transactions are allowed. The
AXI4-Lite interface can access the configuration register to change the Clock Polarity (CPOL) - Clock Phase (CPHA)
configuration. This mode is suitable for boot operation. In this mode, the core supports INCR and WRAP read
transactions only.

In this mode, the core considers the SPI flash memory as read only memory. The three read commands are provided
with the configuration mode which is used while reading the SPI flash. The core functionality is verified by
assigning the same frequency to the AXI4-Lite as well as AXI4 memory mapped interface. The three main read
commands which are in built into the core are Fast Read (0x0Bh), DIOFR (0xBBh) and QIOFR (0xEBh).

Core Internal Submodules
The AXI Quad SPI IP core submodules are described in the following sections.

C_TYPE_OF_AXI4_INTERFACE is 0

In this mode, the core is backward compatible with v1.00a. The core includes the following submodules.

AXIl4-Lite Interface Module

The AXI4-Lite Interface Module provides the interface to the AXI4-Lite protocol and IPIC. The read and write
transactions at the AXI4-Lite interface are translated into equivalent IP Interconnect (IPIC) transactions. This is the
default combination for the core.

SPI Register Module

The SPI Register Module includes all memory mapped registers (Figure 1). It interfaces to the AXI4-Lite interface.
It consists of Status Register, Control Register, N-bit Slave Select Register (N < 32), and a pair of transmit and
receive Registers.

Interrupt Controller Register Set Module

The Interrupt Controller Register Set Module consists of interrupt related registers, namely, the device global
interrupt enable register (DGIER), IP interrupt enable register (IPIER), and IP interrupt status register (IPISR).

SPI Module

The SPI Module consists of a shift register, a parameterized baud rate generator (BRG), and a control unit. It
provides the SPI interface, including the control logic and initialization logic. In Standard SPI mode, this module is
the center of the SPI operation.

Optional FIFOs

When enabled by the parameter C_FIFO_DEPTH, the transmit FIFO and receive FIFO are implemented on both the
transmit and receive paths. The width of the transmit FIFO and receive FIFO are the same and depend on the
generic C_NUM_TRANSFER_BITS. When the FIFOs are enabled, their depth is variable at 0, 16 or 256 in Standard
SPI mode. In Dual and Quad SPI modes, the FIFO depth is 16 or 256 locations (bytes).

Start-Up Module

The STARTUP is a primitive in the Xilinx FPGA. This primitive can be used after the FPGA configuration in the
design. For more understanding on the use of this primitive, read the targeted FPGA user guide. This primitive can
be included in the design by setting the C_USE_STARTUP parameter to 1. This primitive has a dedicated clock pin
which can be used to provide the SPI clock to the slave memory.
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QSPI Control Logic Module

This module is responsible for generation of control signals which are used in Dual or Quad SPI modes. This
module contains logic for a shift register, SPI clock generator, and state machines for various memory

configurations.
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Design Parameters

To design an AXI Quad SPI IP core that is uniquely tailored for your system, certain features can be parameterized.
Parameterization affords a measure of control over the function, resource usage and performance of the
implemented AXI Quad SPI core. The features that can be parameterized are shown in Table 1.

In addition to the parameters listed in this table, there are also inferred parameters for each AXI interface in the EDK
tools. Through the design, these EDK-inferred parameters control the behavior of the AXI interconnect. For a
complete list of the interconnect settings related to the AXI interface, see the AXI Interconnect IP Data Sheet (DS768)

[Ref 5].

Table 1: Designh Parameters

Generic | Feature/Description Parameter Name Allowable Values D\f;ﬁfgt VHDL Type
System Parameters
: virtex6, spartan®, virtex7, . .
G1 Target FPGA family C_FAMILY Kintex7, artix7. zynq virtex6 | string
Common AXI Parameters
G2 | AXl4-Lite base address | C_BASEADDR Valid Address(") None®) | std_logic_vector
G3 | AXl4-Lite high address | C_HIGHADDR Valid Address(") None®) | std_logic_vector
AXI4 memory mapped . > 3 .
G4 | Bose Address C_S_AXI4_BASEADDR Valid Address@ None®) | std_logic_vector
AX14 memory mapped . > 3 .
G5 High Address C_S_AXI4_HIGHADDR Valid Address(@ None(® | std_logic_vector
G | utiteaddressbus g g axi ADDR WIDTH 32 32 | integer
g7 | ALieAXidatabus 1o s Axi_DATA WIDTH 32 32 | integer
G8 A)_(I4 memory mapped D |C_S_AXI4_ID_WIDTH 1-16@) 4 integer
Width
AX14 memory mapped 4 .
G9 address bus width C_S_AXI4_ADDR_WIDTH 32(4) 32 integer
AXI4 memory mapped  |C_S_AXI4_DATA_WIDTH 4 i
G10 | AX| data bus width 324 32 | integer
AXI Quad SPI IP Core Parameters
0,1
. : C_TYPE_OF_AXIl4_ 0 = AXI4-Lite interface .
G11 Choice of AXl interface INTERFACE 1 = AXI4 memory mapped 0 integer
interface
0,1
G12 Choice of Non-XIP and C_XIP_MODE 0 = Enhanced mode 0(5) integer

XIP mode

(non-XIP mode)
1 = XIP mode
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Table 1: Design Parameters (Cont’d)

Generic | Feature/Description Parameter Name Allowable Values

Default

Value VHDL Type

0, 16, 256

0 =FIFOs are not included in

the design

16 = FIFOs are included in

the design (Standard,
Dual/Quad SPI mode, .

C_FIFO_DEPTH Legacy/Enhanced non-XIP 16(007) | integer

mode only)

256 = FIFOs are included in

the design (Dual/Quad SPI

mode, Legacy/Enhanced

non-XIP mode only)

Receive and transmit

G138 | FIFO depth

2(8), 4, 8, Nx16 for 16(7)(9)

G14 | SPI clock frequency ratio | C_SCK_RATIO N=123 ..128

integer

Total number of slave

G15 select bits

C_NUM_SS_BITS 1-32 1(7) integer

Select number of transfer

G16 bits as 8

C_NUM_TRANSFER_BITS | 8, 16, 32 8(M0) | integer

G17 | SPI modes C_SPI_MODE integer

ual SPI mode

1 ’
= gtandard SPI mode o(11)
= Quad SPI mode

0,1
0 = Exclude the STARTUP
G18 | Use STARTUP primitive | C_USE_STARTUP primitive from core 0(12)  |integer
1 = Include the STARTUP
primitive in the core

0,1,2

0 = Mixed mode memories
1 = Winbond memories are (13) (14) |

C_SPI_MEMORY used as SPI slaves 1 integer

2 = Numonyx memories are

used as SPI slaves

The SPI memory device

G19 used as SPI slave

Notes:

1.

The range C_BASEADDR to C_HIGHADDR is the address range for the AXI Quad SPI IP. This range is subject to restrictions to
accommodate the simple address decoding scheme that is employed. The size of C_HIGHADDR - C_BASEADDR + 1 must be a
power of two and must be at least 0x80 to accommaodate all AXI Quad SPI IP core registers. However, a larger power of two can
be chosen to reduce decoding logic. C_BASEADDR must be aligned to a multiple of the range size. These parameters are useful
only in Legacy mode as well as XIP mode.

2. The C_S_AXI4_BASEADDR and C_S_AXI4_HIGHADDR are used only when the core is configured in Enhanced mode as well as
in XIP mode.

3. No default value is specified to ensure that an actual value appropriate to the system is set by the user.

4. The parameters C_BASEADDR, C_HIGHADDR, C_S_AXI4_ID_WIDTH, C_S_AXI4_BASEADDR and C_S_AXI4_HIGHADDR
are applicable only when the core is in XIP mode.

5. The C_XIP_MODE parameter is applicable only when the C_TYPE_OF_AXI4_INTERFACE is set to 1. When
C_TYPE_OF_AXI4_INTERFACE = 1, then C_XIP_MODE can be either 0 or 1. When C_XIP_MODE = 0, the AXl4-Lite
interface is replaced by AX14 memory mapped interface. When C_XIP_MODE = 1, then AXl4-Lite and AXI4 memory
mapped interface are used in the core. The C_TYPE_OF_AXI4_INTERFACE =1 and C_XIP_MODE = 0 combination is
mainly used for CDMA based applications. The C_TYPE_OF_AXI4_INTERFACE = 1 and C_XIP_MODE = 1 can be mainly
used for booting based applications.

6. In Standard SPI mode (for Legacy as well as Enhanced non-XIP configuration), the option to include or exclude the FIFO in the
design is allowed. In Standard SPI mode, if the FIFO is included in the design, the FIFO depth is restricted to 16 or 256 only. In
Dual or Quad SPI mode, the recommended FIFO depth is 256.
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10.

11.

12.

13.

14.
15.

The parameters C_FIFO_DEPTH, C_SCK_RATIO, C_NUM_SS_BIT, C_NUM_TRANSFER_BITS are not user-configurable when
the core is configured in XIP mode. These parameters are fixed to default values like C_SCK_RATIO =2, C_NUM_SS_BITS =1,
C_NUM_TRANSFER_BITS = 8 while C_FIFO_DEPTH is not used in the design.

The C_SCK_RATIO = 2 parameter is not supported when the AXI Quad SPI IP core is configured as a slave in Standard SPI mode.
See Assigning the C_SCK_RATIO Parameter when using this parameter. The SPI clock is generated from the core AXI clock.
The C_SCK_RATIO parameter values from 2,4,8,16,32... are applicable only when C_TYPE_OF_AXI4_INTERFACE =0,
Standard SPI mode, and C_TYPE_OF_AXI4_INTERFACE = 1, Standard SPI mode. For Dual/Quad modes (in Legacy
mode and Enhanced non-XIP mode) and XIP mode, the C_SCK_RATIO is always 2. Set the EXT_SPI_CLK to double the
intended SPI clock at the SPI interface. The C_SCK_RATIO = 2 is used in this case to divide the EXT_SPI_CLK by 2 to
generate the SPI clock. For example, if the SPI clock is chosen to operate at 50 MHz, then the EXT_SPI_CLK should be at
100 MHz. The C_SCK_RATIO is tied to 2 for all the modes which are described above (except Standard mode)
C_NUM_TRANSFER_BITS is allowed to vary between 8 or 16 or 32 only when the IP is configured in Standard SPI mode. When
the core operates in Dual or Quad SPI mode, the transfer size is allowed to be 8 bits because the present SPI slave devices that
support Dual or Quad mode are 8 bits.

C_SPI_MODE indicates the operating mode of this device. In Standard mode, the present AXI Quad SPI IP core functionality is
inferred. The number of ports, as well as the operating mode is determined by this parameter.

Use of STARTUP primitive is applicable only when the core is intended for use in the Master mode. Read the user guide of
respective FPGA family to understand the STARTUP primitive functionality. The STARTUP primitive is allowed to be included in the
design when the core is targeted to use with Virtex-6 or 7 series FPGA families.

The core supports most of the command set for the Winbond and Numonyx memories. When the S_SPI_MEMORY parameter is
set to 0, most common commands from Winbond and Numonyx are supported. When this parameter is set to 1, most of the
Winbond memory commands are supported. When this parameter is set to 2, most of the Numonyx memory commands are
supported. Depending SPI mode and the target memory, the command you set varies. Although this core supports most of the
commands, read the exceptions for the commands which are not supported. This parameter is effective only when the core is
configured in Dual or Quad SPI mode. Because the core gives better command database support while operating in single
memory mode, it is recommended that dedicated memories are used in place of mixed mode memories when using the core in
Dual or Quad SPI mode.

This parameter is applicable only in Dual or Quad mode.

It is recommended that the AXI4 interface clock and EXT_SPI_CLK clock originate from the same clock source.
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Core Operation Mode and Design Parameters

Table 2 defines the parameters used to configure the core.

Table 2: Core Operation Mode and Design Parameter Values

Parameters
w
2
T
w (7)) o
E ww = W o E x =
El =) o =} £ @ o o
Core Operation >3< gl "Sl gl = @ E E
| b~ L 7] (&) =z w
u | T | a 2 (]
S/ o | 3 ! = @ =
o 13) o o o o
o
>
I_I
(&)
2,4, 8, Nx16 for
0 0 0, 16, 256 0 N=12 3. 1281 1-32 0,1,2 0, 1
®3)
Legacy mode 0 0 16, 256 1 2(2) 1-32 | 0,1,2 | 0,1
0 0 16, 256 2 2(2) 1-32 0,1,2 0, 1
2, 4,8, Nx16 for
1 0 0, 16, 256 0 N=1.23.. 1280 1-32 0,1,2 0, 1
@)
Enhanced mode 1 0 16, 256 1 20 1-32 | 0,1,2 | 0,1
1 0 16, 256 2 2(2) 1-32 0,1,2 0, 1
1 1 64 0 2@ 14) 0,1,2 | 0,1
XIP mode(®) 1 1 64 1 2(2) 14 0,1,2 0,1
1 1 64 2 2(2) 1(4) 0,1,2 0,1

Notes:

1. Inthis mode the EXT_SPI_CLK can be the same as the AXI_ACLK or AXI4_ACLK, but it is recommended that it should not be less
than the AXI CLK or AXI4 ACLK. This mode is specifically for slow operating devices which work on SPI protocol. Examples of
these devices are EEPROMSs and SPI interface based DACs.

2. Inthis mode, you need to set EXT_SPI_CLK to double the intended SPI clock. The C_SCK_RATIO divides this clock by 2 and the
SPI clock is generated.

3. Most of the SPI flash memory commands operate at higher SPI clock rate. There are some exceptional command which operate
at lesser frequency. It is your responsibility to configure the core with correct EXT_SPI_CLK and C_SCK_RATIO and use the
appropriate commands. If slower operating commands are executed on higher SPI clock ratio, then the core does not generate any
error and passes these commands to the external flash, but at the same time, the operation of the flash is not guaranteed.

4. In XIP mode, C_NUM_SS_BITS is always equal to 1 and this parameter cannot be updated.
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I/0 Signals

Legacy Mode

The I/0 signals when C_TYPE_OF_AXI4_INTERFACE is 0 are described in Table 3.

Table 3: 1/0 Signal for Legacy Mode (AXI4-Lite Interface)

Port Signal Name Interface | I/O Ig't';'tael Description
AXI Global System Signals

P1 | S_AXI_ACLK AXI I - AXI Clock

P2 |S_AXI_ARESETN AXI I - AXI Reset. Active-Low

This clock is used for SPI interface. This clock should

P3 | EXT_SPI_CLK - | - be double of the maximum SPI frequency intended at
the SPI interface.
AXIl4-Lite Write Address Channel Signals
pa | S_AXI_AWADDR AXI | ) AXI Write address. The write address bus gives the
[(C_S_AXI_ADDR_WIDTH - 1):0] address of the write transaction.
Write address valid. Indicates that a valid write
P5 | S_AXI_AWVALID AXI ! i address and control information are available.
Write address ready. Indicates that the slave is ready
P6 | S_AXI_AWREADY AXI 0 0 to accept an address and associated control signals.
AXIl4-Lite Write Channel Signals
S_AXI_WDATA i .
P7 | [(C_S_AXI_DATA_WIDTH - 1):0] AXI ' Write data
P8 S_AXI_WSTB AXI | ) Write strobes. Indicates which byte lanes to update
[((C_S_AXI_DATA_WIDTH/8) - 1):0] in memory.
Write valid. Indicates that valid write data and
P | S_AXI_WVALID AXI ! i strobes are available.
Write ready. Indicates that the slave can accept the
P10 | S_AXI_WREADY AXI O 0 write data.
AXl4-Lite Write Response Channel Signals
Write response.
Indicates the status of the write transaction
P11 | S_AXI_BRESP[1:0] AXI o 0 00 - OKAY (normal response)
10 - SLVERR (error response)
11 - DECERR (not issued by core)
Write response valid.
P12 | S_AXI_BVALID AXI o 0 Indicates that a valid write response is available.
Response ready.
P13 | S_AXI_BREADY AXI | - Indicates that the master can accept the response
information.
AXl4-Lite Read Address Channel Signals
Read address.
P14 S_AX|_ARADDR AXI | - The read address bus gives the address of a read

[(C_S_AXI_ADDR_WIDTH - 1):0]

transaction.
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Table 3: 1/0 Signal for Legacy Mode (AXI4-Lite Interface) (Contd)

Port

Signal Name

Interface | I/0

Initial
State

Description

P15

S_AXI_ARVALID

AXI

Read address valid.

This signal indicates, when High, that the read
address and control information is valid and remains
stable until the address acknowledgement signal,
S_AXI_ARREADY, is High.

P16

S_AXI_ARREADY

AXI

) 1

Read address ready.
Indicates that the slave is ready to accept an address
and associated control signals.

AXIl4-Lite Read

Data Channel Signals

S_AXI_RDATA

P17 1 (C_S_AXI_DATA_WIDTH - 1):0] AXI 1 0| 0 |Readdata
Read response.
Indicates the status of the read transfer.
P18 | S_AXI_RRESP[1:0] AXI (0] 0 00 - OKAY (normal response)
10 - SLVERR (error condition)
11 - DECERR (not issued by core)
Read valid.
P19 | S_AXI_RVALID AXI 0] 0 Indicates that the required read data is available and
the read transfer can complete.
Read ready.
P20 | S_AXI_RREADY AXI | - Indicates that the master can accept the read data
and response information.
SPI Slave Device Interface Signals
Global System Signals From the Core
P21 | IP2INTC lIrpt SPI ‘ O ‘ 0 ‘ Interrupt control signal from SPI
SPI Interface Signals
SPI bus clock input.
P22 | SCK_I SPI | - This signal is available only when the core is
configured in Standard SPI slave mode.
P23 | SCK_O SPI (0] 0 SPI bus clock output.
3-state enable for SPI bus clock.
P24 | SCK_T SPI O 1 Active-Low.
Input one-hot encoded. This signal is a dummy
P25 | SS_I[(C_NUM_SS_BITS - 1):0] SPI | - signal and is not used in the design as a chip select
input.
. Output one-hot encoded, active-Low slave select
P26 | SS_O[(C_NUM_SS_BITS - 1):0] SPI o 1 vector of length n.
3-state enable for slave select.
P27 |SS_T SPI O 1 Active-Low.
Standard (and Dual) SPI Mode Signals
P28 | 100_| spl | ) ﬁ;r&?ves similar to Master Output Slave Input (MOSI)
Behaves similar to Master output slave input (MOSI)
output pin.
P29 |100_0O SPI o - This is available only in Standard SPI mode. In Dual

SPI mode, this signal acts as a bidirectional signal
based on certain instructions.
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Table 3: 1/0 Signal for Legacy Mode (AXI4-Lite Interface) (Contd)

Port Signal Name

Interface | |

Initial
/0 State

Description

P30 | 100_T

SPI

o 1

3-state enable master output slave input.
Active-Low

P31 | 101_l

SPI

Behaves similar to Master input slave output (MISO)
input.

This signal can also be considered as 101_| port in
Dual or Quad SPI mode.

P32 |101_0O

SPI

Behaves similar to Master input slave output (MISO)
output.

This is available only in Standard SPI mode. In Dual
SPI mode, this signal acts as a bidirectional signal
based on certain instructions.

P33 |101_T

SPI

3-state enable master input slave output.
Active-Low.

P34 | SPISEL (1)

SPI

Local SPI slave select active-Low input. This is input
signal when the core is configured in Standard SPI
slave mode.

Must be set to 1 (along with the Master bit in the
SPICR) in master mode.

Quad Mode SPI Signals (?)

P35 | 102_l

SPI

102 input based on commands used.
This signal is available only in Quad SPI mode.

P36 |102_0O

SPI

O -

102 output based on commands used.
This signal is available only in Quad SPI mode.

P37 | 102_T

SPI

3-state enable 102.
This signal is available only in Quad SPI mode.

Active-Low

P38 | 103_l

SPI

103 input based on commands used.
This signal is available only in Quad SPI mode.

P39 | 103_0

SPI

1083 output based on commands used.
This signal is available only in Quad SPI mode.

P40 | 103_T

SPI

3-state enable 103.
This signal is available only in Quad SPI mode.
Active-Low

Notes:

1. SPISEL signal is used as a slave select line when AXI Quad SPl is configured as a slave in Standard SPI mode.
2. These signals are applicable only when the core is configured in Quad SPI mode.
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Parameters - I/O Signal Dependencies for Legacy Mode
The dependencies between the AXI Quad SPI IP core design parameters and I/O signals are described in Table 4.

Table 4: Parameters - Signal Dependencies for Legacy Mode

Ger;zr::: or Name Affects Depends Relationship Description
Design Parameters
G4 C_S_AXI_ADDR_WIDTH P4, P14 - Affects the number of bits in address bus
G5 C_S_AXI_DATA_WIDTH P8, P7, P17 Affects the number of bits in data bus
G15 C_NUM_SS_BITS P24, P25 - Defines the total number of slave select bits
I/O Signals
P4 S_AXI_AWADDR ) G4 Width of the AXI bus write address varies
[(C_S_AXI_ADDR_WIDTH - 1):0] with C_S_AXI_ADDR_WIDTH.
p7 S_AXI_WDATA i G5 Width of the S_AXI_WDATA varies
[(C_S_AXI_DATA_WIDTH - 1):0] according to C_S_AXI_ DATA_WIDTH.
P8 S_AXI_WSTB ) G5 Width of the S_AXI_WSTB varies
[((C_S_AXI_DATA_WIDTH/8) - 1):0] according to C_S_AXI_DATA_WIDTH.
P14 S_AXI_ARADDR ) G4 Width of the AXI bus read address varies
[(C_S_AXI_ADDR_WIDTH - 1):0] with C_S_AXI_ADDR_WIDTH.
P17 S_AXI_RDATA i G5 Width of the S_AXI_RDATA varies
[(C_S_AXI_DATA_WIDTH - 1):0] according to C_S_AXI_ DATA_WIDTH.
. The number of SS_1I pins are generated
P24 SS_I[(C_NUM_SS_BITS - 1):0] - G11 based on C_NUM_SS_BITS.
Y ) The number of SS_O pins are generated
P25 SS_O[(C_NUM_SS_BITS - 1):0] G11 based on C_NUM _SS _BITS.

Enhanced Non-XIP Mode

In this mode, the AXI4-Lite interface is replaced with the AXI4 memory mapped interface and the I/O list is as
described in Table 5.

Table 5: 1/0 Signal for Enhanced Mode (AXI4 Memory Mapped)

o) Initial

Port Signal Name Interface | | State Description
AXI Global System Signals
P1 | S_AXI4_ACLK AXI I - | AXI4 Clock
P2 | S_AXI4_ARESETN AXI I - | AXI4 Reset. Active-Low
This clock is used for SPI interface. This clock should be
P3 | EXT_SPI_CLK - | - double of the maximum SPI frequency intended at the SPI

interface.

AXI4 Memory Mapped Write Address Channel Signals
Write address ID:

S_AXI4_AWID L A . I .
P4 [(C_S_AXI4_ID_WIDTH-1):0] AXI | - This ggna] is the identification tag for the write address
group of signals.
AXI14 Write address:
S_AXI4_AWADDR . . .
P5 [(C_S_AXI_ADDR_WIDTH-1):0] AXI I - | The write address bus gives the address of the first
transfer in a write burst transaction.
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Table 5: 1/0 Signal for Enhanced Mode (AXI4 Memory Mapped) (Contd)

Initial
/0 State

Port Signal Name Interface Description

Burst length:
P6 | S_AXI4_AWLEN([7:0] AXI | - This signal gives the exact number of transfers in a burst.
00000000 - 11111111 indicates Burst Length 1 - 256.

Burst size:

Indicates the size of each transfer in the burst.
000 - 1 byte

P7 | S_AXI4_AWSIZE[2:0] AXI | - 001 - 2 byte (half word)

010 - 4 byte (word)

011 - 8 byte (double word)

others - NA

Burst type:

This signal coupled with the size information, details how
the address for each transfer within the burst is calculated.
P8 | S_AXI4_AWBURSTI[1:0] AXI | - 00 - FIXED

01 -INCR

10 - WRAP

11 - Reserved

Lock type:(1)
This signal provides additional information about the
atomic characteristics of the transfer.

This signal is not supported in the design.

P9 | S_AXI4_AWLOCK() AXI I -

Cache type:(1)

Indicates the bufferable, cacheable, write-through,
write-back and allocate attributes of the transaction
Bit-0: Bufferable (B)

Bit-1: Cacheable (C)

Bit-2: Read Allocate (RA)

Bit-3: Write Allocate (WA)

This signal is not supported in the design.

P10 | S_AXI4_AWCACHE[3:0]() AXI I -

Protection type:(1)

Indicates the normal, privileged, or secure protection level
of the transaction and whether the transaction is a data
access or an instruction access.

Bit-0: 0=Normal access, 1=Privileged access

Bit-1: 0=Secure access, 1=Non-secure access

Bit- 2: 0=Data access; 1=Instruction access

This signal is not supported in the design.

P11 | S_AXI4_AWPROT[2:0]") AXI | -

Write address valid:
P12 | S_AXI4_AWVALID AXI | - Indicates that valid write address and control information
are available.

Write address ready:
P13 | S_AXI4_AWREADY AXI @) 0 Indicates that the slave is ready to accept an address and
associated control signals.

AXI4 Memory Mapped Write Channel Signals

S_AXI4_WDATA .
P14 [(C_S_AXI _DATA WIDTH-1):0] AXI I - | Write data bus.
pi5 | S-AXI4_WSTB AXI | _ | Write strobes:
[((C_S_AXI_DATA_WIDTH/8)-1):0] Indicates which byte lanes in S_AXI_WDATA are/is valid.
Write last:
P16 | S_AXI4_WLAST AXI | } Indicates the last transfer in a write burst.
Write valid:
P17 | S_AXI4_WVALID AXI I ) Indicates that valid write data and strobes are available.
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Table

5: 1/0 Signal for Enhanced Mode (AXI4 Memory Mapped) (Cont’d)

Port

Signal Name

Interface

Initial
State

/0

Description

P18

S_AXI4_WREADY

AXI

o 0

Write ready:
Indicates that the slave can accept the write data.

AXI4 Memory Mapp

ed Write Response Channel Signals

P19

S_AXI4_BID
[(C_S_AXI4_ID_WIDTH-1):0]

AXI

o 0

Write response ID:

This signal is the identification tag of the write response.
The BID value must match the AWID value of the write
transaction to which the slave is responding.

P20

S_AXI4_BRESP[1:0]

AXI

Write response:

Indicates the status of the write transaction.
00 - OKAY

01 - EXOKAY - NA

10 - SLVERR

11 - DECERR - NA

P21

S_AXI4_BVALID

AXI

Write response valid:
Indicates that a valid write response is available.

P22

S_AXI4_BREADY

AXI

Response ready:
Indicates that the master can accept the response
information.

AX14 Memory Mapped Read Address Channel Signals

P23

S_AXI4_ARID[(C_S_AXI4_
ID_WIDTH-1):0]

AXI

Read address ID:
This signal is the identification tag for the read address
group of signals.

P24

S_AXI4_ARADDR[(C_S_
AXI_ADDR_WIDTH -1):0]

AXI

Read address:
The read address bus gives the initial address of a read
burst transaction.

P25

S_AXI4_ARLEN[7:0]

AXI

Burst length:
This signal gives the exact number of transfers in a burst.
00000000 - 11111111 indicates Burst Length 1 - 256.

P26

S_AXI4_ARSIZE[2:0]

AXI

Burst size:

Indicates the size of each transfer in the burst.
000 - 1 byte

001 - 2 byte (Half word)

010 - 4 byte (word)

011 - 8 byte (double word)

others - NA

P27

S_AXI4_ARBURST[1:0]

AXI

Burst type:

The burst type, coupled with the size information, details
how the address for each transfer within the burst is
calculated.

00 - FIXED

01 - INCR

10 - WRAP

11 - Reserved

Only Fixed burst is supported

P28

S_AXI4_ARLOCK(M)

AXI

Lock type:(1)
This signal provides additional information about the
atomic characteristics of the transfer.

This signal is not supported in the design.
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Table 5: 1/0 Signal for Enhanced Mode (AXI4 Memory Mapped) (Contd)

Port Signal Name Interface | 1/0 Igti;itael Description
Cache type:(1)
This signal provides additional information about the
cacheable characteristics of the transfer.

P29 | S_AXI4_ARCACHE[3:0](") AXI | | | . |Bit0:Bufferable (B)

Bit-1: Cacheable (C)

Bit-2: Read Allocate (RA)
Bit-3: Write Allocate (WA)
This signal is not supported.

Protection type:(1)
P30 | S_AXI4_ARPROT[2:0](") AXI | - This signal provides protection unit information for the
transaction.

Read address valid:

Indicates, when High, that the read address and control
information is valid and remains stable until the address
acknowledgement signal, S_AXI_ARREADY, is High.

Read address ready:
P32 | S_AXI4_ARREADY AXI | - Indicates that the slave is ready to accept an address and
associated control signals.

P31 | S_AXI4_ARVALID AXI o 0

AXI4 Memory Mapped Read Data Channel Signals

Read ID tag:
This signal is the ID tag of the read data group of signals.

P33 SC_)A)S(M:&)?ILD ID_ WIDTH - 1):0] AXI (0] 0 The S_AXI_RID value is generated by the slave and must
- - - ) match the ARID value of the read transaction to which it is
responding.
S_AXI4_RDATA
P34 [(C_S_AXI_DATA WIDTH -1):0] AXI (0] 0 Read data bus.
Read response:
Indicates the status of the read transfer.
. 00 - OKAY
P35 | S_AXI4_RRESP[1:0] AXI (0] 0 01 - EXOKAY - NA
10 - SLVERR
11 - DECERR - NA
Read last:
P36 | S_AXI4_RLAST AXI 0 0 Indicates the last transfer in a read burst.
Read valid:
P37 | S_AXI4_RVALID AXI 0] 0 Indicates that the required read data is available and the
read transfer can complete.
Read ready:
P38 | S_AXI4_RREADY AXI | - Indicates that the master can accept the read data and

response information.

SPI Slave Device Interface Signals

Global System Signals From the Core

P39 | IP2INTC_Irpt ‘ SPI ‘O‘ 0 ‘InterruptcontrolsignalfromSPI

SPI Interface Signals

SPI bus clock input.
P40 | SCK_I SPI | - This signal is available only when the core is configured in
Standard SPI slave mode.
P41 | SCK_O SPI 0] 0 SPI bus clock output
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Table 5: 1/0 Signal for Enhanced Mode (AXI4 Memory Mapped) (Contd)

Port Signal Name Interface | 1/0 Igti;itael Description
3-state enable for SPI bus clock.
P42 | SCK_T SPI 0] 1 Active-Low
Py ) Input one-hot encoded. This signal is a dummy signal and
P43 | SS_I[(C_NUM_SS_BITS - 1):0] SPI I is not used in the design as a chip select input.
P44 | SS_O[(C_NUM_SS_BITS - 1):0] SPI 0 1 gﬁtgpmt r:)ne-hot encoded, active-Low slave select vector of
P45 |SS_ T SPI 0] 1 3-state enable for slave select. Active-Low
Standard (and Dual) SPI Mode Signals
P46 | 100_I SPI I - Behaves similar to Master Output Slave Input (MOSI) input
Behaves similar to Master output slave input (MOSI)
output pin.
P47 | 100_O SPI 0] - This is available only in Standard SPI mode. In Dual SPI

mode, this signal acts as a bidirectional signal based on
certain instructions.

Behaves similar to Master input slave output (MISO) input.
P48 | 101_I SPI | - This signal can also be considered as I01_I portin Dual or
Quad SPI modes.

Behaves similar to Master input slave output (MISO)
output.

P49 | 101_O SPI @) - This is available only in Standard SPI mode. In Dual SPI
mode, this signal acts as a bidirectional signal based on
certain instructions.

P50 [101 T SPI o) 1 3-state enable master input slave output.

Active-Low
Local SPI slave select active-Low input.
P51 | SPISEL SPI | 1 This is input signal when the core is configured in Standard

SPI slave mode.
Must be set to 1 in master mode.

Quad Mode SPI Signals(®)

102 input based on commands used.

P52 |102_| SPI I ) This signal is available only in Quad SPI mode.
102 output based on commands used.
P53 11020 SPI o ) This signal is available only in Quad SPI mode.
3-state enable 102.
P54 |102_T SPI o 1 This signal is available only in Quad SPI mode.
Active-Low
103 input based on commands used.
P55 | 103 SP ! ) This signal is available only in Quad SPI mode.
103 output based on commands used.
P56 | 103_0 SPI 0 ) This signal is available only in Quad SPI mode.
3-state enable 103.
P54 | 103_T SPI O 1 This signal is available only in Quad SPI mode.
Active-Low
Notes:

1. These ports and associated functionality are not supported in this core.
2. These ports are available only when the core is configured in Quad mode.
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Parameters - I/O Signal Dependencies

The dependencies between the AXI Quad SPI IP core design parameters and I/O signals are described in Table 6.

Table 6: Parameters - Signal Dependencies for Enhanced Mode

Generic

or Port Name Affects Depends Relationship Description
Design Parameters
G10 C_S_AXI4_ADDR_WIDTH P5, P13,P23 - Affects the number of bits in address bus
G9 C_S_AXI4_DATA_WIDTH P15, P14, P34 Affects the number of bits in data bus
G8 C_S_AXI4_ID_WIDTH P4, P19, P23,P33 Affects the ID width of read and write channel
G11 C_NUM_SS_BITS P43, P44 - Defines the total number of slave select bits
I/0 Signals
S_AXI4_AWID . .
P4 [(C_S_AXI4_ID_WIDTH - 1):0] - G8 Width of AWID signal
P5 S_AXI4_AWADDR ) G10 Width of the AXI bus write address varies with
[(C_S_AXI_ADDR_WIDTH - 1):0] C_S_AXI_ADDR_WIDTH.
pia | S_AXI4_WDATA ) GO Width of the S_AXI_WDATA varies according
[(C_S_AXI_DATA_WIDTH - 1):0] to C_S_AXI_DATA_WIDTH.
P15 S_AXI4_WSTB ) G Width of the S_AXI_WSTB varies according
[((C_S_AXI_DATA_WIDTH/8) - 1):0] to C_S_AXI_ DATA_WIDTH.
S_AXI4_BID ) .
P19 [(C_S_AXI4_ID_WIDTH - 1):0] - G8 Width of BID signal
S_AXI4_ARID . )
P23 [(C_S AXI4 ID_WIDTH - 1):0] - G8 Width of ARID signal
P24 S_AXI4_ARADDR ) G10 Width of the AXI bus read address varies with
[(C_S_AXI4_ADDR_WIDTH - 1):0] C_S_AXI_ADDR_WIDTH.
S_AXI4_RID ) .
P33 [(C_S_AXI4_ID_WIDTH - 1):0] - G8 Width of RID signal
p3a | S_AXI4_RDATA ) G Width of the S_AXI_RDATA varies according
[(C_S_AXI4_DATA_WIDTH - 1):0] to C_S_AXI_ DATA_WIDTH.
. The number of SS_I pins are generated based
P43 | SS_I[(C_NUM_SS_BITS - 1):0] - G11 on C_NUM_SS_BITS.
P44 | SS_O[(C_NUM_SS_BITS - 1):0] ) G11 The number of SS_O pins are generated

based on C_NUM_SS_BITS.
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Enhanced XIP Mode
When C_TYPE_OF_AXI_INTERFACE is 1 and C_XIP_MODE is 1, the design has the I/O ports described in Table 7.

Table 7: 110 Signal Description in XIP Mode

Port Signal Name Interface | /0 Igtiat‘itzl Description
AXI Global System Signals

P1 | S_AXI_ACLK AXI | - AXI Clock
P2 | S_AXI_ARESETN AXI I - AXI| Reset. Active-Low
P3 | S_AXI4_ACLK AXl4 | - AXI 4Clock
P4 | S_AXI4_ARESETN AXI4 | - AXI| 4 Reset. Active-Low

This clock is used for SPI interface.
P5 | EXT_SPI_CLK - | - This clock should be double of the maximum SPI

frequency intended at the SPI interface.

AXl4-Lite Write Address Channel Signals

AXI Write address.
iéA)S(lf)\(/Yf?A%FE{)R WIDTH - 1):0] AXI | - The write address bus gives the address of the write

transaction.

P6

Write address valid.
P7 | S_AXI_AWVALID AXI | - Indicates that a valid write address and control
information are available.

Write address ready.
P8 | S_AXI_AWREADY AXI (0] 0 Indicates that the slave is ready to accept an address
and associated control signals.

AXl4-Lite Write Channel Signals

S_AXI4_WDATA .
P9 | [(C_S_AXI_DATA_WIDTH - 1):0] AXI - | Write data
p1o | SAXI_WSTB AXI | _ | Write strobes.
[((C_S_AXI_DATA_WIDTH/8) - 1):0] Indicates which byte lanes to update in memory.
Write valid.
P11 1 8_AXI_WVALID AXI I ) Indicates that valid write data and strobes are available.
P12 | S_AXI_WREADY AXI | O | o |Writeready.

Indicates that the slave can accept the write data.

AXIl4-Lite Write Response Channel Signals

Write response.

Indicates the status of the write transaction
P13 | S_AXI_BRESP[1:0] AXI (0] 0 |00 - OKAY (normal response)

10 - SLVERR (error response)

11 - DECERR (not issued by core)

Write response valid.
P14 | S_AXI_BVALID AXI 0 0 Indicates that a valid write response is available.

Response ready.
P15 | S_AXI_BREADY AXI | - Indicates that the master can accept the response
information.

AXl4-Lite Read Address Channel Signals

Read address.
S_AXI_ARADDR .
P16 | /= & - . AXI | - The read address bus gives the address of a read
[(C_S_AXI_ADDR_WIDTH - 1):0] transaction.
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Table

7: 110 Signal Description in XIP Mode (Cont’d)

Port

Signal Name Interface | I/O

Initial
State

Description

P17

S_AXI_ARVALID AXI |

Read address valid.

This signal indicates, when High, that the read address
and control information is valid and remains stable until
the address acknowledgement signal,
S_AXI_ARREADY, is High.

P18

S_AXI_ARREADY AXI 0}

Read address ready.
Indicates that the slave is ready to accept an address
and associated control signals.

AXl4-Lite Read Data Channel Signals

P19

S_AXI_RDATA

[(C_S_AXI_DATA_WIDTH - 1):0] AXI

0]

0

Read data

P20

S_AXI_RRESP[1:0] AXI

Read response.

Indicates the status of the read transfer.
00 - OKAY (normal response)

10 - SLVERR (error condition)

11 - DECERR (not issued by core)

P21

S_AXI_RVALID AXI

Read valid.
Indicates that the required read data is available and the
read transfer can complete.

P22

S_AXI_RREADY AXI |

Read ready.
Indicates that the master can accept the read data and
response information.

AXI4 Memory Mapped Write Address Cha

nnel Signals - Unused Signals

P23

S_AXI4_AWID

[(C_S_AXI4_ID_WIDTH-1):0] AXE- )

Write address ID:
This signal is the identification tag for the write address
group of signals.

P24

S_AXI4_AWADDR

[(C_S_AXI_ADDR_WIDTH-1):0] AXI !

AXIl4 Write address:
The write address bus gives the address of the first
transfer in a write burst transaction.

P25

S_AXI4_AWLENI7:0] AXI |

Burst length:
This signal gives the exact number of transfers in a burst.
00000000 - 1111111 1indicates Burst Length 1 - 256.

P26

S_AXI4_AWSIZE[2:0] AXI |

Burst size:

Indicates the size of each transfer in the burst.
000 - 1 byte

001 - 2 byte (half word)

010 - 4 byte (word)

011 - 8 byte (double word)

others - NA

P27

S_AXI4_AWBURST][1:0] AXI |

Burst type:

This signal coupled with the size information, details how
the address for each transfer within the burst is
calculated.

00 - FIXED

01 - INCR

10 - WRAP

11 - Reserved

P28

S_AXI4_AWLOCK[1]() AXI |

Lock type:

This signal provides additional information about the
atomic characteristics of the transfer.

This signal is not supported in the design.
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Table 7: 1/0 Signal Description in XIP Mode (Cont'd)

Port

Signal Name Interface | I/O

Initial
State

Description

P29

S_AXI4_AWCACHE[3:0][1]™ AXI [

Cache type:

Indicates the bufferable, cacheable, write-through,
write-back and allocate attributes of the transaction
Bit-0: Bufferable (B)

Bit-1: Cacheable (C)

Bit-2: Read Allocate (RA)

Bit-3: Write Allocate (WA)

This signal is not supported in the design.

P30

S_AXI4_AWPROT[2:0][1](") AXI I

Protection type:

Indicates the normal, privileged, or secure protection
level of the transaction and whether the transaction is a
data access or an instruction access.

Bit-0: 0=Normal access, 1=Privileged access

Bit-1: 0=Secure access, 1=Non-secure access

Bit- 2: 0=Data access;

1=Instruction access

This signal is not supported in the design.

P31

S_AXI4_AWVALID AXI |

Write address valid:
Indicates that valid write address and control information
are available.

P32

S_AXIl4_AWREADY AXI 0}

Write address ready:
Indicates that the slave is ready to accept an address
and associated control signals.

AXI4 Memory

Mapped Write Channel

Signals - Unused Signals

P33

S_AXI4_WDATA

[(C_S_AXI_DATA WIDTH-1):0] AXE

Write data bus.

P34

S_AXI4_WSTB

[((C_S_AXI_DATA_WIDTH/8)-1):0] AXI '

Write strobes:
Indicates which byte lanes in S_AXI_WDATA are/is
valid.

P35

S_AXI4_WLAST AXI |

Write last:
Indicates the last transfer in a write burst.

P36

S_AXI4_WVALID AXI |

Write valid:
Indicates that valid write data and strobes are available.

P37

S_AXI4_WREADY AXI 0}

0

Write ready:
Indicates that the slave can accept the write data.

AXI4 Memory Mapped Write Respo

nse Channel Signals - Unused Signals

P38

S_AXI4_BID

[(C_S_AXI4_ID_WIDTH-1):0] AXI o

Write response ID:

This signal is the identification tag of the write response.
The BID value must match the AWID value of the write
transaction to which the slave is responding.

P39

S_AXI4_BRESP[1:0] AXI

Write response: Indicates the status of the write
transaction.

00 - OKAY

01 - EXOKAY - NA

10 - SLVERR

11 - DECERR - NA

P40

S_AXI4_BVALID AXI

Write response valid:
Indicates that a valid write response is available.

P41

S_AXI4_BREADY AXI |

Response ready:
Indicates that the master can accept the response
information.
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Table 7: 1/0 Signal Description in XIP Mode (Cont'd)

Initial
/0 State

AXI4 Memory Mapped Read Address Channel Signals

Port Signal Name Interface Description

S_AXI4_ARID Read address ID:
P42 [(C_S_AXI4_ID_WIDTH-1):0] AXI | - This signal is the identification tag for the read address
group of signals.
S_AXI4_ARADDR Read address:
P43 [(C_S_AXI4_ADDR_WIDTH -1):0] AXI | - The read address bus gives the initial address of a read

burst transaction.

Burst length:
P44 | S_AXI4_ARLENJ7:0] AXI | - This signal gives the exact number of transfers in a burst.
00000000 - 11111111indicates Burst Length 1 - 256.

Burst size:

Indicates the size of each transfer in the burst.
000 - 1 byte

P45 | S_AXI4_ARSIZE[2:0] AXI | - 001 - 2 byte (Half word)

010 - 4 byte (word)

011 - 8 byte (double word)

others - NA

Burst type:

The burst type, coupled with the size information, details
how the address for each transfer within the burst is
calculated.

00 - FIXED

01 - INCR

10 - WRAP

11 - Reserved

P46 | S_AXI4_ARBURST[1:0] AXI | -

Lock type:
This signal provides additional information about the
atomic characteristics of the transfer.

This signal is not supported in the design.

P47 | S_AXI4_ARLOCK() AXI | -

Cache type:

This signal provides additional information about the
cacheable characteristics of the transfer.

P48 | S_AXI4_ARCACHE[3:0](") AL B e @

Bit-2: Read Allocate (RA)

Bit-3: Write Allocate (WA)

This signal is not supported in the design.

Protection type:
This signal provides protection unit information for the
transaction.

This signal is not supported in the design.

P49 | S_AXI4_ARPROT[2:0](") AXI I -

Read address valid:

This signal indicates, when High, that the read address
P50 | S_AXI4_ARVALID AXI (0] 0 and control information is valid and remains stable until
the address acknowledgement signal,
S_AXI_ARREADY, is High.

Read address ready:

P51 | S_AXI4_ARREADY AXI I - | Indicates that the slave is ready to accept an address
and associated control signals.
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Table 7: 1/0 Signal Description in XIP Mode (Cont'd)

; Initial oo
Port Signal Name Interface | I/O State Description
AXI4 Memory Mapped Read Data Channel Signals
Read ID tag:
S AXl4 RID This signal is the ID tag of the read data group of signals.
P52 [(C_S_AXI4_ID_ WIDTH - 1):0] AXI o} 0 | The S_AXI_RID value is generated by the slave and
- - - ’ must match the ARID value of the read transaction to
which it is responding.
S_AXI4_RDATA
P53 [(C_S_AXI_ DATA_WIDTH -1):0] AXI @) 0 | Read data bus.
Read response:
Indicates the status of the read transfer.
. 00 - OKAY

P54 | S_AXI4_RRESP[1:0] AXI (0] 0 01 - EXOKAY - NA
10 - SLVERR
11 - DECERR - NA
Read last:

P55 | S_AXI_RLAST AXI o 0 Indicates the last transfer in a read burst.

Read valid:

P56 | S_AXI4_RVALID AXI (0] 0 Indicates that the required read data is available and the
read transfer can complete.
Read ready:

P57 | S_AXI4_RREADY AXI | - Indicates that the master can accept the read data and
response information.

SPI Slave Device Interface Signals
SPI Interface Signals
SPI bus clock input.

P58 | SCK_I SPI | - This signal is available only when the core is configured
in Standard SPI slave mode.

P59 | SCK_O SPI (0] 0 SPI bus clock output.
3-state enable for SPI bus clock.

P60 | SCK_T SPI o] 1 Active-Low.

Input one-hot encoded.

P61 | SS_I[(C_NUM_SS_BITS - 1):0]@ SPI | - This signal is a dummy signal and is not used in the
design as chip select input.

P62 | SS_O[(C_NUM_SS_BITS - 1):0] SpI o 1 Output one-hot encoded, active-Low slave select vector
of length n.

P63 | SS_T SPI (0] 1 3-state enable for slave select. Active-Low.

Standard (and Dual) SPI Mode Signals

P64 | 100_| spl | ) Behaves similar to Master Output Slave Input (MOSI)
input.

Behaves similar to Master output slave input (MOSI)
output pin.

P65 | 100_O SPI (0] - This is available only in Standard SPI mode. In Dual SPI
mode, this signal acts as a bidirectional signal based on
certain instructions.

P66 | 100 T SP o 1 3-state enable master output slave input.

Active-Low.
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Table 7: 1/0 Signal Description in XIP Mode (Cont'd)

; Initial oo

Port Signal Name Interface | I/O State Description

Behaves similar to Master input slave output (MISO)
) input.

P67 | 1011 SPI I This signal can also be considered as 101_] port in Dual
or Quad SPI mode.

Behaves similar to Master input slave output (MISO)
output.

P68 | 101_0O SPI o] - This is available only in Standard SPI mode. In Dual SPI
mode, this signal acts as a bidirectional signal based on
certain instructions.
3-state enable master input slave output.

P69 | 101_T SPI o] 1 Active-Low.

Notes:

1. These AXI4 ports and corresponding functionality are not supported in this mode.
2. Inthis mode, the parameter C_NUM_SS_BITS is always 1 and this parameter cannot be changed.

Parameters - I/0 Signal Dependencies for Enhanced XIP Mode
The dependencies between the AXI Quad SPI IP core design parameters and I/O signals are described in Table 8.

Table 8: Parameters - Signal Dependencies for XIP Mode

Gerg-g;:: or Name Affects Depends Relationship Description
Design Parameters
G6 C_S_AXI_ADDR_WIDTH P6, P10 - Affects the number of bits in address bus
G7 | C_S_AXI_DATA_WIDTH e Affects the number of bits in data bus
P5, P20,
G8 C_S_AXI4_ID_WIDTH P24,P52, Affects the no. of bits in ID width
P54
G9 C_S_AXI4_ADDR_WIDTH P43, P24 Affects the number of bits in address bus
G10 C_S_AXI4_DATA_WIDTH P33, P34 Affects the number of bits in data bus
I/O Signals

P6 S_AXI_AWADDR ) G6 Width of the AXI bus write address varies
[(C_S_AXI_ADDR_WIDTH - 1):0] with C_S_AXI_ADDR_WIDTH.

P16 S_AXI_WDATA ) G7 Width of the S_AXI_WDATA varies
[(C_S_AXI_DATA_WIDTH - 1):0] according to C_S_AXI_DATA_WIDTH.

P9 S_AXI_WSTB i G7 Width of the S_AXI_WSTB varies
[((C_S_AXI_DATA_WIDTH/8) - 1):0] according to C_S_AXI_DATA_WIDTH.

P10 S_AXI_ARADDR ) G6 Width of the AXI bus read address varies
[(C_S_AXI_ADDR_WIDTH - 1):0] with C_S_AXI_ADDR_WIDTH.

P19 S_AXI_RDATA ) G7 Width of the S_AXI_RDATA varies
[(C_S_AXI_DATA_WIDTH - 1):0] according to C_S_AXI_DATA_WIDTH.

P23 S_AXI4_AWID i Gs Width of AWID signal varies with this
[(C_S_AXI4_ID_WIDTH-1):0] parameter

Width of the AXl4 memory mapped bus

S_AXI4_AWADDR : i .

P24 = ~ . - G9 write address varies with
[(C_S_AXI4_ADDR_WIDTH-1):0] C.S_AXI4 ADDR WIDTH
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Table 8: Parameters - Signal Dependencies for XIP Mode (Cont’d)

Ger;:)r::: or Name Affects Depends Relationship Description
AXI4 Write data: The write data bus gives
P33 [E\(’EA)S(MA_)\?IIDSX'IAA WIDTH - 1):0] - G10 the data of the first transfer in a write burst
- = - ’ transaction.
P34 S_AXI4_WSTB ) G10 Width of the S_AXI4_WSTB varies
[((C_S_AXI4_DATA_WIDTH/8) - 1):0] according to C_S_AXI4_DATA_WIDTH.
P38 S_AXI4_BID ) G8 The number of BID generated based on
[((C_S_AXI4_ID_WIDTH/8) - 1):0] C_S_AXI4_ID_WIDTH
P42 S_AXI4_ARID i Gs Width of ARID signal varies with this
[(C_S_AXI4_ID_WIDTH-1):0] parameter
Width of the AXl4 memory mapped bus
S_AXI4_ARADDR . .
P43 = - . - G9 read address varies with
[(C_S_AXI4_ADDR_WIDTH-1):0] C_S.AXI4_ADDR WIDTH
P52 S_AXI4_RID i Gs Width of RID signal varies with this
[(C_S_AXI4_ID_WIDTH-1):0] parameter
AXl4 read data: The write data bus gives
S_AXI4_RDATA : .
P53 - e . - G10 the data of the first transfer in a read burst
[(C_S_AXI_DATA_WIDTH - 1):0] transaction.

Register Overview Table

Legacy and Enhanced Non-XIP Mode

Table 9 shows the set of registers which is applicable when C_TYPE_OF_AXI4_INTERFACE is 0 or 1 and
C_XIP_MODE is 0. The AXI Quad SPI core has some registers which should be accessed individually. These
registers are configurable and accessible through either the AXI4-Lite interface or the AXI4 memory mapped
interface (Enhanced mode). If the AXI4 interface is chosen then all registers are accessed as 32-bit access.

Table 9: Core Registers in Legacy and Enhanced Mode

Base Address + Offset ; Default Value I
(hex) Register Name Access Type (hex) Description
Core Grouping
C_BASEADDR + 40 SRR Write N/A Software Reset Register
C_BASEADDR + 60 SPICR R/W 0x180 SPI Control Register
C_BASEADDR + 64 SPISR Read 0x0a5 SPI Status Register
. SPI Data Transmit Register
C_BASEADDR + 68 SPI DTR Write 0x0 A single register or a FIFO
SPI Data Receive Register
1
C_BASEADDR + 6C SPI DRR Read N/A(T) A single register or a FIFO
No slave is
C_BASEADDR + 70 SPISSR R/W selected SPI Slave Select Register
Ox(ffff
SPI Transmit FIFO Transmit FIFO Occupancy
C_BASEADDR + 74 Occupancy Register(2) Read 0x0 Register
SPI Receive FIFO Receive FIFO Occupancy
C_BASEADDR + 78 Occupancy Register(2) Read 0x0 Register

Interrupt Controller Grouping
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Table 9: Core Registers in Legacy and Enhanced Mode (Cont’d)

Base Address + Offset ; Default Value -
(hex) Register Name Access Type (hex) Description
Device Global Interrupt Enable
C_BASEADDR + 1C DGIER R/W 0x0 Register
C_BASEADDR + 20 IPISR R/TOW®) 0x0 IP Interrupt Status Register
C_BASEADDR + 28 IPIER R/W 0x0 IP Interrupt Enable Register

Notes:

1. The power on reset data in the SPI DRR is unknown or all zeroes. It is recommended that this register not be considered for power
on reset conditions.

2. Exists only when C_FIFO_DEPTH = 16 or 256.

3. TOW = Toggle On Write. Writing a 1 to a bit position within the register causes the corresponding bit position in the register to
toggle.

4. Allthese registers are present when the C_TYPE_OF_AXI4_INTERFACE is either 0 (Legacy mode) or 1 (Enhanced mode). There
is a separate set of registers for XIP mode.

5. All these registers have reserved bits which are not accessible for writing. These bits always return 0 on a read.

6. The DRR and DTR values are undefined upon reset and return random value if read.

Register Details

Software Reset Register (SRR)

The Software Reset Register permits the programmer to reset the core independently of other cores in the system. To
activate the software generated reset, the value of 0x0000_000a must be written to this register. This action resets the
core register for 4 AXI clock cycles. Any other write access generates undefined results and results in an error. The
bit assignment in the software reset register is shown in Figure 3 and described in Table 10. Any attempt to read this
register returns undefined data.

31 0

f

Reset DS843_04

Figure 4: Software Reset Register (C_BASEADDR + 0x40)

Table 10: Software Reset Register (SRR) Description (C_BASEADDR + 0x40)

; Core Reset -
Bit(s) Name Access Value Description
i . The only allowed operation on this register is a write of 0x0000000a, which
81-0 Reset | Write only N/A resets the AXI Quad SPI IP core.
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SPI Control Register (SPICR)

The SPI Control Register (SPICR) allows programmer control over various aspects of the AXI Quad SPIIP core. The
bit assignment in the SPICR is shown in Figure 5 and described in Table 11.

Master
Transaction
|nthItRX FIFO Master
Reserved Reset CPHA LOOP

31 10[o]8|7]6|5]4]3]2]1]0]

LSB First Tx FIFO SPE
Reset
Manual Slave CPOL
Select Assertion
Enable

Figure 5: SPI Control Register (C_BASEADDR + 0x60)

DS843_05

Table 11: SPI Control Register (SPICR) Description (C_BASEADDR + 0x60)

Core | Reset
Access | Value

31-10 Reserved NA NA | Reserved.

LSB First:(1)
This bit selects LSB first data transfer format.
The default transfer format is MSB first.

9 LSB First R/W 0 When set to -
0= MSB first transfer format
1 = LSB first transfer format

Note: In Dual/Quad SPI mode only the MSB first mode of the core is allowed.

Bit(s) Name Description

Master Transaction Inhibit:
This bit inhibits master transactions.

Master S .
8 Transaction RIW 1 This bit has no effect on slave operation.
Inhibit When set to -
0= Master transactions enabled
1 = Master transactions disabled
Manual Slave Select Assertion Enable:
This bit forces the data in the slave select register to be asserted on the slave
M ISl select output anytime the device is configured as a master and the device is
anSual tave enabled (SPE asserted).
7 A e et(': R/W 1 This bit has no effect on slave operation.
ssertion When set to -
Enable

0= Slave select output asserted by master core logic
1 = Slave select output follows data in slave select register

The manual slave assertion mode is supported in Standard SPI mode only.

Receive FIFO Reset:

When written to 1, this bit forces a reset of the Receive FIFO to the empty
6 Rx FIFO Reset | R/W 0 condition. One AXI clock cycle after reset, this bit is again set to 0.

When set to -

0= Receive FIFO normal operation

1 = Reset receive FIFO pointer
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Table 11: SPI Control Register (SPICR) Description (C_BASEADDR + 0x60) (Cont’d)

: Core | Reset _
Bit(s) Name Access | Value Description

Transmit FIFO Reset:

When written to 1, this bit forces a reset of the Transmit FIFO to the empty
5 Tx FIFO Reset R/W 0 condition. One AXI clock cycle after reset, this bit is again set to 0.

When set to -

0= Transmit FIFO normal operation

1 = Reset transmit FIFO pointer

Clock Phase:(@

4 CPHA R/W 0 | Setting this bit selects one of two fundamentally different transfer formats.
See SPI Clock Phase and Polarity Control.

Clock Polarity:(2)

Setting this bit defines clock polarity.
3 CPOL R/W 0 When set to -

0= Active-High clock; SCK idles Low
1 = Active-Low clock; SCK idles High
Master (SPI Master mode):(3)

Setting this bit configures the SPI device as a master or a slave.
When set to -

2 Master R/W 0 0= Slave configuration
1 = Master configuration
Note: In Dual/Quad SPI mode only the Master mode of the core is allowed.
SPI System Enable:
Setting this bit to 1 enables the SPI devices as noted below.
When set to -

1 SPE R/W 0 Q: SPI_system disabled. Both master and slave outputs are in ’3-state’ and slave
inputs ignored.
1 = SPI system enabled. Master outputs active (for example, |00 (MOSI) and SCK
in idle state) and slave outputs become active if SS becomes asserted. The
master starts transferring when transmit data is available.
Local Loopback Mode:(4)
Enables local loopback operation and is functional only in Standard SPI master
mode.
When set to -

0 LOOP R/W 0 0= Normal operation
1 = Loopback mode. The transmitter output is internally connected to the receiver
input. The receiver and transmitter operate normally, except that received data
(from remote slave) is ignored.
Note: The loopback mode is supported only when C_SPI_MODE = 0.

Notes:

1. Setting of this bit (LSB First) is allowed only in Standard SPI mode. Dual/Quad SPI modes support MSB first mode only. If in
Dual/Quad SPI mode, if this bit is set then the corresponding error bit is set in SPISR and an interrupt is generated.

2. In Dual and Quad SPI mode, values for CPHA-CPOL of either 00 or 11 are allowed. Setting of other configurations causes a
malfunction while communicating with memory. The setting of mode 0 or 3 is mandatory only when the targeted memory is either
Winbond or Numonyx. If other values are set, then the corresponding error bit is set in the SPISR and an interrupt is generated if
the corresponding bit is enabled in the SPI IPIER register.

3. The slave mode support is available only in Standard SPI mode. In Dual or Quad SPI mode only the master mode of the core. If
other values are set, then the corresponding error bit is set in SPISR and an interrupt is generated if the corresponding bit is
enabled in the SPI IPIER register.

4. Loopback is allowed in Standard SPI mode.
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SPI Status Register (SPISR)

The SPI Status Register (SPISR) is a read-only register that provides the status of some aspects of the AXI Quad SPI
IP core to the programmer. The bit assignment in the SPISR is shown in Figure 6 and described in Table 12. Writing
to the SPISR does not modify the register contents.

Command CPOL_CPHA

Reserved Error  MSB Error Tx_Empty
L Eror MODF Rx_Empty
- mfio[sTe[7 e s [4]3[2[1]0]
Slave Mode Tx_Full Rx_Full

Error
Loop Back Slave_Mode_

Error Select
DS843_06

Figure 6: SPI Status Register (C_BASEADDR + 0x64)

Table 12: SPI Status Register (SPISR) Description (C_BASEADDR + 0x64)

; Core | Reset A
Bit(s) Name Access | Value Description
31-11 Reserved N/A N/A | Reserved

Command Error Flag
When set to:
0= Default.

1 = When the core is configured in Dual/Quad SPI mode and the first entry in
the SPI DTR FIFO (after reset) do not match with the supported command list
for the particular memory, this bit is set.

10 Command Error Read 0

Note: Command Error is only applicable when the core is configured either in
Dual or Quad mode in Legacy or Enhanced mode AXI4 interface.

Loopback Error Flag

When set to:

0= Default. The loopback bit in the control register is at default state.

1 = When the SPI command, address, and data bits are set to be transferred in
9 Loop Back Error Read 0 other than Standard SPI protocol mode and this bit is set in control register
(SPICR).

Note: Loopback is only allowed when the core is configured in Standard
mode. Other modes setting of the bit causes an error and the interrupt bit is set
in Legacy or Enhanced mode AXI4 interface.

MSB Error Flag

When set to:

0= Default.

1 =This bit is set when the core is configured to transfer the SPI transactions in
8 MSB Error Read 0 either Dual or Quad SPI mode and LSB First bit is set in the control register
(SPICR).

Note: In Dual/Quad SPI mode, only the MSB first mode of the core is allowed.
MSB Error Flag is only applicable when the core is configured either in Dual or
Quad mode in Legacy or Enhanced mode AXI4 interface.
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Table 12: SPI Status Register (SPISR) Description (C_BASEADDR + 0x64) (Cont’d)

Bit(s) Name

Core
Access

Reset
Value

Description

7 Slave Mode Error

Read

Slave Mode Error Flag

When set to:

1 = This bit is set when the core is configured with Dual or Quad SPI mode and
Master is set to Oin the control register (SPICR).

0= Master mode is set in the control register (SPICR).

Note: In Dual/Quad SPI mode, only the master mode of the core is allowed.
Slave Mode Error Flag is only applicable when the core is configured either in
Dual or Quad mode in Legacy or Enhanced AXI4 mode interface.

CPOL_CPHA_
Error

Read

CPOL_CPHA_Error Flag

when set to:

0= Default.

1 = The CPOL and CPHA are set to 01 or 10

When the SPI memory is chosen as either Winbond or Numonyx, and
CPOL=CPHA are configured as 01 or 10, this bit is set.

These memories support CPOL=CPHA mode in 00 or in 11 mode.
CPOL_CPHA_Error Flag is only applicable when the core is configured either
in Dual or Quad mode in Legacy or Enhanced mode AXI4 interface.

Slave_Mode_
Select

Read

Slave_Mode_Select Flag

This flag is asserted when the core is configured in slave mode.
Slave_Mode_Select is activated as soon as the master SPI core asserts the
Chip Select pin for the core.

1 = Default in Standard mode

0= Asserted when core configured in slave mode and selected by external SPI
master

4 MODF

Read

Mode-Fault Error Flag

This flag is set if the SS signal goes active while the SPI device is configured as
a master. MODF is automatically cleared by reading the SPISR. A Low-to-High
MODF transition generates a single-cycle strobe interrupt.

0= No error

1 = Error condition detected

3 Tx_Full

Read

Transmit Full

When a transmit FIFO exists, this bit is set High when the transmit FIFO is full.
Note: When FIFOs do not exist, this bit is set High when an AXI write to the

transmit register has been made (this option is available only in Standard SPI

mode). This bit is cleared when the SPI transfer is completed.

2 Tx_Empty

Read

Transmit Empty

When a transmit FIFO exists, this bit is set to High when the transmit FIFO is
empty. The occupancy of the FIFO is decremented with the completion of each
SPI transfer.

Note: When FIFOs do not exist, this bit is set with the completion of an SPI
transfer (this option is available only in Standard SPI mode). Either with or
without FIFOs, this bit is cleared upon an AXI write to the FIFO or transmit
register. For Dual/Quad SPI mode, the FIFO is always present in the core.
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Table 12: SPI Status Register (SPISR) Description (C_BASEADDR + 0x64) (Cont’d)

: Core | Reset _—
Bit(s) Name Access | Value Description

Receive Full

When a receive FIFO exists, this bit is set High when the receive FIFO is full.
The occupancy of the FIFO is incremented with the completion of each SPI

1 | Rx_Full Read 0 |transaction.

Note: When FIFOs do not exist, this bit is set High when an SPI transfer has
completed (this option is available only in Standard SPI mode). Rx_Empty and
Rx_Full are complements in this case.

Receive Empty

When a receive FIFO exists, this bit is set High when the receive FIFO is empty.
The occupancy of the FIFO is decremented with each FIFO read operation.

0 | Rx_Empty Read 1| Note: When FIFOs do not exist, this bit is set High when the receive register
has been read (this option is available only in Standard SPI mode). This bit is

cleared at the end of a successful SPI transfer. For Dual/Quad SPI mode, the

FIFO is always present in the core.

SPI Data Transmit Register (SPI DTR)

This register is written with the data to be transmitted on the SPI bus. After the SPE bit is set to 1 in master mode or
SPISEL is active in the slave mode, the data is transferred from the SPI DTR to the shift register.

Before filling the SPI DTR, it should be in the reset state, so that the DTR FIFO write pointer points to the Oth
location.

Dual/Quad Mode

The first write must always be an SPI command from AXI transactions, followed by the address (either 24-bit or
32-bit), then filled with the data to be transmitted. When reading the status register of the memory, then as per the
command requirements, this register should be filled with dummy bytes along with command and address
(optional). In one of these modes, the dummy bytes are required to fill in DTR, which is used for internal count of
data reception from memory. In commands such as Dual mode read, these bytes are not transferred on data lines,
but are used by the internal logic to keep the track of the number of data bytes to be read from the SPI slave memory.

If a transfer is in progress, the data in the SPI DTR is loaded into the shift register as soon as the data in the shift
register is transferred to the SPI DRR and a new transfer starts. The data is held in the SPI DTR until a subsequent
write overwrites the data. The SPI DTR is shown in Figure 7 and Table 13 shows the data format.

When a transmit FIFO exists, data is written directly in the FIFO and the first location in the FIFO is treated as the
SPI DTR. The pointer is decremented after completion of each SPI transfer. The choice of inclusion or exclusion of
the FIFO in the design is available only when the core is configured in Standard SPI mode. If the core is configured
in Dual or Quad SPI mode, the FIFO always exists. In this mode, the FIFO depth is defined with the parameter
C_FIFO_DEPTH (allowed values are 16 or 256).

This register cannot be read and can only be written when it is known that space for the data is available. If an
attempt to write is made on a full register or FIFO, the AXI write transaction completes with an error condition.
Reading the SPI DTR is not allowed and the read transaction results in undefined data.

Tx Data ((D(N-1) - D0))

N-1 0

DS843_07

Figure 7: SPI Data Transmit Register (C_BASEADDR + 0x68)
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Table 13: SPI Data Transmit Register (SPI DTR) Description (C_BASEADDR + 0x68)

Bit(s) Name Core Access | Reset Value Description
N-bit SPI transmit data. N can be 8, 16 or 32.(2)
41 (1) . N = 8 when C_NUM_TRANSFER_BITS = 8
[N-1]-0 | TxData? (Dn.1-Do) | Write only 0 N = 16 when C_NUM_TRANSFER_BITS = 16
N = 32 when C_NUM_TRANSFER_BITS = 32

Notes:

1. The Dp.q bit always represents the MSB bit irrespective of ’LSBfirst’ or 'MSBfirst’ transfer selection. When
C_NUM_TRANSFER_BITS = 8 or 16, the unused upper bits ((C_AXI_DATA_WIDTH-1) to N) are reserved.

2. In Standard SPI mode, the width of this register can be 8 or 16 or 32 based on the core configuration. In Dual or Quad SPI mode,
this register is 8 bits wide.

SPI Data Receive Register (SPI DRR)

This register is used to read data that is received from the SPI bus. This is a double-buffered register. The received
data is placed in this register after each complete transfer. The SPI architecture does not provide any means for a
slave to throttle traffic on the bus; consequently, the SPI DRR is updated following each completed transaction only
if the SPI DRR was read prior to the last SPI transfer. If the SPI DRR was not read and is full, the most recently
transferred data is lost and a receive overrun interrupt occurs. The same condition can also occur with a master SPI
device.

The choice of inclusion (C_FIFO_DEPTH = 16 or 256) or exclusion (C_FIFO_DEPTH = 0) of the FIFO in the design
is available only when the core is configured in Standard SPI mode. When the core is configured in Dual or Quad
SPI mode, the FIFO always exists. In this mode, the FIFO depth is defined with the parameter C_FIFO_DEPTH
(allowed values are 16 or 256). For both master and slave SPI configuration mode of the core (in Standard SPI mode
only) with a receive FIFO, the data is buffered in the FIFO. The receive FIFO is a read-only buffer. If an attempt to
read an empty receive register or FIFO is made, the AXI read transaction completes successfully with undefined
data. Writes to the SPI DRR do not modify the register contents and return with a successful OK response.

The power on reset values for the SPI DRR are unknown. When known data has been written in the receive FIFO
during core transactions, the data in this register should be considered for reading. The SPI DRR is shown in
Figure 8, while the specifics of the data format is described Table 14.

Rx Data (D(N-1) - Do)

!
N-1 0

DS843_08

Figure 8: SPI Data Receive Register (C_BASEADDR + 0x6C)

Table 14: SPI Data Receive Register (SPI DRR) Description (C_BASEADDR + 0x6C)

Bit(s) Name Agg;:s c:ls'fet Description
N-bit SPI receive data. N can be 8, 16 or 32.(2)
o | O gy | |N-ounerC MU TS oS
N = 32 when C_NUM_TRANSFER_BITS = 32
Notes:

1. The Dy bit always represents the MSB bit irrespective of °'LSBfirst or °MSB first’ transfer selection. When
C_NUM_TRANSFER_BITS = 8 or 16, the unused upper bits ((C_AXI_DATA_WIDTH-1) to N) are reserved.

2. In Standard SPI mode, the width of this register can be 8 or 16 or 32 based on the core configuration. In Dual or Quad SPI mode,
this register is 8 bit wide.
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SPI Slave Select Register (SPISSR)

This register contains an active-Low, one-hot encoded slave select vector SS of length N, where N is the number of
slaves set by parameter C_NUM_SS_BITS. The SS occupies the right-most bits of the register. At most, one bit can
be asserted Low. This bit denotes the slave with whom the local master communicates. The bit assignment in the
SPISSR is shown in Figure 9 and described in Table 15.

Reserved Selected Slave

{ |
31 N | N-1 0

DS843_09

Figure 9: SPI Slave Select Register (C_BASEADDR + 0x70)

Table 15: SPI Slave Select Register (SPISSR) Description (C_BASEADDR + 0x70)

Bit(s) Name Agf:’;is saelsuec: Description
31-N Reserved N/A N/A Reserved

Active-Low, one-hot encoded slave select vector of length N-bits. N
Selected R/W 1 must be less than or equal to the data bus width (32-bit).

Slave The slaves are numbered right to left starting at zero with the LSB. The
slave numbers correspond to the indexes of signal SS.

[N-1]-0

SPI Transmit FIFO Occupancy Register (Tx_FIFO_OCY)

The SPI Transmit FIFO Occupancy Register is present only if the AXI Quad SPI IP core is configured with FIFOs
(C_FIFO_DEPTH = 16 or 256). If it is present and if the Transmit FIFO is not empty, the register contains a four-bit,
right-justified value that is one less than the number of elements in the FIFO (occupancy minus one).

This register is read-only. A write to it (or a read when the FIFO is empty) does not affect the register contents. The
only reliable way to determine that the transmit FIFO is empty is by reading the Tx_Empty status bit in the SPI
Status Register or the DTR Empty bit in the Interrupt Status Register. The Transmit FIFO Occupancy register is
shown in Figure 10, while the specifics of the data format are described in Table 16.

Occupancy
Reserved Value

'

31 Iog(C_FIFO_DEPTH)l (log(C_FIFO_DEPTH)-1) 0|

DS843_10

Figure 10: SPI Transmit FIFO Occupancy Register (C_BASEADDR + 0x74)

Table 16: SPI Transmit FIFO Occupancy Register Description (C_BASEADDR + 0x74)

; Core Reset Value -
Bit(s) Name Access (hex) Description
31 - log(C_FIFO_DEPTH) Reserved N/A N/A Reserved
(log(C_FIFO_DEPTH)-1) - 0 | Occupancy Value Read 0 The binary value plus 1 yields the occupancy.

Notes:

1. In Standard SPI mode - Only 3 - 0 bits of this register are valid as the FIFO depth of 16 only is allowed.

2. In Dual or Quad SPI mode - based on the FIFO depth the bit position is changed. Maximum of 256 deep byte wide FIFO is allowed
in the design.
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SPI Receive FIFO Occupancy Register (Rx_FIFO_OCY)

The SPI Receive FIFO Occupancy Register is present only if the AXI Quad SPI IP core is configured with FIFOs
(C_FIFO_DEPTH = 16 or 256). If it is present and if the Receive FIFO is not empty, the register contains a four-bit,
right-justified value that is one less than the number of elements in the FIFO (occupancy minus one).

This register is read-only. A write to it (or of a read when the FIFO is empty) does not affect the register contents.
The only reliable way to determine that the receive FIFO is empty is by reading the Rx_Empty status bit in the SPI
Status Register.

The Receive FIFO Occupancy register is shown in Figure 11, while the specifics of the data format are described in
Table 17.

Occupancy
Reserved Value

31 log(C_FIFO_DEPTH)| (log(C_FIFO_DEPTH)-1) o]

DS843_11

Figure 11: SPI Receive FIFO Occupancy Register (C_BASEADDR + 0x78)

Table 17: SPI Receive FIFO Occupancy Register Description (C_BASEADDR + 0x78)

‘ Core Reset Value -
Bit(s) Name Access (hex) Description
31- log(C_FIFO_DEPTH) Reserved N/A N/A Reserved
(log(C_FIFO_DEPTH)-1) - 0 | Occupancy Value Read 0 The binary value plus 1 yields the occupancy.

Notes:

1. In Standard SPI mode - Only 3 - 0 bits of this register are valid as the FIFO depth of 16 is only allowed.

2. In Dual or Quad SPI mode - based on the FIFO depth the bit position is changed. Maximum of 256 deep byte wide FIFO is allowed
in the design.

Interrupt Register Set Description

The AXI Quad SPI IP core has many distinct interrupts that are sent to the interrupt controller. The AXI Quad SPI
IP interrupt controller allows each interrupt to be enabled independently (using the IP interrupt enable register
(IPIER)). The interrupt registers are in the interrupt controller. An interrupt strobe can be generated under multiple
conditions or only after a transfer completion. In Standard, Dual or Quad SPI mode and master mode, when the
parameter, C_FIFO_DEPTH, is set to 16 or 256 then almost all of the interrupts shown in Table 19 are available.

In Standard SPI mode, when C_FIFO_DEPTH is 0, all of the interrupts except bit 6, transmit FIFO Half Empty and
bit 8 DRR Not Empty, which is not present in this mode, are available.

DS843 December 18, 2012 www.xilinx.com 38
Product Specification


http://www.xilinx.com

& XILINX. LogiCORE IP AXI Quad Serial Peripheral Interface (AXI Quad SPI) v2.00a

Device Global Interrupt Enable Register (DGIER)

The Device Global Interrupt Enable Register is used to globally enable the final interrupt output from the interrupt
controller as shown in Figure 12 and described in Table 18. This bit is a read /write bit and is cleared upon reset.

Reserved

{
[31[30 of
DS843_12

Figure 12: Device Global Interrupt Enable Register (DGIER) (C_BASEADDR + 0x1C)

Table 18: Device Global Interrupt Enable Register(DGIER) Description (C_BASEADDR + 0x1C)

Bit(s) Name Access | Reset Value Description

Global Interrupt Enable
Enables all individually enabled interrupts to be passed to the interrupt

31 GIE R/W 0 controller.
When set to -
0= Disabled
1 = Enabled

30-0 Reserved N/A N/A Reserved

IP Interrupt Status Register (IPISR)

Up to fourteen unique interrupt conditions are possible depending on whether the system is configured with FIFOs
or not, as well as if it is configured in master mode or slave mode. A system without FIFOs has seven interrupts. The
interrupt controller has the 32-bit Interrupt Status Register that can enable each interrupt independently. This
register collects all of the interrupt events. Bit assignments are shown in Figure 13 and described in Table 19. The
interrupt register is a read/toggle on write register. Writing a 1 to a bit position within the register causes the
corresponding bit to toggle. All register bits are cleared upon reset.

DRR_Not_Empty
Loop Back DRR

Error g Mod Full
ave Mlode | Tx FIFO DTR
Reserved Error Half Empty Empty MODF
31 14[13]12[11]10] o[8[ 76 s[4 [3]2]1] 0]
Command Error CPOL_CPHA DRR ‘ Slave
Error Over-run MODF
Slave DTR
MSB Error Mode_Select Under-run
DS843_13
Figure 13: IP Interrupt Status Register (IPISR) (C_BASEADDR + 0x20)
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