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Introduction

The AMBA® (Advanced Microcontroller Bus
Architecture) AXI (Advanced eXtensible Interface) to
AHB-Lite (Advanced High Performance Bus) Bridge
translates ~ AXI4 AHB-Lite
transactions. It functions as a slave on the AXI4
interface and as a master on the AHB-Lite interface. The
AXI to AHB-Lite Bridge main use model is to connect
the AHB-Lite slaves with AXI masters.

transactions into

Features

The Xilinx AXI to AHB-Lite Bridge is a soft IP core with
the following features:

AXI4 Slave Interface:

e AXlinterface is based on the AXI4 specification
* Supports 1:1 (AXI:AHB) synchronous clock ratio
¢ Connects as a 32/64-bit slave on 32/64-bit AXI4

® Supports incrementing burst transfers (of length 1
to 256)

® Supports wrapping burst transfers of length 2, 4, 8,
and 16

® Supports fixed burst transfers (of length 1 to 16)

® Supports narrow transfers (8/16-bit transfers on a
32-bit bus and 8/16/32-bit transfer on a 64-bit data
bus)

® Supports limited cache encoding and limited
protection unit support

® Supports address/data phase time out
AHB-Lite Master Interface:

* Supports AHB-Lite interface

e Connects as a 32/64-bit Master on 32/64-bit
AHB-Lite

® Supports single burst transfers

® Supports wrapping Burst transfers of length 4, §,
and 16

LogiCORE IP Facts Table

Core Specifics

Supported Artix™-7, Virtex®-7, Kintex™.-7,
Device Family’ Virtex-6, Spartan®-6(2)
Supported i
User Interfaces AXI4, AHB-Lite
Resources? 3 4 Frequency
DSP | Max.
LUTs | FFs Slices | Freq Block RAM

Configuration

See Table 6, Table 7, Table 8,
Table 9, and Table 10

Provided with Core

Documentation Product Specification

Design Files VHDL
[E)ée;gﬁle Not Provided
Test Bench Not Provided
l(:)icl)gstraints None

Tested Design Tools®

Design Entry XPS 13.2 or later

Tools
Simulation ModelSim 6.6d or later
Synthesis XST 13.2 or later
Provided by Xilinx @ www.xilinx.com/support
Provided by Xilinx, Inc.
Notes:

1. For a complete list of supported derivative devices, see the
IDS Embedded Edition Derivative Device Support.

2. For more information, see DS150 Virtex-6 Family Overview.

3. For more information, see DS160 Spartan-6 Family
Overview.

4. For more information, see DS180 7 Series FPGAs
Overview.

5. For the supported versions of the tools, see the ISE Design
Suite 13: Release Notes Guide.
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Features (Contd)
AHB-Lite Master Interface:

® Supports incrementing burst transfers of length 4, 8, 16, and undefined burst length
e AHB-Lite master does not issue incrementing burst transfers that cross 1 kB address boundaries
e Supports limited protection control

® Supports narrow transfers (8/16-bit transfers on a 32-bit data bus and 8/16/32-bit transfers on a 64-bit data
bus)

Functional Description

Overview

The AXI to AHB-Lite Bridge translates AXI4 transactions into AHB-Lite transactions. The bridge functions as a
slave on the AXI4 interface and as a master on the AHB-Lite interface.

Figure 1 shows the AXI to AHB-Lite Bridge block diagram. The modules are described in the subsequent sections.

AXl4 AHB-Lite
Slave Master
Interface Interface
AXI
Write AHB
State State
Machine Machine
AXlI4 < AHB-Lite

AXI
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State

\ Time out
Machine | K Module
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Figure 1: AXI to AHB-Lite Bridge Block Diagram

AXIl4 Slave Interface

The AXI4 Slave Interface module provides a bi-directional slave interface to the AXI. The AXI address width is fixed
at 32 bits. AXI data bus width can be either 32 or 64 bit based on the parameter C_S_AXI_DATA_WIDTH. AXI to
AHB-Lite Bridge supports the same data width on both AXI4 and AHB-Lite interfaces.

When both write and read transfers are simultaneously requested on AXI4, the read request is given a higher
priority than the write request.
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AXI Write State Machine

AXI write state machine is part of the AXI4 slave interface module and functions on AXI4 write channels. This
module controls AXI4 write accesses and generates the write response to AXI. If bridge time out occurs, this module
completes the AXI write transaction with SLVERR response.

AXI Read State Machine

AXI read state machine is part of the AXI4 slave interface module and functions on AXI4 read channels. This
module controls the AXI4 read accesses and generates the read response to AXI. If bridge time out occurs, this
module completes the AXI read transaction with SLVERR response.

AHB-Lite Master Interface

The AHB-Lite master interface module provides the AHB-Lite master interface on the AHB-Lite. The AHB-Lite
address width is fixed at 32 bit and data bus width can be either 32 or 64 bit, based on the parameter
C_M_AHB_DATA_WIDTH. C_M_AHB_DATA_WIDTH cannot be set by the user, because it is updated
automatically with C_S_AXI_DATA_WIDTH.

AHB State Machine
AHB state machine is part of the AHB-Lite Master interface module.

When AXI4 initiates the write access, the AHB state machine module receives the control signals and data from
AXI4 slave interface, then transfers the same to the equivalent AHB-Lite write access. This module also transfers the
AHB-Lite write response to the AXI4 slave interface.

When AXI4 initiates the read access, the AHB state machine module receives the control signals from AXI4 slave
interface, then transfers the same to the equivalent AHB-Lite read access. This module also transfers AHB-Lite read
data and read response to the AXI4 slave interface.

Time out Module

The time out module generates the time out when the AHB-Lite slave is not responding to the AHB transaction.
This is parameterized and generates the time out only when C_DPHASE_TIMEOUT value is nonzero.

The time out module waits for the duration of the C_DPHASE_TIMEOUT number of AXI clocks for AHB-Lite slave
response, then generates the time out if the AHB slave is not responding.
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I/0 Signals
Table 1 shows the I/O signals of the AXI to AHB-Lite Bridge.

Table 1: 1/0 Signal Description

Port Signal Name Interface /0 Igti;itael Description

AXIl Interface System Signals

P1 | S_AXI_ACLK System I - AXI clock.

P2 | S_AXI_ARESETN System | - AXI reset, active low.

AXI Write Address Channel Signals

S_AXI_AWID[C_S_AXI_ID_ Write address ID: this signal is the identification tag

P3 WIDTH-1:0] AXi4 ! i for the write address group of signals.

. ) Burst length: the burst length gives the exact
P4 | S_AXLAWLEN(7:0] AXI4 number of transfers in a burst.
P5 | S _AXI_AWSIZE[2:0] AX|4 ) Burst size: this signal indicates the size of each

transfer in the burst.

Burst type: the burst type coupled with the size
P6 | S_AXI_AWBURST[1:0] AX14 | - information details how the address for each
transfer within the burst is calculated.

Cache type: this signal indicates the bufferable,
P7 | S_AXI_AWCACHE[3:0] AXl4 | - cacheable, write-through, write-back, and allocate
attributes of the transaction.

Lock type: this signal provides additional

P8 | S_AXI_AWLOCK AXl4 - information about the atomic characteristics of the
transfer.
AXI| Write address: the write address bus gives the
P9 iﬁ%)g—cvvlvg‘.PHD_?[g];—S—AxL AXl14 - address of the first transfer in a write burst
- ) transaction.

Protection type: this signal indicates the normal,
privileged, or secure protection level of the write
P10 | S_AXI_AWPROTI[2:0] AXI4 - transaction and whether the transaction is a data
access or an instruction access. The default value
is normal non secure data access.

Write address valid: this signal indicates that valid
P11 | S_AXLAWVALID AXi4 write address and control information are available.

Write address ready: this signal indicates that the
P12 | S_AXI_AWREADY AXI4 (0] 0 slave is ready to accept an address and associated
control signals.

AXI Write Data Channel Signals

S_AXI_WDATA[C_S_AXI_

P13 DATA_WIDTH-1:0] AX14 I - Write data bus.
P14 S_AXI_WSTRB[C_S_AXI_ AX|4 ) Write strobes: this signal indicates which byte lanes
DATA_WIDTH/8-1:0] to update in memory.

Write valid: this signal indicates that valid write data

P15 | S_AXI_WVALID AX14 i and strobes are available.

P16 | S AXI WLAST AX|4 | ) Write last: this signal indicates the last transfer in a
write burst.
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Table 1: 1/O Signal Description (Cont'd)
Port Signal Name Interface /0 Initial Description
State
Write ready: this signal indicates that the slave can
P17 | S_AXI_WREADY AXli4 (0] 0 accept the write data.
AXI Write Response Channel Signals
S_AXI_BID[C_S_AXI_ID_ Response ID: the identification tag of the write
P18 | \WiDTH-1:0] AX14 o 0 | response.
. Write response: this signal indicates the status of
P19 | S_AXI_BRESPJ[1:0] AXl4 (0] 0 the write transaction.
Write response valid: this signal indicates that a
P20 | S_AXI_BVALID AXi4 0 0 valid write response is available.
P21 | S_AXI_BREADY AX|4 | ) Response ready: this signal indic.ates tha.t the
master can accept the response information.
AXI Read Address Channel Signals
pop | S_AXI_ARID[C_S_AXI_ID_ AXI4 | ) Read address ID: this signal is the identification tag
WIDTH -1:0] for the read address group of signals.
po3 | S_AXI_ARADDRIC_S_AXI_ AXI4 ) Read address: the read address bus gives the
ADDR_WIDTH -1:0] initial address of a read burst transaction.
Cache type: this signal provides additional
P24 | S_AXI_ARCACHE[3:0] AXI4 - information about the cacheable characteristics of
the transfer.
Protection type: this signal provides protection unit
P25 | S_AXI_ARPROT[2:0] AXl4 - information for the read transaction. The default
value is normal non secure data access.
Read address valid: this signal indicates when High
that the read address and control information is
P26 | S_AXI_ARVALID AXI4 | - valid and remains stable until the address
acknowledgement signal S_AXI_ARREADY is
High.
. ) Burst length: the burst length gives the exact
P27 | S_AXI_ARLEN([7:0] AXi4 number of transfers in a burst.
. Burst size: this signal indicates the size of each
P28 | S_AXI_ARSIZE[2:0] AXl4 - transfer in the burst.
Burst type: the burst type coupled with the size
P29 | S_AXI_ARBURST[1:0] AXI4 - information details how the address for each
transfer within the burst is calculated.
Lock type: this signal provides additional
P30 | S_AXI_ARLOCK AXl4 - information about the atomic characteristics of the
transfer.
Read address ready: this signal indicates that the
P31 | S_AXI_ARREADY AXI4 (0] 0 slave is ready to accept an address and associated
control signals.
AXI Read Data Channel Signals
S_AXI_RID[C_S_AXI_ID_ Read ID tag: this signal is the identification tag for
P32 WIDTH -1:0] AX14 o 0 the read data group of signals.
S_AXI_RDATA[C_S_AXI_
P33 DATA_ WIDTH -1:0] AXI4 0] 0 Read data bus.
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Table 1: 1/O Signal Description (Cont'd)

; Initial L
Port Signal Name Interface /0 State Description
Read last: this signal indicates the last transfer in a
P34 | S_AXI_RLAST AXl14 (0] 0 read burst.
. Read response: this signal indicates the status of
P35 | S_AXI_RRESPI[1:0] AXlI4 0] 0 the read transfer.
Read valid: this signal indicates that the required
P36 | S_AXI_RVALID AXI4 O 0 read data is available and the read transfer can
complete.
Read ready: this signal indicates that the master
P37 | S_AXI_RREADY AX14 - can accept the read data and response

information.

AHB-Lite Signals

P38 | M_AHB_HCLK AHB-Lite O - AHB Clock - S_AXI_ACLK is tied to M_AHB_HCLK

AHB Reset, active Low - S_AXI_ARESETN is tied

P39 | M_AHB_HRESETN AHB-Lite o} - to M_AHB_HRESETN.

M_AHB_HADDR[C_M_AHB_

P40 | ADDR_WIDTH -1:0]

AHB-Lite (0] 0 This is the AHB address bus and is fixed to 32-bit.

Protection type: this signal indicates the normal,
P41 | M_AHB_HPROTI[3:0] AHB-Lite (0] “00117(1) privileged transaction and whether the transaction
is a data access or an instruction access.

AHB Transfer Type, which can be

P42 | M_AHB_HTRANS[1:0] AHB-Lite 0 0 NONSEQUENTIAL, SEQUENTIAL, IDLE or BUSY.

P43 | M_AHB_HSIZE[2:0] AHB-Lite (0] 0 AHB Size of Transfer.

Indicates the transfer direction, this signal indicates
P44 | M_AHB_HWRITE AHB-Lite (e} 0 an AHB write access when High and an AHB read
access when Low.

Write data: The write data bus transfers data from
AHB-Lite (0] 0 the master to the slaves during write

operations.

M_AHB_HWDATA[C_M_AHB_

P45 | DATA_ WIDTH -1:0]

AHB Burst type: the burst type indicates if the
P46 | M_AHB_HBURST[2:0] AHB-Lite (0] 0 transfer is a single transfer or forms part of a
burst.The burst can be incrementing or wrapping.

Indicates that the current master is performing a

P47 | M_AHB_HMASTLOCK AHB-Lite o] 0 locked sequence of transfers

o i Ready: The AHB slave uses this signal to extend an
P48 | M_AHB_HREADY AHB-Lite AHB transfer.
pag | M_AHB_HRDATAIC M_AHB_ | apg)ie | - | AHB read data driven by slave.

DATA_WIDTH -1:0]

Transfer Response: When Low, indicates that the
P50 | M_AHB_HRESP AHB-Lite | - transfer status is OKAY. When High, indicates that
the transfer status is ERROR.

Notes:

1. The default value “0011” is driven on M_AHB_HPROTI[3:0] as per the ARM recommendation, this corresponds to non-cacheable,
non-bufferable, privileged, data access.
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Design Parameters

Table 2 shows the design parameters of the AXI to AHB-Lite Bridge. In addition to the parameters listed in Table 2,
there are also parameters that are inferred 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 DS768 AXI Interconnect Data Sheet Support.

Table 2: Design Parameters

: — Allowable VHDL
Generic Feature/Description Parameter Name Values Default Values Type
System Parameter
. virtexe, . .
G1 Target FPGA family C_FAMILY spartan6 virtex6 string
AXI Interconnect Parameters
G2 AXl interface type C_S_AXI_PROTOCOL axi4 axi4(1) string
G3 AXI write support C_S_AXI_SUPPORTS_WRITE 1 1(1) integer
G4 AXI read support C_S_AXI_SUPPORTS_READ 1 1(1) integer
G5 AXI write acceptance C_S_AXI_WRITE_ACCEPTANCE 1 1(1) integer
G6 AXI read acceptance C_S_AXI_READ_ACCEPTANCE 1 1(1) integer
Valid std_logic
(4 _log
G7 AXI Base address C_BASEADDR Address @) OXFFFFFFFF®4) " vector
G8 | AXI High address C_HIGHADDR Valid 0x00000000() | Std_logic
- Address®) _vector
AXI Parameters
G9 AXI address bus width C_S_AXI_ADDR_WIDTH 32 32 integer
G10 AXI| data bus width C_S_AXI_DATA_WIDTH 32,640 32 integer
C_S_AXI_SUPPORTS_ .
G11 AXI| Narrow burst support NARROW BURST 0,1 0 integer
G12 AXI ID width C_S_AXI_ID_WIDTH 1-16 4 integer
AHB-Lite Parameters
Gz | AriSLieaddressbus gy aAHg ADDR WIDTH 32 32 integer
G14 AHB-Lite data bus width | C_M_AHB_DATA_WIDTH 32,64() 32 integer
AXI to AHB-Lite Bridge Parameters
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Table 2: Design Parameters (Contd)

; _— Allowable VHDL
Generic Feature/Description Parameter Name Values Default Values Type
Time out value in AXI 0,16,32,64,12 .
G15 clocks C_DPHASE_TIMEOUT 8.256(6) 0 integer
Notes:

1. These generics are needed by the system. This bridge supports both read and write. Only AXI4 interface is supported by AXI
to AHB-Lite Bridge.

2. The user must set the values. The C_BASEADDR must be a multiple of the range, where the range is C_HIGHADDR -

C_BASEADDR + 1.

The range specified by C_HIGHADDR - C_BASEADDR must be a power of 2 and greater than or equal to OxFFF.

4. An invaliocljdefault value will be specified to insure that the actual value is set, i.e., if the value is not set, a compiler error will be
generated.

5. The AXI4 Data width and AHB-Lite data width should be same. C_M_AHB_DATA_WIDTH cannot be set by the user and will be
modified automatically, the same as is done with C_S_AXI_DATA_WIDTH. If C_S_AXI_DATA_WIDTH is 32, then
C_M_AHB_DATA_WIDTH is also 32. If C_S_AXI_DATA_WIDTH is 64, then C_M_AHB_DATA_WIDTH is also 64.

6. The time out module is parameterized and does not generate the time out if the C_DPHASE_TIMEOUT value is set to ‘0’.

w

Parameter - 1/0 Signal Dependencies

The dependencies between the AXI to AHB-Lite Bridge core design parameters and 1/0O signals are described in
Table 3. In addition, when certain features are parameterized out of the design, the related logic is no longer a part
of the design. In AXI to AHB-Lite Bridge core narrow transfer support and time out logic are parameterized. When
the C_S_AXI_SUPPORTS_NARROW_BURST is ‘1’, then only the related narrow burst support logic is part of the
design. Similarly, when C_DPHASE TIMEOUT is a non zero integer (for example, 16/32/64/128/256), the
corresponding time out logic exists in the design.

Table 3: Parameter-I/O Signal Dependencies

Generic Name Affects Depends Relationship Description
or Port
Design Parameters
P13,P14,P33, Affects the AXI data bus width and also AHB-Lite
G10 C_S_AXI_DATA_WIDTH Gi4 data bus width
P3,P18,P22, Affects the width of the signals S_AXI_AWID,
G12 | C_S_AXIID_WIDTH P32 - S_AXI_BID, S_AXI_ARID and S_AXI_RID
G14 C_M_AHB_DATA_WIDTH P45,P49 G10 Affects the AHB-Lite data bus width
I/O Signals

P3 S_AXI_AWID[C_S_AXI_ID_ ) G12 This signal width is affected based on the
WIDTH-1:0] C_S_AXI_ID_WIDTH value

P13 S_AXI_WDATA[C_S_AXI_ ) G10 This signal width is 32/64 based on
DATA_WIDTH-1:0] C_S_AXI_DATA_WIDTH

P14 S_AXI_WSTRB[C_S_AXI_ ) G10 This write data strobe signal width is 4/8 based on
DATA_WIDTH/8-1:0] C_S_AXI_DATA_WIDTH

P18 S_AXI_BID[C_S_AXI_ID_ ) G12 This signal width is affected based on the
WIDTH-1:0] C_S_AXI_ID_WIDTH value

P22 S_AXI_ARID[C_S_AXI_ID_ ) Gi2 This signal width is affected based on the
WIDTH-1:0] C_S_AXI_ID_WIDTH value

P32 S_AXI_RID[C_S_AXI_ID_ ) G12 This signal width is affected based on the
WIDTH-1:0] C_S_AXI_ID_WIDTH value
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Table 3: Parameter-1/O Signal Dependencies (Cont'd)

%t:rli:’eor::: Name Affects Depends Relationship Description
P33 S_AXI_RDATA[C_S_AXI_DATA ) G10 This signal width is 32/64 based on
_WIDTH-1:0] C_S_AXI_DATA_WIDTH
P45 M_AHB_HWDATA[C_M_AHB_ i G14 This signal width is 32/64 based on
DATA_WIDTH -1:0] C_M_AHB_DATA_WIDTH
P49 M_AHB_HRDATA[C_M_AHB_ ) G14 This signal width is 32/64 based on
DATA_WIDTH -1:0] C_M_AHB_DATA_WIDTH

Design Details

Clocking

The AXI to AHB-Lite Bridge is a synchronous design which uses the S_AXI_ACLK at both AXI and AHB-Lite
interfaces. M_AHB_HCLK is driven by the AXI to AHB-Lite Bridge (tied to S_AXI_ACLK).

Reset

S_AXI_ARESETN is a synchronous reset input that resets the AXI to AHB-Lite Bridge upon assertion. The
S_AXI_ARESETN is also used to reset the AHB-Lite interface. M_AHB_HRESETN is driven by the AXI to AHB-Lite
Bridge (tied to S_AXI_ARESETN).

Memory Mapping

The AXI memory map and the AHB-Lite memory map are a single, complete 32-bit (4 GB) memory space. The AXI
to AHB-Lite Bridge does not modify the address for AHB-Lite; therefore, the address that is presented on the
AHB-Lite is exactly as received on the AXL

Data Width

The AXI and AHB-Lite Data widths are either 32 or 64 based on the parameters C_S_AXI_DATA_WIDTH and
C_M_AHB_DATA_WIDTH. AXI to AHB-Lite Bridge supports same data widths on both AXI and AHB-Lite. The
parameters C_S_AXI_DATA_WIDTH and C_M_AHB_DATA_WIDTH should be the same. When the user sets the
C_S_AXI_DATA_WIDTH to 32/64, the same is automatically updated on C_M_AHB_DATA_WIDTH.

Narrow Transfers

Transactions where the transfer size is narrower than the data bus width are treated as narrow transfers. Narrow
transfer support is parameterized in the AXI to AHB-Lite Bridge. Narrow transfers on AXI4 are supported and can
be transferred to and from AHB-Lite when the C_S_AXI_SUPPORTS_NARROW_BURST parameter is set to “1’.

The 8/16 bit data transfers are only allowed when C_S_AXI_SUPPORTS_NARROW_BURST is ‘1’ and
C_M_AHB_DATA_WIDTH and C_S_AXI_DATA_WIDTH are 32. When C_S_AXI_SUPPORTS_NARROW_BURST
is ‘0", C_M_AHB_DATA_WIDTH and C_S_AXI_DATA_WIDTH are 32, then 32-bit data transfers only are allowed.

The 8/16/32 bit data transfers are only allowed when C_S_AXI_SUPPORTS_NARROW_BURST is ‘1" and
C_M_AHB_DATA_WIDTH and C_S_AXI_DATA_WIDTH are 64. When C_S_AXI_SUPPORTS_NARROW_BURST
is ‘0" and C_M_AHB_DATA_WIDTH and C_S_AXI_DATA_WIDTH are 64, then the 64-bit data transfers only are
allowed.
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AHB-Lite interface does not support strobe signal; therefore sparse/unaligned transfers are not supported in AXI to
AHB-Lite Bridge. The AXI strobe S_AXI_WSTRB is not monitored in the AXI to AHB-Lite Bridge based on the
S_AXI_AWADDR/S_AXI_ARADDR and S_AXI_AWSIZE/S_AXI_ARSIZE. The corresponding M_AHB_HADDR
and M_AHB_ HSIZE are transferred to AHB-Lite.

Endianness
Both the AXI and AHB-Lite are little-endian.

Address/data translation

No address/data translation/conversion from AXI4 to AHB-Lite takes place inside the AXI to AHB-Lite Bridge.
The write/read address from AXI4 is passed to AHB-Lite address. AXI4 write data is passed on to AHB-Lite and
AHB-Lite read data is passed on to AXI4 read data.

Read and Write Ordering

When a read and a write request are issued simultaneously (S_AXI_AWVALID/S_AXI_WVALID and
S_AXI_ARVALID are asserted High) from AXI4, the AXI to AHB-Lite Bridge gives more priority to the read request
than to the write request. When both write and read requests are always valid, the write request is initiated on
AHB-Lite after the read is requested on AHB-Lite.

1kB Burst Crossing

The AXI to AHB-Lite Bridge implements the logic that checks if the AXI transaction (both read and write) crosses
the 1kB boundary, then splits the transaction to prevent it from crossing boundaries. Any burst initiated on AXI that

crosses a 1 kB address boundary is converted to two INCR bursts of undefined length with the restarted burst on
AHB-Lite.

Bridge Time out Condition

Time out logic is parameterized in the AXI to AHB-Lite Bridge. Time out is generated when the parameter
C_DPHASE_TIMEOUT value is 16/32/64/128/256. When a request is issued from AXI, the bridge translates this
request into the corresponding AHB-Lite transfer and requests on AHB-Lite. If this request is not responded by the
AHB-Lite, the time out logic waits for a time out period and automatically responds with SLVERR on the AXI side.
The bridge sends IDLE transfer to AHB-Lite.

If the C_DPHASE_TIMEOUT parameter value is '0, it is assumed that AHB slave always responds when a transfer
is requested and that no time out logic exists that automatically responds on the AXI side. When the AHB slave does
not respond, the AXI to AHB-Lite bridge waits indefinitely for the AHB-Lite slave response.

Note: The user should be careful while selecting the C_DPHASE_TIMEOUT value to avoid the indefinite wait of AXI to
AHB-Lite Bridge for the AHB-Lite slave response.
AXI Response Signaling

Only OKAY and SLVERR responses are generated on the AXI side. EXOKAY and DECERR are never used. An
ERROR on AHB-Lite or a time out error because of a bridge time out, results with the response of SLVERR.

No registers are implemented in AXI to AHB-Lite Bridge to differentiate the AHB-Lite ERROR and bridge time out
error. It is assumed and recommended that the AXI master reset the bridge with SLVERR response.
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Protection and Cache Support

The protection and cache support is limited in AXI to AHB-Lite Bridge. The protection and cache support in AXI4
is mapped to the available equivalent AHB-Lite protection as listed in the Table 4. In AXI4, no cacheable transaction
exists in the AHB-Lite. There are no modifiable, write allocate, read allocate, secure and non secure accesses in
AHB-Lite that exist in AXI4.

The protection support privileged, instruction, normal, and data accesses in AXI4 are mapped to the equivalent
AHB-Lite protection. The S_AXI_AWPROTI[2:0] and S_AXI_ARPROT][2:0] signals carry the protection unit support
on AXI4 interface.

The AXI4 bufferable/non-bufferable transaction attributes are mapped to the equivalent AHB-Lite protection
signals. The S_AXI_AWCACHE [3:0] and S_AXI_ ARCACHE][3:0] carry the cache support attributes of AXI4.

Table 4: AXI4 Protection And Cache Support Translation to AHB-Lite Protection

: AHB-Lite Protection
AXI4 Protection and Cache Support
support Description
S_AXI_AWCACHE [3:0)/ S_AXI_AWPROT[2:0)/ M_AHB_HPROT
S_AXI_ ARCACHE[3:0] S_AXI_ARPROT[2:0] [3:0]

“ » T “ » Privileged on AXI4 is translated to the

XXX xx Oxx equivalent privileged in AHB-Lite

T — “ex0” “OXOX” Normal access on AXI is mapped to the
equivalent user access on AHB

“ » P “ » Data access on AXI4 is translated to the

XXX Oxx Oxxi equivalent Data access in AHB-Lite

T — “q ok “OxX0” Instruction access on AXl4 is mapped
to the equivalent Opcode fetch on AHB

“ » P « » Bufferable on AXI4 is translated to the

00x1 xxx 01xx equivalent Bufferable in AHB-Lite
Non-bufferable on AXI4 is translated to

“00x0” “xxx” “00xx” the equivalent Non-bufferable in
AHB-Lite
There is no cacheable in AXI4. Always

“xxxx” “xxx” “Oxxx” transferring Non-cacheable on
AHB-Lite

As per the ARM recommendation the default value driven on AHB-Lite protection control signal
M_AHB_HPROT]I3:0] is “0011” to correspond to a non-cacheable, non-bufferable, privileged, data access.

Register Descriptions
There are no registers in the AXI to AHB-Lite Bridge.
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Bridge Transaction Translation

Table 5 shows translation of AXI4 transactions to AHB-Lite transactions. The supported AXI4 transactions are

translated to AHB-Lite transactions.

¢ Incrementing burst of length 1 on AXI4 is converted to the equivalent AHB single transaction

¢ Incrementing burst transfers of length 4, 8, and 16 on AXI4 are converted to the equivalent AHB-Lite
incrementing bursts when there is no one kB cross in the access

¢ Any other incrementing burst of length up to 256 (2 to 256, other than 4, 8, and 16) is converted to the AHB-Lite
incrementing burst transfer of undefined length

* Wrapping burst transfers of length 4, 8, and 16 are converted to the equivalent AHB-Lite wrapping burst

For AXI4 transactions given below, multiple AHB-Lite transactions must be performed.

e For one AXI4 transaction, two AHB-Lite transactions must be requested when a 1 kB cross is detected in an
AXI4 transfer. If there is one kB cross access with incrementing burst transfers of length 4, 8, and 16, then the
corresponding transaction on AXI4 is converted to the two AHB-Lite incrementing burst transfers of

undefined length

e AXI4 allows WRAP type burst transactions of length 2, 4, 8, and 16; however, AHB-Lite only supports WRAP
4, 8, and 16 transactions. WRAP transfer of length 2 on AXI4 is converted to two AHB-Lite single burst

transactions

e Fixed burst is supported in AXI4 where as there is no Fixed burst transaction in AHB-Lite. Fixed on AXI4 is
converted to AHB-Lite single transactions with fixed address

Table 5: AXI4 Transaction to AHB-Lite Transaction

AXl4 Transaction

AHB-Lite Transaction

Description

Incrementing burst transaction of length 1

Single transaction

AXIl4 incrementing burst transaction with
length ‘1’ is single transaction on AHB

Incrementing burst transfers of length 4, 8,
and 16 without one Kb crossing

Incrementing bursts 4, 8, and 16

If the access initiated by AXI does not
cross the 1 kB, INCR4, INCRS8, and
INCR16 are same in both AXI and
AHB-Lite

Incrementing burst transfers of length 4, 8,
and 16 with one kb crossing*

Incrementing burst transfers of
undefined length

If the access initiated by AXI crosses the
1kB, the transfer is split so the transfers on
AHB-Lite are two increment bursts of
undefined length transfers.

Any other incrementing burst up to 256
(Incrementing bursts of length from 2 to
256 other than 4, 8, and 16)

Incrementing burst transfers of
undefined length

If the access is incrementing burst of
length 2 to 256 other than 4, 8, and 16, the
transfer on AHB-Lite is incrementing burst
of undefined length transfer.

WRAP type burst transactions of length 4,
8, and 16

WRAP type burst transactions of 4, 8,
and 16

WRAP4, WRAPS8, and WRAP16 are the
same in both AXI and AHB

WRAP type burst transaction of length 2

Two single transactions

There is no WRAP2 burst transfer in
AHB-Lite. The transaction is split as two,
single AHB-Lite transactions

Fixed burst transactions of length 1 to 16

Single transactions with the same
address

There is no fixed burst transaction in
AHB-Lite. Fixed transaction on AXl4 is
single transactions on AHB-Lite to the
same address location. The number of
single transactions (for example, 1 to 16)
depends on the AXI burst length.
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Not Supported Features/Limitations

AXl4 Slave Interface
¢ Data bus widths greater than 64 are not supported

* No registers are implemented because posted writes are not supported
* Locked, Barrier, trust zone, and exclusive operations are not supported
*  Out-of-order read transaction completion

¢ Out-of-order write transaction completion

¢ Unaligned/Sparse transfers (holes in strobes) are not supported

e EXOKAY and DECERR responses to AXI4 are not supported

* Low-power state is not supported

® Secure accesses are not supported

AHB-Lite Master interface
® Data bus widths greater than 64 are not supported

* No cacheable access support

Timing Diagrams
The AXI to AHB-Lite Bridge operation for various read and write transfers is shown in the subsequent timing
diagrams.
1. AXI Incrementing burst read transfer of length 1 is shown in Figure 2.
AXI Incrementing burst write transfer of length 1 is shown in Figure 3.

AXI Read and Write Transfers is shown in Figure 4. As shown in the waveform, when read and write transfers
are initiated on AXI at the same time, the read transfer is given a higher priority than the write transfer.

AXI Incrementing Burst Write Transfer of length 4 is shown in Figure 5.
AXI Incrementing Burst Read Transfer of length 4 is shown in Figure 6.

AXI Fixed Burst Read and Write Transfers are shown in Figure 7. AXI Fixed burst read and write transfers of
length 5 are transferred to five AHB-Lite single read and write transfers.

7. AXI Wrapping Burst Read and Write Transfers of length 2 are shown in Figure 8. One AXI Wrapping burst
Read /Write Transfer of length 2 is split into two AHB-Lite single Read /Write transfers.

AXI Wrapping Burst Read Transfer of length 4 is shown in Figure 9.
. AXI Wrapping Burst Write Transfer of length 4 is shown in Figure 10.
10. AXI 8-Bit Narrow Read Transfer on 32-Bit Data Bus is shown in Figure 11.
11. AXI 8-Bit Narrow Write Transfer on 64-Bit Data Bus is shown in Figure 12.

12. AXI Burst Read Transfer of Length 4 That Crosses 1 kB Address on AHB-Lite is shown in Figure 13. One AXI
read transfer is split into two AHB-Lite read transfers as 1 kB boundary is crossed.

13. AXI Burst Write Transfer of Length 4 That Crosses 1 kB Address on AHB-Lite is shown in Figure 14. One AXI
write transfer is split into two AHB-Lite write transfers as 1 kB boundary is crossed.

14. AXI Read Time Out When C_DPHASE_TIMEOUT is 16 is shown in Figure 15. AXI read transfer is completed
with SLVERR response.

15. AXI Write Time Out When C_DPHASE_TIMEOUT is 16 is shown in Figure 16. AXI Write transfer is completed
with SLVERR response.
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& s_axi_ack 1 1 [ 1 [
& s_axi_aresetn 1
4 s_axd_arnid 0oo 000 s5a 1223
= 4 s_axi_araddr aoooooonn 00oagoon J00008A00
4 s_ax_arlen 0 0 il
= 4 s_axi_arsize 000 000 JoTa
=4 s_axi_arburst il 00 Jot
& s_axi_arvalid ]
& s_axi_aready ] 1
= s_axd_rid 385 000 T
& s_axi_rvalid 0 1
& s_axi_rready 1
1:* s_axi_rdata aoooooonn 00oagoon 1153524 Joooodoog
=4 s_axi_rrasp ] 0
& s_axi_rlast 0 1
=@ s_axi_arprot nao 000 i1 Toot
& s_axi_arlock 0
& @ s_axi_arcache ooon i} (RN Toodi
& m_ahb_helk 1 1 [ 1 [ | I
& w_ahb_hresetn 1
+ 4 m_ahb_hsize 010 000 010
+ 4 m_ahb_hburst 111 000
[+ 4 m_ahb_htrans il 00 ] fog Ji]
& m_ahb_hwrite 1 ]
& 4 m_ahb_haddr 00000A3C 00oagoon JoogooA0n
& m_ahb_hready |1
1:* _ahb_hwdata B1FCEBSA 00000000
+ 4p m_ahb_hrdata | 35CDBFEB | 00000000 Tiz153524
& w_ahb_hresp ]
& 4 m_ahb_hprat ikl BT oot oot
& m_anhb_hmastiock |0
DS827_02
Figure 2: AXI Incrementing Burst Read Transfer of Length 1
& = axdi_ack 1 _ [ 1|
& s_axi_aresetn 1
= s_axi_awid 0oo 052 JEET
+ 4 s_axi_awaddr | 00000000 | DO00DDADD
w P s_axi_awsize 000 [TiI0]
=4 s_axi_awlen i i il
4 s_axd_awburst 0o 1]
i;Q s_axi_awcache [alalilu] 1111 JEK]
1+ 4 s_axi_awprot non 001 o1
& s_axi_awvalid 0
& s axi_awready |0 1
& s_axi_awlock 0
= s_axi_widata 00ooooog DE4038AE J6TFIEITE
= s_axi_wstrb 0000 1111
& s_axi_wlast 0 1
& s_awi_wvalid 0
& s_axi_wready 0 T 1
= 4 s_axi_bid 3E6 000 o5z
= 4 s_axi_bresp 0 i
& s_axi_bvalid 0 1
& s_axi_bready 1
& m_ahb_helk 1 ] [ | [ L
& w_ahb_hresetn |1
= 4 m_ahb_hsize o1 010
= 4p m_ahb_hburst | 111 000 [oo1
& 4 m_ahb_htrans 0o i1} o ] i) i}
& m_ahb_hwrite 1 [
1.’ m_ahb_haddr 00000A3C 0ggogAng JD0000ADg
& m_ahb_hready |1
+ 4 m_ahb_hwdata | B1FCE3SA | 00000000 [DE4038AE
1:* m_ahb_hrdata JSCDBFEE 12153524 JC0895E6T
& m_ahb_hresp 0
+ 4 m_ahb_nprot 0101 0010 JIDEK] o117
& m_ahb_tmastiock | 0
DS827_03
Figure 3: AXI Incrementing Burst Write Transfer of Length 1
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& s_axi_aclk 1 JE e O I e I O o I e S o e L e e e N S P e I S e e S e e I S e
& s_axi_aresetn 1
& s_axi_awid ooo 000 Jo&z 1357
1.‘ s_axi_awaddr oooooooo 0noooooon J00000A00
= s_ax_awsize 000 [i[i] A1)
=4 s_axi_awlen 0 i] il
= s_axi_awbuwrst |00 ili] (]
'+ 4 s_axi_awcache | 0000 0000 | {ENE IR}
= @ s_axi_awprat ooo oo J AT ot
& s_axi_awvalid 0 [
& s_axi_awready |0 1
& s_axi_awlock 0
1;’ s_axi_wdata 0ooodoog 0nogooon |DA4038A6 J67FIEITF
= s_axi_wstrh nooo 0000 | (KK
& s_axi_wlast 0 [ |
& s_axi_wvalid 0 |
& s_axi_wready 0 1
= s_axi_bid 3E6 000 ogz
+ 4 s_axi_bresp 0 ]
& s_axi_balid 0 1
& s_axi_bready 1
& s_axi_arid ooo 000 154 1223 1200
1.‘ s_axi_araddr oooooooo 0noooooon J00000A00
= s_axi_arlen 0 i] il e
=4 s_axi_arsize 0on [i[iT] 1010
= s_axi_arburst 00 i} ]
& s_axi_arvalid 0 [
& s_axi_aready 0 1 1
= s_axi_rid 385 000 ns5a 1223
& s_axi_rvalid 0 1 1 [
& s_axi_ready 1
1;’ s_awi_rdata 0ooodoog 0nogooon 1121535... {00000000 b
= s_axi_rresp 0 0
& s_axi_rlast 0 1
1+ s_axi_arprat non 000 J K] 001 ot
& s_axi_arock 0
@+ 4 s_axi_arcache | 0000 0000 Ji110 (il 10110
& m_ahb_hclk 1 A e e o O I O o o e I e o o e e I S e e N S e e I e e
& m_ahb_hresetn |1
'+ 4 m_ahb_hsize 010 0oo 070
1;’ m_ahb_hburst m oo J001
'+ 4 m_ahb_htrans 0o 00 o 00 o Jno o 01 il
& m_ahb_hwrite 1 ]
1.’ m_ahb_haddr 00000ASC ao00ooon nooaoA00 00000404
& m_ahb_hready |1 _— T
1.’ tm_ahb_hwdata B1FCE&5A ao00ooon IDE403BAE
= ’ m_ahb_hrdata JSCDBFEE 0noooooon 112153524 \EEE
& m_ahb_hresp 0
=4 m_ahb_hprot 0101 0011 ooTo oot 111
& m_ahb_hmastlock | 0
DS827_04
Figure 4: AXI Read and Write Transfers
& s_adi_aclk 0 ] L e e e o e o e e o o P e e L e L e e e S e N e .
& s axi_aresetn |1
) s_axd_awid 0az 1C0 053
’ s_axi_awaddr | 000000F0 agooogFo
& s axi_awsize |01 1K}
& s_axi_awlen 0 3 b7}
& s_axi_awburst |01 [if]
@ s_axi_awecache | 1111 1070
& s axi_awprat 001 i) i
& s_axi_awvalid |1
& s_axi_awready |0 1 1
0
SD4B7E87D640364 AEZOFFEGDDTEOBBD|DZGCEBRCASTASIER 1970EZ1CIEB4521B4 JFE37SFFASA3. . {#E608430409573761
= s_ad_wsth 1111111 11111111
& s_axi_wlast 1 1
& s_axi_wmalid |1
& s_axi_wready |0 71 1 1 1
s _ad_bid nin ZEE Tien
= s_awi_resp 0 il
& s_axi_bvalid 0
& s_axi_bready |1
& m_ahb_hclk 0 1Trirrrrrrrirrrre e e r e r e e r
& m_ahb_nresetn |1
= m_ahb_hsize |01 011
1;* m_ahb_hburst | 000 a1 Joo1
4 ’ m_ahb_hirans | 00 ag ] 101 ] 01 )] 01 ] 00 )il
& m_ahb_hwrite |0
1;’ m_ahb_haddr 000ooaFg agoooiod J00000...{000000F & J00000100 J00000108 Iooal.
4 m_ahb_hready |0 N U N R R |
+ < m_ahb_hwdala |0000000000000000 DESB30ETDE137469 {AEZ07FEBDDTENBED |DZ6CEBBCAATASAEZ  J970EZ1CIEBA5Z1B4 {FB375FFB5A3TEADD
1:* m_ahb_hrdata | 0000000012153524| EFFFFFEFE3A724CHh
& m_ahb_hresp |0
1+ m_ahb_hprot o010 0000 ooon Jo1oa
DS827_05
Figure 5: AXI Incrementing Burst Write Transfer of Length 4
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& s_axi_aclk 1 _ [ 1 [
@ s_axi_aresetn 1
=4 s_axi_arid nog 126 JEI)
+ 4 s_axi_araddr 00000000 | DOODOADD
=4 s_axi_arlen il 03 o4
=P s_axi_arsize 0o [iiI1]
= 4 s_axi_arhurst 0o 07
& s_axi_arvalid ]
& s_axi_aready 0 1
4 s_axi_rid 365 200 Tzs
& s_ai_rvalid a - - 0 0 7 1 4
& s_axi_rready 1
+ 4 s_axi_rdata 00000000 | 00000000 {06D7CD0D {on0oooog HEBDCDID {ooonooon MBZDF7EC {onooonog [E3s7z4CE 1
& 5 e rlast ] 1
=4 s_axi_rresp 0o 00
= 4 s_axi_arprot 000 100 Jali]}
& s_axi_arlock ]
1‘§ s_axi_arcache ngon 0111 10011
@ m_ahb_hclk 1 T ] 1 I
& m_ahb_hresetn |1
+ 4 m_ahb_hsize 010 1]
i+ 4 m_ahb_hburst 11 001 11
+ 4 m_ahb_htrans il 00 ] J1] i (] 1 (] 1 Ton
@ m_ahb_mwrite 1 - 1
=+ 4 m_ahb_haddr 00000A3C | DO0D0ADE To00a0Ann Too0o0ADs To00a0AnE ToooonaC
& m_ahh_hready 1
+ 4 m_shb_hwdala | GIFCESSS | 39BE0107
= 4 m_ahb_hrdata 35CDBFEE | DOF3E0L T0607CDAD BB23F1TE ESDCDAD 1TBED45TED Te62DFTEC TFCEDE3ES E337z4CE
& m_ahh_hresp ]
= 4 m_ahb_hprat 0101 il a0
DS827_06
Figure 6: AXI Incrementing Burst Read Transfer of Length 4
& s_axi_ack g rirririrrirerririrrrrirrirreriririrrriririrrrierirrierierid
& s_axi_aresetn 1
= 4 s_axi_awid 1F3 Z2CB |354
+ 4 s_axi_awaddr | 00001000 | OOO0T000
= 4 s_axi_awsize o1n 010
+ 4 s_axi_awlen 7 4 15
& 5 _axi_awburst 0g ili]
i:’ s_axi_awcache o011 0ooo 10011
= s_axi_awprot 001 111 Jio0
& s_axi_awvalid 1
& s_axi_awready |0 1
& s_axi_awlock 0
= s_axi_wdata 93530030 | BEOF4ECS JESDTE4AF JCDOFZ83h |?DEEBATS J448AD30C JDa2E03aF
= s_axi_wstrh 111 1111
& s axi_wiast 0 T 1 = 1 [ |
& s_axi_wvalid 1
& s_axi_wready 0 1 e - 7D rr-—
+ 4 s_axi_bid 2E2 785 2CE
= 4 s_axi_bresp 0 i
& s_axi_bvalid 0 | I
& s_axi_hready 1
+ 4 s_axi_arid 388 ZDB T34
= 4 s_axi_araddr 00001000 | 00OOT000.
+ 4 s_axi_arlen 7 4 5
& s_axi_arsize o1o 010
1+ 4 s_axi_arburst 0o 00
& s_axi_arvalid 1
& s _axi_arready 0 T
= s_axi_rid 20D 3FE Z0E
& s_ai_rvalid 0 T ree rr e rre 7
& s_axi_rready 1
=4 s_axi_rdata 00000000 | 00000000 3Bz 000 (1E8_ {000._ J780_ {000 4Bz {000 [7CF_ (00000000
= s_awi_rresp 0 i
& s_axi_rlast 0 1
= 4 s_awi_arprot 100 111 JIEH]
& s_axi_arlock 0
& 4 s_axi_arcache | 0010 0001 oo0n
& m_ahb_hclk g rrirririrrirerririrrrrrrrirrriririryiririrrirrrerirrrrirpd
& m_ahb_hresetn |1
= 4 m_ahb_hsize o1 01a
+ 4 m_ahh_hburst 000 000
4 m_ahb_htrans | 00 i fo o {100 Joo j10 joo| po. o {10, joo filo Joo! fio (oo Yo joo | jo joo 1o oo
& m_ahb_hwrite 1 1 [
= 4 m_ahb_haddr 00001000 | 0001000
& m_ahb_hready |1
= 4 m_ahb_hwdata | BCIET345 | D94B304D EEQF4ECT |ESDTE4AF |CDOF2036 JZDEEGEYS  JA40ADI0C
+ 4 m_ahb_hrdata DESEZEBD | DED7CDOD 13BZ3F176__ W EBDCD3D |7BO457ED WBZDF7BC  [7CFDEJFA
& m_ahb_hresp 0
+ 4 m_ahb_hprot o011 0011 0110 o010
i DS827_07
Figure 7: AXI Fixed Burst Read and Write Transfers
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& s_axi_aclk 1 ) e e o e o o e o e e o o o o o O I S S I S oy S
& s_axi_aresetn |1
+ 4 s_axi_awid oon 1CE &S
& s_axi_awaddr | 00000000 |DO0GT000 Too0oi004
= @ s_axi_awsize | 000 010
+ 4 s_axi_awlen 0 1
= @ s_axi_awburst | 00 10
1.0 s_axi_awcache | 0000 1110 ot
= s_axi_awprat | 000 111 101
& s_axi_awvalid |0
& s_axi_awready |0 1
& s_axi_awlock |0
j s_asi_wdata | 00000000 |ZFE3DYSA [CarFCi6e (GCEGEBEE
& s_axi_wstrh 0000 111
& s_axi_wlast 0 1
& s_axi_wvalid 0
& s_axi_wready |0 | ] 1
= s_axi_hid 3E0 000 JICE
1+ s_axi_bresp 0 0
& s_axi_bvalid 0 1
& s_axi_bready |1
& s_axi_arid 0oo 716 )
& s_axi_araddr 00000000 | 00001000 [00001004
+ 4 s_axi_arlen 0 1
& s_axi_arsize 0an 010
= 4 s_axi_arburst |00 10
& s_axi_avalid |0
& s axi_aready |0 1
= s_axi_rid 013 000 Je1s
& s_axi_rvalid 0 ] 1 [ 1
& s_axi_rready 1
& s_awi_rdata 00000000 | HO0O0000 (iz153524 00000000 JCO6S5EGT 00000000
= s_axi_rresp 0 i]
& s_axi_rlast 0 1
= @ s_axi_arprot 000 111 Joot
& s_axi_arlock 0
1;* 5_axi_arcache | 0000 0110 1110
" @ m_aho_hok |0 ) L e L o e o o e L o S o o o o e P S N S D S e gy
& m_ahb_hresetn |1
4 m_ahb_hsize 010 000 11
& m_ahb_hburst | 110 000
= 4 m_ahb_htrans | 00 [ili Jid ] ] Jog o fog o oo
& m_anb_hwrite |1 ]
& @ m_ahb_haddr | 00001035 | 00000000 {00001000 100001004 (00061000 {p0on1004
& m_anb_hready |1
= 4 m_ahh_hwidata | 53617CEE | D0000000 IFa0TsA [CETFCTEE
= 4 m_ahb_hrdala | FOBSEOET | 0000000 Tz153524 | GOEEEEEA]
& m_ahb_hresp |0
'+ 4 m_ahb_hprot oo1o 0011 Joo1o
DS827_08
Figure 8: AXI Wrapping Burst Read and Write Transfer of Length 2
& s_axi_ack 0 A S L e L o e o S I e e e I e P S D S s
& s_axi_aresetn 1
4 s_axi_arid 061 207 [AaC
= 4 s_axi_araddr 00001000 | DO0OT 004 {bonoinos
= s_axi_arlen 3 3
=4 s_axi_arsize 010 010
= s_axi_arhurst 10 10
& s_axi_arvalid 1
& s_axi_aready 0 T/
4 s_axi_rid 114 061 207
& s_axi_rvalid 1] 1 1 1 1 I e A R I
& s_axi_ready 1
P s_axi_rdata 00000000 | 00000000 [EGDCOED 00000000 J462DF76C__ 00000000 [E33724C6 __ ]00000000 [DSTa0zAA 00000000
+ 4 s_axi_rresp ] ]
& s_axi_rlast ] |
= 4 s_axi_amrot 010 000
& s_ax_arlock ]
+ 4 s_axi_arcache | 01711 0001
& m_ahb_hclk 0 A L O o e I o e e I o e o I o e S I S e S|
& m_ahb_hresetn |1
+ 4 m_ahb_hsize 010 010
= 4 m_ahb_hburst 000 010
+ 4 m_ahp_htrans 0o 00 o 1071 jil] 1071 jil] o7 T 100
& m_ahb_hwrite [1} — 1 | | 1
+ 4 m_ahb_haddr | 00001000 | OOG100C (G000 604 (00001008 o000 60C [60061 000
& m_ahb_hreacy |1
+ 4 m_ahb_twdala | C87FC7EE | 3PEZOAAT
=4 m_ahb_hrdata  |BIF0SE63 | 3BZ3F176 NESDCD3D  |76D457ED  J462DF76C  [FCFDESFY  |E33724CH |E2F784CS EEEREL
& m_ahb_hresp ]
= 4 m_ahb_hprat 0011 0101
& m_anb_hmastlock | 0
DS827_09
Figure 9: AXI Wrapping Burst Read Transfer of Length 4
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& s_axi_aclk 1
@ s_axi_aresetn 1
| s axi_awid oo

s_axi_awhurst oo

§_axi_awcache oooo

s_axi_awprot aon
& s_axi_awvalid 0
@ s_axi_awready |0
& s_axi_awlock

=)

= s_axi_wdala 00000000
= s_axi_wstrb oooo
& s_axi_wiast 0
& s_axi_wvalid 0
@ s_axi_wready 0
) s_axi_bid 3E0

= 4 s_axi_brasp 0
@ s_axi_bvalid 0
& s_axi_bready 1
& m_ahb_hclk 0
@ m_ahb_hresetn |1

[+ 4 m_ahb_hsize 010
+ 4 m_ahb_hburst | 110
'+ 4 m_ahb_htrans o0
& m_ahb_hwrite 1
=4 fi_ahb_haddr | 00007038
@ m_ahb_hready |1
) ri_ahb_twdata | 33617CEE
=4 ri_ahb_hrdata | FOBGEOET
& m_ahb_hresp 0
4 m_ahb_hprat 0010
& m_ahb_hmastiock | 0

& s_axi_aclk 1
& 5 axi_aresetn 1
= s_axi_arid noo
= 4 s_ad_araddr 00000000
= s _axi_arlen ]
& 5_axi_arsize noo
= s_axi_arburst 0o

& s_axi_arvalid ]
& s_axi_aready ]

& s_ax_rid 264
& s_axi_rvalid ]
& s_axi_rready 1
= ¥ s_axi_rdata 00000000
= 5 _axi_rresp ]
& 5 axi_rlast ]
= s_axi_arprot noo
& s_axi_arlock ]
= 4 s_axi_arcache | 0000
& m_ahb_hclk 1

& m_ahb_hresetn |1
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Figure 10: AXI Wrapping Burst Write Transfer of Length 4
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= 4 m_ahb_hsize 001 000

= 4 m_ahb_hburst 1M 011 Joo1

= 4 m_ahb_htrans [ili [ili] Jig Jot JiT1 Jot JiT1 Jot JiT Jot ] Jog ]
& m_ahb_hwrite 1 — 1 T

4 m_ahn_haddr 00000424 | DOOO0ADS |00000.. 0000040 J0000ADE /D00R0ADE |D0000ADd
& m_ahb_hready |1 | L LT

= m_ahb_hwdata | 0000BS1& | DDOODOOO

4 m_ahb_hrdata | 93A3C027 | E33724CE JE2F784CS (D513, {T2AFFTES | =R GERREH JATEC_Ta3063F 2 [E7765._[F4007AED
& m_ahb_hresp ]

= 4 m_ahb_hprot 011 0007 J0701 | T

DS827_11
Figure 11: AXI 8-bit Narrow Read Transfer on 32-bit Data Bus
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& s_ax_ack 1 A e e o o e e e e e I o o S T e o [ S S DO S o S D N S g
& s_axi_aresetn 1
= s_ad_awid 397 357 12EA
1:’ s_axi_awaddr 0000TFFO agoo1FFD
= s_ad_awsize 000 000
= s_axi_awlen 1 1 iz
o s_axi_awhburst |01 01
& s_axi_awcache | 0011 0011 110
= @ s_axi_awprot 1m 101 oo
& s_axi_awvalid 1
& s_axi_awready |0 1
& s_axi_awlock 0
1.* s_axi_wdata 000000000001 0000000000007 F 000000000000E300 J0000000000000025
1:’ s_axi_wstrb 00000001 0000a001 (00000018 00000001
@ s_axi_wlast 0 | 1
& s_axi_wvalid 1
& s_axi_wready 0
= @ s_axi_bid 082 082 {357
= @ s_axi_hresp 0 i
& s_axi_bvalid 0 1
& s_axi_bready 1
& m_ahb_helk 1 A S e e e o o L o o o e e L o o o O e o S D S o S D s
@ m_ahb_nresetn |1
4 m_ahb_hsize oo 000
'+ 4 m_ahb_hburst non 001
= 4 m_ahb_htrans 00 a0 h{l] i JiT1 ] g

& m_ahb_hwrite 1

[
= 4 m_ahb_haddr 00001FFO 00001FF1 {00001 FFO0000TFFT ) TR

& m_ahb_hready |1

1 S S S|

1.* m_ahhb_fwdata 000000000001 0000000000000046 000000000000007F 00000000000B300
= 4 m_ahb_hrdata 000000001215 EEFFFFFFB1FOS66:S

& m_anhb_nresp 0

& 4 m_ahb_hprot o011 111 JGERT Jaoin

& s ad_aclk 0
& 5 _axi_aresetn |1
| s_axi_anid 223
;4 s_axi_araddr | D000OTFO
| s_axi_arlen 1
| s_axi_arsize 011
| s_axi_arburst |01
& s_ai_arvalid |1
@ s_ad_ameady |0
=4 s_axi_rid 154
& s_axi_rvalid 0
& s_avi_rready |1
&4 s_a_rdala | D0000000000DOODD
= s_adi_rresp i
& 5 e rlast 0
= s_axi_arprot | 0M
& s_adi_arock |0
= 4 s_axi_arcache |0001
& m_ahb_hck |0
& m_ahb_hresetn |1
=4 m_shb_hsize |01
+ 4 m_shb_hburst |000
+ 4 m_ahb_htrans |00
& m_ahb_fwrite |0
1“ m_zhb_haddr |000007YFO
@ m_ahb_hready |0
1" tn_ahb_hwdata | 0000000000000000
1‘* tn_ahb_hrdata | 0000000012153524
& m_ahb_hresp |0
+ 4 m_shb_hprot | 0010

[N N

DS827_12

Figure 12: AXI 8-bit Narrow Write Transfer on 64-bit Data Bus
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Figure 13: AXI Burst Read Transfer of Length 4 That Crosses 1 kB Address Boundary on AHB-Lite
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& s_ai_aclk o I T L S e e o I o e e o o o o e N e L e e e N e o e e e s
& s_axi_aresetn |1
= s_axi_awid 082 1C0 JIEE]
+  s_axi_awaddr | 000007F0 000007E0
& s_axi_awsize | 0N 011
o s_axi_awlen |0 3 )
i  s_axi_awburst | 01 01
= s_axi_awcache | 1111 1010
& s_ax_awprot | 001 010 01T
& s axi_awvalid 1
& s_axi_awready |0 1
@ s_axi_awlock |0
&4 s_axiwdata | 9D4BTEETDE4036AF AEZOTFEGDD. [DZGCABBCA4TASAER [a70EZ1C1EB4521E4 [FB375FFa5A. JABDB4304D35737E
Hs_axiwsth 11117111 11117111
& s_axi_wiast 1 1
& s_axiwvalid 1
& s_axi_wready |0 [ 1 1 [T 1 1
= s_axi_hid 000 ZEA Hca
D s_axi_bresp |0 i
@ s_axi_bvalid |0 1
& s_axi_bready |1
& m_ahb_hele |0 I T L S e e o I o e e o o o o e N e L e e e N e o e e e s
& m_ahb_nresetn |1
=4 m_ahb_hsize |01 011
+  m_shb_hburst | 000 001
= 4 m_ahb_htrans | 00 00 ] Jai] )] Jod ] J] JiT1 {o ]
& m_ahb_twrite | 0
+/ 4 m_ahb_haddr | 000007F0 00000E08 0000__{00n007F & |oo000E00 l00000&E0e
& m_ahb_hready |0
) 4 m_ahh_hwdata | 0000000000000000 | DESSS0E1DE157469  |AEZ07FEBDDTEIEED {DZ6CEEECA47ABIER [970EZTCIEE... JFBa7oFFBaA3/EAID
=< m_shb_hrdata | 0000000012153524 | D000000046ZDF78C
& m_ahb_hresp |0
# < m_shb_hprot | 0010 0000 (o007 TSI
DS827_14

Figure 14: AXI

Burst Write Transfer of Length 4 That Crosses 1 kB Address Boundary on AHB-Lite

& s_axi_aclk 1 J I I O e O e I O O e Iy O
@ s_axi_aresetn 1
= @ s_axi_arid 0 i ] €]
1‘* s_axi_araddr 00000000 00000000 N IERIED]
= 4 s_axi_arlen 0 i bl
& @ s_axi_arsize ooo [HTIi] 011
@ 5 _axi_arburst 0o ] o1
& s_axi_arvalid 0
& s_ad_arready 0 1
=@ s_axi_rid E i 23
& s_axi_rvalid 0 1
& s_axi_rready 1 IR
3] ’ 5_axi_rdata 000000000001 0000000000000000 J00... {0000000000000000
= 4 s_axi_rresp 0o i 10 _loo
& s_ae_rlast 0 1
= s_axi_arprat 0oa 000 it 010
& s axi_arlock 0
4 4 5 _axi_arcache | 0000 0000 R {1110
& m_ahb_hclk 1 JE Sy Sy Y Yy s ) Sy s Y e s oy oy I
& m_ahb_tresetn |1
1‘* m_ahb_hsize o ago TN
= 4 m_ahb_hburst oo 000
[+ @ m_ahb_htrans 0o 00 10 1oo 10
& m_ahh_frite 1 T 1 |
1‘* m_ahb_haddr 00001140 00000000 (00001180
& w_ahb_tready |1 — 1 1
1" m_ahb_hwilata F1ECEG1D24E 0000000000000000
1“ m_ahb_hrdata 000000000GE: 0000000000000000 1000000001 2153524
& m_ahh_hresp 0
1‘* m_ahb_hprot oooo o011 foo1g {0011
DS827_15
Figure 15: AXI Read Timeout When C_DPHASE_TIMEOUT is 16
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& s_axi_aclk

& s_axi_aresetn
= s_axi_awid
[ @ 5_axi_awaddr
o 5_axi_awsize
= ¥ s_axi_awlen
= @ s_axi_awburst
o @ 5_axi_awcache
= 4 s_axi_awprat

& s_ax_awvalid
& 5_axi_awready
& s_axi_awlock
= 9 s_axi_wdata
= s_axi_wstrh
& s_axi_wlast
& s_axi_wvalid
& s_ad_wready
& s_axi_bid
& @ 5_axi_hresp
& s_axi_bvalid
& s_axi_bready
& m_ahb_hclk
& m_ahh_hresetn
= & m_ahb_hsize
= 4 m_ahb_hburst
[+ 4 m_ahb_htrans
& m_ahh_hwrite
& 4 m_ahb_haddr
& m_ahb_hready
(& @ m_ahb_hwdata.
= 4 m_ahb_hrdata
& m_ahb_hresp
(=) @ m_ahb_hprot
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Figure 16: AXI Write Timeout When C_DPHASE_TIMEOUT is 16
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Device Utilization and Performance Benchmarks

Core Performance

Because the AXI to AHB-Lite Bridge module is used with other design pieces in the FPGA, the resource utilization
and timing numbers reported in this section are estimates only. When the AXI to AHB-Lite Bridge is combined with
other pieces of the FPGA design, the utilization of FPGA resources and timing of the design varies from the results

reported here.

The AXI to AHB-Lite Bridge resource utilization benchmarks for a variety of parameter combinations measured

with Virtex-6 FPGA as the target device are shown in Table 6.

Table 6: Performance and Resource Utilization Benchmarks on the Virtex-6 FPGA (xc6vix130t-ff1156-1)

Parameter Values (Other parameters at default value) Device Resources Performance

|_

(7))

i

)

=

T
5 5 T 5 3
[a] = = o
a a ®) »
= = = wm o 3 =
| < = = s 2 T

= E ! [= 0 w
K < a | o 4 y 2 =3
a 5 _ o = 2 i > >
_ m =< < o n o — <
= = < I 2 2 =
< < 7)) % a n
n s | | )
(@] O _

<

<

@,

O
32 32 4 0 0 176 430 291 215
32 32 4 0 1 198 434 306 210
64 64 4 0 0 222 585 336 213
64 64 16 0 1 238 663 351 208
64 64 16 0 0 230 657 360 223
64 64 16 128 0 235 670 321 201
64 64 4 256 1 223 601 339 218
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The AXI to AHB-Lite Bridge resource utilization benchmarks for a variety of parameter combinations measured
with Spartan-6 FPGA as the target device are shown in Table 7.

Table 7: Performance and Resource Utilization Benchmarks on the Spartan-6 FPGA (xc6sIx100t-fgg900-2)

Parameter Values(Other parameters at default value) Device Resources Performance
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= = < I 2 2 £
<):I <| wn % o 7}
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O
32 32 4 0 0 190 434 318 184
32 32 4 0 1 184 432 332 175
64 64 4 0 0 252 596 406 173
64 64 16 0 1 295 676 383 171
64 64 16 0 0 250 668 346 177
64 64 16 128 0 246 672 332 175
64 64 4 256 1 264 612 426 175
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The AXI to AHB-Lite Bridge resource utilization benchmarks for a variety of parameter combinations measured
with Virtex-7 FPGA as the target device are shown in Table 8.

Table 8: Performance and Resource Utilization Benchmarks on the Virtex-7 FPGA (xc7v855tffg1157-3)

Parameter Values(Other parameters at default value) Device Resources Performance
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_l m > < oc n ) = <
= = < I 2 2 £
<):I <| wn % o 7}
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O
32 32 4 0 0 182 427 287 202
32 32 4 0 1 179 428 295 206
64 64 4 0 0 216 584 338 200
64 64 16 0 1 239 662 356 200
64 64 16 0 0 247 656 346 201
64 64 16 128 0 226 667 336 201
64 64 4 256 1 219 598 344 202
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The AXI to AHB-Lite Bridge resource utilization benchmarks for a variety of parameter combinations measured
with Kintex-7 FPGA as the target device are shown in Table 9.

Table 9: Performance and Resource Utilization Benchmarks on the Kintex-7 FPGA (xc7k410tffg676-3)

Parameter Values(Other parameters at default value) Device Resources Performance
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32 32 4 0 0 155 427 299 200
32 32 4 0 1 148 428 327 200
64 64 4 0 0 216 584 326 200
64 64 16 0 1 242 662 340 200
64 64 16 0 0 250 656 326 200
64 64 16 128 0 226 667 305 200
64 64 4 256 1 225 598 327 200
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The AXI to AHB-Lite Bridge resource utilization benchmarks for a variety of parameter combinations measured

with Artix-7 FPGA as the target device are shown in Table 10.

Table 10: Performance and Resource Utilization Benchmarks on the Artix-7 FPGA (xc7a355tdie)

Parameter Values(Other parameters at default value) Device Resources Performance
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(&)
32 32 4 0 0 124 258 305 200
32 32 4 0 1 116 260 302 200
64 64 4 0 0 146 353 308 200
64 64 16 0 1 230 404 318 200
64 64 16 0 0 240 656 356 200
64 64 16 128 0 215 667 356 200
64 64 4 256 1 157 368 390 200

Read and Write Latency

The best possible core configuration has been selected for calculating the read and write latency for the increment,
wrapping, and fixed type of burst transfers. The read latency from read address valid (S_AXI_ARVALID) to the
data beat (S_AXI_RVALID) of AXI to AHB-Lite Bridge is 4 clock cycles. The write latency from write address valid
(S_AXI_AWVALID) to the availability of valid data on AHB data bus is 3 clock cycles.

Reference Documents

The listed documents contain reference information important to understanding the AXI to AHB-Lite Bridge

design:

AXI4 AMBA AXI Protocol Version: 2.0 Specification
AMBA AHB-Lite protocol Version: 1.0 Specification
DS150 Virtex-6 Family Overview

DS160 Spartan-6 Family Overview

DS180 7 Series FPGAs Overview

DS768 AXI Interconnect Data Sheet Support

AL e
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Support

Xilinx provides technical support for this LogiCORE product when used as described in the product
documentation. Xilinx cannot guarantee timing, functionality, or support of product if implemented in devices that
are not defined in the documentation, if customized beyond that allowed in the product documentation, or if
changes are made to any section of the design labeled DO NOT MODIFY.

Ordering Information

This Xilinx LogiCORE IP module is provided at no additional cost with the Xilinx ISE® Design Suite Embedded
Edition software under the terms of the Xilinx End User License. The core is generated using the Xilinx ISE
Embedded Edition software (EDK).

Information about this and other Xilinx LogiCORE IP modules is available at the Xilinx Intellectual Property page.
For information on pricing and availability of other Xilinx LogiCORE modules and software, contact your local
Xilinx sales representative.

Revision History

The following table shows the revision history for this document:

Date Version Description of Revisions
3/1/11 1.0 Initial Xilinx Release
6/22/11 2.0 Updated to ISE 13.2. Updated for Artix-7, Virtex-7, and Kintex-7.

Notice of Disclaimer

The information disclosed to you hereunder (the “Materials”) is provided solely for the selection and use of Xilinx products. To
the maximum extent permitted by applicable law: (1) Materials are made available “AS IS” and with all faults, Xilinx hereby
DISCLAIMS ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT
LIMITED TO WARRANTIES OF MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR
PURPOSE; and (2) Xilinx shall not be liable (whether in contract or tort, including negligence, or under any other theory of
liability) for any loss or damage of any kind or nature related to, arising under, or in connection with, the Materials (including
your use of the Materials), including for any direct, indirect, special, incidental, or consequential loss or damage (including loss
of data, profits, goodwill, or any type of loss or damage suffered as a result of any action brought by a third party) even if such
damage or loss was reasonably foreseeable or Xilinx had been advised of the possibility of the same. Xilinx assumes no
obligation to correct any errors contained in the Materials or to notify you of updates to the Materials or to product
specifications. You may not reproduce, modify, distribute, or publicly display the Materials without prior written consent.
Certain products are subject to the terms and conditions of the Limited Warranties which can be viewed at
http:/ /www.xilinx.com /warranty.htm; IP cores may be subject to warranty and support terms contained in a license issued to
you by Xilinx. Xilinx products are not designed or intended to be fail-safe or for use in any application requiring fail-safe
performance; you assume sole risk and liability for use of Xilinx products in Critical Applications:
http:/ /www.xilinx.com /warranty.htm#critapps.
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