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Need to Understand Device’s Connectivity

« There is a need to get familiar with the way that different devices communicate each
other in an Embedded System like a Zyng based system

« Learning and understanding the communication among devices will facilitate the
design of Zynqg based systems

« All the devices in a Zyng system communicate each other based in a device interface standard
developed by ARM, called AXI (ARM eXtended Interface):

* AXI| define a Point to Point Master/Slave Interface

AXI - Custom IP ICTP



Today’s System-On-Chip

General Purpose
1/O DDR Controller

Shared DRAM
Memory

Vide Controller

Ethernet
Controller

AXI - Custom IP



Processor

Interface Options

PLBv46 — Bus Spec

S—

-

Processor

P1

AXI
Inteconnect

P2

P3

Peripherals

AXI - Custom IP

AXIl4 Defines a
Point to Point
Master/Slave

Interface




Connectivity -> Standard

- A standard
* All units talk based on the same standard (same protocol, same language)

* All units can easily talk to each other

« Maintanence
* Design is easily maintained/updated
* Facilitate debug tasks

* Re-Use
* Developed cores can easily re-used in other systems

AXI - Custom IP ICTP



Common SoPC Interfaces

« Core Connect (IBM)
* PLB/OPB (Power PC-FPGA bus interface)

« WishBone
* OpenCore Cores

- AXI
* ARM standard (more to come. . .)

AXI - Custom IP ICTP



AXl is Part of AMBA

Enhancements for FPGAs

AMBA 3.0
(2003)

: AMBA 4.0

(2010)

n
Illf

Traditional Address/Data Burst . Embedded,
AXI4 _ _ Up to 256 32 to 1024 bits

(single address, multiple data) Memory

. DSP, Video,
AXI4-Stream Data-Only, Burst Unlimited Any Number > |d§o :
Communications

AX|4-Lite Trad|t|onaI_Address/Data—No Burst (single 1 32 or 64 bits Smgll Control

address, single data) Logic, FSM

AXI - Custom IP




AX| —Vocabulary

Channel
> Independent collection of AXI signals associated to a VALID signal

Interface
° Collection of one or more channels that expose an IP core’s connecting a master to a slave
o Each IP core may have multiple interfaces

Bus
> Multiple-bit signal (not an interface or channel)

Transfer
o Single clock cycle where information is communicated, qualified by a VALID handshake

Transaction
> Complete communication operation across a channel, composed of a one or more transfers

Burst
o Transaction that consists Of more than one transfer

AXI - Custom IP ICTP



AXI Transactions / Master-Slave

Initiates the , . Responds to the
Write Transaction initiate transaction

>

transaction

- Al

AXI

4 AXl Slave
Master

44—

Read Transaction

Transactions: transfer of data from one point on the hardware to another point

AXI - Custom IP ICTP



AXI Interconnect

O

AXI Slave

AX| SPI
\ENLE
CPU

AXI
Interconnect

.

AXI Slave /
GPIO

AXI Slave
BRAM

AXI - Custom IP



AXI| Interconnect — Addressing & Decoding

Address Decoding Table
GPIO: 0X4000_0000 Address Range: 4K

SPI: 0X4000_1000 e Address Offset: 0X4000_1000
BRAM: 0X4001_0000 Addresses: 0X4000_0000 — 0X4000_1FFF

AXI Slave
SPI

AXI
Interconnect

———

AXl Slave /
GPIO

AXl Slave
BRAM

Address Range: 4K
Address Offset: 0X4000_0000
Addresses: 0X4000_0000 — 0X4000_OFFF Address Range: 64K

Address Offset: 0X4001_0000

Addresses: 0X4001_0000 — 0X4001_FFFF

AXI - Custom IP



AXI| Interconnect Main Features

« Different Number of (up to 16)
* Slave Ports
* Master Ports

« Data Width Conversion
¢ Conversion from AXI3 to AXI4
 Register Slices (pipelining), Input/Output FIFOs

* Clock Domains Transfer

AXI - Custom IP ICTP



AXI| Interface Example

processing_system?_0_axi_periph

D btns_Shbits
AXI GPIO
axi_bram_ctrl_0
processing_system?_0 AX1 Interconnect

D DDR

- D FIXED_IO

L arosc FNNC)
{_ sws_8bits
IV NOQ7 Processing System

D led[ 7:0]

led_ip_v1.1 (Beta)

AXI - Custom IP ICTP



AXI| Interface Example

processing_system7_0_axi_periph

N o
MOO_AXI 4 i3 -

= e | 145_AXI
m A .
LAX & .:2_'_ s_axi_ack &p10.u ]| [ btns_Sbits
MO2_AXT -3 [ i
Ll ] - s_axi_aresetn
—e=MO1_ARESETN[0:0 sl & h
L = R ! AXI GPIO
axi_bram_ctrl 0
B—ai(2 ARESETN[0:0] = ——— .
| B LS AN axi_bram_ctrl_0_bram
p——e=MO3_ARESETN[0:0] » axiack  BRAM_PORTA.. |—||m
il B 1 Ge
s lock emaory nerator
processing_system7_0 AX1 Interconnect | X1 BRAM Contralier
| {> DDR
[ FIXED_IO
GPO M GPO
_ACLK ZYNQ _AXI P switches
oA
e 4 5_axi_ack cr1o |} [ sws_8bits
ZYNQ7 Processing System p————s_axi_aresetn
o AXI GPIO
The AXI Master from the PS connects to N ted-ip
the AXI Slave of the AXI Interconnect block | -rSAXT
s_axi_ack led[7:0] > led(7:0]
e e o An AXI Master from the AXI Interconnect block [
connects to the AXI Slave of the GPIO, BRAM blocks led_ip_v1.1 (Beta)

AXI - Custom IP




AXI| Slave Signals

Write Address Channel — the 5ignals contained within this channel are named in
the format s_axi_aw...

Write Data Channel — the signals contained within this channel are named in the
format s_axi_w..

Write Response Channel — the signals contained within this channel are named in
the format s_axi_b...

Read Address Channel — the signals contained within this channel are named in
the format s_axi_ar..

|
© © 00 ©
1 T r 11

Read Data Channel — the signals contained within this channel are named in the
format s_axi_r..

AXI - Custom IP ICTP




Basic AXI Rd/Wr Process




AXI Channels Use A Basic “VALID/READY” Handshake

G Master asserts and hold VALID when data is available

a Slave asserts READY if able to accept data DATA
VALID
e Data and other signals transferred when VALID and READY = ‘1’ 4
READY
e Master sends next DATA/other signals or deasserts VALID
ACLK

Slave deasserts READY if no longer able to accept data

AX| Basic Handshake

ex LN gL ol o
DATA 7/ DO e_}% X g_}{_g_}( g 7
VALID / a \ﬂ/ o \ Q
READY (> O @/ 0O /0 ©




AX| Channels

Read Address Channel
AXl4 Read —
Read Data Channel
— Write Address Channel
—b
Write Data Channel
AXl4 Write =
> > — >
Write Response Channel
- —

AXI - Custom IP ICTP



AXl4 Lite

Read Address Channel

—
o No Burst

Read Data Channel
o Single address, single data

o Data Width 32 or 64 bits
(Xilinx 1P only support 32)

Write Address Channel

o Very small size

o The AXI Interconnect is
automatically generated

é
Write Data Channel
> > > >
Write Response Channel

A

AXI - Custom IP ICTP



AX14 (Full)

Read Address Channel

Read Data Channel

o Sometimes called “Full AXI”
or “AXlI Memory Mapped”

o Single address multiple data
o Burst up to 256 data Write Address Channel

o Data Width parameterizable
o 32,64, 128, 256, 512, 1024
bits

Write Data Channel

Write Response Channel

AXI - Custom IP



AXI4 Stream

o No address channel, no read
and write, always just Master

to Slave
o Just an AX14 Write Channel

Write Data Channel

AXI
Master

o Unlimited burst length

o Supports sparse, continuous,
aligned, unaligned streams

AXI - Custom IP ICTP
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Different Soft IP Cores
~ softlpcores

HDL
ECAVEERE e il End user can modify it
language)

Vendor will not support if
IP is modified

Configurable using
Encrypted HDL parameters
Sported by the vendor

Customization is limited to
the available parameters

Customization is limited to

Gate-Level Netlist High performance :
&n P the available parameters

Synthesis , Place and Route are controlled by the end user

AXI - Custom IP ICTP



Vivado IP Catalog Main Features

Search: | L1
d ConSiStent, easSy aCCessS {F AXI4-Stream Data Width Converter -
] ] _ . _ {F AXI4-Stream Interconnect
a Support for multiple physical locations, including e Protorl Checker

iF AXI4-Stream Switch
iF AXI4-Stream to Video Qut

d Access to the latest version of Xilinx-delivered IP I} AXI AHBLite Bridge

{F AXI APE Bridge

O Access to IP customization and generation using the | e cores

{F AXI BRAM Controller

Vivado IDE ik AXICAN

{F AXI Central Direct Memory Access

shared network drives I} AXI4-Stream Subset Converter ‘—

[m

. {F hip2Chip Bridge
Q IP example designs & AX Clork Converio

iF AXI Crossbar

O Catalog filter options that let you filter by Supported  |# axpatrro

ik AXI DataMover

Output Products, Supported Interfaces, Licensing, £ AXI Data Width Converter

{F AXI Direct Memory Access
I iF AXIEMC

Provider, or Status & e

ik AXI Ethernetlite

{F AXI GPIO

I awT LT An IE'

EMTER. to select, ESC to cancel, Ctrl+Q for IF details

AXI - Custom IP ICTP
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Vivado |IP Packager

- The IP Packager allows a core to be packaged and included in the IP Catalog, or
for distribution

2 IP-XACT Industry Standard (IEEE) XML format to describe IP using meta-data
o Ports
o Interfaces
o Configurable Parameters
o Files, documentation

o IP-XACT only describes high level information about IP, not low level description, so
does not replace HDL or Software

0 Complete set of files include
- Source code, Constraints, Test Benches (simulation files), documentation

- IP Packager can be run from Vivado on the current project, or on a specified
directory




Custom IP







Simple Case —Case 1

entity pwm_simple is

generic |
dc_bits : integer := 16);
port (

-= number of bits f

-- clock & reset signals

S_AXI_ACLK : in std_logic; -- AXI clock

S_AXI_ARESETN : in std_logic; -- AXI reset, active

-- control input signal : : .

duty_cycle : in std_logic_vector(31 d :;;Ii\:tecture beh.af: pum_sikple. is

-- PWM output pwm_pr : process (S_AXI_ACLK, S_AXI_ARESETN) is
pwm : out std_logic - variable counter

):

end entity pwm_simple;

begin -- process pwm_pr
if (S_AXI_ARESETN = '0') then

counter := (others => '0');
pwm <= '0';
elsif (rising_edge(S_AXI_ACLK)) then
counter := counter + 1;
if (counter < unsigned(duty_cycle(dc_bits-1 downto ©))) then
pwm <= '1';
else
pwm <= '0';
end if;
end if;

end process pwm_pr;
end architecture beh;

: unsigned(dc_bits-1 downto ©); -- count clocks tick




Simple Case —Case 1

Sources 700 X
Q = & + o
~  Pesign Sources (2)
v 5 my pwm ip ¢l vl O(arch imp) (my pwm_ip ¢l vl O.wvhd) (1)
@ my pwm ip ¢l vl 0 S AX inst: my pwm ip ¢l vl 0 S AXl{arch imp) (my pwm _ip ¢l vl 0 5 AXlL.vhd
3 IP-YACT (1)
> Constraints

;) Simulation Sources (1)
F, )

Hierarchy Libraries Compile Order

my_pwm_ip_c1 0 S AXl.vhd: This VHDL file is the one that has the AXI Lite interface.
You can open this file and try to understand the code by mainly reading the comments. etc.




Simple Case —Case 1

We need to modify themy pwm ip cl1 0 S AXI.vhd file:
1. add the generic, dc_bits, to the generic part of the file
add the pmw output to the entity ports
add the pwm_pr process
declare duty_cycle as internal signal

assign the value of slv_reg0 to duty_cycle signal

o U kAW N

make the register 0 as the one that hold the value for the
duty cycle

ICTP



Simple Case —Case 1

my pwm_ip cl1 vl 0S AXl.vhd* x my pwmipclvliOvhd ¢ )= 200
fictp_labs/my_ip_cores/pwm_cl/my_pwm_ip_cl_1.0/hdl/my pwm_ip_cl vl 0 S _AXlvhd X
Q H « » X B K X / B Q o

386 ~l
387
388
389
390
301
392

393
394
395
396 (=
397
398
399
400 A
401 (=)
402
403
404
405 ()

AN~




Simple Case —Case 1

edit_my_pwm_ip_c1_w1_0 - [fcris_projectsfictp_labs/my_lp_cores/pwm_c1fedit_my_pwm_Iip_c1_w1_0.xpr

Eile Edit Flow Tools FRepgris Window Layout \iew  Help O~ Quick Access Ready
=, L3 E o 3 = Default Layout -
FAATHENLEGT S PROJECT MANAGER - edit_my_pwm_ip_cl vl _0 ? X
v PROJECT MANAGEF :
Sources ? 00X Project Summary  « Package IP -my_pwm_ip ¢l = O [
£} Settings
Q ¥ & + g
F. -
Add Sources _ Packaging Steps Identification
» : I ~ Design Sources (.
nguage Templ: ) - ~
> @ my_pwm_ip_cl_vl_¢ «  |dentification Wendor: usar
iF P Catalag 3 [ IPXACT (1
Package IP » T Constraints «  Compatibility Library: user
¥ Simulation Souwrces (1) .
« File Groups Hame: my_pwm_Ip_cl
¥ IP INTEGRATOR e - Version: 1.0
Creats Block Daes Hierarchy Libraries 1 b = < Customization P4
Display name: my_pwm_ip_cl_
Open Block Dasit i < Ports and Intarf:
i ] Properti 700X Description: ictp lab - PWM
Generate Block T ﬁ J Addressing and
wendor display name:
v SIMULATION . ) ¥ Customization G Company urk:
Select an cbject to see
Run Simulation properties < Review and Pack.. Root directory: fcris_projectsic
L ] % ]
w RTL AMALYSIS
Tel Console | Messages | Lo Reports  Design Runs 2 00O
» Open Elaborated _ _ B 9 :
Q = @ + %
w SYNTHESIS Name Constrai... Status e we s e T Total Po... Failed Ro...
B Run Synthesis w [-synth 1  constrs_1  Not started 2
. ) impl 1 corstrs_1 Mot started w
> Open Synthesize: £ 5

L

ICTP
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Using My Custom IP in Vivado

IP Repositories

Recent: | = /cris_projectsfictp la.. v | & & & &2 o

Directory: /cris_projects/ictp_labs/my_ip_cores/pwm_cl

W ictp_labs ' -
> [ labl !
> lab2 E IP Repositories
> [ lab3 +|=
v o lab4

fcris_projectsfictp_labs/my ip_cores/pwm_cl (Project)
> lab_custom_ip

i
1 Add Repository
> labs

> labt
W my ip_cores

v o pwm_cl
- N —> Repository
> ip_user files

i ) « feris_projects/fictp_labs/my_ip_cores/pwm_cl
» managed_lp_prnject v P (1)

b my_pwm_l'p_-:l_l 0 v ¥ my pwm_ip ¢l v1.0 (usermy ip:my_pwm _ip_c1:1.0)

oK
Select Cancel :

o 1 repository was added to the project

v b4




Using My IP in Vivado

Search:  Ci- pwm (1 match)
T my_pwm_ip_cl v1.0

Diagram x Address Editor x

@ a X & © Q + B # C

* Designer assistance available, Run Connection Automation

processing_system7_0

DOR +
FIXED 1O + ||}
M_AXI_GPO + [
FCLK_CLKO
FCLK_RESETO_N

M_AX]_GPD_ACLE ZYNO‘

ZYNQT Processing System

my_pwm_ip c1 0

=4+ 58X
5_axl_aclk
5_axl_aresetn

my_pwm_ip c1 v1.0 (Pre-Production)

Diagram = Address Editor x ?700E
a a .~ O Q v | T B + C o9 L
ret_ps7_0_50M
ps?_0 axl_periph
slowest sync ch mb_reset 3
ext_resel_in bus strsct_neset[0co] _' + 500 AX
aux_resel_im peripheral_reset|0:0] ACLE my _pwm_ip c1 0
mb_debwg sys rst  inberconnect_aresetn|0:0) ARESETN =N i
e r_l ot bt pir inhersl_aresen| 0] S00_ACLK .ﬁ. MDA |2 e | 5_AN
SO0 ARESETN gt s _nxl_aclk [
Processor Sysbem Resel . M00_ACLE s_bxi_aresetn
MO0 ARESETH L ),
mglpwm_ip_cl v1.0 (Pre-Production)
processing systemT 0 AX] Interconnect
ooa + ||} {+ DDA
- FLED O 4 ||} { > FIXED 1O
M_AX|_GPO_ACLE Z'\,i"rt m M_A1_GPD 4 [
: FELK_CLED
FCLE_RESETO_N r—
' ZHOT Processing System
Diagram x| Address Editer = lab _custom ip.xdc x
O = | @
pwm
Cell Slave Interface  Base Name Offset Address Range High Address
w AF processing_system7_0
v [ Data (32 address bits : 0x40000000 [ 1G )
3 = = my_pwm_ip_cl_0 5 AN S_A¥]_reg Cre43C0_DOOG G4K =  xd300_FFFRF




Constraint File — LED Pinout

- Constraint File for the Custom IP Lab -------- i
# -—-- the pwm 0 output will be associated with LEDO ---- #
set property PACKAGE PIN T22 [get ports pwm 0]

set property IOSTANDARD LVCMOS33 [get ports pwm O]

# EOF #

ICTP



Using My Custom P in SDK

lab_custom_ip.sdk - C/C++ - lab_custom_ip_wrapper_hw_platform_0/drivers/my pwm_ip_c1_v1_0/src/my

™ = v #va:‘.\ Daa.@.)v _4 =)
\(5 Project Explorer 3 = B | gsystem.hdf & my_pwm_ip_cl.c % my_pwm_ip_c1.h &2 -F m
Bk w © #ginclude "xstatus.h” -
v (& lab_custom_ip_wrapper_hw_plat #define MY PWM IP C1 S AXI SLV REGO OFFSET @
v o5 drivers #define MY PWM IP C1 S AXI SLV REG1 OFFSET 4

#define MY PWM_IP C1 S AXI SLV_REG2 OFFSET 8

Y & my pwm_ip_c1_v1 0 #define MY PWM IP C1 S AXI SLV REG3 OFFSET 12

¢

» >data

'L;""SI'( /00---ov---ov----'----oo---oo T.{p‘? Deflnltlon% R R R R R R EE R R
: ; & /e
. @ Makefile .
_‘gmy_pwm ip_c1_selftest.c * Write 3 value to a MY PWM IP Cl1 register, A 32 bit write 1is
o TR ey * If the component is implemented in a smaller width, only the
& my_pwm_ip_c1.c * significant data is written.

I my_pwm_ip_c1.h
# lab_custom_ip_wrapper.bit
|€) ps7_init_gpl.c
5 ps7_init_gplh

@param BaseAddress is the base address of the MY PWM_IP (]
@param Reg0ffset 1s the register offset from the base to w
@param Data i1s the data written to the register.

@return None,

X 2
“f‘ ps7_!nft.c @note

sl ps7_init.h C-style signature:

@ ps7_init.html void MY PWM IP Cl1 mWriteReg(u32 BaseAddress, unsigned RegO1l
% ps7_init.tcl ./

@ system.hdf -~ #define MY PWM IP C1 mWriteReg(BaseAddress, ReqOffset, Data) \

Xil _Out32((BaseAddress) + (RegOffset), (u32)(Data))




Using My Custom P in SDK

lab_custom_ip_c2.sdk - C/C++ - lab_custom_ip_c2/src/lab_custom_ip_c2.c - Xilinx SDK

i [ v - SR SR N N R R R A BT I SRR T
5 Project Explorer 22 = B | [d lab_custom_ip_c2.c 3
- = > v ®// Advanced Workshop on FPGA-based Systems-on-Chip for
v 5 lab_custom_ip_c2 #include <stdio.h>

=k #include "platform.h"
» ¢ Binaries o o

» &) Includes

#include "my pwm ip c2.h"

#1nclude "
» &= Debug
= [ === e e oo
i o Sfc ~int main()
» (g lab_custom_ip_c2.c {

int 1i;
int k=0x7FFF;

» [n platform_config.h
» L¢ platform.c
» | platform.h

printf("-- Start of the Program --\r\n");




My Custom |P — Case 2

This is the VHDL instantiation statement that is necessary
to write inthe my _pwm ip c1 0 S AX| inst.vhd file

Ul: entity work.pwm_simple -- pwm_simple component instantiation
generic map (

dc_bits => dc_bits)

port map(
S_AXI_ACLK => 5_AXI_ACLK,
= ETN,
ﬁt_{wcle ;z ;it; regy entity pwm_simple is
)i i
generic (
dc_bits : integer := 16); -- number of bits f
port (
-- clock & reset signals
S_AXI_ACLK : in std_logic; -- AXI clock
S_AXI_ARESETN : in std_logic; -- AXI reset, active
-- control input signal
duty_cycle : in std_logic_vector(31 downto 0);
-- PWM output
pWm : out std_logic -- pwn output
)i
end entity pwm_simple;

ICTP




My Custom IP — Case 2

Sources

Q = =

+ [ @0

v [ Design Sources (2)
v @& my_pwm_ip_¢2 vl 0(arch_imp) (my pwm_ip_¢2 vl _0.wvhd) (1)
« @ my_pwm_ip_c2_vl_0_S00_AX_inst : my_pwm_ip_c2 vl_0_S00_AXl(arch_imp) (my_pwm_ip_c2_vl_0_S00_AXLvhd) (1)
@ Ul : pwm_simple(beh) (pwm_simple.vhd)
» = IP-XACT (1)
» = Constraints
» [ Simulation Sources (1)




My Custom IP — Case 2

Diagram x Address Editor x OO0
L | - i, s
El El " by | ﬂ - - + o = #‘ ':r. of {F “
rst_psT_0_S0M
ps7 0 axi_periph

» T E_f e E )

jnq_wq_-'- Bk _gtr w t_r wit] 0-01] il SO0_AXI

TR L e b Pl _ i ] 3 : 0] | ACLE rry pwmn g 2 0
w] b _gelg Sys St nEefcenne ol_afese t0 0] ARESETH .E.
] e _ocked periphe nal_sres et 0.0] T SO0 ACLE B—N mMoo_nx 4 |
L SO0 ARESETH g [ ]
Processor System Reset l MO0 _ACLE
e W00 ARLSETH
processing_system? 0 ) AX| Interconnect
[
poR + ||}
- FECED_I0 + |||
M_AXI GPO_ACLE M_ANI_GPD o || et
vaa FOLE_CLED
Fﬂ.l:_ﬂ.!i.l-.‘l’l:l_ﬂ}—
Z¥NOT Processing System




My Custom IP — Case 3




My Custom |P — Case 3

regl_status out
reg2_pwm_dc value in
reg4 _pmm _dc value out




Lab Custom IP (Optional)




Lab Custom IP

Basic PWM Functionality

Veff = ng (1)




VHDL Code for PWM Simple

entity pwm sSimple is

1 C0

1
11
12

(o

=
B T

[ T % B % B P
i Y e i ¥ R

entity pwm simple;

AXI - Custom IP ICTP




VHDL Code for PWM Simple

]
n b

| I
o I

architecture beh of pwm simple is

TR

pwm pr : process (5 AXKT ACLE, 5 AXT ARESETH) is
variable counter : unsigned(dc bits-1 downto 0);
begin
if (5 AXY ARESETN = '0')
counter := (others =
— |,:,|:_
g edge {5 AXKI ACLE)) then
= counter + 1;
(counter < unsigned (duty cycle(dc bits-1 downto 0))) then

[ TR L T e
1

(R
=

L L

>

i L
W La B

ToLn

Ll Ld Lo L
[ R o I I,

(¥ T E I o I e

AXI - Custom IP ICTP



PWM IP Core - Case 1

pwm pr : process (S5 AXI ACLE, 5 AXT ARESETH) is
variable counter : unsigned(dc bits-1 downto 0}:
begin
(5 AXT ARESETH
counter
PWIn =
elsif (rising edge(S5 AXI ACLEK)) then
counter := counter + 1;
if (counter < unsigned(slv regl|(dc bits-1 downto 0))) then

AXI - Custom IP ICTP



PWM |IP Core - Case2

AXI - Custom IP ICTP



VHDL code for PWM Complete (1)




VHDL code for PWM Complete (2)

ntity pwm complete is

N |:

1L L

dc bits : integer
port |

5 AXI ACLK
S_AXI ARESETN

regl control

regl status

regZ pwm dc value
reg3 ip version
reg4 pwm dc value

mnowmoumowmo

ot o ot of ot
|

pwm_int req
) :

end entity pwm complete;

AXI - Custom IP ICTP



VHDL code for PWM Complete (3)

architecture beh of pwm complete is

constant pwWwm version ctt

soft reset bit n: std log] is regl control (0);

enable bit : std logi is regl control(l);
pwm invert bit : std log3] is reg0 control (2);
enable int bit : std log] is regl control (3);
clear int bit : std logi is regl control (4);
duty cycle reg ! std loglc Ve is reg2 pwm dc wvalue (31 downto 0);

reset n
pwm 1

pwm dly

pwm out i

int req bit 1

AXI - Custom IP ICTP



VHDL code for PWM Complete (4)

reg3 ip version <= pwm version ctt;

regl status <= ((l) => int req kit i,
{0}y => pwm_out_ 1,
others => "'0");

regd pwm dc value <= duty cycle reg:

TresSet_n <= S_ARI_AREEETN and snft_reset_hit_n;

pwm pr : process (5 _AXT ACLE, reset n) 1is
variable counter : unsigned(dc bits-1 downto
begin
if (reset mn = '0') then
counter

pwm i

elsif (rising edge (5 _AXT ACLE)) then
if (enakle bit = '1') then
counter := counter + 1;
if (counter < unsigned(duty cycle reg)) then
pWvm i <= "1';

AXI - Custom IP nd pro



VHDL code for PWM Complete (5)

<= pwWm out 1i:;

if (clear int bit='1l'"}) then
int req bit i <= '0';
] ((pwm _i='0') and (pwm dly='l'}) then

int req bit i <=

AXI - Custom IP ICTP



VHDL code for PWM Complete (3)

architecture beh of pwm complete is

constant pwWwm version ctt

soft reset bit n: std log] is regl control (0);

enable bit : std logi is regl control(l);
pwm invert bit : std log3] is reg0 control (2);
enable int bit : std log] is regl control (3);
clear int bit : std logi is regl control (4);
duty cycle reg ! std loglc Ve is reg2 pwm dc wvalue (31 downto 0);

reset n
pwm 1

pwm dly

pwm out i

int req bit 1

AXI - Custom IP ICTP



PWM |IP Core — Case 3

Y Work.pwm complete
ic map |
dec bits => dc bits);
port map (
5 AXT ACLE => 5 AXI ACLEK,
5 AXT ARESETHN => 5 AXT ARESETN,
2P => 77?7

2272 => 7?2727

=> pPWn

S_AXI_ACLK
S_AXI_ARESETN

reg0_control

regl status

reg2 pwm dc_ value
reg3_ip version
reg4_pwm dc_value

!

]

=

t ot ¢t ct cf
i

R A S e o O 1
|

)
o

pwm _int req

’ pwm_complete;
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IP Manager

% Create and Package IP Wizard

% Generates HDL template for
+*Slave/Master
**AXI Lite/Full/Stream

< Optionally Generates
o Software Driver

o Only for AXI Lite and Full slave interface
o Test Software Application
o AXI4 BFM Example
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Create Custom AXI4 |IP

ﬁ; MNew IP Luuljéon u

Manage IP Settings
Set options for creating and generating IP, ‘
JL. Manage IP - [EAProjects ZedBoard\ab_custom_ip\led_ip] - Vivado 2015.1 E=NA=E X
Part: |@?}(CW}(4351:FF9115?-1 (active) | E] File  Edit Toolz  Window Layout View HE|E ) |Qv Search commands |
FEEL L Ll E A
Target language: |'I.|'HDL - |
 Project Manager - xc7vx485tffg 1157 1 x|
Target simulator: |'l.|"|1.-'adn Simulator - | — O x I} 1P Catalog X 0 x
Simulator language: |Mixed - | AZTE w 5ﬁ| ?l search: O~
= #1
IF location: |E:;"F‘rujects_ZedEuardﬂab_mstum_ipﬂed_ip |E] i cda | Mame AXT4
% == vivado Repasitory -
| | | El-[= Aliance Partners H
B[ Automotive & Industrial
[ AXI Infrastructure
= Cancel [ BaselP
< Back ” L2 “ Finish ] [ ] "E_"".' Basic Elements
- Camminicatinn & Metwnrkinn il

(L} 4

Details

Select an IP to see details

|| & B @ B | wF A |

IP Sources
Design Runs —_ 0O e =
O\ MName Constraints Status Progress WM TNS WHS
=
| 5]
s
(=51
1 1 | b

Td Console LD Messageé\hﬂ) Design Runs J
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Manage IP - [EA\Projects_ZedBoard\lab_custom_iphled_ip] - Vivally

Create Custom AXI4 IP

File Edit Tools Window Layout View Help

IP Sources

‘?B|Eﬂ“_!- )(|ﬁﬁ||_:§|%DefaultLayout '|!&\|@
| Projectl| Tools | Window Layout VWiew Help X_|
Sources F‘.EEOft b O™ %
Az E| & Create and Package IP... [,
i o AXI4

> Vivado Repository
[ Aliance Partners
B[ Automotive & Industrial

"E_"".' BaselP
"E_"".' Basic Elements

“ llil--r.—-- ararnnimicatinn & Mehwnrkinn
4 i

£
: E'E "E_"".' AXI Infrastructure
*

% Select an IP to see details

Design Runs
O\ MName Constraints
=

=]
=]

(=51
D | 4| mn |

Status Progress

|

O
™
74

WNS  TNS WHS

Td Console LD Messageé\hﬂ} Design Runs J
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ﬂ_, Create and Package New IP

—. =

Create Peripheral, Package IP or Package a Block Design
Please select one of the following tasks. ‘

Packaging Options

@ Package your current project
~ Use the project as the source for creating a new IF Definition.
Mote: All sources to be packaged must be located at or below the spedified directory,

) Package a blodk design from the current project
~ Choose a block design as the source for creating a new IF Definition.

Select a block design: | Lab3_1 -

= Package a spedfied directory
Choose a directory as the source for creating a new IP Definition.

Create AXI4 Peripheral

= Create a new AXI4 peripheral
~  Create an AXI4IP, driver, software test application, IF Integrator AXI4 BFM simulation

and debug demonstration design,

[ < Back ]| Next > {  Finish Cancel




Create Custom AXI4 |IP

rﬁ, Create and Package Mew IP u
Peripheral Details
Spedcify name, version and description for the new peripheral ‘
Mame: |Ied_i|:| | ﬁ, Create and Package Mew IP u
Version: | 1.0 | Add Interfaces
et |Ied_i|:|_1.r1.0 | Add AXI4 interfaces supported by your peripheral ‘
Description: |I'~'1y new AXI LED IP |
IF location: |E:,"ijects_EedEuardﬂab_mstom_ipﬂed_ipﬂp_repo |E] Enable Interrupt Support - Mame |5|_an |
Overwrite existing | “||& Interfaces Interface Type Lite v |
LAk s_AxI
Interface Mode |Sla'u'e - |
H [ <Back |[ mext> | Ensn | [ canel | - Data Width (Bits) | 32 v |
| - Memary Size (Bytes) |64 - |
|Ed_iD_‘u’1 0 Mumber of Reqisters |4 | [4..517]
4 b )
< Back ][ Next > ]| Finish | [ Cancel
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Edit Created Custom AXI4 IP

ﬁ_, Create and Package Mew IP u

Create Peripheral

Peripheral created will be available in the catalog edit_led_ip_v1_0 - [e/projects_zedboard/lab_custom,_ip/led_ip/ip_repo/edit_led_ip_v1_0xpr] - Vivado 2015.1 EEREE <™

E:/Projects_ZedBoard/lab_custom_ip/led_ipfip_repo File Edt Flow Tools Window Layout View Help Q.- Search commands
E ! Ready
Mext Steps: ) . i -
Flove Navigator L4 | Project Manager - edit_led_ip_v1_0 x |
() Add IP to the repository = = Sources — O X |summary x| PackageIP-ledip x 4 b B [ X
sl e R Packaging Steps <« || Identification ?
| 4 Project Manager | 2
) ) L 4] » - Vendaor display name:
= . ) . ) . % HEEiaies iy led_ip_w1_0 - arch_imp {l=d_ip_v1_0.vhd | ¥
(7 Verify peripheral IP using AXI4 BFM Simulation interface ¥ Add Sources [ TP-¥ACT (1) Company url:
e + Compatibility
- ) Language Templates : . ] \ = Root directory: :fproj
() Verify peripheral IP using JTAG interface ¥ Language Temp! E]- 8 Smulaton Sources (1) —  File Groups Yi eslprojects zec
XI LI N x g: e = g ¥ml file name: e:/projects_zec
= . <\l Package IP E Libraries | Compile Order | A o Customization Paramet|: )
. Click Finish to continue : i Categories
ALL PROGRAMMABLE. 4% Sources L ' Templates I b :
4 [P integrator | T T e +/ Ports and Interfaces + AXI_Peripheral
- ) :| Properties — O = =
Jnil: Create Elock Design s . .{ +/ Addressing and Memor - 3
< Back Next > [ Finish ¥ Open Block Design + Customization GUI t
‘ Generate Block Desig ¥
B Select an object to see properties Review and Package
4 Simulation >
4 1n [ ] 4 1n [ 3
% Simulation Settngs | - 0000000000 ===
@ Run Simulation Design Runs — 0O x
O\ Mame Constraints Status Progress WHNS 1
n )
RTL Analysis = 5o synth_1 constrs_1  Not started —
£ Elaboration Settings Lo impl_1 constrs_1 Mot started [ —
! 3 @i" Open Elaborated Des s R [ m | 3
) o - Td Console LD Messages LEﬁ Log L; Reportkk 3» Design Runs
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Edit Created Custom AXI4 IP

. J@lad_ip_n_n.ﬂ-d X | @ led_ip_v1 0 S AXILvhd X [@ilsbk 4 » B O 2 X
Ed_lp . e: fprojects_zedboard lab_custom_ip/led_ip/ip_repofled_ip_1.0/hdlfed_ip_wv1_0.vhd
| Zuse ieee.std logic 1164.all; -
.- % ] — — )
e ':E:'S_AEI o :use ieee.numeric_std.all; L
—==g_axi_aclk led[7:0] e E‘E““;:nz‘ji"—"l—” e
— Elxl arESH:rI % 7 -- Users to add parameters here
iy ar 8 LED WIDTH : integer := 8&;
4 9 -- User parameters ends
IEd_I[J_‘I.fl.l I::ErEtﬂ] ,|",|" 12 -— Do not modify the parameters beyond this line
¥ 12
.;El 13 -—- Parameters of Ax1 Slave Bus Interface 5 AXT
—| 14 C_5 A¥T DRTE WIDTH : integer = 32;
{‘? 15 C_5 A¥XT ADDE WIDTH : integer 1= 4
. 16 i
17 port |
18 -— Users to add ports here
15 led : out std logic wector (LED WIDTH-1 downto 0O);
20 -- User ps:‘:s_f.-':ds - =
N ] | 3
381 -- Add user logic herxe
382 Ul: entity work.lab_led_ip generic map(led_width => led_width)
383 -
384 S_AXI ACLK => S_AXI_ACLK,
385 SLV_REG_WREN => SLV_REG_WREN,
386 AXI_AWADDR => AXI_AWADDR,
387 S_AXI_WDATA => S_AXI_WDATR,
388 S_AXI_ARESETN => S_AXI_ARESETN,
389 LED => LED );
390 -- User logic ends
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Hierarchy of My IP

g Add Sources . . ..“.‘.* _-_..._

| Add or Create Design Sources

Specify HDL and netlist files, or directories containing HDL and netlist files, to add to your project.
to your project.

(=) Design Sources (2)
@ led_ip_v1_0 - arch_imp (ed_ip_v1_0.vhd) (1)
.= ﬂbled _ip_ vl _0_S_AXI_inst -led_ip_v1_0_S_AXI - arch_imp (led_ip_v1_0_S_AXI.vhd)

lab_led_ip - beh (lab_led_ip.vhd)

i) Constraints
{3 Simulation Sources (1)

< | m ] =
Hierarchy | Libraries | Compile Order |

& Sources | 7 Templates |

AXI - Custom IP ICTP




Package the IP

~ PackageIP-led_ip X Ow x
Packaging Steps « || Identification ? \
|/ Identification  Vendor: . com |
+ Compatibility Library: user | )
& Fie Gougs Name: led_ip | gL IP Categories e =
Version: 1.0
«# Customization Parameters ' | Choose or create an IP category.
Display name: led_ip_v1.0 | '
W Ports and Interfaces o -
Description: My new AXI LED IP | N
+/ Addressing and Memor . tructur -
Y Vendor display name: | ] :a'{Z]AHPUWd
W Customization GUI | Company url: = z =3 E] Automotive & Industrial
Review and Package Root directory: e: fprojects_zedboard/lab_custom_ip/led_ip/ip_repo/led_ip_1.0 |~ | & Es:l:tomhve r
Xml file name: e:fprojects_zedboard/lab_custom_ip/led_ip/ip_repo/led_ip_1.0/component.xml + El " i
; =[] Accumulators
| AXT Pexiherdl l <[] Comparators
wf= AXT_Peripher |, } - ~[] Counters
o - ~[] Memory Elements |
4 i <[] Registers, Shifters & Pipelining
RS El {7 Communication & Networking
| - [ Error Correction
QY o | < % Ethernet
~[] Networking .
[ Serial Interfaces
-] Telecommunications '
~[7] Wireless |
El E] Debug & Verification |
- 7] ChipScope Pro -
[ ok J[ concel | I
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Compatibility of My IP

J * Package IP - led_ip x]

Packaging Steps %« | Compatibility

+ Identification =+, Famiy Life Cyde
| virtex7 Pre-Production

| Compatibiity

AXI - Custom IP

Compatibility

= Family Life Cyde

t
+

Add Family Explicitly... I

LAY
Add Family using Regular Expression...

Families

=
P

peag
=]

[ Al Families and Parts
i1 [ aartix7 (Artix-7)
artix7 (Artix-7)

: artix7l {Artix-7)

[| azynqg (Zyng-7000)
£ kintex7 (Kintex-7)
- [] kintex71 {Kintex-7)
) qartix7 (Artix-7)
gkintex7 (Kintex-7)
gkintex 7 (Kintex-7)
quirtex7 (Virtex-7)
qzyng (Zyng-7000)
virtex7 (Virtex-7)

- [¥] zyng (Zyng-7000)

&




Updating Generated Files

Ja{: Package IP - led_ip X |

Packaging Steps Ece File Groups

| @ Merge changes from File Groups Wizard

+/ Identification

C'l.. Mame Library Mame

w2, |2 Standard

. [ VHDL Synthesis (2)
- [ VHDL Simulation (2)
= [ Advanced
--Eﬂ Software Driver (5]
- UI Layout (1)
[ Block Diagram (1)

+ Compatibility

& Customization Parameter

# Ports and Interfaces

+ Addressing and Memary

R 19 (W]

& Customization GUI

Review and Package
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Checking Parameters and |/O Ports

| PackageIP-led_ip X o
Packaging Steps X Customization Parameters
+ Identification S Name Description Display Mame Value
o= == Customization Parameters
+ Compatibility pag | | b C_S_AXI_DATA_WIDTH Width of S_AXIdatabus  C 5 AXIDATA WIDTH 32
. e i C_5_AXI_ADDR_WIDTH Width of 5_AXI address bus C 5 AXI ADDR WIDTH 4
' File Groups - C_S_AXI_BASEADDR C S AXIBASEADDR  ONFFFFFFFF
= — = | i C_5_ANI_HIGHADDR C 5 AXIHIGHADDR  0x00000000
Customization Parame : B
+ == Hidden Parameters
+ Ports and Interfaces @ ) LED_WIDTH Led Width g

J * PackageIP - led_ip x ]
Packaging Steps Ly Ports and Interfaces

' Identification |:| Mame Interface Mode Enableme... Is Dedaration Direction

-k 5_AXI slave
+ Compatibility [ Clock and Reset Signals
I E T
+ File Groups

+f Customization Parameters

|« Ports and Interfaces

b 4 R B A

(This ends the Works on the edit_ip environment)
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Add My IP to the Repository

Flow Mavigator f5s ﬂ;-Proje ct Settings
z = L P
4 Project Manager m Repository Manager rﬁad‘f‘ﬂ*‘-f rlp Cache Repository Manager rEads:ager rlF‘ Cache
4 Project Settings General @ Add d.iE:ctcrIiss to the SSt ET rjﬂ::sitories. l"'r':_:'“ y (i) Add directories to the list of repositories. You may then add additional IP to a selected
(3 Add Sources repository. It an IP is disabled then a tool-tip wi repository. If an IP is disabled then a tool-tip will alert you to the reasan,
Q Language Templates IP Repositories

IP Repositories

gl: IP Catalog Simulation
@ |:+ E + e:/Projects_ZedBoardlab_custom_ipfled_ip (Project)
4 TP Integrator
| F i I Elaborati -
ii; Create Block Design Elaborauon Add

5% open Block Design t Add Repository. 4
% Generate Block Design .l. ‘

4 Simulation
Simulation Settings
% ne Implementation
@ Run Simulation <

IR A—

Bitstream

ViV

EY

ﬁ. Elaboration Settings
I [5% Open Elaborated Design

Recent: | [ E:fProjects_ZedBoardflab_custom_ipfled_ip_vhdl

IP in Selected Repository

Directory: |E:‘I.F'rujects_EedEnard‘l.lab_mstom_ip‘l.led_ip + led_ip_w1.0 (xilinx. com:user:led_ip: 1.0)

4 Synthesis

=5 | lab_custom_ip —
it || lab_custom_ip.cache

) lab_custom_ip.hw

) lab_custom_ip.runs

o ] ] ] ] ] =

| lab_rustom_ jpsde 0000 e
L Td Console B
) lab_custom_ip.sim : -
) 5 [update_ip cataleg *
! lab_custom_ip.srcs e | : INFO: [IP_Flow 19-234] Refreshing IP repositories
' - r INFO: [IP_Flow 1%-1700] Loaded user IP repository 'e:/Projects_ZedBoard/lab_custom ip/led ip'. E
- )L led_ip_vhdl ﬂ_ll :
&l ull i | 1
These steps shold be done in the Vivado Environment |
1 Tl Console LDMessages LEaLog L__="| Reports La} Design Runs J
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led ip Now Available in the IP List

Search: | O led)| {1 match)

EMTER. to select, ESC to cancel, Ctrl+0 for IP details

AXI - Custom IP

led_ip

ar S_AXI
—s_axi_adk led[7:0]
—s_axi_aresetn

led_ip_v1.0 (Beta)

led_ip_v1.0(1.0)

ﬁ Docurmentation E IP Location

Show disabled ports

led[7:0]

-

Component Mame | Lab3_1_led jp_0_1

C 5 AXI DATA WIDTH | 32

C'S AXI ADDR WIDTH |4

CS AXIBASEADDR | OxFFFFFFFF

C 5 AXT HIGHADDR. |U}(UUUUUUUU




Files created

D:\ictp_labs\lab _custom_ip\lab_custom_ip\lab _custom_ip.sdk\lab_custom _ip_wrapper_hw_platform
_O\drivers\my_pwm_ip _c1 v1 O\src

component.xml|
o [P XACT description

.bd

> Block Diagram tcl file

drivers
o SDK and software files (c code)

> Simple register/memory read/write
functionality

> Simple SelfTest code

hdl
> Verilog/VHDL source

Xgui
o GUI tcl file

X83tatus LED_IP_Reg SelfTest{void * baseaddr_ p)

}Cil printf("******************************\.‘n"-\r"} ;

x¥xil printf{"* User Feripheral Zelf Testin.r"):

}Cil printf("******************************\.‘n‘-\n\.‘r"} :

S
* Write to user logic =lawve module register({z) and read back
*/

x¥xil printf{"User logic slave module test...wnhr"):

for (write loop index = 0 ; write loop index < 4; write loop index++)
LED_IP_mWritEREﬁ {baseaddr, write loop index*?, {(write loop index+l
EREAD WRITE MUL FACTOR) ;

for (read loop index = 0 ; read loop index < 4; read loop index++)
if { LED TP mReadPeg (baseaddr, read_lunp_index*&} I= (read_lunp_in
+1) *READ WRITE MUL FACTOR) {
x1l printf ("Error reading register wvalue at address %xn", ({int)
haseaddr + read_luup_index*Q};
return I3T FATLURE:

}
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Drivers: Write Register

D:\ictp_labs\lab_custom_ip\lab_custom_ip\lab_custom_ip.sdk\lab_custom_ip_wrapper_hw_platform
_O\drivers\my_pwm_ip_c1_v1 0\src\my_pwm_ip_cl.h

BaseAddress
RegOffset
DER

#define (BaseAddress, RegOffset, Data) \

AXI - Custom IP ICTP



Drivers: Read Register

D:\ictp_labs\lab_custom_ip\lab_custom_ip\lab_custom_ip.sdk\lab_custom_ip_wrapper_hw_platform
_0\drivers\my_pwm_ip_c1 vl _0\src\my_pwm_ip_cl.h

BaseAddress
RegOffset

#define (BaseAddress, RegOffset) \
Xil In32(( ) + ( ))
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Steps for Custom IP - Summary

Create an AXI Slave/Master IP Core . Customize the IP Core
» Use the Wizard to generate an AXI * File structure of the IP Cores
Slave/Master ‘device’ * Edit the HDL generated by the wizard

* Updating the IP Core and repack

* Set the number of registers
& * Rebuild the system

Building the Complete Zynq system Programming the device

* Creating a Zynq based System *  Open SDK. Creating a Application and BSP

* Adding the necessary Ips project

» Adding our custom AXI IP Core °* Write the “C” code to Wr/Rd the IP Cores
registers

* Edit Address Space - Edit Space
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AXI4-Lite Custom P
The VHDL Underneath




AXI|4-Lite Signal Names

processing_system?7_0_axi_periph
<=500_AXI
ACLE
ARESETN[0:0]

S00_ARESETN[0:0] [7]
MOD_ACLK =
MOD_ARESETN[D:0]
MO1_ACLK
MO1_ARESETN[D:0]

=
=

500_ACLK BE—Ml -
§ MOD_AXT-

F.
MO1_AXI<k- {2

AXI Interconnect

board_sw_8b

-
=5 AXI

= s axi araddr[8:0]
— «5_axi arready

— s _axi_arvalid

= s axi awaddr[8:0]
— «i5_axi awready

— s _axi awvalid

= c_axi bready

= 45 axi bresp[1:0]
— s axi bvalid

= 45 axi rdata[31:0]
= pc_axi_rready

= s axi rresp[l1:0]
— s axi rvalid

= pc_axi wdata[31:0]
— s _axi wready

= pec_axi wstrb[3:0]
— s axi wvalid

s axi_acdk

5 _axi_aresetn

LS

GPIO-E

AXI GPIO
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AXI|4-Lite Signal Names

o During the creation of a Xilinx IP block, the
Vivado tools can be used to map each AXI
signal onto the signal name that the designer
used when creating the IP

.
[N TR 1]

[ TR 1]

=]
[

W wm

W o o [

waddr ! in std logic wector(C S5 AXT ADDE WIDTH-1 downto 0);

- wvector {2 downto Q)

W omoo
B [ [ fu
Mo oM oM
[ I|_|. I|_|. [

o However in order to make the life of the
designer much easier, the signal names
shown here are recommended when
designing a custom AXI slave in VHDL

DATA WIDTH-1 downto 0):

=
=1
=
=1
=
(=1
=
(=1

W w o

o Using these signal names will allow the
Vivado design tools to automatically detect
the signal names during the “create and
package IP” step (described later on).

W wm o

W W wm o
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AX|4-Lite Address Decoding

o In previous versions of the Xilinx design flow (where PLB and OPB peripherals were typically used)
it was necessary for each IP peripheral connected to the processor to individually decode all
transactions that were presented by a master on the bus (“multi-drop”). it was the responsibility
of each peripheral to accept or reject each bus transaction depending on the address that was
placed on the address bus.

o With AXl4-lite, the interconnect does not use a multi-drop architecture, but uses a scheme where
each transaction from the master(s) is specifically routed to a single slave IP depending on the
address provided by the master.

o This premise permits a completely different design methodology to be adopted by the creator of
a slave IP, in that any transactions which reach the slave’s interface ports are already known to be

destined for that peripheral.

o The designer merely needs to decode enough of the incoming address bus to determine which
of the registers in the slave IP should be read or written
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My VHDL Code — Address Decoding

1 _______________________________________________________________

2 -- lab pame: lab custom 1p

3 -- component name: my led 1p 30 architecture beh of lab_led ip is

4 —- anthor: cas 31

5 -- version: 1.0 32begin -- architecturs beh

6 -- descrapticon: simple logic to 33

T TS 34 process(3_AXT ACLE, 5 _AXT ARESETN)

8 library ieee; 35 begin

Suze iEEE.Stﬂ_lOgiG_llﬁ4.Ell; 36 if (S AXTI ARESETN="0")then

10 37 LED <= (othera=>'0"):

llentity lab_led ip is 3B elaiflising sdas s BT RCLIN ) then

12 359 if {SLV_REG WREN="1"' and AXI AWADLDE="0000"}) then
- A —

13 generic { 40 LED <= 5 AXI WDATA(led width-1 downto 0);

14 led width : integer := 8): -- 8 LEDs a1 end if:

15 peort { 42 end if;

18 f—— clack and reset \ 43  end process:

17 5_RAI ACLE : in std logic; 44 end architecture beh:

1 | SAKIARESEIV : in std logic; | Address Decode & Write Enable |

148 -— ¥rite data channel

20 5_MXT WDATR : in std logic wector (31 downto 0):

21 5LV _REG WREN : in std logic;

22 -- address channel .

23 kAKI LAWRDDR : in s2td logic wector {3 downto 0): ) AXI4_L|T6 IP I

24 -- my inputs / outputs --

25 -- output

26 LED : out std logic vector(led width-1 downtoc 0)

27 -
28 end entity lab led ip;
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AX|4-Lite — Implementing Addressable Registers

o Using the address decoding scheme above, it is extremely simple to implement registers in VHDL
which can receive data values written by a master on the AXl4-lite interconnect. The following
extract of code shows how an individual register can be quickly and easily implemented (in this
case mapped to BASEADDR + 0x00, as has been coded in the previous VHDL snippet).

manual mode control register process: process (5 AXT ACLE)
begin
if(rising edge (5 &XT ACLE)) then
if (5_AXI ARESETN = '1') then

Read Transaction

manual mode control register <= (others =»> '0');

else zend data to AXT EDATL: process(local address, send read data to AXT, ...
if (manual mode control register address walid = "1') the begiq - - - - - - - -

manual mode control register <= 5 AXT WDATLA:; ] )

end if: - - - - 5 _BXI RDATR <= (others => '0');

end if: if (local address wvalid = 'l' and send read data to AXT = '1') then

end if: cage (local address) is
end process manual mode control register process; when 0 =>

5 _AXT BDATA <= manual mode control register;
when 4 =

Wr‘ i TeTr‘ansaCT i O n S5 _AXI RDATA <= manual mode data register;

when ...

when others => NUIOLL;

end case;
end if;
end process;
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