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In a previous tutorial | went through how to use the , Now
I'll show you how to use the AXI DMA in Vivado. We'll create the hardware design
in Vivado, then write a software application in the Xilinx SDK and test it on the
MicroZed board (source code is shared on Github for the and the

, see links at the bottom).

What is DMA?

DMA stands for Direct Memory Access and a DMA engine allows you to
transfer data from one part of your system to another. The simplest usage of a
DMA would be to transfer data from one part of the memory to another,
however a DMA engine can be used to transfer data from any data producer
(eg. an ADC) to a memory, or from a memory to any data consumer (eg. a
DAQ).

Tutorial overview

In this design, we'll use the DMA to transfer data from memory to an IP block and
back to the memory. In principle, the IP block could be any kind of data
producer/consumer such as an ADC/DAC FMC, but in this tutorial we will use a
simple FIFO to create a loopback. After, you'll be able to break the loop and insert
whatever custom IP you like.
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The block diagram above illustrates the design that we'll create. The processor and
DDR memory controller are contained within the Zynq PS. The AXI DMA and AXI
Data FIFO are implemented in the Zynq PL. The AXI-lite bus allows the processor
to communicate with the AXI DMA to setup, initiate and monitor data transfers.
The AXI_MM2S and AXI_S2MM are memory-mapped AXI4 buses and provide the
DMA access to the DDR memory. The AXIS_MM2S and AXIS_S2MM are AXI4-
streaming buses, which source and sink a continuous stream of data, without
addresses.

Notes:

* MM2S stands for Memory-Mapped to Streaming, whereas S2MM stands for
Streaming to Memory-Mapped.
* When Scatter-Gather is used, there is an extra AXI bus between the DMA and

the memory controller. It was left out of the diagram for simplicity.

Requirements

Before following this tutorial, you will need to do the following:

* Vivado 2014.2
® MicroZed
* Platform Cable USB Il (or equivalent JTAG programmer)

Start from the base project

We'll start this tutorial with the base system project for the MicroZed that you can

access here:

Base system project for the MicroZed

http://www .fpgadeveloper.com/2014/08/using-the-axi-dma-in-vivado.html 2/33



2015/9/27

Using the AXI DMA in Vivado | FPGA Developer

Add the AXI DMA

1. Open the base project in Vivado.

2. In the Flow Navigator, click ‘Open Block Design'.

. — o= mm g —p

| 4 JP Integrator |

4 Create Block Design
5* Open Block Design N
&5 Generate Block Des

Open Block Design
4 Simulation Open an IP subsystem from the current project.

-.-u-n—iThn -Th--i_-h .i-\-n.-uq. i'\"_
% Simulation Settings ||

3. The block diagram should open and you should only have the Zynq PS in the

design.
4. Click the ‘Add IP" icon and double click ‘AXI Direct Memory Access’ from the
catalog.
Search: &
1
MName VLNV
iF AXIBRAM Controller xilinx.com... =
F AXI CAN xilinx.com...
iF AXI Central Direct Memor... xilinxcom...
iF AXI Chip2Chip Bridge xilinx.com...
iF AXI Clock Converter wilinx.com... A
iF AXI Crossbar xilinx.com... =
iF AXI Data FIFO xilinx.com...
iF AXI DataMover xilinx.com...
iF AXI Data Width Converter  xilinx.com...
F AXIEMC .
iF AXIEPC xilin. com...
iF AXI Ethernet xilinx.com...
iF X1 Ethernetlite xilin. com...
iF AXI GPIO xilinx.com...
iF AXI HWICAP ¥ilinx.com...
F AXIIIC xilinx.com...
iF AXI Interconnect wlinx.com...
iF AXI Interrupt Controller xilinx.com...
iF AXI Memory Mapped to St... xilinx.com... N
Ik AWT RAKALL wilimse mrmn IE
Select and press ENTER or drag and drof, ESC 0 Tancel

Connect the Memory-mapped AXI buses

1. The DMA block should appear and designer assistance should be available. Click
the ‘Run Connection Automation’ link and select ‘/axi_dma_0/S_AXI_LITE' from the

drop-down menu.
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| &= Diagram x| & Address Editor x
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| & design_1

[ Designer Assistance available. Run Connection Automation

axi_dma_0
M_AXI_SGdh
M_AXI_MM25 b
quS_AXI_LITE
M_AXI_SZMM <k
onS_ AXIS_SZMM
M_AXIS_MM25ck
S_ANIS_STS M_AXIS_CNTRLAR
= axi lite_aclk i

L I B L H s

AXI Direct Memory Access

| # Jax_dma_o/s_AxLLITE ﬂ

processing_system7_0

s scx 7YNQ

-

DORd: [|l——» DDR
FIXED_I0dh {> FIXED_IO
USBIND_0x

M_AXI_GPDh

TTCO_WAVEQ_OUT
TTCO_WAVEL_OUT
TTCO_WAVE2_OUT p=
FOLK_CLKD
FOLK_RESETO_N J.

ZYNQ7 Processing System - o

N e T S

-

2. Click 'OK’ in the window that appears. Vivado will connect the AXI-lite bus of the

DMA to the General Purpose AXI Interconnect of the PS.

@ Connect Slave interface (/axi_dma_0/S_AXI_LITE) to a selected Master address space.

Master:

Clock Connection (for unconnected clks) :

3. Your block diagram should now look like this :

/processing_system7_0/M_AXI_GP0

Auto

| & Diagram x | & Address Editor x|

e LR E P LR S

2 design_1 »
axi_dma_0
M_AXI_SG4-
N N N S AXI LITE M_AXT_MM2S <}
processing_system?7_0_axi_periph =+ S_AXI_L M_AXT_S2MM -
t_processing_system7_0_100M SLE M_AXIS_MM25-
rst_pi g 0 455 AXIS_STS el
M_AXIS_CNTRL ==
slowest_sync_ck mb_reset s_axi_lite_aclk
ext_reset_in bus_struct_reset[0:0] m_ai_sg_ack m2s_pemiy_teset_ out_n
w; I’ﬁ; in pe;pmrﬂilaet[n:c] i, M7MS aclk LSS
e Wi v e z;em[u:m m_a_somm_ack  —omm-Prmn_reset out nie
il _Iodq:;sys_ rd_ ’ axi_ i o s2mm_sts_reset_out_np=
o ress
1| peripheral J mm2s_introut =
Processor System Reset sZmm_introut=

processing_system?7_0

M_AXI_GPO_ACLK ZYNQT TTCO_WAVED_OUT|

AXT Interconnect

AXI Direct Memory Access

DDR
FIXED_IO

DDR 4
FIXED 104
USBIND_ 04

M_AXI_GPO4

TTCO_WAVEL_OUT
TTCO_WAVE2_OUT
FCLK_CLKO
FCLK_RESETO_N—

ZYNQ7 Processing System

R e

o~~~

%

4. Now we need to connect AXI buses M_AXI_SG, M_AXI_MM2S and M_AXI_S2MM

of the DMA to a high performance AXI slave interface on the PS. Our PS doesn't

seem to have a high-performance AXI slave interface, so we need to change the

Zynq configuration to enable one. Double click on the Zynq block.
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ZYNQ7 Processing System (5.4)

i Documentation @) Presets ([ IP Location @&} Import XPS Settings

| Page avigator < || 2ynq Brock Design

PS-PL Configuration
Peripheral /O Pins

MIO Configuration

Clock Configuration

DDR Configuration

SMC Timing Calculation

Interrupts

5. Select ‘PS-PL Configuration’, open the ‘HP Slave AXI Interface’ branch and tick the

‘S AXI HPO interface’ to enable it. Then click OK.

ZYNQ7 Processing System (5.4)

i Documentation @) Presets ([ TP Location &} Import XPS Settings

iPagerigotur | PS.PL Configuration

2Zynq Block Design - Seordh: q

| - Conbiguratic | Name
Peripheral /O Pins (@ General

i} DMA Controller

Q GP Master AXI Interface

Clock Configuration 1 GP Slave AXI Interface

= HP Slave AXI Interface

omcetpen |||

SMC Timing Calculation | 'S AXIHP1 interface

i (415 AXI HF2 interface

| 35 AXIHP3 Interface

4 ACP Slave AXI Interface

ii} PS-PL Cross Trigger interface

MIQ Configuration

Enables AX1 high performance slave interface 0
Enables AXI high performance slave interface 1
Enables AXI high performance slave interface 2
Enables AX1 high performance slave interface 3

Interrupts

EOEE

[

Enables PL cross trigger signals to PS and vice-versa

6. The high-performance AXI slave ports should now be visible in the block
diagram, and designer assistance should be available. Click the ‘Run Connection
Automation’ link and select ‘/processing_system7_0/S_AXI_HPO’ from the drop-

down menu.
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ﬂ # design_1 »

Q¢| (@ Designer Assistance available. Run Connection Automation
g | /processing_system7_0/S_AXI_HPO axi_dma_0
X M_AXI_SGp (i
1§ . . o M_AXT_MM2S 4 5
rst_processing_system7_0_100M processing_system7_0_axi_periph L ¢
o S_AXIS_S2MM M_AXLS2MM + 5
[=) vest_sync_dk mb_reset g M_AXIS_MM2S
Q _reset_in bus_struct_reset[0:0] . M_AXIS_CNTRL &
§ —aux_reset_in peripheral_reset[0:0] N Mm2s_prmry_reset_out_n =
. —mb_debug_sys_rst - aresetn[0:0] I o mmas s M2 cnti reset out n -
k| —dem_locked peripheral j| - s2mm_prmry_reset_out n =
L s y _reset_out r
E g J [LEELE 52 s2mm_sts_reset_out_nk=
=) Processor System Reset mm2s_introutf
<) s2mm_introut
3 processing_system7_0 AXI Interconnect AXI Direct Memory Access
DDR DDR
FIXED_IO4 FIXED_IO
USBIND_0<

||| 45 X1 HPO_FIFO_CTRL
4k S_AXI_HPO
M_AXI_GPO_ACLK
iS_AXI_HPO_ACLK.

M_AXT_GPO<- | fmmre

-
Z\(NQ TTCO_WAVED_QUT =
" TTCO_WAVEL OUT-
TTCO_WAVE2_OUT =

FCLK_CLKO -— — -
- R e Tl e T e e F o e o

N

ZYNQ? Processing System

7. In the window that appears, make sure that Vivado intends to connect it to the
DMA and click OK.

ﬁ, Run Connection Automation

Connect Slave interface (/processing_system7_0/S_AXI_HP0) to a selected Master address
space.

Master: ' faxi_dma_0/M_AXI_MM2S ~ |
Clock Connection (for unconnected clks) : [Auto

8. Designer assistance should again be available, click the ‘Run Connection

Automation’ link and select ‘/axi_dma_0/M_AXI_SG’ from the drop-down menu.

|- Diagram x | 8 Address Editor x|
F s design_1 »
¢| (@ Designer available. Run Connecti
[ I /axi_dma_0/M_AXI SG B |
b Jaxi_dma_0/M_AXI_S2MM f
L rst_processing_system?_0_100M
& i e}
Q Lresmtin Prm—
—| —sux et n peished_reset(0:0]im b
i B ey
= —ftem Jacke perphes
; Processor System Reset
8 A Interconneet A Direct Memory ACcess
DR
® processing_system?_0 | FIXED_IO
FED
s 4. usain o
|5 ariea WA
B e ZYNG oot
¥ T WAVELOUTE-
HELEE TTCD WAVEZ OUTH p— - -
FOLX QKO- R T e T e T e o B e e \‘—
Fowe ReseTo_nf—| - - - -
L -
ZYNQ7 Processing System

9. In the window that appears, click OK.

http://www .fpgadeveloper.com/2014/08/using-the-axi-dma-in-vivado.html 6/33



2015/9/27 Using the AXI DMA in Vivado | FPGA Developer

uﬂé Run ConnecionSuRia

Connect Master interface (/axi_dma_0/M_AXI_SG) to a selected Slave interface. To connect a

Master interface to an unconnected Slave interface, please use connection automation starting
from the Slave Interface

Slave: [processing_system7_0/S_AXI_HPO

Clock Connection (for unconnected clks) : | Auto

10. Designer assistance should still be available, click the ‘Run Connection

Automation’ link and select ‘/axi_dma_0/M_AXI_S2MM'’ from the drop-down menu.

|- Diagram x| & Address Ednor x|

|

*1| & design_1 »

2% (@ Desgner Assstance avallable, Asnmanen

a; ¢ _jan_dma_)M_poc_S20M

B

L

E o provesing sysen?.0_160M JrocEasig._sysue7_0_a_gengn

Sy ok )

a B _struct._newet] 00 -

* B ) L]

o =g 88 et . |

") —fdam_jocked LU

; Processor System Reset
L]
° AN Inberorrect
&

TYNGT Processing System

11. In the window that appears, click OK.

Connect Master interface (/axi_dma_0/M_AXI_S2MM) to a selected Slave interface. To connect

a Master interface to an unconnected Slave interface, please use connection automation
starting from the Slave Interface

Slave: /processing_system7_0/S_AXI_HPO

Clock Connection (for unconnected clks) : IAuto

Now all the memory-mapped AXI buses are connected to the DMA. Now we only

have to connect the AXI streaming buses to our loopback FIFO and connect the
DMA interrupts.

Add the FIFO

1. Click the ‘Add IP" icon and double click ‘AXI4-Stream Data FIFO’ from the catalog.
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{F AXI4-Stream Data Width "

Search: | CL
& 1
MName VLNV
ﬂ: AHB-Lite to AXT Bridge silinx.com... .
iF AXI-Stream FIFO xilinx.com... B
iF aXI14-Stream Accelerator ... xilinx.com...
iF AXI4-Stream Broadcaster  xilinx.com...
iF AXI4-Stream Clock Conve... xilimx.com...
iF AXI4-Stream Combiner wilinx. com...

wilinx. com...
iF AXI4-Stream Interconnect  xilinx.com...
iF AXI4-Stream Protocol Che... xilinx.com...
iF AXI4-Stream Register Slice xilinx.com...
iF AXI4-Stream Subset Conw... xilinx.com...
iF AXI4-Stream Switch xilinx.com... W
iF AXI4-Stream to Video Out  xilin com... ol

Hxilinze. com...

Select and press ENTER or drag and drof5, ESC 0 wancel

2. The FIFO should be visible in the block diagram. Now we must connect the AXI-

streaming buses to those of the DMA. Click the 'S_AXIS’ port on the FIFO and
connect it to the ‘M_AXIS_MM2S’ port of the DMA.

JEE Diagram X ] B Address Editor x |
ﬂ i design_1 »
L . .
o axis_data_fifo_0
& M_AXISHR
[ axis_data_count{31:0]
L] axis_wr_data_count[31:0]
(%) axis_rd_data_count{31:0]
Q,
& AXI48{ream Data FIFO
=
E 3
& axi_dma}\ axi_mem_intercon
e .
@ | ZhS00_AXT
el = M_AXT_| =
eriph ="+ n S_AXIL_LITE M AT S2M idnS01_AXI
=/¢h S AXIS S2MM g, - i dhs02_AXT
B AX05.5T5 M_AXIS_CNTRLE (= © ct from* I
s axi lite_ack _AXTS_ = Connect from 'S_AXIS' interface
m_axi_sg_ack mm2s_prmry_reset_out_n to 'M_AXIS_MM2S' interface
AT il o ol mm2s. ack mm2s_cnitrl_reset_out_n 00 ARESEI'N MOO_AXTE i
o i > s2mm_prmry_reset_out_n ﬂ?\-ﬁ"-\ A
m_axi_s2mm_aclk MO0 ACLI( i = - - _|
i s2mm_sts reset out n | . . FEFL
avi recatn MNN ARFSETN 1

3. Then connect the ‘M_AXIS' port on the FIFO and connect it to the 'S_AXIS_S2MM’

port of the DMA.
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4. Now we must connect the FIFO clock and reset. Click the ‘s_ax

the FIFO and connect it to the ‘axi_resetn’ port of the DMA.

H Address Editor x ]
ﬂ Fu design_1 »
Q
o axis_data_fifo_0
R
B
=
¥
=
|E.
|9 axi_mem_intercon
1%
&
l \periph
Connect from 'M_AXIS' interface
to 'S AXIS_S2MM' interface
2 :_:::_;g;az:kadk mm2s_cntrl_reset_out_n :
m_axi_s2mm_aclk R i da‘ 3;3&3
s2mm sts reset out n :

is_aresetn’ port of

[ Address Editor x]

1| # design_1 »

xi_periph

QR QNG PR TS

5. Click the 's_axis_aclk’ port of the FIFO and connect it to the ‘s_axi_lite_aclk’ port

axis_data_fifo_0

M_MS%-\PZ-Z

axis_data_count{31:0]
axis_wr_data_count[31:0]
axis_rd_data_count{31:0]

AXI4-Stream Data FIFO

mm2s_cntrl_reset_out_n
s2mm_prmry_reset_out_n
s2mm_sts_reset_out_n

m_axi_mm2s_aclk
m_axi_s2mm_aclk
axi n

axi_dma_0

M_AXI_SGh |

fospum AT Sz

i LS AXIS S2MM =~ &

= s AXIS_STS M_AXIS MM2Sqh =

= I M_AXIS_CNTRLeH =
s_axi_lite_aclk

_ mm2s_prmry_reset_out_n

m_axi_sg_aclk

~ [connect from 's_axis_aresetn’ port
to 'rst_processing_system?7_0_100M_
peripheral_aresetn’ net

of the DMA.
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X | B Address Editor X

A design_1 »

FFIE

axis_data_fifo_0

M_AXISQ}Z_Z
axis_data_count{31:0] "
«

axis_wr_data_count[31:0]
axis_rd_data_count{31:0]

AXI4-Stream Data FIFO

axi_dma_0

axi_mem_intercon

Q&AM Y LPE0 =L

eriph “|dB S_AXI_LITE

m
Connect from 's_axis_aclk' port

to 'processing_system7_0_FCLK_CLKO' net

M_axTSZImT gtk
axi_resetn

s2mm_sts_reset_out_n I-

Remove the AXI-Streaming status and control ports

of the DMA

In our design, we won't need the AXI-Streaming status and control ports which are

used to transmit extra information alongside the data stream. You might use them

if you were connecting to the AXI Ethernet core or a custom IP that made use of

them.

1. In the block diagram, double click the AXI DMA block.

AXI Direct Memory Access (7.1)

¥ Documentation [ IP Location

2. Un-tick the ‘Enable Control / Status Stream’ option and click OK.

Cnmpnnenthlu'neidesy!_,_

[ "] Enable Micro DMa.

Width of Buffer Length Register

Sy

Enable Read Channel

Number of Channels |1
Memory Map Data Width 32
Stream Data Width 32
Max Burst Size

1_ad_dma_0_0
| ] Enable Asynchronous Clocks (Auto)

Enable Scatter Gather Engine

[ Enable Multi Channel Support

| ] Enable Control / Status smnm[}

- Number of Channels FE

[ Allow Unaligned Transfers

This enables the Control/Status Stream of on the DMA. This is used in Ethernet

systems to COﬂVEE Control and Status information to and from Eth
k nne

- (@) Aute ) Memory Map Data Width |32~ |
Stream Data Width (Auto) 32 v
Max Burst Size 16~

[ Allow Unaligned Transfers

| Use Rudength In Status Stream

fanade -~

Connect the DMA interrupts to the PS
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Our software application will test the DMA in polling mode, but to be able to use it

in interrupt mode, we need to connect the interrupts ‘mm2s_introut’ and

‘s2mm_introut’ to the Zynq PS.

1. First we have to enable interrupts from the PL. Double click the Zynq block and

select the Interrupts tab.

ZYNQ7 Processing System (5.4)

[ Documentation %3 Presats [ IP Location 4F Import XPS Settings

e S

/

MIO Configuration

2. Tick ‘Fabric Interrupts’ and ‘IRQ_F2P[15 :0] to enable them, and click OK.

3. Click the ‘Add IP" icon and double-click ‘Concat’ from the catalog.

Page Navigator <« | Interrupts Summary Report
nq Block Design
zynq 3 * Search: ‘Q' ‘
PS-PL Configuration
2| Interrupt Port pul Description
Peripheral /O Pins == Fabric Interrupts Enable PL Interrupts to PS and vice versa

“|[91:84], [6...|Enables 16-bit shared interrupt port from the PL. MSB is assigned t...

28 Enables fast private interrupt signal for CPUO from the PL
Clock Configuration | Cored_nIRQ 31 Enables private interrupt signal for CPUO from the PL
| Corel nFIQ 28 Enables fast private interrupt signal for CPU1 from the PL
DDR Configuration Corel_nIRQ 31 Enables private interrupt signal for CPU1 from the PL
PS-PL Interrupt Ports
SMC Timing Calculation
Interrupts | i i = o i e = T

Search: | Q-

1
Name VLNV
iF CIC Compiler xilinx. com... -
iF Clocking Wizard xilinx.com...
iF Color Correction Matrix xilinx.com...
iF Color Filter Array Interpol... xilinx.com...
Complex Multiplier xilinx. com...

wilimae. com...

£F Constant xilinx.com... B
iF Convolution Encoder wilinx.com...
iF CORDIC xilinx.com...
iF DDS Compiler xilinx. com...

iF Discrete Fourier Transform  xilinx.com...
iF Distributed Memory Gener... xilinx.com...
iF Divider Generator wilinx. com... -
£F DSP48 Macro xilinx. com... =

Select and press ENTER or drag and drof5, ESC 0 wancel

4. Connect the ‘dout’ port of the Concat to the ‘IRQ_F2P’ port of the Zynq PS.
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JE—“ Diagram X ] & Address Editor x|

3| & design_1 »

o .
o processing_system7_0

N DDR<: [|F—

R FIXED_IO ||}

o || ==s_Ax1_HPO_FIFO_CTRL USBIND_0< |||

(<] [l 5_Ax_po M_AXI_GPOS [||—

« M_AXI_GPO_ACLK ZYNQ‘ TTCO_WAVEQ_OUT i

i S AXI_HPO_ACLK © TTCO_WAVEL OUT

= IRQ_F2P[0:0] TTCO_WAVE2_OUT ==

E 3 FCLK_CLKO

g Concat |Connect from 'dout’ port to TRQ_F2P' port Fm_N

a2 ZYNQ7 Processing Syste%l‘f"”"’f?-“s‘f“"‘f‘-"““ ) A
&l -

5. Connect the ‘mm2s_introut’ port of the DMA to the ‘In0" port of the Concat.

JE—E Diagram x ] M Address Editor x|

'}_ﬂ 4 design_1 »

m_axi_sg_aclk
m_axi_mm2s_adk

MI_AALS_IMIMIZSN T (&5

mm2s_prmry_reset_out_n

s2mm_prmry_reset_out_n —

m_axi_s2mm_aclk

mm2s_introut

o

Qg

2

[

) .
= axi_resetn 1
Q,

&

IR P
E

Gy

& L
P

@fJ concat_0

I n1[0 Connect from 'mm2s_introut’ port
to 'In0" port

Concat By SECEE

6. Connect the 's2mm_introut’ port of the DMA to the ‘In1’ port of the Concat.
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JE“ Diagram X ] B Address Editor x]

#[| & design_1 »

IM_dXI_Sg_dUIK
m_axi_mm?2s_aclk
m_axi_s2mm_aclk
axi_resetn

mm2s_prmry_reset_out_n
s2mm_prmry_reset_out_n

AXI Direct Memory Access

mm2s_introut
s2mm_introut

cREQW S PRICEIERR

0:0]
In1[0:0]

dout[1:0]

Connect from 's2Zmm_introut’ port
tO 'II'I].' pOI't 1 e ) H-.-\"‘-\"-\-'F.\-'\_

-

Validate and build the design

1. From the menu select Tools->Validate Design.

File Edit Flow | Tools | Window Layout View Help

JF % M| (& Vvalidate Design

F6 | S pefault Layout

Flow Mavigator e

s =

e

el
g G

Run Trl Serint

Create and Package IP...

Iy g gl g F."--F."-H-q":"-' {‘_.
.- -

2. You should get this message saying that validation was successful.

@ Validation successful. There are no errors or critical warnings in this design.

OK

R—na—ﬂ-\.@--?'ﬁ-ﬁf\n ~

3. We can clean up the block diagram by clicking the Regenerate Layout icon.
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mb_debug_sys_rst  interconnedt_aresetn[0:0]

dem_locked

peripheral_aresetn [0 0]

J

Processor System Reset

GRe QW

Regenerate Layout
Discard current layout and regenerate.

—
4. Our block diagram now looks like this :

H=aoll IH_Z}".‘:L!:.‘III.F_U

e asw i

EfErf T

A 50 (et |

e ]

prescessing, stem?_§
o~ grocesding yatem?,

FRaL

D oo
D Freo_n

[ 5 0o rr0_ORL LSBIND 0|

L o8 e T
b ALK ZYNO o ok

KL HPO_ACLE TICH Wik 0T

roo, ez our b
A _  raxasb
e e el e T e

4 Program and Debug

> @¥ Open Hardwa

ﬁ Bitstream Settings

| Generate Bitstream

F=lak=Tal=1a

5. In the Flow Navigator, click ‘Generate Bitstream’.

MName:

[iriver:

axi_dma_0_s2mm_intro

Parent name: design_1

| = avi dma 0/=?mm |

Generate

Bitstream

Generate a programming file after implementation.

e e oy ™

. -

Export the hardware design to SDK

Once the bitstream has been generated, we can export our design to SDK where

we can develop the software application that will setup a DMA transfer, wait for

completion and then verify the loopback.

1. In Vivado, from the File menu, select “Export->Export hardware”.
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B  Add Sources... Alt+A

Open Source File... Ctrl+N [

Import J _J
| Export » | Export Hardware

Launch SDK Export Constraints... h

Open Log File Export Pblocks...

Open Journal File Export IBIS Model... - _ | —
& Drint rei.n | & Export VO Ports... h

2. In the window that appears, tick “Include bitstream” and click “OK".

¢' Export Hardware .

Export hardware platform for
software development tools

Include bitstream [}

Export to: &1 <Local to Project>

OK

3. Again from the File menu, select “Launch SDK".

& Add Sources... Alt+A
Open Source File... Ctrl+N [
Import L3
Export *

| Launch SDK M
Open Log File -
Open Journal File

&  Print... Ctrl+P
Exit v oo =

4. In the window that appears, use the following settings and click “OK".

¢~ Launch SDK

@ Launch software development tool

Exported location: &) <Local to Project>

Workspace: | 51 <Local to Project>

OK

At this point, the SDK loads and a hardware platform specification will be created
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for your design. You should be able to see the hardware specification in the
Project Explorer of SDK as shown in the image below.

-,

5 Project Explorer 2 =8
&|v~
a (& design_1_wrapper_hw_platforr
[e] ps7_init.c
(€] ps7_inith
@ ps7_inithtml
ps7_init.tcl
4% system.hdf

< | I N

We are now ready to create the software application.

Create a Software application

At this point, your SDK window should look somewhat like this:
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NrERE@ 9K~ Gvavidgvyey H>O0-vQv w 0O HEE
W~ B Il w & - % - -

& Project Bxplorer & -~ O (g systemindfi£l, =g

= @)

(B2 ou 2 ®@Ma] - D)

B®| Y~

« (B design_1_wrapper_hw_platforr

[8 ps7_init.c

[€ ps7_inith

@ ps7_inithtml

[ ps7_inittcl Target FPGA Device: 72010

[ system.hdf Created With: Vivado 2014.2
Created On: Thu Jul 31 13:58:0

design_1_wrapper_hw_platfo ‘_
Hardware Platform SpeciﬁcaH

Design Information

Address Map for processor ps7_corte»

ps7_afi_0 Ox£8008000 0:
ps7_afi_1 0x£8009000 O:

An outline is not available,.

< | 1 |

— Eﬂ_ﬂitems 7| 14:17:31 NFO
T | -
43 Target Connections &2 e Description

£ L2

4 Local [default]

(EBipr 2\ @Ta|BCo|@Pr |PTe| = O|(ESDKLog 2 _

: Processing comn ~

To make things easy for us, we'll use the template for the hello world application

and then modify it to test the AXI DMA.

1. From the File menu, select New->Application Project.

EFiIe: Edit Source Refactor Mavigate Search Run Project Xilinx Tools Window Help

New Alt+5hift+N *» | & Application Project N
Open File... W, Board Support Package

F9 Project. |
Close Ctrl+W '-‘:—i—.!?\ﬂ- ~ -',-'\_,.-\-A,-:\-r Ey |
Close All Ctri+Shiftsw | B Source Felder I’

2. In the first page of the New Project wizard, choose a name for the application.

I've chosen “hello_world". Click “Next”.
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Application Project

Create a managed make application project.

Project name: hello_world

Use default location
Location; .'_E\_Githu b\fp_gadeveIoper\microzeq__custom___i !:Eymicrozedfcustom___i_[] Browse...

Choose file system: [default v|

Target Hardware

Hardware Platform: [_d&sign_l_wrapper_hw_pla_tform_.o

Processor: [ps?_cortexaQ_O

Target Software
Language: @C O)C++

0S Platform: |standalone

Board Support Package: @ Create New | hello_world_bsp

(") Use existing

3. On the templates page, select the “Hello World” template and click “Finish”.
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Templates

Create one of the available templates to generate a fully-functioning application
project.

Available Templates:

Peripheral Tests Let's say 'Hello World' in C.
Dhrystone

Empty Application
IWIP Echo Server

Memoary Tests

RSA Authentication App

SREC Bootloader

Xilkernel POSIX Threads Demo
Zynq DRAM tests

Zynq FSBL

4. The SDK will generate a new application which you should find in the Project

Explorer as in the image below.

Eg|lw~

a (3 design_1_wrapper_hw_platforr
[€] ps7_initc
le] ps7_inith
@ ps7_inithtml
ps7_inittcl
4 system.hdf
» 5 hello_world|
» 5 hello_world_bsp

%

ClL o m eedb
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The “hello_world” folder contains the Hello World software application, which we
will modify to test our AXI DMA.

Modify the Software Application

We need to modify the hello world software application to test our DMA.

1. From the Project Explorer, open the “hello_world/src” folder. Open the
“helloworld.c” source file.

2. Replace all the code in this file with the code that you will find on Github here:

3. Save and close the file. The application should build automatically.

The application source code is derived from an example
provided by Xilinx in the installation files. You can find it at this

location on your PC:

C:\X1linx\14.7\ISE DS\EDK\sw\XilinxProcessorIPLib\dri
vers\axidma v7 02 a\examples\xaxidma example sg poll.

©

By the way, if you didn’t know about it already, that folder
contains heaps of examples that you will find useful, | suggest

you check it out.

Test the design on the hardware

To test the design, we are using the MicroZed board from Avnet. Make the

following setup before continuing:

1. On the MicroZed, set the JP1, JP2 and JP3 jumpers all to the 1-2 position.
— - 13 -

T TR C4[ES: e
JP3 JP2 JPl- R2 R1_
— ”™ Hr “ ™y :—n Y .' '|! @

- -

http://www .fpgadeveloper.com/2014/08/using-the-axi-dma-in-vivado.html

20/33



2015/9/27 Using the AXI DMA in Vivado | FPGA Developer

2. Connect the USB-UART (J2) to a USB port of your PC.
3. Connect a Platform Cable USB Il programmer (or similar device) to the JTAG

connector. Connect the programmer to a USB port of your PC.

Now you need to open up a terminal program on your PC and set it up to receive
the test messages. | use Miniterm because I'm a Python fan, but you could use any

other terminal program such as Putty. Use the following settings:

e Comport - check your device manager to find out what comport the MicroZed

popped up as. In my case, it was COM12 as shown below.
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e 2BD BE & @ %s

& Computer Management || 4 -3 johnsen-pc

4 |} System Tools
- (O Task Scheduler
+ [@ Event Viewer
» m Shared Folders
. & Local Users and Gr
i (% Performance
= Device Manager
4 %3 Storage
& Disk Management
i s Services and Applicat

. ¥ Acronis Devices

|- Computer

I g Disk drives

1 B Display adapters

b g3 DVD/CD-ROM drives

b ﬂ’ﬁ Human Interface Devices

I g IDE ATA/ATAPI controllers

b~ @ IEEE 1394 Bus host controllers
1 %5 Imaging devices

p lz Jungo

| = Keyboards

- Mice and other pointing devices
- Il Monitors

b ¥ Network adapters

1 - W Portable Devices

Y Ports (COM & LPT)
¥ silicon Labs CP210x USB to UART Bridge (COM12)

v [ Processors S
» & Programming cables

1 {5 Sound, video and game controllers

1 €5 Storage controllers

[ & System devices

b @ Universal Serial Bus controllers

b @ USB Virtualization

® Baud rate: 115200bps

* Data: 8 bits
® Parity: None

* Stop bits: 1

Now that your PC is ready to receive the test messages, we are ready to send our

bitstream and software application to the hardware.

1. In the SDK, from the menu, select Xilinx Tools->Program FPGA.

I — |
Xilinx Tools | Window Help

DXENEK NOE D=g

Generate linker script
Board Support Package Settings
Repositories

Program FPGA i

Dump/Restore Data File
Program Flash

XMD Console

XSDE Console

Launch Shell

Configure JTAG Settings

System Generator Co-Debug Settings

Create Zynq Boot Image

o

% e g ™ e,y 1’.:"

2. In the Program FPGA window, we select the hardware platform to program. We

have only one hardware platform, so click “Program”.
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[ JOSRE——)

Program FPGA I*ﬁ'—"'f
Specify the bitstream and the ELF files that reside in BRAM memory

Hardware Configuration

Hardware Platform: [design_l_wrapper_hw _platform_0 'l

Connection: [Local '] [ New ]

Device: | Auto Detect |
Bitstream: | design_1_wrapper.bit | Search... .. Browse,,t
BMM/MMIFile: | | | search... |Browse.
Software Configuration

Processor ELF File to Initialize in Block RAM

Run reset_zynqgpl

@ Program Cancel
e : : : = J

—-—— e

3. The bitstream will be loaded onto the Zyng and we are ready to load the

software application. Select the “hello_world” folder in the Project Explorer, then

from the menu, select Run->Run.

File Edit Source Refactor Navigate Search |Run Project Xilinx Tools Wi

Fﬁv.—..,n_|§3vﬁv@vgﬁv%mn L\‘}
@[Bf‘f"ﬂ: 1|§_? v v“:c:::-v%[)ebug

' = O[5 system.h Run History
=N Run As

4 (& design_1_wrapper_hw_platforr LR Run Configurations...
2 bt Moty Debuo it
E:;:::::E,:r I Target Inf Debug Configurations...
& system.hdf This Boarg © Toggle Breakpoint

[ |1’D‘° hello_wmld| Hardward ° Toggle Line Breakpoint

> ¢ hello_world_bsp Tal . | ToAG/E Melhod Breakpoint

> ToggieWatchpoint -
4. In the Run As window, select “Launch on Hardware (GDB)” and click “OK".
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rm Run As l a —Q’-i]‘

Select a way to run 'hello_world";

- Launch on Hardware (GDB)
[c]Local C/C++ Application
A Remote ARM Linux Application

Description

Run on Hardware

OK

h[\"il l Cancel

e o, 2 e g, g, e, g

" T .

5. The application will be loaded on the Zyng PS and it will be executed. Look out

for the results in your terminal window!

#  COM4 - 115200 ==

Miniterm on COM12: 115200,8,N,1 ---
Quit: Ctrl+] | Menu: Ctrl+T | Help: Ctrl+T followed by Ctrl+H ---

Entering main() ---
DMA SG Polling Test passed
Exiting main() ---

Source code

e For the MicroZed:
e For the ZedBoard:
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and offers electronic and FPGA design services through his
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19 Comments
juncai on August 14, 2014 at 1:46 am
3% 0 O Rate This

Thanks for your tutorial, it help me lot.

Do you have an axidma application example on linux? I'm more
interested in linux running than bere-metal application.

thanks in advance!

Reply

Paul Thomas on August 17, 2015 at 7:52 am
0% 0 O Rate This

juncai, you can the xilinx dmaengine driver for this example. Xilinx,
even has test kernel module, axidmatest. It hasn't made it to the
mainline yet, so you have to use their github branch here:

https://github.com/Xilinx/linux-xInx/tree/master/drivers/dma/xilinx

thanks,
Paul

Reply

M on August 14, 2014 at 4:14 pm
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A ~ KB .
0% 0 O Rate This

Thanks for this tutorial! Are there any changes that need to be
made for the helloworld.c code (the one that you shared) to run on

a ZedBoard?
Reply

kA on August 27, 2014 at 2:41 am
0% 0 O Rate This

| can answer this one — it works just fine as-is on the regular

Zedboard.
Reply

Amir on August 15,2014 at 11:25 am
50 0 O Rate This

Hi Jeff, thanks for this great tutorial. May | ask, how about
MicroBlaze processor? Is there anything should | change/modify?

Kind regards,

Amir.

Reply

F on August 25, 2014 at 10:32 am

0% 0 O Rate This

Thank you for the tutorial!l I"ve been experimenting lately with the
DMA in Simple Mode (No Scatter Gather). In this example as well it
seems that RX_BUFFER_BASE has to be 32 BYTES (not 32 bit)
alligned. Is this supposed to be the expected behaviour? | think it

has something to do with the “Xil_DCachelnvalidateRange”
function.

Greetings,

Fran

Reply

Hendrik on September 2, 2014 at 9:24 am

0% 0 O Rate This

Hi,

in my case the provided example works well, but | also experience
difficulties in the Simple Mode. | tried different things (with the
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software based on the examples provided by Xilinx): with/without
interrupts, with/without Micro DMA, with/without unaligned
adresses..

However, none of them works. Did you get it finally running in
some way?

Best regards,

Hendrik

Reply

Adi on September 8, 2014 at 3:37 am
%00 O Rate This

Hi Jeff, thanks for the example. I'm a little confused by the fact that
there is only a HP Slave connection to the PS7 for the DMA data. Is

the DMA module effectivly reading data from the PS7 and writing it
to the FIFO. Then when the data loops back from the FIFO the DMA

engine writes that back the PS7?
Reply

Fran on September 9, 2014 at 4:36 am
%050 O Rate This

Yes, | got it running connected to a HLS generated IP (very simple
IP just for the test). If you are interested contact me at francisco-
de-asis.molina-martel@iosb.fraunhofer.de.

Regards,

Fran

Reply

Girish Halady on September 13, 2014 at 3:54 pm
52 %7 0 O Rate This

Thanks for this AXI DMA Example, would it be possible to create a
similar example DMA to a custom IP on Linux using DMA Device
drivers to a custom memory IP added in the PL as a PS memory
extension?

Thanks

Girish Reply

Alex on October 26, 2014 at 1:23 am
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A ~ KB .
0% 0 O Rate This

Can you post something related to XIP (execute in place) for
zedboard in steps. It's hard concept of understanding.
Xilinx provided example is little bit confusing. Here the link:
http://www.wiki.xilinx.com/Zynqg-7000+AP+SoC+Boot+-

+Booting+and+Running+Without+External+Memory+ TecﬁJéTFiﬂ

Eldar on December 12, 2014 at 1:07 am

T

51 % 0 O Rate This

Hi. Thanks for your tutorial. It seems vary helpfull for] be%i{nners.

eply

Nabeel Anjum on December 16, 2014 at 8:51 pm

T

S 1 D 4 0 @ Rate This

hello !
It is indeed useful tutorial ! i need to ask one question ! how can we
write our own custom VHDL code in it so that it can be interfaced

with memory locations from PS !!
Reply
Jose Luis onJanuary 11, 2015 at 6:06 pm
0% 0 O Rate This
Same question :)
Reply

Jose Luis on January 11, 2015 at 6:34 pm

0% 0 O Rate This

Hi.

In other of your post's
(http://www.fpgadeveloper.com/2014/08/creating-a-custom-ip-
block-in-vivado.html) you published the way to add custom vhdl
code that get data from the axi-lite interface. Any source you can

point to us to do something similar with the AXI DMA?
Thanks in advance and thanks for your incredible work with this

post's.

Reply

Nabeel on April 2, 2015 at 9:38 am
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AL K32 .
505 0 O Rate This

Dear,

| need to ask one question. Will this design work after disabling
“Scatter Gather mode” option ? As in this design , M_AXI_SG is
connecting to AXI interconnect only. | think by Simple DMA
operation, it will work without changing any thing in Vivado except

- Reply

to disable SG option. Kindly tell if i am wrong : Thank

shrey on April 13,2015 at 4:58 pm

0% 0 O Rate This

Hii am using Zedboard and | want to use AXI DMA to transfer data
from DDR to a block ram. | have tried using CDMA but it works
faithfully only if | store my data on some parts of my DDR(that is
not enough space for my application). | want to try using AXI DMA
so | found your design and will modify it. But can you tell me is
there any specific region(on 512 MB DDR) where | can store my
data(32 bit width and 61439 depth) and transfer that data to Block
ram by configuring DMA? Reply

Vibha on June 9, 2015 at 11:40 pm
0% 0 O Rate This

Hi Jeff,
Thanks for the tutorial. Can you please suggest the changes
required in hello world.c for testing this example on zc706.

Thanks in anticipation

Reply

Ning on August 14, 2015 at 4:15 am
0% 0 O Rate This

Hi, thank you for this useful tutorial. How can | insert a user

Reply

Peripheral used AXI-Stream to connect my DAC ?

Trackbacks/Pingbacks

1. Using the AXI DMA Engine | FPGA Developer - [...] Update 2014-08-06: This
tutorial is now available for Vivado - Using the AXI DMA in Vivado [...]

http://www .fpgadeveloper.com/2014/08/using-the-axi-dma-in-vivado.html 29/33



2015/9/27 Using the AXI DMA in Vivado | FPGA Developer

E ETHERNETFMC

Most popular posts

Posts

All | |

5/5 (5 votes)
5/5 (3 votes)
5/5 (2 votes)
5/5 (2 votes)
5/5 (2 votes)

Recent posts

http://www .fpgadeveloper.com/2014/08/using-the-axi-dma-in-vivado.html 30/33



2015/9/27 Using the AXI DMA in Vivado | FPGA Developer

Topics

Go to my company website for

http://www .fpgadeveloper.com/2014/08/using-the-axi-dma-in-vivado.html 31/33



2015/9/27 Using the AXI DMA in Vivado | FPGA Developer

About Me
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innovative companies around the world. | believe in sharing
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