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1 Introduction

This document briefly describes how to interface between Xilinx Axis and 4DSP StellarlIP interfaces.
This tutorial introduces how to create a wormhole, star and constellation as well as connecting Axis
interface to 4DSP StellarlP interface.

This tutorial is performed using an FMC104 on KC705 and Xilinx FFT core.

Following are required for this tutorial

- FMC104

- KC705

- Host computer with a gigabit Ethernet available
- Xilinx ISE

- Visual C++ 2012

- 4DSP BSP

Please refer the Xilinx user guides, 4FM Getting Started Guide and other 4DSP documents to make
sure all this is properly installed.

First the tutorial will show how to wrap the Xilinx IP core into a star that can be used within stellar IP
and then it will show how to integrate the newly created star into a standard StellarIP project. By
default 4DSP does not use AXI4-Streaming (in this document referred to as AXI or AXIS) interfaces to
communicate between stars (IP cores). This tutorial will show how to connect an AXIS interface to
the standard StellarIP frame work by using some helper stars. The functional block diagram of the
final constellation (FPGA programming file) is shown in the following figure.

FPGA
FMC104 \
1K to 8K
4 channel . Ethernet
FMclo4 ADC 7 points interface ==
. FFT
interface Computer

Figure 1: Block diagram of the constellation
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2 Create the AXI FFT star

In order to use the FFT core from StellarIP it has to be wrapped into a star. This chapter will show
how to generate the FFT core and how to wrap it into a star.

First we will create the star wrapper using the StellarIP tool. Typically the creation of a star comprises
of the following steps:
- Create new wormbholes (group of signals to connect between stars)

- Create new star
- Generate the star skeleton

After we have created the star skeleton we will create the FFT IP core using the Xilinx Core generator
tool and add it into the star.

2.1 Create the star in StellarIP

The first step in creating a star is to group the signals that have a specific functionality together into a
wormbhole. This will simplify the integration of the star into the constellation. As shown in Figure 2
the FFT core (generation of this core is described in section 2.2.1) has 6 distinct functional interfaces.

configuration
. —= =_axis_config_tvalid m_axis_data_tvalid ——
InpUt -—| s_axis_config_tready —m_axis_data_tready |-e—— DATA output
—={ =_axiz_config_tdata m_axis_data_tdata ——pe-
AXI Stream m_axis_dala_{user fe—pm- AXl Stream
m_axis_data_flast i
— =_axis_data_tvalid
DATA input ~—{ s_axis_data_teady
= =_axis_dala_idata m_axis_status_tvalid ——jm
AXI Stream —={ =_axis_data_tlast m_axis_status_tready |-e— StatUS OUtpUt
m_axis_status_tdata ——j= AXI Stream
Clock L — ok
reset { — aresetn event_frame_started f——pe-
——=| aclken event_tlast_unexpected —m-
event_tlast_missing —m
evant_fft_overflow |—pme debug
event_data_in_channal_halt |——pms=
event_data_out_channel_halt |——jme
avent_status_channel_halt —-jm=

Figure 2: FFT core interface definition

As you can see there are four AXI stream interfaces, two inputs and two outputs. However they do
not all share the same signals. The DATA AXI stream ports define the TLAST signal and the DATA
output also defines the TUSER port. We could create four wormholes to support all these individual
interfaces or we can define the wormhole in a way that we can use it for all AXI stream interfaces.
The AXI stream defines the following signals

- tvalid, tready, tdata, tstrb, tkeep, tlast, tid, tdest and tuser
o tdata, tstrb, tkeep, tlast, tid, tdest and tuser are optional
o Programmable tdata, tid, tdest and tuser widths
= tstrb, tkeep width is tdata width/8
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- Per port aclk/aresetn inputs (supports clock domain crossing)
- Per port aclken inputs (optional)

We will define a wormhole that comprises of all these signals apart from the tid, tdest, aclken, clk
and aresetn. Xilinx IP typically does not use tid and tdest, the clock enable will be tied to be always
enabled and the clock and reset will be connecting to the clock and reset wormholes that are coming
from a centralized clock and reset controller. The programmable width will be set to 32 bits. In this
tutorial we will not make the debug signals available on the star wrapper.

We will make sure, while creating the wrapper, to tie the unused inputs of the FFT core to a fixed one
or zero.. A wormhole always comes in a pair, an output and input that can connect to each other. In
the next section, we will define the wormhole contents as follows:

Wormhole name = axis_32b_in Wormhole name = axis_32b_out
Wormbhole direction = in Wormbhole direction = out
name direction width name direction width
tvalid in 1 tvalid out 1
tdata in 32 tdata out 32
tlast in 1 tlast out 1
tuser in 32 tuser out 32
tready out tready in
tstrb out tstrb in
tkeep out 4 tkeep in 4

Table 1 32 bits axi stream wormhole pair

The following steps show how to create these two worm holes

1. Launch StellarIP
2. Go to Library in the menu and click wormhole editor.

File | 1 Stellar IP Designer  Help

B (v alla - x =i 2FEAXE][es»

ey Manage.
Merge...
WMrge(With W),

Show
& pll stars © Recently picked
Libraries: Edt..
[Peurrent
3. Click ‘Add’
2= Wormhole Editor [x]
[ ] core || e || peke |
Name [ value [ Direction [=]
cl_uni_test l_peehin|dO_xnidin|d0_x_cl...  External -
clkin elkin:32:in Input
clkout clkout:32:0ut Output
emd_in crndin: §4:in|cmdin_val: 1 :in Input
emd_out emdoutiédsout [cmdout_valiTiout Gutput
emdch_in emdelke1in Input
emdclk_out emdclk:1:out Output
ext_adcl10 clk_to_fpga_pilinlck to_fpga ... External
et adr?od ext rlnrk: 1 inlext Hinner:1sinls, Fyternal ;I
Ok
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4. Create the axis_32b_in wormhole. In order to add ports; fill in the port properties; name,
width and direction and click ‘Add’

E Wormhaole Properties l 23 J
Properties
MName: Direction:
axis_32b_in Input -
Port Properties
Mame: Width: Direction:

MName Width Direction
tdata 32 in
tkeep 4 out
tlast 1 in
tready 1 out
tstrb 1 out
tuser 32 in
tvalid 1 in
Lok J[ concel |

5. Create the axis_32b_out wormhole

[ ‘Wormhale Properties u:
pel

Properties
MName: Direction:
Output
Port Properties
Mame: Width: Direction:
Save Delete
Mame Width Direction
tdata 32 out
theep 4 in
tast 1 out
tready 1 in
tstrh 1 in
tuser 32 out
twalid 1 out
ok || cancl

6. Close the wormhole editor

2.1.2 Creating a new star
Now that the wormholes are defined we can create the star that will wrap the FFT core.

1. Click the ‘Edit’ button on the star picker window to edit the star library
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2. Inthe menu click Star->New Star and insert the name for the new star, for example
sip_xfft_wrapper, in the widow that pops-up

5% stellarIP - F:\S¥YN\Fwhstar_lib\current

Fle Lbrary | star window Help

BEERE] oo woalla L rx|=0 [ 2 [wEAXE[s3 &
Searchster: O A
,— Delate Star —

Star Properties
show—— —————— E3 NYFWistar_lib\current
& ol stars. Duplicate Star hed E——
sip_adello

Libraries: Billo
[eorreme sip_sdczza

sip_adcezd

]

3. Draw arectangle

sip_adcz50

m File Edit Library StellarIP  Designer Window Help

nﬁﬂlembaﬁmnﬂ alTXI“‘EI_I[ [E]Mx.usuub-q“_l
lllll

Search Star:

Show

@ All stars () Recently picked
Libraries: Edit...
[@40sPmain |

4. Add pins to the star, each pin represents a wormhole. We will need 6 pins, 4 inputs on the
left and 2 outputs on the right.

22 StellarIP - [Symbol - sip_new]

EdFle Edi Lbrary Stelor P Designer Window Help ™ TR}
[oEHIg & ad[o~la1lTx[™] zs:‘d_qul_uso\

= e = e oo o T = TIo oo Ton e oo o0 e
Search Star: Il I Star Pin | \ L 1 L L 1 1 1 L L 1 L L

B

5. After placing the pin you can double click on the pin to change its properties. For the output
pins we set the ‘left’ option and we assign the names and types: cmdclk = cndclk_in type, rst
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= rstin type, data_in = axis_32b_in type, data_out = axis_32b_out type, status =

axis_32b_out type, control = axis_32b_in type.

For this tutorial, all stars will run synchronously using the cmd_clk, generated by the
Ethernet MAC star (sip_mac_engine). Therefore we will only create stars with one single
clock input. If the FFT processing needs to be accelerated, one could choose to
implement another clock scheme. This requires stars or custom firmware blocks that
support cross clock region interfaces.

The pin tool options dialog:

: N
Pin Tool Options
Mame cmd_out [ Mumber 1
Wormhole omd_out
Up () Down @ Left () Right Length: 30
Shape Electrical [Quiput -
Input
" Hrauq_b
The Star symbol will look like:
| clk data_out
—rst status ———
—data_in
———— control

6. Pressing <ctrl+s> or the save button opens the star properties window. Press the ‘Save’

button and we have created the sip_xfft_wrapper star
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2.1.3 Creating the skeleton

Now that we have created the star in StellarlP we need to create the support files as well. The easiest
way is to let StellarIP create the folder structure and vhdl wrapper files. Click the edit button in the
star picker and find the sip_xfft_wrapper star. Right click on the sip_xfft_wrapper star and click
“Generate HDL Skeleton (No Registers)”

3% StellarIP - [F\SYNyFWhstar_libscurrent]
B Fie Lbrary Star Window Help _|8[ x|
[bEdlaglsmmvwellailrx[=il2xEXXx[s [[a =0l

Search Star: sip_fe6603_ddrz_fifo
sip £c6603_ddr2_fifo

sip_fo6603_host_if
sip_fc6603 host_if

R it Star

Star Properties

—] £1 NewStar
— sip_rit  Clone Star
1 Delete Star

£i  Generate HDL Skelekon

R )

Figure 3 FFT wrapper skeleton options

This creates the star folder structure in the library root folder. Go to “.\sip_xfft_wrapper\“. There
will be 4 folders; sip_files, isim, simulate and vhdlI.
The sip_files folder has three files

- sip_xfft_wrapper.Ist = this file lists the paths to all the source files that should be used during
the creation of the Xilinx ISE/VIVADO project.

- sip_xfft_wrapper.nfo = this file holds the star identification number and the version number.
Both are four digit hexadecimal values.

- sip_xfft_wrapper.vhd = this file defines the architecture of the star. This file will be modified
to instantiate the FFT core and glue logic.

The vhdl folder should be used to store all additional design files.
The simulate folder can be used to hold test bench specific files, but is not used in this tutorial.

The isim folder can be used to hold the isim project, but is not used in this tutorial.
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2.2 Adding the FFT IPcore

Now that we have the wrapper files available for the FFT core we can generate the IP core itself and
instantiate it in the top level wrapper vhdl file as well as adding the required files into the .LST file.
2.2.1 Generate the FFT core
1. Open the ‘CORE generator’ under Start->All Programs->Xilinx Design Tools->ISE Design Suite-
>|SE Design tools -> 64/32-bit Tools.
2. New Project and save the coregen project file to “.\sip_xfft_wrapper\”
3. Select the parts for KC705 on the pop-up window as shown in the following figure and click
‘Ok’.
Part
Select the part for your project:

Family Kintex7
Device k325t

Package ffg900

[ BT BT[]

Speed Grade -2

4. Inthe IP Catalog, find the Fast Fourier Transform 8.0 and customize it by double clicking the

function.
IP Catalog 8 X
View by Function View by Mame
Mame “ VWersion AN AXI4-Stream  AXI4-Lite *
|77 Autormnotive & Industrial
-- |7 AXIInfrastructure
G| BaselP
-- |~ Basic Elements
-- !.-_'.'j' Comrmunication & Metworking
.. !‘._-.-j' Debug & Verification
EFI-:’ Digital Signal Processing
G-~ Building Blocks
.. |7 Filters
-7 Medulation
= Ir’ Transforms 3
-- ~ DFTs
51 FFTs
i &F Fast Fourier Transform 71
'.,r' Fast Fourier Transform 8.0
*y LTE Fast Fourier Transform 1.0
[ :.:" Trig Functions
B [ Waveform Synthesis

5. Name the component as xfft v8_0_1ch_blk float. In this tutorial, 1 channel N-point
pipelined FFT with a block fixed point will be used.
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Copy the settings as shown in the following figures:

% Fast Fourier Transform

Documents  View

IF Symbaol

s_auxis_ponfig_tdata[23.0] m_sxis_status_tvalid

=_autis_oconfig_tvaikd m_axis_status_tresdy

=_axis_config_tresdy m_sxis_status_tdsta[7:0]

m_axis_data_tdta[31:0]
m_sxis_dats_tuser[7:0]
m_axis_data_tvalid
m_sxis_dats_tizst
m_axis_data_tready

2vent_frame_staned
event_tiast_unexpected

event_tlast_missing

event_fft_overflow
event_data_in_channel_halt
2vent_status_channel_halt

event_data_out_channel_hait

logiC R

Fast Fourier Transform

xilinx.com:ip:xfft:8.0

Component Name xfft_v8_0_1ch_blk_float

Channels

Implementation Options

250

Target Clock Frequency

() Automatically Select

Target Data Throughpu

Pipelined, Streaming I/O

© Radix-4, Burst YO
() Radix-2, Burst /O
) Radix-2 Lite, Burst /O
Transform Length Options

Run Time Configurable Transform Length

41

Transform Length

8192 -

Range: 1..550 MHz

Range: 1..550 MSPS

Latency |

< Back

Datasheet

Page 1 of 3

o> ) [Goneae | [ Gnce ) [t

4 1Psymbol | % Implementation Details |

r
% Fast Fourier Transform

=

Documents  View
1P Symbol

s_axis_config_tdata{23:0] m_axis_status_tvaid

s_axis_config_tvaiid m_sxis_status_tresdy

s_axis_onfig_tresdy m_zxis_status_tdats[7:0]

=_axis_data_tdata[31:0]
5_axis_data_tvalid
5_axis_dsts_tisst m_sxis_data_tualid
s_anis_data_tready m_axis_data_tiast

m_sxis_data_tready

2vent_frame_staned
event_tiast_unexpected

event_tlast_missing

event_fit_overflow
event_data_in_channel_halt
event_status_channsl_halt

event_data_out_channel_halt

ugC P
Data Format

Fixed Point

Precision Options
Input Data Width

Phase Factor Width

Scaling Options

Unscaled

@ Scaled

Block Floating Foint

Control Signals

ACLKEM

ARESETn (active low)

ARESETn must be asserted for a minimum of 2
cycles

Optional Output Fields
KK_INDEX
OVFLO

<

( atocheet

Page 2 of 3

Fast Fourier Transform

xdlime.com:ipfft:8.0

) Floating Point

Rounding Modes

Truncation

Convergent Rounding

Output Ordering
Bit/Digit Reversed Order

MNatural Order

Cydlic Prefix Insertion
Throttle Schemes
) Real Time

Non Real Time

Next > ngnerate” Cancel H Help

| P Symbol | % Implementation Details | %] Latency |

ANOO1
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r
] Fast Fourier Transform

Documents  View
TP Symbol

s_axis_ponfig_tdata[23.0] m_axis_status_tvalid

=_axis_config_tvalid m_axis_status_tready

s_axis_ponfig_tready m_axis_status_tdata[7:0]

s_axis_data_tdata[31:0] m_axis_data_tdatz[31.0]

5 sxis_data_tvaiid m_axis_data_tuser{7.0]
=_axis_data tlast m_axis_data_tvalid

5_axis_dala_tready

m_axis_data_tiast
m_sxis_data_tready

aresetn event_frame_started
evant_tlast_unexpacted
event_tlast_missing
event,_fft_overflow
event_data_in_channel_hait

event_status_channel_halt

event_data_out_channel hatt

" g

Memory Options
Data

@ Block RAM

Hybrid Memaries

Optimize Options

() Use CLB logic

@ Use CLB logic

< m

Distributed RAM

Number Of Stages Using Block RAM

Fast Fourier Transform

xilinx. com:ip:xfft:8.0

Phase Factors

@ Block RAM
Distributed RAM

Reorder Buffer

@ Block RAM

Distributed RAM

[] Optimize Block RAM Count Using Hybrid Memories

Complex Multipliers

@ Use 3-multiplier structure (resource optimization)

() Use 4-multiplier structure (performance optimization)

Butterfly Arithmetic

(&) Use XtremeDSP Slices

< Back | Page3of3 Next > | [ Generate ] [ Cancel I [ Help

% 1P symbol |Q Implementation Details | g Lalenq'|

Click generate

After generation, move the xfft_ v8_0_1ch_blk_float.vhd/.ngc/.xco files to

“.\sip_fft_wrapper\vhdI\k7\Xilinx\”. Other files that are generated by the tool are not
directly required by ISE nor StellarIP and can be deleted

ANOO1
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2.2.2 Update the VHDL wrapper file

Declare and instantiate the FFT IP core in sip_xfft wrapper.vhd. The connection between the FFT IP

core signals and the axis_32b_in and axis_32b_out wormhole signals have to be made as shown in

the following table.

wormhole | signal connects to wormhole | signal connects to
tvalid s_axis_data_tvalid tvalid m_axis_status_tvalid
tdata s_axis_data_tdata tdata[7..0] m_axis_status_tdata
tlast s_axis_data_tlast tdata[31..8] force 0x000000
tuser not used tlast force ‘0’
datain tready s_axis_data_tready status tuser force 0x00000000
tstrb force ‘0’ tready m_axis_status_tready
tkeep force 0x0 tstrb not used
tkeep not used
tvalid m_axis_data_tvalid tvalid s_axis_config_tvalid
tdata m_axis_data_tdata tdata[7..0] s_axis_config_tdata
tlast m_axis_data_tlast tdata[31..8] not used
data out tuser m_axis_data_tuser control tlast not used
tready m_axis_data_tready tuser not used
tstrb not used tready s_axis_config_tready
tkeep not used tstrb force ‘0’
tkeep force 0x0

Table 2 sip_xfft_wrapper wormhole connections

The clk and rst wormhole signals map to the FFT IP core as shown in Table 3.

wormhole | signal connects to
cmdclk_in | cmdclk Aclk
rst_in[2] aresetn (after inverting the signal)
rst rst_in[1..0] not used
rst_in[31..3] | not used

Table 3 sip_xfft_wrapper clk and rst wormhole connections

2.2.3 Adding the required files to the .LST file

Add the source files, located in the “..\vhdI\xilinx” folder to sip_fft_wrapper.Ist using relative paths:
../vhdl/xilinx/xfft_v8_0_1ch_blk_float.xco
../vhdl/xilinx/xfft_v8_0_1ch_blk_float.vhd
../vhdl/xilinx/xfft_v8_0_1ch_blk_float.ngc

ANOO1
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3 Interface data wh_in/out to axis_32b_in/out

4DSP has chosen to standardize communication between stars as much as possible. In most cases,
data is communicated from a wh_out wormhole to a wh_in wormhole. These wormholes are defined
as 64 bits data, 1 bits data valid and 1 bit stop. On each clock cycle where the data valid is asserted,
data is transferred regardless of the status of the stop signal. However, the transmitting star is not
allowed to start sending data when the stop signal is asserted and should stop sending data within 8
clock cycles after the stop signal was asserted by the receiver.

It is not possible to interface 4DSP standard wormhole to the axis_32b wormholes directly. The main
differences between the two interfaces are:

- 4DSP standard wormhole has 64-bit data width, the AXI interface is 32-bit

- 4DSP standard output wormhole asserts data_valid when data_stop is ‘0’ and the data is
valid. When the data_stop is asserted the data_valid should be de-asserted within 8 clock
cycles. Valid data is transferred on each clock cycle where data_valid is asserted. The AXI
protocol is different, the master side asserts tvalid when tdata is valid but waits until the
slave accepts the data by asserting tready. Only when tdata and tready are asserted at the
rising edge of the clock the next data word is placed on the data bus.

We need to create two conversion stars. A wh_in to axis_32b_out conversion star, this start receives
data from a 4DSP standard wormhole and writes it to the AXI slave. The other star is an axis_32b_in
to wh_out conversion star, receiving data from the AXI master and writes the data to a connected
4DSP standard wormbhole via the wh_out output.

3.1 Creating the wh_in2axis_32b_out star

The wh_in2axis_32b_out star contains a standard 4DSP wormhole input (referred to as wh_in), the
axis_32b wormhole output (referred to as axis_32b_out) and the standard reset and cmdclk types.

Name Wormhole
data_in wh_in
data_out axis_32b_out
clk cmdclk_in
rst rst_in

Table 4 wh_in2axis_32b_out star wormholes

The main features of the star will be:

- Convert 64-bit 4DSP wormhole data width to 32-bit AXI data width
- Change the 4DSP wormhole write protocol to the AXI protocol

The implementation of this star is based on a Xilinx FIFO generated with the Core Generator.
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3.1.1

Create the wh_in2axis_32b_out star in stellar IP

In this subsection the steps from section 2.1.2 are repeated to create the wh_in2axis_32b_out star.

The wormhole types required for this star are already created in previous sections and available.

1.

Click the edit button on the star picker window to edit the star library.

Fie Lirey Sele F [y bl -
FEF I IO e N T

Choose the Star->New Star and insert the name for the new star, for example
sip_ wh |n2aX|s 32b_out, in the widow that pops-up

1T
L T
T F
Draw a rectangle

7y tellarlP - [Symbol - s

- File Edit Library StellarIP  Designer Window Help

NEH G| fR@a|valfalrx|™]|2 I-IQX-ICOO|AI§-Cu
lllll

SearchStar: Do, Lo, A N L, N PPN FOVORIO FOVTORT: PPt
Show
@ All stars () Recently picked

Libraries: Edit...

[#4psPmain |

4. Add pins to the star, each pin represents a wormhole. We will need 5 pins, 4 inputs on the

left and 1 outputs on the right.
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22 StellarIP - [Symbol - sip_new]

EdFle Edi Lbrary Stelor P Designer Window Help ™ TR}
[oEdgl & adonlalTx =il IxS[AX[:]F3

= e o e e e oo o T = TIo oo Ton e oo o0 e
Search Star: Il L Skar Pin i L Il L 1 L L 1 1 L L 1 L L

I ‘

5. After placing the pin you can double click on the pin to change its properties. For the output

pins we set the ‘left’ option and we assign the names and types: data_in_clk = cmdclk_in
type, rst = rstin type, data_in = wh_in type, data_out = axis_32b_out type.

— data_in data_out———

6. Pressing <ctrl+s> or the save button opens the star properties window. Press the ‘Save’
button and we have created sip_wh_in2axis_32b_out star.

3.1.2 Create the wh_in2axis_32b_out skeleton

Click edit button in the star picker and find the sip_wh_in2axis_32b_out star star. Right click on the
sip_wh_in2axis_32b_out star star and click “Generate HDL Skeleton (No Registers)”.

E StellarIP - [D:\Projects\FW\star_li_b\dDSPmainJ
B3 File Library Star Window Help

LEH 4l [SE] | [ |
Sip_vp7H0_dar3_fifoxd
Search Star:
sip_wh sip vp780 host if
Show sip_vp780_host_if
@ all stars () Recently picked
3ip wh inZaxis 32b out
Libraries: sip_wh_inZaxis_32b_cut Edit Star Symbol
|®4psPmain |

| & console [ iy Warnings [ f) Errors| B 211 |

3ip xx720_41 host if
=ip_xx720_41_host_if

2ip ®xx720_ddr3_fifo
sip_wxx720_ddr3_fifo

Star Properties...

sip_wh_in2axis_32b_out Mew Star
sip xx720 81 host if Clone Star...
sip_xx720_81_host_if Delete Star

Generate HDL Skeleton
Generate HDL Skeleton (Mo registers)

2ip ®xx720_reload

sip xx720_reload

sip_zc702_nost_if

=in =rTN% hnat if

Figure 4 Generation HDL Skeleton (No Registers)
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3.1.3 Generate the Xilinx FIFO
1. Open the ‘CORE generator’ under Start->All Programs->Xilinx Design Tools->ISE Design Suite-
>|SE Design tools -> 64/32-bit Tools.
New Project and save the coregen project file to “..\sip_wh_in2axis_32b_out\”
Select the parts for KC705 on the pop-up window as shown in the following figure and click
‘Ok’.
Part
Select the part for your project:

Farmily Kintex7 |-
Device xc7k325t =
Package  ffgsno [~
Speed Grade -2 |-

4. Double click on the FIFO Generator Function

[£] Xilinx CORE Generator - Di\Projects\PWstar_lib\sip_wh_in2axis_32b_out\coregen.cgp | s

File Project View ManagelP Help

IREEIEEEI TR

Ert IP Catalog B x
ért View by Function View by Name
(<]

Name “ VWersion AXM AXM-Stream AXM-Lite Status License Vendor Library

&

— || B[ Automotive & Industrial

5 AT Infrastructure

BaselP

Basic Elements
Communication & Networking
Debug & Verification

Digital Signal Processing
Embedded Processing

FPGA Features and Design
Math Functions

~ Memories & Storage Elements
=7 FIFOs
™ ‘%' FIFO Generator 93 AXIA  AX4-Stream  AXM-Lite Production xilinx.com ip
=R 7 Memory Interface Generators
B 77 RAMs & ROMs

~ Standard Bus Interfaces

|7 Video & Image Processing

&
g
o8
£
2
&

=

5. Copy the settings of page 1 to 7 as shown below. The component name shall be wh2axis_fifo.

ANO0O1 www.4dsp.com page 19 of 50


http://www.4dsp.com/

ANOO1 Tutorial: Axis to StellarIP Interface "!'DSP r1.0

Page 1:

-
<] FIFO Generator S=NEEN
ey - .-

View Documents
TP Symbol & x

logiCRE FIFO Generator

xilinx.com:ip:fifo_generator:9.3

Component Name  wh2axis_fifo

Interface Type

Native Interface FIFOs are the original standard FIFO functions delivered by the previous versions of the
LogiCORE FIFO Generator. They are optimized for buffering, data-width conversion and clock domain de-
coupling applications, providing in-order storage and retrieval.

Native Interface FIFO cores can be customized to utilize Block RAM, Distributed RAM, or Built-In FIFOs. Two
primary operating modes are supported: Standard, and First Word Fall Through.

m

Choose the "Native" Interface Type option to generate a non-AXI FIFO equivalent to one generated by FIFO
Generator v6.2 and earlier for non-processor systems.

< = . ( Datasheet | <Back | Pagelof7 [ Mext> || Generate | [ Cancel |[ melp ||

Page 2:

] ]
“ FIFO Generator [ TP Yy e gy — =
|| View Documents
TP Symbol 8 x

logiC-FE FIFO Generator

FIFO Implementation i

xilinx.com:ipfifo_generator:9.3

Choose the FIFO implementation from one of the following:

Supported Features
Read/Write Clock Domains Memory Type (1) (2) (3) (4) (5)
) Common Clock (CLK) Block RAM X X X
) Commen Clock (CLK) Distributed RAM X
Common Clock (CLK) Shift Register
Common Clock (CLK) Built-in FIFO X X
Independent Clocks (RD_CLK, WR_CLK) Block RAM X X X 3
) Independent Clocks (RD_CLK, WR_CLK) Distributed RAM X
= Independent Clocks (RD_CLK, WR_CLK) Built-in FIFO X X X X

(1) Non-symmetric aspect ratios (different read and write data widths)
(2) First-Word Fall-Through

(3) Uses Built-in FIFO primitives

(4) ECC support

(5) Dynamic Error Injection

Synchronizer Option

Synchronization Stages across Cross Clock Domain Logi

< Back | Page2of7 | Next> ngnerate][ Cancel H Help
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Page 3:

-
8 FFOGenerstor | (Nl & b ® Ml o B o S o =

ok E=0CE0

|| Wiew Documents

1P Symbol & X

logiCiPE FIFO Generator

Read Mode T

xilinx.com:ip:fifo_generator:9.3

) Standard FIFO
@ First-Word Fall-Through

Built-in FIFO Options

The frequency relationship of WR_CLK and RD_CLK MUST be specified to generate the correct
implementation.

Read Clock Frequency (MHz) Range: 1..1000

Write Clock Frequency (MHz) Range: 1..1000

Data Port Parameters

Write Width 64 Range: 1,2,3..1024
Write Depth Actual Write Depth: 1024
Read Width

Read Depth Actual Read Depth: 2048
Implementation Options

[] Enable ECC

Use Embedded Registers in BRAM or FIFO (when possible)

Read Latency (From Rising Edge of Read Clock): o -

[ < Back IFageaofT[ Next > ngnerate][ Cancel ” Help

Datashet |

Page 4:

ALMOST_FULL€
PROG_FULL
(€

Optional Flags

Almost Full Flag Almost Empty Flag
Handshaking Options

Write Port Handshaking

Write Acknowledge Flag Overflow Flag
Write Acknowledge Overflow (Write Error)
@ Active High @ Active High

Active Low Active Low

Read Port Handshaking

Valid Flag Underflow Flag
Valid (Read Acknowledge) Underflow (Read Error)
@ Active High @ Active High
) Active Low Active Low

Error Injection

[] Single Bit Error Injection [] Double Bit Error Injection

T roseene L e T =)
View Documents
1P Symbol % ‘ -

WC 27 FIFO Generator xilinx.com:ip:fifo_generator:9.3 ||

: T——10 R <gack_l=age4uf7 ue_mil[femrale]l Cancel | [ help
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Page 5:
g FIFOGE“Emhx‘

L |

B = )

View Documents

1P Symbol

WCQ}’RE

Initialization

FIFO Generator

Reset Type

Synchronous Reset

@ Asynchronous Reset

Full Flags Reset Value

Use Dout Reset
Use Dout Reset Value 0 (Hex)

Programmable Flags

xilinx.com:ip:fifo_generator:9.3

Enable Reset Synchronization

Programmable Full Type

[Single Programmable Full Threshold Constant

Full Threshold Assert Value

1013

Range: 11..1021

Full Threshold Negate Value

Range: 10..1012

Programmable Empty Type [Nu Programmable Empty Threshold

Empty Threshold Assert Value Range: 4..2044

Empty Threshold Negate Value Range: 5..2045

<Back |PageSof7 | Next> || Generate || Cancel || Help
< m
Page 6:
(41 Ao Genertor | T . - — .- —

|| View Documents

G_FULL_THRESH_NI

TP Symbol A %
WR_RST
WR_CLK
DIN[E2:0]
WR_EN
PROG_FULL_THR
G_FULL_THRESH

logiC I RE FIFO Generator

Data Count Options
Use extra logic for more accurate Data Counts

[ Data Count
(synchronized With Clk)

Data Count Width Range: 1..10

Write Data Count

—
(Synchronized With Write Clk)

Write Data Count Width |1 Range: 1..10

Read Data_Count_
(Synchronized With Read Clk)

Read Data Count Width |1 Range: 1..11

Simulation Options

Disable timing violation on cross clock domain registers

xilimx.com:ip:fifa_generator:9.3

m

< Back | Page 6 of 7

Hext > ][Qenerate][ Cancel H

Help |
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Page 7:

- _
%] FIFO Generator =5

View Documents
TP Symbol 8 x

logiC P FIFO Generator

FIFO Generator Summary

xilinx.com:ip:fifo_generator:9.3

Selected FIFO Type

Clocking Scheme: Independent Clocks Memory Type: Block RAM

WARNING : Behavioral models do not model synchronization delays. Use post-par simulation
models for accurate behavior

Selected Simulation Model

Model Generated : Behavioral Model

Notes : Model is cycle accurate

Please refer to FIFO Generator Product Guide generated with the core

FIFO Dimensions

RD_Cw Write Width : 64 Read Width : 32

:.‘;u::'m Write Depth : 1024 Read Depth @ 2048
Block RAM resource(s) (18K BRAMSs): 0

Block RAM resource(s) (36K BRAMS): 2

Additional Features

Almost Full/Empty Flags : Mot Selected / Not Selected
Programmable Full/Empty Flags : Selected / Mot Selected

Data Count Qutputs : Not Selected

Handshaking : Selected

Read Mode / Reset : First-word Fall-through / Asynchronous

Read Latency (From Rising Edge of Read Clock): 0
Consult Data Sheet for Performance/Resource impact of each feature

. I = ‘ - Page70f 7 | Next> | [ Generate | [ Cancel |[ el

The FIFO will use 2x36K BRAMs. Reducing the FIFO depth doesn’t affect the BRAM
implementation.

6. Generate the core and move the generated files (wh2axis_fifo.vhd/.ngc/.xco) to
“.\sip_wh_in2axis_32b_out\vhdI\k7\Xilinx\”

7. Add the required files to the .LST file as described in section 2.2.3:
../vhdl/xilinx/wh2axis_fifo.xco
../vhdl/xilinx/wh2axis_fifo.vhd
../vhdl/xilinx/wh2axis_fifo.ngc

3.1.4 Update the wh_in2axis_32b_out.vhd file and implement conversion logic

Declare and instantiate the wh2axis_fifo component in wh_in2axis_32b_out.vhd. The connections to
be made are shown in Figure 5.

ANO0O1 www.4dsp.com page 23 of 50


http://www.4dsp.com/

ANO0O1 Tutorial: Axis to StellarIP Interface "!'DSP r1.0

wh2axis_fifo

data_in_in_data —|din dout —————— data_out_tdata
data_in_in_dval —{wr_en rd_en = data_out_tready
data_in_in_stop<——{ prog_full valid —————= data_out_tvalid
— full empty
clk —— wr_clk rd_clk
rst_rstin rst

Figure 5 wh2axis_fifo interface connections

A summary of the wormhole connections is shown in Table 5

wormhole | signal connects to

in_stop | prog_full
datain | in_dval | wr_en

in_data | din
tvalid valid
tdata dout
tlast force ‘0’

tuser force 0x00000000

data out
tready rd_en
tstrb not used
tkeep not used

Table 5 wh_in2axis_32b_out data wormholes

The clk and rst wormhole signals map as shown in this table.

wormhole signal connects to
clk cmd_clk wr_clk, rd_clk
rst_in[2] rst
rst rst_in[1..0] not used
rst_in[31..3] | not used

Table 6 wh_in2axis_32b_out clk/rst wormholes
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3.2 Creating the axis_32b_in2wh_out star

Data flowing from the AXI interface to a 4DSP standard wormhole goes through this
axis_32b_in2wh_out star. A star with the following wormholes is to be created in this section.

Name Wormbhole
data_in axis_32b_in
data_out wh_out
clk cmd_clkin
rst rst_in

Table 7 axis_32b_in2wh_out wormholes

The main features of the star will be:

- Convert 32-bit AXI data width to 64-bit 4DSP wormhole data width
- Change the AXI write protocol to the 4DSP standard wormhole write protocol
- Optional: the star supports clock boundary crossing

The implementation of this star is based on a Xilinx FIFO generated with the Core Generator.

3.2.1 Create the axis_32b_in2wh_out star in stellar IP

Repeat the steps of section 3.1.1 to create a star with pins: clk = cmd_clkin type, rst = rstin type,
data_in = axis_32b_in type, data_out = wh_out type.

The sip_axis_32b_in2wh_out star will look like:

—clk
— st

—— data_in data_ouft——

Figure 6 Axis_32b_in2wh_out star symbol

3.2.2 Create the axis_32b_in2wh_out skeleton

Repeat the steps of section 3.1.2 to create the skeleton.

3.2.3 Create the axis_32b_in2wh_out conversion logic

Similar to the conversion logic of the wh_in2axis_32b_out, a FIFO is used to implement the
conversion logic. The differences between the AXIS and 4DSP data wormhole protocols require a
dedicated FIFO with some small configuration differences with respect to the wh2axis_fifo. Repeat
the steps described in section 0 with the following changes:

- Page 3: ‘Read Mode’ = Standard FIFO, ‘Write Width’ = 32, ‘Read Width’ = 64
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Copy the axis2wh_fifo.vhd/.ngc/.xco files to “.\sip_axis_32b_in2wh_out\vhd\k7\Xilinx\” and add
the files to the .LST file:

../vhdl/k7/xilinx/ axis2wh_fifo.vhd
../vhdl/ k7/xilinx/ axis2wh_fifo.xco
../vhdl/ k7/xilinx/ axis2wh_fifo.ngc

Declare and instantiate the axis2wh_fifo in wh_axis_32b_in2wh_out.vhd. The connections to be
made are shown in Figure 7.

axis2wh_fifo
data_in_tdata > din dout ——— data_out_out_data
data_in_tvalid wr_en rd_en <—°<]7 data_out_out_stop
data_in_tready prog_full valid —————— data_out_out_dval
— full empty —
clk > Wr_clk rd_Clk
rst_rstin rst

Figure 7 axis2wh_fifo interface connections and logic

A summary of the wormhole connections is shown in Table 8

wormhole | signal connects to
tvalid and with inverse of prog_full and feed into wr_en
tdata din
tlast not used
data in tuser not used

tready connect to inverse of prog_full
tstrb force ‘0’
tkeep force 0x0
out_stop | inverse and feed into rd_en

dataout | out_dval | valid
out_data | dout

Table 8 axis_32b_in2wh_out data wormhole connections

The clk and rst wormhole signals map as shown in this table.

wormhole signal connects to
clk cmd_clkin wr_clk, rd_clk
rst_in[2] rst
rst rst_in[1..0] not used
rst_in[31..3] not used

Table 9 axis_32b_in2wh_out clk/rst wormhole connections
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4 Interface the command wormholes to axis

4DSP has defined a command distribution scheme based on a command wormhole that comprises of
64 bits vector and a valid signal. The 64 bits vector is used to send command packets. A command
packet is made from 32 bits data, 24 bits address and 4 bits command. These fields are mapped to
the 64 bits vector. Within a constellation there is always one star that will be the command master
and the other stars can be command slaves. The command master has a cmd_out wormhole that
connects directly to multiple cmd_in wormholes in parallel. The cmd_out wormhole of each star is
multiplexed to one cmd_out wormhole before it is input to the cmd_in wormhole of the command
master star. Each star is assigned a range within the 24 bits address space which allows individual
addressing of status and control registers within each star.

In order to retrieve status from the FFT core star and to send control data to the FFT core star we
need to create a conversion star between axis_32b_in/out and cmd_in/out wormholes.

4.1 Control/Status Interface of FFT core

The FFT core has one status register (address 0x0) and one control register (address 0x1). The
registers are based on the “Implementation Details” of the FFT IP Core generated with COREGen and
explained below.

Bit nr. 31 downto 23 22 downto 9 8 7 downto 5 4 downto 0

Name Reserved Scale Schedule FWD_INVn Reserved NFFT

Table 10: Register FFT core configuration register

Field Description

Scale Schedule | These are the scaling bits, setting of this field depends on input power level and transform
size. Refer to the XFFT core datasheet for more information

FWD_INVn Fordward or inverse Fourier Transform. When performing FFT of ADC samples this field
must be set to forward = ‘1’

NFFT Transform size. This field must be configured according to the number of points that the FFT
transform will be. The settings of this field are:
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Field Description
NFFTI4:0] Transform size (N)

00011 g
00100 16
00101 32
00110 54
00111 128
01000 256
01001 512
01010 1024
01011 2048
01100 4006
01101 8102
01110 16384
01111 22768
10000 65536

Table 11: FFT core configuration field description

This status register implements a single status bit:

Bit nr. 31 downto 1 0

Name Reserved OVFLO

Table 12 FFT core status field

This is the overflow indicator and is set to ‘1’ in case an overflow has occurred in a single FFT block of
size NFFT. An overflow might occur when the scaling schedule is set incorrectly or the input power is
too high.

The control register is accessed by writing a value on the control AXIS input port. Status is written to
the status AXIS output port.

4.2 Creating the cmd2axis_32b star

The cmd2axis_32b star must be created with the wormholes defined in Table 13.

Name Type
cmd_in cmd_in
cmd_out cmd_out
cmdclk_in cmdclk_in

rst rst_in
axis_32b_out axis_32b_out
axis_32b_in axis_32b_in

Table 13 cmd2axis_32b wormholes

This star implements two registers on the StellarIP register map. A write to register at offset 0 will
translate into a write on the axis_32b_out wormhole. The data from the command bus is mapped
directly on the 32 bits axis data bus. In our design example the FFT core will only receive the lower 24
bits as it does not connect the upper 8 bits.
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For the status we can choose two implementations

1) We implement a FIFO between the axis_32b_in wormhole to store status words that are
received. Each read from address offset 1 will then return a word from the FIFO. This is only
useful if the status will be read constantly and if it is important to keep track the status for
each frame.

2) We implement a counter that increments each time the overflow bit was set. We will clear
the counter on each read from register offset 1.

For this tutorial the second option will be used. We understand there is little value in this application
but it serves well as an example.

4.2.1 Create the cmd2axis_32b star in stellar IP

The star will be connected to the 4DSP CMD wormholes and requires a generic start and stop
address. By enabling this option, StellarIP defines the start and stop address automatically as such
that it will not conflict with any other star’'s CMD wormhole address ranges. To enable these
generics, the star (required ports shown below) can be created in the similar way as previous ones,
but when saving the star, one field must be edited in the “Star Properties” window:

1. Go to “Library Star Properties -> Generic” and click “Add”.
[ Library Star Properties )

Wormhole

Delete
LbraryFle D Projct..bDsPrmsin
2. Select to top one and confirm with ‘Ok’:
Wormhole Listing lé]‘
Mote that only generic wormholes are displayed in this list
Name Direction
generic_def Generic
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Then save the star.

The sip_cmd2axis_32b star will look like:

——— cmdclk_in

— rst

——— cmd_in axis_32b_out——
——— axis_32b_in cmd_out f——

Figure 8 Cmd2axis_32b star symbol

4.2.2 Create the cmd2axis_32b skeleton

Now create the star skeleton with the setting: “Generate Skeleton” (in this case the one with
registers). The .Ist/.nfo and .vhd files are generated. In addition two more VHDL files are generated:
sip_cmd2axis_xfft_stellar_cmd.vhd and sip_cmdZ2axis_xfft_stellar_regs.vhd. In this tutorial, the
sip_cmd2axis_xfft_stellar_regs.vhd file is not used. The sip_cmd2axis_xfft_stellar_cmd.vhd features
an important function, it converts the 4DSP CMD wormbhole protocol in a simple discrete register
interface with the required address, data, request and valid signals. The in- and outputs of the
command block connect to a synchronous process that implements the interface to the AXI-
Streaming interface of the FFT core. The example source code of this block is provided in Appendix A.
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5 Data formatter

The FFT core expects the input data to be 16 bits, 2s complement complex data mapped to 32 bits
data bus. In case only real data is input the imaginary part of the data should be all zeros. The
FMC104 star maps the data from each ADC on a 64 bits wh_out wormhole. The 14 bits data, is 2’s
complement, sign extended to 16 bits and then de-multiplexed to have 4 samples on 64 bits before it
is transmitted to other stars. We have two options:

1) We create a data formatter that takes a wh_in and and for each 64 bits sample it will output
two 64 bits samples. The data on the output will be as follows

1st clock cycle 2nd clock cycle
data_out[15..0] data_in[15..0] data_out[15..0] data_in[47..32]
data_out[31..16] 0x0000 data_out[31..16] 0x0000
data_out[47..32] data_in[31..16] data_out[47..32] data_in[63..48]
data_out[63..48] 0x0000 data_out[63..48] 0x0000

To cope with the data rate difference it is required to use a FIFO inside the star.
2) The other option is to create a star with an axis_32b_in and an axis_32b_out wormhole. For

each 32 bits input sample it will output two 32 bit output samples. The data on the output
will be as follows

1st clock cycle 2nd clock cycle
data_out[15..0] data_in[15..0] data_out[15..0] data_in[31..16]
data_out[31..16] 0x0000 data_out[31..16] 0x0000

Because of the nature of the AXI stream protocol this could be implemented without FIFO.

Within this tutorial we have chosen to implement the second option. The star will have the interfaces
shown in the table below.

Name Wormhole
clk cmdclk_in
rst rst_in

axis_32b_out axis_32b_out
axis_32b_in axis_32b_in

Table 14 axis_32b_real2complex star wormholes
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5.1.1 Create the axis_32b_real2complex star in stellar IP

Create the data formatter star with symbol:

—clk
—rst

——data_in data_oul—

Figure 9 axis_32b_real2complex star symbol

5.1.2 Create the sip_axis_32b_real2complex skeleton

After saving the star, create the skeleton without registers:

gip axis 32b realZcomplex
sip_axis_32b_realZcomplex

| ||
4

Edit Star Symbol

B Errar3| B an | Star Properties...

TE. MNew Star
¥-
map. Clone Star...
the entity. Delete Star
into the file. (1)
into the file. (2) Generate HDL Skeleton
into the file. (3) Generate HOL Skeleton (No registers)

N

Figure 10 Generation axis_32b_real2complex skeleton

5.1.3 Create the sip_axis_32b_real2complex conversion logic

An example without the use of a FIFO is provided in Appendix B.
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6 Generate a Constellation

This section describes the steps that one could follow to generate a new constellation from scratch. It
is also possible to clone an existing constellation; this is not part of this tutorial.

1. Open the schematic tool
2. Create new design. Please refer the following settings. Make sure that KC705 is selected and
ISE supported is checked.

T

Document Mumber | 413

Mame kc705_fmc104_xfft

Type Reference Firmware for Xilinx FFT Tutorial

Revision 1.0

Description Training Material - StellarlP and AXI4-Streaming interface connection with FFT core
MNotes

Last Change Date  Jan. 09, 2014

Author iklink

Qrganization 4nsp

CQutput Path D:\Projects\Fw E]
Final Path D:\Projects\PW\419_ke705_fmc104 xfft\419_ke705_fmcl104 xfft.dsn

Board Type KCT05 v
FPGA Mame A -
FPGA Type XCTK325T-2FFGS00 h
Memory Start Ox0000000

Memory Stop 0x0001FFF

Firmware Flow [ vivado Supported [¥]ISE Supported

3. This windows is recalled if you go to “File->Design Details”, the design settings can be re-
edited.

ANO0O1 www.4dsp.com page 33 of 50


http://www.4dsp.com/

ANO0O1 Tutorial: Axis to StellarIP Interface "!'DSP r1.0

4. Go to Stellar IP in the menu and open settings. Make sure that Xilinx ISE is enabled and ISE
binary path is correct.

' ]
E StellarlP settings S|
¥ilinx ISE
Enabled
Mew ISE binary path; - E]
Active ISE binary path: C:Wilimd\ 14, 7\ISE_DSVISEbin\nts4]
¥ilinx Wivado
["|Enabled
C:Wilimx\Wivado\2013. 3%bin
Launch Vivado GUI after generation
StellarIP
Log path: C\Users\ADSP-61\DocumentsYoqg. bt E]
Library source files: [~ Do not copy library source files (filinx uses absolute path)
Simulation: [7] Add ‘Run Simulation' to the td script
Load local library: Mo -
Verbosity Recent Files History
Global system verbosity: 3 - Normal - Max nr. of entries: 5 -
File Extensions
Associate with StellarIP: .dsn {desian) TCLib (ibrary)
[ Ok l [ Cancel ]
L

5. From the star navigator on the left, stars can be added to the design. Add stars required for
the design and connect the pins. Instead of drawing the data path, labels can be used.

tiedtoO label is a reserved label for StellarIP to connect an input to ground.

Right clicking on the star symbol shows the possible actions in the context menu. The
example of the constellation is shown in Appendix D.
6. Open the completed tutorial design.
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7. Open Star Order under Edit menu. StellarIP assigns the register addresses by the star order if
the star requires a register allocation. To maintain compatibility with the existing
‘159 kc705_fmc104’ constellation, the star ordering shown below is recommended. Using
this order allows one to easily reuse parts of the software and simulation scripts.

-
E Star Declaration Order

=)

First, dick on a star to select. Next, press "Move Up™ or "Move Down™ to move the star one position at a time or dick
and drag the star to a new position. Press OK to continue,

Mame

sip_cid

sip_mac_engine
sip_router_s5d1
sip_fifog4k

sip_fmc104
sip_i2c_master

sip_cmd 12_mux
sip_fmc_ct_gen

sip_cmd 2axis_xfft
sip_axis_32b_in2wh_out
sip_wh_in2axis_32b_out
sip_axis_32b_realZcomplex
sip_xfft_wrapper

—
)

0O 00O o oo ooooooo

LST File

ALTOVALITO
sip_mac_engine\sip_files\sip_mac_engine_k7.lst
AUTOVALTO

ALTOALTO
sip_fmc104'sip_files\sip_fmc104_k7.lst
ALTOMALITO

AUTOVALTO
sip_fmc_ct_gen'sip_files'sip_fmc_ct_gen_2gbp...
ALTOALTO

ALTOMALITO

ALTOWALTO

ALTOWALTO

ALTOWALTO

- Move Up

2 QK

Mowve Down

m

| %

8. Some stars can be used on multiple boards, for these stars it is required to point StellarIP to
the correct .Ist file. You can change the LST path and LST name of stars by double clicking on
the star. This will show a window where you can edit these properties For example:

sip_fmc104 Tool Opticns

-,

Attribute Show Value
MName fes sip_fmc104
Package No Stellar IP Component
jin} Mo 0
LST Path Mo sip_fmci04'sip_files
L5T Name Mo sip_fmci04 k7.lst
Mbr Registers Mo 131072
Delete
|
sip_mac_engine Tool Options
Attribute Show Value
Mame ‘fes sip_mac_engine
Package Mo Stellar IP Component
jin] Mo 1}
LST Path Mo sip_mac_engine'sip_files
LST Mame Mo sip_mac_engine_k7.Ist
Mbr Registers Mo 0
Delete

A

9. Save the changes
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7 Generate an ISE Project and Programming File

This section briefly describes the steps to generate the ISE project and compile the design.

1. In StellarlP, open the completed tutorial design. StellarIP automatically gathers the
information in the design file and can generate the ISE Project with all required files. Go to
StellarIP in the menu and click “Generate” (or use ctrl+g).

2. The console window reports the StellarIP process. If there’s an error, it reports possible
issues/errors. By changing the Global System Verbosity (in “StellarIP -> Settings”, or F11),
more detailed reports can be generated. Some of the errors can be found in the trouble
shooting section at the end of this document.
|§| Console | |, Warnings (1) |ﬁ Errnrs| é] a1l |

& Succezsfully created the xilinx tcl script file (.Xtcl)

& Succezsfully created the xilinx wvivado tcl script file (.xwvtekel)
& Successfully created modelsim do script file ({.do)

& Invoking Xtclsh, this could take a while, please walit...

& Xtclsh: Finished with Xilinx project £ile generation
& Finished StellarlIP generation

Ready

3. Go to the output folder under the constellation folder:
”../819_kc705_fmc104_xfft/output/kc705_fmc104_xfft/”. The ISE project folder is generated
there. Open the “kc705_fmc104_xfft.xise”. Click the top vhdl module and run “Generate
Programming File”.

View: @ Il':ﬁlmplemenmﬁon Simulation

Hierarchy
1] kcT05_frncl0d_xfft
B £ xcTk325-26Fg000
] xfft_v8_0_1ch_blk_float.vhd
Phglerty kec705_fmcl04_sfft - arch_lkc705_fmcl04_dft (ke705_fmcl04_xfftvhd)

P2 Mo Processes Running

Processes: kc705_frncl04_sdfft - arch_ke705_frncl04 sfft

= Design Summary/Reports
Design Utilities
User Constraints
2 Synthesize - XST
F2  Implement Design
' Generate Programming File
W Configure Target Device
&+ Analyze Design Using ChipScope

4. After the complete compilation, verify that there are no errors or timing violations.
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8 Software Application

To go through this section, it is required to have Visual Studio 2012 installed. If not executed yet,
follow the steps that are required to use this software, described in the 4FM Getting Started Guide.

1.

In Visual Studio 2012, open the project “..\4dsp\FMC Board Support
Package\Refs\Software\FMC10x\Fmc10xAPP.vcxproj”

Open “fmc10xids.h” All constellations that are supported by this application are defined
here. The Constellation for this tutorial was set to 419 in Section 0. To support this ID add the
following line.

#define CONSTELLATION_ID_KC705_FMC104_XFFT ©x1A3

Open “Libs/FMC10x/Impls/fmc10x.cpp” and go to the switch case that configures the 10
delay controllers. The configuration of the delay controllers should be the same as per
CONSTELLATION_ID_KC705 FMC104. Add

case CONSTELLATION_ID_KC7@5 FMC1@4 XFFT:
To the CONSTELLATION_ID_KC705_FMC104 case.

Open “Libs/FMC10x/Impls/fmc10x_clocktree.cpp” and add
case CONSTELLATION ID KC705 FMC104 XFFT:
To the CONSTELLATION_ID_KC705_FMC104 case of the switch.

Open “main.cpp” and add a CMD2AXI_XFFT_ID. Assign to this the value of the star ID. In
order to find the star ID, go to “sip_cmd2axis_xfft/sip_files” and open
“sip_cmd2axis_xfft.nfo” file.

#tdefine CMD2AXI_XFFT_ID OxE2

Within “main.cpp”, find the variable set up for given constellation IDs. FMC10xAPP supports
4DSP FMC products such that FMC103, FMC104, FMC107 and FMC108. Add the following

case.
case CONSTELLATION_ID_KC705_FMC104_XFFT :

deviceFW = "FMC104 Xilinx FFT on KC705\n";
modeFMC104 = 1;

FMCConstID = FMC104_1ID;

FMCnbrch = 4;

routerID = ROUTER_S5D1_1ID;

modeKC705 = 1;

break;

cid_getstaroffset() reads the star offset which represent the star register address. The star
offset read functions are followed by the constellation ID case statements. Add the following
function call. (define AddrSipCmd2AxiXfft as uint32_t)

if(cid_getstaroffset(CMD2AXI_XFFT_ID, &AddrSipCmd2AxiXfft, &size)!=SIP_CID_ERR_OK) {
printf("Could not obtain address for star type %d, exiting\n",
CMD2AXI_XFFT_ID);
sipif_free();
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return -7;
}

8. The FFT core processes real samples and outputs complex samples. In “main.cpp”, the
BurstSize defines the number of samples captured by the ADC interface and transmitted to
the FFT core. The pInData memory is allocated to store the data samples. This memory is
allocated in bytes. For this constellation it is necessary to allocate 4 times the BurstSize.
Change the memory allocation to:
unsigned char *pInData = (unsigned char *)_aligned_malloc(4*BurstSize, 4096);

9. The FFT core must be configured before starting a data capture. Because the XFFT control
interface is a dedicated star within the design, it recommended to create a new module for
this star. Within “..\Fmc10xAPP\Libs\”, create to following folders and files:

“NXILINX_FFT\Incs\xilinx_fft.h”
“AXILINX_FFT\Impls\xilinx_fft.cpp”

In Visual Studio->Project->FMC10xAPP Properties, add the new include directory
(“NXILINX_FFT\Incs\xilinx_fft.h”) with a relative path. The picture below shows the dialog.

f Fmicl0xAPP Property Pages @&J‘
Configuration: [Active(Dabug) v] Platform: lActive(WinBZ) '] [ Configuration Manager... ]
- Common Properties Libs\SIPIF\Ines;Libs\FMC10s\Incs;Libs\CT_GEN\Incs;Libs\SXDJ v |
a Cenfiguration Properties Additienal Zusing Directories
General Debug Infermation Format Program Database for Edit And Continue (/ZI)
Debugging Common Language RunTime Support
VC++ Directories Consume Windows Runtime Extension
4 C/C++ Suppress Startup Banner Yes (/nologo)
Gen.era.l . Warning Level Level3 (/W3)
Optimization Treat Warnings As Errors Mo (AWX-)

Preprocessor SDL checks

Code Generation
Multi-processor Compilation

Language
Precompiled Headers
OQutput Files
Erowse Information
Advanced
All Options
Command Line

> Linker

» Manifest Tool

> XML Document Generator

> Browse Information

> Build Events
> Customn Build Step
| » Code Analysis Additional Include Directories
Specifies one or more directories te add to the include path; separate with semi-celons if more than one.
1 m v | | UMpath])

As defined in the sip_cmd2axi_xfft.vhd, the address of the configuration and status are
- Configuration: AddrSipCmd2Axi+0
- Status: AddrSipCmd2Axi+1

Implement the source codes provided in Appendix C to be able to configure the Xilinx FFT
core and retrieve status.
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10. In “main.cpp”, include the header file created in previous step
#include "xilinx_fft.h"
Further down the file, before the data capture for the four channels is initiated, configure the
FFT core by adding the following source code (calling the function in the xilinx_fft module) :

[I171777777777 77777777777 7777777777777777777777777777777777777777777777777717777
// Configure Xilinx FFT Core
if (cid_getconstellationid()==CONSTELLATION ID KC705 FMC104 XFFT) {
int scaling = Ox7777;
if(xfft_configure(AddrSipCmd2AxiXfft, true, scaling,
BurstSize)!=SIP_XFFT_ERR_OK){

}else{

}

printf("Could not configure Xilinx FFT Core\n");
printf("Xilinx FFT is set to illegal amount of points:
%d\n",BurstSize);

printf("BurstSize must be set with a power of 2, range 64 to
8192\n");

sipif_free();

printf("--------m e \n");
printf("Xilinx FFT set to %d points\n",BurstSize);
printf("----mmmmmm e e \n");

11. In “main.cpp”, go to the part where data is read from the pipe, this is done within the for

loop:

// loop here as many times we have channels to grab samples from
for(int32_t i = @; i < FMCnbrch; i++) {

Double the amount of bytes have to be read from the pipe for the FFT constellation. Change:

printf("Retrieve %d samples from ADC%d\n", BurstSize,i);
if(sipif_readdata (pInData, 2*BurstSize)!=SIPIF_ERR_OK) {

printf("Could not communicate with device %d\n", devIdx);
sipif_free();

_aligned_free(pInData);

return -24;

To:
if (cid_getconstellationid()!=CONSTELLATION ID KC705 FMC104 XFFT) {
printf("Retrieve %d samples from ADC%d\n", BurstSize,i);
// Real samples only
if(sipif_readdata (pInData, 2*BurstSize)!=SIPIF_ERR_OK) {
printf("Could not communicate with device %d\n", devIdx);
sipif_free();
_aligned_free(pInData);
return -24;
}
} else {
printf("Retrieve %d point FFT from ADC%d\n", BurstSize,i);
// Complex samples from FFT core
if(sipif_readdata (pInData, 4*BurstSize)!=SIPIF_ERR_OK) {
printf("Could not communicate with device %d\n", devIdx);
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sipif_free();
_aligned_free(pInData);
return -24;

}

12. Received BurstSize number of samples contain the complex values. Use the following codes to
separate the real and imaginary values and to compute the magnitude of the complex values.
Then, write each buffer to file. (this is part of the same for loop as per previous step)

if (cid_getconstellationid()!=CONSTELLATION ID KC7@5_FMC104 XFFT) {

} else

// Map

// compute the file names

char filenamebin[1024];

char filenameascii[1024];

sprintf(filenameascii, "adc%d.txt", i);

sprintf(filenamebin, "adc%d.bin", i);

// clean the files previously saved

DeleteFile(filenamebin);

DeleteFile(filenameascii);

// write to file

Savel6BitArrayToFile(pInData, BurstSize, filenameascii, ASCII);
Savel6BitArrayToFile(pInData, BurstSize, filenamebin, BINARY);

{

short *pInData_re = new short[BurstSize];
short *pInData_im = new short[BurstSize];
short *pInData_mag = new short[BurstSize];
short *data = (short *)pInData;

the complex and real samples into the correct files and calc magnitude
int count = 0;
for(int j=0; j<(BurstSize*2); j=j+2)
{
short temp[2];
double mag, re, im;

temp[0]
temp[1]

data[j];
data[j+1];

re (double)temp[0O];

im = (double)temp[1];
mag = (re*re) + (im*im);
mag = sqrt(mag);

pInData_re[count] = temp[@];

pInData_im[count] = temp[1];

pInData_mag[count++] = (short)mag;
}

// compute the file names for complex samples
char filenameascii_re[1024];

char filenameascii_im[1024];

char filenameascii_mag[1024];

char filenamebin_re[1024];

char filenamebin_im[1024];

char filenamebin_mag[1024];
sprintf(filenameascii_re, "adc_re%d.txt", i);
sprintf(filenameascii_im, "adc_im%d.txt", i);
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13.

14.

15.

sprintf(filenameascii_mag, "adc_magkd.txt", i);
sprintf(filenamebin_re, "adc_re%d.bin", i);

sprintf(filenamebin_im, "adc_im%d.bin", i);

sprintf(filenamebin_mag, "adc_magkd.bin", i);

// clean the files previously saved

DeleteFile(filenameascii_re);

DeleteFile(filenameascii_im);

DeleteFile(filenameascii_mag);

DeleteFile(filenamebin_re);

DeleteFile(filenamebin_im);

DeleteFile(filenamebin_mag);

// Save output to files

Savel6BitArrayToFile(pInData_re, BurstSize, filenameascii_re, ASCII);
Savel6BitArrayToFile(pInData_im, BurstSize, filenameascii_im, ASCII);
Savel6BitArrayToFile(pInData_mag, BurstSize, filenameascii_mag, ASCII);
Savel6BitArrayToFile(pInData_re, BurstSize, filenamebin_re, BINARY);
Savel6BitArrayToFile(pInData_im, BurstSize, filenamebin_im, BINARY);
Savel6BitArrayToFile(pInData_mag, BurstSize, filenamebin_mag, BINARY);

Within the same for loop, after the data is read from the pipe, read the status of the XFFT
overflow flag to see whether the input power was too high or the scaling was set incorrectly.
Add the following source code (this source code calls the xfft_getstatus function inside the
xilinx_fft module):

// Retrieve overflow status of XFFT core
if (cid_getconstellationid()==CONSTELLATION_ID_KC705_FMC104_XFFT) {
uint32_t ovflow_cnt = 0;
if(xfft_getstatus(AddrSipCmd2AxiXfft,
&ovflow_cnt)!=SIP_XFFT_ERR_OK){
printf("Could not retrieve overflow status from Xilinx FFT
Core\n ");
sipif_free();
}else{
printf("FFT Scaling overflow count of ADC%d:%d \n\n", i,
ovflow_cnt);

Text files for real, imaginary and magnitude values can be found in the software folder. You
can further implement the software to generate the FFT plot or use other application.
Compile the project. The executable is generated in “..\4dsp\FMC Board Support
Package\Refs\Software\FMC10x\Debug”. Follow the steps described in the 4FM Getting
Started Guide to test the application.
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9 StellarIP Troubleshooting

A list of possible errors which may occur due to errors in the design is provided in the table below.

Sometimes more information can be gathered from the log window. The verbosity of the log can be

changed in “StellarlP -> Settings” (shortkey F11). The list also provides suggestions for solutions.

Error message

Solution

Unable to open the following sip_core info file:

D:\..\..\..\sip_mac_engine\sip_files\sip_mac_engine

_k7.nfo

The path or name of the .LST file is incorrect.

sip_mac_engine Tool Options

Attribute Show  Value

Name Yes sip_mac_engine
Package No Stellar IP Component
jul No 1]

LSTPath Mo sip_mac_engine\sip_files
LST Name Mo sip_mac_engine_k7.lst
Nbr Registers Mo 1]

SDF Error -18: No such port name

One of the stars has a Pin with an incorrect
configuration:

A Pin with Electrical interface set to Qutput is
not allowed to have ‘in’ in its Pin name, for
example: data_out_clk being an input is not
allowed

This also applies for the Input with ‘out’ in its
name. Also check if the Electrical interface in
Pin Tool Options is set correctly
(input/output)

.
Pin Tool Options

Name data_}&gdk_in [CInumber 1

Wormhale  cmddk_in

CUp ) Down (O)Left @ Right Length: 30

Shape MNormal | Electrical [Input o ]
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Error message

Solution

The star 'xxxxx.0' has unconnected ports, please
check your .sdf file

The unconnected wormhole might be named
XXxxxxx'

Check in the constellation schematic if all
signals are properly connected.

This wormhole input is connected to a star
with a wormhole output, check if Electrical
interface of the Pin of this star is correctly set
to Output

-
Pin Tool Options
Mame data_out [T number 1
Wormhole wh_out
CUp () Down @ Left ()Right Length: 30
Shape [Normal - ] Electrical [Dutput - ]

HDLCompiler:806 - "D:/../../....vhd" Line XX: Syntax

"n

error near .

There is a syntax error in the VHDL

programming file

Input Error: Missing value for required design
parameter ‘Target FPGA'

Make sure that the correct target FPGA is
selected in the Design Details dialog. When
migrating an old .sdf to the new .dsn format
some FPGA related details can get corrupted:

1 uppun o VIVEUU SUDDUILEU (%] 1L SUppOn eu

Target

Board Type KC705 -
FPGA Name

FPGA Type XC7K325T-2FFGS00

Memory Start 0x0000000

Memory Stop 0x0001FFF

Re-select the board type and FPGA
Name/Type accordingly:

Target
Board Type -
FPGA Name A -
FPGA Type XCAI2ET-2FFGR00 -
: Memary Start 0x0000000
f Memory Stop 0x0001FFF
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A. Sip_cmd2axis_xfft example source code

i emdZaxis xfft stellar cmd:

-emdZaxis xfft stellar comd

generic -map

{

-ostart_addr - oo =rprivate_start_addr_gen,
ostop_addr - - =rprivate_stop_saddr_gen
-l
poOrt map
{
CEBSET - vttt =rrst_rstin,
——command -if
elk emd - - =rcmdelk in ecmdelk,
out_emd - =rcmd cut_cmdout,
out_emd_wval oo =rcmd ocut_cmdout_wval,
-in_r_"lm:l ........................ =}r_"|m:1_:i.n_|:|rxiin,
imemd wal--o- - e =r»cmd in emdin wval,

elk reg-oc - =»axi_clk_cmdclk,
U _EEeg- - =»put_regq,
out_reg wval-o - =»gut_reg_wval,
out_reg sdde - - - - =»out_reg_sddr,
-:i.n_reg ........................ =>in_reg,
im_reg wal- - - =»in_reg_wal,
‘in_reg reg- - - =»in_reg_req,
‘in_reg addr- - - - - o =»in_reg_addr,
mbx_out_reg- - - - =ropen,
mbx_ocut_wal------ - =ropen,

mbx din reg- - =»{others=>"'0"},
mhax :i.n_val .................... ="0"

axis_3Zb in tkeep-------- <=-(others =>-"0"); -
axis_3Zb in tready------- ==-"1"';

axig_3Zb in tstrb-------- <=-'07;

axis 3Zb _cout tlast--- - - - <=-'07;

axis_32b out tuser------- <=- (others -=>-"0"); - -

axis_ 3Zb out tdata------- <=-azxis_3Zb_ out_tdata_reg;
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process{rst_rstin, -axi_clk cmdclk)

--variakle -overflow_count_wal -: - {21 -downto -0) 7

- -begin

-if-{rst_rstin-=-"1") -then
-------- axis_32b_cut_tdata_reg-<=-{cthers -=»-'0");
-------- axis_ 3Zb out twvalid----<=-"0";
........ in_reg_val- S =T,
........ 1n_rEg<=1E}t’.herEl=>'Cl'J.‘
-------- overflow count wal - ----:=-{others-=>-'0");

--elsif-(rising edgefaxi_clk emdelk)) -then
------ if-{out_reg_wal-=-'1'} -and - (conv_integer(out_reg_addr) -=-0) -then
-------- axis_ 32k _cut_tdata_reg-<=-out_reg;

-------- axis_3Zb cut_tvalid - --«<=-"1";

------ elzif - {axis_32b_out _tready =-'l"] -then
-------- axis_32b_cut_tvalid----«<=-'0";

------ end -if;

------ if-{in_reg_reg-=-'1") -then

-------- in_reg val-«=-'1";

-------- if - {conv_integer(in_reg addr) -=-0) -then
---------- in reg-<=-axis_3Zb out tdata reg;
-------- elsif - {conv_integeriin reg_addr) -=-1) -then
---------- in_reg «<=-overflow_count_val;

+==-Overflow -counter
------ if - (exis_3Zb_in tvaelid -=-"1") -and - (axis_3Zb_in tdata(0) -=-'1") -then
-------- if - {overflow count_val -« -x"FFFFFFFEF") -then
---------- overflow_count wval -:=-gverflow count wal -+-'1l';

end -process;
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B. Sip_axis_32b_real2complex example source
code

data map proc : process{rat_ratin,clk clkin)
begin
if {rst_rstin = "1'}) then
data_reg <={othera=>"'0") ;
dout_sel <= '0';
dout_wal == '0';
elaif ({(clk_clkin'ewvent znd clk clkin = "1'"}) then

——we should sample the data as scon as we gk to the input we received it correctly

—— we should make sure never to ggk the data unless we are sure we do not need it gpnymore
if{din trdy= 'l' &nd data_in twvalid="1"} then
data_reg <= data_in tdata:;

end if;

——a3 goon a3 we gample walid data we Lglll the cutput the data iz walid
—-—a3 soon as we sent out ocur last data we tell its not wvalid gonymore
vy

if{din trdy= 'l' and data_in tvalid="1"} then
dout_wal <= "1";

elsif {dout_wval= znd data_out_tready="1" and dout_sel="1" } then

dout_wal <= "0

end if;

——each walid output word is tgggeling the cutput g
if (dout_wval= 'l' and data_out_tready="1l") then
dout_sel <= not dout_sel;

end if;

end if;
end proceas;

din_trdy proc : procesas{dout wal dout_ szel, data_out_tready)
begin
——if we have no data walid on the cutput pending we can ggk data
——or if we are about to ggk our last word on the cutput
if {{dout_wal="0")or (dout wal='l"' and dout sel='l'znd data cut_tready ='1"})}) then
din trdy <= "1";
aelae
din_trdy <= "'0";
end if;

end process;
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data_out_tlast <= "0';

data out tuser <= (octhers => '0");
data out_twvalid <= dout_wval;
data_in_tkeep <= {(othera => "0"});
datz in tready <= din trdy:
data_in_tstrb <= "0';

—-cutput M
data out_tdats <= x"0000" & dats reg(lS downto 0) when dout_sel = '0' elae x"0000" & datz_reg(:l deownte 15);
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C. Software module: xilinx_fft

Xilinx_fft.h

[171717177177777717777777777777777777777777777777777777777777777771777777777717
///@file xilinx_fft.h
[117177777777777777777777777777777777777777777777777777777777717777777777777777
#ifndef _SIPXFFT_H_

#define _SIPXFFT_H_

#include <stdint.h>

/* error codes */

#define SIP_XFFT_ERR_OK 0
/*!< No error encountered during execution. */
#define SIP_XFFT_ERR_LOW_LEVEL_IO -1
/*1< Unable to communicate with the hardware/firmware over Ethernet. */
#define SIP_XFFT_ILLEGAL_CONFIGURATION -2

/*1< Illegal configuration. The BurstSize is not supported by the XFFT core. */

// C++ "helper"
#ifdef _ cplusplus
extern "C" {
#tendif

int32_t xfft_configure(unsigned int bar, bool forwardFFT, int scaling, int BurstSize);
int32_t xfft_getstatus(unsigned int bar, uint32_t *nbrscalingovf);
// C++ "helper"

#ifdef _ cplusplus

}
#endif

#tendif
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Xilinx_fft.cpp

#include <stdlib.h>
#include <stdio.h>
#include "xilinx_fft.h"
#include "sipif.h"

int32_t xfft_configure(unsigned int bar, bool forwardFFT, int scaling, int BurstSize)
{
uintl6_t NFFT = 0;
switch(BurstSize) {

case 64 :
NFFT = 0x06;
break;

case 128 :
NFFT = 0x07;
break;

case 256 :
NFFT = 0x08;
break;

case 512 :
NFFT = 0x09;
break;

case 1024 :
NFFT = Ox0A;
break;

case 2048 :
NFFT = Ox0B;
break;

case 4096 :
NFFT = oxeC;
break;

case 8192 :
NFFT = OxeD;
break;

default :
return SIP_XFFT_ILLEGAL_CONFIGURATION;

}

// Default the scaling is set to max (0x7776) to avoid overflows
// Bit 0x100 is the Forward FFT Enable setting

uint32_t xfft_value =(scaling<<9) + (forwardFFT<<8) + NFFT;
sipif_writesipreg(bar+0x00, xfft_value);

return SIP_XFFT_ERR_OK;
}

int32_t xfft_getstatus(unsigned int bar, uint32_t *nbrscalingovf)
{
if(sipif_readsipreg(bar+0xl, nbrscalingovf)!=SIPIF_ERR_OK) {
return SIP_XFFT_ERR_LOW_LEVEL_IO;
}else{

}

return SIP_XFFT_ERR_OK;
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D.

Example constellation

ip_cid ip_cmd12_mux
cmd_cllg_ cmdclk_in cmd_l:.u‘—é:id—cmd—Out cmd_cllg_ cmdclk_in
master_cmd_ouf,____| emd in cid_ cmd_ouf,___| omdo. in
st - i2c_cmd_out,___| cmdl_in
s5d1_cmd_ouf | cmd27in
fmc104_cmd_out___| cmd;in
ip_i2c_master xfft_cmd_out___| cmd4_in
el clk cmd_DuA_‘;Zc_cmd_out —{cmd5_in
st rst cmd6_in
Cmdfdk’ﬁ cmdclk_in cmd7_in
master_cmd_ouf,__| emd_in cmds._in
cmd9_in
ip _fmc104 tiedto cmd10_in
clk, ok emd oul Jmc104_cmd_out ’ emd1l_in
st rst adco —°adC0d
d C|K_ de1d ip_router s5d1
cma_clk___| cmdclk_in adcl—°a cmd C|K_ delk i "
master_cmd_ou : pdc2d - cmdclk_in cmd_out
- —out cmd_in ade2 master_cmd_ouf, md in
adc3_;>1d03d | cmd_|
el clk
rst, | st
ip_fmc_ct_gen adCOd"—inO
Cmd—dk’ﬁ cmdclk_in cmd_ouf——— adC]'d"— inl
master_cmd_ouf, emd in adc2d, in2
rst, st adc3d, in3
out_datg, ina
ip_fifo64k
cmd_cllg cmdelk_in cmd_out ip_wh_in2axis_32b_out
master_cmd_ouf, emd in ouol fifo_d_out cmd_clk, elk
el clk st rst
st rst fifo_d_ouf, data_in
s5d1_d_out, ino

emd out Jnac_cmdi

s5d1l_cmd_out
ouo) S5d1_d_out

da[a_ou,_Je al_din

ID_mac_enaine

mac_cmdj emd in
mac_di -
i in_data

cmdclk_cuu‘—"cmd—Clk
emd out master_cmd_out
clkout—"dk
| Jst
out_data

rst_out]

out_datg

iD_axi

32b_in2wh_out

cmd_clk ok
rst,_ | st
xfft_dout, | data_in

data_ou | Jnac_din

ip_cmd2axis xfft

cmd_clk___| ok
rsp_ rst
master_cmd_ouf,___| emd_in axis. 3 Zb_w_;dft_c'rrl
xfft_status, | axis 32b_in cmd_ow_gfft_(:md_out
omd_cl,_—_fo=t dw;:f:l; | xfft_dout
st | st Stams_gdft_status
real_douf,__| data in
xfft_ctrl,_ contr_ol

data ou real_dout
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