High-Level FPGA Design

Lab 9: Data Logger Block Design

In this lab you will:
* prepare Vivado Block Design with logger IP for Red Pitaya
* send instructions to IP with monitor

e use custom SW on RedPitaya Linux to read sampled data
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Sources for Vivado Project

» Start new Vivado project, define project name (logger) and location

* Click Next, Select RTL project and Next

* Vivado will create a new folder, now switch to Windows Explorer and copy sources
and constraints

* Project folder structure




9-1 New Vivado Project

Mew Project

Project Name

Enter a name for your project and specify a directory where the project data files will be

stored.

Project name:

logger]

Project location:  C:kprojivivado

[+| Create project subdirectory

Project will be created at: Cikprojivivadollogger

Back

Cancel

e Add Constraints

Mew Project

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.

+

F

Constraint File  Location

constrxdc Chkprojwivado\src

Add Files Create File
[ Copy constraints files into project
P

Cancel



9-1 New Vivado Project

e Select Board: Red Pitaya

MNew Project *

Default Part
Choose a default AMD part or board for your project.

Parts | Boards

Reset All Filters

Vendor:  All ~ Mame:  All ~ Board Rev:  Latest A
Q o, Y,
Search:  C- pitaya| ~ | (1 match)
Display Name Preview Status  Vendor File Version Part /O Pin Count BoardRev Available IOBs
Red Pitaya STEMLab-14
Installed redpitaya.com 1.1 Xci: 400 1.1 100
L4 ?

Catalog was last updated on 09/15/2025 2:02.44 PM



9-1 New Vivado Project

* Project Settings, IP, Repository, + Add Repository, Browse forip_repo

Flow Navigator

; ¥ PROJECT MANAGER

Settings
ﬂ g IP = Repository
Add Sources Project Settings Add directories to the list of repositories. You may then add additional IP to a
Ceneral selected repository. Ifan IP is disabled then a tool-tip will alert you to the reason.
Language Templates
Simulation
| % IPCatalog Elaboration IP Repositories
Synthesis +
{ ¥ IPINTEGRATOR Implementation
. cikcprojvivadopriflogaerip_repo (Project
Create Block Design Bitstream proj prifloggeriip_repo (Project)
= |P
Open Block Design i
P n Repository Add Repository x
Generate Block Desig Packager
Tool Settings ' o 1 repository was added to the project
»  SIMULATION )
Project
Run Simulation IP Defaults - )
epository
» Vivado Stare
| ¥ RTL ANALYSIS Source File = =
» Run Linter Display ~ cilkeprojivivadopriloggerfip_repo
» Open Elaborated Desi Help > IPs (1)
: » Text Editor
3rd Party Simulatars
| ¥ SYMTHESIS
| » Colors

P Run Synthesis P TR T S I



9-2 New Block Design

* Create Block Design
* Add ZYNQ7 Processing System, confirm Run Block Automation

processing_system7 0

DDR + ||j====["» DDR
FIXED_IO + |||====ef —» FIXED_lO

= M_AXl_GPO_ACLK ZYNQ‘ M :SCLKGEDLK;—-

FCLK_RESETO_M r

ZYMNQAT Processing System



9-2 New Block Design: BRAM Controller

 Add AXI BRAM Controller, double click and and set Number of BRAM
interfaces =1

E Re-customize IP

AX] BRAM Contreller (4.1)

ﬂ Documentation IP Location
Show disabled ports Component Mame | axi_bram_ctrl_0
Eat
AX] Protocol AXl4 “
Data Width 32 “
Memary Depth (Auta) 8192
1D Width (Auto) ]
Support AXI Marrow Bursts | Yes
Read Latency 1 [1-128]
|4 5_A Read Command Optimization No w
5_axi_aclk BRAM_PORTA + |||
S_axi_aresetn BRAM Options
BRAM Instance (Auto) External

Mumber of BRAM interfaces | 1 “



9-2 New Block Design: BRAM Controller

e Run Connection Automation

axi_smc

-

ack
aressin

i 500 a1 H—N0
HE o P

E W MOD_AX o
=N

[

axi_bram_ctrl 0

e

8 _8M_

i+ 5.0

adk BRAM PORTA 4 || | 4= BRAM_PORTA

L

8 _8M_

AX| BRAM Controller

axi_bram_ctrl_0 bram

rata_busy

Block Memory Generator

processing_system7? 0

rst ps7 0 _SOM

AXl SmanConnect

sowest_sync_clik mb_reset
bus_struct resef0:0]

pernipheral_resetili]
mb_debug_sys_rst imierconmect aresein|(:0]
dem |l ocked

| pernpheral_aresetn]0i0]

ext_reset_in

sux_reset_in

Processor System Reseat

oor +|| {— DOR
- FIxeD_10 4|} [ FIXED 10
M_AX|_GPO_ACLIK ZYNO M_AXI GPO 4

FOLK_CLKO |——m
FCLK_RESETO_N e

A4

ZYNQT Processing System




9-2 New Block Design: Clock Buffer

* Add Utility Buffer, right click on input , Make External
* Rename port to clk_in

design_1

util ds buf 0
b External Interfaces
» = clk_in
- clk_in [p==||l4 CLK_IN_.D  IBUF_OUT[0:0
» = DDR - "[+ - - [ ]}-
» <= FIXED 10 b P
Utility Buffer
External Interface Properties ? 00 X
= clk_in - L
Mame: clk_in
Mode: SLAVE
Connection: CLE_IM_D_0_1 axi bram ctrl 0
i A




9-2 New Block Design: Connect Clock

* Disconnect FCLK_CLKO on Zyng Component

\ Bl [ . . . o e
Block Pin Properies... -

processing_systemND % Highlight b
- FIXEDND || -
M_aX | GPO_ACLK ZYNQ M_AXI_GPO Mef:

B copy

FCLK_RESETOD_M

ZYNQT Processing System Q Search..
W Select Al
+ AddIP..
Add Module...
Pinning 3

¥ validate Design

Start Connection Mode
Make Connection...

Disconnect Pin



9-2 New Block Design: Connect Clock

* Connect Buffer output clock to M_AXI _GPO_ACLK

util_ds_buf 0
clic_in [ | |4 CLK_IN_D IBIJF_DUT[{Iﬂ]}—
Liility Buffer
axi_smec
) L
i 4 S00_AXI lgl
ack EEol MO0 AX] 4 i
aresetn ] 5 u
. L
AX] SmartConnect
axi_bram_ctrl 0
i P
axi_ bram_ctrl 0 _bram
|4 5_ax| st_ps7_0_50M
s_axi_adk BRAM_PORTA + ||}— |||+ BRAM_PORTA rsta_busy }- . . o et
i showast sync_ ™
5_axi_aresain ' .
Block Memaory Generator ext_reset_in bus_strud_resef0:0]
) AX] BRAM Controller aux_reset_in peripheral_resetf0:0]
& mb_dabug_sys_rst inferconnect aressetn]0:0]

processing_system?_0

dom_locked peanpharal_aresstnj00]

Processor System Reset

[ DDR

DOR +|||

[ FIXED_IO

FIXED_IO +|||

M_AX_GPD o i e
FCLK_CLKOD
FCLK_RESETO_N

M_AX|_GPO_ACLK ZY NG‘

ZYNQT Processing System

11



9-2 New Block Design: Logger IP

 Add Logger

e Run Connection Automation

 clk should not be connected to FCLK_CLKO
e disconnect and connect to Buffer clock

util_ds_buf 0

clk_in [Oy]l|+ cLkn_o  BUF_OUTRD

Uity Buffer

axi_bram_ctrl 0

S 5
s _axi_aclk BRAM_PORTA 4

rst_ps? 0 50M
shwest sync dik mi_mesel
axl_rasel in s _shuct_reseq (]
aux_resel_in peripheral_resstjld]
mi_debug_sys ral imerconnect_aresein(l:0]
dem_locked perighera_aresein|0:0]

Processar System Resat

‘—Ta_am_meln

AX| BRAM Contraoller
kogaer_0

procassing_systemT_0

=00 ax_ack

1900_5»_3%1-1

x,- + s00_Ax
clik
ch_a[13:0] BRAM_PORT +
eh_b{13:0] status{7:0|

axi_bram_ctel 0_bram

|||+ BRAM_PORTA rsta_busy }

| ][ + BFRAM_POFRTE rsl_busy
-

Block Mamory Genarator

mgger_v1.2 (Pre-Production)

oor + || { DDR
- FIKED 10 + |: { » FIXED_IO
M_AXI_GPO_ACLE ZYN G M_;:;Gm [ e
FDLK_REEETD_N F
12

ZYNGT Processing Systam



9-2 New Block Design: Logger IP

* Make External ports
* ch_ainput, rename to adcO
 status output, rename to led

e Add and connect Counter

processing_system7_0

ooR 4 ||| {» DDR
- FrED 10 + ||| {» FIXED_IO
M_AXI_GPO_ACLK ZYNG M_:;-If:ﬂ m;l- H

FCLK_RESETO_M

2 N7 Processing System

rst_psT_0_50M

util_ds_buf O
clk_in D—|{+ CLK_M_D BUF_OUT] slowest_syne i
end_resal_in
Utility Bufier aux_resal_in

mi_memet
bBus_sinct resafld]
parpheml_resa {00

mb_dshug_sys mt intarncorn act_aresan[0:0]

il so0 o Eo7
adk, E—0n

MO _A3] = | e—
nlg M- '

] .
A YT v U 1 [ —

i 5 Al
= axi_ack
=_ax_amsein

axi_bram_cid_0

BRAM_PORTA 4

daits_beknd pariheml_srasen|:q] \ ¥ SmariCanned AXTBRAM Controller
.l
Processor System Resst \ logger_0
ade0[13:0] - =00
c_counter_binary_0 [ dk
ch_a 13:0] BRAM_PORT o
=00 adk
Counier

_axi_
{:D’.'I_axi_nsm

A
ogger_vl 2 (Pre-Production)

> ledlf 0]

13



Lab 9-2 New Block Design: Binary Counter

e Binary Counter, set width: 14 and restrict count to 64 (HEX)

Eal Re-customize IP X

Binary Counter (12.0)

0 Documentation IP Location

IP Symbol  Information Component Name c_counter_binary_0

Show disabled ports
Basic Control

Implement using Fabric L

Output Width 14

Increment Value (Hex) 1 Range: 1..3FFF
Loadable

«'| Restrict Count

Final CountValue (Hex) |64 Range: 1..3FFE
CLK Q[13:0]
Count Made UP w

Sync Threshold Cutput

Threshold Value (Hex) |1



9-3 Block Design Wrapper and |IP Addresses

e Save Block Design, Validate & Create HDL Wrapper

BLOCK DESIGN - design_1*

Sources »  Design Signals Board T 0O G
Q = 2 + &
g Design Sources (1)

> design_1 (design_1.bd) (3)

> Constraints (1) Source Mode Properties...

W Simulation Sou g Open File
» sim_1 (1)

> Ilility Sources

Cipen With

Create HDL Wrapper...

Wiew Instantiation Template

Generate Cutput Products...

Address Editor

Diagram # | Address Editor w Address Map w | constr.xdc o
Q = = 1 | Assigned (2) %) Unassigned (0) |+ Excluded (0)
Mame 1 nterface Slave Segment Master Base Address

v 8 Metwork 0 (/processing_system7_0/Data)
fprocessing_system7_0
b % jaxi_bram_ctrl_ 045 _AX] S_AX Memo
1% Nlogger_0/300_AX S00_AX] S00_AX]_reg

W /processing_systemny_0/Data (32 address bits - Oxd0000000 [1G 1)
040000000
0x43C0_0000

* Check IP Components address range in Address Editor

15



9-3 Run Synthesis and Implementation

* Click on Generate Bitstream to start running

* |P and Block Design Synthesis
* Implementation
* Bitstream Generation

* Check Design Runs tab

Constraints
constrs_1

constrs_1

TclConsole | Messages | Log | Reports | Design Runs X
Q| x| < + %
Name
~ «f synth_1 (active
< impl_1
v Out-of-Context Module Runs
~ of design_1
»/ design_1_logger_0_0_synth_1

L4 44 88

design_1_axi_bram_ctrl_0_bram_0_synth_1
design_1_util_ds_buf_0_0_synth_1
design_1_processing_system7_0_0_synth_1
design_1_axi_bram_ctrl_0_0_synth_1
design_1_rst_ps7_0_50M_0_synth_1

design_1_c_counter_binary_0_0_synth_1

design_1_logger_0_0
design_1_axi_bram_ctrl_0_bram_0
design_"1_util_ds_buf_0_0
design_1_processing_system7_0_0
design_1_axi_bram_ctrl_0_0
design_1_rst_ps7_0_50M_0

design_1_c_counter_binary_0_0

Status
synth_design Complete!

write_bitstream Complete!

Submodule Runs Complete
synth_design Complete!
synth_design Complete!
synth_design Complete!
synth_design Complete!
synth_design Complete!
synth_design Complete!

synth_design Complete!

WNS

0.923

TMNS

0.000

WHS

0.024

THS

0.000

WBSS

TPWS

0.000

Total Power

1.579

Failed Routes

0

Methodalogy

23 Warn

RQA Score

LuT
0
4282

118
10

24
188
19

QoR Suggestions

FF
0
4528

99
12

197
40
14

16




9-3 Format Bitstream

* Tcl Console
* change to your project folder
* run format.tcl

Tcl Console » Messages Log Reports Design Runs

Q = = I @B E o
E cd c:i:/kcproj/vivadopr]/logger

{

gource ./format.tcl

* Check output file in the Vivado Project folder
design.bit.bin



9-4 Upload to RedPitaya

* Open Bitvise SSH Client
* Upload to Red Pitaya Address Editor

¢ de5|gnb|tb|n = 1 ¥ Assigned (2) +| Unassigned (0) | Excluded
° data|0g.c (provided source flle) 1 Interface Slave Segment Master Base Addres
twark 0 (/processing_system7_0/Data
* Open terminal and program FPGA fprocessing_system?_0
. . . . Iprocessing_systemy 0/Data (32 address bits : Oxd0000000 1G]
'FpgaUtll - b deS]'gn * blt * bln ¥ faxi_bram_ctrl_0/S_AX S_AX] Mem0 0x4000_0000
mon itOI"‘ @X43C@@@@@ ¥ flogger_0/S00_AX S00_AX] S00_AXl reg 0x43C0_0000

| root@192.168.1.13:22 - Bitvise xterm - root@rp-fl652d: ~

root@rp-fe652d:~# fpgautil -b design.bit.bin

Bx00084ed5

root@rp-f0652d: ~#




/AXI Data Logger IP
d a t a ‘ O g C #define CONTROL_BASE ADDR  @x43C00000

° #defi DATA BASE ADDR 0x40000000
S ’ S AXI BRAM Controller

// Open physical memory

fd = open("/dev/mem", O_RDWR | O_SYNC);

if (fd < 9) {
perror(“open");
return -1;

}

// Map control registers

ctrl_regs = (volatile uint32_t *)mmap(
NULL,
MAP_SIZE,
PROT_READ | PROT_WRITE,
MAP_SHARED,
fd,
CONTROL_BASE_ADDR

)

if (ctrl_regs == MAP_FAILED) {
perror("mmap ctrl regs");
close(fd);
return -1;

}

// Map data memory
data_mem = (volatile uint32_t *)mmap(
NULL,
MAP_SIZE,
PROT_READ,
MAP_SHARED,
fd,
DATA_BASE_ADDR
)

if (data_mem == MAP_FAILED) {
perror("mmap data mem");
munmap((void *)ctrl_regs, MAP_SIZE);
close(fd);
return -1;

printf("Starting acquisition...\n");

// Write 1 to 0x43c00000 to reset logger
ctrl regs[@] = 1;

// Wait 10 ms
usleep(10000);

// Write command value to ©x43c00000
ctrl_regs[0] = command;

// Write @ to 0x43c00004 to start logging
ctrl_regs[1] = ©;

// Wait 10 ms
usleep(10000);

93 i < num_samples; i++) {

for (uint32_ t i =
= data_mem[i];

uint32_t raw

// Split into signed 16-bit values
intl6_t sampleA = (intl6_t)(raw & OxFFFF);
intl6_t sampleB = (intl6_t)((raw >> 16) & OxFFFF);

// Accumulate sums
sumA += sampleA;
sumB += sampleB;

// Save to CSV
fprintf(fp, "%u,%d,%d\n", i, sampleA, sampleB);

// Print first 10 samples
if (i < 10) {
printf("%u\t%d\t%d\n", i, sampleA, sampleB);
}
}

19



9-5 Compile and Run Data Logger

root@rp-fe652d:~# ./ /datalog

¢ Compile datalOg.C Command value : @

Read samples : 256

gcc -0 datalog datalog.c T, AP o

® Run First '1£Ei_-5.ampl-:ra-_=.:_
dx SampleA SampleB
% 324 99
'/datalog : 368 100

320 a

* Check data.csv

Average SampleA: 350.00
Average SampleB: 45.41

Data saved to data.csv

 SampleA = analog input, SampleB = test counter



High-Level FPGA Design

Lab 10: Data Logger with Gain IP

In this lab you will:
e Use Vitis HLS to synthesize Gain IP with AXI-Lite interface
* Include Gain IP in Data Logger Vivado project

e use custom SW on RedPitaya for hardware verification

2| FE CC CHIP S
UNIVERSITY | Faculty of S o EnTER

OF LJUBL]JANA | Electrical Engineering




10-1 Clone Vitis Component

* Open Vitis Workspace

* Select gain_ip in VITIS EXPLORER
* right click and Clone Component

* Edit gain.cpp and add offset input

* Update header file
 DAT T and RES T are fixed-point <14,1>
* GAIN T is fixed-point <16, 6>

void gain(DAT T x, DAT T ofs, GAIN T k, RES T& y) {
y = (x * k) + ofs;
}



10-2 Check with C Simulation

* Add ofs to testbench

int main() {
GAIN. T k = 10;
DAT T ofs = 0.02;

std::cout << "k = " << k << ", ofs = " << ofs << std::endl;

* Verify with simulation
k = 10, ofs = 0.0198975
X = -0.100098, y = -0.981079, y ref = -0.981079
X = -0.0800781, y = -0.780884, y ref = -0.780884
X = -0.0600586, y = -0.580688, y ref = -0.580688
X = -0.0400391, y = -0.380493, y ref = -0.380493
X = -0.0200195, y = -0.180298, y ref = -0.180298
X = -0.00012207, y = 0.0186768, y ref = 0.0186768
X = 0.0198975, y = 0.218872, y ref = 0.218872
X = 0.039917, y = 0.419067, y ref = 0.419067
X = 0.0599365, y = 0.619263, y ref = 0.619263
X = 0.0799561, y = 0.819458, y ref = 0.819458
X = 0.0999756, y = 0.999878, y ref = 1.01965



10-3 Add Directives

e Add to gain() PIPELINE Directive
* Add to k and ofs INTERFACE directive -

ol . Source File Config File
* select s_axilite, set bundle: setting ®
mode [optional) s_axilite e
void gain(DAT T x, DAT T ofs, GAIN T k, RES T& y) { HE S ‘
#pragma HLS INTERFACE ap_none port=x T B T setting
#pragma HLS INTERFACE ap_none port=y clock (optianal)

name (optional)

#pragma HLS INTERFACE s _axilite port=ofs bundle=setting
#pragma HLS INTERFACE s _axilite port=k bundle=setting

offset ([optional)
register (optional)

storage_impl (optional) e

#pragma HLS INTERFACE ap_ctrl none port=return
#pragma HLS PIPELINE II=1

y = (x * k) + ofs;

} . Cancel . m

24




10-3 Synthesize GAIN with AXI Interface

* Run C Synthesis
* set clk: 8ns

* Check Synthesis Report

~ Performance & Resource Estimates

o b — -
- — .

MODULES & ,

g 5os LATEMCY[CYCLES)

@ =ain

«HW Interfaces

~ 5_AXILITE Interfaces

INTERFACE DATAWIDTH

[l

s_axi_setting 3

~ 5_AXILITE Registers

INTERFACE REGISTER
5_axi_setting ofs
5_axi_setting ke

~ Other Ports

FORT MODE
X ap_nane
¥ ap_nane

INTERVAL

ADDRESS
WIDTH

5

OFFSET

[
=,
()

[
=,
o

DIRECTION

out

FIPELINED

WIDTH

EITWIDTH
14

14

STRUCTURE

function

REGISTER

ERAM D5P FF LuUT

]

[
=)
on
I

DESCRIFTION
Data signal of ofs

Data signal of k

URAM

(]

4D



10-4 Run C/RTL Co-Simulation

e Observe AXI-Lite transactions

W ap_clk

@ ap_rst_n

W x13:0]

B v[13:00

W (5_axi_setting_AWWALID

e 5_axi_setting_ AWREADY
W s_axi_sefting_AWADDR[4:0]
m 5_axi_setting_WWaALID

wl 5_axi_setting_WREADY
W s_axi_setting_WDATA[31:0]
W s_axi_setting_WSTREB[3:0]
i 5_axi_setting_ARVALID

i 5_axi_sefting_ARREADY
W s_ani_sefting_ARADDR[4:0]
e 5_axi_sefting_RVALID

m S5_axi_setting_RREADY

B s_axi_setting_RDATA[31:0]
B s_axi_setting_ RRESP[1:0]
wl 5_axi_setting_BVALID

m 5_axi_setting_BREADY

B9 s_axi_setting_BRESP[1:0]

0.000 n=s

L0.000 ns

lo0.000 ns

150,000 ns

200,000 ns=s

z

LO.000 n=s

300,000

LA AT

AENENnunNnEni

oooozzo0

f




10-5 Export [P

* Run Package IP
* Check Output, find: impl/ip/drivers/gain_v1 0/src/xgain_hw.h

VITIS EXPLORER L Welcome * G+ gaincpp ~ h xgain hwh

« KCPRO) - VITIS COMPONENTS gain_ip » gain_ip » hls » impl > ip > drivers > gain_v1_0 » src > h xgain_hw.h

1 ff ==============c——————— e e e
» Settings 2 // Vitis HLS - High-Level Synthesis from C, C++ and OpenCL v2825.1 (&64-bit)
5 Includes 3 /f Tool Version Limit: 2825.0%
4 /{ Copyright 1986-2822 Xilinx, Inc. ALl Rights Reserwved.
> Sources 5 /{ Copyright 2822-2825 Advanced Micro Dev[Li&Bﬂ'—E Synthesize GAIN wit...] Reserved.
» Test Bench 6 ’
7 [/ ==============================================================
~ Output ] // setting
~ [ impl 9 J/ BxBd @ reserved
v @ ip 18 /[ BxB4 @ reserved
11 /f BxB8 : reserved
> BB constraints 12 // 8xBc : reserved
> M doc 13 ff 8x18 : Data signal of ofs
v & drivers ”_-il £/ bit 13~8 - ofs[13:9] (Read/Write)
15 rr others - reserved
~ [ gain_vi_0 16 /) #x14 : reserved
S B dats 17 f/ 8x18 : Data signal of k
18 £/ bit 15~8 - k[15:8] (Read/Write)
M 19 Iy others - reserved
A CMakelists.txt 28 Jf Bxlc @ reserved

3 Makefile 21 /{ (5C = 5elf Clear, COR = Clear on Read, TOW = Toggle on Write, COH = Clear
22

h xgain_hw.h 23 #define XGAIN_SETTING_ADDR_OFS_DATA €x19

C xgain_linux.c 24  #define XGAIN_SETTING_BITS_OFS_DATA 14
25  #define XGAIN_SETTING_ADDR_K_DATA  @x18

C ¥gain_sinit.c

=)
(w33

#define XGAIN_SETTING_BITS K_DATA 16

27



10-5 Copy Exported IP to Vivado ip_repo

Vivado Project (lab9):

* Create New Folder gain_1_0 in vivado\ip_repo

Vitis Project (lab10)

* Open Vitis folder ..\hls\imp\ip

 Extract xilinx_com_hls_gain_1 0.zip to ip_repo\gain_1 0

logger Mame
ip_repo constraints
gain_1_0 doc
logger_1_2 drivers
logger.cache hdl
logger.gen mis
logger.hw b

loggerip_user_files



10-6 Vivado Project

* Open Data Logger Project (lab9)
 Settings, Refresh IP Repositories

Flow Navigator =t BLOCK DESIGN - design_1

~ PROJECT MANAGER |
bu] Setti
£} Settings SR

Add Sources
IP = Repository

Language Templates Project Settings Add directories to the list of repositories. You may then add additional IP to a
selected repository. If an IP is disabled then a tooltip will alert you to the reason.
IF P Catalog General

Simulation

Elaboration itori
~ |PINTEGRATOR IP Repositories

Synthesis
+

Create Block Design )
Implementation

cikcprojvivadoprifloggerfip_repo (Project)

Cpen Block Design Bitstream
Generate Block Design v IP
Repository
v SIMULATION Packager
Run Simulation Tool Settings Refresh Al

Proiect



10-/ Logger Project: Gain [P

* Open Block Design

 Add Gain IP, Run Connection Automation

* Connect x to Counter, y to Loggerch_b

e connect Countertoch_a
for test purpose
(disconnect adcO)

ax|_pram_cir_u

s_axi_aclk

—1 s_axi

S_AXI
BRAM_PORTA 4
i_aresetn

AX| BRAM Controller

¢ counter_binary 0

|

Binary Counter

[ CLK  Q[13:0] I

axi_smc
logger 0
i 4 S00_AXI .Y. MOO_AXI - |t
aclk E—=E MO1_AXI 4| {4 S00_AXI
aresetn B M2 AXI [ g clk
T ch_a[13:0] BRAM_PORT 4
AXI SmartConnect ch_bf13:0] status(7:0]
: I s00_axi_aclk

1 500_axi_aresetn

I

logger_v1.2 (Pre-Production)

gain_0

+

x[13:0]

axi_setting

i 5 _i i
" Vitis™ HLS
ap_clk
y[13:0]
Q ap_rst_n

Gain (Pre-Production)

30



10-7 Check Address Editor

e Save Block Design and Validate
* Open Address Editor

Q

Diagram »  Address Editor » Address Map

E $ _T Assigned (3)

Mame
v B Network 0 (/processing_system7_0/Data)

w AF jprocessing_system7_0

x

) Unassigned (0) ) Excluded (0)

1 nterface

~ B Iprocessing_system7_0/Data (22 address bits ; 0x40000000 13 ])

1§ faxi_bram_cirl_0/S_AX
1§ /gain_0/s_axi_setting
1§ Nogger 04500 AX

3_AX
s_axi_setting
S00_AX

Hide All

Slave Segment

Memo
Reqg
S00_AXl_req

Master Base Address

Ox4000_0000
Oxd001_0000
043000000

Range

aK
G4k
G4k

Master High Address

0x4000_1FFF
0x4001_FFFF
0x43C0_FFFF

31



10-8 Synthesize and Generate Bitstream

e Click on Generate Bitstream and wait to finish

¢ O p e n I m p I e m e nte d D eS i g n IMPLEMENTED DESIGN - xc7z010clg400-1

. TCI COhSOle =4 b @ o (& R @ @ o
+ change to project folder "

> Leaf Cells (5
» design_1_i (design,

* run format.tcl




10-S9 Test on RedPitaya

* Open Bitvise SSH Client
* Upload design.bit.bin to Red Pitaya
* Open terminal and program FPGA

. . . . root@rp-f@652d:~# monitor @x40010018 512
-Fpgau-tll - b d651gn * blt * bln root@rp-t@e52d:~# ./datalog
monitor ©x43c00000 e e e

monitor 0x40010018 512 Starting acquisition...
. /datalog FLlr:1' 10 samples:

SampleA SampleB
67 32

(5t

k=05 . =

78
71
72
73
74
75
76




High-Level FPGA Design

Lab11: Numerically controlled oscillator

In this lab you will:
* Design and synthesize numerically controlled oscillator
* Include NCO IP in Data Logger Vivado project

* Perform hardware verification on Red Pitaya

OF LJUBL]JANA | Electrical Engineering

it FE CC CHIP.SI
UNIVERSITY | Faculty of S o EnTER




Numerically Controlled Oscillator (NCO)

Phase Accumulator

e digital signal generator

The NCO consists of: phase._inc @ Phase Ramp

* Phase accumulator

* A programmable phase increment register |
* Waveform generation logic

Sine

® PAC

Sine Wave
>

e 32-bit phase accumulator
output frequency

_ phase_inc
f out — EE f clk




11-1 Create New Component

* File, New Component, Name: nco_hls
* Source: nco.cpp, nco.h

* Testbench: tb _nco.cpp

* Part xc7z010clg400-1, clk=8ns



11-1 NCO Model (Phase Accumulator)

void nco(
ap_uint<32> phase_inc, // AXI input
ap_uint<14> amplitude, // AXI input
ap_uint<l1l> enable,
ap_uint<14> &saw

) |
static ap_uint<32> phase = 0;
static ap_uint<14> amp_reg = 5

= i ; h 1
* The accumulator acts as a modulo amp_reg = amplitude // Latch AXI value

counter if (enable) {

phase = phase + phase_inc;

* The upper phase bits form the }
Waveform ap_uint<14> raw_saw = phase.range(31,18);
e The waveform is scaled by amp_resg, ap_uint<28> scaled = raw_saw * amp_reg;
output keeps upper 14 bits saw = scaled.range(27,14);



11-2 C Simulation

 Larger phase_inc values produce higher output frequency

e Run C Simulation

ap_uint<32> phase_inc
ap_uint<14> amplitude

ap_uint<1>

enable

0x10000000; // moderate frequency

8192;
1;

// 50%

[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]
[TB]

Cycle

coNOOTUV D WDNEO

PR RRPRRRRRO
OV D WNRO

512
1024
1536
2048
2560
3072
3584
4096
4608
5120
5632
6144
6656
7168
7680
%)
512

Saw



11-3 Directives and Synthesis

* Add Directive INTERFACE s_axilite to phase_inc and amplitude

e define the same AXI bundle
* Add INTERFACE ap_none to port saw gr—e v
i Add PIPELINE and @ Source File Config File
INTERFACE ap_ctrl_none to nco() B e §
oort (optional) | phase_inc

|

: |

° Run C SynthESIS bundle (optional) |ctr| |
|

|

|

1 1 168 195



11-4 NCO with Sine Output

* Add output sine void ncof

e data type ap_int<14>

* Add phase to sine LUT transformation
* nco.h contains 256-entry sine table
: ) {
* Update Test Bench and simulate _

ap_uint<32> phase_inc, // AXlinput
ap_uint<14> amplitude, // AXlinput
ap_uint<1> enable,

ap_uint<14> &saw,

ap_int<14> &sine

// Sine LUT address

ap_uint<8> lut_addr = phase.range(31,24);
sample_t lut_value = sine_lut[lut_addr];

// Scale sine amplitude
ap_int<28> sine_scaled = lut_value * amplitude;

sine = sine_scaled.range(27,14);



11-5 NCO |IP Component

* Package IP Component

* Include in Vitis Block Design and verify on Red Pitaya

util_ds_buf O

ok _in [y ||+ CLK_IN_D

IBUF_OUT]O:0]

Utility Buffer

gain_0
o + 5_ax|_setling ™ HI &
ap ol | y_ap_vid
ap_rst_n w y[13:0]
—13‘131)]
Gain (Pre-Production)
processing_system?_0 » [~ DDR
axi_smc
oor ||} B = e log )
FIXED |0 - || ; .
- = i y MOO_AXI | e
M_AXI_GPO_ACLK M_AXl_GRD 4 f:d - S00_AXI L b | 1 i
ST i i g - MOT_AXI + [} T
ZYNO‘ FOLK_CLKO adk l%l mz_m i - ::—Ls_m
FCLK_RESETO N @ areset - I
- -1 S YOS o | s00_axi_resen  led(7:0] m————rt—{"> led[7:0]
» =00 _axi_achk
ZYNQT Processing System - - -
rocassing Systen AX| SmartConnect oh_b{13:0]
1 dh_a13:
rst_ps?_0_50M L ) _a{13:0]
dowest_gyne_dk mb_reset "1 { » FIXED_ID
ext_resst_in bues_struct resstji:o] nco_ 0
aun_reset_in penpheral_reaef (0]
mi_debug_sys_rst inferconnect aresein 0] + saxl CTRL | i s aaw|13:0]
dom_lbocked peripheral_aresein(0:0] ap_dk )
s [ ] oo

Processor System Reset

Moo (Pre-Production)
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