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Beagyazott rendszerek fejlesztése
(FPGA)

Dr. VOoroshazi Zsolt

5. Periféria modul illesztése (PMOD TMP) homeérséklet
méréssel




Targyalt ismeretkorok \!)

1. Bevezetés — Beagyazott rendszerek, FPGA-k, Digilent
ZYBO fejleszt6 kartyak és eszkdzok

2. Beagyazott Rendszer fejlesztd szoftverkornyezet
(Xilinx Vivado Embedded Development) attekintése

3. Beagyazott alap tesztrendszer (BSB - Base System
Builder and Board Bring-Up) osszeallitasa

4. Perifériak hozzaadasa (IP adatbazisbol) az 6sszeallitott
peagyazott alaprendszerhez. Sajat periféria
nozzaadasa az osszeallitott beagyazott
alaprendszerhez

5. Szoftver alkalmazasok fejlesztése, tesztelése: PMOD
TMP homérséklet méro




A feladat megoldasanak |épései

Az el6z6 (04. folia) ismeretkor elsajatitasa soran |étrehozott
— File -> Project -> Save As...

— Alternativ modszer lehet: projekt archivalasa (1aBo2B - 1aR03
néven), majd pedig a \tAaB03 megnyitasa Vivado-ban,

Az IP katalégusbdl kivalasztott I°C periféria integrdlasa és
0sszekotése az alaprendszerrel,

Kuls6 I°C portok létrehozasa (.XDC),

Egy Periféria teszt-alkalmazas (PMOD Test) készitése az
SDK-koérnyezetben,

A FW+SW tervek teszt verifikalasa a Digilent ZyBo kartyan.



A bovitendo tesztrendszer

AXI
AXI4, | |nterconnect —AX4 4l ax|-BRAM Controller<—>> BRAM I
Block
I AXI4-
Lite 12C
+ LABO2 A
AXI e, GPIO ﬁs/
ite
AXIA. Interconnect
o> Bk | axe GPIO |}
Lite
AXI|4-
PS Lite - GPIO }\ —
- LABO2_ B -
\_ J
PS oldal: PL oldal:

LABO2_A: GPIO bemenetek

*  ARM hard-processzor mag
—  PBSs: Push Button (nyomdgomb kezel6)

) belsd OnChIP_RAM, vezerld —  DIPs: Switches (kapcsold kezel6)
e RS232 soros interfész LABO2 B: GPIO kimenet

e kuls6 DDR3 memoria vezérld _  LEDs: LED kijelz8

*  (I12Cvezérl6 opcionalis)

* Timer /interrupt vezérlé (ARM)

homérsékletméré modul

LABO3: I12C vezérlds
(PMOD_TMP2)

— ARM PS/ vagy PL oldalra is csatlakoztathaté 5



lrodalmi hatteér

Digilent PMOD TMP2 hémeérséklet szenzor modul
(12C):

— https://store.digilentinc.com/pmod-tmp?2-temperature-sensor/

— https://reference.digilentinc.com/reference/pmod/pmodtmp?2/reference-manual

Analog Devices ADT7420 hémérséklet érzékeld IC:

— http://www.analog.com/media/en/technical-documentation/data-sheets/ADT7420.pdf

Analog Devices — Digilent kozos Wiki oldala:

— http://wiki.analog.com/resources/alliances/digilent
Referencia terv FPGA-ra (SW driver-ekkel)!
— http://wiki.analog.com/resources/fpga/xilinx/pmod/adt7420

12C szabvanyrol altalanosan:

— Dr. Fodor Attila, Dr. Voréshazi Zsolt: Beagyazott rendszerek, TAMOP 4.1.2
(PE MIK, Villamosmérnoki és Informacids Rendszerek Tanszék) 2011.
http://tananyagfejlesztes.mik.uni-pannon.hu/

— 12C Wikipedia: https://en.wikipedia.org/wiki/1%C2%B2C




Digilent PMOD_TMP2

* |2C alapu hémeérséklet érzékelo és

héfokszabalyzé periféria modul

— T,=-40°C ... +150°C,

— max. 16-bit felbontasig skalazhato,

— Atlagos pontossaga jobb, mint 0.25 °C,
e 13 =9+4 bites mddban: 1/2% = 0.0625 °C,
e 16 = 9+7 bites mdédban: 1/27 = 0.0078 °C,

— I12C interfész, 4 vdlaszthato (jumper) I2C cimmel (A;-A,)
« ,Daisy Chain” lehet6ség (7/10 bites cimzés)

— Folyamatos konverzido 240ms-ként,

— Programozhato kiiszobértékek (max/min - CT), kiilsé labak,
mint threshold (INT),

— 3.3V vagy 5V interfész tamogatas,
— Kalibralast nem igényel!




ADT 7420

e Az aramkor blokkszintl kapcsolasi rajza:
FUNCTIONAL BLOCK DIAGRAM

v 12
" R >_T*5
Tiow - Tenr FIIEI-‘I-EEF?E;(I:-E
REGISTER REGISTER =
ReeTer [T recicrer | | aeneon MODULATOR
REGISTER [ ™™ REGISTER
SOFTWARE | I I POINTER ADT7420 T
RESET REGISTER REGISTER
3_\—h- 1) SCL
&o . I2C INTERFACE SDA
@
GND
* PMOD TMP2 jelei / valaszthato I°C cimek:
Connector J1 - 12C Communications Addresses
Pin Signal Description JP2 JP1 Address
1,2 | SCL 12C Clock | Open |Open |0x4B (0b1001q11)
3,4 |SDA |2C Data | Open | Shorted | 0x4A (0b1001010)
5,6 | GND Power Supply Ground Shorted | Open | 0x49 (0b1001001)
7,8 [VvCC Power Supply (3.3V/5V) Shorted | Shorted | 0x48 (0b1001000)




Philips 1°C szabvanyrdl (1982)

Forras: https://en.wikipedia.org/wiki/1%C2%B2C

SDA \

SCL
1. Data Transfer is initiated with a START bit (%) Reserved Address
sighaled by SDA being pulled low while SCL stays Index 7 bitAddrese

high (pull-down).
2. SDA sets the 1st data bit level while keeping SCL
low (during blue bar time) .

3.The data is sampled (received) when SCL rises
(green) for the first bit (B1).

4. This process repeats, SDA transitioning until SCL
is low again, and the data being read while SCL is
high (B2, Bn).

5. A STOP bit (P) is signaled when SDA is pulled
high while SCL is high.
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0000
0000
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8 Bit Byte
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RIW Value
MSB (4bit) | LSB (3bit) | 1 bit

0

> = | x| x| x| =

(QENTIARYy,
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Z a
3 3
g3\ 3
‘/4,, i~
DOMANY"

Description

General Call

START BYTE

CBUS Address

Reserved For Different Bus Format
Reserved For Future Purpose
HS-mode Master Code

Device ID

10-bit slave addressing

,Master write(0) to / read(1) from the Slave”
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2C vezérl6 hozzaadasa és Gsszekotése az alaprendszerrel |.

(QENTIARYy,
S C:
)
74
2
o
@
&/J/
7]
OMA

12C vezérl6 csatlakoztatasara két lehetfség van

— a.) PL-oldali AXI_I2C IP mag hozzaadasa, vagy
— b.) PS-oldali PS_12C0/1 periféria vezérl6 engedélyezése Zynq alrendszerben.

segitségével (IP katalégusbdl)

IDiagram » | Address Editor « | IP Catalog 4 @
Valtas, és sziirés
: ores | Interfaces
az IP katalogus
nézetben Q = = # -
Search: | - iid
MName A1 AXI4  Status

R

g

AXI_IICIP
mag
kivalasztasa

W Vivado Repository

Embedded Frocessing
A Peripheral
w Low Speed Peripheral

T a¥inc A¥X4  Production

License

Included  xilin...

IP mag hozzaadasa
(dupla kattintas)

(1 match

Adjunk a processzor rendszerhez egy AXI_1IIC perifériat a Block Diagram

¢ AddIP

Would you like to add "AX1 IC" IP to your block design, or customize it and add it

as an RTL module to your project?

Cancel

10



AXI IIC periféria hozzaadasa az alaprendszerhez |l.

Dupla kattintassal vizsgaljuk meg az AXI_IIC-t:
(minden maradjon alap beallitason)

4 Customize [P Board interface:
marad ,,custom”.

AXI IIC (2.0)
SCLK: 100 KHz (alap)
© Documentation IP Location (' Switch to Defaults Cimzés: 7 bites (alap)
I
|:| Show disabled ports Component Mame axi_iic_0
Board [IPCnnﬂguration Q_)
IIC Parameters
SCL Clock Frequency (in KHz) 1UD| [1.0-1000.0]
Address mode 7 bit vJ GP'O csatona
SCL Inertial delay (in AXI clocks) |0 [0 - 255] szélessége: 1
o+ s e+l SDA Inertial delay (in AXI clocks) |0 [0-255] -

s_ari_aclk licdinte_irpt
=_axi_gresetn gpo[0:0] Active state of SDA 1 w*

Other Parameters

Al Clock Frequency (in MHz) 25 [25.0-300.0]
General Purpose Output width 1 [1-8]
Default GPO Port Qutput YValue | 0x00 1

11



Alternativ megoldas: PS 12C

 Nem ezt hasznaljuk, ez csak lehetdség.
 PL (FPGA) oldali 12C blokkot hasznaljuk!

if# Documentation @) Presets [ IP Location €} Import XPS Settings

Page Navigator % | | Peripheral 'O Pins Summary Report
Zynq Block Design +*= Search: | O
PS-PL Configuration '_G\
(2]
I Peripheral 1/0 Pins ] | Parichersis 31,32 33 34 35 38 37 33 39 40 41 42 43 44 45 48 47 (43 .49, 50 51 52 83 EMIO
[t nbedirn bl S Bl 2 | . -
MIO Configuration O = soo Do [ R _ EMIO
Clodk Configuration | | So1 atr EMIC)-
||
: | |mes SPI0 mos. EMIO
DDA Configuration || | | kil
SMC Timing Calculation || St sy EMIO
Interrupts RTO UARTO MTQ UARTO UARTO UARTO E_HIEI
UART1 UART1 UART1 UART 1 UART1
| A —
o | 2C0 12C0 12C0 |2C0 200
12C1 12C1 | 12C1 12C1 12C1
ANO | CAND CAND CAND CAND CAND

12



AX| GPIO-k bekotése (autorouter)

Diagram -> Run
Connection Automation
inditasa

Diagram w Address Editor » | |IP Catalog W
@ Q| x| O Q S B

y?
* Designer Assistance a'u'a'llable[ Run Connection Autnmatinnw
|

r
4 K] I ==

d

AXIL_IIC_0->S_AXI
interfész kivalasztasa,
automata routoldshoz
(minden mas

Block: axi_iic_0

L

oL =
—— fn L. L. e -I-"-\I

alapértéken marad)

¢ Run Connection Automation

s

Automatically make connections in your desiagn by checking the box
configuration options on the right.

fthe interfaces to connect. Select an interface on the left to display its

Q = €
~ (W) Al Automation (1 out of 2 selecte
~ (] FF axi_jic_0
e Options

0
@[ wiobm ) N

Master processing_system?_0M_AXl_GP(

Description

Connect Slave interface (faxi_iic_0/5_AX]) to a selected Master address space.




Block design — teljes nézet

Diagram x Address Editor xl IP Catalog :u:| ? 0OC
QA Qx| & Q =S|+ (5% FE + C| | dF e+
/* Designer Assistance available. Run Connection Automation

gl ic O
r = i)

SER e
B4l RO wTmic. sl
_1 s e gl G ?
L AXI G ~ |
dip
-
48 ax
B Rl ePio + ||f—{> dip_pin
B=—=0 5 axi sesein
processing_system?_0 )
r it A GPIO
DOR +
FIXED 10 +

M_AX]_GPO_ACLE: Z‘YNQ‘# M_AXI_GPO + |

FCLK CLKO
FOLK RESETO N 4
L -
ZYMOT Processing System —=




AXI IIC - Memoria cimtartomanyok beallitasa

TIARY,
CENTIARG,,
S -
& 2
A
g -
s
@
2,
7
DOMA

* Block Design ->, Address Editor” nézet kivalasztasa
 ,Map”-eletlen

rendelése:
— a.) automatikusan - cimgeneralassal vs. b.) manualisan

IP

perifériak

Diagram e

ey

Address Editor v] IP Catalog

0X4000 0000

) mivel GPO

Q = 2 Y port van

Cell Slave Interface  Base Name et peallitval ddress

~ % processing_system7_0 /

v B Data (32 address bits : 0x40000000 [1G])

== dip S_AX Reg 0x4120 0000  B4K Ox4120 FFFF
=5 ph S_AX] Reg Ox4121 0000  B4K Oxd4121 FFFF
oo |ag S_AX] Reg Ox4122 0000 64K 0x4122 FFFF
== axi_iic_0 S_AXI Reg 0x4123_0000 64K 0x4123_FFFF

*Cimtartomanyoknak 22n méret(ieknek kell lennie
és nem lapolédhatnak at!

2

“a.) Automatikus
cimgeneralas
(jobb gomb ->
Auto Assign
Address)

memaoaria-cimtartomanyhoz

'b.) Base address kézi beallitasa*

Axi iic: 0x4123 0000

- (64K)

15



AX| GPIO - Klls6é portok hozzarendelése

Az AXI_IIC példanyhoz hozza kell még kapcsolni a ZyBo kartyan talalhaté (PMOD
JE 3,4 jeleket) az FPGA (PL-oldali) labakhoz:

1.) Az AX1_IIC port-jait a kulsé fizikai FPGA labakra (pin) is kell kotni,
2.) Ha kell, a kilsé portok neveit is definialjuk (pl: ,,_pin” végzédésire), majd
3.) Az <system>.XDC fajl-ban meg kell majd adni az adott FPGA pin azonositdjat.

Jobb gomb -> Make face Properties... Kilsé port neve legyen
external ... (CTRL+T) , IIC_pin!
(jobb gomb ->
axi_iic_0 / @G External interface
¥ i HE'% 7 E Copy properties (CTRL+E))
< axi_aclk c2intc_irpt
% _axi_gresetn gpﬂ[ﬂ-:ﬂJF O, Search...
AXI 1IC ; W:  Select All axi_iic. 0 .
4+ AddIP.. » = dns_AXI ncs ||
Add Module... —emz axi ack fic2intc_irpt =
@ L Make External Ctrl+T =——S_gxi_aresetn gpol0:0]
/& Run Connection Automation... h = AN IIC
Finning 3
IP Settings...

[¥ validate Design

Start Connection Mode
16

Make Connection...




Block Design — Layout szintézis

e Ezek utan egy-egy a Block Design-t frissiteni kell:

— Regenerate Layout C
— Validate Design (DRC) [+

— Flow Navigator -> Run Synthesis  » Run Synthesis

* Majd - Open Synthesized Design , OK

e Utolso lépéskeént a kiilsd porthoz (iic_pin) hozza

kell rendelni az FPGA 10 labakat!

Default Layout

Default Layout

0 Planning ]

— Layout menu -> 1/O Planning layout nézet |

Floorplanning
Debug
Timing Analysis

Save As Mew Layout...

17

Reset Layout




O planning — hibas labkiosztas

 Amennyiben az el6z6 |épésben nem a szintetizalt
tervet nyitjuk meg, hanem elinditjuk a ,,Run

Implementation”-t akkor az alabbi hibalzenetet
kapjuk:

Tcl Console Messages » Log Reports Design Runs

Q = = Y, B8 1 v| @ Eror(5)  [w) @ Critical warning (8) Warning (989) © info (1,383) @ status (290) s

“ [ g Place Design (5 errors
» @ [Place 20-58] 10 placement is infeasible. Number of unplaced terminals (2) is greater than number of available sites (0).
The following are banks with available pins:

|0 Group: 0 with © SioStd: LVCMOS18 VCCO = 1.8 Termination: 0 TermDir: BiDi Rangeld: 1 Drv: 12 has only 0 sites available on device, but needs 2 sites.
Term: IC_pin_scl_io
Term: and IC_pin_sda_io

1 more like this
@ [Place 20-374] 10 placer failed to find a solution
Below is the partial placement that can be analyzed to see if any constraint modifications will make the 10 placement problem easier to solve.

e QOka: a Vivado megprdbalja elhelyezni a két I°C jelet.

— Hibas pin location-t és 10 Standard-et rendelne (LVCMOS
1.8V) hozza.

18



No\: Uy ..

< 2

& 2
Z

Zz [~
7

@

2
7
DOMA

/yBo - PMOD konnektorok
Pmod JB Pmod JC Pmod JD
(XADC) (Hi-Speed) | (Hi-Speed) | (Hi-Speed) | (Std.) (MIO)

Legyen a JE jell
JAL: N15 JB1: T20 IC1: V15 ID1: T14 JE1: V12 JF1: MIO-13 standard PMOD
JA2: 114 JB2: U20 IC2: W15 ID2: T15 JE2: W16 JF2: MIO-10 konn.
JA3: K16 JB3: V20 JC3: T11 ID3: P14 JE3: J15 JF3: MIO-11 i2c_pin_scl : J15
IA4: K14 IB4: W20 JC4: T10 ID4: R14 JE4: H15 JF4: MIO-12 i2¢_pin_sda: H15
JA7: N16 JB7: Y18 IC7: W14 ID7: U14 JE7: V13 IF7: MIO-0
JA8: 115 JBS: Y19 IC8: Y14 ID8: U15 JES: U17 JF8: MIO-9
JA9: 116 JB9: W18 JC9: T12 ID9: V17 JE9: T17 JF9: MIO-14
JA10:J14  JB10: W19  JC10:U12  JD10:V18  JE10:Y17 JF10: MIO-15

VCC GND 8 signals
Ping ¥ ¥ ' Pin 1

e ICIE E EE
~oja|Gla)a) e

s
-
128

# |TY 0-AC-ld g N3
ZdW1pPoud

vos[_I‘ -
B (1 =

|
Feval

ON9| €
£
0-Av6
12Z2-0028d

s

=
-
-

(&
w |

ST

)

*oul wueibrg ‘719z ybrihdol
Z CLINION9

ZE_'J’
"

e

SDA SCL 19

https://www.xilinx.com/support/documentation/university/XUP%20Boards/XUPZYBO/documentation/ZYBO RM B V6.pdf




|0 planning — helyes labkiosztas |. & @

* a.) Egyik lehet6ség az I/O planning hasznalata (GUI)

Mame Direction Meg Diff Pair  Package Pin “1 Fixed Bank [/C Std Voo Wref Drive Strenath Slew”
w Lo IC_B895T (2 IMOUT default (LVCMOS18) hd 1.800 12 W SLOW
w Scalar ports (2

O NS _pin_scl_io INOUT bt default (LVCMOS18) ~ 1.800 12 w  SLOW
O IC_pin_sda_io INOUT bt default (LVCMOS18) ~ 1.800 12 w  SLOW

Zybo _master.xdc alapjan is megadhaté lenne a helyes
labkiosztas, melyet a kovetkez6kkel kell kiegésziteni:

* Site:

i2c_pin_scl : J15
i2c_pin_sda: H15

* |OSTANDARD: LVCMOS33

« Pull type: PULLUP

* OCT (On-Chip-Termination): NONE

Tcl Console | Messages Log | Reports | Design Runs Package Pins | WO Ports x
Q = ¢ 4@+ H
MName “1 Direction NegDiffPair Pack~ae Pin Fixed Bank 10 Std Veco Vref Drrive Strength Slew Type Pull Type Off-Chip Termination

v u_ScaIarp;rts 2. , @ " \2) - I ( 3 \ \ZIT
@ IIC:pin:Sd;_io INOUT [H15 hd ]V 35 |L\FCMDSB3* = 3:300 12 ~  SLOW \\VTPULLUF' ]V [NDNE

Végiil File -> Save Constraints vagy CTRL+S. Ezutan rakérdez az XDC file elmentésére.

Adjunk neki nevet: pl. ,1ab03.xdc”

20



10 planning — helyes labkiosztas II.

* b.) Masik lehet6ség az .xdc manualis szerkesztése
File -> Add Sources... -> Add or Create constraints
Create File

— Adjunk neki nevet: pl. ,1ab03.xdc”

SYNTHESIZED DESIGN - synth_1 | xc7z010clg400-1 [(active)

Sources »  Metlist Device Constraints ? 00 Package ¥ | Device ¥ | design_1_wrapper.vhd «  lab03.xdc *

Q = = + 3 E/BERSZT_2019/1ab_03Mab_03.srcs/constrs_1/newllab03 xdc

w Design Sources (1) Q X E B X N/ ® 0 @
v @ 5 design_1_wrapper(STRUCTURE) (design_1_wrappervhd)

/ Iset property OFFCHIF TEERM NONE [get ports IIC pin scl io] \

’ design_1_1: design_1 (design_1.bd) (1) set property OFFCHIP_TERM NONE [get ports IIC pin sda_io]
b Coanstraints (1) 3 : set property PULLUP trus [get ports IIC pin_scl_io]
e constrs_1 (1) ( 1 i | set property PULLUF trus [get ports IIC pin ada io]
" 5 . set property PACKRGE PIN J15 et ports IIC pin acl io
[" 1ab03.xdc (target) T) | Set_property = lg=t p pin_scl_1o]
, set property PACERAGE_FPIN HI15 et ports IIC pin sda_io]

» = Simulation Sources (1) 7| set property IOSTANDARD LVCMOS33\[get ports IIC pin scl _io]
> - Utility Sources © « set property IOSTANDARD LVCMOS33 [gek ports IIC pin_sda_io]

Pmod JE
Végll File -> Save Constraints vagy CTRL+S. Ezutan rakérdez az XDC file JEL: V12
elmentésére. JE2: W16

JE3: J15
JE4: H15




Implementacio és bitstream generalas

* Flow Navigator menid - Run Implementation
[» Run Implementation
— Kiszlri az esetleges elkdtéseket, hibakat,

— Figyelmeztet6 (warning) jellegl Gzenetek
megengedettek (implementalhato a terv),

— Legtobb lebegdb (floating) vezetékkel sem kell
foglalkozni (pl. Peripheral Reset, stb).

— Mikozben dolgozik — hosszabb id6 - érdemes
megnézni a forditasi riportokat!
Ezutan indithato el a Bitstream generalas.

 Flow Navigator - Generate Bitstream.
¥ Generate Bitstream write_bitstream Complete  «/

22



SZOFTVER TESZT ALKALMAZAS
OSSZEALLITASA (PMOD TMP2)



SDK — alkalmazas-fejlesztés altalanos lépései

2. Uj, vagy C/C++ template-b6l generdlhaté alkalmazas
|étrehozasa ( TestApp PMOD alkalmazas ):

a) BSP (Board Support Package) generalasa és forditasa,

b) Linker Script generalasa (memoaria szekcidk megadasa, .Id),
c) SW alkalmazaskod megirdasa/generalasa, és forditasa. (zip!)

3. Soros terminal beallitasa (USB-soros port beallitasa),
4. JTAG-USB programozo csatlakoztatasa és beallitasa,
5. FPGA konfiguralasa!! ( .bit, mivel PL oldal is hasznalt)
6. ,debug’— hardveres hibakeresés beallitasa

7. Debug (breakpoint-ok beszurasa, lépteteés, stb.)

24



Export HW -> Vivado SDK

File -> Export

¢ Export Hardware

-> Export

hardwa re Export hardware platform for software

development tools.

[ Include bitstre

am

Mivel PL (FPGA) oldal is

¢ konfiguralva lett, ezért most mar
kell a bitstream is az SDK-hoz.
Choose Location... lab03
kivalasztasa!

Export to: EJBERSIT_2019Mab_03

File -> Launch

Cancel

SDK, OK.

— Vivado SDK
inditdsa a
keretrendsze

rbol (ezt
kivalrél inditva
is meg lehetne
tenni)

’

Launch SDK o4

Launch software development tool.

Exported location: EJBERSZT_201910...

Workspace: EJBERSZT_Z2018M0ab_03 |

Fontos, hogy a workspace-t
lehetéleg ne az el6z6 projektbe
hozza létre! - > Choose location... —
és mostani lab03 kivalasztasa

|x:?-\|
W OK Cancel

o\ Upy .
% e,
B %
& 2
Z
Z a
s
@
2
7
DOMA’
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Vivado SDK GUI

.hdf = Hardware description file = hardver konfiguracios csomag file.
(Valojaban egy zip, amely két leiré xml-t tartalmaz!) Ebbodl olvassa ki az SDK a beallitasokat.

m lab_03 - C/C++ - design_1_wrapper_hw_platform_0/system.hdf - Xilinx SDK - *
File Edit Navigate Search Project Run  Xiline Window Help
TudPFINRENREE RN, RER N - 1 F 0 R CR R [Quick Access] || g | B
i Project Explorer 31 E%| T ¥ = 8_ Epsystemhdf 3 e e B Ou: 53 T Do #) Ma = g
'gd'g'l pper hw platform 3 i - ~
iy __E_S' I L Wrapper.my p alomy design_1_wrapper_hw_platform_0 Hardware Platform Specification o )
= design_1_wrapper.bit An outline is not available,
= e
L&) ps?_!n!'t_gpl.c Design Information
5 ps7_init_gplh e
[€ ps7_init.c Target FPGA Device: 72010
[ ps7_init.h Part:  xc7z010clgdl0-1
@ psi_init.html Created With:  Vivado 2018.3
Bl ps7_init.tcl Created On:  Sat Oct 26 00:37:15 2019
Address Map for processor ps7_cortexa9_[0-1] '
Cell - Base Addr High Addr Slave I/f Mem/Reg I
[ a_x|_||c_{}l &4123&000] Ohed123FFFF sl ML L Memorla terkep (PS)
dip U 1200000 D1 20fFFF S_AXI REGISTER .
led (ed 1220000 Oued1 22fFFF S_AXI REGISTER
- ph Cred 1270000 e d1211FHF S_AXI REGISTER
HW platform: Vivado- ps7_afi.0 0x£3008000 DxFB008¢#f REGISTER
ban létrehozott ps7_afi_1 0xf3009000 OxfBD0SFF REGISTER
24 7_afi_2 G F300a000 O fB00afff REGISTER
beagyazott rendszer — it 4 i
I g¥ ” I s ps/_afi_3 CeefB00B000 OncfB00BFE REGISTER Felhalszr)alt PS’ OI('jah
»platform™ leirasa iT- coresight comp b DxFE800000 DuFBBFFF REGISTER periféridk listaja és
ps7_ddr 0 007100000 Coe TFFEEFFE MEMORY verziéi
Overview | =
(lejjebb)
£} Target Connections 7 S Be= . . | 5DK Log 532 S |
g IP blocks present in the design ) ] ) ,
» |= Hardware Server - @7:83:3% INFO : Registering command handlers for SDK TCF services 4
» (= Linux TCF Agent o . 87:88:39 INFO : Launching XSCT server: xsct.bat -interactive E:\BI
o (= QEMU TefGdbClient axi iic 0 axl_11C 2.0 B 87:88:39 INFO  : X5CT server has started successfully.
. . . @7:83:39 INFO t Successfully done setting XSCT server connection ¢
d'F' axl_gpio 20 B7:88:39 INFO : Successtully done setting SDK workspace
Fll:] E:{i_gpitl a0 @7:88:39 INFO : Processing command line option -hwspec E:/BERSZT_:
processing_system?_0 processing_system? 5.3 = ?
processing_system?_0_axi_periph axi_interconnect 2.1
. o
rst_processing_system7_0_100M  proc_sys_reset 5.0
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Tesztalkalmazas (TestApp) készitése I.

e 1.) A Launch SDK - Choose Location...

opciojaval valasszuk ki a
<project_dir>/LAB03/ - majd kattintsunk
az OK-ra.

e 2.) Az SDK-ban: File > New - Board Support
Package — kattintsunk a Finish-re.

— Uj BSP neve standalone_bsp_0 is maradhat,
— Hagyjunk mindent alap értéken.



Tesztalkalmazas (TestApp) készitése I1./a

e Software Platform Settings

— Operacios rendszer kivalasztasa: standalone vs. xilkernel (esetleg 3rd Party OS)
— Rendelkezésre allé konyvtari figgvények (lib) kivalasztasa

ﬁ Board Support Package Settings

Board Support Package Settings
Control various settings of your Board Support Package,

Overvi
L e standalone_bsp_0

standalone
s drivers 05 Tupe: standalons
pelcomexd(i0 05 Version: | 88 -~

Target Hardware

Supported Libraries

Standalone is a simple, low-level software layer. It provides access to basic processor features such as
caches, interrupts and exceptions as well as the basic features of a hosted environment, such as standard

input and cutput, profiling, abort and exit.

Hardware Specification: ENBERSZT_201%\lab_03\design_1_wrapper_hw_platform_0Msystem. hdf

Processor: ps/_cortexad 0

Check the box next to the libraries you want included in your Board Suppert Package.You can configure the library in the navigator on the left.

x

I

MName Version
[ libmetal 1.4
[ wip202 12
[ openamp 1.5
[ xilffs 4.0
[ xilflash 4.5
[ xilist 512
[] xilmfs 2.3
o (N 2

Description

Librmetal Library

Iwip202 library: hwiP (light weight IP]) is an open sour...
Openfmp Library

Generic Fat File System Library

Xilinx Flash library for Intel/AMD CFl compliant paral...
Xilinx In-system and Serial Flash Library

Kilinx Memaory File System

NDavsimn Al nmmsnmmmd ADL (v e £ T v A AD

s

OK -> Legeneralddik az xparameters.h és tovabbi mappak.
Helye: <projectdir>/1ab03/standalone bsp 0/ps7 cortexa9 0/include mappa

‘ )

Ok

Cancel [ 28




Tesztalkalmazas (TestApp) készitése I1./b

standalone_bsp_0 Board Support Package

_ Modify this BSP's Settings]  Re-generate BSP Sources
w Board Support Package Settings

Board Support Package Settings

Control varicus settings of your Board Support Package.

w  Owverview

standalone _
e
ps/_cortexad_ 0 The table below lists all the components found in your hardware system. You can modify the driver (or its version) assigned for each

compenent. If you do not want to assign a driver to a8 component or peripheral, please choose 'none’,

Component Component Type Drriver Dri...
ps7_cortexad_( ps7_cortexal cpu_cortexald 2.7
axi_iic_0 axi_iic iic 35 )
dip axi_gpio gpio 43
EC axi_gpio gpio 43
nb axi_gpic gpio 4.3
ps7_afi_{ ps7_afi gEnENC 2.0
ps7_afi_1 psi_afi gENErC 2.0

Cancel
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Tesztalkalmazas (TestApp) készitése lll.

* Uj projekt alkalmazas létrehozasa
(File —> New —> Application Project)

’ C/C++ - standalone_bsp_0/systermn.mss - Kilinx 5DK
Q—) File |Edit Scurce Refactor Mavigate Search Run  Project  Xilinx Toels Window Help
Mew Alt+Shift+M = @ Application Project ) 3
Open File... @ Wi, Board Support Package U
% Project...
Close Ctrl+W -
Close All Ctrl+Shift+«W &% Source Folder
Save Cirl+5 (5 Folder
Save As IL“‘} Source File
. _
Save Al Ctrl+Shiftss | (h HeaderFile
Revert % File from Template
(& Class
Move...
Rename F2 = Other... Ctrl+MN

BSP: standalone _bsp 0
(alapértelmezett)
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| QENTIARY,

Tesztalkalmazas (TestApp) készitése IV.

Bl New Project O *

Application Project .
Create a anaged make application project. .-f /;

@) ' Projekt neve: TestApp

Project name:[l TestAppl] T

Use default location

Location: | EABERSZT_201%\lab_03\TestApp Browse... B New Project U X
Choose file systern: default Templates .
Create one of the available templates to generate a fully-functioning
application project.

0% Platform: | standalone -
Available Templates:

Target Hardware Dhrystone & blank C project.
l|Empty Application ]
Hardware Platform: | design_1_wrapper_hw_platform_0 | | New.. Hello Waorld

lwlP Echo Server
Processorn ps7_cortexad 0 w hwIP TCP Perf Client

wiP TCP Perf Server
wiP UDP Perf Client @)

hwlP LUDP Perf Server

Target Software Memory Tests
OpenAMP echo-test

Language: @C OC++ » OpenAMP matrix multiplication Demo
Open&MP RPC Demo

Caornpiler 32-bit Peripheral Tests
R5A Authentication App

Hypervizor Guest: M A Zyngq DRAM tests

Lyng F5BL

Board Support Package: () Create New

@ (@) Use existing | standalone_bsp_0 ~

TestApp alkalmazas mar létezd, ®
korabban |étrehozott BSP-hez
rendelése (standalone_bsp)

< Back Mext > l Cancel

® < Back [ Mext = ] | Finizh Cancel 31




Tesztalkalmazas (TestApp) készitése V.

CENTIARY),
O
Z
7
A v

Forras fajl(ok) importaldsa: TestApp/src kijel6lése! v [ Testhpp
v [ Includes
* File ->Import ... -> General -> Archive File-> NEXT! 4 ”—*%‘fl -
w [Z| README txt
From directory: | e\__PE_\_ oktatas_\FPGA_Beagyazott_Rdsz_2017\2018_tavasz_Zybo_ ~ Browse.., = Xilinx.spec
2 | ~ [E = 2018 tavasz Zybo_Vivado [€] ADT7420.c
|| = BER_PmodTMPZ_DriverFiles €] ADT7420.h
= ERZ_lab01_PMOD_TMPZ2_Fybo_arm_axi @ 2
L] i2e.h
€] main.c
< > < >
Filter Types... Select All Deselect All
&3 ) Into folder: | TestApp/src Browse...

BER_PmodTMP2_DriverFiles.zip * -b6l hozzaadni:
ADT7420.c/ .h
12c.c/.h
Main.c

* Targy oldalardl letolthet6: BER PmodTMP2 DriverFiles.zip

e Linker script generalasa (.Id): OnChip RAM vs. klilsé MEM.
* SW alkalmazas forditasa (.elf)

e Tesztverifikacio: bitfile generalas + tesztelés FPGA-n.

*Megjegyzés: az i2c.c és i2.h fajlok az Analog Devices tdmogatd csomagjabdl lettek felhaszndlva. Alternativ
megoldasként a Xilinx iic.c és iic.h fajlokat is hasznalhatjuk:

Lasd: <Xilinx install_dir>/.../sw/XilinxProcessorlPLib/drivers/iic_vX_YZ_a/doc/html/api/index.html

v
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TestApp forraskod hibainak javitasa

In file included from ../src/ADT7428.c:49:8:
]_ ) . /src/ADT7428.c: In function 'ADT7428 Init':
' o/ src/ADT7420.0:49:22: error: '"XPAR AXI IIC BASEADDR' undeclared (first use in this functicon)
#define IIC BASEADDR XPAR AXI IIC BASEADDR

|

— Megoldas: adJuk meg az XPAR_AXI_|[IC_BASEADDR #define
helyes nevét az xparameters.h file alapjan

:Z ) ./ src/ADT7428.h:53:28: error: Expectea expression before '<' token
#define ADT7428 IIC ADDR  <address:

A

— Megoldas: nézzik meg a ADT7420 |IC_ADDR helyes cimét
(korabbi félia, v. kartya adatlap)

/src/main.c: In function 'main’:
E; ) | Asrc/main.c:78:12: error: "XPAR _RS232 UART 1 BASEADDR' undeclared (first use in this function)
Xil Out32(XPAR R5232 UART 1 BASEADDR+@xBC, (1 << 4));

— Megoldas: keresstink ilyen nev( define-t az ADT7240 . h file-
ban.
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Kérdeés:

e Mekkora a letoltendo .elf file mérete?

 Megoldas:
'"'Invoking: ARM Print Size'
arm—-xilinx—-eabi-size TestApp.elf |tee
"TestApp.elf.size"
text data bss dec hexfilename

27780 1160 22580 51520 c940TestApp.elf
'Finished building: TestApp.elf.size'

34



Teszt verifikacio I.

e Kartya helyes csatlakoztatasa PMOD JE-re.

VCC GND 8 signals




VI[P

Teszt verifikacio l.

 1.) Digilent PMOD_TMP2 hémérséklet méré kartya megfelel6
illesztése a Digilent ZyBo kartyahoz:

— Standard JE PMOD foglalat fels6 soranak jobbroél 3-4-es [dbaira (SCL — SDA)

— PMOD_TMP2-es kartyan a JP1/JP2 jumperek rovidre zartak? (AO/Al cimek
kiosztasa ennek megfelel6en !!)

e 2.) AJTAG-USB programozé/tap (USB-soros port)
csatlakoztatasa a kartyahoz és a szamitégéphez,

e 3.) Digilent ZyBo kartya bekapcsolasa,

e 4.) Xilinx Tools - Program FPGA
— .bit fajl kivalasztasa,
— FPGA programozasa,

* 5.) Debug konfiguracio: kornyezet beallitasa és inditasa:
— Consol-ra az USB soros port beallitasa (COMXx),

— Debug config-ban megadhato akar az FPGA .bit file
konfiguraciodja is (Entire reset).



Teszt verifikacio IlI.

* A forraskodbol a kovetkezd rész felel az aktualis
hémérséklet kiiratasaért:
— Display_Temp (ADT7420_ReadTemp () ) ;
Javaslat: tegyuk a fuggvényt végtelen ciklusba a folyamatos kiiratashoz.

|£1, AD'I_ME'I}C | (€] main.c EE | |£| xrl cachec g iZe.c lh| xparameters.h | [h| ADT7420.h = 0
ADT7420 Imt(j, £
// Display Main Menu on UART
S /ADT7428 DisplayMainMenu();
volatile int § = 8;
Display Temp(ADT7428 ReadTemp());
while(1)
{
Display Temp(ADT7420@ ReadTemp());
| for (j = @; j< 1000000; j++) ;
}
¥il_primtf("Exiting applicationinir™};
Breakpoint v
;ﬁ.Tﬂrget Connecti., 52| — O E Console &5 E u{_;Tash:s ;FJ Terminal | 3 F‘rﬂbtem5| @ ExecutablesJ ﬂ Memm'_l,rJ et
£ 12 W % %| G EIEE ~B-r-
» [z Hardware Server TestApp Debug [Kilinx C/C++ application (GDB)] EABER_2018 "u"vadn"-LIabﬂEc\TestApp\DebugiTestApp elf (2018.04.
» = Linux TCF Agent ID Register = @x(CB
» (= CEMU TefGdbClient Renision M-o
Manufacture ID = 25
raw temp data: 456 -* Converted temp data T = 28.588 C
raw temp data: 456 -» Converted temp data T = 28.588 C 37




Eredmény (debug log)

e Készitsik el annak Debug Configuration-jat, majd Debug-oljuk az
alkalmazast.

ID Register = OxCB
Revision ID =3
Manufacture ID = 25

raw temp data: 456 -> Converted temp data T = 28.500 C
raw temp data: 456 -> Converted temp data T = 28.500 C
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