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Plan

13.12.2016 Prednaska: Usporadani kitu, napajeni kitu a regulator napéti,
vyklad ke zpUsobu sestaveni kitu FO-Lab, vyuziti nepajivého kontaktniho
pole, zplsob nahrani programu

Laborator: Rozdéleni materialu, sestavovani kitu

20.12.2016 Prednaska: On line IDE — embed a jeho vyuziti pro programovani
kitu FO-Lab

Laborator: sestavovani Kitu,

3.1.2017 Laborator:
Sestavovani kitu, ozivovani, nahrani firmware

10.1.2017 Prednaska: Pouziti FO-Lab pro méreni napéti a odport, zaznam
proménneho déje

Laborator: Experimety, méreni odporu pomoci FO-Lab, fizeni jasu LED
pomoci PWM, zaznam proménného napéti

Pozn.: Pripadny posun naplné dopredu v pfipade rychlejSiho postupu pfi
sestavovani kitu
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Poznamka

Prednaska ,, On line IDE — embed* je zarazena s velkym predstihem oproti
puvodnimu planu i oproti planovanému harmonogramu experimentu.

Dlvod - pro ziskani pfedstavy moznosti dalSiho budouciho vyuziti kitu
FO- Lab, pfipadné pro inspiraci pro samostatnou praci zajemcu o
programovani kitu FO- Lab
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Realizace F0-Lab s mikroradicem

Realizace laboratorniho pfistroje FO-Lab s mikrofadicem STM32F042F6P6

STM32F042F6P6 ma procesor. jadro ARM Cortex — M0, 32- bitovy procesor

Obsahuje pamét’ programu FLASH, pamét RAM, sbérnice, vstupné
vystupni brany, ¢ita€e- €asovaé, prevodnik ADC (analogo. Cislicovy) s
rozliSenim 12 bitu

Vystupem prevodniku ADC pfi méreni napéti jsou binarni €isla

0000 0000 0000 az 1111 1111 1111 (coz predstavuje 0 az 4095 dekadicky)

Rozsah prevodniku ADC je urCen napétim Vg,

Pokud je V,,,= 3,3 V pak je krok (kvantum) pfevodniku pfibl. 0,8 mV

Rozliseni - srovnatelné s 3 72 mistnym multimetrem.
Pomalé méreni napéti 100 S/s (tedy 100 sample/sec.) vyuziti pro funkci
voltmetr, prumérovani - ureni stredni hodnoty z vice odméru pro
snizeni kolisani vysledku méfreni ptisobenim ruseni a Sumu

Opakované méreni napéti — zaznam prabéhu napéti v Case (osciloskop)
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Blokova struktura mikroradice STM32F031
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STM32F042

Struktura
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Limity napéti na STM32F042, aneb jak to nespalit

Obvod STM32F042 je vyroben technologii CMOS (stejné jako drtiva vétSina
ostatnich procesoru) a z toho vyplyvaji omezeni

Napajeni V,, a Vi GND se nesmi prepolovat = otevie se substratova
dioda a potec€e velky proud omezeny napajecim zdrojem. Obvod bude
,topit“

Na vstupech nesmi byt zaporné napéti (nizSi potencial, nez na Vgg)

na Vpp zapojit 3,3 V (muze byt i mensi az 2,4 V)

Na vstupy voltmetru nesmi byt pfivedeno napéti vétsi nez napajeci (Vpp,a)
otevrely by se pfechody PN na vstupu a tekl by proud pres tuto diodu do
napajeni- a muze se poskodit vstupni struktura ( tedy na vstup procesoru
bez napajeni se nesmi privést zadné napétil!!)

Jak fesit ochranu? Do série se vstupem zapojit ochranny rezistor
alespon 470 Ohmu, kterym se omezi velikost proudu !!!

V modulu s STM32F042 jsou napajeci piny Vpp, @ Vpp propojeny
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STM32F042 — limity napeéti

Table 18. Voltage characteristics()

Symbol Ratings Min Max Unit
Vop—Vss | External main supply voltage -0.3 4.0
Vopioo—Vss | External /O supply voltage -0.3 4.0
Vppa=Ves | External analog supply voltage -0.3 4.0 v
Voo=Vopa |Allowed voltage difference for Vpp > Vppa - 0.4 V
Vear—Vgg | External backup supply voltage -0.3 4.0 Vv
Input voltage on FT and FTF pins Vgg—0.3 Vopiox 403 | v
vin® | Input voltage on TTa pins Veg—0.3 40 v
Input voltage on any other pin Vgg—0.3 4.0 A
|AV Dokl Variations between different Vpp power pins - 50 m\
Vaey —Vas| ;/ia:‘r;ations between all the different ground ) 50 _y
Vesp Electrostatic discharge voltage see Section 6.3.12: Efectrical i
(HBM) | (human body model)

sensitivity characteristics

All main power (Vpp, Yppa) @nd ground (Vgg, Ygga) pins must always be connected to the external power
supply, in the permitied range.

wed injected current values

enabled, the maximum limitis 4 V.
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V|IF’| maximum must always be respected. Refer to Table 19: Current characteristics for the maximum
alo

Valid only If the interal pull-up/pull-down resistors are disabled. If internal pull-up or pull-down resistor is




Priprava doma

Nainstalovat ovlada¢ VCP virtual com port
Nainstalovat program DfuSeDEMO
Nahrat na disk program pro osciloskop s knihovnami

Pri problémech s instalaci VCP, jit primo do adresare, kam se program VCP
rozbalil — tedy program files a dale

STMicroelectronics/Sofrware/virtualcom port driver

a spustit dpinst_amd64.exe ( 64 bit. Windows)
dpinst_x86.exe pro 32 bit. Windows

Podobné postupovat v pripadé problému s DfuSeDEMO
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Nepajivé kontaktni pole a jeho propojeni

Pricné propojeni — pét vedlejSich kontakta ve stfedni ¢asti
Podélné propojeni — étyfi nezavislé napajeci sbérnice
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Kondenzatory pouzivané v experimentech

Elektrolyticky kondenzator, rozliSeni polarity, zaporny pol oznacen - - -
prepodlovani vede k destrukci, pouziti — blokovani napajeni

elektrolyticky kondenzator 22 uF

( minus) pol

A"

= *(plus) pol

- pol oznacCen na pouzdre téz jako - - -

U keramickych a svitkovych kondenzatoru se rozliSuje polarita vyvodii-
bipolarni pouziti
keramicky
kondenzator 100 nF

svitkovy kondenzator 220 nF

llllllllll
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Diody

Si Dioda — kfemikova dioda (s pfechodem PN),

katoda je oznaCena prouzkem Sirsim,
nez jsou ostatni prouzky

napéti v prednim sméru pribl. 0,7 V

Sveétlo emitujici dioda ¢ervena — LED,
napéti v prednim sméru pribl. 2 V

Indexova znacéka — (ploSka zboku na
spodni strané pouzdra je oznacuje katodu
u noveé LED katoda ma kratSi vyvod (kratSi
vodiC)

ETC club, 13.12.2016, CVUT- FEL, Praha

||
N
N _____f

indexova anoda
znacka - pruh

katoda

P
X
indexova znacka |—>

katoda

13



Zdroj + 3,3V

Pro napajeni mikroradi€e (mikroprocesoru) - potfeba napéti 3,3 V,

z PC-USB je + 5V, potiena snizitna 3,3V

Regulator napéti, (stabilizator — poskytuje na vystupu stabilizované napéti
nezavisle na zménach napéti na vstupu), z vétsSiho vyrabi mensi napéti

Zpétnovazebni regulator - porovnani napéti Ug,s S Zadanou hodnotou 3,3
V ,,je mensi — pridej“, ,.je vétsi- uber‘pomoci akéniho ¢lenu

(analogie - redukéni ventil, tempomat v autu, regulator topeni..)

Zaporna zpétna vazba- zaklad vSech regulatort

regulator napéti 3,3V 55, Regulator 3,3 V

#5V N [ oa ouTt usB zdrol 5V Uec=+33V
+ | > : : > * ° + IZ | +
| akeéni ¢len U R .
S 5
U; 3,3V
??=43,3V C C C C
’ U B1 B2 B3| “B4
vyhodnoc. | blok | ~sens 0 0 v 0
0 GND ' . -— GND
-_ zatez
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Regulator napéti HT7533

HT7533 Regulator (stabilizator) napéti 3,3V,
tolerance vyroby - hodnoty 3,2 az 3,4 V
proud az 100 mA

Pouzdro TO92 — stejné, jako tranzistor BC546

— pozor na zaménu s BC546 i s jinymi regulatory
napf. LE33 — odliSné rozlozeni vyvodu

Pozn.: V katalogu u HT7533 uvedeno

,100 mA Low Power LDO*,

v textu je uvedeno three-terminal .... regulator*

Pozor na zkrat na vystupu, z USB napéti + 5V

P=UxI=5Vx0,1 A=0,5W — ohrati regulatoru

omezeni proudu na 100 mA
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Experiment zapojeni regulatoru napéti 3,3 V

Na kontaktnim poli zapojit regulator napéti HT7533

Pouzit blokovani pomoci elytt 22 uF prip. i keramickych kondenzatoru
100 nF na vstupu i vystupu

Vi _ v | HT75XX-1  |Vour Vour
o ( Series -~
C1 £ c2
10F 47 GHD “E10pF
O ' . 's)
Comman Single point GND Common
77T
HT7533-1, +3.3V Output Type Ta=25°C
Test Conditions
Symbol Parameter — Min. | Typ. | Max. Unit
VN Conditions
Vour Output Valtage Tolerance 55V | lgur=10mA 3.201 33 |3399 WV
louT Output Current 55V — 80 100 —_ ma
AVour Load Regulation 55V [ 1mA<loy7<50mA — 60 150 mW
Vo Voltage Drop — louT=1mA — 100 — mVy
lag Current Consumption 5.5V |Noload — 2.5 5 pA
Avour 4.5V =24V
——————— | Line Regulation — =TIN — 0.2 — %l
AVin = Vour 9 lour=1mA
Vin Input Voltage - - — — 24 \%
AVouT . ‘UUT:-IDmA .
Temperature Coefficient 55V — — o
ATa P 0°C<Ta<70°C =03 mvire
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Signaly procesoru, zapojeni

Pin 16 V, digitalni napajeni +3,3 V

Pin 5 Vpp, @nalogové napajeni +3,3 V ( u nas propojeno Vpp a Vppa)

Pin 15 Pin Vgg— GND -zem,na 0V

Pin 4 NRST reset, na tlaéitko a na zem GND

Pin 1 BOOT- 0 na + 3,3 V volba BOOT (nahravani firmware do flash)
BOOT- 0 na GND (zem) volba RUN — béh programu

Pin 10 PA4 Blikani LED zapojené proti zemi — test

Pin 18 na D+ USB konektor
Pin 17 na D- USB konektor

TSSOP20

PB&-BOOTD
PFO-OSC_IN ]
PF1-0SC_OUT C—
NRST ]

20
19
18
17

— PA14

— PA13

— PA10 [PA12)
1 PAY [PA11]

———> VDDA
PAD T
PA1 ]
PAZ T
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0 m o~ @ b oW ko=

PA4d
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=

I

15
14
13
12
11
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Zapojeni kitu FO v- Lab

33V STM32F042F6P6
+
BOOT ’
PR1 1 20
RUN f/j 5 ]BOOT1 PA14 [2¢
TL1 | 3|PFO PAIST USB D+
4| PF1 D+ 47 USB_D -
5 5|NRST  D- =
RESET 6| VDDA VDD g U,,=+3,3V
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Usporadani na kontaktnim poli
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Postup sestaveni a oziveni kitu

Sestavovat kit na kontaktnim poli postupné

Konektor USB, regulator napéti HT7533 3,3V, indikaéni LED 1s rezistorem.
Zkontrolovat spravnost napéti + 3,3 V

Zapoijit modul se STM32F042, prepina¢ BOOT, reset tlacitko, LED na pin 10
pres s rezistorem.

Ozivit blikani LED 2 na pinu 10 (PA4) — s programem dodanym ve Flash

Ozivit nahravani firmware do STM32F042 z PC prostrednictvim USB
rozhrani

Ozivit FO- Lab s funkcemi: Impulsni generator, voltmetr a osciloskop
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Material na realizaci kitu

Nepajivé kontaktni pole + vodiCe

Modul s STM32F042F6P6 s blokovacim kondenzatorem 100 nF
USB micro - konektor

HT7533 regulator napeéti +3,3 V

LED 2x rezistor 470 Ohmu 2x;

Prepinac€ + tlacitko

Kondenzatory: , 2x elektrolyticky 22 uF , (2x keramicky 100 nF)

ETC club, 13.12.2016, CVUT- FEL, Praha
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Material pro domaci praci

Na doma poridit:

Micro USB kabel - nutné

Ploché malé klesté s moznosti Stipani dratu (vhodné)

Levny Cislicovy multimetr (kategorie 200 — 400 K¢) — v pfipadné zajmu. Neni
to ale nutné.

Vlastnosti multimetru: vyhodné — s automat. vypinanim napajeni, pfip. s
vypinanim tlacitkem. (\Vypinani oto€. prepinacem je méné pohodiné.)

NUCLEO STM32F303RE — pouze pro zajemce o SirSi samostanou praci
doma.Moznost programovani pomoci mbed. V laboratofi bude kit vyuzivan
ve funkci ,generator, osciloskop®, Cena je cca 360 K¢.
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Pole osazené STM042 osazené pole

LED 1
+3,3V

VBUS=+5V +3,3V

Reset Regul. 3,3V +3,3V
BOOT Vneéjsi shérnice GND- zem

ETC club, 13.12.2016, GVUT- FEL, Praha 23



Zapojeni kitu s STM32F042
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Piny vyuzité ve funkci voltmetr, osciloskop

Pro oziveni- v STM32F042 nahrany testovaci program blikani na PA4:

AplikaCni program — firmware Voltmetr + osciloskop
PC aplikace — spole¢na

PWM out pin 14 generator PWM — pro funkci voltmetr i osciloskop
CH1 pin 11 pro funkci voltmetr i osciloskop
CH2 pin 12 pro funkci voltmetr i osciloskop
CH1 pin 13 pro funkci voltmetr i osciloskop

ETC club, 13.12.2016, CVUT- FEL, Praha
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Nahrani firmware pomoci programu DfuSE Demo

+ DfuSe Demo (v3.

Avyallable DFU Devicas

0.5) 0]

| STM Device in DFU Mode

DFLU kaode:

7 | Applicafion Mode:

Transferned data size

0 KEB(D Byles) of 0 KB{ Bytes)

Qperatian duratian
a0:00:00

) . wendor I |:| Wendor D |0453
Supports Upload kanitestation tolerant
Supports Download Accelerated Upload (ST ProcuctID: E Procuct ID:  |DF1T
Can Detach “Wearsian: E “Yersion:  |2200
Leawve DFJ mode
Actions
Select Target(s): Targ Mame Awailable Sectars (Double Cli
an Irternal Flash 32 sectars
m Option Bytes 1 sectars
Upload Action pgrade or Verify Action
File: File: super_slow_042_TS50P20_ADC_PWhd_DFh.dfu

Wandor IO |0483 Targets in file:
aa Switha_Corp
ProcuctID: (0000
“ersion, (0000

[ +erify aiter download
[ ]optiize Upgrade duration (Remove sorme FFs)

l Upgrade ] l ey I

File correctly loaded. |
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+ DfuSe Demo (v3.0.5)

Awailable DFU Dewices
|5TM Device in OFU tode 3 ‘ Application Wode: DFU tdode:

“endor 1D I: WendarD: 0483
Supports Upload Manifestation tolerant
Supports Download Accelerated Upload (ST)  Procuct 1D I: Procuct|D: |DFT
e EEiEE Wersinm |:| Wersion: 2200
Enter DFL) mode/HID detach [ Leave DFU mode I
Actions
=elect Targel(s). Targ | Mame Avallable Sectors (Double Ch

DfuSeDemo

?) Your device was plugged in DFU mode,
S0 it 5 impossible to make sure this file is correct for this device,

Continue howeyer 7
Upload Act

Filier

T J [ e } DFR.

Choose... Dpioad Procuct[D: | 0000 -
Transterred data size “Veraion: 0000

0 KB Bytes) of 0 KB{0 Byles)

[ ]werity after download

[ ] Optimize Upgrade duration (Remowve some FFs)
Operation duration

00.00-00 | Uporade | | veiy |

File correctly loaded. |
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» DfuSe Demo (v3.0.5)

Sevailable OFU Devices

[5TM Device in DFU Wode v | - Application Mada DFU hode
“Wendar ID: :l Wendor [D: D483
Suppors Upload Manifestation tolerant -
Supparts Download Accelerated Upload [(5T) Procuct 10 :l ProcuctID; |DF1T
Ez (LiEeh vVarsion: :| “ersion:  |2200
Enter DFLI mode/HID detach Leawe DFUU mode
Actions
Select Target(s): Targ. | MNama Awailable Sectars (Doukle Cli..
oo Internal Flash 3E sectors...
0 Optian Bytes 1 sectars...
Upload Action pgrade or Werity Action
File; File: super_slow_042_TS50P20_ADC_Pyvwh_DFM dfu

Transferred dala size
17 KB(18204 Bytes) of 17 KB(18204
Brndes)

Operatian duratian
a0:000%

Target 00: Upgrade successful ! ‘

“Wendor ID: 0403 Targets infile:
oo Switha_Corp
FrocuctID: (0000
Yersion: 0000

[ ]+erify after download
[ ]optirize Upgrade duraton (Remove same FFS)

[m] I Upgrade } { Werify I

Ao
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= Spravce zarizeni \:|FX|

Soubor  Akce Zobrazit Napowgda
& 2

+ w2 Klavesnice

+ e Modemy

+ @ Monitory

+ ) Mydi a find polohovac zafizeni
+ {p Personal identification devices
4y Pomtac

[2

F'J Dort ECD twskarnv (LPT1)
¥ STMicroelectronics Yirtual COM Port (COM3)
+ ¥ Procesory
+ =) Radite IDE ATA/ATAR]
+ & Radite sbérnice USE
+ €8 Radide 5051 a RAID
+ @, Radice zvuku, videa a hernich zatizeni

=08 T T e Pt

[ 4
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STM32F042 jako zarizeni (v rezimu BOOT)

ETC club, 13.12.2016, CVUT- FEL, Praha

%j‘% » Owvladaci panely » Hardware a zvuk » Zafizeni a tiskarmy »

Soubor  Upravit Zobrazit  Mastroje  MNapovéda

Pridat zafizeni Pridat tiskarnu

| 4 Tiskarny a faxy [5)

& - B

Foxit Reader PDF HP Laserlet 1200 Microsoft XPS
Printer Series PCL S Document Writer
4 Zarizeni (7)
BenQ E?_EJUUW CVUT- h’IDEOMEI' DataTraveler 2.0 Vstupni zafizeni

USB

4 Neurceny (1)

—
0

STM32
EOOTLOADER
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STM32F042 jako zafizeni (v rezimu béhu programu F0-Lab)

ETC club, 13.12.2016, CVUT- FEL, Praha

S - o gy
Juwl@ b Ovlzdaci panely » Hardwarea zvuk b Zafizeni a tiskarmy »

Soubor  Wpravit Zobrazit  Mastroje  Mapovéda

Pridat zafizeni Pridat tiskarnu

# Tiskarny a faxy (5)

-

Foxit Reader PDF HP Laserdet1200  Microsoft XPS

Printer Series PCL S Document Writer
4 Zarizeni (7)
f i
Ben() E2000W CVUT-VIDEOMET  DataTraveler 2.0 Vstupni zafizeni
RY USB

4 Neuréeny (1]

STMicroelectroni
cs Virtual COM
Port (COMES)
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Spusténi FO-Lab

Prepinani konfigurace ,,Next configuration*
PWM output + Voltmetr, nebo PWM output + Osciloskop

p
B Data Viewer

= =

3

Osdilloscope

COM port:

COon1

Generator

COMES

PWM output

PWM input

Yolt meter

Fulse counter

_— e — — — ——

) ) )

Device connected
Device: stm32f042f6
Configuration: Voltmeter

Refresh

Connect

Enter bootloader

Mext configuration

_— e — ——

—_ )

|’

| Data Viewer

Oscilloscope

Generator

PWM output

PWM input

Volt meter

Pulse counter

Device connected
Device: stm32fl42fo
Configuration: Qscilloscope

COM port:

COomM1
COMBES

Refresh

Connect

Enter bootoader

Mext configuration

ETC club, 13.12.2016

, CVUT- FEL, Praha
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Funkce osciloskopu

— B
B Oscilloscope = wE )
Sethings
8- Contral | Measurement
-
7 : Trigger: 1.500 W
F r
1 2L 1
t Rizing edge Faling edge
I Auto trigger
g
| L Channel 1 @ Trigger
- Channel 2 ™) Trigger
j : r Channel 3 ) Trigger
] - Channel 4 () Trigger
1l = | I Start ] [ Stop ]
z 4
=] r Trigger position: 00 %%
L I
I S e e 1]
3 —
r Sample rate: 20.000 kHz
L "l
i 12
2+ @ Coarse () Fine
r Buffer size: 1024 =

1 —

F I Reset Zoom ]

D | | | 1 1 |
| a 4 8 12 15 0 24 @ Running Samples: 512

Time {ms)

ETC club, 13.12.2016, CV%




Konfigurace PWM + voltmetr

A PWM output

Freguency:

i

@ Coarse ()

Duty cyde:

Fine

100,000 Hz

50.0 %%

Start

Stop

ETC club, 13.12.2016, CVUT- FEL, Praha

B Volt meter

Voltagel: 3.351V
Voltage2: 2,396V
Voltage3: 1.949Y
Vdda: 3.326V

V2 -V1: -0.955
V3 -V 0440

Mumber of samples:

)

156

[ Start ]
| |
Recording source:

[voltage1 -
[ Show recording ]
[ Show DC analysis ]
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Potrebné soubory, programy a dalsi informace budou na

measure.feld.cvut.cz/soutez/ETC

ETC club, 13.12.2016, CVUT- FEL, Praha
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