Vhodno izhodne naprave

Laboratorijska vaja 12
Tipala in signali — prakticni izzivi
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"
Laboratorijska vaja 12
LV5: Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

&) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LVb5a : Tipala in signali — meritve

[ a) Meritev karakteristiChe upornosti linije z multimetrom (R,)

by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos€atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

&) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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"

LV1* - Meritve dolzine in karakteristicne upornosti prenosne linije

LV1*: Meritev karakteristiCne upornosti prenosne linije

|zziv: ali bi lahko z multimetrom in dano opremo lahko dolocili
karakteristiCno upornost linije ?

Merilni tocki

____________ 3
FunkCijSki Rgen:SO? : Rser / Zo, 6 /
oz
|

generator

Podan je komplet kablov in opreme z
multimetrom. Razmislite ali je mogoce s
tem kompletom dolociti karakteristicno
upornost linije in ¢e je mogoce, opisite vse
podrobnosti. Sicer utemeljite nasprotni
odgovaor.

VIN - LV 4
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Laboratorijska vaja 12
Tipala in signali — prakticni izzivi
m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,))

[ by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)

c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

&) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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Preizkusi razli¢nih tipal

Tipala: IR,UZ razdalja,
PIR, Hall, ...)

|zziv: z ustreznimi orodji
(osciloskop, generator, ...)
preizkusite in opisite delovanje
razlicnih vrst tipal po lastni izbiri.




Preizkusi razlicnih tipal
, LAPSy Embedded Academy zvezek v 5

Tipala: IR,UZ razdalja, e o
PIR, Hall, ...) ’

_ o - VIN Sensors Challenge —
|zziv: z ustreznimi orodji pete, 24 marec 2023 1425 VI Serors e

(osciloskop, generator, ...)

Sharp IR GP2Y0OA21YK

preizkusite in opisite delovanje
razlicnih vrst tipal po lastni izbiri.

Devantech El. Compass

/ Devantech SRF04 «

LV-MaxSonar-EZ1

Q158 po zvezkih

PIR Napion Senzor

MPXV10GC7U Senzor pritiska
A3144 Hall effect Sensor
A3144 Hall effect Sensor -...e
TPA81 Thermopile Array
Motion and Gesture Dete... *
Easy Motion and Gesture De...
IR tipalo TPiS 1S 1385
SHT11 Temp./Vlaga

HR202L - resistivni vlagomer =
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Preizkusi razlicnih tipal (IR,UZ razdalja, PIR, Hall, ...)

LV-MaxSonar®-EZ™ Series ___

MB1010 LV-MaxSonar-EZ1 ® = 1m :
VIB1010 Datasheet LV-MaxSonar -EZ™ Series
Ranges from 6 inches to 254 inches with a 20Hz
read rate. Wide detection field. Excellent for

With 2.5V - 5.5V power the LV-MaxSonar-EZ provides very short to long-range

people detection. detection and ranging in a very small package. The LV-MaxSonar-EZ detects objects \A.,..,
firom O-inches to 254-inches (6.45-meters) and provides sonar range information from 6- =

) inches out to 254-inches with 1-inch resolution. Objects firom (-inches to 6-inches typically range

Z naslova <https://maxbotix.com/products/mb1010> as 6-inches'. The interface output formats included are pulse width output, analog voltage output, and RS232 serial

High Performance Sonar Range Finder
MB1000, MB1010, MB1020, MB1030, MB1040>

Features

¢ Continuously variable gain for control
and side lobe suppression

* Object detection to zero range objects

e 2.5V to 5.5V supply with 2mA typical
current draw

e Readings can occur up to every S0mS,
(20-Hz rate)

e Free run operation can continually
measure and output range information

* Triggered operation provides the range
reading as desired

e Interfaces are active simultaneous
e Serial, 0 to Ve, 9600 Baud,
¢ Analog, (Vce/512) / inch

o Pulse width, (147uS/inch)
Priklop : \\\\\\\\\\“\-~\\\>

* Napajanje

« 25-55V
* GND

* lzhoda:
* Analogni
- PWM

VIN - LV 8 © Rozman,Skraba, FRI
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"
Preizkusi razlicnih tipal (IR,UZ razdalja, PIR, Hall, ...)

MPXV10GC7U

Z naslova <https://eu.mouser.com/ProductDetail/NXP-Semiconductors/MPXV10GC7U?qs=N2XNOK Y4UWWde 78q4P8QQ/ 3D%3D>
8707:-USB3ZEF | « e

6 Pin Information

6.1 MPXV10GC6U

Figure 2. Case 482A-01

Table 2. Pin = MPXV10GCEU
Symbol Pin Description

GND 1 Ground

+Vour 2 +Voltage output

Vs 3 Power supply

8 Operating Characteristics

Table 7. Operating Characteristics (Vs = 3.0 Vde, Ta = 25 °C unless otherwise noted, P1 > P2)

Characteristic Symbol Min Typ Max
Operating Pressure Range m Pop ] - 10
Supply Voltage Bl v - 3.0 6.0
Supply Current lg — 6.0 —_—
Full Scale Span Bl Vs 20 35 50
Offset M v, 0 20 35
Sensitivity AVAP — 35 —
Priklop :
* Napajanje
« Dob6V
« GND
* Izhod:

* Analogni 9 © Rozman,Skraba, FRI
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Preizkusi razlicnih tipal (IR,UZ razdalja, PIR,

Hall, ...)

o N el 48 248
R

2. Slight motion detection type

1247 dia

Recommended PC board pattern (BOTTOM VIEW)

VI
(s

Note 2)

Notes: 1. In order to ensure proper detection, install it with the

lens exposed at least 2.4mm

2. As for p:

anel mounting hole, tapering or making a

large size hole should be done.

3. The height dimension does not include the remaining

molding

gate.

Priklop :
* Napajanje
« 36V
« GND
* lzhod:
» Digitalni (H/L)

3. Electrical characteristics (Measuring condition: ambient temp. = 25°C 77°F; operating voltage = 5V) (Common fo All types)

1) Digital output

value Measured
lzrie S Standard type Low current consumption type conditions
Minimum 3ovDC 22vDC
Reted operating voltage Typical Vdd —
Maximum 6.0V DC 3.0vDC
Reted consumption current Typical ” 170 pA 46 pA lout = 0
(Standby) e Maximum 300 pA 60 pA =
Current Maximum lout 100 pA 100 A Vout = Vdd-0.5
gful-tlgﬁtdetecing) Voltage Minimum Vout Vdd -0.5 Vdd -0.5 Open when not
Maximum — — detecting
; Typical 7s 78
Circuit stability time P L Twu 208 308
Remark: The current which is consumed during detection consists of the standby consumed current plus the output current.
2) Analog output
Items Symbol ified value Measured conditions
Reted operating voltage ugmﬂ'ﬂ Vdd gg E gg
Typical 0.17 mA _
Reted consumption current Maximum Iw 0.3 mA lout =0
Output current Maximum lout 50 pA
Minimum oV
Output voltage Typical Vout 25V
Maximum Vdd
Minimum 23V Steady-state output
Output offset average voltage Typical Voff 25V voltage when not
Maximum 27V detecting
i Typical 130 m Vp-p
Steady-state noise Maximum Vn 300 m Vp-p
Circuit stability time Maximum Twu 45s

Note: To set to the same detection performance as the digital type, set the output vollage to the offset voltage (2.5V) +0.45V (i.e. 2.95V or more and 2.05V or less).

Z naslova <https://eu.mouser.com/ProductDetail/Panasonic-Industrial-Devices/AMN22111?qgs=mTeSeKeuVVA42z57106%2F0inQ%3D%3D>

https://eu.mouser.com/datasheet/2/315/panasonic amnl 2 4-1196943.pdf
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" Prikiop

* Napajanje
Preizkusi razlicnih tipal (IR,UZ razdalja, PIR, Hall, ...) e b5V Pinl
« GND Pin9

CMPS03 - Compass Module L e warme

For documentation on CMPS03 revisions prior to Rev14, click here
Earlier versions can be identified by the presence of the silver 8MHz
ceramic resonator in the middle of the PCB, this has been removed on
new modules.

Rev14 was released March 2007
Z naslova <http://www.robot-electronics.co.uk/htm/cmps3tech.htm>

North «<—— |

Pin 9- Ov Ground
Pin 8- No Connect
Pin 7 - No Connect
Pin 6- Calibrate
Pin 5 - Calibrating

-
-—
-—
—
—
—
-—
—
—
—
-—
—
-
-—

Pin3-SDA
Pin2-SCL
Pin1- 45y

s D W 4w o il

Connections
Pins 2,3 are the 12C interface and can be used to get a direct readout of
the bearing. If the 12C interface is not used then these pins should be
pulled high (to +5v) via a couple of resistors. Around 47Kk is ok, the
values are not at all critical.

Pin 4. The PWM signal is a pulse width modulated signal with the
positive width of the pulse representing the angle. The pulse width
varies from 1mS (0° ) to 36.99mS (359.9° ) — in other words
100uS/®  with a +1mS offset.

VIN - LV 11 © Rozman,Skraba, FRI
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Preizkusi razlicnih tipal (IR,UZ razdalja, PIR, Hall,

PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. | UNIT
Measuring Distance Range AL 10 - 80 cm
Output Voltage Vo L=80cm 025| 0.4 | 055 \
Output Voltage Difference AV ?thpc:: ?I;%ngr:}a! Iohangs | o 75| 20 |225 | V

SHARP

GP2D12

Optoelectronic Device

FEATURES

Analog output

Effective Range: 10 to 80 cm

LED pulse cycle duration: 32 ms
Typical response time: 39 ms

Typical start up delay: 44 ms

Average current consumption: 33 mA
Detection area diameter @ 80 cm: 6 cm

.

.

.

DESCRIPTION

The GP2D12 is a distance measuring sensor with
integrated signal processing and analog voltage output.

o o0

(23

2

\_

PIN| SIGNAL NAME

@ Vo

@
o] v

GP201 28

SHARP

Figure 1. Pinout

GP:

ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings : .
Ta = 25°C, Vg = 5 VDC Prlklop L
L[]
PARAMETER SYMBOL RATING UNIT Napaj anje

Supply Voltage Voo |-0810+7.0 v e Dovv

Output Terminal Voltage Vo 0310 (Vge+0.3) | V . GND

Operating Temperature Topr | -101o0 +60 °C o | .

zhod:
Storage Temperature Tstg -40 to +70 °C )
* Analogni
Operating Supply Voltage
PARAMETER SYMBOL | RATING | UNIT
Operating Supply Voltage | Vg (4555 V
Electro-optical Characteristics
Ta =25°C, Vg = 5 VDC
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. | UNIT | NOTES
Measuring Distance Range AL 10 80 | cm 1,2
Output Voltage Vo L=80cm 025| 0.4 | 0.55 v 1,2
N Output change at L change

Output Voltage Difference AVg (80 om - 10 cm) 175| 20 | 225 | V 1,2

Average Supply Current lee L=80cm 33 50 mA 1,2
NOTES:

1. Measurements made with Kodak R-27 Gray Card, using the white side, (90% refleclivity).

2. L = Distance to reflective object.

12
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Priklop :
*  Napajanje

Preizkusi razlicnih tipal (IR,UZ razdalja, PIR, Hall, ...) L ey

. Izhod OC — ,Open Collector*:

3aa ™ oo
3144 + -

SENSITIVE HALL-EFFECT SWITCHES
FOR HIGH-TEMPERATURE OPERATION

These Hall-effect switches are monolithic integrated circuits with
tighter magnetic specifications, designed to operate continuously over
extended temperatures to +150°C, and are more stable with both
temperature and supply voltage changes. The unipolar switching
characteristic makes these devices ideal for use with a simple bar or rod
magnet. The four basic devices (3141, 3142, 3143, and 3144) are
identical except for magnetic switch points.

Each device includes a voltage regulator for operation with supply
voltages of 4.5 to 24 volts, reverse battery protection diode, quadratic
Hall-voltage generator, temperature compensation circuitry, small-
signal amplifier, Schmitt trigger, and an open-collector output to sink
up to 25 mA. With suitable output pull up, they can be used with
bipolar or CMOS logic circuits. The A3141-and A3142- are im-
proved replacements for the UGN/UGS3140—; the A3144— is the
improved replacement for the UGN/UGS3120-.

The first character of the part number suffix determines the device
operating temperature range. Suffix ‘E-" is for the automotive and

=
2
o
=
2
o

> a industrial temperature range of -40°C to +85°C. Suffix “L-" is for the

T % automotive and military temperature range of -40°C to +150°C. Three

% g package styles provide a magnetically optimized package for most

[%] ® applications. Suffix ‘—LT" is a miniature SOT89%/T0O-243AA transistor
— package for surface-mount applications; suffix *~UA” is a three-lead

ultra-mini-SIP.

Pinning is shown viewed from branded side

FEATURES and BENEFITS

B Superior Temp. Stability for Automotive or Industrial Applications
B 4.5V to 24 V Operation ... Needs Only An Unregulated Supply

B Open-Collector 25 mA Output ... Compatible with Digital Logic
B Reverse Battery Protection

. Unlimited B Activate with Small, Commercially Available Permanent Magnets
28V B Solid-State Reliability

ABSOLUTE MAXIMUM RATINGS
at T,= +25°C

Supply Voltage, V. ...

Reverse Battery Voltage, V. ..
Magnetic Flux Density, B
Output OFF Voltage, V,

ouT

Reverse Output Voltage, V| .ccco.... 0.5V u Smgll Size )
Continuous Output Current, I, ...... 25 mA W Resistant to Physical Stress

Operating Temperature Range, T,

Suffix ‘E- oo -40°C to +85°C

Suffix ‘L -40°C to +150°C
Storage Temperature Range,

| R— A O (L ] o)

s

Always order by complete part number, ¢.g.,| A3141ELT|.

VIN - LV 13 © Rozman,Skraba, FRI




"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi
m 12a: LV5a : Tipala in signali — meritve

a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)

. o Meritve deformacij UTP kabla

d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

&) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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"
LV2 - Meritve odbojev in presluhov

LV 2*. Meritve deformacij UTP kabla

|zziv: z ustreznimi orodji
(osciloskop, generator, ...)
dolocCite deformacije (vrsta,
razdalja od toCke A) na vseh

paricah v UTP Kablu. row a7, / 2
g : il
Meritev s pravokotnim Meritev s kratkim impulzom:
signalom, kot pri Ry zakasnitev odboja impulza =2 t
trajanje stopnick =2 1 odboj v - ... kratki stik odboj v + ... prekinitev

File Vericsl Timebase Trgger Display Cursors Measure

i F 1




"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla

[ d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

&) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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"

LV2-4*: Merjenje presluha na ploS¢atem kablu

LV2-4*: Merjenje presluha na plosCatem kablu

m  Funkcijski generator prikljuCite na vodnik 1, vodnik O pa uporabite
kot skupni povratni vodnik GND in nastavite primerno obliko

signala u,(t).

Ug(0,t) bliZnji presiuh Upq(l,t) daljni presluh

8 © | | o 8 oL | ¢
I I 0>;'
Funkcijski 8 | I 3
generator 3 3 0 I © 3 o—H g
r—————-— ! ) —
| RlZH : © 20 1 I © 2 O_-I:|_ § Upor..Q
| $oo! o0 1 ol 1+ | § o I
' : uV(t)\i I L 50 o 5 44'
| | e e e e e e e e e e e e e e - - I J_
' |
| i GND Plo3cati kabel R,,3, | GND
h d
L4
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Merjenje presluha na plod¢atem kablu -~ “3% S e
ey . ¢ \ “}
m  Funkcijski generator \\ O —

prikljucCite na vodnik 1,
vodnik O pa uporabite kot
skupni povratni vodnik
GND in nastavite primerno:—
obliko signala u,(t).

Upp(0,t) bjiznji presluh Upq(l,t) daljni presluh
Y A i
8 | 8 o | ¢
| I o
Funkcijski S A?L_/ I 5
generator 8 30 | | o 3 o1 %
[___RTZ;_I o 2 0 o 2 o1 | ¢ Upor .. Q
I s
: ool o0 1 o{ 1 S
7 u M N ] 5
I | O o 0 o
i I I S S ——————— 1
I
: 1 GND Plo3&ati kabel R,,3, | GND
h d
L2
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LV2-4: Merjenje presluha na plosCatem kablu

A b e te /_
4 -
/ paralelna vodnika
- ‘E‘-’T‘-’T‘-"-
ST

LV2-4: Merjenje presluha na plosCatem kabli s e

e Motilno magnetno polje sosednje linije

Pozor: ploscati kabel je precej slabsi od B et
UTP glede presluhov :
* ni parica (vegji presluh) - MM M AW
« zvitek: presluh se bolj Siri f = l—, =
Pri R, meritvi ozemljiti linijo 2 (GND) !!! e
U(0,1) bliznji presluh Upq(l,t) daljni presluh
8 © :- _______________ -: O 8 o 1
Funkcijski : : ?E
generator 3 3097 °3 ol—7 z
:r___RTZ;_: o ZO/Z%E : Z 2 O‘E g Upor .. B
I t i 1 O- S OE,
i i g u"(t)\_lo_:_ ________________ : Jo_O o- >
i i GND Plos¢ati kabel Ry, B, | GND
=
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N
i TABLA TABLA: Lab.vaja LV2-4 Presluh — plos¢ati kabel

PLOSCHT| YAREL

LV/N| -1 g
= » L —LInD-2 €GB
® - [ pOTOUARIA-T
\ 2 _ J ' ’
‘"L - VAphLT. LPORLOST - Po RLIEW
Lvye 0-2,0-30-&: | hgzrrve o -
L >4 ) POTER
D) Ka=? <=  -Blizhi) PRESLUH T CAOVL :
” ! - YPLV OBBOSEV! }(\ML_W,
‘DAL INJ I pbE SLUH -~ _-plkee | 3
C) % DOBOS YA [ST| sTRAVI |
ODBOS NA OBEH STRMELT . ]
!
‘Dhe JEVANSE PReESLUHOL ¢ thfé‘:m"g‘;ag)q 7 oreer

y o DZEHLAITEY | WNIJE DO-2

S~
“Q) &@ DALISALLE i‘t«,’h

OLCILD :
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"

Merjenje presluha na ploS€atem kablu

|Izhodna upornost funkcijskega generatorja je R,,,=5002, zakasnitev
plosCatega kabla ©6=4,53ns/m

= |lzmerite Cas potovanja po plosCatem kablu.

N |lzmerite in izraCunajte karakteristiCno upornost ploSCatega kabla in
izberite primerno zakljucitev za linije 2 do 8, da ne bo odbojev
(podobno kot v LV 2-2, linijo 2 ozemljite).

" Kaj se zgodi, ¢e linije 2 ne ozemljite?

= Izmerite napetostne nivoje bliznjega presluha u,,(0,t) na vhodih v
linije 2,3 in 8 in daljnega presluha u,4(l,t) na izhodih linij 2,3 in 8.

- Opazujte vpliv zakljucCitev na linijah 2 do 8 na amplitudo in potek
bliznjega in daljnega presluha (brez odboja, odboj na isti in Se na
obeh straneh).

0 Podajte postopek in izraCun bliznje presluSne konstante K

Bliznji presluh (NEXT)
B " [4,00,8) =K, [6,(6)-u,(t -2-7)]
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N
i TABLA TABLA: Lab.vaja LV2-4 Presluh — plos¢ati kabel

PLOSCHT| YAREL

LA 0-1:
= : v ~LInD-2 6B
a) . (AS POTOUARIA-
o - LigwdIs
(% - VAgaT. LPORWOST - Bo 3
Lotye 0-2,0-30-&: | hazl’rvﬁz : =
D > () POTER
D) K7 -BLBRI) PRESLUM | |- CRSOW .
; ! - YPLV ObBBOSEV: }(\ML_W,
ALyl PRESLUM |\ o _-ppez 7
C) % DOBOS “A [ST| STeav! |
oDpoOy NA OBEH S TRME 0N
!
-DME JEVANSE  PRESLUHOU ¢ ?‘("g;gm"gghg)" % DFoRD

y o DZEHLAITEY | WNIJE DO-2

S~
“Q) &@ DALISALLE i‘t«,’h

OLCILD :
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Merjenje presluha na ploS¢atem kablu 1

m |zmerite Cas potovanja po plosCatem kablu = 62ns

RIGOL v F 1.7z

_._._._._._._._._._._._._._._._._._._._._._.-‘

T
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

'-.-'ru'u-a:iliiil =.2.4581 e 1.4E1|-..|i

CHi= 1.86. [sElEE 1.6061) Time
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N
i TABLA TABLA: Lab.vaja LV2-4 Presluh — plos¢ati kabel

PLOLCHT) kAREL

LV/N| -1 g
= » L —LInD-2 €GB
® [ho POTOUARIA-TT
SNRIT
‘"L - VAgheT. LPORWOST - Bo pLIEN
Lvye 0-2,0-30-&: hgzrrvez ., -
D) Ker? <  -BLRNI) PRESLUH |/ “¢asovin ot -
- YPLIV ODBBOSEV: ])Q\ LS
DALINI PRESLUH = _-dhez . 3
DOBOS YA [ST| STRAV! |
C)%. oDROS NA OBEH S TRAE Q
!
-Dhe JevanieE  PReESLUHOU ¢ ZA(";';S;,.";‘T‘;M',’)" z vpoeor !

f o DZEHLAITEY | WNIJE DO-2

.
)&@D DALISALIE o dy

OLOCILD -
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RES: Merjenje presluha na plos&atem kablu : Bliznji presluh

Izmerite napetostne nivoje bliznjega presluha u,,(0,t) na vhodih v linije

RIGOL

2,
688mV

i ode
hdarial

i e o D\ e e g 8 e s e [

Source

RIGOL

h e
=Ty
Type

Source

In 8
136mV

LLirH: |
CurE:

ST

£ |

h e
=Ty
Type

Source

CHz2

Ladl) 1)
SRS 25

Time 188.8ns Time 188.8ns CH1= 1.860 [EEEEE  ZEEmL) Time 188.8ns

Bliznji presluh (NEXT)
up(oit) = KB [uv(t) —Uv(t—Z'T)]

m  Primer ixracuna Kb (vstavijene zakljucitve)  wom |
KABEL #N NV
“>Kb:0688/286 ! . I\\’_ _____ S . A
Kb = _ 0 T8 2T %N
Komentar: 1.slika — vzamem max (2.86V) ! s=3av A7 0.2v
namesto Vstac (2.54V) za izracun JUVIE! L e
0.240559 ST Tt oo
ot
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Vpliv zakljuCitev na linijah 2, 3 in 8 (stolpci) na amplitudo in potek bliznjega presluha

i Bliznji-presluhf ‘A) ‘Vstavljene-zakljuéitves

-

688mV | 288mV _ 136mV

Type
==

Source

B)Brez-zakljuéitev-na-isti-stranif |

3.16 V 276V 1.76 V

Yy

© Rozman,Skraba, FRI
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N
i TABLA TABLA: Lab.vaja LV2-4 Presluh — plos¢ati kabel

PLOLCHT) kAREL

LV/N| -1 3
- -0 - LIn.0-2 €GOB
® [ho POTOUARIA-TT
\ > _ J ' |
ML - VAphLT. LPORLOST - Po RLIEW
Lvye 0-2,0-30-&: hgzrrvez ., -
D lﬁg;-? e . bl,lgl\)_\l PRESLUH | - CASOVI PO'TEIL‘ - \ s
- YPLIV ODBBOSEV: ])Q\ LS
DAL PRESLUH - _-pkee | 3
C) % DOBOS bA [ST| STRAV! oot
oDROS NA OBEH S TRAE Q
!
‘DhE JEVANSE  PRESLUHOU ¢ ZA(";';S;,.";‘T‘;M',’)" z vpoeon !

f o DZEHLAITEY | WNIJE DO-2

.
)&@D DALISALIE o dy

OLOCILD -
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Stolpci prikazujejo povezave
0-2 0-3

RES: Merjenje presluha na plo$&atem kablu : Dal

JERLE v

Izmerite napetostne nivoje daljnega presluha up,(l,t) na izhodih linij 2,3 in 8.
-360mV -120mV

RIGOL T°D = F B 1.2e0 |RIGOL T° O F B 1.2ey RIGOL T° O = F B 1.zeu
[Tl | EFTEEERE . BT : : : : < - | TR . BT : : [Tl | FTEEERE . BT
b e e CrBE —EEEmL) B B B B B - - CurE: —S5Eml) e e T CrBEE —EEEmL
- talls ZEEmU talls ZEEmU - talls ZEEmU
s B T . L P P S Ty B T .
=2 5 =2 =
Umaiill = 3 260 Unsed2) =32 8wl Mmind2) =——SEGmk Umadill = 3. 120 Umsed2) = T8 .8l Mmied2) =——S26ml) Umadill = 3 260 Unse2) =24 8wl Mmied2) =——126mk
CHim: 2. @@l [MzeEE  Z@@mL Time ZAR.ARsS BHES.S0n=s | CHl1s 2 @6 [MEFER  ZEEmL Time ZAA.ARs BH6S.S60ns  CH1s 2 @6 MEkEE  Za@ml Time ZAR.ARs BHES.S0Rs

Brez zakljuCitve na daljni strani (spodaj) in obeh straneh (Cisto spodaj)
-1.88 V < -2V

£ £ 1.@su RIGOL

CCurA: 2. 12U
S CurB:= Sa@ml) | ]
pattis 1. 5sl =

o

£ £ 1.@su

CCurA: 2. 12U
S CurB:= Sa@ml) | ]
tali= 1.56U E

1.@su RIGOL

thnﬂ

|

[RERENNEN

Umaids) = o Mdmiszi=—1.960 : : : Umaidz) = | SEEmL 21 =itk : : : : Umaidz) = D 9SEm  CUnisEl =<1 .4 : : :
CHim: 1 .@Eu [MzkEE  SEEmL Time 108 .0ns Ge565.0ns CHils  1.@60 [MERER  SEEmL Time 108 .0ns Ge565.0ns  CHim=  1.@@0 MEEEE  SaEml Time LAA.ARs B5565.00s

£ 0 1.

CiCurA: 2. 12U
I CurE=  SEEAmL)
SR " S ==

1.820 RIGOL
ER= b1 : ‘g
= SE@EmL

£ 0

CiCurA: 2. 12U
I CurE: SeBEml) | ]
S I =1 = =

1.@su

:2

Umaid2) =1 1860 [ Unis2) =So@6m) - : : : Umaid2) =1 1840 Unis2) =SasEml) - : : : Umaid2) = SS@ml) Ui si2) =S3@6m

CH1= 1.@a.l Time 188 .@n=s 355 ..0n= Time 188 .@n=s 355 ..0n=

[MEkER  SEEmL)

CH1= 1.@all WopEEE  SEEml) Time 188 .@n=s 355 ..0n= CH1= 1.@au

[MEkER  SEEmL)




"

Omejevanje presluha

Ponovitev — predavanja

m Presluh lahko zmanjSamo z vec razlicnimi ukrepi:

— . o .
— amm mmm o s — o oy,
— o Emm Emm o Em E—

\
/

\\ liniji)

0 Z manjSanjem spremembe napetosti AU pri spremembi stanja (0—1, 1—0)

[0 Z manjSanjem preslusnih konstant Kg in K :

— o D o o o oy,
— s = o o

m Koaksialni kabel
m  Simetricni (diferencialni) prenos
m  Opticni vodniki

1 UpoStevanje obcutljivosti na presluh pri razlicnih vrstah signalov
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N
i TABLA TABLA: Lab.vaja LV2-4 Presluh — plos¢ati kabel

PLOSCHT| YAREL

LV/N| -1 g
= » L —LInD-2 €GB
® - [ pOTOUARIA-T
\ 2 _ J ' ’
‘"L - VAphLT. LPORLOST - Po RLIEW
Lvye 0-2,0-30-&: | hgzrrve o -
L >4 ) POTER
D) Ka=? <=  -Blizhi) PRESLUH T CAOVL :
” ! - YPLV OBBOSEV! }(\ML_W,
‘DAL INJ I pbE SLUH -~ _-plkee | 3
C) % DOBOS YA [ST| sTRAVI |
ODBOS NA OBEH STRMELT . ]
!
‘Dhe JEVANSE PReESLUHOL ¢ thfé‘:m"g‘;ag)q 7 oreer

y o DZEHLYITEY | WNIJE DO-2

-~
)&@. DALISAL LE 3(;7«,"‘4

OLOCILD -
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" N

Lastnosti elektriénih linij — omejevanje presluha Ponovitev — predavanja

ManjsSanje preslusnih konstant K in K¢

Vecplastna tiskana vezja

Total Height (1.834mm)
Core (0.32mm)
Topbayen—: Prepreg (0.32mm}
Internal Plane 1 (GND} Core (0.32mm)
Midlayerl — Prepreg (0.32mm)
Midlayer2 —= Core (0.32mm)

Internal Plane 2 (3V3)

Bottom Layer —=

- o
N4
w

Vmesna plast z ozemljitvenimi in napajalnimi povezavami zmanjSuje medsebojni vpliv
povezav Vv plasti 1 in zgornji plasti ter povezav v plasti 2 in spodniji plasti.
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Merjenje presluha na ploS€atem kablu

Omejevanje presluha na plosCatem kablu

m  Opazujte vpliv ozemljitve na liniji 2 (na enem ali obeh koncih) na
amplitudo bliznjega in daljnega presluha na liniji 3.

m  Na funkcijskem generatorju spreminjajte Cas vzpona t, in cas
padca signala t; in opazujte vpliv na presluh (bliznji in daljniji).

r Pri kateri vrednosti t, oziroma t; se presluh zaCne manjsati ?
c Kako se to vidi na osciloskopu ?
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RES: Merjenje presluha na plo$¢atem kablu

Omejevanje presluha na plosCatem kablu - ozemljitev

Opazujte vpliv ozemljitve na liniji 2 (na enem ali obeh koncih) na
amplitudo bliznjega in daljnega presluha na liniji 0-3.

RIGOL T°[

RIGOL T°[

brez

ozemljitve
312 mV R S SO S S,

U in(2l=—2 . @60l

Umaxill =3 . 0all Unnax2l = 3 12ml)

CHiz= 5.@El L H e Time 280 .8hs oF
RIGOL T°D F 1

ozemljitev
2 - GND

32 mV

Lmax(ll =3 .88

Time Z80.8hs DHEE.50N0=

CH1= 5.8&all H 2EEmL)

VIN-LV CH 1z ._-.__...- [HEFEEE  ZEEm Time ZBE.8ns DHOE.5ENs
Daljnji presluh

Bliznji presluh



TABLA: Lab.vaja LV2-4 Presluh — plos¢ati kabel

PLOSEHT) KABEL
LV -1 g
S —LInD-2 €GB
@ - Crs poTOUARIA-"E )
‘"L - VAphLT. LPORLOST - Po RpLIEWI IS
Lotyg  0-2,0-30-&: hazl’rvz -
D ' RSOV POTER
D) Kar? < -Blizdd) PRESLUH - CRsor)
k-& ' .ypuv obBOsEV: ])(\M
DALIMI PRESLUH | - .. _rBPEE.. :

‘Dhe JEVANSE PReESLUHOL ¢

D}

o DZEHLAITEY | WNIJE DO-2

)Lﬁ%\ DALISALIE o dy

DOBOS DA [ST| STR4V!

C)%. obpos Aa OBeH STRMEL

»eLsimey 0-1 z vpoeor!
(DEsta STRAN)

OLCILD :

%

T

VIN - LV
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" A
RES: Merjenje presluha na plos&atem kablu

Omejevanje presluha na plosCatem kablu — Cas vzpona

m  Na funkcijskem generatorju spreminjajte ¢as vzpona t, in Cas
padca signala t; in opazujte vpliv na presluh.

m Pri kateri vrednosti t, oziroma t; se presluh zacne manjsati?

- Kako se to vidi na oscnosko u?
S t=10 p t=150 ns

RIGOL E2 | RIGOL RIGOL E2 |
Caupling = Caupling CL . Caupling
D : DC e J DC
B Lirmit B B Lirmit B B Lirmit
JFF JFF JFF
Frobe Frobe Frobe

15 15 15

------------------------------------------------------------------------- :; :: i : 4 ¢ ¢ £ ¢ g € £ £ :; :: il : : --—.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.E:Iigit:al FIltE'r

Umakil) = 2 &80 1= E24ml)  Umir2) = | i = z.6E) U £03)  Unir2)=E el Umaiil) = 2 . i@l S3eml)  Mmird2)=¢ i

[MEFER S.@El CHZ il Time 188.8n= EEE S.Ea CHZo Time 188.8n= H 1-—Qg=jslal CHZ: ime 188 .0n=
(Frereren =

Coupling
(B]
Bt Lirmit
DFF

T ~ T e myv R Probe

o ARENY u, 1%
! : S~

----------------------------------------------------- Digfital Filter

~
~ e g
---------- Ty (= R Umax(ll =2 .48}
t ' H 5 1)



"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos€atem kablu

[ m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

&) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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STM32H750B — DISCOVERY StMod+ konektor

Citev

Pravilna priklju

GPo X

GP2

GND

P33V defat [
= K

.o: D
1 ~“Grove c>m._. oL

‘VL
ST8d ~ Old9 _ || sTad-xd-TLdvsn -
2d-oldo _.R STVd-X1-L18vN

AN RST, CS ,SCKMSOMOS

https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

3.3V a&ocz

I ¥19d-XL-T1dVvSnN

0THd - OId9

¥vd —oav
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https://www.st.com/en/evaluation-tools/stm32h750b-dk.html

" A
STM32H750B — DISCOVERY StMod+ konektor

Mikrobus connectors

3.3V I

o CN11 CN10
o ||~ = = STMOD#13 PA4 | AN  PWM STMOD#14 PA3 1
< T = a|la STMOD#12 PH10 5 | RST INT STMOD#11PH12]| ,
Y ' 3 STMOD#1__PA15 3| ¢ Rx STMOD#3 PI2_| 3
sflofl © SN~ la) —u STMOD#4 _ PD3 4 SCK TX STMOD#2 PB15 |
SHa i S 212 - STMOD#9 _PB14 < | miso scL STMOD#7 PD12 | ¢
O QRS < STMOD#8 __PI3 ¢ | MOSI SDA STMOD#10 PD13 | ¢
) e a . +3.3V +5V -
% 3V3—j 2| ovo enp sV—— :
v i —  Socket 8x! = Socket 8x1
=)
G J
“A sV STMod+
L ""
oy
g s ' TODEI-NSS PA15 SB2 1l P1
7o) ‘ pe— ODEEGDS PAQ SBIo=~] 3 Socket 10X2 STMod+
:(' ' OD#2-MOSIp ﬁg;E :g; 1 L 1 11 ﬁﬁ;g STMOD#11-INT
o G -~ S N10p#2-TX A ‘SB i 2 2 12 PA STMOD#IZ-RST.
| -w  o.d SIMODWB»MISOP FDG SBIo=— ? 3 13 PA3 S»I_MOL)?«‘I}-/\L)L
>< o | :TIN“[A(()][E;?%,:{(XK FD3 Bl A| :?i;‘ STMOD#14-PWM
:I CH— STMOD#4-RTS ﬁp?z %:—1'(;3—“(.]_ T 5216 o1
E (:‘ = STMOD#8-MOSIs [7] ; : i; Pit1 g j ;
g ¢ : | STMOD#9-MISOs gg;é STMOD_SDA ?0 ég g:; 8 :3
C - e ATOM FH200210C-12000
11| g v SR g L
= =@
[w)
B s
< IN
& 88 g
! »> 1 &t
8 (.' ‘1 5] .("
< - s
4 a
ig
=
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3.3V I

STM32H750B — DISCOVERY StMod+ konektor

GND GP2 GPO X

%

SN

A

Mikrobus connectors

- N Mo o o o . ,
ellal|lallap 5 CN11 CNI0
— 1 "
oll o € 2IE||EB clrn O O O O O STMOD#13 || AN PWM STMOD#14 :
<N llillell= Q oo STMOD#12 5 | RST INT STMOD#1 ] 5
stheqznen !t nl o) N1 & n < Z 3 STMOD#1 CS RX STMOD#3
/_ | 4 = - < = 5% iy - 3 - 3
sloflafleflalla G 1 L Y n STMOD#4 4| SCK X STMOD#2 1
Slallz|lx 212 8B @ W STMOD#9 s | Miso scL STMOD#7 -
CHIRZRI SRIRS § o oo an < STMOD#8 ¢ | MOSI SDA STMOD#10 p
SIIS[[=]]= o a +3.3V +5V
[ 3V3|—— 7 5\;'__. 7
T [ Sl Ty g 18] % 1
= = 1 Ikl"ObUSiU'% -~ —  Socket 8x1 —  Socket 8x1
PWM INT RX " TX A o o
r—Ir
f‘ \ (] N ~ 1 « STMod+
TR e |
M [EEIQ =
'\) = N [ ———
: L = ODELNSS 3 —Pag—hies—— Socket 1032 STvods
OlMMe "7 coearcgr—as— tn e
= c SBI1, =
V3 T O [ —— S MObRRX. S P8 sbia~ ¥ A PAT — STMODS AW
= STMODFE4-SCK P = ¢ ' — 5 Zis
o I e S T2 RIS FD1Z2 STV 5L 2Ze PH1 A
BT = STMODZ-MOSE _—s [RT B MODAIE
w3 O I‘I_FI__: SILAOEHIRD. PD13 STMOD SDA '1)0 ;g PHB mg 3
cx O S L
j/ (] -OT o LI'_LI'__E ATOM FH200210C-12000
— 12C
4 L STMOD SDA___PD13
[ — — < ) S —NOh ST P —
AN RST, CS |SCKM|SO|MOS‘3V3|GNDO wrob — 3 STMOD_I2C { SPA ——STMoD SCL—PDTZz- =
- = H z ikrobus )
o
o ] 08 ==1
w ] "o
/s Ww =z
AN » ;D >
oo N W
TheHe I g 598
~glelfe g © o &
o =z
“lello 2 9 appp pr&s
B [ o 3 e
e N [ - - O - | c
o (@] —~
/
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Figure 5. STM32H745I-DISCO and STM32H750B-DK Discovery board bottom layout

|
3.3V I
STM32H750B — DISCOVERY CANBUS konektorja

FDCAN
FDCANI TX
PO BN R
5
T FDCAN2 TX
2
poe T AR
C171
100nF
P
S %) o ) = U22
5] = © 5] = Z 5 ) MCP2562FDT-H/SN R225
k3] S © ! © N S _ FDCANT TX —2d13 I Lol 1xp  sTBY <:Mvw—“| = Chl
2 2 = IS e 5 = 0 e -|I| VSS  CANH
g g = 8 € 2 5 © P4 I vop CANL b ——
<} S = IS} — B 2 [o FDCANI RX RXD VIO 3v3
) 8 @ %] o N D = R224
P ° L e o B — = © = 120R
oM (] il — 1 = O o C176
q;) 1) 1) O oz Slg B 100nF
£ = z L <= 0 9 = .
8c 2% 5 03592 c S 3 *
< &g ) P24 £ o © 1.
Q> Sz 3 m>9020 =290 T O =
nGg EOS [e) NS rsgao = £ S & U30
= R s ) [ o= A4 B ol < 8 & S/ ESDCANO2-2BWY

2 ] & 1 i
52 i z| 18N}
@o(:l__ e =S | |
23 3 E EI
= L BTt : 2| 1!
% o N N I I
— I I I I
..g - [ ] [¥F] L R =--
85 JPE, CNlﬂﬁ B7  CN11
[e]

o X

=
He:|H e
— —

(CN1)
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GPO X

GP2

é

PA3

Vi - povezave

|ZzZ]
PWM

ey 32V defouk
N2 ( _. 4 v

1cH"™D

~Grove c>m.— Qb

.
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O%
=3
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o
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KCD
ks
UG
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"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

. a UART PB14
b) PWM PA3
o SPI PD3(SCK),  PI3 (MOSI)
g 12C PD12(SCL), PD13(SDA)
e) CANBUS CN1 (FDCAN1: CAN-L, CAN-H

VIN - LV 43 © Rozman,Skraba, FRI



"
Laboratorijska vaja 10 (LV3): O&esni vzorec, STM32H7 generator (PWM, UART, SPI, I12C, CAN)
UART komunikacija (TTL ali RS232 napetostni nivoji)

/115200 H‘:‘, p5ues BPue T PQ

3wt — (Uee ‘ 06—
e - 7
f pet1o  TX —~ T [dex
psaRT3 ) \
L peyp ® ™
G 0D GO D
/
Napetostni nivoji za CMOS vezja 74HCT in ACT RS232 nap. nivoji
+15V +18V
5V VHOD IZHOD Vpp = 5V 3
Logiéna 0
. (SPACE)
T 3,84V +5V
av+ Sumna imuniteta = 0,47V ov . ______ ”+3V
v nizkem stanju in 1,84V 3V
v visokem stanju _5V
2Vt ’— 2,0V
. Logiéna 1
VT J 0,8V HAR
0,33V -15v -1V
ov ov

Ehod oddajnika Vhod sprejemnika
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Laboratorijska vaja 10 (LV3): O&esni vzorec, STM32H7 generator (PWM, UART, SPI, I12C, CAN)

Dolocite bitno hitrost prenosa in ugotovite ASCIl kodo znakov, ki se prenasajo ob
nastavitvi 8N1 (8 podatkovnih bitov, brez paritetnega bita, 2 stop bita).

Napetostni nivoji za CMOS vezja 74HCT in ACT

m Primer poteka signala TTL — nastavitve ,8N1":

1 Napetostna in logiCna nivoja

Possible
| Data frame F'ifity !
|
' Next
Start Stop | Start

bit | BitO | Bit! | Bit2 | Bit3 | Bit4 | Bit5 | Bit6 | Bit7 [ Ly | pi

Nastavitve TTL na prikazani sliki — ,8N1*:

« 8 podatkovnih bitov
* Ni paritetnega bita
« 1 stop bit

5V

4v 1

VT

2V

VT

oV

VHOD

|

1ZHOD

. o

3,84V

Sumna imuniteta = 0,47\
v nizkem stanju in 1,84V
v visokem stanju

2,0v

0,8V
0,33V
. ov
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Laboratorijska vaja 10 (LV3): OCesni vzorec, STM32H7 generator (PWM, UART, SPI, 12C, CAN)

Dolocite bitno hitrost prenosa in ugotovite ASCIl kodo znakov, ki se prenasajo ob
nastavitvi 8N1 (8 podatkovnih bitov, brez paritetnega bita, 2 stop bita).

RS232 nap. nivoji

m Primer poteka signala RS232 — nastavitve ,7P2". ., .
Logi¢na 0
) . . . (SPACE)
Napetostna in logiCna nivoja
+15Y— v
LSE MSE VR |
o 1 o o 0o 0o o 1 o 1 A
Spare -5V
=0
Logi¢na 1
v I N I I B B (MARK)
oy _T Incite rminzts —15V -15Vv
Redion
ki E— 1T T T T T T N B Izhod oddajnika Vhod sprejemnika
Mark:
=1 i

P 3even Data Bits - T Nastavitve RS232 na prikazani sliki — ,, 7P2"
o] RN 7 podatkovnih bitov
ook Party  Two stop Paritetni bit
2 stop bita

|... ...|

Data parcket comesponding to the ASC character A
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Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
b PWM PA3

) SPI PD3(SCK),  PI3 (MOSI)

g 12C PD12(SCL), PD13(SDA)

e) CANBUS CN1 (FDCAN1: CAN-L, CAN-H

VIN - LV 49 © Rozman,Skraba, FRI



" Izhodisca

Laboratorijska vaja 12 (LV5): STM32H7 generator (UART, PWM, SPI, 12C, CAN)

Dolocite frekvenco PWM signala in ustrezno noto.
#define NOTE_A3 220

#define NOTE_AS3 233
#define NOTE_B3 247

Cycle #define NOTE_C4 262

e #define NOTE_CS4 277

Pulse #define NOTE_D4 294

P #define NOTE_DS4 311

12V #define NOTE_E4 330
#define NOTE_F4 349
#define NOTE_FS4 370

#define NOTE_G4 392

oV #define NOTE_GS4 415
#define NOTE_A4 440

Duty Cycle = Pulse / Cycle * 100 #define NOTE_AS4 466

Frequency = Cycles / Second #define NOTE_B4 494

#define NOTE_C5 523
Example of a PWM signal at 50% duty cycle #define NOTE_CS5 554

#define NOTE_D5 587
#define NOTE_DS5 622
#define NOTE_E5 659
#define NOTE_F5 698
#define NOTE_FS5 740
#define NOTE_G5 784
#define NOTE_GS5 831
#define NOTE_A5 880
#define NOTE_ASS5 932
#define NOTE_B5 988
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"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3
| o SPI PD3(SCK),  PI3 (MOSI)
g 12C PD12(SCL), PD13(SDA)
&) CANBUS CN1 (FDCAN1: CAN-L, CAN-H
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O iy

Subject to general operating conditions for Vdd and Top.

| . . ’ \
VP 6 - STM32 CubelDE, SPI in LIS3DSH Gradiva P! slave timing values I I
vajue ()
cl Parameter r Unit :
] w Min. Max.
5 Digital main blocks : |
] SPI clock cycle 100 n ns I
) SPI clock frequency L] 10 MHz I
- B Q eatim Hme “
5.1 State machine - |
) ) I’C - inter IC control interface |
The LIS3DSH embeds fwo state machines able fo run a user defined program. Subject to general operating conditions for Vdd and Top. 1 |
The program is made up of a set of instructions that define the transition to successive 3 I I
age o I°C slave timing values
states. Conditional branches are possible. 1
12C standard mode (!} 2]} fast mode ) )
From each state (n) it is possible to have fransition to the next state (n+1) or to reset state. ) Min. Max. mirg Max. unt |
Transition to reset point happens when "RESET condition” is true; Transition to the next step *
happens when “NEXT condition” is frue. SCL clock frequency e 100 M | e |
Interrupt is triggered when output/stop/continue state is reached. Table7.  Absolute maximum ratings | I
Each state machine allows to implement gesture recognition in a flexible way, free-fall, Symbol Ratings Illaximum value | Unit I
wake-up, 4D/6D orientation, pulse counter and step recognition, click/double click, Vdd | Supply voltage I oswas v |
shake/double shake, face-up/face-down, turn/double turn: \ l
Table 8. LIS3DSH state machines: sequence of state to execute an algorithm Appl icati on hints L g
Figure 5. LIS3DSH electrical connection
e
Vdd
L oa
0 SRR RN
e ved_ 10 O0——[1] G4l
ne (O] L]
' l_“ we |7 ToPwiew [ 7
E 166nF > [ ] [ j INT1/DRDY
next ! rs] 9]
i = :E [j _g_: S ez
reset . -
) | INTset 7 -
[T
AM10Z1Z1 Ghe |
——® Digital signal fromite signal contraller Signal's levels are defined by proper selection of Vdd_IO
AMTO211V1

https://qithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/STM32F407 Discovery Kkit/LIS3DSH.pdf
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zhodisca (NN
“ VP 6 - STM32 CubelDE, SPI in LIS3DSH

Read and write protocol

Gradiva

Figure 6.

cs~ L Y
SPC \WAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV RN

_ DI7 DI DI5 DM DI3 D12 DN D0
5 ADS ADd ADZ AD2 AD1 ADO

O —

DOT DOE DOS DO4 D03 02 DO1 DO

AMID20V1 8.5

bit 0: RW bit. When D, the data DI{7:0) is written into the device. When 1, the data DO(7:0)
from the device is reqd. In the latter case, the chip drives SDO at the start of bit 8.

bit 1-7: address AD(8:0). This is the address field of the indexed register.
bit 8-15. data DI(7:0) [write mode). This is the data that is written into the device (MSb first).
bit 8-15. data DO(7:0)| (read mode). This is the data that is read from the device (MShb first).

8.3 WHO_AM_I\(OFh) @ (& rozman26. 04. 2022,0. (%
Who_AM_I registér. [OxSF
Table 19. WHO| AM_I register default value
o [ ol [ v o ]

// Config accelerometer

// Read WHOAMI regisfer

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN RESET);
outdata[@] = oxef | Ox80 ; // read whoami
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DEYAY);
lis_id = indata[1];

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN SET);

// Write to CTRL register (enable 3 axes meaurements on 25Hz)

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN RESET);
outdata[@] = @x20 ; // switch on axes

outdata[1] = ox47 ;

HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);
HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN SET);

SPI - serial peripheral interface

Subject to general operating conditions for Vdd and Top.

SPI slave timing A‘-----
".u, I
b1 Parameter Unit
Min. I Max.
3 SPI clock cycle 100 I ns
) SPI clock frequency ] 10 MHz
B ™ eatiin Hma

Table 7. Absolute maximum ratings
Symbol Ratings

1
[ |
iﬂaximum value Unit
%
g P3todd v
A J

Vid Supply voltage

e g

-

CTRL_REG4 (20h)
Control register 4. E]

&) rozman26. 04, 2022, 0.. (%
0x47 (25Hz, all axes on)

Table 22. Control register 4
| ODR3 | ODR2 | ODR1 I ODRO | BDU | ZEN I YEN ‘ XEN |

Table 23. CTRL_REG4 register description

ODR 3:0 Qutput data rate and power mode selection. Default value:0000 (see Table 24)
BDU Block data update. Default value:0
o= — .gcmiw@m1Mtﬁnol updated until M5B and L5B reading)
l Zen Z axis enable. Default value:1
I (0:Z axis disabled; 1:Z axis enabled) I
I Yen Y axis enable. Default value:1 I
(0:¥ axis disabled; 1:Y axis enabled)
B
I X axis enable. Default value:1 |
Xen o .
‘ 0=X axis disabled: 1=X axis enabled '
LB | L& B __ & & _§ _§ _§ _d
Table 24. CTRL4 ODR configuration
ODR3 ODR2 ODR1 ODRO ODR selection
0 1] 0 0 Power down
0 1] 0 1 3125 Hz
0 [] 1 0 6.25 Hz
0 3 1 1 12.;Hz
rl---- N _ N _ N _ N N N _§B B B I | [y

https://qgithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/Documentation/STM32F407 Discovery Kkit/LIS3DSH.pdf
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izhodisca T

VP 6 - STM32 CubelDE, SPI in LIS3DSH Gradiva
Figure 6. Read and write protocol 7 Reister mappin
cs b = Table 16 provides a list of the 8/16-bit reqisters embedded in the device and the related
address:
A VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV A
R O e S 6 S o S O S S Tabie 16. _Roglstor address map
DI7 DIE OIS D4 DI3 DIZ DN D0 - Register address—\
ME ADS ADd ADZ AD2 AD1 ADD Mame Type Default Comment
s00 I e o
DOT DOS DOS D04 DO3 DO2 DO1 DOo INFO1 r | oD 00001101 0010 0001 Information register 1
AMATI29V1 INFO2 r | 0E 00001110 0000 0000 Information register 2
WHO_AM_| . | OF 00001111 [ 0011 1111 Who | am 1D
bit 0. BW bit. When 0, the data DI{7:0) is written into the device. When 1, the data DO(7:0) |
from the device is read. In the latter case, the chip drives SDO at the start of bit 8.
QUT_X_L r 28 00101000 ||
bit 1-7: address AD(6:0). This is the address field of the indexed register. OUT X H . 29 00101001 |
bit 8-15. data DI(7:0) (write mode). This is the data that is written into the device (MSb first). OuT ¥ L ¢ 24 00101010 ||
. ) i . — 0000 0000 Output registers
bit 8-15. data DO(7:0) (read mode). This is the data that is read from the device (MShb first). QUT_Y_H r 2B oo101011 ||
QuUT_Z L r 2G 00101100
OuT_Z_H L P 00101101

T T T T T Ld

// Read x,y,z axes 8.23 OUT_X (28h - 29h)
outdata[@] = O0x29 | 0x80 ; // read x

X-axis output register.

Table 49. OUT_X_L register default value

HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY); T o [ o] o] o o] o o [ o |

AccelX = indata[1];
outdata[@] = ox2B | ox80 ; // read y I |m':5°' | U?ﬂm:wj aul:.valur o [ o [ o [ o ]}
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

Acce]_Y:j_ndata[]_]; -------------------J

outdata[@] = @x2D | ©x80 ; // read z
HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

AccelZz = indata[1];

https://qgithub.com/LAPSYLAB/STM32F4 Docs and Examples/blob/main/Documentation/STM32F407 Discovery Kkit/LIS3DSH.pdf
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/* USER CODE BEGIN PV */
#define BUFSIZE 256
charSendBuffer[BUFSIZE];
intCounter;

Spremen|J|Vke int KeyState=0;

// Global variables
uint8_t indata[2];

uint8_t outdata[2] = {0,0};
Glavna zanka uints_t 1is_id;

int8_t AccelX;

int8_t Accely;

int8_t AccelZz;

I n I C I al I ZaC IJ a HAL_StatusTypeDef SPIStatus;

/* USER CODE END PV */

izhodisca NN

“' VP 6 - STM32 CubelDE, SPI in LIS3DSH

main.c : dodana koda

/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)

{

// Read x,y,z axes
outdata[@] = @x29 | @x80 ; // read x

HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY);

AccelX = indata[1]; /* USER CODE BEGIN 2 */
outdata[@] = @x2B | ox80 ; // read y // Config accelerometer
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY); // Read WHOAMI register
AccelY = indata[1]; HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO_PIN_RESET);
outdata[@] = Oxof | @x80 ; // read whoami
outdata[@] = @x2D | ©x80 ; // read z HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2,
HAL_SPI_TransmitReceive(&hspil, &outdata, &indata, 2, HAL_MAX_DELAY); HAL_MAX_DELAY) ;
lis_id = indata[1];
Accelz = indata[1]; HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_SET);

HAL_Delay(500);

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Duty:%d PWM-Freq:%d PWM-Period:%d // Set CTRL register @x47 -> [0x20]

Accel[ID:%02x] X:%04d Y:%d HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO PIN_RESET);
Z:%04d\r\n", Counter++,KeyState,Duty,NoteFreq,NotePeriod,lis_id,AccelX,AccelY,AccelZ); outdata[@] = @x20 ; // switch on axes
CDC_Transmit_FS(SendBuffer,strlen(SendBuffer)); outdata[1] = @x47 ;
HAL_SPI TransmitReceive(&hspil, &outdata, &indata, 2,
/* USER CODE END WHILE */ HAL_MAX_DELAY);

HAL_GPIO_WritePin(GPIOE, GPIO_PIN_3, GPIO_PIN_SET);

HAL_Delay(500);
outdata[l] = 0xe00 ;

/* USER CODE END 2 */

https://github.com/LAPSYLAB/STM32F4 Discovery VIN Projects/tree/main/STM32 SPI LIS302DL_ Basic
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VP 6 - STM32 CubelDE, SPI in LIS3SDSH - Osciloskop scK

5P _SCK
SPIL MOSI

SP11 MIS0 MOSI

Cs _12C/8P1

Figure 6. HRead and write protocol

cs L

s W e SR o T N o B o T B N e R L T T AT T T T

soi O OOt
AN _ DI7T D6 D5 DM DI3 DI2 DI D40
ME ADS AD4 ADZ AD2 AD1 ADO

s00 OO0

DO7 DOs DOS D04 D03 DOz DO1 DOO

o

MISO

CHi= 1.884  [HEER 1.08U  Time 28.80u:

RIGAOL T° O . Z28ml)  RIGOL T° O
T . X . . . . . = T "

[ 71 NN
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Laboratorijska vaja 12 (LV5): STM32H7 generator (UART, PWM, SPI, I12C, CAN)

Dolocite bitno hitrost prenosa in ugotovite vsebino signala SPI2 z nastavitvami:
CPOL=0, CPHA=0, komunikacija z napravo LIS3DSH, ...

CPHA =0
CPOL = Y ) 5
pm—————m———— i—---i-----i----i-i--i—---i-----i-----i-------\
( ) i ' ' PR ' : ' |
sk | CPOL=0 + |
: T T T T T T !
wsz 1 MoSI MME’;BRX DD J( B 'S !
o222 s e e e v s e skl
wso®  ~(wse \_NLNCC N Xesefp-
: : : ] : : :
NSS (to slave) 1 ) f
Capture strobe | ‘ | 1 . ‘ i 1 |
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Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

2 UART PB14

) PWM PA3

¢ SPI PD3(SCK),  PI3 (MOSI)
g 12C PD12(SCL), PD13(SDA)

e) CANBUS CN1 (FDCAN1: CAN-L, CAN-H
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izhodisca NN

o Signali na linijah

-1 Bit n-2 Bit n-3 . 8 @ Bit 0

Sequence (S) Sequence (P)

= Dodatna bita (vednogenerira master) :
pogoj start —lini A preklopiiz 1 v O preden linija SCL preklopiiz1v 0
pogoj stop - linija SDA preklopi iz 0 v 1 potem ko linija SCL preklopiizOv 1

a Primer komunikacije

start | Naslovni read/ | ACK/ | Podatkov | ACK/ | Podatkov | ACK/ | stop
okvir write | NACK ni okvir NACK ni okvir NACK

. Dodatni biti:

read/write — en bit doloCa prenos iz ‘master’ v ‘slave’ napravo (0) ali ‘master’ zahteva
podatek iz ‘slave’ naprave (1).

ACK/NACK — vsak okvir sporogila ima bit ‘acknowledge/noacknovledge'. Ce je bil
naslovni ali podatkovni okvir uspesno prejet je posiljatelju vrnjen bit ACK, sicer NACK.
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izhodisca T

SCL

Dodatni biti med okvirji:
1 read/write — en bit dolo€a prenos iz ‘master’ v ‘slave’ napravo (0) ali ‘master

O

zahteva podatek iz ‘slave’ naprave (1).

O >

start Naslovni read/ | ACK/ | Podatkovni | ACK/ | Podatkovni | ACK/ | stop
okvir write NACK okwr NACK okvir NACK
\ \h/ -

ACK/NACK — vsak okvir sporogila ima bit ‘acknowledge/noacknovledge’. Ce je
bil naslovni ali podatkovni okvir uspesno prejet je posiljatelju vrnjen bit ACK, sicer

NACK.

start — linija SDA preklopi iz 1 v O preden linija SCL preklopiiz1v 0
stop - linija SDA preklopi iz 0 v 1 potem ko linija SCL preklopiizOv 1

VIN - LV
62
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¢ o g |
- Focallech

Primer 12C komunikacije

15336600

True Multi-Touch
Capacitive Touch Panel Controller

63

TP Module
STM32H7 - Touch i
T nterface
SLV addr Data[n] Data[n+1] Data[n+2] TP gl FTS336GQQ Host
—RX>
———/INT—»
«——/RST——
BN A[6:0] W A D[7:0] A D[7:0] A D[7:0] AN
Figure 2-3 Host Interface Diagram
Figure 2-5 12C master write, slave read
https://github.com/LAPSyLAB/S
SLV addr Data[n Data[n+1 Data[n+2 : :
A A [n+2] TM32H7_Discovery VIN_Proje
cts/tree/main/STM32H750B-
DK_12C_Touch_Demo
BS  Al60] R[ A D[7:0] A D[7:0] A D[7:0]  [NIEW
Figure 2-6 12C master read, slave write 8-bitni naslovi in reC”Stri
Work Mode Register Map
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | Host
Access
R LeD o 00h DEVIDE_MODE Device Mode[2:0] RW
SwaLx Taea ° £6p 2c 01h GEST ID Gesture ID[7:0]
T ot D e 02h TD STATUS Number of
355;& Autio - gﬂu touch points[3:0]
@2 Audio 126 03h TOUCHI_XH 1"Event 1" Touch R
Flag X Position[11:8]
04h TOUCHI1_XL 1* Touch X Position[7:0] R
05h TOUCHI_YH 1* Touch ID[3:0] 1" Touch R
Y Position[11:8]
06h TOUCHI1 YL 1¥ Touch Y Position[7:0] R
A8h | ID_G_FT5201ID CTPM Vendor ID R
VIN - LV 63 © Rozman,Skraba, FRI
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Primer 12C komunikacije

STM32H7 - Touch

// Reading from address 0x38 register Vendor's

retval = HAL_I2C_Mem_Read(&hi2c4, (0x38 << 1), OxAS8,
retval = HAL_I2C_Mem_Read(&hi2c4, (0x38 << 1), 0x00,
retval = HAL_I2C Mem Read(&hi2c4, (0x38 << 1), 0x01,
retval = HAL_I2C_Mem_Read(&hi2c4, (0x38 << 1), 0x02,
retval = HAL_I2C_Mem Read(&hi2c4, (0x38 << 1), 0x03,

if (Status !'= 09) {

Chip ID (addr. ©xA8) default value should be 0x51=81

I2C_MEMADD_SIZE_8BIT,&VendorID, 1, HAL_MAX_DELAY);

I2C_MEMADD_SIZE_8BIT,&DeviceMode, 1, HAL_MAX_DELAY);
I2C_MEMADD_SIZE_ 8BIT,&Gesture, 1, HAL_MAX_DELAY);
I2C_MEMADD_SIZE_ 8BIT,&Status, 1, HAL_MAX_DELAY);

I2C_MEMADD_SIZE_8BIT,&dataBuffer, 5, HAL_MAX_DELAY);

TouchX = ( (dataBuffer[@] & ©b1111) << 8) + dataBuffer[1l];
TouchY = ( (dataBuffer[2] & ©@b1111) << 8) + dataBuffer[3];

} else {
TouchX = 0;
TouchY = 0;
¥
SLV addr Data[n] Data[n+1] Data[n+2]
Bl A0 WA D[7:0] A D[7:0] A D701 | AIEH
Figure 2-5 12C master write, slave read
SLV addr Data[n] Data[n+1] Data[n+2]
Bl A6 R[ A D[7:0] A D[7:0] A D[7:0] N

Figure 2-6 12C master read, slave write

8-bitni naslovi in reqistri

Work Mode Register Map
Address | Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | Host
Access
00h DEVIDE MODE Device Mode[2:0] RW
01h GEST _ID Gesture ID[7:0]
02h TD_STATUS Number of
touch points[3:0]
03h TOUCHI1_XH I"Event 1" Touch R
Flag X Position[11:8]
04h TOUCH1_XL 1™ Touch X Position[7:0] R
05h TOUCHI_YH 1™ Touch ID[3:0] 1™ Touch R
Y Position[11:8]
06h TOUCHI_YL 1¥ Touch Y Position[7:0] R
A8h ID G FT52011D CTPM Vendor ID R

https:/agithub com/l APSyl AB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK_12C Touch Demao
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izhodiséa |G
Primer 12C komunikacije
STM32H7 - Touch

// Reading from address ©x38 register Vendor's Chip ID (addr.

OxA8) default value should be ©x51=81

retval = HAL_I2C_Mem Read(&hi2c4, (8x38 << 1), ©xA8, I2C_MEMADD SIZE_8BIT,&dataBuffer[5], 1, HAL_MAX_DELAY);

sor | FRRRRRRR ARERRRRR L RRRERRRR ERRERRES
SCL

F B 1.440 GOL F B 1.44U GE0L F B l.490 ML

™~ 5 § N N B B N 8 | - ----------~

3 L ) OGOY) mwuuumtmwﬂJ

CHZ= 2.@81) Time 18.88us 2 CHZw 2.66L) Time

B 2 .AEL CHz= Z.@EL Time 18.88u=s CHZ= 2@l Time 16.88u=s 2

I2C Addr 0x38<<1 B RegValue ©6x51
7]
o<

ACK
NACK

I2C Addr 6x38<<1

ACK

s I2C RegAddr ©xA8
<

Write

https://github.com/LAPSYLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK 12C Basic Demo
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CIRRUS LOGIC

Primer 12C komunikacije

Multi-channel Audio Hub CODEC for Smartphones

STM32H7 - Audio

The sequence of signals associated with a single register write operation is illustrated in Figure 72.

VMIDC
AvDD2
LDONDO

HDOZENA
HP2GND

LoPVDD

LCRGND

LCRVOUTR.

hervouTH

CPA
CRCE

CHARGE PuP

9]
01

AR Rkl R R Rk al i Rk ke R a i AR aRaRaliaNa ko n

|LA15‘SHA9|AEHA7‘S§|M|Ao}_1‘515‘5

] | [ 1 [
register address A15-A8  ACK ACK

B9 | BB B7

1 [
ACK

B1 | BO

[or T (ot |rw
[
1

I
(Write)  ACK

|
ACK  STOP

device ID register address A7 - AQ data bits B15 - B8 data bits B7 — BO

Note: The SDA pin is used as input for the control register address and data, SDA is
pulled low by the receiving device to provide the acknowledge (ACK) response
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— LINEOUTZP

LINEOUT2N

[Brez naslova]

Figure 72 Control Interface 2-wire (12C) Register Write

The sequence of signals associated with a single register read operation is illustrated in Figure 73.

[as T} A9 | A8
|
[

1
(Write)  ACK

device ID

register address A15 - A8

eis [[ (e8] [er ][]

} |
ACK

iy
I

| I
(Read) ACK

device ID data bits B15 - B8 data bits B - BO ACK STOP

Note: The SDA pin is driven by both the master and slave devices in turn to transfer device address, register address, data and ACK responses

REGISTER MAP

Figure 73 Control Interface 2-wire (I12C) Register Read
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16-bitni naslovi in registri

The WM8994 control registers are listed below. Note that only the register addresses described here should be accessed; writing to
other addresses may result in undefined behaviour. Register bits that are not documented should not be changed from the default

values.
REG NAME 15\14[13|1z|11|10|9|s|7|6|5|4|3|2|1|0DEFAULT
RO (0h)  |Software Reset SW_RESET [15:0; 0000h
R1(1h) Power Management 0 0 SPKO | SPKO | HPOU 0 HPOU | HPOU 0 0 MICB2 | MICB1 0 [VMID_SEL[1:0]| BIAS_| 0000h
0] UTR E|UTL_E[T2_EN TILE|TIR_E _ENA | _ENA ENA
NA NA A NA NA
VIN - LV R2 (2h) Power Management 0 |TSHUT|TSHUT| 0 |[OPCLK| 0 [MIXINL| MIXIN [IN2L_E|INTL_E| IN2R_ [ IN1R_ 0 0 0 0 6000h
- 2) _ENA | _OPDI _ENA _ENA [R_ENA| NA NA ENA | ENA
66 !
T



https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo
https://github.com/LAPSyLAB/STM32H7_Discovery_VIN_Projects/tree/main/STM32H750B-DK_I2C_Basic_Demo

P ri m e r I 2 C ko m u n i kaC Ij e Multi-channel Audio Hub CODEC for Smartphones

= WM8994

CIRRUS LOGIC

16-bitni naslovi in registri

STM32H7 - Audio

// Reading from device address ©xla register RO (addr. 0x00) default value should be ©x8994

dataBuffer[@] = 0; dataBuffer[1] = 0x00;
retval = HAL_I2C Master Transmit(&hi2c4, (©xla << 1), dataBuffer, 2, HAL_MAX DELAY);

retval

= HAL_I2C Master_Receive(&hi2c4, (@xla << 1), dataBuffer, 2, HAL_MAX_ DELAY);

snprintf(SendBuffer,BUFSIZE, "Hello World [%d]: Key:%d Reg.valuel:0x%\n\r",Counter++,KeyState,
dataBuffer[0]*256+dataBuffer[1]);

HAL UART Transmit(&huart3,SendBuffer,strlen(SendBuffer),100);

REGISTER MAP

The WMB8994 control registers are listed below. Note that only the register addresses described here should be accessed; writing to
other addresses may result in undefined behaviour. Register bits that are not documented should not be changed from the default

SCLE__””E f 55 f f f f | SS | f f f f | Sﬁ | f f | S values,
| REG NANE s [l elwlwlo[e[s[e]sa[as[a[1]

DEFAULT

SDA yifor [§y( ] ot |[rW [As [ T (] ae | a8 ] [A7 [T (] a1 ] a0 ] | yilor Ro(0)_[sovar Reset v REsET oo
1 R1(1h) |Power Management 0 0 SPKO | SPKO | HPOU 0 |HPOU[HPOU| 0 0 [MICB2 |MICBT 0 |VMID_SEL [1:0]| BIAS_| 0000h
E | | | I i ‘ 1 UTR_E[UTL_E [T2_EN TILE [TIR_E _ENA | _ENA ENA
_____ < - » =1 > S sssaass NA NA A NA NA
I . | N J I Rpl R2 (2h) Power Management 0 TSHUT|TSHUT| 0 OPCLK| 0 MIXINL | MIXIN [IN2L_E[INTL_E| IN2R_ | INTR_ 0 0 0 0 6000h
device ID  (Write) ACK  register address A15 - A8 register address A7 — AD ACK START device ID & “Ena | oPDl = CENA[RENA| NA | NA | ENA | ENA
S

|315U§|39|Bs\ |B?]_“|B1|Bo| L'_f_

5|Dﬂ|ﬂm

data bits B7 — BO ACK STOP

| | i le
| | i [

I
device ID (Read) ACK data bits B15 - B8 ACK

Note: The SDA pin is driven by both the master and slave devices in turn to transfer device address, register address, data and ACK responses

Figure 73 Control Interface 2-wire (12C) Register Read
https://github.com/LAPSyLAB/STM32H7 Discovery VIN Projects/tree/main/STM32H750B-DK [2C Basic Demo
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Laboratorijska vaja 12 (LV5): STM32H7 generator (UART, PWM, SPI, 12C, CAN)

Dolocite bitno hitrost prenosa in ugotovite vsebino signala 12C4:

son | e

SCL

VIN - LV 68 © Rozman,Skraba, FRI



"
Laboratorijska vaja 12
Tipala in signali — prakticni izzivi

m 12a: LV5a : Tipala in signali — meritve
a) Meritev karakteristiCne upornosti linije z multimetrom (R,)
by Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...)
c) Meritve deformacij UTP kabla
d) *LV2-4 - Presluh — meritve na plos¢atem kablu

m 12b: LV5b : STM32H7 — Generator signalov

a) UART PB14
) PWM PA3
) SPI PD3(SCK),  PI3 (MOSI)
g 12C PD12(SCL), PD13(SDA)
[ e) CANBUS CN1 (FDCANZ1: CAN-L, CAN-H
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zhodste NN
CANbus napetostni nivoji ISO-1S 11898

*Recesivni bit 1%
 obe liniji na priblizno 2.5V
 diferencialna napetost CAN Hin CAN L =0V

*Dominantni bit ,,0%:
« CAN_H na pribl. 3.5V in CAN_L pribl. 1.5V
« diferencialna napetost CAN Hin CAN L =2V
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ZhodiSt. NN
Format sporocila

m \Vsako sporocilo ima ID, podatke in dodatke
m D - 11 ali 29 bhitov
m Data - do 8 bajtov
m Dodatki - start (SOF), CRC, ACK, end (EOF)
|dentifier Data
A A
~ ~ ~
2 32 e 6 . 0-64 1’ . 2 7
E Arbitration Control Data CRC Ack End of
5 Field Field Field Field Field| Frame
® ﬁ 2 o t o 0 3 3 3lS s
gg Q%Léjg Y/i —EEE% (é y/i Y/ 8%8
0 1|1 // 0[0[0 / VARRRERRERE
I/ /4 7
11 bits . 18 bits | 4 bits |, 8N bits (0<N<8) | 15 bits
Standard Extended CRC
Identifier Identifier Lgﬁé‘i‘h gftinzs?:::
Code Data
VIN - LV 73 © Rozman,Skraba, FRI
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ISC Field N Bit -
|zhodiSCa ield Name L;ngth escription

SOF 1 Start of frame

Q- Identifier 1/29; Represents the message
O r I I I a S po roc I a (green) 12/32 priority (11 or 29 bits for
standard CAN and extended
CAN; 12 or 32 bits for CAN-FD)

Remote transmission request

RTR (blue)

CAN vs. RS-485: Why CAN Is on the Move o TRt e o

expansion

DLC (yellow) |4/8/9 Code for number of data bytes
(4-bit for standard CAN; 8 or 9
bits for CAN-FD)

—

By Robert Gee, Executive Business Manager, Core Products Group, Maxim Integrated

Data Field 0-64 Data to be transmitted
(red) (0-8 (0-8 bytes for standard CAN:
bytes); 0-64 bytes for CAN-FD)
0-512
. s “ (0-64
*Recesivni bit ,1% bytes)
P A CRC 15 Cyclic redund heck
* obe liniji na priblizno 2.5V — e e
. L. «. CRC Delimiter |1 Assigned recessive (1)
.Domlnantnl blt ”0 . ACK slot 1 Dominant bit if error-free
. . . message;
*  CAN_Hnapribl. 3.5V in CAN_L pribl. 1.5V e o discard erront
message
ACK Delimiter |1 Acknowledgement delimiter
EOF 7 End of frame
Table 1. CAN Message Data-Frame Format
COMPLETE CAN FRAME >
m*(— ARBITRATION FIELD ——»{«— CONTROL —»j«——— DATA > CRC FIELD > _ « [« END OF FRAME
=
g: 1 -;lﬁ «—— —>le—— g -t 15 =§ 5 5
Hlo 2
£ % EQ (2 o
E 'x E § T MmN~ O g % %
fdeaargninnsglBlidloooslesssanaglieee o800 f|elsslEs8E558|3s0
Glocoocooocoocodld|leklannal88888adc8sS58885888585883|5[22RA 2223222388
DATA
0 0)(0](e](0] (6] (0} O 1|O[O[0[O] T{1{OlOjOIOfOIOfO[ T [O 1 {1 {1 T T 1 T 1|11

CAN
HI

CAN
LO

Figure 4. CAN Message Data-Frame Format



"

Laboratorijska vaja 10 (LV3): OCesni vzorec, STM32H7 generator (PWM, UART, SPI, 12C, CAN)

Dolocite bitno hitrost prenosa in dolocite vsebino signala CANBUS, ki se prenasa
ob nastavitvah: 11b ID = 0x555, 2 bajta OxCC, bit-stuff (po 5 enakih bitih), ...

|dentifier Data
AL A
~ ~" ~
A N i [0 32 6 o 0-64 o 16 2 7
el o0~ Arbitrati Control ) Dat ) CRC Ack| Endof
0.0a0 M. MA.S2 -~ rpitraton ontrol ata Cl na o
* _obe liniji na priblizno 2.5V 3 Field Field Field Field  [Field| Frame
*Dominantni bit ,0“: Ho o (I~ o 8 8 v
. . . 9 S a n:léJ a 8 H—ol2 | o|l0 ©
e CAN_Hnapribl. 3.5Vin CAN_L pribl. 1.5V 92 =] = =) y  Sldoex|la o P pO|< 0
ol LTI T PIE/ T D fofofol [T ITTTLATETTETLAT I [aafafulafafn
11 bits 18 bits 4 bits | , 8N bits (0<N<8) | 15 bits |
Standard Extended CRC
e . Data 0 to 8 Bytes
|dentifier Identifier Length of Message
Code Data
COMPLETE CAN FRAME >
& ARBITRATION FIELD ——>{«— CONTROL DATA CRCFIELD —————————>| & |« END OF FRAME >
= 1 > A—we——3 i 15 x| @ E
= 5 E|S 32
5 zls 8 E|72 o
: £z g 2% g
x| 5 35§ OO~ WM N — O 22lewsoace N
Ea288588238858[2[c#3 SEEEEsEEEEEEigsgccssgdEd
PATA 1o 0ojojo ol1|1[olofololofoloffol1 [1]1|1]1]1|1]1|11]:

CAN
HI

T (N | N
] [ e T

Figure 4. CAN Message Data-Frame Format
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Laboratorijska vaja 12 (LV5): Tipala in signali — prakticni izzivi
Tipala in signali — prakticni izzivi — DN2-LV5*

m Spada v sklop porocila z LAB vaj
Opisite resevanje izzivov po lastni izbiri
m Objavite v OneNote delovhem zvezku
_Prostor za sodelovanje, razdelek DN2-LV5 lzzivi

VIN-VSP 202324 zvezek v 5
_Collaboration Space Uporaba prostora za sodelovanje DN1-VI naprave ® DN2-VP1 TinkerCad = DN2-LVS5 Izzivi

Preberi.me
sreda, 16. marec 2022 18:09

4«r
Tukaj objavite svoje resitve izzivov: RR
* Naredite svojo stran z naslovom resitve
* Parstavkov opisa, slika in razlaga
* Resitev shranite v svojem zvezku za vkljucitev v DN2 porocilo z laboratorijskih vaj (naloga DN2-LV5)
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Laboratorijska vaja 12 (LV5): Tipala in signali — prakticni izzivi
Tipala in signali — prakticni izzivi — DN2-LV5*

LV5 Meritve tipal in signalov (PWM,12C,SPI,UART)

Izberite in resite ¢cimvec izzivov in ustrezno dokumentirajte postopke.

LV5b Meritve signalov — STM32H7 Signal generator - izziv

LV5a: Izzivi LV1-LV4 Neobvezni izzivi
. a) UART PB14
Neobvezni izzivi
a)  Meritev karakteristi¢ne upornosti linije z multimetrom (R0) b) PWM PA3
b)  Preizkusi razli¢nih tipal (IR,UZ razdalja, PIR, Hall, ...) c) SPI PD3(SCK), PI3 (MOSI)
c)  Meritve deformacij UTP kabla d 12C PD12(SCL), PD13(SDA)
d)  *LV2-4 - Presluh — meritve na plo§¢atem kablu e) CANBUS CN1 (FDCANI1:CAN-L, CAN-H
Meritve UART signala
* \/4-3 IEX Modul ha STM32H7 Dolocite bitno hitrost in znak(e), ki se prenasajo po UART TTL povezavi.

Dopolnite osnovni program za IEX modul na STM32H7 vsaj s sprejemom _ _
QX sporocil in oddajo X sporocil, da se bo na modulu lahko uporabilo tudi Me”tye PWM signala . .
tipke in LED diode. Program lahko razsirite Se na PWM izhoda in ADC Dolocite periodo, frekvenco PWM signala in ustrezno glasbeno noto.

vhoda.
Meritve SPI signala

Dolodite bitno hitrost prenosa in ugotovite vsebino signala SPI2 z
nastavitvami: CPOL=0, CPHA=0, naprava LIS3DSH, ...

Meritve 12C signala
Dolocite bitno hitrost prenosa in ugotovite vsebino signala 12C4.

Meritve CANBUS signala

Dolodite bitno hitrost prenosa in dolo¢ite vsebino signala CANBUS, ki se
prenasa ob nastavitvah: 11b ID = 0x5535, 2 bajta 0xCC, bit-stuff (po 5
enakih bitih), ...
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