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1. GENERAL INFORMATION

The RT-DAC/USB2 is a multifunction analog and digjit/O board dedicated to real-time data acquisitio
and control in the Windows 95/98/NT/2000/XP enviremts. The board contains a XilihkPGA chip. Al
boards are built as the OMNI version. It means boards can be reconfigured to introduce a new
functionality of all inputs and outputs without aingrdware modification.
The default configuration of the FPGA chip acceptgals from incremental encoders and generates PWM
outputs, typical for mechatronic control applicasoand is equipped with the general purpose digital
input/outputs (GPIO), A/D and D/A converters, tisiecounters, frequency meters and chronometers.
The RT-DAC/USB2 board is distributed in two verson

« analog and digital (RT-DAC/USB2) and

» digital only (RT-DAC/USB2-D).
This manual contains description for the both wersi In the case, if any facility of the board te¢ato one
version only, this fact is clearly marked.

1.1 Specification

Analog section (not available in the RT-DAC/USB2-D version)

Analog Inputs

Channels: 16 single-ended, multiplexed

Resolution: 12 bit

Input ranges: +10V, programmable gain (x1, X2, x4, x8, x16)

Conversion time: |5.4us

Trigger: all the A/D channels are scanned autaralyi when USB host
requires data

Reference voltage:| on-board

Analog Outputs

Channels: 4

Resolution: 12 bit/ 14 bit
Output range: +10V,+ 5V
Settling time: 10us (to 0.01%)

Reference voltage:| on-board

Digital section (version 1.03)

Digital Input/ Output
Channels: 26 bi-directional, direction setting; l&nels shared Wi:’:
PWM outputs; some inputs shared with counter, timer

chronometer and frequency meter inputs
Direction: bi-directional, individually software ggrammable
Input voltage: Vi =2.0%3.6V,V, = -05%0.8V
Output voltage: ¥u = 2.4V (min), \. = 0.4V (max)
Output current: 2mA per channel
Standard: LVTTL

Digital Timer/Counter
32 bit timer / counter : | 2 channels, counts interctock signal or external
impulses . External pulse duration: min 50ns

RT-DAC/USB2 - User’s Manual page 4
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PWM Outputs

Channels: 4
Resolution: 8/12 bits (software selected)
Base frequency: programmable, initial 16-bits dévid

Incremental encoders

Channels: 4
Output: 32 hit counter
Index Software configured. 2 modes: with and withindex,

selectable active level of the index signal

USB features
USB 2.0 hi-speed specification compliant.

RT-DAC/USB2 - User’s Manual page 5



AAJ
AAA

InTeCo

1.2 Board architecture

The block diagram of the RT-DAC/USB2 board is shownFig. 1.1. The block diagram of the digital
version is presented in Fig. 1.2.
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Fig. 1.1. General block diagram of the RT-DAC/USRiard
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Fig. 1.2. General block diagram of the RT-DAC/USB2oard

The board is equipped with the 12-bit successiy@apmation A/D converters that give the 5 mV region
within the input ranget10V. A finer resolution can be achieved by the gdéfinition using digitally
programmable analog amplifier. The A/D conversiaretof the RT-DAC/USB2 board is equal to psl

The board contains four 12-bits D/A converters emted to four analog output channels (optionallybit4
D/A converters are available). The output voltagéhe channels is 10V. Each analog output channel can

sink up to 10 mA.

Reprogramming the XILINX FPGA chip at the boards change functions of the board. The information
and specification how to reprogram XILINX FPGA istnincluded in this guide. Please, relate to
RTDAC/USB2 FPGA Programming Guidistributed by INTECO separately.

RT-DAC/USB?2 - User’'s Manual
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2. BOARD INSTALLATION

The RT-DAC/USB2 setup contains:

* RT-DAC/USB2 hoard,

e Two 40-pin ribbon cables (only one cable when figéal version is distributed ),

+ USB cable,

* CD containing a software and e-manuals,

« terminal wiring board (optional),

e 9V-12V DC/ 4W stabilised power supply (optiondlhe plug dimensions are given in Fig. 2.2.

The layout of the RT-DAC/USB2 board is presenteBim 2.1

RT-DAC/USB2 |
I:]: USB socket
|: Power socket

CN2 and CN! metal pal
LEDs: l_| 40-pins connectors
dl Power (CN1 not visible)
Al Programming enable ¢5.5mn ]
| Ready —_—
min 13 mm

{ On/Off |

Fig. 2.1. The layout of the RT-DAC/USB2 board ;'Jgpp?yz The plug of the DC power
The CN1 connector is not visible at the Fig. 2.tauese it is placed below the CN2 connector. Théatig
version of the board is equipped with the CN1 catoreonly. The CN2 connector contains pins conreetde
A/D inputs and D/A outputs only.

The Power signalling LED is emitting light when th®n/Off switch is on ReadyLED indicates that the
communication between the RT-DAC/USB2 bhoard andmgsr is running anérogramming EnabléED
is emitting light when the board is ready to begraosnmed.

To install the board:
» install driver for the board (see below or CD:\DER\readme*.txt),
» install RT-DAC/USB2 testing applications
» optionally install the RT-CON package,
» connect the board to the computer using the indudieB cable,
» connect the national version of the DC 9V-12V disdd power supply (not included). 9V DC
voltage is recommended.
» test the board (see section 6).

RT-DAC/USB2 - User’s Manual page 7
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3. DRIVER INSTALLATION

The driver for RT-DAC/USB2 board has to be ins@ll@he user with administrator privileges must
install the drivers for Windows 2000 and Windows. XP

Windows 2000/XP installation

PoNPE

Start Microsoft Windows 2000/XP
Connect the RT-DAC/USB2 device and turn powiir O
System detects a new USB device
Select the file CD:\driver\w2k_xp\cyusb.inf athén press OK

If the driver is not installed and the RT-DAC/USBIvice is connected to the PC it appears as
unknown device at the list of the devices in th@ibe Manager (see Fig. 3.1).

= A=Y
File Action Wiew Help File Action View Help
e Azl NE NN 7 Woel AW = |F|E HE| 0B &S
R a Bluetooth Radios B 6 Bluetooth Radios ]
78 Computer (-8 Computer
[l Disk drives ¥y Disk drives
L Display adapters & Display adapters
DVD{CD-ROM drives ] DVD/CD-ROM drives
U5 Human Interface Devices 43 Human Interface Devices
[ IDE ATA/ATAPT controllers [+l g IDE ATA/ATAPI controllers
5 Imaging devices Z5 Imaging devices
&5 Keyboards - 2 Keyboards
ﬂ Mice and other pointing devices + }3 Mice and ather pointing devices
R Monitors (- Bl Monitors
-- I‘-'." Metwark adapters ; ‘-l'-r Netwark adapters
[ [l Other devices 3y Other devices
gy Linknown device: : -
=3 I;rroessors D E’%EESSDFS Update Driver Software...
[#-%| Sound, video and game controllers % Sound, videoand ~ Disable
<% Storage controllers £ Storage controller  Uninstall
[-{M| System devices oMl Systemdevices | __ . .
- § Universal Serial Bus controllers ] - @ Universal Serial B Scan for hardware changes |
= Properties Il
‘ | | Launches the Update Driver SoftWare vizarg for e sen)

Fig. 3.1. Device list with an unknown device

Fig. 3.2. Update driver option

Press the right mouse button at theknown devicétem and select th&lpdate Driver Softwarétem
(see Fig. 3.2). Select thBrowse my computer for driver softwaogption (DO NOT select th&earch
automatically for updated driver softwdrand select the driver location as given in Fi§a8d Fig. 3.4.

i Update Driver Software - Unknown Device

O || Update Driver Software - Unknown Device

i Update Driver Software - Unknown Device

|| Update Driver Software - Unknown Device

How do you want to search for driver software?

Search

Windows wil search your computer and the Internet for the latest driver software for your
device, unless you've disabled this feature in your device installation settings.

for updated dri v

. Browse my computer for driver software
Locate and install driver software manually

Browse for driver software on your computer

Search for driver software in this location:
[ Expriver

[ Include subfolders

= Browse

< Let me pick from a list of device drivers on my computer
This st will show installed driver software compatible with the device, and al driver software in
the same category as the device.

Cancel

Fig. 3.3. Browse the computer option

Fig. 3.4. Select the driver

Windows displays the security warning caused byutheertified driver. Please force the driver to be
installed (see Fig. 3.5). Finally the confirmatiohthe successful driver installation is given assgnted in

Fig. 3.6.

RT-DAC/USB?2 - User’'s Manual

page 8



®) Windows Security x| ¥ update Driver Software - InTeCo RT-DAC/USB2 x|
O | Update Driver Software - InTeCo RT-DAC/USB2
@1 Windows can't verify the publisher of this driver software
Windows has successfully updated your driver software
<» Don't install this driver software Windows has finished installing the driver software for this device:
You should check your manufacturer's website for updated driver software for your
iz InTeCo RT-DAC/USB2
<» Install this driver software anyway
Only install driver software obtained from your manufacturer's website or disc.
Unsigned software from other sources may harm your computer or steal information.
j See details
Fig. 3.5. Windows security warning

Fig. 3.6. Confirmation of the successful instatiati

The 64-bit versions of Windows require that all drivers are digitally certified, which the driver for
the RT_DAC/USB?2 is not. A user needs to reboot thé&/indows PC and press F8 to show the boot
option list. The loading/installing unsigned drivess option has to be selected to allow installatiorf o

the driver.

When the RT-DAC/USB?2 is properly installed it isiale in theDevice Manageat the list of devices
in theUniversal Serial Bus controllersategory as thinTeCo RT-DAC/USB@ntry (see Fig. 3.7).

File Action \Wew Help

I-_-;—'! Device Manager

=101

8 | % 5

&= T HE

B Monitors

E¥ Metwork adapters
ﬂ Processors

% Sound, video and game controllers
;7 Storage controllers

1M System devices

Bl i Universal Serial Bus controllers

----- Generic USB Hub

----- Generic USB Hub
InTeCo RT-DAC/USE2

----- MEC Electronics USB 3.0 Host Controller
----- MEC Electronics USE 3.0 Root Hub

----- USB Composite Device

----- IUSE Root Hub

----- |USB Root Hub

----- Intel(R) 5 Series/3400 Series Chipset Family USE Enhanced Host Controller - 383C
----- Intel(R) 5 Series/3400 Series Chipset Family USE Enhanced Host Controller - 3834

[

Fig. 3.7. RT-DAC/USB2 device at the list of instmlldevices

RT-DAC/USB?2 - User’'s Manual
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4. CONNECTOR PIN ASSIGNMENT

The digital version the RT-DAC/USB2D board is equéd with one 40-pin 1/O connector CN1. The pin
assignment of the connector is shown in Table 1Fagd4.1.

Table 1. RT-DAC/USB2 I/0O CN1 pin assignment

CNI\%OPm splj);\)l\;)?; D:g/g(l;al Counter | PWM Encoder Fr?ﬁeutir:cy Chronometer
1 DIOO ENCOA FroG Ch0G
2 GND
3 DIO1 ENCOB FroSt ChOSt
4 GND
5 DIO2 PWMO ENCOI Frol ChOStSt
6 GND
7 DIO3 ENC1A FriG ChlG
8 GND
9 DIO4 ENC1B FriSt Chlst
10 GND
11 DIO5 PWM1 ENC1I Fril Ch1Stst
12 GND
13 DIO6 ENC2A Fr2G Ch2G
14 GND
15 DIO7 ENC2B Fr2st Ch2st
16 GND
17 DIO8 PWM2 ENC2I Fr2l Ch2stst
18 GND
19 DIO9 ENC3A Fr3G Ch3G
20 GND
21 DIO10 ENC3B Fr3st Ch3st
22 DIO11 PWM3 ENC3I Fr3l Ch3StSt
23 DIO12 ENC4A FraG Ch4G
24 DIO13 ENC4B Fr4St Ch4st
25 DIO14 PWM4 ENCA4lI Fr4l Ch4StSt
26 DIO15 ENC5A Fr5G Ch5G
27 DIO16 ENC5B Fr5St Ch5St
28 DIO17 PWM5 ENC5I Fr5l Ch5StSt
29 DIO18 ENC6A Fr6G Ch6G
30 DIO19 ENC6B FréSt Ch6St
31 DIO20 PWM6 ENC6I Frél Ch6StSt
32 DIO21 ENC7A Fr7G Ch7G
33 DI022 ENC7B Fr7St Ch7St
34 DIO23 PWM7 ENC7I Fr7i Ch7StSt
35 DIO024 CNTO
36 DIO25 CNT 1
37 GND
38 GND
39 +5.0V
40 +3.3V

RT-DAC/USB2 - User’s Manual page 10
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Digital I/O
Counter
PWM
T Encoder 1
Frequency meter
F Chronometer

; Power -}
DIOO ENCOA FrOG Ch0G 10 02 GND
DiO1 ENCOB FrOSt ChOSt 30 04 GND
DlO2 PWMO ENCOI Frol ChOStSt 50 06 GND
DIO3 ENC1A FrlG ChlG 70 08 GND
DIO4 ENC1B FrlSt Chilst 90 010 | GND
DIOS PWM1 ENC1I Fri1l Ch1stSt 110 O12 | GND
DIO6 ENC2A Fr2G Ch2G 130 014 | GND
DlO7 ENC2B Fr2St Ch2St 150 016 | GND
DIO8 PWM2 ENC2I Fr2l Ch2StSt 170 018 | GND
DIO9 ENC3A Fr3G Ch3G 190 020 | GND
DIO10 ENC3B  Fr3St Ch3st 210 022 Ch3stSt  Fr3l  ENC3l  PWM3 DIO11
DIO12 ENC4A FrdG Ch4G 230 024 Ch4st FrdSt ENC4B DIO13
DiO14 PWM4 ENCA4I Frdl Ch4StSt 250 026 Ch5G Fr5G ENC5A DIO15
DIO16 ENC5B  Fr5St Ch5St 270 028 Ch5StSt Fr51 ENCSI PWM5 DIO17
DIO18 ENC6A Fr6G Ch6G 290 030 Chést Fr6St ENC6B DIO19
DIO20 PWM6 ENCS6I Frél Ch6StSt 310 032 Ch7G FriG ENC7A DIO21
DIO022 ENC7B Fr7St Ch7St 330 034 Ch7StSt Fr71 ENC7I PWM7 DIO23
DIO24 CNTO 350 036 CNT1 DIO25

GND | 370 038 | GND

+5V 390 040 | +3.3V

Fig. 4.1. RT-DAC/USB2 I/O CN1 connector

The analog and digital version of the RT-DAC/USB&ald is equipped additionally with the CN2 40-pin
connector. The pin assignment of the connectdnasva in Fig. 4.2.

-Analog output

Analog input
Ground 1

A0 10 O2 GND
Al'l 30 O4 GND
Al 2 50 O6 GND
A3 70 O8 GND
All 4 90O O10 | GND
All5 | 110 O12 | GND
A6 [130 O14 | GND
All7 1150 O16 | GND
All8 170 O18 | GND
A9 1190 O20 | GND
A/10 | 210 O22 | GND
A1l | 230 O24 | GND
All12 | 250 O26 | GND
ANl13 | 270 O28 | GND
All14 | 290 O30 | GND
AN15 | 310 O32 | GND

A/O 0 330 O34 | GND
A/O 1 350 O36 | GND
A/O 2 370 O38 | GND
AJO 3 390 O40 | GND

Fig. 4.2. RT-DAC/USB2 I/O CN2 connector

The RT-DAC/USB2 bhoard is equipped with 16 multiedxanalog inputs located at the CN2 connector.
They are named from A/l 0 down to A/l 15. The outpfithe analog multiplexer is connected to theuingf

the digital programmable analog amplifier. The lbé& also equipped with four 12-bit D/A converters.
These outputs are named from A/O 0 down to A/O 3.

Only 26 pins at the CN1 connector are used as gkeparpose digital 1/0 signals (DIOO to DIO25). The
remaining pins are the ground and power (GND, +63/3V). The general purpose digital I/O signals ban
individually configured to be either the input artput.

As the number of general-purpose digital 1/0 signallimited, all of them are shared with the sigra the
specialized blocks. The specialized blocks are émginted as the modules in the on-board FPGA strictu

RT-DAC/USB2 - User’s Manual page 11
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It means thathe functions of the specialized block are hardwarémplemented The specialized blocks

are:

PWM generators — there are eight PWM blocks. Thpuwa are marked®WMQ PWM1, PWM2
PWM3 PWM4 PWM5, PWM&GNdPWMY,

incremental encoders — the device contains eigtremental encoder channels. Each channel
requires three input signals — wave A (hamed flBRCO_Adown toENC7_A, wave B (from
ENCO_Bto ENC7_B and index (fronENCO_Ito ENC7_),

counters — there are two counters available. Tipaitisignals are marke@NTO and CNT1
respectively,

frequency meters — RT-DAC/USB2 contains eight sbtdcks. The signals are named from
Fro_G, FrO_StandFr0_Ito Fr7_G, Fr7_StandFr7_lI,

eight chronometer blocks — the signals are namea €h0_G, Ch0_Sand Ch0_StStdown to
Ch7_G, Ch7_SandCh7_StSt

There are two kinds of specialized blocks:

the first kind of the specialized blocks containgitdl output signals (PWM blocks). In this case
the appropriate pins of the CN1 connector can dpexathe general purpose digital 1/0 signals or
as the output of the specialized block. The opegatiode is determined by a mode configuration
register (CN1 Pin Mode Register). If they operageganeral purpose digital 1/Os their directions
and states are determined by the software. If dpgyrate as the outputs of the specialized blocks
the state of the output is controlled by the PWIdckl The states of the output signals can be read
by the software (the software can check the PWNbutiit

the second kind of the specialized blocks contaimy the digital input signals (the incremental
encoders, counters, frequency meters and chronoshebe this case it is not necessary to select
the operating mode of the block signals. If the rappate general purpose I/O signals are
configured to be the inputs then their states camead by the software and simultaneously the
signals excite the specialized block (see Fig..4f3the shared general purpose 1/O signals are
configured to be outputs their states can be sethbysoftware and simultaneously the signals
excite the specialized block (see Fig. 4.4). Thperating mode can be applied for testing of the
specialized blocks — for example the encoder caaxoéed and read in a software manner. This
testing strategy is not significant during commavide applications. It may be very useful when
one wants to design and test his own FPGA blocke (dSB Device XILINX Programming
Guide”)

ENCO_A/DIOO

Read encoder

Encoder
]— —> Block [P

Read digital input

>

Fig. 4.3. The shared FPGA pin configured as thetinp

RT-DAC/USB2 - User’s Manual page 12



InTeCo

FPGA Pir

ENCO_A / DIOO

FPGA

Encoder
Block

Read encoder

—>

Set digital output

Fig. 4.4. The shared FPGA pin configured as theutut
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5. USB ACCESS FUNCTIONS

The software for the RT-DAC/USB2 device is develbps:
* Clanguage procedures,
* .NET C# properties and methods,
*  Simulink blocks and S-functions.

Test applications for the functions of the RT-DAGBR device are available as well. The applicatiares
described in section 6.

5.1 General description of software interfaces

The software platforms applied to access the RT-SB2 1/Os apply some basic items used by the
interface functions. This section contains the ganelescription of the common items. The detailed
description is presented in the following subsexticelated to the different types of I/O channels.

Communication with the board is performed by trandfig a data frame. A dedicated binary buffer pthat
the board, in the FPGA chip, contains all inforroatbf the board. In this buffer are kept measurémand
all settings of the board. The FPGA logic manageshinary buffer. The data stored in the buffer bamead
from the buffer as well as data can be writtenhi® buffer by transferring data frames over USB.lihke
API functions hide the details of the structuretaf binary buffer and allow easy access to theufeatof the
RT-DAC/USB2 device

The communication with the board is realized by main functions:
¢ the first reads binary buffer from USB board
* the second writes data to the binary buffer at W8Brd.
Using these two functions one can maintain alluesg of the USB board.

5.1.1 Cinterface

The RT-DAC/USB2 access functions are defined inrtdacusb2.cand thertdacusb2.Hfiles. These files
contain the APl macro definitions and C API funasaeferred to the description of the board fumio

In programs, which use API functions, ttyapi.hfile is applied. To build an executable ttyapi.lib library
has to be linked. Both theyapi.handcyapi.lib files come from the Cypress Semiconductor company.

From the computer side the communication buffevi@ble as a sequence of the words however the
communication functions access the buffer as aedestructure of C language. The data type defimitio
applied to communicate with the device has theWathg form:

typedef struct {
unsigned int LogicVersion;
char ApplicationName[7];
unsigned long LogicDate;
unsigned int NoOfChannels[12];
unsigned int CN1PinMode;
unsigned int CN1Direction;
unsigned int CN1Output;
unsigned int CN1Input;
PWMType PWM[ NO_OF_PWM J;
EncoderType Encoder[ NO_OF ENCODER J;
TmrCntType TmrCnt[ NO_OF_TMRCNT [;
GeneratorType Generator] NO_OF _GENERATOR |;
ChronoType Chrono[ NO_OF CHRONO |;
FreqMType FregM[ NO_OF FREQM];
ADType AD[NO_OF_AD];
unsigned int DA[ NO_OF_DAT;

} RTDACUSB2BufferType;
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The name of the data type RTDACUSB2BufferType . The type contains some fields. The detailed
description of the fields is given in the followisgctions.

5.1.2 .NET interface

The class diagram of the .NET interface is giverFig. 5.1. The main class RTDACUSB2_0103 It
creates interface to version 1.03 of the RT-DAC/@SRvice. The class contains one constructor and tw
methods — one for reading and one for sending daéx the USB link. The names of the methods are
ReadUSBFrame andSendUSBFrame respectively.

| RTDACBoard ¥
Class

| RTDACUSB2 %
Class
=+ RTD&CEoard

| RTDACUSBZ2 0103 (¥
Class
= RTDACLISEZ

Fig. 5.1. .NET class diagram

The RTDACUSB2_0103class derives fromRTDACUSB2 The RTDACUSBZ2class is responsible for
transferring data over the USB link.

The RTDACUSBZIass derives from thRTDACBoard class. This class manages the features of the 1/O
channels of the board. Each I/O channel type cosithis own class definition (see Fig. 5.2). Thepprties

of the classes from Fig. 5.2 are described in¢hleviing sections.

| ConfigurationClass ¥ | | DigitalIOClass % |
Class Class

| EncoderIClass ¥ | | PWMClass %)
Class Class

| TmrCntClass ¥ |
Class

| FreqMClass ¥ | | ChronoClass ¥ |
Class Class

| ADClass ¥ ) | DAClass ¥ )
Class Class

Fig. 5.2. Class types encapsulated inRA®ACBoard class
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5.1.3 MATLAB/Simulink interface

A data frame is send to or read from the RT-DAC/@S®ard by the Simulink interface C-source code
S-functions (and respective mex-files).

The S-function block that read data from the baarshown in Fig. 5.3. It contains 46 outputs — nadghem
are vector lines. The first output contains theéustacode of the read data frame operation. The irénga
outputs contain all configuration data, setups amdsurements from all 1/O channels read from therdo
The details of the output ports are described énfafiowing sections.

CHiFmiode
CNiDirsction
CHIDutpul
CRAInput

i

EncoderResel
EncedengAmive
Encoderddnved
EncedeiCounter
TmrCrtReset

T riMode
TmiGntGounter
FreqMEnable
FreqhiMode
FreqhiinfiniteFiag
FreagMEnstart
Freqmstarting
FregWiSuGate
——"FreqMEwHwe ateStarflag |
FreqiG ateinv
FreqhiGatehode
Freqinputiny.
FreqhReady
FreqhTimer

fdacusbZ_read_0103

FreqnResuit
ChroneEnable
ChronaTriggerhiode

hionoEnsbleGate
Chronolnvertstartstep
Chronoinvertstop

ChionslnvetGate

ChioneAmbeasurement

ChionoStatePending
ChronestateReady

ChionoResull

i

USB2 Read

Fig. 5.3. Read S-function block

The S-function block that sends data to the baaghown in Fig. 5.4. It contains single output 88dnputs.
Most of the inputs are vector lines. The outputtams the status code of the send operation. Tinairgng
inputs contain all setups send to the board. Thaildeof the input ports are described in the follyy
sections.

SelCN1FinMode

SetCH1Direction

SeiCN1Output 2
|
i
|
e

SelEncodaiResel o e

]
F

SelTmCniReset_— “-o |
SetTminitode e

bl L

SetfreqMMode L
SetFregMStarting
SetFreqhd SwGate

SetChronoTriggerMode :—p

SetC 2

| S i s
S eiChronalnve dSlop = o

3

af wf =]

)

FEE

4

I

PECE

F
3

il

o wof o)

SelChionoEnable&ate

|

I

| ate T
Se(cnrunoArmMeasuremenb}s_sp
SetChianobhDivider - =
—

T
e e o

E]

SetCN10utpuiTerminate

Il

USB2 Send

Fig. 5.4. Send S-function block
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The parameters of the S-functiddSB Readand USB Sendblocks are shown in Fig. 5.5. The windows

contain the names of the S-functions and two paiensie

The first parameter is a serial number of the RTANASB2 board the block communicates with. The seria
number is assigned to each RT-DAC/USB2 device dutite assembling process and is unique for each
RT-DAC/USB device. The serial numbers are appliedselect a board in the case when more than one
RT-DAC/USB2 is connected to the computer. The seriambers are positive integer values. If the first
parameter is negative (-1 value in Fig. 5.5) it neethat only a single RT-DAC/USB2 board is conneédte

the computer and the serial numbers are not apfdiédstinguish the boards.
The second parameter is the sampling period oblibek.

=1 Source Block Parameters: USB2 Read
S-Function

User-definable block. Blocks can be written in C, M [level-1], Fortran, and Ada and
must conform to S-function standards. The variables t, #, u, and flag are
automatically passed to the S-function by Simulink. “Y'ou can specify additional
parameters in the 'S-function parameters' field. If the 5-function block requires
additional source files for the Feal-Time ‘Warkshop build process, specify the
filenames in the 'S-function modules' field. Enter the filenames only; do not use
extensions o full pathnames, e.q., enter ‘src sicl’, not 'sre.c srel.c'

Farameters
S-function name: rtdacusb2_read_dc|
S-function parameters: [-1, 0.01

S-function modules: "

3

=

l [ LCancel ] [ Help

]

=] Function Block Parameters: USB2 Send

S-Function

X

User-definable block. Blocks can be written in C, M [level-1]. Fortran, and &da and
muzt conform ta S-function standards. The varables t, », u, and flag are
automatically pazsed ta the 5-function by Simulink. You can specify additional
parameters in the 'S-function parameters’ field. If the S-function block requires
additional source files for the Real-Time ‘Workshop build process, specify the
filenames in the 'S-function modules' field. Enter the filenames only: do not use
extensions or full pathnames, e.g., enter 'src srcl’, not 'src.c srcl.c'

Farameters
S-function name; hdacusb2_send_dd

S-function parameters: -1, 0.01

S-function modules: "

Apply

I ok l [ LCancel ] [ Help

Fig. 5.5. Interfaces to the read and send S-fundtlocks

The S-function blocks shown in Fig. 5.3 and Figk &ontain a lot of inputs and outputs. The mogjdently

used features of the board are as follows: genqrngdese digital I/0s, encoders, PWM outputs, D/4 &D
converters. A simplified version of the read andds&-functions can be also applied (see Fig. 5.6).

fidacusbz_simple_read_0103

i

—=—— Enodemest ]
= Frodendade ]

UsBZ Read
Simple

SetCNA Pinblode

§

SelCN10utput
SetEncoderResst =

SetEncoderldeiotive o=
SetEncodendainvert ~ ==

SetCN10UtputT erminate

SeiCNADitection

fdacusbZ_simple_send 0103

5

e

[l

USEZ Send
Simple

Fig. 5.6. Simplified read and send S-function bkck
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5.2 USB functions

There is a common sequence of operations requiredrhmunicate with the RT-DAC/USB2 board:

» the first one has to open the communication charirted RT-DAC/USB2 devices are distinguished by
its serial number. Usually the device serial numibahe argument of the open functions. The device
serial number is not necessary only when a singldDRC/USB2 device is connected to the computer,

* acontents of the data buffer is read. It giveeasdo the current context of the device. Readirthe
buffer allows to get measurements and set-ups,

« if ones requires to change the state of the RT-MSB2 then the appropriate elements of the buffer
are set. Each element of the buffer correspondsctertain function of the board — usually only & f&f
them are changed. Writing to the buffer sets a state of the device,

» closing the USB communication finishes the curssssion.

Each function returns an integer value. If the galsl negative it means that the function failedroZer
positive returned value indicates a successfultfan@xecution.

5.2.1 Cinterface

The C interface contains the following functions.

i nt USB2Nun®TX Devi ces( void );

DESCRIPTION
The function returns the number of the RT-DAC/USEXices connected to the computer..

ARGUMENTS
None

RETURNED VALUE
If successful the function returns the number o RT-DAC/USB2 device connected to the
computer. It returns zero if none RT-DAC/USB2 canfbund. In the case of an error it returns a
negative error code.

i nt USB2Open( void );

DESCRIPTION

The function opens the RT-DAC/USB2 device connedtethe computer. The function opens the
first device from the list of devices connected ttee computer. As it can not distinguish
RT-DAC/USB?2 devices it should be called if onlyiagte RT-DAC/USB?2 is applied.

ARGUMENTS
None

RETURNED VALUE

If successful the function returns the handlemi® dpened RT-DAC/USB2 device. The handler is a
non-negative integer value. The handler is the &rgument of the RT-DAC/USB2 communication
functions.

In the case of an error it returns a negative exoale.
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i nt USB2OpenBySerial No( int Serial No );

DESCRIPTION
The function opens the RT-DAC/USB2 device connedtethe computer identified by the serial
number. The serial number is a positive integeneassigned to each RT-DAC/USB2 device.

ARGUMENTS
SerialNo - serial number of the RT-DAC/USB2 device.

RETURNED VALUE

IF successful the function returns the handlehtodpened RT-DAC/USB2 device. The handler is a
non-negative integer value.

In the case of an error it returns a negative esoale.

int USB2C ose( int ldx );

DESCRIPTION
The function closes the connected RT-DAC/USB2 dvitis called when all operations with the
device are finished.

ARGUMENTS
Idx — the handler to the RT-DAC/USB2 unit. The handkrreturned by thdJSB2Open or
USB20penBySerialNo functions.

RETURNED VALUE
If successful then the zero value is returned. Btise it returns a negative error code.

i nt CommandSend_0103( int |dx, RTDACUSB2BufferType *pBufferToSend );

DESCRIPTION
The function sends the data buffer to the RT-DA@AS3evice. When the buffer is sent the new
values of the board outputs and set-ups are imnedgiapplied.

ARGUMENTS

Idx — the handler to the RT-DAC/USB2 unit to which néata are sent. The handler is returned by
the USB20penor USB20penBySerialNo  functions.

pBufferToSend - pointer to the structure that contains the neta dant to the RT-DAC/USB2
board. The pointer points to the structure of RIEDACUSB2BufferType type.

RETURNED VALUE
If successful then the zero value is returned. @tise it returns a negative error code.

i nt CommandRead_0103( int |dx, RTDACUSB2BufferType *pBufferToRead );

DESCRIPTION
The function reads a data buffer from the RT-DACB2Slevice. After the read operation the buffer
contains the current state of the board.

ARGUMENTS

ldx — the handler to the RT-DAC/USB2 unit applied¢ad the data buffer. The handler is returned
by theUSB20Openor USB20penBySerialNo functions.

pBufferToSend  — pointer to the structure that contains the datal from the RT-DAC/USB2
board. The pointer points to the structure of RIEDACUSB2BufferType type.

RETURNED VALUE
If successful then the zero value is returned. Btise it returns a negative error code.
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int USB2LastError( void );

DESCRIPTION
The function returns an error code of the last apien.

ARGUMENTS
None.

RETURNED VALUE
Returns an error code. The codes are given indllenfing table.

Table 2. Error codes.

Error code value | Description

0 Successful operation

-1 Too many opened RT-DAC/USB?2 devices
-2 Can not find any RT-DAC/USB2 device
-3 Invalid board index

-4 Can not access USB transfer endpoint
-5 Can not access USB NULL endpoint

-6 Endpoint are not closed

-7 Invalid device pointer

-8 Invalid synchronous OUT transfer

-9 Invalid synchronous IN transfer
-10 Invalid synchronous JTAG OUT transfer
-11 Invalid synchronous JTAG IN transfer
-12 Can not find device serial number

char *USB2Last ErrorMsg( void );

DESCRIPTION
The function returns the pointer to a string thedatibes the status of the last operation

ARGUMENTS
None.

RETURNED VALUE
Returns the pointer to a string. The error codesthe strings pointed by the pointer and returned b
the function are given in the following table.

Table 3. Error codes and respective strings.

Error code value | Description
0 RTDAC_OK
-1 RTDAC_TOO_MANY_USB_DEVICES
-2 RTDAC_CAN_NOT_FIND USB_DEVICE
-3 RTDAC_TOO_HIGH_BOARD_INDEX
-4 RTDAC_CAN_NOT_ACCESS _ENDPOINTS
-5 RTDAC_CAN_NOT_ACCESS_NULL _ENDPOINT
-6 RTDAC_ENDPOINTS_NOT_CLOSED
-7 RTDAC_INVALIED DEVICE_POINTER
-8 RTDAC_INVALIED _SYNCHRONOUS OUT_TRANSFER
-9 RTDAC_INVALIED _SYNCHRONOUS IN_TRANSFER
-10 RTDAC_INVALIED_SYNCHR_JTAG_OUT_TRANSFER
-11 RTDAC_INVALIED_SYNCHR_JTAG_IN_TRANSFER
-12 RTDAC_CAN_NOT_FIND_SERIAL_NUMBER
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5.2.2 .NET interface

The .NET interface consists of the definition o RTDACUSB2_0108lass. The class contains a simple
constructor and a few methods.

RTDACUSB2_0103 cl ass

DESCRIPTION
The class RTDACUSB2_0103 creates the main interfacthe RT-DAC/USB2 board equipped
with FPGA configuration number 103. It containdrafge constructor and a few methods.

CONSTRUCTOR
The constructior does not require any input argumand is activated by the command:

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
The command creates thed object of theRTDACUSB2_0103ype.

i nt NunmOf Devi ces( )

DESCRIPTION

The method of theRTDACUSB2 0103class. Returns the number of RT-DAC/USB2 devices
connected to the computer.

The method can be called before opening a commiimicahannel with any RT-DAC/USB2 unit.

ARGUMENTS
None.

RETURNED VALUE
A number of the RT-DAC/USB?2 devices connected ®&dbmputer is returned.

i nt OpenBySeri al Nunber( int Serial Nunber )

DESCRIPTION
The method of th&RTDACUSB2_0103class. Opens the communication with the RT-DAC/QSB
with the serial number given by the input argument.

ARGUMENTS

Serial number of the RT-DAC/USB2 device given as thteger number. Each RT-DAC/USB2
board contains his own unique positive integerasarumber. The serial number are applied to
distinguish the boards if multiple boards are usietliitaneously.

The SerialNumber  argument can be negative in the case when onilyglesboard is connected
to the computer. In such a case the methods opensdmmunication regardless the real serial
number of the connected RT-DAC/USB2 unit.

RETURNED VALUE
If successful the method returns zero. A negataleesindicates an error. The following error codes
are available:

-2 - can not find any RT-DAC/USB2 unit connectedhe computer,

-12- can not find an RT-DAC/USB2 with the givemiaenumber.
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int Open( )

DESCRIPTION
The method of th&RTDACUSB2_0103class. Opens the communication with the RT-DAC/QSB
board. Can be called when only a single board igected to the computer.

ARGUMENTS
None.

RETURNED VALUE
If successful the method returns zero. The (—2uevahdicates that any RT-DAC/USB2 unit
connected to the computer can not be found.

i nt ReadUSBFrane( )

DESCRIPTION

The method of th@RTDACUSB2_0103class. Reads a single frame from the RT-DAC/USB2rd.
Data from the frame are applied to update the wabfethe properties of thRTDACUSB2_0103
class. After this method is called the propertiemntain up-to-date values of setups and
measurements.

ARGUMENTS
None.

RETURNED VALUE
If successful the method returns zero. A negatadleesindicates an error.

i nt SendUSBFranme( )

DESCRIPTION
The method of th@TDACUSB2_0103class. The properties of ti&fTDACUSB2_0103class are
packed into a data frame sent to the RT-DAC/USB&rtho

ARGUMENTS
None.

RETURNED VALUE
If successful the method returns zero. A negatalaesindicates an error.
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5.3 Version management

The RT-DAC/USB2 devices contain some data appleedlistinguish the configurations of the on-board
FPGA chips. The data are: version of the FPGA goméition, name of the FPGA configuration, synthesis
date of the FPGA configuration and the numberg@fdhannels implemented in FPGA.

The data are accessible after a successful readtape In C language theommandRead_0103function
has to be called. Data are included in a variablR TDACUSB2BufferType type. In .NET environment
the ReadUSBFrame method has to be activated. Data are visible aspeties of an object of
RTDACUSB2_0103type. In Simulink a block that contains the reafilisction block has to be run. Data are
accessible at the outputs of the Simulink readrigtfan block.

All the version management fields are read-only.

5.3.1 Logic version

C interface unsi gned int Logi cVersion
.NET interface ui nt Logi cVersion
Simulink interface Ver si on

DESCRIPTION

The field contains a number of the logic versioplagal in the FPGA chip. The version is coded as
hexadecimal 16-bit number.

5.3.2 Application name

C interface char ApplicationNange[ 7]
.NET interface string Applicati onName
Simulink interface Not available

DESCRIPTION

The field contains a string that describes the iapfibn type of the RT-DAC/USB2 board. The
string contains 6 characters.

5.3.3 Synthesis date

C interface unsi gned int LogicDate
.NET interface string SynthesisDate
Simulink interface Dat e

DESCRIPTION

The field contains the synthesis date of the FP@#figuration. The date is coded as hexadecimal
32-bit number in the form YYYYMMDD.
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5.3.4 Number of channels

C interface unsi gned i nt NoCOf Channel s[ 12]

.NET interface ui nt Configuration. NoOf P\WM
ui nt Configuration. NoOf Tnr Cnt
ui nt Configuration. NoOf Encoder |
ui nt Confi guration. NoOf Chrono
ui nt Configuration. NoOf FregM

Simulink interface Not available

DESCRIPTION

The field contains the number of available 1/0 afels.

In C interface the elements of tN@OfChannels array contain the following data:
— number of PWM blocks,

— number of encoder blocks,

— number of timer/counter blocks,

— number of frequency meter blocks,

— number of chronometer blocks,

The remaining elements of thoOfChannels array are reserved for future use.
In the .NET interface the number of channels avecst as respected properties.

NoOfChannels[0]
NoOfChannels[2]
NoOfChannels[5]
NoOfChannels[7]
NoOfChannels[8]

5.3.5 Example

Check if an RT-DAC/USB2 board is connected. Open ltlvard and read some configuration data. It is
assumed that only a single RT-DAC/USB2 is connecsedthe open operation does not require as the
argument the serial number of the board.

C language

RTDACUSB2BufferType RTDACUSBBUuffer;

int NoOfDetectedUSBDevices;

int Boardldx;

// Detect the number of connected RT-DAC/USB2 devic es

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");

return;

}
/l Open the RT-DAC/USB2 device

Boardldx = USB20pen( );

if( Boardldx < 0) {

printf( "Can not open an RT-DAC/USB2 device\n");

return;

}
/l Read the data buffer

if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n") ;

return;

}

printf("Number of detected RT-DAC/USB2 devices: %d "
"Logic version: %04X / %s",
NoOfDetectedUSBDevices, RTDACUSBBUuffer.Logic Version,
RTDACUSBBUuffer.ApplicationName );

/I Close the device
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USB2Close( Boardldx );

C# language
RTDACUSB2_0103 brd = new RTDACUSB2_0103();

/I Detect the number of connected RT-DAC/USB2 devic
if (brd.NumOfDevices() < 1)

{
MessageBox.Show("Can not find any RT-DAC/USB2 d
"DI/O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);
return;
}

// Open the RT-DAC/USB2 device
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.",
"DI/O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);

return;

}
// Read the data buffer
if (brd.ReadUSBFrame() < 0)
{
MessageBox.Show("Can not read data frame.",
"DI/O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);
return;
}
String sAux;
sAux = "Number of detected RT-DAC/USB2 devices: " +
String.Format("{0:D}", brd.NumOfDevices() )
"Logic version: " +
String.Format("{0:X}", brd.LogicVersion ) +
brd.ApplicationName;
MessageBox.Show(sAux, "DI/O example”,
MessageBoxButtons.OK. );
/l Closing not necessary !!!
// Done automatically when the object destroyed

es

evice.",

+ "\n" +

@ /"+
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5.4 Operating mode of the shared output signals

Some pins are shared between the digital /O lamesoutputs of the PWM blocks. When a shared pirksvo

as an output it must exist a method to determinetir the pin is controlled by a general purpogéalil/O
or by a PWM block. For this reason ta&l1PinMode field is applied. The field sets the operation mad

the shared pins.

In the .NET interface the pin mode data are stardte dedicate®igitallOClass

C interface
.NET interface
Simulink interface

unsi gned i nt CN1Pi nMbde
U nt32 Digitall O CN1Pi nMbde

CN1Pi nMbde

Set CN1Pi nMode

DESCRIPTION

The field sets/means a mode of the shared pinsa Determine the source of the output signals:
DIO8/PWM2, DIO11/PWM3, DIOIEWM4, DIO17/PWMS5,
DIO20/PWM6 and DIO23/PWM?Y. If a bit is set to zetaneans the pin is defined as the output of
the general purpose digital 1/O. If a bit is eqtal'l” the corresponding pin is defined as the otitp

DIO2/PWMO, DIO5/PWM1,

of a PWM block.

This feature of the board is coded as 32-bit dowded but only eight bits are used as it is shown i
the following tables.

output of the read S-function
input of the send S-function

class.

| Bit No 7 6 5 4 3 2 1 0
] ] DIO5 ] ] DIO2 ] ]
PWM1 PWMO

|BitNo| 15 14 13 12 11 10 9 8
] DIO14 ] ] DIO11 ] ] DIO8
PWM4 PWM3 PWM2
|BitNo| 23 22 21 20 19 18 17 16
DIO23 ] ] DIO20 ] ] DIO17 ]

PWM7 PWM6 PWM5
[BitNo| 31 30 29 28 27 26 25 24
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5.5 Digital I1/0

The RT-DAC/USB2 board contains 26 general-purposgitad input/output lines named as DIOO,
DI02,...,DIO25. The digital I/0 lines are connectedpins of the CN1 connector. All digital I/O sigaalre
shared with inputs or outputs of PWM, encoder, teyrfrequency meter and chronometer blocks. To use
digital signals as general-purpose 1/Os the respepin mode bit (see section 5.4) has to be s&#'to

The general purpose digital 1/0 signals can beviddally configured to become either inputs or aui$p
The direction of each line can be set independersilyg the fieldCN1Direction

The configuration of the general-purpose digitddd/is shown in the following figure. Each signal is
associated with the dedicated tri-state buffea Hin at the CN1 connector is configured to be fnfsustate
can be read by a program. If a pin is an outpuitdte can be set. As well a program can readtéte sf the
output signals. Such a read operations allow tafyérthe states assigned to the output 1/0Os aally
present as the board outputs.

» CNlinput

CN1 . P L CN1Output

Pin - [
CN1Direction

Fig. 5.7. Interfaces to a general-purpose digitaldignal

In the .NET interface the direction and state ef ifDs are stored in dedicatBigitallOClass class.

5.5.1 Direction

C interface unsi gned int CN1Direction
.NET interface Unt32 Digitall O CN1Direction
Simulink interface CN1Di recti on output of the read S-function

Set CN1Di recti on  input of the send S-function

DESCRIPTION

The field sets/means a direction of the digital 8i@nals. If a bit is set to zero it means the ipin
defined as the output. If a bit is equal to “1” t@responding pin is defined as the input line.

This feature of the board is coded as 32-bit dowaed but only 26 bits are used as it is shown in
the following tables.

it No
Bit N 7 6 5 4 3 2 1 0
DIO7 DIO6 DIOS DIO4 DIO3 DIO2 DIO1 DIOO0

it No
|BitN 15 14 13 12 11 10 9 8
DIO15 DIO14 DIO13 DIO12 DIO11 DIO10 DIO9 DIO8

it No
|BitN 23 22 21 20 19 18 17 16
DIO23 DIO22 DIO21 DIO20 DIO19 DIO18 DIO17 DIO1¢

| Bit No 31 30 29 28 27 26 25 24
- - - - - - DIO25 DIO24
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5.5.2 Input
C interface unsi gned i nt CNL1I nput
.NET interface U nt32 Digitall O CNLI nput
Simulink interface CNLI nput output of the read S-function
DESCRIPTION
The field contains values of signals at the CN1ngator. It is a read-only value.
For input signals it reads the digital inputs. Botput signals it reads the real signal valuesegires
at the CN1 connector. If a pin is configured asvédMPoutput the respective bit relates to the output
state of the PWM block.
This feature of the board is coded as 32-bit dowusd but only 26 bits are used in the same order
as in the case of direction bits (see section h.5.1
5.5.3 Output
C interface unsi gned int CN1Qut put
.NET interface U nt32 Digitall O CN1Cut put
Simulink interface CN1CQut put output of the read S-function

Set CN1CQut put input of the send S-function
Set CN1CQut put Terni nate  input of the send S-function

DESCRIPTION

The field contains values applied to excite outbuffers. If a pin is defined to be an output the
respective bit from th€N1Output register appears at the CN1 connector.

This feature of the board is coded as 32-bit dowued but only 26 bits are used in the same order
as in the case of direction bits (see section 5.5.1

In Simulink interface in the send S-function theme two inputs related with the digital outputs:
SetCN1Output andSetCN1OutputTerminate . The first one is applied during each sampling
period to update the state of the digital outplitse second input is used only once — when the
simulation terminates. The value at t&etCN1OutputTerminate are send to the digital
outputs when the execution of the Simulink modehteates.
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5.5.4 Example

Open the RT-DAC/USB2 device which serial numberléds Set the DIO0-DIO15 lines as outputs. Set
DIO16, DIO17,...,DIO25 as the inputs. Set all outliets to logic state ‘1’ and read all 10 inputs.

C language

RTDACUSB2BufferType RTDACUSBBUuffer;
int NoOfDetectedUSBDevices;
int Boardldx;

RTDACUSB2BufferType RTDACUSBBUuffer;
int Boardldx;
unsigned int Input;

Boardldx = USB20penBySerialNo( 14 );
if( Boardldx < 0) {

printf( "Can not open the given RT-DAC/USB2 devi ce\n");
return;

}

if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n") ;
return;

/I Set all lines as general purpose inputs/outputs
RTDACUSBBuffer.CN1PinMode = 0;

Il Set directions
RTDACUSBBuffer.CN1Direction = 0x3FF0000;
Il Set outputs

RTDACUSBBuffer.CN1Output = OXFFFF ;

if( CommandSend_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not send data to the RT-DAC/USB2 dev ice\n");
return;

}

I'wait ...

if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n") ;
return;

}

Input = RTDACUSBBuffer.CN1Input;

Input = (Input >> 16) & 0x3FF;

USB2Close( Boardldx );
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C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.OpenBySerialNumber(14) < 0)
{

MessageBox.Show("Can not open the device.",
"DI/O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);

return;

}
if (brd.ReadUSBFrame() < 0)

{

MessageBox.Show("Can not read data frame.",
"DI/O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);

return;

Il Set all lines as general purpose inputs/outputs
brd.DigitallO.CN1PinMode = 0;

/I Set directions

brd.DigitallO.CN1Direction = 0x3FF0000;

Il Set outputs

brd.DigitallO.CN1Output = OXFFFF;

if (brd.SendUSBFrame() < 0)

{

MessageBox.Show("Can not send data frame.", "Dl /O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);

return;

}

Il Wait

if (brd.ReadUSBFrame() < 0)
{

MessageBox.Show("Can not read data frame.",
"DI/O example",
MessageBoxButtons.OK,
MessageBoxlcon.Exclamation);

return;

}

UInt32 Input = brd.DigitallO.CN1Input;
Input = (Input >> 16) & Ox3FF;
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5.6 Counter/timer

RT-DAC/USB2 contains two 32-bit timer/counter chalsn Both counter/timer channels can operate either
in the counter or timer modes. In the timer modettmer/counter channels count pulses of the iatdsoard
clock. The frequency of the clock corresponds libard version (20 MHz is the default frequendyeh

In the counter mode the timer/counter channels ttexternal pulses respectively from the CNTO andTCN
inputs. In the timer mode the blocks does not ugeexternal signals.

In the counter mode the counter inputs are namé@2&CNTO and DIO25/CNT1 and are located at the
CN1 connector at pins 35 and 36. The inputs ofctinienters CTNO and CNT1 are shared with the general
purpose digital I/Os DIO24 and DIO25. If the DIOZMNTO or DIO25/CNT1 signals are defined to be the
inputs, their states can be read (typically asdigéal inputs) and simultaneously they excite thspective
counter block. If the signals are set to be outptltsir states are determined by software (typicali the
digital outputs) and simultaneously they excite thepective counter block (this operating mode loan
applied to test the blocks in a programming manner)

The configuration of the timer/counter block is wimobelow. TheMode flag selects between counter and
time modes. Th&eset flag is applied to reset the counter. 32-bit ceurstores a number of the internal
clock periods or a number of the external puldes (ising edges of the pulses are counted).

!

Reset

A

et [} »o
40 MHz > Counter

—_—>1
Internal Clock LA

>
Mode

. 1/0 signal I:I Parameter

Fig. 5.8. Configuration of the timer/counter block

In the C language interface the features of thenmbis are controlled by themrCntType structure. The
main structure contains the array:

TmrCntType TmrCnt[ 2 ];
that is applied to communicate with the timer/ceutiocks
In the .NET interface the state of the timer/courtiocks are described in the dedicafadrCntClass
class.

5.6.1 Mode
C interface unsi gned i nt Mode
.NET interface Tnr Cnt Cl ass. MobdeSt at e Mode
Simulink interface Tnr Cnt Mode output of the read S-function
Set Tnr Cnt Mode input of the send S-function
DESCRIPTION

The field sets/means the operating mode of thertcoenter.

In the C and Simulink interfaces the value equaD teets/means the counter mode; the value equal
to 1 means the timer mode.

In the .NET interface the value equal@ounterMode sets/means the counter modanerMode
means that the block operates as a timer.
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5.6.2 Reset
C interface unsi gned int Reset
.NET interface Tnr Cnt Cl ass. Reset St at e Reset
Simulink interface Tnr Cnt Reset output of the read S-function
Set Tnr Cnt Reset input of the send S-function
DESCRIPTION

In the C and Simulink interfaces the value equal teets/means that the counter remains in reset

state; 0 means the working mode.
In the .NET interface the valu®n sets/means that the counter is res@ff means the working

mode.
The Counterfield remains equal to 0 until theeReffield is equal to 1.

5.6.3 Counter

C interface unsi gned int Counter

.NET interface ui nt Count er

Simulink interface Tnr Cnt Count er output of the read S-function
DESCRIPTION

32-bit unsigned integer value of the counter. Tibklfis read-only.
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5.6.4 Example

Set the first channel as the timer and the sectiadnel as the counter. Reset both channels, stanting
and read the values of both channels.

C language

RTDACUSB2BufferType RTDACUSBBuffer;
int NoOfDetectedUSBDevices;
int Boardldx;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}

Boardldx = USB20pen( );

if( Boardldx < 0) {
printf( "Can not open the RT-DAC/USB2 device\n" );
return;

}

ifl CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n" );
return;

}

RTDACUSBBUuffer.TmrCnt[0].Mode = 1; // First channel as timer
RTDACUSBBuffer.TmrCnt[1].Mode = 0; // Second channe | as counter

/I Reset both channels
RTDACUSBBUuffer.TmrCnt[0].Reset = RTDACUSBBuffer.Tmr Cnt[1].Reset = 1;
CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

// Start counting
RTDACUSBBUuffer.TmrCnt[0].Reset = RTDACUSBBuffer.Tmr Cnt[1].Reset = 0;
CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

/Il wait ...

CommandRead_0103( Boardldx, &RTDACUSBBuffer );

printf( " Timer: %d, Counter: %d\n",
RTDACUSBBuffer.TmrCnt[0].Counter,
RTDACUSBBuffer.TmrCnt[1].Counter );

USB2Close( Boardldx );
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C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "Tmr/
MessageBoxButtons.OK, MessageBox
return;

}
if (brd.ReadUSBFrame() < 0)
{

MessageBox.Show("Can not read data frame.", "Tmr/
MessageBoxButtons.OK, MessageBox
return;

/l Set modes

brd. TmrCnt(0).Mode = TmrCntClass.ModeState.TimerMod
brd. TmrCnt(1).Mode = TmrCntClass.ModeState.CounterM

/I Reset both channels
brd. TmrCnt(0).Reset = TmrCntClass.ResetState.On;
brd. TmrCnt(1).Reset = TmrCntClass.ResetState.On;
if (brd.SendUSBFrame() < 0)
{
MessageBox.Show("Can not send data frame.", "Tmr/
MessageBoxButtons.OK, MessageBox
return;

}

// Start counting
brd. TmrCnt(0).Reset = TmrCntClass.ResetState.Off;
brd. TmrCnt(1).Reset = TmrCntClass.ResetState.Off;
if (brd.SendUSBFrame() < 0)
{
MessageBox.Show("Can not send data frame.", "Tmr/
MessageBoxButtons.OK, MessageBoxI
return;

}

/l wait ....

if (brd.ReadUSBFrame() < 0)
{
MessageBox.Show("Can not read data frame.", "Tmr/
MessageBoxButtons.OK, MessageBoxI
return;
}
String sAux;
sAux = "Timer: " +
String.Format("{0:D}", brd.TmrCnt(0).Counter
"Counter: " +
String.Format("{0:X}", brd. TmrCnt(1).Counter

MessageBox.Show(sAux, "Tmr/Cnt example”, MessageBox

Cnt example",
con.Exclamation);

Cnt example”,
Icon.Exclamation);

ode;

Cnt example”,
Icon.Exclamation);

Cnt example”,
con.Exclamation);

Cnt example”,
con.Exclamation);

) +"\n" +

)i
Buttons.OK);
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5.7 PWM

The RT-DAC/USB2 board includes eight output PWM rafels named: PWMO, PWM1, PWM2, PWM3,
PWM4, PWM5, PWM6 and PWM?7, located at the CN1 catmeat pins: 5, 11, 17, 22, 25, 28, 31 and 34.
These pins are shared between PWM outputs and gégtdral purpose digital I/0Os. The PWM operating
mode is determined by the contents of the directiegister and the mode configuration register. The
direction register must set the PWM signals to bezdhe outputs. The pin mode configuration register
determines whether the signals are associated thétspecialized PWM blocks or operate as the génera
purpose digital 10s. In the first case the stateshe outputs are constructed by the PWM blocktha
second case the state of the outputs are definduklsoftware.

The basic PWM period and the period of the “H” stéwidth) of each channel are selected indepengentl
The operating principle of the PWM channels issiltated in Fig. 5.9. The input basic frequency haf t
PWM channels is set to the default 20MHz value.sTihequency is divided by the counter (called the
prescaler), which creates the PWM basic period. Jdmsc period wave excites the 8 or 12-bit courifée
output of the counter is compared to the 8 or 12uiith of the “H” state. The valid prescaler valisea
number taken from the range [0 - 65535]. The PWMnters and the “H” state duration registers carratpe

in either 8 or 12-bit modes. The 8-bit mode alldM&/M to operate in a high speed and the 12-bit mode
allows to achieve higher accuracy of the output.

—| Prescaler | | Width

40 MHz | Mod 255
— Divider
Internal Clock

Comparator —.. PWM

Mod 4095

. /O signal I:I Parameter

Fig. 5.9. Block diagram of the PWM generator

In the 12-bit mode a single PWM period contains5B8pulses of the output prescaler counter. Thatitur
of the ‘H’ state is set by a number from 0 to 400bthe 8-bit mode a PWM period contains 255 imesilef
the output prescaler. The duration of the ‘H’ siatset by a number from 0 to 255.

The frequency of the PWM wave is given by the folamu

f

fowm = bt for 8-bit mode
(prescaler+1) (255
fowm = fbasic for 12-bit mode
(prescaler+1) 4095

where f,.. equals to 20MHz.

In the C language interface the features of the Putilghnels are controlled by tR¥WMTypestructure. The
main structure of thRTDACUSB2BufferType type contains the array:
PWMType PWM[ 8 ];
that is applied to communicate with the PWM blocks.
In the .NET interface the state of the PWM blocles @described in the dedicatPdVMClassclass.
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5.7.1 Mode
C interface unsi gned i nt Mode
.NET interface PWVMCl ass. PWWvbde Mode
Simulink interface PWWWbde output of the read S-function

Set PMWM\bde input of the send S-function

DESCRIPTION

The field sets/means the operating mode of therfaoanter.

In the C and Simulink interfaces the value equals(’ indicates the 8-bit PWM mode. If this
integer value is equal to “1” then the 12-bit PWMde is selected.

In the .NET interface the value equalROWM8BIitMode indicates 8-bit modePWM12BitMode
indicates that the block operates in 12-bit mode.

5.7.2 Prescaler

C interface unsi gned int Prescal er
.NET interface ui nt Prescal er
Simulink interface PWWPr escal er output of the read S-function

Set PWWPr escal er input of the send S-function

DESCRIPTION

16-bit value that defines the prescaler paramelée internal clock reference is divided by
(prescaler+1) to generate the basic PWM period.

The maximum frequency of the PWM output is apprately equal to 156kHz and is generated in
the 8-bit mode when the prescaler is equal to & fnimum frequency of the PWM output is
approximately equal to 0.15Hz and is generatechén12-bit mode when the prescaler is equal to

65535.
5.7.3 Width
C interface unsi gned int Wdth
.NET interface uint Wdth
Simulink interface PWWW dt h output of the read S-function
Set PWMW dt h input of the send S-function
Set PAMW dt hTer mi nat e input of the send S-function
DESCRIPTION

The 12-bit unsigned value sets the duration of‘Hiestate in each PWM period. When the PWM
channel operates in the 8-bit mode only the legsifcant 8-bits are applied.

In the Simulink there are two inputs of the S-fumes applied to set the duration of the “H” state i
each PWM period. The first on&etPWMWidth, is applied during each sampling period. The
second inputSetPWMWidthTerminate , is used when the simulation terminates.
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5.7.4 Example

For the first PWM channel select the 8-bit opeatimde, set the frequency to 300 Hz and set theajale
to 25% (the “H” state lasts 25% of the PWM perioBhr the second PWM channel select the 12-bit
operating mode, set the frequency to 10 Hz anthseduty cycle to 75%.

C language

RTDACUSB2BufferType RTDACUSBBuUffer;
int NoOfDetectedUSBDevices;
int Boardldx;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}
Boardldx = USB20pen( );
if( Boardldx < 0) {

printf( "Can not open the RT-DAC/USB2 device\n" );
return;
}
if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n" );
return;
}
I/l Switch pin mode to allow PWM outputs for PWMO an d PWM1

RTDACUSBBUuffer.CN1PinMode |= 0x0000024;

Il Set respective pins to be outputs
RTDACUSBBuffer.CN1Direction &= OXxOFFFFFDB;

RTDACUSBBuffer.PWM[0].Mode = 0; // 8-bit PWM mode
RTDACUSBBuffer.PWM[1].Mode = 1; // 12-bit PWM mode

/l The prescaler value of 522 defines the 300Hz fre quency

/l The width equal to 64 means 25% duty cycle (64 i s 25% of 256)
RTDACUSBBUuffer.PWM][0].Prescaler = 522;

RTDACUSBBuffer.PWM[0].Width = 64;

/I The prescaler value of 60 defines the 10Hz frequ ency

/l The width equal to 3072 means 75% duty cycle (30 72 is 75% of 4096)
RTDACUSBBuffer.PWM [ 1 ].Prescaler = 60;

RTDACUSBBuffer.PWM [ 1 ].Width = 3072;

[/l Start PWM output generation
CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

USB2Close( Boardldx );
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C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "PWM example",
MessageBoxButtons.OK, MessageBoxI con.Exclamation);
return;

}

if (brd.ReadUSBFrame() < 0)

{
MessageBox.Show("Can not read data frame.", " PWM example",

MessageBoxButtons.OK, MessageBoxI con.Exclamation);

return;

}

/I Switch pin mode to allow PWM outputs for PWMO an d PWM1

brd.DigitallO.CN1PinMode |= 0x0000024;

Il Set respective pins to be outputs

brd.DigitallO.CN1Direction &= OxOFFFFFDB,;

brd.PWM(0).Mode = PWMClass.PWMMode.PWM8BitMode;
brd.PWM(1).Mode = PWMClass.PWMMode.PWM12BitMode;

/l The prescaler value of 522 defines the 300Hz fre quency

/l The width equal to 64 means 25% duty cycle (64 i s 25% of 256)
brd.PWM(0).Prescaler = 522;

brd.PWM(0).Width = 64;

/I The prescaler value of 60 defines the 10Hz frequ ency

/l The width equal to 3072 means 75% duty cycle (30 72 is 75% of 4096)
brd.PWM(1).Prescaler = 60;

brd.PWM(1).Width = 3072;

/I Start PWM output generation
if (brd.SendUSBFrame() < 0)
{
MessageBox.Show("Can not send data frame.", " PWM example",
MessageBoxButtons.OK, MessageBoxI con.Exclamation);
return;

}
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5.8 Encoder

RT-DAC/USB2 includes eight 32-bit incremental quetdre encoder channels. Each channel counts the
changes of two input waves and optionally appliesihput index signal to reset the encoder couflike.
relation between the changes of the A and B wamdslge changes of the counter value are illustratdsg.
5.10.

Wave #

Wave EJ | | | |

V v V v v vy YY YVY YV V
Counter Chan¢ +1+1+1 +1+1 +1 +1 -1-1-1-1 -1-1 -1

Fig. 5.10. Operation of the quadrature encoder t&wun

The initial value of each encoder counter can lbécseero in a programmable way or using the adtidex
signal. Encoders can work in two modes: with ohwitt index signal. The software activates and destets
the index signals and sets the active levels ofrttlex signals as well. The structure of the encdudiecks is
given in Fig. 5.11.

Pulse

Enc_A >
Encoder Interface Direction Counter —»
Enc_B »

+D

Enc_|

ldxInvert

. 1/0 signal I:I Parameter

Fig. 5.11. Structure of the quadrature encoderksloc

Each encoder channel contains three inputs: waveaf&e B and index |. The respective signals areketar
as:

e ENCO_A, ENCO_B and ENCO_|I for the first encoder,

e ENC1_A, ENC1_B and ENC1_|I for the second encoder,

¢ ENC2_A, ENC2_B and ENC2_]I for the third encoder,

¢ ENC3_A, ENC3_B and ENC3_|I for the fourth encoder,

¢ ENC4_A, ENC4_B and ENCA4_|I for the fifth encoder,

¢ ENC5_A, ENC5_B and ENC5_| for the sixth encoder,

¢ ENC6_A, ENC6_B and ENC6_I for the seventh encoder a

« ENC7_A, ENC7_B and ENC7_]I for the eighth encoder.

All the pins used by the encoder signals are atsl by the general purpose digital 1/0s. If theoelec
signals are defined to be inputs, their statesbemamnead (typically as the digital inputs) and sitakously
they excite the respective encoder block. If tlymais are set to be outputs, their states arerdieted by the
software (typically as the digital outputs) and gitaneously they excite the respective encoderkb(tius
operating mode can be applied to test the bloclsgrogramming manner).

All encoder channels are assigned to the pinseaCiil connector and are shared with the generaleger
digital input/output signals (see Fig. 4.1). If thieection of DI/O’s are set to be the output tipprpriate
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pins operate as the digital outputs. Usually theoder works if the shared pins are set to be inpatsuch a
case they excite the encoder inputs and can besieadtaneously as the digital inputs.

In the C language interface the features of theo@eic channels are controlled by tEB@coderType
structure. The main structure of tREDACUSB2BuUfferType type contains the array:

EncoderType Encoder[ 8];
that is applied to communicate with the encodeckdo
In the .NET interface the state of the encoder kdcare described iBncoderiClass  class dedicated to
be an interface to quadrature encoders equippéudtiétindex signal.

5.8.1 Reset
C interface unsi gned int Reset
.NET interface Reset St at e Reset
Simulink interface Encoder Reset output of the read S-function
Set Encoder Reset input of the send S-function
DESCRIPTION

The field sets/means the reset state of the blé¢ke block remains in the reset state the couister
equal to zero.

In the C and Simulink interfaces the value equdlltbindicates reset of the block counter. If this
integer value is equal to “0” the block traces #hand B inputs and changes the counter value.

In the .NET interface the value equal @ indicates reset stat@ff indicates that the block

counts impulses.

5.8.2 ldxActive

C interface unsi gned int |dxAvtive
.NET interface | dxActiveState | dxActive
Simulink interface Encoder | dxActi ve output of the read S-function
Set Encodel dxActi ve input of the send S-function
DESCRIPTION

This flag activates the encoder index signal. Whenindex signal is active the active level of the
externaENCx_| signal resets the encoder counter.

In the C and Simulink interfaces the value equal‘ltb activates the index input signal. If this
integer value is equal to “0” the exteriZllCx_| signal is not applied to reset the encoder counter
In the .NET interface the value equal@m indicates active index inpu©ff indicates that the
index input is deactivated.
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5.8.3 ldxInvert

C interface unsi gned int |dxlnvert
.NET interface | dxActiveState |dxlnvert
Simulink interface Encoder | dxI nvert output of the read S-function
Set Encodel dxI nvert input of the send S-function
DESCRIPTION

This flag determines the active level of the indgut.

In the C and Simulink interfaces the value equal(tbdetermines that the “1” level of the index
signal is active. If this integer value is equat1tthe active level of th&NCx_| signal is “0”.

In the .NET interface the value equal@m indicates that the active level of tBNCx_| signal is
“0".; Off indicates that “1” level is active.

In fact the reset signal generated from the inehgut is always ‘1’ and th&xinvertis applied to
invert the input (see Fig. 5.11).

5.8.4 Counter

C interface I ong int Counter

.NET interface ui nt Count er

Simulink interface Encoder Count er output of the read S-function
DESCRIPTION

32-bit value of the encoder counter. This fieldead-only.

5.8.5 Example

Reset the ENC2 encoder, activate the index inpartt sounting and read the encoder counter.
C language

RTDACUSB2BufferType RTDACUSBBuUffer;
int NoOfDetectedUSBDevices;

int Boardldx;

int Result;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}

Boardldx = USB20pen( );

if( Boardldx < 0) {

printf( "Can not open the RT-DAC/USB2 device\n" );
return;

}

if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n" );
return;

}

/I Activate index and reset the encoder counter
RTDACUSBBUuffer.Encoder[ 2 ].1dxActive = 1;
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RTDACUSBBUuffer.Encoder[ 2 ].l1dxInvert = 0;
RTDACUSBBUuffer.Encoder[ 2 ].Reset =1;
CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

/I Start counting — disable reset signal
RTDACUSBBUuffer.Encoder[ 2 ].Reset = 0;
CommandSend_0103( Boardldx, &RTDACUSBBuffer );

/I wait ....

CommandRead_0103( Boardldx, &RTDACUSBBuffer );
Result = RTDACUSBBuffer.Encoder| 2 ].Counter;
printf("Encoder value %d\n", Result );

USB2Close( Boardldx );
C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "Enco der example",
MessageBoxButtons.OK, MessageBoxI con.Exclamation);
return;

}
brd.ReadUSBFrame();

/I Activate index and reset the encoder counter

brd.Encoderl(2).1dxActive = EncoderlClass.ldxActive State.On;
brd.Encoderl(2).l1dxInvert = EncoderIClass.ldxInvert State.Off;
brd.Encoderl(2).Reset = EncoderIClass.ResetState.On ;
brd.SendUSBFrame();

/l Start counting — disable reset signal
brd.Encoderl(2).Reset = EncoderIClass.ResetState. Of f;
brd.SendUSBFrame();

/I wait ....

brd.ReadUSBFrame();

String sAux;
sAux = "Enc2 counter: " +

String.Format("{0:D}", brd.Encoderl(2).Count er);
MessageBox.Show(sAux, "Encoder example”, MessageBox Buttons.OK);
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5.9 Frequency meter

The RT-DAC/USB2 board includes eight frequency métecks. The blocks are applied to measure number
of external pulses within a given counting peridde operation principle is presented in Fig. 5.A2.
measurement can be started by a program or by t@nnek input. The measurements can be gated by an
external signal.

Reference frequency

Counting period

0000000 nnnnimniii

Input signal

O0000nnnimnimnim

Counted impulses
Result: 12

Fig. 5.12. Principle of the frequency operating mod

Each block uses three external input signais & number from 0 to 7 and means the numbereobkbck):
*  Frxl — input signal; the block counts pulses from thjaut,
»  FrxSt- external start counting signal,
* FrxG — external gate signal.

The algorithm of the frequency meter block can esctdibed as follow:

1. the block operates only if tHenable parameter is ‘1’; if this parameter is ‘0’ tiReadyand the
Pendingflags are set to low. ThRendingflag is an internal parameter of the block and wanbe
accessible from outside,

2. if the SwHwGateStarflag is set to ‘0’ theéStart and Gate signals are equal t8wStartand SwGate

parameters respectively (it means that the softigattee source of thBwStartand SwGatesignals);

if the SwHwGateStarflag is set to ‘1’ theStart and Gate signals are equal trx_StandFrx_G

inputs,

if the Gatelnvparameter is set to ‘1’ tH@atesignal is inverted,

if the Startinvparameter is set to ‘1’ tHetartsignal is inverted,

if theInputinvparameter is set to ‘1’ tHer_| input signal is inverted,

if the block detects a rising edge of tiart signal the following actions are performed: Ready

parameter is set to ‘0’, tHeendingflag is set to ‘1’, thélimerinput parameter is used to determine

the duration of the counting period. The resolutibthe counting period is 25 ns,

7. the rising edges of tHex_I signal (or falling edges when thaputinvis set) are counted only when
the Pendingflag is ‘1’ or if the InfiniteFlag parameter is set to ‘1’; the numberFerix_| pulses is
stored in theResultcounter,

8. thePendingflag is set to ‘0’ when the counting period teraties — it indicates the termination of
the measurement cycle,

9. theGateinput signal can be applied to stop the countifithe pulses of the input signal as well as
to stop the counting of the counting period. If Gatesignal is equal to ‘1’ th®esultcounter does
not count pulses of ther_I input; if the GateModeparameter is set to ‘1’ and tligate signal is
equal to 1 also the counter which determines thutiog period is stopped. Fig. 5.13 illustrates the
influence of theGatesignal when th&ateModeparameter is set to ‘0'.

S
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Reference frequency

Counting period

nonnononnononnonaonnmnan

Input signal

Gate signal
Active high

[ 111

Counted impulses
Result: 4

Fig. 5.13. Principle of the gate signal

In the C language interface the features of thquieacy meter channels are controlled byRhegMType
structure. The main structure of tREDACUSB2BufferType type contains the array:
FreqMType FregM[ 8 ];
that is applied to communicate with the blocks.
In the .NET interface the state of the frequencyemblocks are described in tReegMClass class.

5.9.1 EnableBlock

C interface unsi gned i nt Enabl eBl ock
.NET interface Enabl eSt at e Enabl e
Simulink interface Fr eqMEnabl e output of the read S-function
Set Fr eqMEnabl e input of the send S-function
DESCRIPTION

The field sets/means the enable state of the bldbk block operates (responds to inputs and
parameters) if it is enabled. In disable stateftthguency meter block does not react to inputs.

In the C and Simulink interfaces the “1” value elealthe block. If this integer value is equal t6 “O0
the block is disabled.

In the .NET interface the value equal@o indicates enable stat®ff disables the block.

5.9.2 SwHwGateStartFlag

C interface unsi gned int SwHwGat eStart Fl ag
.NET interface SwHwGat eSt art St at e SwHwGat eSt ar t
Simulink interface SwHwGat eSt art Fl ag output of the read S-function

Set SwHwGat eSt art Fl ag input of the send S-function

DESCRIPTION

The field sets the source of tisgart and Gate signals. The signals can come from the hardware
inputsFRxStandFrxG or can be set by the software as $weStartandSwGateparameters.

In the C and Simulink interfaces the value of “Gtlicates the software signal sources. If this iateg
value is equal to “1” the block takes the signahirhardware inputs at CN1 connector.

In the .NET interfaces the value equalSoftware indicates the software sourddardware
indicates the hardware signal sources.
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5.9.3 SwsStart

C interface unsigned int SwStart
.NET interface SwStartState SwStart
Simulink interface FregMBwst ar t output of the read S-function

Set Fr eqVBwSt ar t input of the send S-function

DESCRIPTION

The field sets the softwar@tart signal. If there is selected the software sourfcthe Start signal
then the rising edge of this parameter starts asorement.

In C and Simulink the “0” and “1” values are avail A change from “0” to “1" starts a
measurement.

In .NET theOn andOff values are available. A change fr@n to Off starts a measurement.

5.9.4 Startinv

C interface unsigned int Startlnv
.NET interface StartlnvState Startlnv
Simulink interface FregMstart | nv output of the read S-function

Set FreqMst art | nv  input of the send S-function

DESCRIPTION

The field is applied to invei$tart signal (either software or hardware). If Bertsignal is inverted
its falling edge starts the measurement.

In C and Simulink the “0” and “1” values are avaik The “1” value inverts th8tartsignal.

In .NET theOn andOff values are available. The val@a inverts theStartsignal.

5.9.5 SwGate
C interface unsi gned int SwGate
.NET interface SwGat eSt at e SwGat e
Simulink interface FreqVowGat e output of the read S-function
Set Fr eqVBwGat e input of the send S-function
DESCRIPTION

The field sets the softwai@ate signal. If there is selected the software sourcthe Gate signal
then this signal gates measurements.

In C and Simulink the “0” and “1” values are awadile. The “1” value gates measurements.

In .NET theOn andOff values are available. Ti@&n value may be applied to gate measurements.

5.9.6 Gatelnv
C interface unsi gned int Gatelnv
.NET interface GatelnvState Gatel nv
Simulink interface FreqgMzat el nv output of the read S-function
Set FreqMzat el nv  input of the send S-function
DESCRIPTION

The field is applied to inverGate signal (either software and hardware). If (Gate signal is
inverted its low state gates measurements.

In C and Simulink the “0” and “1” values are avai The “1"value inverts th&atesignal.

In the .NET interface th®n andOff values are available. Tl@n value inverts th&atesignal.
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5.9.7 Inputinv
C interface unsi gned int |nputlnv
.NET interface I nputlnvState | nputlnv
Simulink interface FregM nput | nv output of the read S-function

Set FreqM nput | nv  input of the send S-function

DESCRIPTION

The field is applied to invert inplrxl signal. If the signal is inverted the block coufatting edges
of theFrxI input.

In C and Simulink the “0” and “1” values are avaik The “1” value inverts thErx| signal.

In .NET theOn andOff values are available. TI@N value inverts th&rxl signal.

5.9.8 GateMode

C interface unsi gned i nt Gat eMbde
.NET interface Gat eMbdeSt at e Gat eMbde
Simulink interface Fr egqMGat eMode output of the read S-function

Set Fr eqMzat evbde  input of the send S-function

DESCRIPTION
Selects the gating mode. Two modes are available:
» when theGateis active only the input signals are not counfite timer counter operates
until a counting period terminates,
* when theGateis active the input signals are not counted andvel$ the timer counter
stops.
In C and Simulink the“0” and “1” values are avalebThe “0” value stops counting of thexl
input signal. If “1” is selected both the inputrség and timer pulses are gated.
In .NET theInput and TimeAndInputvalues are available. THaeput value gates only thérxl
signal. The TimeAnbhput value gates thErxl and timer signals.

5.9.9 InfiniteFlag

C interface unsi gned int InfiniteFlag
.NET interface InfiniteFlagState InfiniteFlag
Simulink interface FregM nfiniteFl ag output of the read S-function
Set FregM nfi ni t eFl ag input of the send S-function
DESCRIPTION

The counting of the inpuErxl signal is usually terminated when a counting pkteErminates. If the
InfiniteFlag is selected the counting of the input signal edgesrates in continuous mode.

In C and Simulink the “0” and “1” values are availa The “1” value switches on the continuous
counting.

In .NET theOn andOff values are available. Tl@n value switches on the continuous counting.
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5.9.10 Mode
C interface unsi gned i nt Mode
.NET interface MbdeSt at e Mbde
Simulink interface Fr egqMvbde output of the read S-function
Set Fr eqM\Vbde input of the send S-function
DESCRIPTION

There are available two measurement modes:

 when the Start trigger edge appears a single measurement isedtauring a
measurement period tHResultregister remains equal to zero and @auntingregister
shows the current number of counted pulses. Whenmasurement terminates (it means
when Readyflag is active) theCounterregister is stored in thResultregister, so the
Resultregister contains the result of the measurement,

» the Starttrigger start a series of measurements. When asunement cycle terminates a
new measurement is started immediately. Resultregister always contain the result of
the last measurement.

In C and Simulink values of “0” and “1” are availabThe value of “0” allows to start a single
measurement. The value of “1” prepares a blockdr a series of measurements.

In .NET the Single and Continous values are available which start a single of aesernf
measurements respectively.

5.9.11 Timer

C interface unsi gned int Tiner

.NET interface ui nt Ti ner

Simulink interface Fr egMTri mer output of the read S-function
DESCRIPTION

The 30-bit value that determines the duration ef ¢bunting period. The duration of the period is
given as the number of 25ns pulses. This fieleéélronly.

5.9.12 Ready
C interface unsi gned i nt Ready
.NET interface Ready St at e Ready
Simulink interface Fr egMReady output of the read S-function
Set Fr eqVReady input of the send S-function
DESCRIPTION

Determines if theResultregister contains the result of the measuremémtsingle mode it informs
that register is ready to read. In multiple measengts mode it informs that result register contains
a ready to read result of a last measurement.

In C and Simulink values of “0” and “1” indicate hoeady to read and ready to read states
respectively.

In .NET theOn value indicates ready to read data. Gfevalue informs that data are not ready jet.
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5.9.13 Counter

C interface unsi gned int Counter

DESCRIPTION
32-bit counter that contains the number of curgeotiunted pulses. The field is read-only.

5.9.14 Result

C interface unsigned int Result

.NET interface uint Result

Simulink interface FregMResul t output of the read S-function
DESCRIPTION

32-bit result of the last measurement. The fieldeesd-only.
The field contains valid data only when tReadyflag is set.

5.9.15 Example

Apply thePWMOoutput as the inputs signal for the frequency mett@annel 0Kr0l signal).
Both signalsPWMOandFr0l, are located at the same pin of the CN1 connéptomumber 5 - see Table 1).
This pin is shared with thBl1O2 general purpose digital signal. To run the testfdllowing steps have to be
performed:

* set parameters of tH&NVMOblock,

» set the mode dDIO2 to allow thePWMOgeneration at the output,

» set the direction dDIO2 as the output,

» set parameters of th&0 block. Start a measurement and read the result.

C language

RTDACUSB2BufferType RTDACUSBBuffer;
int NoOfDetectedUSBDevices;
int Boardldx;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}

Boardldx = USB20pen();

if( Boardldx < 0) {
printf( "Can not open the RT-DAC/USB2 device\n" );
return;

}
CommandRead_0103( Boardldx, &RTDACUSBBuffer );

/I Set PWMO parameters
RTDACUSBBUuffer.PWM[0].Mode = 0; // 8-bit PWM mode
RTDACUSBBUuffer.PWM[0].Prescaler = 3;
RTDACUSBBuffer.PWM[0].Width = 64;

I/l Set pin mode and direction to allow PWMO output
RTDACUSBBuffer.CN1PinMode |= 0x00000004;
RTDACUSBBuffer.CN1Direction &= OXOFFFFFFB;
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Il Setups of the Fr0

RTDACUSBBUuffer.FreqM[0].EnableBlock = 1;
RTDACUSBBUuffer.FreqM[0].Mode = 0; // Single measur ement
RTDACUSBBUuffer.FreqM[0].InfiniteFlag = 0O;
RTDACUSBBUuffer.FreqM[0].Startinv = 0;
RTDACUSBBUuffer.FreqM[0].Gatelnv = 0;
RTDACUSBBUuffer.FreqM[0]. SwGate = 0;

RTDACUSBBUuffer.FreqM[0]. SwHwGateStartFlag = 0; // S oftware START
source

RTDACUSBBUuffer.FreqM[0].GateMode = 0;
RTDACUSBBUuffer.FreqM[0].Inputinv = 0;
RTDACUSBBUuffer.FreqM[0]. Timer = 400000;

/l Send setups and generate rising edge of the soft ware START
RTDACUSBBUuffer.FreqM[0].SwStart = 0O;

CommandSend_0103( Boardldx, &RTDACUSBBuffer );
RTDACUSBBUuffer.FreqM[0].SwStart = 1;

CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

/I Wait for the rumination of the measurement

for(;;) {
CommandRead_0103( Boardldx, &RTDACUSBBuffer);
if RTDACUSBBUuffer.FreqM[0].Ready ) break;

}
printf("Result: %d\n", RTDACUSBBuffer.FregM[0].Resu It);

/l Change PWM frequency and restart the measurement
RTDACUSBBUuffer.PWM[0].Prescaler = 7;

RTDACUSBBUuffer.FreqM[0].SwStart = 0O;
CommandSend_0103( Boardldx, &RTDACUSBBuffer );
RTDACUSBBUuffer.FreqM[0].SwStart = 1;
CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

for(;;) {
CommandRead_0103( Boardldx, &RTDACUSBBuffer);
if RTDACUSBBUuffer.FreqM[0].Ready ) break;

}
printf("Result: %d\n", RTDACUSBBuffer.FregM[0].Resu It);

USB2Close( Boardldx );

C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "Enco der example”,
MessageBoxButtons.OK, MessageBoxIc on.Exclamation);
return;

}

brd.ReadUSBFrame();

/I Set PWMO parameters

brd.PWM(0).Mode = PWMClass.PWMMode.PWM8BitMode;
brd.PWM(0).Prescaler = 3;

brd.PWM(0).Width = 64;

/I Set pin mode and direction to allow PWMO output
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brd.DigitallO.CN1PinMode |= 0x00000004;
brd.DigitallO.CN1Direction &= OXOFFFFFFB;

Il Setups of the FrO

brd.FregM(0).Enable = FregMClass.EnableState.On;
brd.FregM(0).Mode = FregMClass.ModeState.Single;
brd.FregM(0).InfiniteFlag = FreqgMClass.InfiniteFlag
brd.FregM(0).Startinv = FregMClass.StartinvState.Of
brd.FregM(0).Gatelnv = FreqMClass.GatelnvState.Off;
brd.FregM(0).SwGate = FregMClass.SwGateState.Off;
brd.FregM(0).SwHwGateStart = FregqMClass.SwHwGateSta
brd.FregM(0).GateMode = FregMClass.GateModeState.In
brd.FregM(0).Inputinv = FregMClass.InputinvState.Of
brd.FregM(0).Timer = 400000;

// Send setups and generate rising edge of the soft
brd.FregM(0).SwStart = FreqMClass.SwStartState. Off;
brd.SendUSBFrame();

brd.FregM(0).SwStart = FreqMClass.SwStartState.On;
brd.SendUSBFrame();

/l Wait for the rumination of the measurement
for (;;)

brd.ReadUSBFrame();
if (brd.FregM(0).Ready == FregMClass.ReadyState.O

String sAux;
sAux = "Result 1: " +
String.Format("{0:D}", brd.FreqM(0).Result);
MessageBox.Show(sAux, "Frequency meter example",
MessageBoxButtons.OK);

/l Change PWM frequency and restart the measurement
brd.PWM(0).Prescaler = 7;

brd.FregM(0).SwStart = FreqMClass.SwStartState. Off;
brd.SendUSBFrame();
brd.FregM(0).SwStart = FreqMClass.SwStartState.On;
brd.SendUSBFrame();

for ;)
{
brd.ReadUSBFrame();
if (brd.FregM(0).Ready == FregMClass.ReadyState.O

SAuUX = "Result 2: " +
String.Format("{0:D}", brd.FreqM(0).Result);
MessageBox.Show(sAux, "Frequency meter example”,
MessageBoxButtons.OK);

State.Off;
f;

rtState.Software;
put;
f;

ware START

n) break;

n) break;
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5.10 Chronometer

The chronometer block counts the time span betwleestart and stop conditions. The resolution efttime
measurement is 25 ns. The block contains two m&ibiBregisters:Counter and Result The Counter
register counts 25ns pulses between the start topd conditions. This register value changes when th
measurement is pending. When the stop conditionredbieCounterregister value is stored into tResult
register. The value of tHResultregister remains constant until the next measuneteeminates.

The chronometer block is implemented as a FiniggeSMachine (FSM). The FSM contains five states:
Disabled ReadyToArm, Arme&€ountingandTerminated The state flow is shown below.

ReadyToArn

ArmMeasurement ==

Enable ==

Counter <=0
Result <=0

Trigger ==(

NextMeasurement ==

Counting
Terminated

Result <= Counter

Fig. 5.14. State machine of the chronometer block

There are three operating modes of the block détexdrby the 2-biMode parameter. They are described in
the following table.

Table 4. Operating modes of the chronometer block.

M\(:gleu;a(r);rt::ter Start measurement condition Stop measurement éomdit
00 Rising edge of th8tartStopsignal Falling edge of th&tartStopsignal
01 Rising edge of th8tartStopsignal Rising edge of th&tartStopsignal
10 Rising edge of th8tartStopsignal Rising edge of th&topsignal
11 Not used Not used

The operation algorithm of the chronometer block ba described as follow:
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1. there are three input signals of the chronomatezk: StartStop StopandGate If the StartStoplnv
parameter is set to ‘1’ th®tartStopsignal is inverted. If th&toplnvparameter is set to ‘1’ thétop
input is inverted. If th&atelnvparameter flag is set to ‘1’ tii@atesignal is inverted,

2. if the Enableinput flag is set to 0 the block moves to fisabledstate and remains in thitate
until the Enableflag is set to 1. In th®isabledstate theCounterand theResultregisters are set to
zero. The block changes the state fidisabledto ReadyToArnwhen theEnableflag changes to 1,

3. the block remains in tHeeadyToArnstate until theArmflag is setto 1,

4. in theArmedstate the block waits for the start measurementicon. In all measurement modes
the rising edge of thé&tartStopsignal generates start measurement action (ifStatStoplnv
parameter is set in fact the falling edge of 8iartStopinput starts the measurement cycle). In the
Armedstate theCounterregister is cleared. When the start measuremeaanitenccurs the block is
moved to theCountingstate,

5. in theCountingstate the block counts 25ns pulses until the stepsurement condition occurs. The
number of counted pulses is stored in @aunterregister. The counting may be gated. If Gate
signal is 1 the block does not count referencekcndses.

6. when the stop measurement condition occursttte sf the block changes to tfierminatedand
the Counterregister is stored in thResultregister. This register can be read to deterntieetime
span between the start and stop conditions,

7. when theNextMeasuremeritag is set the state immediately changefR&mdyToArmIf also the
Armflag is set a new measurement is armed automigtical

In the basic mode the block counts the pulsesefdference signal which period is equal to 25msallow
measurements of longer time periods the referereguéncy can be divided. The 30-Biivider register
contains the division factor. The reference fregyeis divided by the Qivider + 1) value (zeroDivider
value means no division).

The board contains eight chronometer blocks. Edebkbuses three external input signatsi{ a number
from O to 7 and means the number of the block):

e ChxG- gating signal,

e ChxSt- externalStartsignal,

e ChxStSt externaStart/Stopsignal.

In the C language interface the features of th@rotmeter channels are controlled by @leronoType
structure. The main structure of tREDACUSB2BufferType type contains the array:
ChronoType Chrono[ 8]
that is applied to communicate with the blocks.
In the .NET interface the state of the chronomedeesdescribed in th@hronoClass class.

5.10.1 EnableBlock

C interface unsi gned i nt Enabl eBl ock
.NET interface Enabl eSt at e Enabl e
Simulink interface Chr onoEnabl e output of the read S-function
Set Chr onoEnabl e input of the send S-function
DESCRIPTION

The field sets/means the enable state of the bl®ble block operates (responds to inputs and
parameters) if it is enabled. In disable statectm@nometer block does not react to inputs andrtime
pulses.

In the C and Simulink interfaces the value of “Hiables the block. If this integer value is equal to
“0” the block is disabled.

In the .NET interfaces the value equaldn indicates enable stat®ff disables the block.
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5.10.2 TriggerMode

C interface unsi gned int TriggerMde
.NET interface Tri gger ModeSt at e Tri gger Mbde
Simulink interface ChronoTri gger Mode output of the read S-function

Set Chr onoTri gger Mode input of the send S-function

DESCRIPTION

2-bit field that determines the operating conditibat starts and terminates the measurement cycle.
In the C and Simulink interfaces the values ofdperating modes are given in Table 4.

In the .NET interfaces the values of this field danset toStartStop_IsHStartStop_RigingEdges
andStartStop_Stop_RisingEdgesat reflect respectively to values 00, 01 andrtth Table 4.

5.10.3 EnableGate

C interface unsi gned int Enabl eGate
.NET interface Enabl eGat eSt at e Enabl eGat e
Simulink interface Chr onoEnabl eGat e output of the read S-function
Set Chr onoEnabl eGat e input of the send S-function
DESCRIPTION

Flag that enables/disables gate signal. If the iaget and th€hxGsignal is 1 the block does not
count reference clock pulses.

In the C and Simulink interfaces the value of “Hables gating. If this integer value is equal tb “O
the GATEsignal is disabled.

In the .NET interfaces the value equaldn indicates enable stat®ff disables gating.

5.10.4 InvertStartStop

C interface unsigned int InvertStart Stop
.NET interface InvertStartStopState I nvertStart St op
Simulink interface Chronol nvert Start St op output of the read S-function
Set Chr onol nvert St art St op input of the send S-function
DESCRIPTION

Flag that allows to invert th€hxStSinput. If the flag is active th€hxStSkignal is inverted at the
input of the chronometer block. It evokes the bldokstart and terminate measurements as a
reaction on falling edges of tlighxStStsignal.

In the C and Simulink interfaces the value of “nivérts the signal. The value of “0” does not
change the level of the input signal.

In the .NET interfaces the value equal @m indicates inverting of the inpui®ff disables
inverting.

5.10.5 InvertStop

C interface unsi gned int InvertStop
.NET interface InvertStopState I nvertStop
Simulink interface Chronol nvert St op output of the read S-function
Set Chr onol nvert St op input of the send S-function
DESCRIPTION
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The flag that allows to invert th@hxStinput. If the flag is active th€hxStsignal is inverted at the
input of the chronometer block. It evokes the bltelninate measurements as a reaction on falling
edges of th&€hxStsignal.

In the C and Simulink interfaces the “1” value irtgethe signal. The “0” value does not change the
level of the input signal.

In the .NET interfaces the value equal @ indicates inverting of the inpuff disables
inverting.

5.10.6 InvertGate

C interface unsigned int InvertGate
.NET interface InvertGateState InvertGate
Simulink interface Chronol nvert Gat e output of the read S-function
Set Chr onol nvert Gat e input of the send S-function
DESCRIPTION

The flag that allows to invert th@hxGinput. If the flag is active th€hxGsignal is inverted at the
input of the chronometer block. If the flag is s@d theChxGsignal is 0 the block does not count
reference clock pulses.

In the C and Simulink interfaces the “1” value irtgethe signal. The “0” value does not change the
level of the input signal.

In the .NET interfaces the value equaldn indicates to invert the inpu®ff disables inverting.

5.10.7 ArmMeasurement

C interface unsi gned i nt ArnVeasur enent
.NET interface Ar mveasur enent St at e Ar mveasur enent
Simulink interface Chr onoAr miveasur enent output of the read S-function
Set Chr onoAr mvkeasur enent input of the send S-function
DESCRIPTION

The state of th&rmMeasuremerftag. If the block remains in theeadyToArnstate and the flag is
set the state of the block is changedAtaned In the Armed state the block waits for the start
measurement trigger signal.

In the C and Simulink interfaces the “1” value gbtsflag. The “0” value clears the flag.

In the .NET interfaces the value equaldn indicates that the flag is s&@ff clears the flag.

5.10.8 NextMeasurement

C interface unsi gned i nt Next Measurenent
.NET interface Next Measur ement St at e Next Measur enent
Simulink interface Chr onoNext Measur enent output of the read S-function
Set Chr onoNext Measur enent input of the send S-function
DESCRIPTION

The state of th&lextMeasuremerftag. When a measurement terminates and\iisetMeasurement
flag is set the state of the block immediately gfemtoReadyToArmIf also theArmMeasurement
flag is set a new measurement is armed automaticHllboth flags: ArmMeasurementand
NextMeasuremersre set the measurements are rearmed automatically

In the C and Simulink interfaces the “1” value gbtsflag. The “0” value clears the flag.

In the .NET interfaces the value equaldn indicates that the flag is s&@ff clears the flag.
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5.10.9 Armed

C interface unsi gned int Bl ockState_Arned

.NET interface Bl ockSt at usSt at e Bl ockSt at us

Simulink interface ChronoSt at eAr med output of the read S-function
DESCRIPTION

The flag that indicates that the block remainghmArmedstate.

The field is read-only.
In the C and Simulink interfaces the “1” value icalies theArmedstate of the block. The “0” value

indicates other states.
In the .NET interfaces thBlockStatugproperty value equal tArmed indicates theArmedstate of

the block.

5.10.10 Pending

C interface unsi gned int Bl ockSt at e_Pendi ng

.NET interface Bl ockSt at usSt at e Bl ockSt at us

Simulink interface Chr onoSt at ePendi ng output of the read S-function
DESCRIPTION

The flag that indicates that the block remainseQountingstate.

The field is read-only.
In the C and Simulink interfaces the “1” value icaties theCountingstate of the block. The “0”

value indicates other states.
In the .NET interfaces thBlockStatugproperty value equal t6ounting indicates theCounting
state of the block.

5.10.11 Ready

C interface unsi gned i nt Bl ockSt at e_Ready

.NET interface Bl ockSt at usSt at e Bl ockSt at us

Simulink interface Chr onoSt at eReady output of the read S-function
DESCRIPTION

The flag that indicates that the block remainghmGounting Terminatedtate.

The field is read-only.
In the C and Simulink interfaces the “1” value icaties theCounting Terminatedtate of the block.

The “0” value indicates other states.
In the .NET interfaces thBlockStatusproperty value equal t€ntTerminated indicates the
Counting Terminatedtate of the block.

5.10.12 ClkDivider

C interface unsi gned int C kDivider
.NET interface uint Divider
Simulink interface Chr onod kDi vi der output of the read S-function
Set Chr onod kDi vi der input of the send S-function
DESCRIPTION

In the basic mode the block counts the pulses efdifierence signal which period is equal to 25ns.
To allow measurements of longer time periods tHeremce frequency can be divided. The 30-bit
Divider register contains the division factor. The refegefrequency is divided by th®iyider + 1)
value (zerdivider value means no division).
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5.10.13 Counter

C interface unsi gned int Counter
.NET interface ui nt Count er
DESCRIPTION

The 32-bitCounterregister counts 25ns pulses between the starstpdconditions. The value of
this register changes when the measurement is pgndihen the stop condition occurs the value of
the Counterregister is stored into tHeesultregister.

The field is read-only.

5.10.14 Result

C interface unsigned int Result

.NET interface uint Result

Simulink interface ChronoResul t output of the read S-function
DESCRIPTION

32-bit register. The result of the last measuremagale. The result is ready-to-read when Ready
flag is set (see section 5.10.11)
The field is read-only.
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5.10.15 Example

Generate a pulse of the H logical state atDh@2 output. TheDIO2 signal is shared with0StStMeasure
the duration of the generated pulse at@hé® chronometer.

C language

RTDACUSB2BufferType RTDACUSBBUuffer;
int NoOfDetectedUSBDevices;
int Boardldx;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}

Boardldx = USB20pen( );

if( Boardldx < 0) {
printf( "Can not open the RT-DAC/USB2 device\n" );
return;

}
CommandRead_0103( Boardldx, &RTDACUSBBuffer );

I/l Set pin mode as general-purpose for all signals
RTDACUSBBuffer.CN1PinMode = 0;

/I Set direction of the Ch0OStSt to be output
RTDACUSBBUuffer.CN1Direction &= OxOFFFFFFB;

Il Setups of the ChO
RTDACUSBBUuffer.Chrono[0].EnableBlock = 1;
RTDACUSBBuffer.Chrono[0].InvertStartStop = 0;
RTDACUSBBUuffer.Chrono[0].InvertStop = 0;
RTDACUSBBUuffer.Chrono[0].InvertGate = 0;
RTDACUSBBUuffer.Chrono[0].EnableGate = 0;

// Duration of the H state at the ChOStSt
RTDACUSBBuffer.Chrono[0].TriggerMode = 0;
RTDACUSBBuffer.Chrono[0]. ArmMeasurement = 1;
RTDACUSBBUuffer.Chrono[0].NextMeasurement = 1;

RTDACUSBBUuffer.Chrono[0].CIkDivider = 0; // Maximu m resolution
/l Generate the pulse

RTDACUSBBuffer.CN1Output &= OxOFFFFFFB; // Set DIO 2toL
CommandSend_0103( Boardldx, &RTDACUSBBUuffer );
RTDACUSBBuffer.CN1Output |= 0x00000004; // Set DIO2 to H
CommandSend_0103( Boardldx, &RTDACUSBBuffer );
RTDACUSBBuffer.CN1Output &= OXOFFFFFFB; // Set DIO2 tolL

CommandSend_0103( Boardldx, &RTDACUSBBUuffer );

CommandRead_0103( Boardldx, &RTDACUSBBuffer );
printf("Result: %d\n", RTDACUSBBuffer.Chrono[0].Res ult);

USB2Close( Boardldx );
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C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "Enco der example”,
MessageBoxButtons.OK, MessageBoxIc on.Exclamation);
return;

}
brd.ReadUSBFrame();

/I Set pin mode as general-purpose for all signals
brd.DigitallO.CN1PinMode = 0;

Il Set direction of the Ch0StSt to be output
brd.DigitallO.CN1Direction &= OXOFFFFFFB;

/I Setups of the ChO
brd.Chrono(0).Enable = ChronoClass.EnableState.On;

brd.Chrono(0).InvertStartStop = ChronoClass.InvertS tartStopState.Off;
brd.Chrono(0).InvertStop = ChronoClass.InvertStopSt ate.Off;
brd.Chrono(0).InvertGate = ChronoClass.InvertGateSt ate.Off;
brd.Chrono(0).EnableGate = ChronoClass.EnableGateSt ate.Off;
brd.Chrono(0).TriggerMode =

ChronoClass.TriggerModeState.Start Stop_IsH;

brd.Chrono(0).Arm = ChronoClass.ArmState.On;
brd.Chrono(0).Next = ChronoClass.NextState.On;
brd.Chrono(0).Divider = 0; // Maximum resolution

/l Generate the pulse

brd.DigitallO.CN1Output &= OXOFFFFFFB; // Set DIO2 toL
brd.SendUSBFrame();
brd.DigitallO.CN1Output |= 0x00000004; // Set DIO2 toH
brd.SendUSBFrame();
brd.DigitallO.CN1Output &= OXOFFFFFFB; // Set DIO2 toL

brd.SendUSBFrame();

brd.ReadUSBFrame();
String sAux;
SAux = "Result: " +
String.Format("{0:D}", brd.Chrono(0).Result) ;
MessageBox.Show(sAux, "Chronometer example",
MessageBoxButtons.OK);
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5.11 A/D conversion

The RT-DAC/USB2 board is equipped with the 12-bitcessive approximation A/D converter that gives th
5 mV resolution within input rangel0V. A finer resolution can be achieved by the gigfinition using the
analog amplifier. The A/D conversion time of the-RARC/USB2 board is equal to 5. The board logic
automatically starts the A/D conversions from albag inputs when the PC host requires data froen th
RT-DAC/USB2 device. There is possible to selechiittlially the analog gain for each analog inputrotel.

The A/D conversion functions are not active in digital version of the board.

In the C language interface the features of thguieacy meter channels are controlled by Ai2Type
structure. The main structure of tREDACUSB2BuUfferType type contains the array:
ADType AD[16];
that is applied to communicate with the A/D congestand the gain amplifier.
In the .NET interface the state of A/D conversitiarnels are described in tABClass class.

5.11.1 Gain
C interface unsigned int Gain
.NET interface Gai nState ADGi n
Simulink interface ADGai n output of the read S-function
Set ADGai n input of the send S-function
DESCRIPTION

The field defines the gain of the analog inputse @mplifications of 1, 2, 4, 8 and 16 are available
In C and Simulink th&ainis a 3-bit number. The values of 0, 1, 2, 3 ane#finé the gains of 1, 2,
4,8 and 16 respectively.

In the .NET values of1, x2, x4, x8 andx16 define the gains of 1, 2, 4, 8 and 16.

5.11.2 Result

C interface unsigned int Result

.NET interface Gai nState ADGi n

Simulink interface ADResul t output of the read S-function
DESCRIPTION

The A/D conversion result. This field is read-only.

In C and Simulink the result of the A/D conversigimen in the form of a 12-bit U2 coded number.
The number stored iResultcan be transferred to voltagelue following the formula:
if (Result >2047 ) Result = Result —4096;
Voltage = (10*Result/2048); I1'[V]
The calculated voltage has to be multiplied byrthmber defined as th@ain property.
In .NET theADResulffield gives a voltage value at the analog input.
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5.11.3 Example

Set the gain of the third A/D2 input channel tontl aead the conversion result.
C language

RTDACUSB2BufferType RTDACUSBBuffer;
int NoOfDetectedUSBDevices;

int Boardldx;

int Result;

double AnalogSignal;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}
Boardldx = USB20pen( );
if( Boardldx < 0) {

printf( "Can not open the RT-DAC/USB2 device\n" );
return;

}

if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n" );
return;

}

Il Set the gain of the third A/D channel to 1
RTDACUSBBuffer.AD[2].Gain = 0;
CommandSend_0103( Boardldx, &RTDACUSBBuffer );

CommandRead_0103( Boardldx, &RTDACUSBBUuffer );
Result = RTDACUSBBuffer.AD[ 2 ].Result;
printf("Input of the third A/D2 channel: %d\n", Res ult);
if (Result > 2047 ) Result = Result -4096;
AnalogSignal = (10*Result/2048); II'[V]
printf("Input of the A/D2 channel in [V]: %f\n",
(float)AnalogSignal);

USB2Close( Boardldx );
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C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "Enco der example”,
MessageBoxButtons.OK, MessageBoxIc on.Exclamation);
return;

}
brd.ReadUSBFrame();

Il Set the gain of the third A/D channel to 1
brd.AD(2).ADGain = ADClass.GainState.x1;
brd.SendUSBFrame();

brd.ReadUSBFrame();

String sAux;
sAux = "Input of the third A/D 2 channel: " +
String.Format("{0:D}", brd.AD(2).ADValue +" \n" +

"Input of the A/D 2 channel in [V]: " +
brd.AD(2).ADVoltage.ToString() );
MessageBox.Show(sAux, "A/D example", MessageBoxButt ons.OK);
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5.12 D/A conversion

The board contains four 12-bits D/A converter cl@srconnected to the A/O 0, A/O 1, A/O 2 and A/O 3
pins. All channels can be hardware configured terate in the £10V mode. Each analog output chacerel
sink up to 10 mA.

The D/A conversion functions are not active in digital version of the board.
In the C language interface the D/A channels argrobed by the array:

unsigned int DA[ 4]
In the .NET interface the state of the frequencyemblocks are described in tBAClass class.

5.12.1 D/A control

C interface unsigned int DA[ 4 ]
.NET interface ui nt DAval ue
doubl e DAVol t age
Simulink interface DA output of the read S-function
Set DA input of the send S-function
Set DAt er mi nat e input of the send S-function
DESCRIPTION

The field sets a value to the selected D/A channel.

In the C interface the value written to the fieddai 14-bit number in the natural binary code aml tw
least significant bits of the number are neglecéw value of the output signafgut) (expressed in
volts) corresponds to the number sent to the D/Aveder. The voltage value is calculated by the
formula:

Vout = -10 + 20* DA[*] / 16384; [V]
In the .NET interface th®AValueproperty corresponds to a binary number appliedotatrol the
D/A converter. ThddAVoltageproperty corresponds to the output voltages,
In Simulink the inputs to the send S-function ardghie range —10.0 to +10.0 and correspond to the
output voltages.
In the Simulink send S-functions there are two tspapplied to set the D/A outputs. The first one,
SetDA, is applied during each sampling period. The sdcoput, SetDATerminate , is used
when the simulation terminates to set safe voltagéise analog outputs.
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5.12.2 Example

Set the output of the third A/D channel to 5V artitse output of the fourth A/D channel to —-5V.

C language

RTDACUSB2BufferType RTDACUSBBUuffer;
int NoOfDetectedUSBDevices;
int Boardldx;

NoOfDetectedUSBDevices = USB2NumOfDevices( );

if( NoOfDetectedUSBDevices < 1) {
printf ( "Can not detect any RT-DAC/USB2 device\n ");
return;

}

Boardldx = USB20pen();

if( Boardldx < 0) {
printf( "Can not open the RT-DAC/USB2 device\n" );
return;

}

if( CommandRead_0103( Boardldx, &RTDACUSBBuffer ) < 0){
printf( "Can not read the RT-DAC/USB2 device\n") ;
return;

}

/I Set the levels of the D/A2 and D/A3
RTDACUSBBuffer.DA[2] = 0.75*16384;
RTDACUSBBuffer.DA[3] = 0.25*16384;
CommandSend_0103( Boardldx, &RTDACUSBBuffer );

USB2Close( Boardldx );

C# language

RTDACUSB2_0103 brd = new RTDACUSB2_0103();
if (brd.Open() < 0)
{

MessageBox.Show("Can not open the device.", "En coder example",
MessageBoxButtons.OK, MessageBox Icon.Exclamation);
return;

}
brd.ReadUSBFrame();

Il Set the levels of the D/A2 and D/A3
brd.DA(2).DAValue = (uint)(0.75 * 16384);
brd.DA(3).DAValue = (uint)(0.25 * 16384);
brd.SendUSBFrame();
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6. TEST APPLICATIONS

The software included to the RT-DAC/USB2 board edrg eight short programs which allow to test lad t
functions of the board.

More than one program can be run simultaneouspetform more advanced tests. For example the autput
of the PWM waves can be observed by the programh testest digital 1/0 signals.

There are the following testing programs:
» Digital I/O test,
* Timer / Counter test,
*  PWM test,
* Encoder test,
* Frequency Meter test,
e Chronometer test,
e A/Dtestand
 D/Atest.

The usage of these programs is self-explained, Isimpd fully intuitive. However, a short operating
instruction may be needed. It is assumed that aisdamiliarised with the previous sections ofstimanual
that describe the features of the I/O channels.

6.1 Digital 10 test

The screen view of the program is given in Fig.. énformation about the states of all digital injouttputs
lines is placed in the screen. Also one can chaosdirection of each line independently marking the
appropriate checkbox.

The Mode column contains buttons which change the modehefdutput pins shared between general-
purpose digital outputs and the outputs of the igised PWM blocks. Only the buttons associatedh e
signals shared between the general-purpose I/OP®@Hd outputs are active. As it has been describhdatie
section 5.5 the digital input/output lines namedOR'PWMO, DIO5/PWM1, DIO8/PWM2, DIO11/PWM3,
DIO14/PWM4, DIO17/PWM5 DIO20/PWM6 and DIO23/PWM7eashared with outputs of the PWM
blocks. The radio buttons in the colur@utputallow to set the state of line if it works as thetput. The
columninput (read only) shows the state of the input linese TalumnDirection allows to set the direction
of the line.

The list box in the left upper corner of the apation allows to select the board if more then ooerd is
connected to the computer.

vtu, RT-DAC/USB2 Digital 170

Manufacturer / Product / Serial no / Vendor 1D/ Product 1D
InTeCo / RT-DACAISEZ / 00000 / 040404 / 0:6613 = | Neme: [ ATDACZ  Synthesisdate: | 20100316 Logicversion: [ 0103
Mode Direction Clutput |nput tode Direction Output Input
o | L H ol L H
DIon & |[e] [elle] Tr DIO13 | | & w0 [ H
EUIEy ] : ol il I e N H DIOT4 [ DICTAENCAIFrIChaStSt &lle | olle b
D102 [ DIOHENCONFrONChOSSE il cll& H DIo1S #|c | |& H
DIO3 - il e | e q DIOTE ENCAE il & e L
DIo4 ; ; =l rlle L DIOT7 [ DIo17/ENGEIFrSIChEStat c|le& @ L
DIOS [ DIOAENCAFAChStSt ol e cll& H DIoT8 7 ol & || L
DIOk ; &l el il H DIO1g B : clle & L
DIoT il cll& H DI020 [ PWME/ENCRIFIBIChESISE & & | L
DIO8 [ DIOBENCINFr2IChIStSt ol e cll® H Do - CTAFTGIH c||& ol el L
DIoY &l clle H DIoz2 = clle || L
DIotn [ ol & H DIO23 [ PWMTENCTUFITIChT St5t | & c L
DI011 [ DIOT1/ENCIUFI3IChaStat & | [ cll& H DIo24 i || & & | L
DIo12 [ oo "l rille H DIo25 | e & e L
Close

Fig. 6.1. TheDigital I/0O test window
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The analysis of the presented screen will helpousnderstand the idea of the testing program. énctise
illustrated in the figure all the digital I/O sigseexcept DIO20 and DIO23 are the general-purpfi8s.The
signals are configured to be the outputs exceptlBDIO19, DIO21, DIO22, DIO24 and DIO25 which are
the inputs. The outputs from DIOO to DIO15 aretsetigh. The remaining outputs are set to low. $tages
of DIO20 and DIO23 are controlled by the PWM6 anN?7 blocks.

Table 5 presents the elements of the test applitatind the numbers of sections where the detailed
description of the fields is given.

Table 5. Fields of thBigital I/O application.

Element of the test Description

application window Section where the field/property is described

Name Nam.e of the board
Section 5.3.2

. Synthesis date of the FPGA configuration

Synthesis date Section 5.3.3

Logic version Logig version of the FPGA configuration
Section 5.3.1

Mode column Pin mode of the digital I/O signals
Section 5.4

Direction column Direc_:tion of the digital I/O signals
Section 5.5.1
Output state of the digital I/O signals

Output column Section 5.5.3

Input column Inpu'g states at the digital I/O inputs
Section 5.5.2

6.2 Timer/Counter test

After calling the program the screen shown in @ appears. The parameters of the timer/counterkbl
can be selected within thEimer/counterframe. One can select the channel, set stateeoR#ésetsignal,

select the operating mode and observe the valtleeafounter.

The list box at the top of the application allowsstlect the board if more then one board is cdedeo the
computer.

i1, RT-DAC/USB2 Timer/Counter, X

Manufacturer / Product / Serial no /endor D/ Product 1D
|InTeCo ART-DACAISEZ /000007 / 040404 / 0x8613 j

Status: [RTDAC_OK

M ame: RTDAC2 Senthesis date: | 2010-09-16
Logic version: 0103

Tirmer / courter

Trmrdznt channel: i} - iz

" Courter
[~ Feset

Courter: 227EE2682

Close

Fig. 6.2. TheTimer/Countettest window

Table 6 presents the elements of the test applitatind the numbers of sections where the detailed
description of the fields is given.
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Table 6. Fields of th&imer/Counterpplication.

Element of the test Description

application window Section where the field/property is described

Status Statl_Js of the last USB operation
Section 5.2.1

Name Nam_e of the board
Section 5.3.2

. Synthesis date of the FPGA configuration

Synthesis date Section 5.3 3

Logic version Logi(_: version of the FPGA configuration
Section 5.3.1

Reset Resgt state of the selected channel
Section 5.6.2

Mode Ope(ation mode of the selected channel
Section 5.6.1

Counter Courjter value of the selected channel
Section 5.6.3

6.3 PWM test

The screen of this testing program is shown in €i8.
The parameters of the PWM channels are visibleinvitie PWM frame. One can select the channel, mode,

prescaler and width.

The list box at the top of the application allowsselect the board if more then one board is caedeto the

computer.

ri RT-DAC/USB2 PWM 3

Manufacturer / Product / Serial no / Vendor 1D/ Product 1D
|InTeCo /RT-DACAISEZ / 000007 / 040404 / (%8613 j

Pashd

‘width:

Name: RTDACZ Synthesiz date: | 20100916 Logic version: o103

Channel: |2 - it Prescaller: 12

" ghit
12 hit

07 100 %

1228 /30.0%

Close

e

Fig. 6.3. ThePWMtest window

Table 6 presents the elements of the test applitatind the numbers of sections where the detailed

description of the fields is given.

Table 7. Fields of thBWMapplication.

Element of the test
application window

Description
Section where the field/property is described

Status of the last USB operation

Status Section 5.2.1
Name Name of the board
Section 5.3.2

Synthesis date

Synthesis date of the FPGA configuration
Section 5.3.3

Logic version

Logic version of the FPGA configuration
Section 5.3.1

Mode

8-bit / 12-bit generation mode
Section 5.7.1
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AA/
Prescaler of the block (determines the PWM
Prescaler frequency)
Section 5.7.2
. Duration of the H state of the PWM periods
Width :
Section 5.7.3

6.4 Encoder test

The screens of this testing program are shown gn &i4. The windows present states of the ENC4 and
ENCS5 channels. The parameters of the encoder clsaargeegiven in th&ncoderframes.

11! RT-DAC/USB2 Encoder (] |l |\ RT-DACIUSB2 Encoder
Manutacturer / Praduct / Serial na / Vendor 1D/ Product ID Manufacturer / Product / Serial no / Yendor ID / Product 1D
|InTEEu /RT-DACAUSEZ / 000007 / 0x0404 / 048613 ﬂ |InTEEu /RT-DAC/USB2 /000001 / 0x0404 / 028613 ﬂ

Mame: |ATDACZ  Synthesis date: | 20100916 Logic version: 0103 Mame: |[ATDACZ  Synthesis date: | 2010-0916 Logic version: om0z

Encoder Encoder

Chanrel: |4+ Counter 0 Channel: |5 ~ Counter 4294967295
Reset Index active Indest invert Reset Index active Indest invert
o o « 0f « 0f « of " off = ot
& fir C on  on on @ .o

Close Close

Fig. 6.4. TheEncodertest windows

Table 8 presents the elements of the test applitatind the numbers of sections where the detailed
description of the fields is given.

Table 8. Fields of thEncoderapplication.

Element of the test Description
application window Section where the field/property is described
Status Statgs of the last USB operation
Section 5.2.1
Name Nam_e of the board
Section 5.3.2
. Synthesis date of the FPGA configuration
Synthesis date Section 5.3 3
Logic version Logi(_: version of the FPGA configuration
Section 5.3.1
Reset Statg of the reset signal
Section 5.8.1
Index active Statg of the index active signal
Section 5.8.2
Index invert Statg of the index invert signal
Section 5.8.3
Counter Valug of the encoder conter
Section 5.8.4

6.5 Frequency meter test

The application presented in Fig. 6.5 sets therpatars of the frequency meter channels and preseats
results of the frequency measurements.
The duration of the measurement window, given @Wvthndowfield, is presented in 25ns units.
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Table 9 presents the elements of the test applitatind the numbers of sections where the detailed

v RT-DAC/USB2 Freguencymeter

Manufacturer / Product / Serial no / ¥endaor ID / Product 1D

Frequencymeter
Channel:  |g -

Enable black
" 0ff
@ On

Ireeert START
=+ 0ff
" On

Irevert GATE
o+ 0K
" On

|InTeEo /RT-DACAISB2 / 000002 / 0x0404 / 0x3613 j

Mame: |RTDACZ  Senthesis date: | 2010-09-16 Logic version: 0103

Made Software START Infinite measurements
" Single * Off * Off
(+ Continuous " 0On " On
Software GATE GATE/START source
o 0ff * Software
indow: 400000
" 0On " Hardware
Irvvert INFUT GATE mode
Ready: u]
& of € Input mas "
o 0 9 T & et Result 1568
‘ Close |

X

Fig. 6.5. TheFrequency metetestwindow

description of the fields is given.

Table 9. Fields of thErequency meteaipplication.

Element of the test
application window

Description
Section where the field/property is described

Status of the last USB operation

Status Section 5.2.1
Name Name of the board
Section 5.3.2

Synthesis date

Synthesis date of the FPGA configuration
Section 5.3.3

Logic version

Logic version of the FPGA configuration
Section 5.3.1

Enable block

State of the enable block flag
Section 5.9.1

Mode

State of the mode flag
Section 5.9.10

Software START

State of the software START signal
Section 5.9.3

Infinite measurements

Value of the infinite measurement flag
Section 5.9.9

Invert START

State of the START invert flag
Section 5.9.4

Software GATE

State of the software GATE signal
Section 5.9.5

GATE/START source

State of the GATE/START source flag
Section 5.9.2

Invert GATE

State of the GATE invert signal

Section 5.9.6

State of the INPUT invert flag
Invert INPUT Section 5.9.7

State of the GATE mode flag
GATE mode Section 5.9.8
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Window Valug of the measurement window
Section 5.9.11
Ready State_ of the measurement ready flag
Section 5.9.12
Result Resglt of the measurement
Section 5.9.14

To simplify the channel test the PWM output candpplied to measure the number of pulses within the
measurement window. The output of the PWMO chaandIthe inputs signal of the frequency meter chlanne
0 are located at the same pin. It is pin numbefrthedCN1 connector (see Table 1). Please setitild/O
parameters as given in Fig. 6.6. Note that thectior and mode of DIO2 are set to the output andviwW
respectively.

Manufacturer / Product / Serial no ¢ Yendor ID  Produst 1D
[InTeCo / RTDACAISB2 / 000001 / 040404 / 03613 = Neme: [ RTDACZ  Synthesisdate: [ 20100316 Logieversion | 0103
Made Diection Oupet Inpt Mode Direction Oupt et
o L H 0o Lo
Dlon C||l& & e | TR DIo13 C|l& &l | TC ]
DIo clle| el le| TR DION 4 [ DIOH S/ENCANF rAICh45tSt clle| | &f|c| [H]
DI02 [ PYMO/ENCONF HChOBIS! &l | || e | TE DIots el | &lle| T2
DIO3 i o[ | le | Ta DIOTE e e Ta
DI04 ] C|& el TR DIOT7 | D01 FIENCSUFrSUChastSt e &l | 2]
D105 [ DIOS/ENGIFA iShiStat cllel | &le| T8 ] Diotg - el ==
DIOR clle e | T Diota ‘s i alle | Ta
Dot E CoE elle | TR D020 [ DIoZ0/ENCEVFBUChESISE C| e &lle | CE
D108 [ DIo8/ENG2IFr2Ich25t5t clle| | &llc| e Dio21 T of cllel | &llc| [Tr]
Dlog 7 [l ol i DIO22 - % o || 1ra | i
D010 i clliel | el | T DI023 [ DIO23/ENSTIFITHChTSIEE cllel | &lc | T
DI011 [ DIOT1ENCAUFr3NCh3Sta clle &l e | e ] DI024 e o | [r]
Dlot2 : =N el o Dlo2s ol s o

Fig. 6.6. Parameters of the digital 1/0 signals
Then set the parameters of the PWMO channel as givéhe Fig. 6.7.

v RT-DACAUSB 2 PWH X
Manufacturer / Product / Serial no / Yendor 1D/ Product 1D
|InTEEn /RT-DAC/USEZ /000001 / 00404 / 048613 j
MName: RTDACZ Synthesiz date: | 2010-09-16  Logic version: 0103
Pt
Charnel | - b Frescaller: 1]
{+ ghit
12 it
0% 100%
it [T | 104/408%

Fig. 6.7. Parameters of the PWMO output

Finally, set the parameters of the frequency mekamnel as shown in Fig. 6.5 and switch Seftware
STARTflag ON and OFF. The last operation starts the continuous measnmeof PWM pulses generated
within the measurement window. To change the reallie one has to change the frequency of the PWM
wave — it is done by entering a new value inRnescalerfield. As well changing the PWM mode from 8-bit
to 12-bit changes the frequency.

6.6 Chronometer test

The application presented in Fig. 6.8 sets therpatars of the chronometer channels and presenteshés
of the measurement. The mode is selected'SIBARTSTOP is H"so the block performed a single
measurement of the duration of the H state aCh@StStnput.
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1. RTDACUSB2_Chrono X

Manufacturer / Product / Serial na / Vendar 1D/ Product 1D

‘InTeEo ART-DACAISEZ / 000002 / 020404 / 08613 ﬂ

Mame: |RTDACZ  Synthesis date: | 20100316 Logic version: | 0103

Chronameter

Charinel: |0 -

Enable block Enable GATE Irwert STARTSTOR . 7
 nif & of & i Clk: divider.
& On " On  On

Status: CritTerminated
Irevert GATE A Meazurement mode
& Dif i & Eingi Counter 124
" On & On " Ream

Result
Invert STOP bl = 124
" 0ff

" On STARTSTOP rising edges
STARTSTOP starts, STOP terminates

Fig. 6.8. TheChronometetestwindow

The ChxStStand PWMx signals are located at the same pins of the Chihextor. It allows to apply the
PWM outputs to test the behaviour of the chronométecks. See previous section for more detailed
description of a test scenario.

Table 10 presents the elements of the test apigiicatnd the numbers of sections where the detailed
description of the fields is given.

Table 10. Fields of th€hronometerapplication.

Element of the test
application window

Description
Section where the field/property is described

Status

Status of the last USB operation
Section 5.2.1

Name

Name of the board
Section 5.3.2

Synthesis date

Synthesis date of the FPGA configuration
Section 5.3.3

Logic version

Logic version of the FPGA configuration
Section 5.3.1

Enable status of the block

Enable block Section 5.10.1

Enable GATE Statg of the enable GATE signal
Section

Invert STARTSTOP State_ of the invert STARTSTOP signal
Section

Invert GATE Statg of the invert GATE signal
Section
State of the arm signal

Arm .
Section
Measurement operation mode

Measurement mode )
Section

Invert STOP Statg of the invert STOP signal
Section

Mode Start./stop mode
Section

Clk divider Valug of the clock divider
Section
Measurement status

Status )
Section

RT-DAC/USB?2 - User’'s Manual

page 70



InTeCo
AAA
Value of the counter
Counter )
Section
Result of the last measurement
Result .
Section

6.7 A/D conversion test

The application shown in Fig. 6.9 illustrates thedls of the analog signals at the analog inputeeboard.
The levels are presented as values read from thecAviverters and as voltage values. Also one cagases

individually for each A/D channel.

i RT-DAC/USB2 AID

Manufacturer / Product / Serial no / Wendor 1D/ Product 1D
|InTeE0 ART-DACAISEZ /000002 / 00404 / 0x8613 ﬂ
Mame: RTDAC? Synthesziz date: | 2010-09-16  Logic wersion: 003
A/D inputs

Gain Walue Yoltage Gain YWalue Yoltage
wor IS [ vt [N
w02 [ w2 [N
w03 [ wos I
woe o5 [RI]
soe woe I
o1 wor ]
soe oo I

Fig. 6.9. TheA/D Conversiontestwindow

Table 11 presents the elements of the test apiolicaind the numbers of sections where the detailed
description of the fields is given.

Table 11. Fields of thA/D convertiorapplication.

Element of the test
application window

Description
Section where the field/property is described

Status of the last USB operation

Status Section 5.2.1
Name Name of the board
Section 5.3.2

Synthesis date

Synthesis date of the FPGA configuration
Section 5.3.3

Logic version

Logic version of the FPGA configuration
Section 5.3.1

Gain

Gain of the A/D channels
Section 5.11.1

Value and voltage

Bit value and voltage at the A/D inputs
Section 5.11.2
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6.8 DI/A conversion test

The screen snapshot of this testing program is showrig. 6.10. Four sliders allow to set the vgéidevels
at the D/A outputs. The application presents tHeesapplied to control the D/A converters as vaslithe

levels of the signals at the analog outputs.

i1, RT-DAC/USB2 DfA Conversion @

Manufacturer / Product / Serial no / Wendor 1D/ Product 1D
|InT eCo /RT-DAC/USEZ / 000007 / 00404 / 028613 j
Mame: RTDACZ Synthesis date: | 2010-0916  Logic version: 0103
D48 outputs
Walue olkage
0.0 +10.0%
D/A0 - | 3277 -6.000
ey | 6553 -2.000
Dea2 | 3830 2.000
HIGEN i | 13108 | +6.000
CLOSE

Fig. 6.10. TheD/A testwindow

Table 12 presents the elements of the test apigiicatnd the numbers of sections where the detailed
description of the fields is given.

Table 12. Fields of thB/A convertiorapplication.

Element of the test Description
application window Section where the field/property is described
Status Statgs of the last USB operation
Section 5.2.1
Name Nam.e of the board
Section 5.3.2
. Synthesis date of the FPGA configuration
Synthesis date Section 5.3.3
Logic version Logig version of the FPGA configuration
Section 5.3.1
Output of the D/A channels (bit value and voltage)
D/A outputs Section 5.12.1
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