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Preface

Copyright

This document contains proprietary information protected by copyright.
All rights are reserved. No part of this manual may be reproduced by
any mechanical, electronic, or other means in any form without prior
written permission of the manufacturer. All specifications are subject to
change without further notice.

Disclaimer

The information in this document is subject to change without prior
notice in order to improve reliability, design, and function and does not
represent a commitment on the part of the manufacturer.

In no event will the manufacturer be liable for direct, indirect, special,
incidental, or consequential damages arising out of the use or inability
to use the product or documentation, even if advised of the possibility
of such damages.

Environmental Responsibility

JYTEK is committed to fulfill its social responsibility to global environ-
mental preservation through compliance with the European Union's
Restriction of Hazardous Substances (RoHS) directive and Waste Electri-
cal and Electronic Equipment (WEEE) directive. Environmental protec-
tion is a top priority for JYTEK. We have enforced measures to ensure
that our products, manufacturing processes, components, and raw
materials have as little impact on the environment as possible. When
products are at their end of life, our customers are encouraged to dis-
pose of them in accordance with the product disposal and/or recovery
programs prescribed by their nation or company.

Trademarks

Product names mentioned herein are used for identification purposes
only and may be trademarks and/or registered trademarks of their
respective companies.
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Conventions

Take note of the following conventions used throughout this manual to
make sure that users perform certain tasks and instructions properly.

Additional information, aids, and tips that help users perform tasks.

NOTE:
Information to prevent minor physical injury, component damage,
data loss, and/or program corruption when trying to complete a
task.

CAUTION:
Information to prevent serious physical injury, component damage,
data loss, and/or program corruption when trying to complete a
specific task.

WARNING:

iv Preface
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Introduction

1.1 Overview

The USB-62401 is a 24-bit, 4-channel simultaneous-sampling universal
input USB DAQ module featuring built-in signal conditioning and direct
measurement of commonly used sensors, including current output
transducers, thermocouple, RTD, load cell, strain gauge, and resistance.
Individual channels can be programmed to measure different signal
types.

The USB-powered USB-62401 is equipped with removable screw-down
terminals for easy device connectivity, and the included multi-functional
stand fully supports desktop, rail, or wall mounting.

The USB-62401 is suitable for basic measurement applications requiring
high resolution and accuracy, laboratory research and material testing
environments, and industrial temperature measurement. U-Test, a free
ready-to-use testing program is included to enable operation or testing
of all JYTEK USB DAQ series functions with no programming require-
ments.

1.2 Features

» High-speed USB 2.0

» USB powered

» 4-CH simultaneous-sampling analog input

» Built-in signal conditioning for high voltage/current/thermocou-
ple/RTD/strain gauge/load cell/resistance measurement

» Sample rate from 20 S/s to 2 kS/s

» Functional digital I/O

» Removable screw-down terminal

» Lockable USB cable for secure connectivity

» Ready-to-use testing application (U-Test) provided

Introduction
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1.3

Applications
Automotive testing
Laboratory research
Biotech measurement

vvywyy

1/O control
1.4 Specifications

14.1

General Specifications

Physical, Power, and Operating Environment

Interface

High speed USB 2.0 compatible, mini-USB connector

Dimensions

156 (L) x 114 (W) x 41 (H) mm (6.14 X 4.49 X 1.61 in.)

1/0 Connector

Two 20-pin removable screw-down terminals

Power requirement

USB power (5V @ 400 mA)

Operating environment

Ambient temperature: 0 to 55°C
Relative humidity: 10% to 90%, non-condensing

Storage environment

Ambient temperature: -20 to 70 °C
Relative humidity: 5% to 95%, non-condensing

14.2

General Analog Input

General

Number of channels:

4 differential input (simultaneous-sampling)

Sampling rate (sample/sec)

20, 40, 80, 160, 320, 500, 1000, 2000

Resolution

24-bit

Input coupling

DC

Input mode and range

Input range or
supporting type

Actual input range

Voltage +25V +25V
+12.5V +12.5V
+2.5V +2.5V
+312.5mV +312.5mV

Current +20mA 2.5V

Introduction
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Thermocouple K,J,N,R,S,B, TE 78.125mV
RTD (3-wire, 4-wire) Pt 100, Pt 1000 2.5v
Half-Bridge (120Q, 350Q) Max. 30mV/V 78.125mV
Full-Bridge (120Q, 350Q) Max. 30mV/V 78.125mV
2-Wire Resistance 30kQ 2.5V

Excitation voltage

2.5V (for half/full-bridge mode only)

Excitation current

0.5mA for RTD mode
0.05mA for Resistance mode

Cold junction compensation
(CJC) accuracy

+0.5°C (after 15 minute warmup)

Operational common mode
voltage range

Voltage input mode: Vem+Vpp/2? input range
(25Vv/12.5V/2.5V/ 0.3125V)
Current input mode: Vcm ?24V

Overvoltage protection

Power on:

Voltage input mode: 30V

Current input mode: 60mA

Sensor input mode enable: no protection
Sensor input mode disable: 30V
Excitation voltage (EX+) and AGND: no
protection

FIFO buffer size

4k samples

Data transfers

Programmed I/0O, continuous (bulk transfer
mode)

Input impedance

1.009MQ for voltage input mode
249.5Q for current input mode

Introduction
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Temperature Draft @20SPS, in ppm/°C

Analog Input Electrical

Mode

Gain drift

Offset drift

Voltage (+25V)

1.389055871

0.043023355

Voltage (+12.5V)

1.37552178

0.075556565

Voltage (+2.5V)

1.662727273

0.030882956

Voltage (+312.5mV)

21.92878977

0.110084412

Current (£20mA)

3.270369091

0.282946284

Full-bridge 28.00370355 30.90013157
Half-bridge 33.48025514 1.750342188
Thermocouple 62.9978196 0.164409864

2-wire RTD 2.842575758 0.522492944

3-wire RTD 2.879839489 0.258840329

4-wire RTD 2.902723485 0.018656382

2-wire resistance 3.026166667 0.03246755
Temperature Draft @160SPS, in ppm/°C

Mode Gain drift Offset drift

Voltage (+25V) 1.533312973 0.084457938

Voltage (+12.5V)

1.520465436

0.134715279

Voltage (+2.5V)

1.732148674

0.054557101

Voltage (¥312.5mV) | 20.94809375 0.130828487
Current (£20mA) 3.488472439 0.305882921
Full-bridge 26.72626394 17.74701205
Half-bridge 35.27328612 1.748929398
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Mode

Gain drift

Offset drift

Thermocouple

105.3142618

0.193622785

2-wire RTD 2.965409564 0.512440163

3-wire RTD 2.996320076 0.240909456

4-wire RTD 2.854513258 0.086721521

2-wire resistance 3.40709375 0.06209485
Temperature Draft @2000SPS, in ppm/°C

Mode Gain drift Offset drift

Voltage (+25V)

1.620950284

0.105635778

Voltage (+12.5V)

1.584251894

0.11027477

Voltage (+2.5V)

1.701225379

0.067356314

Voltage (+312.5mV)

20.52684091

0.113061874

Current (£20mA)

3.771356399

0.338399386

Full-bridge 30.71138027 50.00179464
Half-bridge 35.58911174 1.862124485
Thermocouple 117.7077884 0.435895845
2-wire RTD 3.047327178 0.452466872
3-wire RTD 3.124556345 0.189605804
4-wire RTD 3.216423295 0.088365093

2-wire resistance

3.386921402

0.04574323
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System Noise, in LSB (Typical, 25°C): 20 SPS to 160 SPS

Mode Sampling Rate (SPS)
20 40 80 160

Voltage (£25V) 9.443641 | 13.58713513 | 22.225423 | 47.06011713

Voltage (+12.5V) | 10.45022375 | 15.55506725 | 23.934448 | 50.668689
Voltage (+2.5V) | 8.941254375 | 12.75718938 | 19.522499 | 46.11391238
(i;/?;'asgr:\/) 11.115466 | 15.1842875 | 19.108748 | 39.44412825
Current (£20mA) | 29.50086975 | 33.76906888 | 39.179197 | 53.86180763
Full/Half-bridge | 58.669068 | 33.97045388 | 41.628525 | 67.98029188
Thermocouple | 28.24161013 | 41.73502813 | 51.59679 | 76.21635225
2-wire RTD 8.00126525 | 11.64115513 | 16.869046 | 33.30653975
3-wire RTD 8.407154625 | 12.01619113 | 16.528028 | 33.69525963
4-wire RTD 9.043779125 | 12.47814688 | 16.762287 | 45.44077163
2-wire resistance | 9.318955625 | 13.208205 | 18.829651 | 43.74764375

System Noise, in LSB (Typical, 25°C): 320 SPS to 2000 SPS

Mode Sampling Rate (SPS)
320 640 1000 2000

Voltage (£25V) | 72.508028 | 142.60307 71.11201 119.26144
Voltage (+12.5V) | 81.44560913 | 139.01469 | 77.924207 128.36732
Voltage (+2.5V) | 66.64280488 | 136.24263 | 71.915341 122.92882
(i;/;"zt.zgr:\/) 48.83473638 | 79.888989 | 86.157589 128.4315

Current (+20mA) | 77.58907738 | 131.06695 | 80.416917 126.239
Full/Half-bridge | 92.8294875 | 144.14509 | 175.67111 | 202.15501
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Mode

Sampling Rate (SPS)

Thermocouple 107.9735725 143.46202 198.49927 202.17693

2-wire RTD 44.53668125 77.870435 71.369319 127.45831

3-wire RTD 42.00570563 87.738238 72.70806 123.21166
4-wire RTD 72.2785775 155.50389 72.168651 123.65813
2-wire resistance | 72.76746238 153.9091 71.566314 122.28421

144 Digital Input/Output

1/0 Specifications

Number of channels

4-CH programmable function digital input (DI)
2-CH programmable function digital output
(DO)

Compatibility

TTL (single-end) (supports 3.3V and 5 V DI but 3.3V
DO)

Input voltage

Logic low: VIL = 0.8 V max; IIL = 0.2 mA max.
Logic high: VIH =2.0 V min.; lIH = 0.2 mA max.

Output voltage

Logic low: VOL = 0.5 V max; IOL = 10 mA max.
Logic high: VOH = 2.6V min.; IIH = 10 mA max.

Supporting modes (only one
can be selected and function
at the same time, please see
Section 4.6: Programmable
Function 1/0)

» 4-CHTTLDIand 2-CHTTLDO

» 1-CH 32-bit general-purpose
timer/counters:
> Clock source: internal or exter-
nal
> Max source frequency: inter-
nal: 80 MHz; external: 10 MHz
» 1-CH PWM outputs:
> Duty cycle:1-99% (please see
Section 4.6.3: Mode 10: PWM

Output) Modulation fre-
quency: 20 MHz to 0.005Hz

Data transfers

Programmed I/O
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1.5 Software Support

JYTEK provides comprehensive software drivers and packages to suit
various user approaches to system building. In addition to programming
libraries, such as DLLs, for most Windows-based systems, JYTEK also pro-
vides drivers for other application environments such as LabVIEW® and
MATLAB®. JYTEK also provides ActiveX component ware for measure-
ment and SCADA/HMI, and breakthrough proprietary software. All soft-
ware options are on the website:www.jytek.com.

Be sure to install the driver & utility before using the USB-62401 mod-
ule.

1.6 Driver Support for Windows

1.6.1 UD-DASK

UD-DASK is composed of advanced 32/64-bit kernel drivers for custom-
ized DAQ application development. USB-DASK enables you to perform
detailed operations and achieve superior performance and reliability
from your data acquisition system. DASK kernel drivers now support
Windows 7/Vista® OS.

1.6.2 DAQPilot

DAQPilot is a SDK with a graphics-driven interface for various application
development environments. DAQPilot represents JYTEK's commitment
to full support of its comprehensive line of data acquisition products and
is designed for the novice to the most experienced programmer.

As a task-oriented DAQ driver, SDK and wizard for Windows systems,
DAQPilot helps you shorten development time while accelerating the
learning curve for data acquisition programming.

You can download and install DAQPilot at:
http://www.jytek.com/

Please note that only DAQPilot versions 2.3.0.712 and later can support
the USB-62401.

8 Introduction
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1.7 Utilities for Windows

1.7.1 U-Test

U-Test is a free and ready-to-use utility which can assist instant testing
and operation of all JYTEK USB DAQ series functions with no program-
ming. In addition to providing data collection and monitoring functions,
U-Test also supports basic FFT analysis and provides direct control of
analog output and digital I/O with a user-friendly interface.

coesing W B L B T - ==

Device Setting

© USB-1902(ID:0) A Us8-1902000) = e

. ': Analog Input-[Continuous ooy e
¥y Analog Output A00 0o s0s e
i pigital Input/Output
N |
3 50 1
208 2 =802 < ~
& >
L0 100.0 0.0 200
10k 0.0 Vpp

Analognput Properties - [USB-1902L_ § X |GPTC |PWM | Pulse output |

8 Al Display mode, Graphic mode, and Sigy . Lput
] 1 2 3

Output

& Chansel Setting
6 Data Logging Setting
 Timing Setting

f

OFF OFF

Ready Data Logging Path : C:\Recording\20110927165053_Logging, data.dat

Figure 1-1: U-Test Interface

Main Menu

Device Viewer
Al Data View & AO, DIO Control Panel

Analog Input Configuration

O|l0O|m|>

Table 1-1: U-Test Interface Legend

You can download and install U-Test at: http://www.jytek.com/

Introduction



(@)JYTEK

1.8 Overview and Dimensions

All dimensions shown are in millimeters (mm)

NOTE:

1.8.1 Module

[ USB-62401 )
apoo| [ &2 |oror
oenf [5m10 U [ fore
epo| [@] [G5] |eP
wo| 8] [E5] [peno
enDt| (5@ [@r;] [enps
sor| o] U [ [sce
L = [G5] [scs+
x| [ 8] [E] [excs
or|Egi) U o fos
on+| 5 & |cie+
{5 ] [ws 114
A [0 L] |wee
GNDOD D GND2
sco-| [ @1 (6] |sc2-
scoH [ @] [6] |sca+
oo 10 U [ o
cio-| [ 8] [ |ce-
cio+| =B e |oi+
ao-| [ ] |me-
norf 5810 0 [ e

[

41.3

Figure 1-2: USB-62401 Module Rear View
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Figure 1-3: USB-62401 Module Side View
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USB-62401

GND2

m mmiwi mmmm

kR

5233585622884 °8

-_____—_mg:::m@__
§2288:5¢0

GPOO
GPI

41.3

. S/

Figure 1-4: USB-62401 Module Front View
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1.8.2 Module Stand

The multi-function USB-62401 stand is compatible with desk, rail, or wall
mounting. To fix the module in the stand, slide the module body into the
stand until a click is heard. To remove the module from the stand, twist
the bottom of the stand in a back-and forth motion and separate from
the module.

WelelaleTaTaTaaaelaTelaale!

Figure 1-5: Module, Stand, Connector, and USB Cable

200.1

169.4

e

.
156.5

Figure 1-6: Module, Stand, & Wall Mount Kit Side View (w/ Connections)
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[ USB-62401

GPOO
GPI1
GPIO
NC
GND1
SCi-
SCi+
EXC1
Cl1-
Cli+
All-
All+
GNDO
SCo-
SC0+
EXCO0
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Clo+

Al0-
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0000000000000 0000000
Hoopooooonooonoonoom

|
:

GPO1
GPI3
GPI2
DGND
GND3
SC3-
SC3+
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Ci3+
Al3-
Al3+
GND2
SC2-
SC2+
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Al2-
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f
%

Figure 1-7: Module In Stand Front View
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Figure 1-8: Module Stand Top View
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Gl
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‘ 100 ‘

Figure 1-10: Module Stand Front View
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1.9 Connector Information

The USB-62401 module is equipped with 40-pin removable screw-down
terminal connectors, with pin assignment and signal description as fol-
lows.

Pin Function Pin Function
20 GPOO 40 GPO1
19 GPI1 39 GPI3
18 GPIO 38 GPI2
17 NC 37 DGND
16 GND1 36 GND3
15 SC1- 35 SC3-
14 SC1+ 34 SC3+
13 EXC1 33 EXC3
12 Cl1- 32 CI3-
11 Cll+ 31 CI3+
10 All- 30 Al3-
9 All+ 29 Al3+
8 GNDO 28 GND2
7 SCo- 27 SC2-
6 SCo+ 26 SC2+
5 EXCO 25 EXC2
4 Clo- 24 Cl2-

3 Clo+ 23 Cl2+
2 AlO- 22 Al2-

1 AlO+ 21 Al2+

Table 1-2: USB-62401 Pin Assignment
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Signal Name Reference Direction | Description

GND<0..3>  |---——- Ground of excitation
voltage/current, with
GND<0..3>and DGND
connected on board

DGND |- Digital ground, DGND and
GND<O0..3> are connected on
board

Al<0..4> GND | Differential analog Input
channels 0~3

Cl<0..4> GND | Current input channel 0~3.

EXC<0..3> GND 0] Excitation output for channel

0~3; can be configured to
voltage output (2.5V) or current
output (1ImA) by software, with
corresponding ground pin

GND<0..3>
SC<0..3> GND | Sensor (small signal) input
channel 0~3
GPI<0..3> DGND | Function digital input <0..3>
GP0O<0..3> DGND 0 Function digital output <0,1>
N/C N/C N/C No connection

Table 1-3:1/0 Signal Description
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2 Getting Started

The appropriate driver must be installed before you can connect the
USB DAQ to the computer system. Refer to Section 1.6: Driver Sup-

port for Windows for driver support information.
WARNING:

2.1 Connecting the USB-62401 Module
1. Turn on the computer.

2. Connect the USB-62401 module to one USB 2.0 port on the
computer using the included USB cable.

3. The first time the USB-62401 module is connected, a New
Hardware message appears. It will take around 6 seconds to
load the firmware. When loading is complete, the LED indica-
tor on the rear of the USB DAQ module changes from amber
to green and the New Hardware message closes.

4. The USB-62401 module can now be located in the hardware
Device Manager, as shown.
. Device Manager g@‘

Fle Action Visw  Help

% Disk drives.

71 @ Display adopters

1 (2 Human Interface Devices

%1422 IDE ATA/ATAPI contrallers

1 & Keyboards

1 7) Mice and other pointing devices

1 B Network adapters

- Ports (COM & LPT)

1.8 Processors

@), Sound, video and game controllers

- 1 System devices
= &2 Universal Serial Bus controllers

vice
armily) USB Universal Host Controler - 27C8

Tnte(R) 8231
Inkel(R) B2801G (ICH7 Family) USB Uiversal Host Controler - 27C9

Inksi(R) B2801G (ICH7 Family) USB Universal Host Controler - 27CA
Inksi(R) 828016 (ICH7 Family) USB Universal Host Controller - 27CB
Inke(R) 82801 (ICH7 Family) USB2 Enhanced Host Controller - 270C
LS8 Rock Hub

LS Rock Hub

158 Roct Hub

LS8 Rock Hub

LS Rock Hub

Figure 2-1: USB-62401 Module in Windows Device Manager

Getting Started
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If the USB-62401 module cannot be detected, the power provided by
the USB port may be insufficient. The USB-62401 module is exclusively
powered by the USB port and requires 400 mA @ 5 V.

2.2 Device ID

A rotary control on the rear of the module (as shown) controls device ID
setting and can be set from 1 to 8. The device ID allows dedicated con-
trol of the USB-62401 module irrespective of the connected USB port.
When more than one USB module of the same type is connected, each
must be set to a different ID to avoid conflicts and errors in operation.

/; g f‘___ff — T
7 celg N

‘k.%o

©

=

[®

N | S

Figure 2-2: Device ID Selection Control
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2.3 Hardware Configuration

All remaining hardware configurations are software programmable,
including sampling/update rate, input/output channel, input range, and
others. Please see the UD-DASK Function Reference manual for details.

2.4 Device Mounting

241 Rail Mounting

The multi-function stand can be mounted on the DIN rail using the
rail-mount kit as shown.

Figure 2-3: Rail Mount Kit

Getting Started
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Getting Started

AN wnws w—
— R
I ) 1Y )

NI/ 1=

Figure 2-5: Module Rail-Mounted

Figure 2-4: Module Pre-Rail Mounting
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2.4.2 Wall Mounting

The multi-function stand can be fixed to a wall using four flush head
screws as shown. The four screw holes should be
approximately 3.4 mm in diameter.

e o—

20.4

13.0

Figure 2-6: Wall Mount Holes

Figure 2-7: Module with Wall Mount Apparatus

Getting Started 25
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3

Operation

Operation of the USB-62401 is described here to assist in configuration
and programming of the module. Functions described include A/D
conversion, programmable function I/0, and others

3.1 Functional Layout

The USB-62401 provides 4-channel 24-bit universal analog inputs and
supports seven input modes, including voltage input, current input,
thermocouple, RTD, full bridge, half bridge, and resistance
measurement. The four channels sample simultaneously, and while
each can be configured to a different input mode, all active channels
must be configured to the same sampling rate. In addition, the
USB-62401 also provides 6-channel programmable digital I/O and can be
configured to GPIO, GPTC, or PWM mode.

* lEeaRoM

Calibration
data

Control signal

24MHz XTAL

i
|
! PR
g
H P TN ADC
¢ Sigmes ) AiDataand | Calibration
| $4Bridge-based [SostiaAICEED | Control Controller
RTD P
1 34 Resistor [
1 s - = (B ta000 Sra0t !
1 il !
Excn ! B votage (2sv) ! 120 ADLINES
1 . 't (0.5mA, 0.08 : Interface FPGA Core b
1 < 8 | &
| TR I I 2
ouar
cJc - 8051 Core ¢ Comoly
i chgn:aIIIIIO Function € 14
onosen Interface
uncliones HG

332512v [
401,200 ‘Supply a5

GPIO K
GPTC 3
PWM 3

USB BUS
+5V Supply

432,57 t 3ansnav

Figure 3-1: USB-62401 Functional Block Diagram
3.2 Signal Sources

3.2.1

Not connected in any way to the existing ground system. Devices with

Floating Signal Source

isolated output are floating signal sources, such as optical isolator

outputs, transformer outputs, and thermocouples.

Operation
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3.2.2 Ground-Referenced Signal Source

Connected insome way to the existing ground system, to a common
ground point with respect to the USB DAQ, when the computer is
connected to the same power system. Non-isolated output of
instruments and devices connected to the existing power systems
are ground-referenced signal sources.

3.3 Signal Connection

Each analog input channel can be configured to different input modes by
the software API. Details of signal connection in different input modes
follow.

3.3.1 Voltage Input Mode

The properties of the signal to be measured must be considered. The
differential input mode provides two inputs that respond to signal
voltage difference between them. |If the signal source is
ground-referenced, the differential mode can be used for the
common-mode noise rejection.

Connection of ground-referenced signal sources under differential input
mode is as shown.

>
+

& O

Ground reference +
signal source =

Common mode noise
& ground potential (V¢

| I_§—|_ ADC

4

Figure 3-2: Ground-Referenced Source and Differential Input

For floating signal sources, addition of a resistor at each channel
provides a bias return path. The resistor value should be about 100
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times the equivalent source impedance, such that if the source
impedance is less than 100Q, the negative side of the signal needs only
be connected to GND as well as the negative input of the
Instrumentation Amplifier without any resistors. Connection of a
floating signal source to the USB-62401 in differential input mode is as
shown.

|
| ] USB-62401
|
Al I Amplifi
+ @ mplifier| _I_
Floating signal source é) : | ADC
|
|

>
3
=
r—:q'-.

Figure 3-3: Floating Source and Differential Input

3.3.2 Current Input Mode

Current signal source can be floating or grounded reference,
converted to voltage through a precision 249.5Q resistor.
Cross-voltage on the precision resistor is considered differential signal.
The differential signal pair passes through differential amplifier
buffers and is measured by the analog-to-digital converter chip (ADC)
with £2.5 V input range.

The formula to calculate voltage-to-current conversion is:

V(volt)

Current(mA) = ————
18.6701527
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USB-62401

Amplifier

) | 249.5Q ADC

Figure 3-4: Current Source Connection

333 Full Bridge and Half Bridge Input Mode

A bridge-based transducer is a passive device, requiring voltage exci-
tation to convert the resistive change to an electrical signal. The
USB-62401 provides a steady 2.5V excitation voltage for each analog
input channel in full bridge and half bridge modes. For half-bridge trans-
ducer, USB-62401 has built-in precision 20kQ resistors to compensate
the circuit as a full-bridge transducer measurement.

Also provided is a moving average function, a common and useful digital
filtering method of smoothing fluctuation caused by noise. The averag-
ing number for data can be set to 0, 2, 4, 8, or 16, where 0 represents
disabling the moving average function.

A typical four-wire connection is shown.

A dotted line represents the connection and circuit of full-bridge
mode.

NOTE:

30
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ADC

Figure 3-5: Full Bridge and Half Bridge Connection

3.3.4 Thermocouple Input Mode

A thermocouple consists of two different conductors that produce a
voltage proportional to a temperature difference between either end of
the pair of conductors. The USB-62401 uses 78.125mV input range to
acquire the thermocouple signal, and provides a precision built-in digital
temperature sensor for cold junction compensation (CIC). CJC reading is
available by software APl with data in °C. The CIC is in the USB-62401
module.

/1 The CJC temperature sensor is housed in the USB-62401 and
requires 15 minutes’ warmup to stabilize.

NOTE:
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USB-62401,

L
SC+® > ADC

Figure 3-6: Thermocouple Connection

3.35 RTD Input Mode

The resistance temperature detector (RTD) measures temperature by
correlating the resistance of the RTD element with temperature. The
USB-62401 can generate a steady 0.5 mA excitation current source to
each channel in RTD input mode to measure cross-voltage on the RTD.
The actual input range is 2.5V with a formula of voltage to RTD resis-
tance conversion of:

V(volt)
0.0005

Since the excitation current can only drive cross-voltage up to 1.5V with
good linearity, the maximum equivalent value of the RTD resistor is lim-
ited to 3kQ.

RTD(Q) =

The USB-62401 can support two, three, and four-wire RTD measure-
ment. Adopting three- and four-wire connections rather than two-wire
can eliminate connection lead resistance effects from measurement.
Three-wire connection is sufficient for most purposes and most univer-
sal industrial applications. Four-wire connections are used for the most
precise application requirements.

32
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e : OEQA USB-6240 1:
@ & !
SC+® [~ :
|
RTD§ MUX ADC I
SC- |
® - '
|
GND® :
[ |
I |
o N e ___ ]

Figure 3-7: 4-Wire RTD Connection
i USB-62401
EXC /A OﬁQA - :
X © |
3C+® ~ |
|
RTD § MUX ADC I
SC- |
X—1 - '
|
GND® :
| |
| |
| N |

Figure 3-8: 3-Wire RTD Connection
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| USB-62401
| 0.5mA
EXC o\
@ N\
SC+ry [

RTD § g MUX ADC
&

Figure 3-9: 2-wire RTD Connection

3.3.6 Wire Resistance Mode

The USB-62401 can source precision 0.05 mA excitation current to the
resistor to be measured and use a 2.5V input range to acquire cross-volt-
age on the resistor. The formula of voltage to resistance conversion is:

~ V(volt)
0.00005

Since the excitation current can only drive the cross-voltage up to 1.5V
with good linearity, the maximum equivalent value of the resistor is lim-
ited to 30kQ.

R(Q)
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| 0.05mA USB-62401 |

e © g

sC+ | |

®— e

Resistor | MUX ADC i
SC- :

\X/ L |

Figure 3-10: 2-Wire Resistance Connection

3.4 Al Data Format

The acquired 24-bit A/D data is 2’s complement coded data format.
Valid input ranges and optimum transfer characteristics are as shown.

s . Digital
Description Bipolar Analog Input Range Code
Full-scale 25V +12.5V 2.5V +0.3125V N/A
range
Least 2.98uV 1.49uv 0.298uV 0.037uv N/A
significant bit
FSR-1LSB 24.999997V |12.4999985V |2.4999997V |0.3124999V 7FFFFF
Midscale 2.98uV 1.49uV 0.298uV 0.037 uv 000001
+1LSB
Midscale ov ov ov ov 000000
Midscale -2.98uVv -1.49uV -0.298uV -0.3124999uVv FFFFFF
-1LSB
-FSR -25V -12.5V -2.5V -0.3125V 800000

Table 3-1: Analog Input Range and Output Digital Code
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Bi

Description e IAEIZANTTE Digital Code
Range

Full-scale range +78.125 mV N/A

Least significant bit | 9.313nV N/A

FSR-1LSB 78.1249907 mV 7FFFFF

Midscale 9.313nV 000001

+1LSB

Midscale oV 000000

Midscale -9.313nV FFFFFF

-1LSB

-FSR -78.125mV 800000

Table 3-2: Analog Input Range and Output Digital Code (cont’d)

3.5 ADC Sampling Rate

Sampling Rate refers to ADC internal conversion speed as set by the user.
When programming through a software API, the desired ADC sampling
rate must be set, whether for single value, using a software polling com-
mand, or block data in continuous buffer mode. Available sampling rates
are 20SPS, 40SPS, 80SPS, 160SPS, 320SPS, 500SPS, 1000SPS, and
2000SPS.

Accuracy frequently deteriorates with increased ADC sampling rate.

NOTE:

3.5.1 Software Polling Data Transfer (Non-Buffering Pro-
grammed 1/0)

Polling mode benefits flexible timing and is suitable for retrieving the
latest data without FIFO buffering latency. The USB-62401 continuously
updates the latest acquired data onto a data port for specific channels.
Data not retrieved in time is overwritten with new data without notice.
As the software polling rate (here equaling data rate) of a PC may exceed
the ADC sampling rate, it is possible to receive multiple identical data
before a new conversion has completed. Please refer to UD-DASK func-
tion reference for the details of corresponding software API instruction.
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3.5.2 Continuous Acquisition Mode

Differs from software polling mode only in the generation of block data
in continuous acquisition mode without the need to consider data over-
writing or acquiring repeat data in software polling mode. This mode is
suitable for when continuous data is to be acquired in a fixed and pre-
cise time interval. Please note the data buffer size must be a multiple of
128 in continuous acquisition mode. Please refer to UD-DASK function
reference for details of corresponding software API instruction.

3.6 Programmable Function 1/0

The USB-62401 supports powerful programmable 1/O function provided
by an FPGA chip, configurable as TTL DI/DO, 32-bit timer/counters, and
PWM output. These signals are single-ended and 5V TTL-compliant.

3.6.1 TTL DI/DO

Programmable function I/O can be used as static TTL-compliant 4-CH
digital input and 2-CH digital output. The 1/O lines can be updated by
software polling, with sample and update rate fully controlled by soft-

ware timing.
Pin Function Pin Function
20 GPOO 40 GPO1
19 GPI1 39 GPI3
18 GPIO 38 GPI2
17 NC 37 DGND

Table 3-3: TTL Digital 1/O Pin Definition

Operation



@JYTEK

3.6.2 General Purpose Timer/Counter

The USB-62401 is equipped with one general purpose timer/counter
featuring:

» Count up/down controllable by hardware or software

» Programmable counter clock source (internal clock up to 80MHz,
external clock up to 10 MHz)

» Programmable gate selection (hardware or software control)

» Programmable input and output signal polarities (high active or
low active)

» Initial Count loaded from a software API

» Current count value readable by software without affecting cir-
cuit operation.

Pin Function Pin Function

20 GPTC_OUTO (GPOO) 40 GPTC_OUT1 (GPO1)
19 GPTC_UD (GPI1) 39 GPTC_AUX (GPI3)
18 GPTC_CLK (GPI0) 38 GPTC_GATE (GPI2)
17 NC 37 DGND

Table 3-4: Timer/Counter Pin Definition

The timer/counter has three inputs that can be controlled via hard-
ware or software, clock input (GPTC_CLK), gate input (GPTC_GATE), and
up/down control input (GPTC_UD). The GPTC_CLK input provides a clock
source input to the timer/counter. Active edges on the GPTC_CLK input
increment or decrement the counter. The GPTC_UD input directs the
counter to count up or down (high: count up; low: count down), while
the GPTC_GATE input is a control signal acting as a counter enable or
counter trigger signal in different applications. The GPTC_OUT then gen-
erates a pulse signal based on the timer/counter mode set.

All input/output signal polarities can be programmed by software appli-
cation. For brevity, all GPTC_CLK, GPTC_GATE, and GPTC_OUT in the fol-
lowing illustrations are assumed to be active high or rising-edge
triggered.
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3.6.3 General Purpose Timer/Counter Modes

Ten programmable timer/counter modes are available. All initialize fol-
lowing a software-start signal set by the software. The GPTC software
reset initializes the status of the counter and reloads the initial
value to the counter. The operation remains halted until software start
is executed again. Operations under different modes are as follows.

Mode 1: Simple Gated-Event Counting

In this mode, the counter calculates the number of pulses on the
GPTC_CLK after a software start. Initial count can be loaded from the
software application. Current count value can be read back by soft-
ware any time with no influence on calculation. GPTC_GATE
enables/disables calculation. When GPTC_GATE is inactive, the
counter halts the current count value. Operation in which initial
count =5, countdown mode is shown.

Software start

Gate

oK L L LT

Count value 5 5 4 3 2 1 1 0 ffff

Figure 3-11: Mode 1-Simple Gated-Event Calculation

Mode 2: Single Period Measurement

The counter calculates the period of the signal on GPTC_GATE in
terms of GPTC_CLK. The initial count can be loaded from the soft-
ware application. After software start, the counter calculates the
number of active edges on GPTC_CLK between two active edges of
GPTC_GATE. After the completion of the period interval on
GPTC_GATE, GPTC_OUT outputs high and then current count value
can be read by the software application. Operation in which initial
count = 0, count-up mode is shown.

Operation
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Software start

Gate

o LML LTI

Count value 0 0 1 2 3

Figure 3-12: Mode 2-Single Period Measurement

Mode 3: Single Pulse-Width Measurement

The counter calculates the pulse-width of the signal on GPTC_GATE
in terms of GPTC_CLK. Initial count can be loaded from the software
application. After software start, the counter calculates the number
of active edges on GPTC_CLK when GPTC_GATE is in its active state.

After the completion of the pulse-width interval on GPTC_GATE,
GPTC_OUT outputs high and current count value can be read by the
software application. Operation in which initial count = 0, count-up

mode is shown.

Software start

Gate

oK L L L L

Count value 0 0 1 2 3

Figure 3-13: Mode 3-Single Pulse-Width Measurement

Mode 4: Single-Gated Pulse Generation

This mode generates a single pulse with programmable delay and
programmable pulse-width following software start. The two pro-
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grammable parameters can be specified in terms of periods of the
GPTC_CLK input by the software application. GPTC_GATE
enables/disables calculation. When GPTC_GATE is inactive, the
counter halts the current count value. Generation of a single pulse
with a pulse delay of two and a pulse-width of four is shown.

Software start

Gate L]
S e e e e s B

Count value 2 2 1 0 3 2 2 1 0

ouT |

Figure 3-14: Mode 4-Single-Gated Pulse

Mode 5: Single-Triggered Pulse

This mode generates a single pulse with programmable delay and
programmable pulse-width following an active GPTC_GATE edge.
These programmable parameters can be specified in terms of peri-
ods of the GPTC_CLK input. When the first GPTC_GATE edge triggers
the single pulse, GPTC_GATE has no effect until software start is exe-
cuted again. Generation of a single pulse with a pulse delay of two
and a pulse-width of four is shown.

Software start

Gate |‘|

ok LML
Count value 2 2 1 0 3 2 1 0

ouT [

Figure 3-15: Mode 5-Single-Triggered Pulse
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Mode 6: Re-Triggered Single Pulse Generation

This mode is similar to Mode 5 except that the counter generates a
pulse following every active edge of GPTC_GATE. After software
start, every active GPTC_GATE edge triggers a single pulse with pro-
grammable delay and pulse width. Any GPTC_GATE triggers that
occur when the prior pulse is not completed are ignored. Generation
of two pulses with a pulse delay of two and a pulse width of four is
shown.

Software start Ignored

Gate 1 H/ H
cLK HpipiplipipipipininipipinininininEnSn

Countvalue 2 2 1 o0 3 2 1 0 2 2 1 o0 3 2 1 0 2 2

ouT ] — —

Figure 3-16: Mode 6-Re-Triggered Single Pulse

Mode 7: Single-Triggered Continuous Pulse Generation

This mode is similar to Mode 5 except that the counter generates
continuous periodic pulses with programmable pulse interval and
pulse-width following the first active edge of GPTC_GATE. When the
first GPTC_GATE edge triggers the counter, GPTC_GATE has no effect
until software start is executed again. Generation of two pulses with
a pulse delay of four and a pulse-width of three is shown.

Software start

Gate 1

oLk SpipEpieipipipipipipipinipininEnEninl
Countvalue |4 4 4 3 2 1 0o 2 1 0o 3 2 1 0o 2 1 0o 3 2
out L

Figure 3-17: Mode 7-Single-Triggered Continuous Pulse

Mode 8: Continuous Gated Pulse Generation

This mode generates periodic pulses with programmable pulse inter-
val and pulse-width following software start. GPTC_GATE
enables/disables calculation. When GPTC_GATE is inactive, the
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counter halts the current count value. Generation of two pulses with
a pulse delay of four and a pulse-width of three is shown.

Software start

Gate e |

oLk Enipipipipipipipipipipipipipipipininl
Countvalue 4 4 3 3 2 1 o 2 1 o 3 2 1 o 2 1 1 [
out — I p— I

Figure 3-18: Mode 8-Continuous Gated Pulse

Mode 9: Edge Separation Measurement

Measures the time differentiation between two different pulse sig-
nals. The first pulse signal is connected to GPTC_GATE and the sec-
ond signal is connected to GPTC_AUX. Clocks that pass between the
rising edge signal of two different pulses through the 40 MHz inter-
nal clock or external clock are calculated. You can calculate the time
period via the known clock frequency. The maximum counting width
is 32-bit. Decrease of the counter value in Edge Separation Measure-
ment mode is shown.

Software start

Gate
AUX
cLK S e Y A
Count value 13 13 12 11 10 9 8 7 6 5 4 3 2 1 1 1 1 1 1

Figure 3-19: Mode 9-Edge Separation Measurement

Mode 10: PWM Output

The USB-1900 Series timer/counter can also simulate a PWM (Pulse
Width Modulation) output. By setting a varying amount of Pulse_ini-
tial_cnt and Pulse_length_cnt, varying pulse frequencies (Fpwm) and
duty cycles (Dutypwm) can be obtained. PWM output is shown.

Pulse_lInitial_cnt =0x7 Pulse_length_cnt=0xB ‘

PWMOUT
TIMEBASE LFLH_F\M
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Calculation of the PWM frequency and duty cycle is as follows.

Figure 3-20: Mode 10-PWM Output

F = FTimebase
PWM P
Pulse_initial _cnt+ Pulse_length_cnt
Pulse_length_cnt
Dutypyy = =S

Pulse _initial _cnt+ Pulse_length cnt
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4 Calibration

The USB-62401 is factory-calibrated before shipment. The associated
calibration constants of the TrimDACs firmware are written to the
onboard EEPROM. TrimDACs firmware is the algorithm in the FPGA.
Loading calibration constants entails loading the values of TrimDACs
firmware stored in the onboard EEPROM.

The recommended re-calibration interval is one year. Please contact
your local dealer to request calibration service.

Calibration
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Important Safety Instructions

For user safety, please read and follow all instructions, WARNINGS,
CAUTIONS, and NOTES marked in this manual and on the associated
equipment before handling/operating the equipment.

» Read these safety instructions carefully.

v

Keep this user’s manual for future reference.

» Read the specifications section of this manual for detailed
information on the operating environment of this equipment.

» When installing/mounting or uninstalling/removing equipment:
> Turn off power and unplug any power cords/cables.
» To avoid electrical shock and/or damage to equipment:
> Keep equipment away from water or liquid sources;
> Keep equipment away from high heat or high humidity;
> Keep equipment properly ventilated (do not block or cover
ventilation openings);
> Make sure to use recommended voltage and power source
settings;
> Always install and operate equipment near an easily
accessible electrical socket-outlet;
> Secure the power cord (do not place any object on/over the
power cord);
> Only install/attach and operate equipment on stable surfaces
and/or recommended mountings; and,

> If the equipment will not be used for long periods of time,
turn off and unplug the equipment from its power source.

Important Safety Instructions
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» Never attempt to fix the equipment. Equipment should only be
serviced by qualified personnel.

A Lithium-type battery may be provided for uninterrupted, backup or
emergency power.

Risk of explosion if battery is replaced with an incorrect type; please
dispose of used batteries appropriately.

WARNING:

» Equipment must be serviced by authorized technicians when:
> The power cord or plug is damaged;
> Liquid has penetrated the equipment;
> It has been exposed to high humidity/moisture;
>

It is not functioning or does not function according to the
user’s manual;

v

It has been dropped and/or damaged; and/or,

\

It has an obvious sign of breakage.
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Warranty Policy

Thank you for choosing JYTEK. To understand your rights and enjoy all
the after-sales services we offer, please read the following carefully.

1. AllJYTEK products come with a limited two-year warranty:

>

>

The warranty period starts on the day the product is shipped
from JYTEK’s factory.

Peripherals and third-party products not manufactured by
JYTEK will be covered by the original manufacturers' warranty.

For products containing storage devices (hard drives, flash
cards, etc.), please back up your data before sending them for
repair. JYTEK is not responsible for any loss of data.

Please ensure the use of properly licensed software with our
systems. JYTEK does not condone the use of pirated software
and will not service systems using such software. JYTEK will
not be held legally responsible for products shipped with unli-
censed software installed by the user.

For general repairs, please do not include peripheral accesso-
ries. If peripherals need to be included, please contact JYTEK.

Warranty Policy
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2. Our repair service is not covered by JYTEK's guarantee in the
following situations:

> Damage caused by not following instructions in the User's
Manual.

> Damage caused by carelessness on the user's part during
product transportation.

> Damage caused by fire, earthquakes, floods, lightening, pollu-
tion, other acts of God, and/or incorrect usage of voltage
transformers.

> Damage caused by unsuitable storage environments (i.e. high
temperatures, high humidity, or volatile chemicals).

> Damage caused by leakage of battery fluid during or after
change of batteries by customer/user.

> Damage from improper repair by unauthorized JYTEK techni-
cians.

> Products with altered and/or damaged serial numbers are not
entitled to our service.

D> This warranty is not transferable or extendible.

D> Other categories not protected under our warranty.

3. Customers are responsible for shipping costs to transport dam-
aged products to our company or sales office.

If you have any further questions, please email our service center:
service@jytek.com.
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