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UE9 Datasheet
UE9

Original Ethernet/USB multifunction DAQ.

This datasheet covers all UE9 variants:  UE9 and UE9-Pro.

These HTML pages form the comp ete datasheet  manua  and user's guide for the UE9   Most information in this datasheet app ies to a  UE9 variants   Specifications
are in Appendix A   UD ibrary documentation is in Section 4
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Reading This Document
Searching The Datasheet

To search this datasheet you can just use the search box you find on every page  and to further refine your resu ts inc ude "ue9" or "ue9 datasheet" in your search
term   To specifica y restrict your search to just this datasheet  inc ude "site: abjack com/support/datasheets/ue9" in your search term   For more information see the
main Search Page

Table of Contents Note
Navigating using the Table of Contents 

An eff c ent way to nav gate th s on ne document s to use the Tab e of Contents button to the eft.

Offline PDF Note
Offline PDF

If you are ook ng at a PDF, hardcopy, or other down oaded off ne vers on of th s document, rea ze that t s poss b y out-of-date s nce
the or g na  s an on ne document.  A so, th s document s des gned as on ne documentat on, so the formatt ng of an off ne vers on
m ght be ess than perfect.

To make a PDF of th s ent re document nc ud ng a  ch d pages, c ck "Save as PDF" towards the bottom-r ght of th s page.  Do ng so
converts these pages to a PDF on-the-f y, us ng the atest content, and can take 20-30 seconds.  Make sure you have a current
browser (we most y test n F refox and Chrome) and the current vers on of Acrobat Reader.  If t s not work ng for you, rather than a
norma  c ck of "Save as PDF" do a r ght-c ck and se ect "Save nk as" or s m ar.  Then wa t 20-30 seconds and a d a og box w  pop
up ask ng you where to save the PDF.  Then you can open t n the rea  Acrobat Reader rather than embedded n a browser.

Rather than down oad ng, though, we encourage you to use th s web-based documentat on.  Some advantages:

We can qu ck y mprove and update content.
C ck-ab e nks to further or re ated deta s throughout the on ne document.
The s te search nc udes th s document, the forum, and a  other resources at abjack.com.  When you are ook ng for someth ng
try us ng the s te search.
For support, try go ng to the app cab e page and post a comment.  When appropr ate we can then mmed ate y add/change
content on that page to address the quest on.

Per od ca y we use the "Save as PDF" feature to export a PDF and attach t to th s page (be ow).

File Attachment: 
 LabJack-UE9-Datasheet-Export-20161024.pdf

Preface [UE9 Datasheet]
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For the atest vers on of th s and other documents, go to www. ab ack.com.

Copyr ght 2012, LabJack Corporat on

 

Package Contents:

The norma  reta  packaged UE9 or UE9-Pro cons sts of:

UE9 (-Pro) un t tse f n red enc osure
USB cab e (6 ft / 1.8 m)
Ethernet cab e (6 ft / 1.8 m)
Power supp y
Screwdr ver

 

Warranty
Warranty:

A  LabJack hardware s covered by a 5-year m ted warranty, cover ng products and parts aga nst defects n mater a  or workmansh p. 
We w  troub eshoot, repa r, or rep ace w th ke product to make sure you have a dev ce that s operat ng to spec f cat ons.

LabJack products are very robust, but subject to the nf uence of user connect ons. The warranty does not app y f damag ng m stakes
were made n connect ng our dev ce, or f nspect on revea s obv ous s gns of mproper use, however we w  st  make a reasonab e
attempt to f x such dev ces for free f poss b e.

The warranty cannot be honored on d scont nued products f rep acements are unava ab e and repa r s not reasonab y poss b e.

LabJack has taken great care of our customers s nce we so d our f rst dev ce n 2001, and your sat sfact on s our h ghest pr or ty.  If
you suspect a prob em w th a dev ce contact us at support@ abjack.com.

LabJack s not ab e for any osses, expenses or damages beyond the LabJack dev ce tse f.  See our L m tat on of L ab ty for more
deta s.

Limitation of Liability
Limitation of Liability:

LabJack des gns and manufactures measurement and automat on per phera s that enab e the connect on of a PC to the rea  wor d.
A though LabJacks have var ous redundant protect on mechan sms, t s poss b e, n the case of mproper and/or unreasonab e use, to
damage the LabJack and even the PC to wh ch t s connected. LabJack Corporat on w  not be ab e for any such damage.

Except as spec f ed here n, LabJack Corporat on makes no warrant es, express or mp ed, nc ud ng but not m ted to any mp ed
warranty or merchantab ty or f tness for a part cu ar purpose. LabJack Corporat on sha  not be ab e for any spec a , nd rect, nc denta
or consequent a  damages or osses, nc ud ng oss of data, ar s ng from any cause or theory.

LabJacks and assoc ated products are not des gned to be a cr t ca  component n fe support or systems where ma funct on can
reasonab y be expected to resu t n persona  njury. Customers us ng these products n such app cat ons do so at the r own r sk and
agree to fu y ndemn fy LabJack Corporat on for any damages resu t ng from such app cat ons.

LabJack assumes no ab ty for app cat ons ass stance or customer product des gn. Customers are respons b e for the r app cat ons
us ng LabJack products. To m n m ze the r sks assoc ated w th customer app cat ons, customers shou d prov de adequate des gn and
operat ng safeguards.

Reproduct on of products or wr tten or e ectron c nformat on from LabJack Corporat on s proh b ted w thout perm ss on. Reproduct on
of any of these w th a terat on s an unfa r and decept ve bus ness pract ce.

UE9 Compliance
 

Conformity Information (FCC, CE, RoHS):
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See the Conform ty Page and the text be ow:

 

FCC PART 15 STATEMENTS:

This equipment has been tested and found to comp y with the imits for a C ass B digita  device  pursuant to Part 15 of the FCC Ru es  These imits are designed to
provide reasonab e protection against harmfu  interference when the equipment is operated in a commercia  environment  This equipment generates  uses  and can
radiate radio frequency energy and  if not insta ed and used in accordance with the instruction manua  may cause harmfu  interference to radio communications
Operation of this equipment in a residentia  area is ike y to cause harmfu  interference in which case the user wi  be required to correct the interference at his own
expense  The end user of this product shou d be aware that any changes or modifications made to this equipment without the approva  of the manufacturer cou d resu t
in the product not meeting the C ass B imits  in which case the FCC cou d void the user's authority to operate the equipment

 

Declaration of Conformity:

Manufacturers Name:  LabJack Corporation
Manufacturers Address:  3232 S Vance St STE 200  Lakewood  CO  80227  USA

Dec ares that the product

Product Name:  LabJack UE9 ( Pro)
Mode  Number:  LJUE9 ( Pro)

conforms to the fo owing Product Specifications:

EN 55011 C ass B
EN 61326 1: 2002 Genera  Requirements

and is marked with CE

 

RoHS:

The UE9 ( Pro) is RoHS comp iant per the requirements of Directive 2002/95/EC

 

1 - Installation [UE9 Datasheet]
Log n or reg ster to post comments

Windows Installation Overview
The LJUD dr ver requ res a PC runn ng W ndows. For other operat ng systems, go to abjack.com for ava ab e support. Software w  be
nsta ed to the LabJack d rectory wh ch defau ts to c:\Program F es\LabJack\.

Install the software first: Go to abjack.com/support/ue9.

Connect the USB cable: (See Sect on 2.2 for Ethernet nsta at on t ps) The USB cab e prov des data and power. After the UD software
nsta at on s comp ete, connect the hardware and W ndows shou d prompt w th “Found New Hardware” and short y after the Found
New Hardware W zard w  open. When the W zard appears a ow W ndows to nsta  automat ca y by accept ng a  defau ts.

Run LJControlPanel: From the W ndows Start Menu, go to the LabJack group and run LJContro Pane . C ck the “F nd Dev ces”
button, and an entry shou d appear for the connected UE9 show ng the ser a  number. C ck on the “USB – 1” entry be ow the ser a
number to br ng up the UE9 conf gurat on pane . C ck on “Test” n the conf gurat on pane  to br ng up the test pane  where you can v ew
and contro  the var ous I/O on the UE9.

If LJContro Pane  does not f nd the UE9, check W ndows Dev ce Manager to see f the UE9 nsta ed correct y. One way to get to the
Dev ce Manager s:

Start => Contro  Pane  => System => Hardware => Dev ce Manager

The entry for the UE9 shou d appear as n F gure 1-1. If t has a ye ow caut on symbo  or exc amat on po nt symbo , r ght-c ck and
se ect “Un nsta ” or “Remove”. Then d sconnect and reconnect the UE9 and repeat the Found New Hardware W zard as descr bed
above.
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Figure 1-1. Correct y Funct on ng UE9 n W ndows Dev ce Manager

Linux and Mac OS X
The Exodr ver s the nat ve USB dr ver for L nux and Mac OS X. W th t you can use ow- eve  funct ons to nteract w th your UE9 over
USB. A TCP nterface s not nc uded n the Exodr ver, but most programm ng anguages have a TCP brary to use. We demonstrate
ow- eve  funct on usage over TCP us ng C/C++ n the examp es at abjack.com/support/ue9/c-nat ve-tcp-examp e. The LJUD dr ver,
LJContro Pane  and LJSe fUpgrade app cat ons are not ava ab e for L nux or Mac OS X.

Down oad the Exodr ver at abjack.com/support/software or abjack.com/support/ nux-and-mac-os-x-dr vers. For Mac OS X you can use
the Mac Insta er for nsta at on, otherw se use the source code and nsta  scr pt.

Mac OS X Installer

Unz p the contents of Exodr ver_Nat veUSB_Setup.z p and run Exodr ver_Nat veUSB_Setup.pkg. Then fo ow the nsta er s nstruct ons
to nsta  the dr ver.

Source Code

Mac OS X Requirements

  • OS X 10.5 or newer
  • Xcode deve oper too s
  • busb-1.0 brary ava ab e at busb. nfo

Linux Requirements

  • L nux kerne  2.6.28 or newer.
  • GNU C Comp er
  • busb-1.0 brary and deve opment f es (header f es)

Installation

To nsta  the dr ver from source code, f rst unz p the contents of the Exodr ver source code. Then run the fo ow ng commands n a
term na  (rep ace <Exodr ver-Source-D rectory> w th the d rectory you unz pped the Exodr ver source code to):

    cd <Exodr ver-Source-D rectory>
    sudo ./ nsta .sh

Fo ow the nsta  scr pt s nstruct ons to nsta  the dr ver.

For more Exodr ver nsta at on nformat on go to the Exodr ver page at abjack.com/support/ nux-and-mac-os-x-dr vers. The source
code down oad s README, INSTALL.L nux and INSTALL.MacOSX a so prov des more nformat on. If you run nto prob ems, f rst take a
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ook at the comments sect on of the Exodr ver page as the ssue may have been he ped w th prev ous y.

After nsta at on, to test your UE9 connect t to your computer w th a USB cab e. The USB cab e prov des data and power. Bu d and
run one of the examp es from the source code down oad. A ternat ve y, nsta  LabJackPython (at ab ack.com/support/ ab ackpython)
and run one of ts examp es.

1.1 - Control Panel Application (LJControlPanel) [UE9
Datasheet]
Log n or reg ster to post comments

The LabJack Contro  Pane  app cat on (LJCP.exe) hand es conf gurat on and test ng of the UE9. C ck on the “F nd LabJacks” button to
search for connected dev ces.

Figure 1.1-1. LJContro Pane  Ma n W ndow

F gure 1.1-1 shows the resu ts from a typ ca  search. The app cat on found one UE9 connected by USB and Ethernet. It a so found a
second UE9 that s access b e on y by Ethernet. The USB connect on has been se ected n F gure 1.1-1, br ng ng up the conf gurat on
w ndow on the r ght s de.

Refresh: Re oad the w ndow us ng va ues read from the dev ce.
Wr te to Dev ce: Wr te the va ues from the w ndow to the dev ce. Depend ng on the va ues that have been changed, the
app cat on m ght prompt for a dev ce reset.
Reset: C ck to reset the se ected dev ce.
Test: Opens the w ndow shown n F gure 1.1-2. Th s w ndow cont nuous y wr tes to and reads from the se ected LabJack. Starts
w th Factory Defau t sett ngs.
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Figure 1.1-2. LJContro Pane  Test W ndow

Se ect ng Opt ons=>Sett ngs from the ma n LJContro Pane  menu br ngs up the w ndow shown n F gure 1.1-3. Th s w ndow a ows
some features to of the LJContro Pane  app cat on to be custom zed.

Figure 1.1-3. LJContro Pane  Sett ngs W ndow

Search for USB dev ces: If se ected, LJContro Pane  w  nc ude USB when search ng for dev ces.
Search for Ethernet dev ces us ng UDP broadcast packet: Norma y, Ethernet connected dev ces are found us ng a broadcast of
the D scoveryUDP command documented n Sect on 5.2.3. On some networks, however, t m ght not be des rab e to broadcast
these UDP packets. There are a so s tuat ons where a network m ght have proper TCP commun cat on between the PC and
LabJack, but the broadcast UDP packet does not work.
Search for Ethernet dev ces us ng spec f ed IP addresses. When th s opt on s se ected, LJContro Pane  w  spec f ca y search
over TCP us ng each address n the st. On some networks th s m ght be preferred over the UDP broadcast search.

1.2 - Self-Upgrade Application (LJSelfUpgrade) [UE9
Datasheet]
Log n or reg ster to post comments
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Both processors n the UE9 have f e d upgradeab e f ash memory. The se f-upgrade app cat on shown n F gure 1.2-1 programs the
atest f rmware onto e ther processor.

F rst, put va d va ues n the “Connect by” box. If USB, se ect f rst found or spec fy a oca  ID. If Ethernet, spec fy the IP Address. These
va ues w  be used for programm ng and everyth ng e se.

C ck on “Get Vers on Numbers”, to f nd out the current f rmware vers ons on the dev ce. Then use the prov ded Internet nk to go to
abjack.com and check for more recent f rmware. Down oad f rmware f es to any ocat on on your computer.

C ck the Browse button and se ect the upgrade f e to program. Based on the f e name, the app cat on w  determ ne whether the
Comm or Contro  processor s to be programmed.

C ck the Program button to beg n the se f-upgrade process.

 

Figure 1.2-1. Se f-Upgrade App cat on

 

If prob ems are encountered dur ng programm ng, try the fo ow ng:

1. Unp ug the UE9, wa t 5 seconds then reconnect the UE9. C ck OK then press program aga n.

2. If step 1 does not f x the prob em, unp ug the UE9 and watch the Contro  and Contro  LEDs wh e p ugg ng the UE9 back n.
Fo ow the fo ow ng steps based on the Comm and Contro  LEDs' act v ty:

A. If the Comm LED blinks several times and the Control LED is blinking rapidly (flash mode), connect a jumper between
FIO0 and SCL, then unp ug the UE9, wa t 5 seconds and p ug the UE9 back n. Try programm ng aga n (d sconnect the
jumper before programm ng).

B. If the Comm LED blinks several times and the Control LED has no activity, connect a jumper between FIO1 and SCL,
then unp ug the UE9, wa t 5 seconds and p ug the UE9 back n. Try programm ng aga n (d sconnect the jumper before
programm ng).

C. If the Comm LED has no activity, the UE9's Comm processor s not start ng proper y. P ease restart your computer and try
programm ng aga n.

3. If there s no act v ty from the UE9's LEDs after fo ow ng the above steps, p ease contact support.

2 - Hardware Description [UE9 Datasheet]
Log n or reg ster to post comments

Hardware Description Overview
The UE9 has 3 d fferent I/O areas:

Commun cat on Edge,
Screw Term na  Edge,
DB Edge.
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The commun cat on edge has a USB type B connector (w th b ack cab e
connected n F gure 2-1), a 10Base-T Ethernet connector (w th ye ow
cab e connected n F gure 2-1), and two entry po nts for externa  power
(screw-term na s or power jack).

The screw term na  edge has conven ent connect ons for 4 ana og nputs,
both ana og outputs, and 4 f ex b e d g ta  I/O (FIO). The screw term na s
are arranged n b ocks of 4, w th each b ock cons st ng of Vs, GND, and
two I/O. A so on th s edge are two LEDs assoc ated w th the two
processors n the UE9.

The DB Edge has 2 D-sub type connectors: a DB37 and DB15. The
DB37 has some d g ta  I/O and a  the ana og I/O. The DB15 has 12
add t ona  d g ta  I/O.

F gure 2-1. LabJack UE9

2.1 - USB [UE9 Datasheet]
Log n or reg ster to post comments

For nformat on about USB nsta at on, see Sect on 1.

The UE9 has a fu -speed USB connect on compat b e w th USB vers on 1.1 or 2.0. Th s connect on can prov de commun cat on and
power (Vusb), but t s poss b e that some USB ports w  not be ab e to prov de enough power to run the UE9 at a  speeds. Certa n ow
power USB ports can be m ted to 100 m amps, and some power modes of the UE9 use more than 100 m amps. A USB hub w th a
power supp y (se f-powered) w  a ways prov de 500 m amps for each port.

USB ground s connected to the UE9 ground, and USB ground s genera y the same as the ground of the PC chass s and AC ma ns. In
th s case, the UE9 s not e ectr ca y so ated when the USB cab e s connected.

The deta s of the UE9 USB nterface are hand ed by the h gh eve  dr vers (W ndows LabJackUD DLL), so the fo ow ng nformat on s
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rea y on y needed when deve op ng ow- eve  dr vers.

The LabJack vendor ID s 0×0CD5. The product ID for the U3 s 0×0009.

The USB nterface cons sts of the norma  b d rect ona  contro  endpo nt 0 and two b d rect ona  bu k endpo nts: Endpo nt 1 and Endpo nt
2. Endpo nt 1 cons sts of a 16 byte OUT endpo nt (address = 0x01) and a 16 byte IN endpo nt (address 0x81). Endpo nt 2 cons sts of a
64 byte OUT endpo nt (address = 0x02) and a 64 byte IN endpo nt (address = 0x82).

Commands can be sent on e ther endpo nt, and the response w  be sent on the same endpo nt, except that stream data s a ways
transferred on IN Endpo nt 2, regard ess of whether the stream start command was sent on OUT Endpo nt 1 or 2.

Commands can be sent on both endpo nts at the same t me, but as w th any connect on on the UE9, do not send a second command
on an endpo nt unt  after rece v ng the response to the f rst command.

Except for read ng stream data, a ways wr te and read the actua  number of bytes n the command and response. If the s ze s not an
even mu t p e of the endpo nt s ze a short packet w  be transferred. In genera , sma  transfers w  be faster on Endpo nt 1 and arge
transfers w  be faster on Endpo nt 2, but the t me d fferences are sma  f any, and t s norma  to do a  commun cat on bes des read ng
stream data on Endpo nt 1. The ma n reason for the d fferent endpo nts s to s mp fy ca ng command/response funct ons wh e a
stream s n progress.

USB stream data s a spec a  case where each 46-byte data packet s padded w th 2 zeros on the end (not part of the protoco ), and
then 4 of these 48-byte b ocks are grouped together and sent n 3 transfers over the 64-byte endpo nt. The host w  genera y read
stream data over USB n mu t p es of 192 bytes (64 samp es). Th s means that at ow scan rates there cou d be a ong t me between
reads and atency w  be h gh, but th s can be mproved by oversamp ng.

The USB transce ver on the UE9 has a 128 byte hardware buffer on Endpo nt 2. If the UE9 stream data buffer has one or more
StreamData packets ava ab e, they are moved to the USB buffer to awa t a read by the host. Once p aced n th s USB buffer, the data
cannot be removed (e.g. by a F ushBuffer command). To avo d confus on on future commun cat on on Endpo nt 2, th s buffer shou d
a ways be empt ed after stream ng.

One way to empty th s buffer s to cont nue read ng data after StreamStop, unt  there s no more (the read t mes out). Th s shou d not
requ re a ong t meout as the data s not be ng acqu red, but s mp y wa t ng to be retr eved from the UE9 FIFO buffer.

Another opt on s to fo ow the StreamStop command w th a F ushBuffer command. Then just try to read the ast 128 bytes that cou d
st  be n the USB buffer.

A th rd opt on s to do a StreamStop (and a F ushBuffer f des red), and then do not attempt to empty the USB buffer, but a ways d scard
the f rst two StreamData packets after StreamStart.

2.2 - Ethernet [UE9 Datasheet]
Log n or reg ster to post comments

Related application notes:
Network ng
Bas c Network ng & Troub eshoot ng
D rect Connect on v a Ethernet

UE9 Specific Information:
The UE9 has a 10Base-T Ethernet connect on. Th s connect on on y prov des commun cat on, so power must be prov ded by an
externa  power supp y or USB connect on.

UE9 commands (Sect on 5) can a  be sent us ng TCP, except for D scoveryUDP. A  commands, except stream re ated commands, can
a so be sent us ng UDP.

The Ethernet connect on on the UE9 has 1500 vo ts of ga van c so at on. As ong as the USB cab e s not connected, the overa
so at on eve  of the UE9 w  be determ ned by the power supp y. A  power supp es sh pped by LabJack Corporat on w th the UE9
have at east 500 vo ts of so at on.

See a note about power-over-Ethernet (POE) n Sect on 2.3.

The UE9 has a 10Base-T Ethernet connect on. Th s connect on on y prov des commun cat on, so power must be prov ded by an
externa  power supp y or USB connect on. The UE9 sh ps w th an Ethernet patch cab e that wou d norma y be used to connect to a hub
or sw tch. A d rect connect on from the UE9 to a computer m ght requ re a crossover cab e (not nc uded), but often the network
nterface card (NIC) on modern computers s capab e of automat ca y detect ng the s gna  or entat on and w  work w th e ther cab e
type (patch or crossover).
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The LEDs on a sw tch/hub/NIC can be used to determ ne f you have an e ectr ca y va d connect on. An orange LED s often used to
nd cate a good 10Base-T connect on, but consu t the manua  for the sw tch/nub/NIC to be sure. In the case of a d rect connect on
between PC and UE9, f W ndows says “A network cab e s unp ugged” or s m ar, t suggests that the UE9 s not powered or the wrong
type of cab e s connected.

Comp ex networks m ght requ re the ass stance of your network adm n strator to use the UE9, but the fo ow ng nformat on s often
suff c ent for bas c networks.

One bas c requ rement for TCP commun cat on s that the UE9 s IP address must be part of the subnet and not a ready used. Open a
command prompt w ndow and type “ pconf g” to see a st ng of the IP address and subnet mask for a part cu ar PC. If the PC shows a
subnet mask of 255.255.255.0, that means t can on y ta k to dev ces w th the same f rst 3 bytes of the IP address. The defau t IP
address of the UE9 s 192.168.1.209, wh ch w  genera y work on a network us ng the 192.168.1.* subnet (un ess another dev ce s
a ready us ng the .209 address). If the IP address of the UE9 needs to be changed, the eas est way s v a USB w th the LJContro Pane
app cat on.

LJContro Pane  and P ng (open a command prompt w ndow and type “p ng 192.168.1.209”) are usefu  ut t es for test ng bas c Ethernet
commun cat on. It s a good dea to attempt to P ng the des red IP address before connect ng the UE9, to see f anyth ng s a ready
us ng that address. A more extens ve Ethernet troub eshoot ng ut ty ca ed UE9ethertest s ava ab e. See the f e readme.txt n the
UE9ethertest.z p arch ve for more nformat on.

2.3 - Vext (Screw Terminals and Power Jack) [UE9 Datasheet]
Log n or reg ster to post comments

There are two connect ons for an externa  power supp y (Vext): a two-po e screw term na  or a 2.1 mm center-pos t ve power jack.
These connect ons are e ectr ca y the same, so genera y on y one s used at a t me. The nom na  power supp y vo tage for the UE9 s 5
vo ts. Power can be prov ded from the USB connect on (Vusb) or an externa  power supp y (Vext). The UE9 has an nterna
sem conductor sw tch that automat ca y se ects between Vusb and Vext. Both power sources can be connected at the same t me, and
e ther can be connected/d sconnected at any t me. As ong as one supp y rema ns va d, the UE9 w  operate norma y. If both Vusb and
Vext are connected and va d, the nterna  sw tch w  se ect Vext. The UE9 power supp y requ rement s nom na y 5 vo ts at <200 mA
(see Append x A). Th s s genera y prov ded by a wa -wart or wa -transformer type of supp y. A supp y capab e of 500 mA s
recommended. The power jack connector s 2.1 × 5.5 mm, center pos t ve. A near (regu ated) or sw tch ng supp y s acceptab e.
Sw tch ng supp es are genera y no s er than nears, but the UE9 s not part cu ar y sens t ve to power supp y no se, and most users w
not not ce any d fference. One opt on s the CUI EMSA050120K-P5P-SZ ava ab e from D g key, for wh ch you w  a so need a c p:
EMS-AU (Austra a), EMS-CC (Ch na), EMS-EU (Europe), EMS-UK (Un ted K ngdom), or EMS-US (Un ted States). A newer opt on s
the CUI SMI6-5-K-P5, where K means no c p but you can a so order w th d fferent c ps (uses the same EMS c ps ment oned
prev ous y). Another nterest ng opt on s a power-over-Ethernet (POE) adapter. The UE9 does not support POE tse f, but there are
POE adapters that sp t out the data and power n such a manner that s acceptab e for the UE9. These adapters cons st of an njector
and sp tter, and a s ng e Ethernet cab e carr es data and power between the two. LabJack Corporat on has done test ng w th the
WAPPOE un t from L nksys, wh ch s an off-the-she f POE adapter w th the proper connect ons for a UE9.

2.4 - Comm and Control LEDs [UE9 Datasheet]
Log n or reg ster to post comments

There s a ye ow LED assoc ated w th the Comm (commun cat on) processor, and a green LED assoc ated w th the Contro  processor.

The Comm LED f ashes on reset and USB enumerat on, and then on y turns on when there s commun cat on (USB/Ethernet) traff c.
Th s LED then turns off f there s no commun cat on for about 200 ms.

The Contro  LED norma y b nks cont nuous y at about 2.5 Hz. In f ash programm ng mode t b nks at about 8 Hz. If the LED s b nk ng
at about 0.5 Hz, that s gn f es the deprecated (no onger supported) ow power mode. Those b nk rates app y when the UE9 s d e, as
th s LED a so f ashes on Contro  processor act v ty.

Normal Power-Up LED Behavior: When the USB cab e s connected to the UE9 (no other connect ons at a  and no software runn ng),
both LEDs w  start b nk ng. The Comm LED w  b nk a few t mes and then turn off. The Contro  LED w  cont nue to b nk
cont nuous y.

2.5 - GND and SGND [UE9 Datasheet]
Log n or reg ster to post comments

The GND connect ons ava ab e at the screw-term na s and DB connectors prov de a common ground for a  LabJack funct ons. A
GND term na s are the same and connect to the same ground p ane. Th s ground s the same as the ground ne on the USB
connect on, wh ch s often the same as ground on the PC chass s and therefore AC ma ns ground. Th s ground s a so the same as the
ground on e ther Vext connect ons (wa -wart power jack or m nus screw term na s), but f an so ated supp y s used, such as the one
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nc uded w th the UE9, there s no common connect on to AC ma ns ground.

SGND s ocated near the upper- eft of the dev ce. Th s term na  has a se f-resett ng therma  fuse n ser es w th GND. Th s s often a
good term na  to use when connect ng the ground from another separate y powered system that cou d unknow ng y a ready share a
common ground w th the UE9.

The UE9 has separate ground p anes on the PCB for ana og and d g ta , but the p anes are shorted together so the user on y has to
cons der one common ground (GND).

See the AIN, DAC, and D g ta  I/O Sect ons for more nformat on about ground ng.

2.6 - VS [UE9 Datasheet]
Log n or reg ster to post comments

The VS term na s are des gned as outputs for the nterna  supp y vo tage (nom na y 5 vo ts). Th s w  be the vo tage prov ded from the
USB connect on (Vusb) or an externa  power supp y (Vext) as descr bed n Sect on 2.3. The VS connect ons are outputs, not nputs. Do
not connect a power source to VS. A  VS term na s are the same.

2.7 - AIN [UE9 Datasheet]
Log n or reg ster to post comments

AIN Overview

The LabJack UE9 has 14 user access b e ana og nputs bu t- n. A  the ana og nputs are ava ab e on the DB37 connector, and the f rst
4 are a so ava ab e on the bu t- n screw term na s.

The ana og nputs have var ab e reso ut on, where the t me requ red per samp e ncreases w th ncreas ng reso ut on. The va ue passed
for reso ut on s from 0-17, where 0-12 a  correspond to 12-b t reso ut on, and 17 st  resu ts n 16-b t reso ut on but w th m n mum
no se. The UE9-Pro has an add t ona  reso ut on sett ng of 18 that causes acqu s t ons to use the a ternate h gh-reso ut on converter
(24-b t s gma-de ta). Reso ut on s conf gured on a dev ce bas s, not for each channe .

The ana og nputs are connected to a h gh mpedance nput buffer. The nputs are not pu ed to 0.0 vo ts, as that wou d reduce the nput
mpedance, so read ngs obta ned from f oat ng channe s w  genera y not be 0.0 vo ts. The read ngs from f oat ng channe s depend on
adjacent channe s and samp e rate. See Sect on 2.7.3.8.

When scann ng mu t p e channe s, the nom na  channe -to-channe  de ay s spec f ed n Append x A, and nc udes enough sett ng t me
to meet the spec f ed performance. Some s gna  sources cou d benef t from ncreased sett ng, so a sett ng t me parameter s ava ab e
that adds extra de ay between conf gur ng the mu t p exers and acqu r ng a samp e. The passed sett ng t me va ue s mu t p ed by 5
m croseconds to get the approx mate extra de ay. Th s extra de ay w  mpact the max mum poss b e data rates.

2.7.1 - Channel Numbers [UE9 Datasheet]
Log n or reg ster to post comments

The LabJack UE9 has 16 tota  bu t- n ana og nputs. Two of these are connected nterna y (AIN14/AIN15), eav ng 14 user access b e
ana og nputs (AIN0-AIN13). The f rst 4 ana og nputs, AIN0-AIN3, appear both on the screw term na s and on the DB37 connector.
These connect ons are e ectr ca y the same, and the user must exerc se caut on on y to use one connect on or the other, and not
create a short c rcu t. Fo ow ng s a tab e show ng the channe  number to pass to acqu re d fferent read ngs from the nterna  channe s
(AIN14/15).

Table 2.7.1-1. Interna  Channe s

Channel#  
14 Vref (~2.43 V)
128 Vref (~2.43 V)
132 Vsupp y
133 Temp Sensor
15 GND
136 GND
140 Vsupp y
141 Temp Sensor
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GND and Vref connect 0.0 vo ts and about 2.43 vo ts to the nterna  channe s. These s gna s come through the same nput path as
channe s 0-13, and thus can be used to test var ous th ngs. Vsupp y connects the 5 vo t supp y vo tage (Vs) d rect y to the ana og to
d g ta  converter through a vo tage d v der that attenuates t by 40%. The attenuat on of th s vo tage d v der s not measured dur ng the
UE9 factory ca brat on, but the accuracy shou d typ ca y be w th n 0.2%. Note that a read ng from th s channe  returns Vs dur ng the
execut on of the command, and Vs m ght d p s ght y wh e ncreas ng a command due to the ncreased current draw of the UE9, thus
th s read ng m ght be s ght y ower than a comparat ve read ng from an externa  DMM wh ch averages over a onger t me. The channe s
w th the same names are dent ca . For nstance, channe  133 or 141 both read the same nterna  temperature sensor. See "Sect on
2.7.4":/support/ue9/users-gu de/2.7.4 for nformat on about the nterna  temperature sensor. The "Mux80":/cata og/mux80 accessory
uses mu t p exer ICs to eas y expand the tota  number of ana og nputs ava ab e from 14 to 84, or you can connect mu t p exer ch ps
yourse f. The DB37 connector has 3 MIO nes des gned to address expans on mu t p exer ICs ( ntegrated c rcu ts), a ow ng for up to
112 tota  externa  ana og nputs. The MAX4051A (max m- c.com) s a recommended mu t p exer, and a conven ent ±5.8 vo t power
supp y s ava ab e so the mu t p exers can pass b po ar s gna s (see Vm+/Vm- d scuss on n "Sect on 2.12":/support/ue9/users-
gu de/2.7.4). Note that the EB37 exper ment board accessory s a conven ent way to connect up to 7 MAX4051A mu t p exer ch ps, but
the UE9s ±5.8 vo t supp y shou d st  be used to power the ch ps as the ±10 vo t supp y on the EB37 s beyond the rat ng of the
MAX4051A. F gure 2-2 shows the typ ca  connect ons for a pa r of mu t p exers. 

Figure 2.7.1-2. Typ ca  Externa  Mu t p exer Connect ons

To make use of externa  mu t p exers, the user must be comfortab e read ng a s mp e schemat c (such as F gure 2-2) and mak ng bas c
connect ons on a so der ess breadboard (such as the "EB37 Exper ment Board":/cata og/eb37-exper ment-board). In t a y, t s
recommended to test the bas c operat on of the mu t p exers w thout the MIO nes connected. S mp y connect d fferent vo tages to NO0
and NO1, connect ADDA/ADDB/ADDC to GND, and the NO0 vo tage shou d appear on COM.  Then connect ADDA to VS and the NO1
vo tage shou d appear on COM. If any of the AIN channe  numbers passed to a UE9 funct on are n the range 16-127 (extended
channe s), the MIO nes w  automat ca y be set to output and the correct state wh e samp ng that channe . For nstance, a channe
number of 28 w  cause the MIO to be set to b100 and the ADC w  samp e AIN1. Channe  number bes des 16-127 w  have no affect
on the MIO. The extended channe  number mapp ng s shown n Tab e 2-2. For d fferent a  extended channe s, the pos t ve channe
must map to an even channe  from 0-12, and the negat ve channe  must map to the odd channe  1 h gher ( .e. 1-13). That means that
for extended channe  numbers the negat ve channe  must be 8 h gher than the pos t ve channe . For examp e, a va d d fferent a
extended channe  pa r wou d be Ch+ = AIN70 and Ch- = AIN78, s nce AIN70 maps to AIN6 and AIN78 maps to AIN7. For more
nformat on on d fferent a  extended channe s, see the "Mux80 Datasheet":/support/mux80/datasheet. In command/response mode,
after samp ng an extended channe  the MIO nes rema n n that same cond t on unt  commanded d fferent y by another extended
channe  or another funct on. When stream ng w th any extended channe s, the MIO nes are a  set to output- ow for any non extended
ana og channe s. For spec a  channe s (d g ta /t mers/counters), the MIO are dr ven to unspec f ed states. Note that the StopStream can
occur dur ng any samp e w th n a scan, so the MIO nes w  w nd up conf gured for any of the extended channe s n the scan. If a
stream does not have any extended channe s, the MIO nes are not affected.

Table 2.7.1-3. Expanded Channe  Mapp ng

UE9 MIO Mu t p exed
Channe Channe s
0 16-23
1 24-31
2 32-39
3 40-47
4 48-55
5 56-63
6 64-71
7 72-79
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8 80-87
9 88-95
10 96-103
11 104-111
12 112-119
13 120-127
14 128-135
15 136-143

2.7.2 - Converting Binary Readings to Voltages [UE9
Datasheet]
Log n or reg ster to post comments

Th s nformat on s on y needed when us ng ow- eve  funct ons and other ways of gett ng b nary read ngs. Read ngs n vo ts a ready
have the ca brat on constants app ed. The UD dr ver, for examp e, norma y returns vo tage read ngs un ess b nary read ngs are
spec f ca y requested.

Fo ow ng are the nom na  nput vo tage ranges for the ana og nputs.

Table 2.7.2-1. Nom na  ana og nput vo tage ranges

 Ga n Max V M n V
Un po ar 1 5.07 -0.01
Un po ar 2 2.53 -0.01
Un po ar 4 1.26 -0.01
Un po ar 8 0.62 -0.01
B po ar 1 5.07 -5.18

The h gh-reso ut on converter on the UE9-Pro on y supports the 0-5 and +/-5 vo t ranges.

The read ngs returned by the ana og nputs are raw b nary va ues ( ow eve  funct ons). An approx mate vo tage convers on can be
performed as:

Vo ts(unca brated) = (B ts/65536)*Span

Where span s the max mum vo tage m nus the m n mum vo tage from the tab e above. For a proper vo tage convers on, though, use
the ca brat on va ues (S ope and Offset) stored n the nterna  f ash on the Contro  processor.

Vo ts = (S ope * B ts) + Offset

In both cases, “B ts” s a ways a gned to 16-b ts, so f the raw b nary va ue s 24-b t data t must be d v ded by 256 before convert ng to
vo tage. B nary read ngs are a ways uns gned ntegers.

S nce the UE9 uses mu t p exers, a  channe s (except 129-135 and 137-143) have the same ca brat on for a g ven nput range.

See Sect on 5.6 for deta s about the ocat on of the UE9 ca brat on constants

2.7.3 - Typical Analog Input Connections [UE9 Datasheet]
Log n or reg ster to post comments

Typical Analog Input Connections Overview

A common quest on s “can th s sensor/s gna  be measured w th the UE9”. Un ess the s gna  has a vo tage (referred to UE9 ground)
beyond the m ts n Append x A, t can be connected w thout damag ng the UE9, but more thought s requ red to determ ne what s
necessary to make usefu  measurements w th the UE9 or any measurement dev ce.

Vo tage (versus ground): The ana og nputs on the UE9 measure a vo tage w th respect to UE9 ground. When measur ng parameters
other than vo tage, or vo tages too b g or too sma  for the UE9, some sort of sensor or transducer s requ red to produce the proper
vo tage s gna . Examp es are a temperature sensor, amp f er, res st ve vo tage d v der, or perhaps a comb nat on of such th ngs.

Impedance: When connect ng the UE9, or any measur ng dev ce, to a s gna  source, t must be cons dered what mpact the measur ng
dev ce w  have on the s gna . The ma n cons derat on s whether the currents go ng nto or out of the UE9 ana og nput w  cause
not ceab e vo tage errors due to the mpedance of the source. See Append x A for the recommended max mum source mpedance.
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Reso ut on (and Accuracy): Based on the se ected nput range and reso ut on of the UE9, the reso ut on can be determ ned n terms of
vo tage or eng neer ng un ts. For examp e, assume some temperature sensor prov des a 0-10 mV s gna , correspond ng to 0-100
degrees C. Samp es are then acqu red w th the UE9 us ng the 0-5 vo t nput range and 16-b t reso ut on, resu t ng n a vo tage
reso ut on of about 5/65536 = 76 µV. That means there w  be about 131 d screte steps across the 10 mV span of the s gna , and the
overa  reso ut on s 0.76 degrees C. If th s exper ment requ red a reso ut on of 0.1 degrees C, th s conf gurat on wou d not be suff c ent.
Accuracy w  a so need to be cons dered. Append x A p aces some boundar es on expected accuracy, but an n-system ca brat on can
genera y be done to prov de abso ute accuracy down to the INL m ts of the UE9.

Speed: How fast does the s gna  need to be samp ed? For nstance, f the s gna  s a waveform, what nformat on s needed: peak,
average, RMS, shape, frequency, … ? Answers to these quest ons w  he p dec de how many po nts are needed per waveform cyc e,
and thus what samp ng rate s requ red. In the case of mu t p e channe s, the scan rate s a so cons dered. See Sect ons 3.1 and 3.2.

2.7.3.1 - Signal from the LabJack [UE9 Datasheet]
Log n or reg ster to post comments

Each ana og nput on the UE9 measures the d fference n vo tage between that nput and ground (GND). S nce a  I/O on the UE9 share
a common ground, the vo tage on a d g ta  output or ana og output can be measured by s mp y connect ng a s ng e w re from that
term na  to an AINx term na .

2.7.3.2 - Unpowered Isolated Signal [UE9 Datasheet]
Log n or reg ster to post comments

An examp e of an unpowered so ated s gna  wou d be a thermocoup e or photoce  where the sensor eads are not shorted to any
externa  vo tages. Such a sensor typ ca y has two eads. The pos t ve ead connects to an AINx term na  and the negat ve ead connects
to a GND term na .

An except on m ght be a thermocoup e housed n a meta  probe where the negat ve ead of the thermocoup e s shorted to the meta
probe hous ng. If th s probe s put n contact w th someth ng (eng ne b ock, p pe, …) that s connected to ground or some other externa
vo tage, care needs to be taken to nsure va d measurements and prevent damage.

2.7.3.3 - Signal Powered by the LabJack [UE9 Datasheet]
Log n or reg ster to post comments

A typ ca  examp e of th s type of s gna  s a 3-w re temperature sensor. The sensor has a power and ground w re that connect to Vs and
GND on the LabJack, and then has a s gna  w re that s mp y connects to an AINx term na .

Another var at on s a 4-w re sensor where there are two s gna  w res (pos t ve and negat ve) rather than one. If the negat ve s gna  s
the same as power ground, or can be shorted ground, then the pos t ve s gna  can be connected to AINx and a measurement can be
made. A typ ca  examp e where th s does not work s a br dge type sensor, such as pressure sensor, prov d ng the raw br dge output
(and no amp f er). In th s case the s gna  vo tage s the d fference between the pos t ve and negat ve s gna , and the negat ve s gna
cannot be shorted to ground. An nstrumentat on amp f er s requ red to convert the d fferent a  s gna  to s gna -ended, and probab y
a so to amp fy the s gna .

2.7.3.4 - Signal Powered Externally [UE9 Datasheet]
Log n or reg ster to post comments

An examp e s a box w th a w re com ng out that s def ned as a 0-5 vo t ana og s gna  and a second w re abe ed as ground. The s gna
s known to have 0-5 vo ts compared to the ground w re, but the comp cat on s what s the vo tage of the box ground compared to the
LabJack ground.

If the box s known to be e ectr ca y so ated from the LabJack, the box ground can s mp y be connected to LabJack GND. An examp e
wou d be f the box was p ast c, powered by an nterna  battery, and does not have any w res bes des the s gna  and ground wh ch are
connected to AINx and GND on the LabJack. Such a case s obv ous y so ated and easy to keep so ated. In pract ca  app cat ons,
though, s gna s thought to be so ated are often not at a , or perhaps are so ated at some t me but the so at on s eas y ost at another
t me.

If the box ground s known to be the same as the LabJack GND, then perhaps on y the one s gna  w re needs to be connected to the
LabJack, but t genera y does not hurt to go ahead and connect the ground w re to LabJack GND w th a 100 Ω res stor. You def n te y
do not want to connect the grounds w thout a res stor.

If tt e s known about the box ground, a DMM can be used to measure the vo tage of box ground compared to LabJack GND. As ong
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as an extreme vo tage s not measured, t s genera y OK to connect the box ground to LabJack GND, but t s a good dea to put n a
100 Ω ser es res stor to prevent arge currents from f ow ng on the ground. Use a sma  wattage res stor (typ ca y 1/8 or 1/4 watt) so that
t b ows f too much current does f ow. The on y current that shou d f ow on the ground s the return of the ana og nput b as current,
wh ch s on the order of nanoamps for the UE9.

The SGND term na  can be used nstead of GND for externa y powered s gna s. A ser es res stor s not needed as SGND s fused to
prevent overcurrent, but a res stor w  e m nate confus on that can be caused f the fuse s tr pp ng and resett ng.

In genera , f there s uncerta nty, a good approach s to use a DMM to measure the vo tage on each s gna /ground w re w thout any
connect ons to the UE9. If no arge vo tages are noted, connect the ground to UE9 SGND w th a 100 Ω ser es res stor. Then aga n use
the DMM to measure the vo tage of each s gna  w re before connect ng to the UE9.

Another good genera  ru e s to use the m n mum number of ground connect ons. For nstance, f connect ng 8 sensors powered by the
same externa  supp y, or otherw se referred to the same externa  ground, on y a s ng e ground connect on s needed to the UE9.
Perhaps the ground eads from the 8 sensors wou d be tw sted together, and then a s ng e w re wou d be connected to a 100 Ω res stor
wh ch s connected to UE9 ground.

2.7.3.5 - Amplifying Small Signal Voltages [UE9 Datasheet]
Log n or reg ster to post comments

The best resu ts are genera y obta ned when a s gna  vo tage spans the fu  ana og nput range of the LabJack. If the s gna  s too sma
t can be amp f ed before connect ng to the LabJack. One good way to hand e ow- eve  s gna s such as thermocoup es s the LJT ck-
InAmp, wh ch s a 2-channe  nstrumentat on amp f er modu e that p ugs nto the UE9 screw-term na s.

For a do- t-yourse f so ut on, the fo ow ng f gure shows an operat ona  amp f er (op-amp) conf gured as non- nvert ng:

Figure 2.7.3.5-1. Non-Invert ng Op-Amp Conf gurat on

The ga n of th s conf gurat on s:

Vout = Vin * (1 + (R2/R1))

100 kΩ s a typ ca  va ue for R2. Note that f R2=0 (short-c rcu t) and R1= nf (not nsta ed), a s mp e buffer w th a ga n equa  to 1 s the
resu t.

There are numerous cr ter a used to choose an op-amp from the thousands that are ava ab e. One of the ma n cr ter a s that the op-
amp can hand e the nput and output s gna  range. Often, a s ng e-supp y ra -to-ra  nput and output (RIRO) s used as t can be
powered from Vs and GND and pass s gna s w th n the range 0-Vs. The OPA344 from Texas Instruments (t .com) s good for many 5
vo t app cat ons. The max supp y rat ng for the OPA344 s 5.5 vo ts, so for app cat ons us ng Vm+/Vm- (~12 vo ts) or us ng the ±10 vo t
supp y on the EB37, the LT1490A from L near Techno og es ( near.com) m ght be a good opt on.

The op-amp s used to amp fy (and buffer) a s gna  that s referred to the same ground as the LabJack (s ng e-ended). If nstead the
s gna  s d fferent a  ( .e. there s a pos t ve and negat ve s gna  both of wh ch are d fferent than ground), an nstrumentat on amp f er ( n-
amp) shou d be used. An n-amp converts a d fferent a  s gna  to s ng e-ended, and genera y has a s mp e method to set ga n.

The EB37 exper ment board s handy for bu d ng these c rcu ts.
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2.7.3.6 - Signal Voltages Beyond ±5 Volts (and Resistance
Measurement) [UE9 Datasheet]
Log n or reg ster to post comments

The nom na  max mum ana og nput vo tage range for the UE9 s ±5 vo ts. The eas est way to hand e arger vo tages s often by us ng
the LJT ck-D v der, wh ch s a two channe  buffered d v der modu e that p ugs nto the UE9 screw-term na s.

The bas c way to hand e h gher vo tages s w th a res st ve vo tage d v der. F gure 2.7.3.6-1 shows the res st ve vo tage d v der
assum ng that the source vo tage (V n) s referred to the same ground as the UE9 (GND).

Figure 2.7.3.6-1. Vo tage D v der C rcu t

The attenuat on of th s c rcu t s determ ned by the equat on:

Vout = Vin * ( R2 / (R1+R2))

Th s d v der s eas y mp emented by putt ng a res stor (R1) n ser es w th the s gna  w re, and p ac ng a second res stor (R2) from the
AIN term na  to a GND term na . To ma nta n spec f ed ana og nput performance, R1 shou d not exceed 10 kΩ, so R1 can genera y be
f xed at 10 kΩ and R2 can be adjusted for the des red attenuat on. For nstance, R1 = R2 = 10 kΩ prov des a d v de by 2, so a ±10 vo t
nput w  be sca ed to ±5 vo ts and a 0-10 vo t nput w  be sca ed to 0-5 vo ts.

The d v de by 2 conf gurat on where R1 = R2 = 10 kΩ, presents a 20 kΩ oad to the source, mean ng that a ±10 vo t s gna  w  have to
be ab e to source/s nk up to ±500 µA. Some s gna  sources m ght requ re a oad w th h gher res stance, n wh ch case a buffer shou d be
used. F gure 2.7.3.6-2 shows a res st ve vo tage d v der fo owed by an op-amp conf gured as non- nvert ng un ty-ga n ( .e. a buffer).

Figure 2.7.3.6-2. Buffered Vo tage D v der C rcu t

The op-amp s chosen to have ow nput b as currents so that arge res stors can be used n the vo tage d v der. The LT1490A from
L near Techno og es ( near.com) s a good cho ce for dua -supp y app cat ons. The LT1490A on y draws 40 µA of supp y current, thus
many of these amps can be powered from the Vm+/Vm- supp y on the UE9, and can pass s gna s n the ±5 vo t range. S nce the nput
b as current s on y -1 nA, arge d v der res stors such as R1 = R2 = 470 kΩ w  on y cause an offset of about -470 µV, and yet present a
oad to the source of about 1 megaohm.

For 0-5 vo t app cat ons, where the amp w  be powered from Vs and GND, the LT1490A s not the best cho ce. When the amp f er
nput vo tage s w th n 800 mV of the pos t ve supp y, the b as current jumps from -1 nA to +25 nA, wh ch w th R1 = 470 kΩ w  cause
the offset to change from -470 µV to +12 mV. A better cho ce n th s case wou d be the OPA344 from Texas Instruments (t .com). The
OPA344 has a very sma  b as current that changes tt e across the ent re vo tage range. Note that when power ng the amp from Vs
and GND, the nput and output to the op-amp s m ted to that range, so f Vs s 4.8 vo ts your s gna  range w  be 0-4.8 vo ts. If th s s a
concern, use the externa  wa -wart to supp y power to the UE9 as t typ ca y keeps Vs around 5.2 vo ts.

The EB37 exper ment board s handy for bu d ng these c rcu ts.
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The nformat on above a so app es to res stance measurement. A common way to measure res stance s to bu d a vo tage d v der as
shown n F gure 2.7.3.6-1, where one of the res stors s known and the other s the unknown. If V n s known and Vout s measured, the
vo tage d v der equat on can be rearranged to so ve for the unknown res stance.

2.7.3.7 - Measuring Current (Including 4-20 mA) with a
Resistive Shunt [UE9 Datasheet]
Log n or reg ster to post comments

The best way to hand e 4-20 mA s gna s s w th the LJT ck-CurrentShunt, wh ch s a two channe  act ve current to vo tage converter
modu e that p ugs nto the UE9 screw-term na s.

F gure 2.7.3.7-1 shows a typ ca  method to measure the current through a oad, or to measure the 4-20 mA s gna  produced by a 2-w re
( oop-powered) current oop sensor. The current shunt shown n the f gure s s mp y a res stor.

Figure 2.7.3.7-1. Current Measurement W th Arb trary Load or 2-W re 4-20 mA Sensor

When measur ng a 4-20 mA s gna , a typ ca  va ue for the shunt wou d be 240 Ω. Th s resu ts n a 0.96 to 4.80 vo t s gna  correspond ng
to 4-20 mA. The externa  supp y must prov de enough vo tage for the sensor and the shunt, so f the sensor requ res 5 vo ts the supp y
must prov de at east 9.8 vo ts.

For app cat ons bes des 4-20 mA, the shunt s chosen based on the max mum current and how much vo tage drop can be to erated
across the shunt. For nstance, f the max mum current s 1.0 amp, and 2.5 vo ts of drop s the most that can be to erated w thout
affect ng the oad, a 2.4 Ω res stor cou d be used. That equates to 2.4 watts, though, wh ch wou d requ re a spec a  h gh wattage
res stor. A better so ut on wou d be to use a 0.1 Ω shunt, and then use an amp f er to ncrease the sma  vo tage produced by that
shunt. If the max mum current to measure s too h gh (e.g. 100 amps), t w  be d ff cu t to f nd a sma  enough res stor and a Ha  effect
sensor shou d be cons dered nstead of a shunt.

The fo ow ng f gure shows typ ca  connect ons for a 3-w re 4-20 mA sensor. A typ ca  va ue for the shunt wou d be 240 Ω wh ch resu ts
n 0.96 to 4.80 vo ts.

Figure 2.7.3.7-2. Current Measurement W th 3-W re 4-20 mA (Sourc ng) Sensor

The sensor shown n F gure 2.7.3.7-2 s a sourc ng type, where the s gna  sources the 4-20 mA current wh ch s then sent through the
shunt res stor and sunk nto ground. Another type of 3-w re sensor s the s nk ng type, where the 4-20 mA current s sourced from the
pos t ve supp y, sent through the shunt res stor, and then sunk nto the s gna  w re. If sensor ground s connected to UE9 ground, the
s nk ng type of sensor presents a coup e of prob ems, as the vo tage across the shunt res stor s d fferent a  (ne ther s de s at ground)
and at east one s de of the res stor has a h gh common mode vo tage (equa  to the pos t ve sensor supp y). If the sensor and/or UE9
are so ated, a poss b e so ut on s to connect the sensor s gna  or pos t ve sensor supp y to UE9 ground ( nstead of sensor ground).
Th s requ res a good understand ng of ground ng and so at on n the system. The LJT ck-CurrentShunt s often a s mp e so ut on.

Both F gure 2.7.3.7-1 and 2.7.3.7-2 show a 0-100 Ω res stor n ser es w th SGND, wh ch s d scussed n genera  n Sect on 2.7.3.4. In
th s case, f SGND s used (rather than GND), a d rect connect on (0 Ω) shou d be good.

The best way to hand e 4-20 mA s gna s s w th the LJT ck-CurrentShunt, wh ch s a two channe  act ve current to vo tage converter
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modu e that p ugs nto the UE9 screw-term na s.

2.7.3.8 - Floating/Unconnected Inputs [UE9 Datasheet]
Log n or reg ster to post comments

The read ng from a f oat ng (no externa  connect on) ana og nput channe  can be tough to pred ct and s ke y to vary w th samp e
t m ng and adjacent samp ed channe s.  Keep n m nd that a f oat ng channe  s not at 0 vo ts, but rather s at an undef ned vo tage.  In
order to see 0 vo ts, a 0 vo t s gna  (such as GND) shou d be connected to the nput.

Some data acqu s t on dev ces use a res stor, from the nput to ground, to b as an unconnected nput to read 0.  Th s s often just for
“cosmet c” reasons so that the nput reads c ose to 0 w th f oat ng nputs, and a reason not to do that s that th s res stor can degrade the
nput mpedance of the ana og nput.

In a s tuat on where t s des red that a f oat ng channe  read a part cu ar vo tage, say to detect a broken w re, a res stor can be p aced
from the AINx screw term na  to the des red vo tage (GND, VS, DACx, …).  A 10 kΩ res stor w  pu  the ana og nput read ngs to w th n
1 b nary count of any des red vo tage, but obv ous y degrades the nput mpedance to 10 kΩ. For the spec f c case of pu ng a f oat ng
channe  to 0 vo ts, a 100 kΩ res stor to GND can typ ca y be used to prov de ana og nput read ngs w th n 100 mV of ground.

2.7.4 - Internal Temperature Sensor [UE9 Datasheet]
Log n or reg ster to post comments

The UE9 has an nterna  temperature sensor. A though th s sensor measures the temperature ns de the UE9, t has been ca brated to
read amb ent temperature. For accurate measurements the temperature of the ent re UE9 must stab ze re at ve to the amb ent
temperature, wh ch can take on the order of 1 hour. Best resu ts w  be obta ned n st  a r n an env ronment w th s ow y chang ng
amb ent temperatures.

The nterna  temperature sensor s a so affected by the operat ng speed of the UE9. W th Contro  f rmware V1.08 or h gher, the UE9 s
n h gh power mode by defau t, wh ch s assumed by the LabJack UD dr ver.

W th the UD dr ver, the nterna  temperature sensor s read by acqu r ng ana og nput channe  133 or 141, and returns degrees K.

2.8 - DAC [UE9 Datasheet]
Log n or reg ster to post comments

DAC Overview

There are two DACs (d g ta -to-ana og converters or ana og outputs) on the UE9. Each DAC can be set to a vo tage between about 0.02
and 4.86 vo ts w th 12-b ts of reso ut on.

A though the DAC va ues are based on an abso ute reference vo tage, and not the supp y vo tage, the DAC output buffers are powered
nterna y by Vs and thus the max mum output s m ted to s ght y ess than Vs. Another mp cat on of th s s that h gh frequency power
supp y no se m ght coup e to the ana og outputs.

The ana og output commands are sent as raw b nary va ues ( ow eve  funct ons). For a des red output vo tage, the b nary va ue can be
approx mated as:

B ts(unca brated) = (Vo ts/4.86)*4096

For a proper ca cu at on, though, use the ca brat on va ues (S ope and Offset) stored n the nterna  f ash on the Contro  processor
(Tab e 2-4):

B ts = (S ope * Vo ts) + Offset

The DACs appear both on the screw term na s and on the DB37 connector. These connect ons are e ectr ca y the same, and the user
must exerc se caut on on y to use one connect on or the other, and not create a short c rcu t.

The DACS on the UE9 can be d sab ed. Pr or to contro  f rmware 1.98 when d sab ed they are p aced n a h gh- mpedance state,
f rmware 1.98 and ater a ways eaves the DACs enab ed. Both DACs are enab ed or d sab ed at the same t me, so f a command
causes one DAC to be enab ed the other s a so enab ed.

The power-up cond t on of the DACs can be conf gured by the user. From the factory, the DACS defau t to enab ed at m n mum vo tage
(~0 vo ts). Note that even f the power-up defau t for a ne s changed to a d fferent vo tage or d sab ed, there s a de ay of about 100 ms
at power-up where the DACs are n the factory defau t cond t on.
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The ana og outputs can w thstand a cont nuous short-c rcu t to ground, even when set at max mum output.

Vo tage shou d never be app ed to the ana og outputs, as they are vo tage sources themse ves. In the event that a vo tage s
acc denta y app ed to e ther ana og output, they do have protect on aga nst trans ent events such as ESD (e ectrostat c d scharge) and
cont nuous overvo tage (or undervo tage) of a few vo ts.

There s an accessory ava ab e from LabJack ca ed the LJT ck-DAC that prov des a pa r of 14-b t ana og outputs w th a range of ±10
vo ts. The LJT ck-DAC p ugs nto any d g ta  I/O b ock, and thus up to 10 of these can be used per UE9 to add 20 ana og outputs.

2.8.1 - Typical Analog Output Connections [UE9 Datasheet]
Log n or reg ster to post comments

2.8.1 - Typical Analog Output Connections [UE9 Datasheet]
Log n or reg ster to post comments

The DACs on the UE9 can output qu te a b t of current, but have 50 Ω of source mpedance that w  cause vo tage drop. To avo d th s
vo tage drop, an op-amp can be used to buffer the output, such as the non- nvert ng conf gurat on shown n F gure 2-3. A s mp e RC
f ter can be added between the DAC output and the amp nput for further no se reduct on. Note that the ab ty of the amp to
source/s nk current near the power ra s must st  be cons dered. A poss b e op-amp cho ce wou d be the TLV246x fam y (t .com).

2.8.1.2 - Different Output Ranges [UE9 Datasheet]
Log n or reg ster to post comments

There s an accessory ava ab e from LabJack ca ed the LJT ck-DAC that prov des a pa r of 14-b t ana og outputs w th a range of ±10
vo ts. The LJT ck-DAC p ugs nto any d g ta  I/O b ock, and thus up to 10 of these can be used per UE9 to add 20 ana og outputs.

The typ ca  output range of the DACs s about 0.02 to 4.86 vo ts. For other un po ar ranges, an op-amp n the non- nvert ng
conf gurat on (F gure 2-3) can be used to prov de the des red ga n. For examp e, to ncrease the max mum output from 4.86 vo ts to
10.0 vo ts, a ga n of 2.06 s requ red. If R2 ( n F gure 2-3) s chosen as 100 kΩ, then an R1 of 93.1 kΩ s the c osest 1% res stor that
prov des a ga n greater than 2.06. The +V supp y for the op-amp wou d have to be greater than 10 vo ts.

For b po ar output ranges, such as ±10 vo ts, a s m ar op-amp c rcu t can be used to prov de ga n and offset, but of course the op-amp
must be powered w th supp es greater than the des red output range (depend ng on the ab ty of the op-amp to dr ve t s outputs c ose
to the power ra s). For examp e, the EB37 exper ment board prov des power supp es that are typ ca y ±9.5 vo ts. If these supp es are
used to power the LT1490A op-amp ( near.com), wh ch has ra -to-ra  capab t es, the outputs cou d be dr ven very c ose to ±9.5 vo ts.
If ±12 or ±15 vo t supp es are ava ab e, then the op-amp m ght not need ra -to-ra  capab t es to ach eve the des red output range.

A reference vo tage s a so requ red to prov de the offset. In the fo ow ng c rcu t, DAC1 s used to prov de a reference vo tage. The
actua  va ue of DAC1 can be adjusted such that the c rcu t output s 0 vo ts at the DAC0 m d-sca e vo tage, and the va ue of R1 can be
adjusted to get the des red ga n. A f xed reference (such as 2.5 vo ts) cou d a so be used nstead of DAC1.

Figure 2.8.1.2-1. ±10 Vo t DAC Output C rcu t

A two-po nt ca brat on shou d be done to determ ne the exact nput/output re at onsh p of th s c rcu t. Refer to app cat on note
SLOA097 from t .com for further nformat on about ga n and offset des gn w th op-amps.
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2.9 - Digital I/O [UE9 Datasheet]
Log n or reg ster to post comments

Digital I/O Overview
The LabJack UE9 has 23 d g ta  I/O. The LabJackUD dr ver uses the fo ow ng b t numbers to spec fy a  the d g ta  nes:

0 7    F O0 F O7
8 15   E O0 E O7
16 19  C O0 C O3
20 22  M O0 M O2

The "F", "E", "C", and "M" des gnators have tt e spec a  mean ng.  They are just arb trary etters used to des gnate d fferent group ngs
of d g ta  I/O.  The gener c des gnator DIOx s somet mes used to spec fy any d g ta  I/O from 0 to 22, so for examp e an a ternat ve
name for EIO0 s DIO8.

The UE9 has 8 FIO. The f rst 4 nes, FIO0-FIO3, appear both on the screw term na s and on the DB37 connector. These connect ons
are e ectr ca y the same, and the user must exerc se caut on on y to use one connect on or the other, and not create a short c rcu t. The
upper 4 nes appear on y on the DB37 connector. By defau t, the FIO nes are d g ta  I/O, but they can a so be conf gured as up to 6
t mers and 2 counters (see T mers/Counters Sect on of th s User s Gu de).

The 8 EIO and 4 CIO nes appear on y on the DB15 connector. See the DB15 Sect on of th s User s Gu de for more nformat on.

MIO are standard d g ta  I/O that a so have a spec a  mu t p exer contro  funct on descr bed n Sect on 2.7 above (AIN). The MIO are
addressed as d g ta  I/O b ts 20-22 by the W ndows dr ver. The MIO hardware (e ectr ca  spec f cat ons) s the same as the EIO/CIO
hardware.

 

Max Current & Overvoltage Protection

A  the d g ta  I/O nc ude an nterna  ser es res stor that prov des overvo tage/short-c rcu t protect on. These ser es res stors a so m t the
ab ty of these nes to s nk or source current. Refer to the spec f cat ons n Append x A.

 

Tri-State I/O

A  d g ta  I/O on the UE9 have 3 poss b e states: nput, output-h gh, or output- ow. Each b t of I/O can be conf gured nd v dua y. When
conf gured as an nput, a b t has a ~100 kΩ pu -up res stor to 3.3 vo ts (a  d g ta  I/O are 5 vo t to erant). When conf gured as output-
h gh, a b t s connected to the nterna  3.3 vo t supp y (through a ser es res stor). When conf gured as output- ow, a b t s connected to
GND (through a ser es res stor).

When on y ght y oaded, an nput term na  w  measure about 3.3 vo ts f measured w th a DMM, and thus t can be tough to use a
DMM to te  whether a ne s set to nput or output-h gh.  A coup e t ps to te  the d fference:

1. Look for a s ght change where output-h gh measures a tt e h gher. For examp e, a DMM m ght show 3.300 for nput and 3.315 for
output-h gh.

2. Add a oad res stor. If you add a 100k from DIOx to GND, t shou d read about 1.6V for nput and 3.3V for output-h gh.

 

5 Volt Output

The fact that the d g ta  I/O are spec f ed as 5-vo t to erant means that 5 vo ts can be connected to a d g ta  nput w thout prob ems (see
the actua  m ts n the spec f cat ons n Append x A). If 5 vo ts s needed from a d g ta  output, cons der the fo ow ng so ut ons:

Use the LJT ck-D g ta Out5V to convert a pa r of d g ta  outputs to 5V og c.
In some cases, an open-co ector sty e output can be used to get a 5V s gna .  To get a ow set the ne to output-low, and to get a
h gh set the ne to input (... note that th s does not work w th t mer outputs, e.g. PWM, as they togg e the ne between output- ow
and output-h gh).  When the ne s set to nput, the vo tage on the ne s determ ned by a pu -up res stor.  The U3 has an nterna
~100k res stor to 3.3V, but an externa  res stor can be added to a d fferent vo tage.  Whether th s w  work depends on how much
current the oad s go ng to draw and what the requ red og c thresho ds are. Say for examp e a 10k res stor s added from EIO0 to
VS. EIO0 has an nterna  100k pu -up to 3.3 vo ts and a ser es output res stance of about 180 ohms. Assume the oad draws just
a few m croamps or ess and thus s neg g b e. When EIO0 s set to nput, there w  be 100k to 3.3 vo ts n para e  w th 10k to 5
vo ts, and thus the ne w  s t at about 4.85 vo ts. When the ne s set to output- ow, there w  be 180 ohms n ser es w th the 10k,
so the ne w  be pu ed down to about 0.1 vo ts.
A suref re way to get 5 vo ts from a d g ta  output s to add a s mp e og c buffer IC that s powered by 5 vo ts and recogn zes 3.3
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vo ts as a h gh nput. Cons der the CD74ACT541E from TI (or the nvert ng CD74ACT540E). A  that s needed s a few w res to
br ng VS, GND, and the s gna  from the LabJack to the ch p. Th s ch p can eve  sh ft up to e ght 0/3.3 vo t s gna s to 0/5 vo t
s gna s and prov des h gh output dr ve current (+/-24 mA).
Note that the 2 DAC channe s on the U3 can be set to 5 vo ts, prov d ng 2 output nes w th such capab ty.

 

Basic Tests

For bas c test ng use the Test Pane  n LJContro Pane  to change the state of a part cu ar DIO wh e us ng a DMM to measure the
vo tage of that DIO versus GND. (Make sure DMM eads are proper y connected.)

Be ow are typ ca  vo tages w th:

No oad
1k res stor from DIO to GND
1k res stor from DIO to VS

The va ues are a tt e d fferent for FIO versus EIO/CIO as the atter has ess ser es mpedance.

FIO

 FIO vs GND w th no oad

 Input 3.28 vo ts

 Output- ow 0.02 vo ts

 Output-h gh 3.30 vo ts

   

 FIO vs GND w th a 1k res stor nsta ed FIO to GND

 Input 0.025 vo ts

 Output- ow 0.015 vo ts

 Output-h gh 2.2 vo ts

   

 FIO vs GND w th a 1k res stor nsta ed FIO to VS

 Input 5.0 vo ts

 Output- ow 1.7 vo ts

 Output-h gh 3.9 vo ts

   

EIO/CIO

 EIO/CIO vs GND w th no oad

 Input 3.29 vo ts

 Output- ow 0.03 vo ts

 Output-h gh 3.30 vo ts

   

 EIO/CIO vs GND w th a 1k res stor nsta ed EIO/CIO to
GND

 Input 0.025 vo ts

 Output- ow 0.027 vo ts

 Output-h gh 2.9 vo ts

   

 EIO/CIO vs GND w th a 1k res stor nsta ed EIO/CIO to VS

 Input 5.0 vo ts

 Output- ow 0.6 vo ts

 Output-h gh 3.6 vo ts
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Boot-Up Defaults

The power-up cond t on of the d g ta  I/O can be conf gured by the user w th the "Conf g Defau ts" opt on n LJContro Pane .  From the
factory, a  d g ta  I/O are conf gured to power-up as nputs. Note that even f the power-up defau t for a ne s changed to output-h gh or
output- ow, there s a de ay of about 100 ms at power-up where a  d g ta  I/O are n the factory defau t cond t on.  For more
nformat on see th s forum top c.

 

Why Are My Digital I/O "High" at Boot-Up?

The mp ed quest on here s "why do my DIO boot up as output-h gh from the factory".  The answer s that per the "Boot-Up Defau ts"
sect on above the factory defau t state for a  DIO s nput, but s nce nputs have a 100k nterna  pu -up they w  read 3.3 vo ts f on y
ght y oaded.  So ke y you are see ng that the state of your DIO s nput, not output-h gh.  A so see the "Tr -State I/O" sect on above.

 

Making An Input Read Low By Default

If you want a f oat ng d g ta  nput to read ow, an externa  pu -down res stor can be added to overpower the nterna  100k pu -up.  4.7k
to 22k wou d be a typ ca  range for th s pu -down, w th 10k be ng a so d cho ce for most app cat ons.

 

Software Interface

The ow- eve  Feedback funct on (Sect on 5.3.3) wr tes and reads a  d g ta  I/O.  For nformat on about us ng the d g ta  I/O under the
W ndows LabJackUD dr ver see Sect on 4.3.5.  See Sect on 3 for t m ng nformat on.

 

Bit-Packed Integers

Many funct on parameters conta n spec f c b ts w th n a s ng e nteger parameter to wr te/read spec f c nformat on. In part cu ar, most
d g ta  I/O parameters conta n the nformat on for each b t of I/O n one nteger, where each b t of I/O corresponds to the same b t n the
parameter (e.g. the d rect on of FIO0 s set n b t 0 of parameter FIOD r). For nstance, n the ow- eve  funct on Conf gU3, the parameter
FIOD rect on s a s ng e byte (8 b ts) that wr tes/reads the power-up d rect on of each of the 8 FIO nes:

f FIOD rect on s 0, a  FIO nes are nput,
f FIOD rect on s 1 (20), FIO0 s output, FIO1-FIO7 are nput,
f FIOD rect on s 5 (20 + 22), FIO0 and FIO2 are output, a  other FIO nes are nput,

f FIOD rect on s 255 (20 + … + 27), FIO0-FIO7 are output.

 

Duplicated Terminals (FIO0-FIO3)

FIO0-FIO3 appear on the bu t- n screw-term na s and a so on the DB37 connector.  You shou d on y connect to one or the other, not
both at the same t me.

On the UE9, the FIOx that appears on the screw-term na s s d rect y shorted to the FIOx that appears on the DB37.  Then there s a
s ng e 470 ohm res stor n ser es w th that po nt and the nterna  d g ta  I/O c rcu try.  Note that th s s s ght y d fferent than other dev ces
w th a DB37 connector (U6, T7).

 

 

2.9.1 - Typical Digital I/O Connections [UE9 Datasheet]
Log n or reg ster to post comments

2.9.1.1 - Input: Driven Signals [UE9 Datasheet]
Log n or reg ster to post comments
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The most bas c connect on to a UE9 d g ta  nput s a dr ven s gna , often ca ed push-pu . W th a push-pu  s gna  the source s typ ca y
prov d ng a h gh vo tage for og c h gh and zero vo ts for og c ow. Th s s gna  s genera y connected d rect y to the UE9 d g ta  nput,
cons der ng the vo tage spec f cat ons n Append x A. If the s gna  s over 5 vo ts, t can st  be connected w th a ser es res stor. The
d g ta  nputs have protect ve dev ces that c amp the vo tage at GND and VS, so the ser es res stor s used to m t the current through
these protect ve dev ces. For nstance, f a 24 vo t s gna  s connected through a 22 kΩ ser es res stor, about 19 vo ts w  be dropped
across the res stor, resu t ng n a current of about 0.9 mA, wh ch s no prob em for the UE9. The ser es res stor shou d be 22 kΩ or ess,
to make sure the vo tage on the I/O ne when ow s pu ed be ow 1.0 vo ts.

The other poss b e cons derat on w th the bas c push-pu  s gna  s the ground connect on. If the s gna  s known to a ready have a
common ground w th the UE9, then no add t ona  ground connect on s used. If the s gna  s known to not have a common ground w th
the UE9, then the s gna  ground can s mp y be connected to UE9 GND. If there s uncerta nty about the re at onsh p between s gna
ground and UE9 ground (e.g. poss b e common ground through AC ma ns), then a ground connect on w th a 100 Ω ser es res stor s
genera y recommended (see Sect on 2.7.3.4).

Figure 2.9.1.1-1. Dr ven S gna  Connect on To D g ta  Input

F gure 2.9.1.1-1 shows typ ca  connect ons. Rground s typ ca y 0-100 Ω. Rser es s typ ca y 0 Ω (short-c rcu t) for 3.3/5 vo t og c, or 22
kΩ (max) for h gh-vo tage og c. Note that an nd v dua  ground connect on s often not needed for every s gna . Any s gna s powered by
the same externa  supp y, or otherw se referred to the same externa  ground, shou d share a s ng e ground connect on to the UE9 f
poss b e.

When dea ng w th a new sensor, a push-pu  s gna  s often ncorrect y assumed when n fact the sensor prov des an open-co ector
s gna  as descr bed next.

2.9.1.2 - Input: Open-Collector Signals [UE9 Datasheet]
Log n or reg ster to post comments

 

 

For detai s about open co ector  open drain  NPN  or PNP connections  see the Open Co ector Signa s App Note

 

 

 

2.9.1.3 - Input: Mechanical Switch Closure [UE9 Datasheet]
Log n or reg ster to post comments

To detect whether a mechan ca  sw tch (dry contact) s open or c osed, connect one s de of the sw tch to UE9 ground and the other s de
to a d g ta  nput. The behav or s very s m ar to the open-co ector descr bed above.
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Figure 2.9.1.3-1. Bas c Mechan ca  Sw tch Connect on To D g ta  Input

When the sw tch s open, the nterna  100 kΩ pu -up res stor w  pu  the d g ta  nput to about 3.3 vo ts ( og c h gh). When the sw tch s
c osed, the ground connect on w  overpower the pu -up res stor and pu  the d g ta  nput to 0 vo ts ( og c ow). S nce the mechan ca
sw tch does not have any e ectr ca  connect ons, bes des to the LabJack, t can safe y be connected d rect y to GND, w thout us ng a
ser es res stor or SGND.

When the mechan ca  sw tch s c osed (and even perhaps when opened), t w  bounce br ef y and produce mu t p e e ectr ca  edges
rather than a s ng e h gh/ ow trans t on. For many bas c d g ta  nput app cat ons, th s s not a prob em as the software can s mp y po
the nput a few t mes n success on to make sure the measured state s the steady state and not a bounce. For app cat ons us ng
t mers or counters, however, th s usua y s a prob em. The hardware counters, for nstance, are very fast and w  ncrement on a  the
bounces. Some so ut ons to th s ssue are:

Software Debounce: If t s known that a rea  c osure cannot occur more than once per some nterva , then software can be used
to m t the number of counts to that rate.
F rmware Debounce: See sect on 2.10.1 for nformat on about t mer mode 6.
Act ve Hardware Debounce: Integrated c rcu ts are ava ab e to debounce sw tch s gna s. Th s s the most re ab e hardware
so ut on. See the MAX6816 (max m- c.com) or EDE2008 (e ab nc.com).
Pass ve Hardware Debounce: A comb nat on of res stors and capac tors can be used to debounce a s gna . Th s s not foo proof,
but works f ne n most app cat ons.

Figure 2.9.1.3-2. Pass ve Hardware Debounce
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time registers are set to 0/65535  but if the signa  is high at the time of reset  the high time/ ow time registers are set to 65535/0   Thus if no edges occur before the next
read  it is possib e to te  if the duty cyc e is 0% or 100%

 

 

2.10.1.5 - Firmware Counter Input (Mode 5) [UE9 Datasheet]
Log n or reg ster to post comments

On every r s ng edge seen by the externa  p n, th s mode ncrements a 32-b t reg ster. Un ke the pure hardware counters, these t mer
counters requ re that the f rmware jump to an nterrupt serv ce rout ne on each edge.

Wr t ng a va ue of zero to the t mer performs a reset. After reset, a read of the t mer va ue w  return zero unt  a new edge s detected. If
a t mer s reset and read n the same funct on ca , the read returns the va ue just before the reset.

2.10.1.6 - Firmware Counter Input With Debounce (Mode 6)
[UE9 Datasheet]
Log n or reg ster to post comments

Intended for frequenc es ess than 10 Hz, th s mode adds a debounce feature to the f rmware counter, wh ch s part cu ar y usefu  for
s gna s from mechan ca  sw tches. On every app cab e edge seen by the externa  p n, th s mode ncrements a 32-b t reg ster. Un ke the
pure hardware counters, these t mer counters requ re that the f rmware jump to an nterrupt serv ce rout ne on each edge.

When conf gur ng on y (UpdateConf g=1), the ow byte of the t mer va ue s a number from 0-255 that spec f es a debounce per od n 87
ms ncrements (p us an extra 0-87 ms of var ab ty):

Debounce Per od = (0-87 ms) + (T merVa ue * 87 ms)

In the h gh byte (b ts 8-16) of the t mer va ue, b t 0 determ nes whether negat ve edges (b t 0 c ear) or pos t ve edges (b t 0 set) are
counted.

Assume th s mode s enab ed w th a va ue of 1, mean ng that the debounce per od s 87 ms and negat ve edges w  be counted. When
the nput detects a negat ve edge, t ncrements the count by 1, and then wa ts 87 ms before re-arm ng the edge detector. Any negat ve
edges w th n the 87 ms debounce per od are gnored. Th s s good behav or for a norma y-h gh s gna  where a sw tch c osure causes a
br ef ow s gna . The debounce per od can be set ong enough so that bounc ng on both the sw tch c osure and sw tch open s gnored.

When on y updat ng and not conf gur ng, wr t ng a va ue of zero to the t mer performs a reset. After reset, a read of the t mer va ue w
return zero unt  a new edge s detected. If a t mer s reset and read n the same funct on ca , the read returns the va ue just before the
reset.

2.10.1.7 - Frequency Output (Mode 7) [UE9 Datasheet]
Log n or reg ster to post comments

Outputs a square wave at a frequency determ ned by T merC ockBase/T merC ockD v sor d v ded by 2*T mer#Va ue. The Va ue passed
shou d be between 0-255, where 0 s a d v sor of 256. By chang ng the c ock conf gurat on and t mer va ue a w de range of frequenc es
can be output. The max mum frequency s 48000000/2 = 24 MHz. The m n mum frequency s (750000/256)/(2*256) = 5.7 Hz.

The frequency output has a -3 dB frequency of about 10 MHz on the FIO nes. Accord ng y, at h gh frequenc es the output waveform
w  get ess square and the amp tude w  decrease.

The output does not necessar y start nstant y, but rather has to wa t for the nterna  c ock to ro . For the Frequency Output mode, the
start de ay var es from 0.0 to T merC ockD v sor*256/T merC ockBase. For examp e, f T merC ockBase = 48 MHz and
T merC ockD v sor = 256, the start de ay w  vary from 0 to 1.4 ms.

2.10.1.8 - Quadrature Input (Mode 8) [UE9 Datasheet]
Log n or reg ster to post comments

Requ res 2 t mer channe s used n adjacent pa rs (0/1, 2/3, or 4/5). Even t mers w  be quadrature channe  A, and odd t mers w  be
quadrature channe  B. The UE9 does 4x quadrature count ng, and returns the current count as a s gned 32-b t nteger (2 s
comp ement). The same current count s returned on both even and odd t mer va ue parameters.
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Wr t ng a va ue of zero to e ther or both t mers performs a reset of both. After reset, a read of e ther t mer va ue w  return zero unt  a
new quadrature count s detected. If a t mer s reset and read n the same funct on ca , the read returns the va ue just before the reset.

4X Counting

Quadrature mode uses the very common 4X count ng method, wh ch prov des the h ghest reso ut on poss b e.  That means you get a
count for every edge (r s ng & fa ng) on both phases (A & B).  Thus f you have an encoder that prov des 32 PPR, and you rotate that
encoder forward 1 turn, the t mer Va ue reg ster w  be ncremented by +128 counts.

Z-phase support

Quadrature mode supports Z-Phase. When enab ed th s feature w  set the count to zero when the spec f ed IO ne sees a og c h gh.

Z-phase s contro ed by the va ue wr tten to the t mer dur ng n t a zat on. To enab e z-phase support set b t 15 to 1 and set b ts 0
through 4 to the DIO number that Z s connected to. EG: for a Z- ne on EIO3 set the t mer va ue to 0x800B or 32779. Th s va ue shou d
be sent to both the A and B t mers.

Note that the LabJack w  on y check Z when t sees an edge on A or B.

Z-phase support requ res Contro  F rmware 2.11 or ater.

2's Complement

Other t mer modes return uns gned va ues, but th s t mer mode s un que n that t returns a s gned va ue from -2147483648 to
+2147483647.  That s, a 32-b t 2's comp ement va ue.  When you do a t mer va ue read and get back a s ng e f oat from the UD dr ver,
the math s a ready done and you get back a va ue from -2147483648.0 to +2147483647.0, but when us ng the spec a  channe s
20x/23x/224 you get the LSW and MSW separate y and have to do the math yourse f.  Search for 2's comp ement math for your
part cu ar programm ng anguage.

In a anguage such as C++, you start by do ng us ng uns gned 32-b t var ab es & constants to compute Va ue = (MSW * 65536) + LSW. 
Then s mp y cast Va ue to a s gned 32-b t nteger.

In a anguage such as Java that does not support uns gned ntegers, do everyth ng w th s gned 64-b t var ab es & constants.  F rst
ca cu ate Va ue = (MSW * 65536) + LSW.  If Va ue < 2147483648, you are done.  If Va ue >= 2147483648, do Actua Va ue = -1 *
(4294967296 - Va ue).

 

2.10.1.9 - Timer Stop Input (Mode 9) [UE9 Datasheet]
Log n or reg ster to post comments

Th s mode shou d on y be ass gned to odd numbered t mers (1, 3, or 5).  On every r s ng edge seen by the external pin, th s mode
ncrements a 16-b t reg ster.  When that reg ster matches the spec f ed t mer va ue (stop count va ue), the adjacent even t mer s
stopped (0/1, 2/3, or 4/5).  The range for the stop count va ue s 1-65535.  Genera y, the s gna  app ed to th s t mer s from the adjacent
even t mer, wh ch s conf gured n some output t mer mode.  One p ace where th s m ght be usefu  s for stepper motors, a ow ng contro
over a certa n number of steps.

Note that the t mer s count ng from the externa  p n ke other nput t mer modes, so you must connect someth ng to the stop t mer nput
p n.  For examp e, f you are us ng T mer1 to stop T mer0 wh ch s outputt ng pu ses, you must connect a jumper from T mer0 to T mer1.

Once th s t mer reaches the spec f ed stop count va ue, and stops the adjacent t mer, the t mers must be reconf gured (set the
UpdateConf g b t for both t mers, sett ng the UpdateConf g for just the output t mer w  restart the output n cont nuous mode) to restart
the adjacent t mer, or the t mer can be restarted by rewr t ng the va ue to the stop t mer.

When the adjacent even t mer s stopped, t s st  enab ed but just not outputt ng anyth ng.  Thus rather than return ng to whatever
prev ous d g ta  I/O state was on that term na , t goes to the state “d g ta - nput” (wh ch has a 100 kΩ pu -up to 3.3 vo ts). That means
the best resu ts are genera y obta ned f the term na  used by the adjacent even t mer was n t a y conf gured as d g ta  nput (factory
defau t), rather than output-h gh or output- ow.  Th s w  resu t n negat ve go ng pu ses, so f you need pos t ve go ng pu ses cons der
us ng a s mp e nverter IC such as the CD74ACT540E from TI.

The MSW of the read from th s t mer mode returns the number of edges counted, but does not ncrement past the stop count va ue.
 The LSW of the read returns edges wa t ng for.

2.10.1.10 - System Timer Low/High Read (Modes 10 & 11) [UE9
Datasheet]
Log n or reg ster to post comments
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The dr ver tracks wh ch thread a request s made n by the thread ID. If a thread s k ed and then a new one s created, t s poss b e for
the new thread to have the same ID. Its not rea y a prob em f Add s ca ed f rst, but f Get s ca ed on a new thread resu ts cou d be
returned from the thread that a ready ended.

As ment oned, the st of requests and resu ts s kept on a thread-by-thread bas s. S nce the dr ver cannot te  when a thread has ended,
the resu ts are kept n memory for that thread regard ess. Th s s not a prob em n genera  as the dr ver w  c ean t a  up when
un oaded. When t can be a prob em s n s tuat ons where threads are created and destroyed cont nuous y. Th s w  resu t n the s ow
consumpt on of memory as requests on o d threads are eft beh nd. S nce each request on y uses 44 bytes, and as ment oned the ID s
w  eventua y get recyc ed, t w  not be a huge memory oss. In genera , even w thout th s ssue, t s strong y recommended to not
create and destroy a ot of threads. It s terr b y s ow and neff c ent. Use thread poo s and other techn ques to keep new thread creat on
to a m n mum. That s what s done nterna y.

The one b g except on to the thread safety of th s dr ver s n the use of the W ndows Term nateThread() funct on. As s warned n the
MSDN documentat on, us ng Term nateThread() w  k  the thread w thout re eas ng any resources, and more mportant y, re eas ng
any synchron zat on objects. If Term nateThread() s used on a thread that s current y n the m dd e of a ca  to th s dr ver, more than
ke y a synchron zat on object w  be eft open on the part cu ar dev ce and access to the dev ce w  be mposs b e unt  the app cat on
s restarted. On some dev ces, t can be worse. On dev ces that have nterprocess synchron zat on, such as the U12, ca ng
Term nateThread() may k  a  access to the dev ce through th s dr ver no matter wh ch process s us ng t and even f the app cat on s
restarted. Avo d us ng Term nateThread()! A  dev ce ca s have a t meout, wh ch defau ts to 1 second, but can be changed. Make sure
to wa t at east as ong as the t meout for the dr ver to f n sh.

4.2 - Function Reference [UE9 Datasheet]
Log n or reg ster to post comments

 Function Reference Overview 
The LabJack dr ver f e s named LabJackUD.d , and conta ns the funct ons descr bed n th s sect on.

 

Some parameters are common to many funct ons:

* LJ_ERROR – A LabJack spec f c numer c error code.  0 means no error.  ( ong, s gned 32-b t nteger).

* LJ_HANDLE – Th s va ue s returned by OpenLabJack, and then passed on to other funct ons to dent fy the opened LabJack.  ( ong,
s gned 32-b t nteger). 

 

To ma nta n compat b ty w th as many anguages as poss b e, every attempt has been made to keep the parameter types very bas c.
 A so, many funct ons have mu t p e prototypes.  The dec arat ons that fo ow, are wr tten n C.  

 

To he p those unfam ar w th str ngs n C, these funct ons expect nu  term nated 8 b t ASCII str ngs.  How th s trans ates to a part cu ar
deve opment env ronment s beyond the scope of th s documentat on.  A const char * s a po nter to a str ng that won t be changed by
the dr ver.  Usua y th s means t can s mp y be a constant such as “th s s a str ng”.  A char * s a po nter to a str ng that w  be changed.
 Enough bytes must be prea ocated to ho d the poss b e str ngs that w  be returned.  Funct ons w th char * n the r dec arat on w  have
the requ red ength of the buffer documented be ow.

 

Po nters must be n t a zed n genera , a though nu  (0) can be passed for unused or unneeded va ues.  The po nters for
GetStreamData and RawIn/RawOut requests are not opt ona .  Arrays and char * type str ngs must be n t a zed to the proper s ze
before pass ng to the DLL.

4.2.1 - ListAll() [UE9 Datasheet]
Log n or reg ster to post comments

Returns a  the dev ces found of a g ven Dev ceType and Connect onType. Search ng over Ethernet re es on the D scoveryUDP
funct on (Sect on 5.2.3), wh ch m ght not work on certa n network conf gurat ons.

L stA S() s a spec a  vers on where Dev ceType and Connect onType are str ngs rather than ongs. Th s s usefu  for pass ng str ng
constants n anguages that cannot nc ude the header f e. The str ngs shou d conta n the constant name as nd cated n the header f e
(such as “LJ_dtUE9” and ”LJ_ctUSB”). The dec arat on for the S vers on of open s the same as be ow except for (const char
*pDev ceType, const char *pConnect onType, …).
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The fo ow ng pseudocode examp es are s mp f ed for c ar ty, and n part cu ar no error check ng s shown.  The anguage used for the
pseudocode s C.

 

4.3.1 - Open [UE9 Datasheet]
Log n or reg ster to post comments

The n t a  step s to open the LabJack and get a hand e that the dr ver uses for further nteract on. The Dev ceType for the UE9 s:

LJ dtUE9

There are two cho ces for Connect onType for the UE9:

LJ ctUSB
LJ ctETHERNET

Fo ow ng s examp e pseudocode to open a UE9 over USB:

//Open the first found LabJack UE9 over USB
OpenLabJack (LJ dtUE9  LJ ctUSB  "1"  1  & ngHand e);

Fo ow ng s examp e pseudocode to open a UE9 over Ethernet:

//Open a specified LabJack UE9 over Ethernet
OpenLabJack (LJ dtUE9  LJ ctETHERNET  "192 168 1 209"  0  & ngHand e);

The reason for the quotes around the address s because the address parameter s a str ng n the OpenLabJack funct on.

The ampersand (&) n front of ngHand e s a C notat on that means we are pass ng the address of that var ab e, rather than the va ue of
that var ab e. In the def n t on of the OpenLabJack funct on, the hand e parameter s def ned w th an aster sk (*) n front, mean ng that
the funct on expects a po nter, .e. an address.

In genera , a funct on parameter s passed as a po nter (address) rather than a va ue, when the parameter m ght need to output
someth ng. The parameter va ue passed to a funct on n C cannot be mod f ed n the funct on, but the parameter can be an address that
po nts to a va ue that can be changed. Po nters are a so used when pass ng arrays, as rather than actua y pass ng the array, an
address to the f rst e ement n the array s passed.

Ta k ng to mu t p e dev ces from a s ng e app cat on s no prob em. Make mu t p e open ca s to get a hand e to each dev ce and be sure
to set F rstFound=FALSE:

//Open UE9s over USB with Loca  D #2 and #3
OpenLabJack (LJ dtUE9  LJ ctUSB  "2"  FALSE  & ngHand eA);
OpenLabJack (LJ dtUE9  LJ ctUSB  "3"  FALSE  & ngHand eB);

… then when mak ng further ca s use the hand e for the des red dev ce.

4.3.2 - Configuration [UE9 Datasheet]
Log n or reg ster to post comments

There are two IOTypes used to wr te or read UE9 conf gurat on parameters:

LJ ioPUT CONF G
LJ ioGET CONF G

The fo ow ng constants are then used n the channe  parameter of the conf g funct on ca  to spec fy what s be ng wr tten or read:

LJ chLOCAL D
LJ chHARDWARE VERS ON
LJ chSER AL NUMBER
LJ chCOMM POWER LEVEL
LJ ch P ADDRESS
LJ chGATEWAY
LJ chSUBNET
LJ chPORTA
LJ chPORTB
LJ chDHCP
LJ chPRODUCT D
LJ chMACADDRESS
LJ chCOMM F RMWARE VERS ON 
LJ chCONTROL POWER LEVEL
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LJ chCONTROL F RMWARE VERS ON
LJ chCONTROL BOOTLOADER VERS ON
LJ chCONTROL RESET SOURCE
LJ chUE9 PRO

More nformat on about these parameters can be found n documentat on for the ow- eve  CommConf g and Contro Conf g funct ons.

Fo ow ng s examp e pseudocode to wr te and read the IP address:

//Convert an address string in dot notation to a doub e
//The genera  form of the StringToDoub eAddress function is:
//StringToDoub eAddress (String  *Number  HexDot)
StringToDoub eAddress (“192 168 1 210”  &db Address  0);

//Write a new P address   Like a  Ethernet parameters  this
//wi  not take effect unti  the UE9 is reset
ePut ( ngHand e  LJ ioPUT CONF G  LJ ch P ADDRESS  db Address  0);

//Read the current P address
eGet ( ngHand e  LJ ioGET CONF G  LJ ch P ADDRESS  &db Address  0);

//Convert a doub e to an address string in dot notation
//The genera  form of the Doub eToStringAddress function is:
//Doub eToStringAddress (Number  *String  HexDot)
Doub eToStringAddress (db Address  str PAddress  0);

The fo ow ng can be used to reset the conf gurat on of the t mers & counters:

LJ ioP N CONF GURAT ON RESET

Current y there s no IOType for conf gur ng a  the power-up defau t sett ngs. However, us ng ow- eve  funct ona ty you can.

To conf gure the UE9 power-up defau t sett ngs, f rst conf gure your I/O to the power-up defau t sett ngs you want. Th s nc udes Ana og
Outputs, D g ta  I/O and T mers & Counters sett ngs.

Then use the Raw Output/Input funct ona ty to send/rece ve (LJ_ oRAW_OUT/LJ_ oRAW_IN) the ow- eve  SetDefau ts
command/response. SetDefau ts causes the current or ast used UE9 conf gurat on to be stored n f ash as the power-up defau ts.

4.3.3 - Analog Inputs [UE9 Datasheet]
Log n or reg ster to post comments

The IOType to retr eve a command/response ana og nput read ng s:

LJ ioGET A N

The fo ow ng are IOTypes used to conf gure (or read) the nput range of a part cu ar ana og nput channe :

LJ ioPUT A N RANGE    // Range and Gain are synonymous
LJ ioGET A N RANGE    // Range and Gain are synonymous

In add t on to spec fy ng the channe  number, the fo ow ng range constants are passed n the va ue parameter when do ng a request
w th the AIN range IOType:

LJ rgUN 5V     // 0 5 V  LabJackUD Defau t
LJ rgUN 2P5V   // 0 2 5 V (not supported with reso ution=18)
LJ rgUN 1P25V  // 0 1 25 V (not supported with reso ution=18)
LJ rgUN P625V  // 0 0 625 V (not supported with reso ution=18)
LJ rgB P5V     // +/  5 V

The fo ow ng are spec a  channe s, used w th the get/put conf g IOTypes, to conf gure parameters that app y to a  ana og nputs:

LJ chA N RESOLUT ON
LJ chA N SETTL NG T ME
LJ chA N B NARY

Fo ow ng s examp e pseudocode to conf gure and read two ana og nputs:

//Configure a  ana og inputs for 14 bit reso ution   Like most
//settings  this wi  app y to a  further measurements unti
//the parameter is changed or the DLL un oaded
AddRequest ( ngHand e  LJ ioPUT CONF G  LJ chA N RESOLUT ON  14  0  0);

//Configure A N2 for +/  5 vo t range
AddRequest ( ngHand e  LJ ioPUT A N RANGE  2  LJ rgB P5V  0  0);

//Configure A N3 for +/  5 vo t range
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AddRequest ( ngHand e  LJ ioPUT A N RANGE  3  LJ rgB P5V  0  0);

//Request a read from A N2
AddRequest ( ngHand e  LJ ioGET A N  2  0  0  0);

//Request a read from A N3
AddRequest ( ngHand e  LJ ioGET A N  3  0  0  0);

//Execute the requests
GoOne ( ngHand e);

//Get the A N2 vo tage
GetResu t ( ngHand e  LJ ioGET A N  2  &db Va ue);

//Get the A N3 vo tage
GetResu t ( ngHand e  LJ ioGET A N  3  &db Va ue);

4.3.4 - Analog Outputs [UE9 Datasheet]
Log n or reg ster to post comments

The IOType to set the vo tage on an ana og output s:

LJ ioPUT DAC

The fo ow ng are IOTypes used to wr te/read the enab e b t for each DAC. Note that a though there s an enab e b t for each DAC on
the UE9, both DACs are enab ed or d sab ed at the same t me:

LJ ioPUT DAC ENABLE  //App ies to both DACs   Channe  # ignored
LJ ioGET DAC ENABLE  //App ies to both DACs   Channe  # ignored

The fo ow ng s a spec a  channe , used w th the get/put conf g IOTypes, to conf gure a parameter that app es to both DACs:

LJ chDAC B NARY   // f set nonzero put dac va ues shou d be 0 65535

Fo ow ng s examp e pseudocode to set DAC1 to 2.5 vo ts:

//Set DAC1 to 2 5 vo ts
ePut ( ngHand e  LJ ioPUT DAC  1  2 50  0);

4.3.5 - Digital I/O [UE9 Datasheet]
Log n or reg ster to post comments

There are e ght IOTypes used to wr te or read d g ta  I/O nformat on:

LJ ioGET D G TAL B T         //A so sets direction to input
LJ ioGET D G TAL B T D R
LJ ioGET D G TAL B T STATE
LJ ioGET D G TAL PORT        //A so sets directions to input   x1 is number of bits
LJ ioGET D G TAL PORT D R    //x1 is number of bits
LJ ioGET D G TAL PORT STATE  //x1 is number of bits

LJ ioPUT D G TAL B T         //A so sets direction to output
LJ ioPUT D G TAL PORT        //A so sets directions to output   x1 is number of bits

DIR s short for d rect on. 0= nput and 1=output.

The genera  b t and port IOTypes automat ca y contro  d rect on, but the _DIR and _STATE ones do not. These can be used to read the
current cond t on of d g ta  I/O w thout chang ng the current cond t on. Note that the _STATE reads are actua y do ng a read us ng the
nput c rcu try, not read ng the state va ue ast wr tten. When you use LJ_ oGET_DIGITAL_BIT_STATE or
LJ_ oGET_DIGITAL_PORT_STATE on a ne set to output, t eaves t set as output, but t s do ng an actua  state read based on the
vo tage(s) on the p n(s). So f you set a ne to output-h gh, but then someth ng externa  s dr v ng t ow, t m ght read ow.

When a request s done w th one of the port IOTypes, the Channe  parameter s used to spec fy the start ng b t number, and the x1
parameter s used to spec fy the number of app cab e b ts. The b t numbers correspond ng to d fferent I/O are:

0 7    F O0 F O7
8 15   E O0 E O7
16 19  C O0 C O3
20 22  M O0 M O2

Note that the GetResu t funct on does not have an x1 parameter. That means that f two (or more) port requests are added w th the
same IOType and Channe , but d fferent x1, the resu t retr eved by GetResu t wou d be undef ned. The GetF rstResu t/GetNextResu t
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commands do have the x1 parameter, and thus can hand e retr ev ng responses from mu t p e port requests w th the same IOType and
Channe .

Fo ow ng s examp e pseudocode for var ous d g ta  I/O operat ons:

//Request a read from F O2
AddRequest ( ngHand e  LJ ioGET D G TAL B T  2  0  0  0);

//Request a read from E O0 C O1 (10 bits starting
//from digita  channe  #8)
AddRequest ( ngHand e  LJ ioGET D G TAL PORT  8  0  10  0);

//Set F O3 to output high
AddRequest ( ngHand e  LJ ioPUT D G TAL B T  3  1  0  0);

//Set C O2 M O2 (5 bits starting from digita  channe  #18)
//to b10100 (=d20)   That is C O2=0  C O3=0  M O0=1
//M O1=0  and M O2=1
AddRequest ( ngHand e  LJ ioPUT D G TAL PORT  18  20  5  0);

//Execute the requests
GoOne ( ngHand e);

//Get the F O2 read
GetResu t ( ngHand e  LJ ioGET D G TAL B T  2  &db Va ue);

//Get the E O0 C O1 read
GetResu t ( ngHand e  LJ ioGET D G TAL PORT  8  &db Va ue);

4.3.6 - Timers & Counters [UE9 Datasheet]
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There are e ght IOTypes used to wr te or read t mer and counter nformat on:

LJ ioGET COUNTER
LJ ioPUT COUNTER ENABLE  //UpdateConfig wi  be set
LJ ioGET COUNTER ENABLE
LJ ioPUT COUNTER RESET

LJ ioGET T MER
LJ ioPUT T MER VALUE
LJ ioPUT T MER MODE  //UpdateConfig wi  be set
LJ ioGET T MER MODE

In add t on to spec fy ng the channe  number, the fo ow ng mode constants are passed n the va ue parameter when do ng a request
w th the t mer mode IOType:

LJ tmPWM16                //16 bit PWM output
LJ tmPWM8                 //8 bit PWM output
LJ tmR S NGEDGES32        //Period input (32 bit  rising edges)
LJ tmFALL NGEDGES32       //Period input (32 bit  fa ing edges)
LJ tmDUTYCYCLE            //Duty cyc e input
LJ tmF RMCOUNTER          //Firmware counter input
LJ tmF RMCOUNTERDEBOUNCE  //Firmware counter input (with debounce)
LJ tmFREQOUT              //Frequency output
LJ tmQUAD                 //Quadrature input
LJ tmT MERSTOP            //Timer stop input (odd timers on y)
LJ tmSYST MERLOW          //System timer ow read
LJ tmSYST MERH GH         //System timer high read
LJ tmR S NGEDGES16        //Period input (16 bit  rising edges)
LJ tmFALL NGEDGES16       //Period input (16 bit  fa ing edges)

The fo ow ng are spec a  channe s, used w th the get/put conf g IOTypes, to conf gure a parameter that app es to a  t mers/counters:

LJ chNUMBER T MERS ENABLED  //UpdateConfig wi  be set if writing
LJ chT MER CLOCK BASE       //UpdateConfig wi  be set if writing
LJ chT MER CLOCK D V SOR    //UpdateConfig wi  be set if writing

W th the c ock base spec a  channe  above, the fo ow ng constants are passed n the va ue parameter to se ect the frequency:

LJ tc750KHZ  //Fixed 750 kHz c ock base
LJ tcSYS     //System c ock: 48 MHz

Fo ow ng s examp e pseudocode for conf gur ng var ous t mers and a hardware counter:

//First  an add/go/get b ock to configure the timers and counters
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//Enab e a  6 timers   Timer0 Timer5 wi  appear on F O0 F O5
AddRequest ( ngHand e  LJ ioPUT CONF G  LJ chNUMBER T MERS ENABLED  6  0  0);

//Enab e Counter0   t wi  use the next avai ab e ine  F O6
AddRequest ( ngHand e  LJ ioPUT COUNTER ENABLE  0  1  0  0);

//A  output timers use the same timer c ock  which is
//determined by the base c ock divided by the c ock divisor
//Set the timer c ock base to 48 MHz
AddRequest ( ngHand e  LJ ioPUT CONF G  LJ chT MER CLOCK BASE  LJ tcSYS  0  0);

//Set the timer c ock divisor to 48  creating a 1 MHz timer c ock
AddRequest ( ngHand e  LJ ioPUT CONF G  LJ chT MER CLOCK D V SOR  48  0  0);

//Configure Timer0 as 8 bit PWM   t wi  have a frequency
//of 1M/256 = 3906 25 Hz
AddRequest ( ngHand e  LJ ioPUT T MER MODE  0  LJ tmPWM8  0  0);

// nitia ize the 8 bit PWM with a 50% duty cyc e
AddRequest ( ngHand e  LJ ioPUT T MER VALUE  0  32768  0  0);

//Configure Timer1 as frequency output
AddRequest ( ngHand e  LJ ioPUT T MER MODE  1  LJ tmFREQOUT  0  0);

// nitia ize frequency output at 1M/(2*5) = 100 kHz
AddRequest ( ngHand e  LJ ioPUT T MER VALUE  1  5  0  0);

//Configure Timer2 as a firmware counter with debounce
AddRequest ( ngHand e  LJ ioPUT T MER MODE  2  LJ tmF RMCOUNTERDEBOUNCE  0  0);

//Configure Timer2 for negative edges (bit 8 of va ue c ear) with
//a debounce period of 87 ms
AddRequest ( ngHand e  LJ ioPUT T MER VALUE  2  1  0  0);

//Configure Timer3 as duty cyc e input
AddRequest ( ngHand e  LJ ioPUT T MER MODE  3  LJ tmDUTYCYCLE  0  0);

//Configure Timers 4 & 5 as quadrature input   Two timers
//are needed for phases A & B
AddRequest ( ngHand e  LJ ioPUT T MER MODE  4  LJ tmQUAD  0  0);
AddRequest ( ngHand e  LJ ioPUT T MER MODE  5  LJ tmQUAD  0  0);

//Execute the requests
GoOne ( ngHand e);

The LabJackUD dr ver uses the ow- eve  T merCounter funct on. That funct on has a s ng e UpdateConf g b t that must be set to change
modes, c ock conf gurat on, or enab ed/d sab ed status. When the UpdateConf g b t s set, a  t mers and counters are re- n t a zed. The
fo ow ng pseudocode demonstrates read ng nput t mers/counters and updat ng the va ues of output t mers, wh ch does not cause the
UpdateConf g b t to be set. The e-funct ons are used n the fo ow ng pseudocode, but some app cat ons m ght comb ne the fo ow ng
ca s nto a s ng e add/go/get b ock so that a s ng e ow- eve  ca  s used.

//Change Timer0 PWM duty cyc e to 25%
ePut ( ngHand e  LJ ioPUT T MER VALUE  0  49152  0);

//Change Timer1 frequency output to 1M/(2*50) = 10 kHz
ePut ( ngHand e  LJ ioPUT T MER VALUE  1  50  0);

//Read count from Timer2   This is an unsigned 32 bit va ue
eGet ( ngHand e  LJ ioGET T MER  2  &db Va ue  0);

//Read duty cyc e from Timer3
eGet ( ngHand e  LJ ioGET T MER  3  &db Va ue  0);

//The duty cyc e read returns a 32 bit va ue where the
// east significant word (LSW) represents the high time
//and the most significant word (MSW) represents the ow
//time   The times returned are the number of cyc es of
//the timer c ock   n this case the timer c ock was set
//to 1 MHz  so each cyc e is 1 microsecond
db HighCyc es = (doub e)(((unsigned ong)db Va ue) % (65536));
db LowCyc es = (doub e)(((unsigned ong)db Va ue) / (65536));
db DutyCyc e = 100 * db HighCyc es / (db HighCyc es + db LowCyc es));
db HighTime = 0 000001 * db HighCyc es;
db LowTime = 0 000001 * db LowCyc es;

//Read the quadrature count from Timer4   Timer5 wou d return the
//same va ue   This is a signed 32 bit va ue
eGet ( ngHand e  LJ ioGET T MER  4  &db Va ue  0);

//Read the count from Counter0   This is an unsigned 32 bit va ue
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eGet ( ngHand e  LJ ioGET COUNTER  0  &db Va ue  0);

Fo ow ng s pseudocode to reset the nput t mers and the counter:

//Reset the firmware counter (Timer2) to zero  by writing a
//va ue of zero
ePut ( ngHand e  LJ ioPUT T MER VALUE  2  0  0);

//Reset the duty cyc e measurement (Timer3) to zero  by writing
//a va ue of zero   The duty cyc e measurement is continuous y
//updated  so a reset is norma y not needed  but one reason
//to reset to zero is to detect whether there has been a new
//measurement or not
ePut ( ngHand e  LJ ioPUT T MER VALUE  3  0  0);

//Reset the quadrature counters (Timer4 & Timer5) to zero  by
//writing a va ue of zero to either one
ePut ( ngHand e  LJ ioPUT T MER VALUE  4  0  0);

//Reset Counter0 to zero
ePut ( ngHand e  LJ ioPUT COUNTER RESET  0  1  0);

Note that f a t mer/counter s read and reset at the same t me ( n the same Add/Go/Get b ock), the read w  return the va ue just before
reset.

4.3.7 - Stream Mode [UE9 Datasheet]
Log n or reg ster to post comments

Stream Mode Overview
There are f ve IOTypes used to contro  stream ng:

LJ ioCLEAR STREAM CHANNELS
LJ ioADD STREAM CHANNEL
LJ ioSTART STREAM        //Va ue returns actua  scan rate
LJ ioSTOP STREAM
LJ ioGET STREAM DATA

The fo ow ng constant s passed n the Channe  parameter w th the get stream data IOType to spec fy a read return ng a  scanned
channe s, rather than retr ev ng each scanned channe  separate y:

LJ chALL CHANNELS

The fo ow ng are spec a  channe s, used w th the get/put conf g IOTypes, to wr te or read var ous stream va ues:

LJ chSTREAM SCAN FREQUENCY
LJ chSTREAM BUFFER S ZE         //UD driver stream buffer size in samp es
LJ chSTREAM CLOCK OUTPUT        //True/Fa se  [1]
LJ chSTREAM EXTERNAL TR GGER    //True/Fa se  [1]
LJ chSTREAM WA T MODE
LJ chSTREAM BACKLOG COMM        //Read on y   0=0% and 128=100%
LJ chSTREAM BACKLOG CONTROL     //Read on y   Number of samp es
LJ chSTREAM BACKLOG UD          //Read on y   Number of samp es
LJ chSTREAM SAMPLES PER PACKET  //Read on y   A ways 16 on the UE9
LJ chSTREAM READS PER SECOND    //Defau t 25

[1] See Sect on 3.2.1.

W th the wa t mode spec a  channe  above, the fo ow ng constants are passed n the va ue parameter to se ect the behav or when
read ng data:

LJ swNONE         //No wait   mmediate y return avai ab e data
LJ swALL OR NONE  //No wait   mmediate y return requested amount  or none
LJ swPUMP         //Advance message pump wait mode
LJ swSLEEP        //Wait unti  requested amount avai ab e

The back og spec a  channe s return nformat on about how much data s eft n the hardware stream buffers on the UE9. These
parameters are updated whenever a stream packet s read by the dr ver, and thus m ght not exact y ref ect the current state of the
buffers, but can be usefu  to detect prob ems.

When stream ng, the Contro  processor acqu res data at prec se nterva s, and transfers t to the Comm processor wh ch has a arge
data buffer. The Contro  processor has a sma  data buffer (256 samp es) for data wa t ng to be transferred to the Comm processor, and
the LJ_chSTREAM_BACKLOG_CONTROL spec a  channe  spec f es the number of samp es rema n ng n the Contro  buffer. If th s
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There s one IOType to enab e/d sab e th s feature and oad a buffer:

LJ ioADD STREAM DAC  //Channe = channe  (0 or 1)  Va ue= number of updates (0 128)  x1= array of doub es

Typ ca  pseudocode wou d ook ke the fo ow ng:

ePut( ngHand e  LJ ioADD STREAM DAC  dacNum  numUpdates  padb Updates);

The Channe  parameter of the ePut ca  s 0 or 1 to spec fy DAC0 or DAC1 (two ca s are used f both DACs are to be streamed). The
Va ue parameter spec f es the number of updates n the buffer. The x1 parameter s an array w th that many doub es.

Note that LJ_ oCLEAR_STREAM_CHANNELS does not affect Stream DAC. Rather, to d sab e a ca  ke above must be made for each
enab ed DAC w th numUpdates=0.

If the spec a  channe  LJ_chDAC_BINARY has been used to spec fy that b nary updates w  be passed for the DACs, that s supported
w th th s Stream DAC feature, and the b nary updates are st  passed n the array of doub es.

A tt e tr ck n C:  S nce the x1 parameter s just def ned as a ong, cast the po nter to the array as a ong and pass that for x1:

doub e adb Updates[128] = {0};
ong padb Updates = ( ong)&adb Updates[0];

4.3.8 - Raw Output/Input [UE9 Datasheet]
Log n or reg ster to post comments

There are two IOTypes used to wr te or read raw data. These can be used to make ow- eve  funct on ca s (Sect on 5) through the UD
dr ver. The on y t me these genera y m ght be used s to access some ow- eve  dev ce funct ona ty not ava ab e n the UD dr ver.

LJ ioRAW OUT
LJ ioRAW N

When us ng these IOTypes, channe  # spec f es the des red commun cat on p pe. For the UE9, 0 s the norma  p pe wh e 1 s the
stream ng p pe. The number of bytes to wr te/read s spec f ed n va ue (1-512), and x1 s a po nter to a byte array for the data. When
retr ev ng the resu t, the va ue returned s the number of bytes actua y read/wr tten.

Fo ow ng s examp e pseudocode to wr te and read the s mp e ow- eve  echo command. Th s s the s mp est UE9 command and
cons sts s mp y of a wr te of 2 bytes (0×70, 0×70) and a read of the same two bytes.

writeArray[2] = {0x70 0x70};
numBytesToWrite = 2;
numBytesToRead = 2;

//Raw Out   This command writes the bytes to the device
eGetPtr( ngHand e  LJ ioRAW OUT  0  &numBytesToWrite  pwriteArray);

//Raw n   This command reads the bytes from the device
eGetPtr( ngHand e  LJ ioRAW N  0  &numBytesToRead  preadArray);

4.3.9 - Easy Functions [UE9 Datasheet]
Log n or reg ster to post comments

The easy funct ons are s mp e a ternat ves to the very f ex b e IOType based method norma y used by th s dr ver. There are 6 funct ons
ava ab e:

eA N()       //Read 1 ana og input
eDAC()       //Write to 1 ana og output
eD ()        //Read 1 digita  input
eDO()        //Write to 1 digita  output
eTCConfig()  //Configure a  timers and counters
eTCVa ues()  //Update/reset and read a  timers and counters

In add t on to the bas c operat ons, these funct ons a so automat ca y hand e conf gurat on as needed. For examp e, eDO() sets the
spec f ed ne to output f prev ous y conf gured as nput.

The f rst 4 funct ons shou d not be used when speed s cr t ca  w th mu t -channe  reads. These funct ons use one ow- eve  funct on per
operat on, whereas us ng the norma  Add/Go/Get method w th IOTypes, many operat ons can be comb ned nto a s ng e ow- eve  ca .
W th s ng e channe  operat ons, however, there w  be tt e d fference between us ng an easy funct on or Add/Go/Get.

The ast two funct ons hand e a most a  funct ona ty re ated to t mers and counters, and w  usua y be as eff c ent as any other method.
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These easy funct ons are recommended for most t mer/counter app cat ons.

Fo ow ng s examp e pseudocode:

//Take a measurement from A N3 using 0 5 vo t range and 12 bit reso ution
//eA N (Hand e  Channe P  Channe N  *Vo tage  Range  Reso ution
// Sett ing  Binary   Reserved1  Reserved2)
//
eA N( ngHand e  3  0  &db Vo tage  LJ rgUN 5V  12  0  0  0  0);
printf("A N3 va ue = % 3f\n" db Vo tage);

//Set DAC0 to 3 1 vo ts
//eDAC (Hand e  Channe  Vo tage  Binary  Reserved1  Reserved2)
//
eDAC( ngHand e  0  3 1  0  0  0);

//Read state of F O2
//eD  (Hand e  Channe  *State)
//
eD ( ngHand e  2  & ngState);
printf("F O2 state = % 0f\n" ngState);

//Set F O3 to output high
//eDO (Hand e  Channe  State)
//
eDO( ngHand e  3  1);

//Enab e and configure 1 output timer and 1 input timer  and enab e Counter0
//Fi  the arrays with the desired va ues  then make the ca
a ngEnab eTimers = {1 1 0 0 0 0}; //Enab e Timer0 Timer1
a ngTimerModes = {LJ tmPWM8 LJ tmR S NGEDGES32 0 0 0 0}; //Set timer modes
adb TimerVa ues = {16384 0 0 0 0 0}; //Set PWM8 duty cyc e to 75%
a ngEnab eCounters = {1 0}; //Enab e Counter0
//
//eTCConfig (Hand e  *aEnab eTimers  *aEnab eCounters  TCPinOffset
//  TimerC ockBase ndex  TimerC ockDivisor  *aTimerModes
//  *aTimerVa ues  Reserved1  Reserved2);
//
eTCConfig( ngHand e  a ngEnab eTimers  a ngEnab eCounters  0  LJ tc750KHZ  3  a ngTimerModes  adb TimerVa ues  0  0);

//Read and reset the input timer (Timer1)  read and reset Counter0  and update
//the va ue (duty cyc e) of the output timer (Timer0)
//Fi  the arrays with the desired va ues  then make the ca
a ngReadTimers = {0 1 0 0 0 0}; //Read Timer1
a ngUpdateResetTimers = {1 1 0 0 0 0}; //Update Timer0 and reset Timer1
a ngReadCounters = {1 0}; //Read Counter0
a ngResetCounters = {1 0}; //Reset Counter0
adb TimerVa ues = {32768 0 0 0 0 0}; //Change Timer0 duty cyc e to 50%
//
//eTCVa ues (Hand e  *aReadTimers  *aUpdateResetTimers  *aReadCounters
//  *aResetCounters  *aTimerVa ues  *aCounterVa ues  Reserved1
//  Reserved2);
//
eTCVa ues( ngHand e  a ngReadTimers  a ngUpdateResetTimers  a ngReadCounters  a ngResetCounters  adb TimerVa ues  adb CounterVa ues  0  0);
printf("Timer1 va ue = % 0f\n" adb TimerVa ues[1]);
printf("Counter0 va ue = % 0f\n" adb CounterVa ues[0]);

4.3.10 - SPI Serial Communication [UE9 Datasheet]
Log n or reg ster to post comments

The UE9 supports Ser a  Per phera  Interface (SPI) commun cat on as the master on y. SPI s a synchronous ser a  protoco  typ ca y
used to commun cate w th ch ps that support SPI as s ave dev ces.

Th s ser a  nk s not an a ternat ve to the USB connect on. Rather, the host app cat on w  wr te/read data to/from the UE9 over USB,
and the UE9 commun cates w th some other dev ce us ng the ser a  protoco . Us ng th s ser a  protoco  s cons dered an advanced
top c. A good know edge of the protoco  s recommended, and a og c ana yzer or osc oscope m ght be needed for troub eshoot ng.

There s one IOType used to wr te/read data over the SPI bus:

LJ ioSP COMMUN CAT ON  // Va ue= number of bytes (1 240)  x1= array

The fo ow ng are spec a  channe s, used w th the get/put conf g IOTypes, to conf gure var ous parameters re ated to the SPI bus. See
the ow- eve  funct on descr pt on n Sect on 5.3.16 for more nformat on about these parameters:

LJ chSP AUTO CS
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LJ chSP D SABLE D R CONF G
LJ chSP MODE
LJ chSP CLOCK FACTOR
LJ chSP MOS P N NUM
LJ chSP M SO P N NUM
LJ chSP CLK P N NUM
LJ chSP CS P N NUM

Fo ow ng s examp e pseudocode to conf gure SPI commun cat on:

//First  configure the SP  communication

//Enab e automatic chip se ect contro
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP AUTO CS 1 0 0);

//Do not disab e automatic digita  i/o direction configuration
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP D SABLE D R CONF G 0 0 0);

//Mode A:  CPOL=0  CPHA=0
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP MODE 0 0 0);

//Maximum c ock rate (~100kHz)
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP CLOCK FACTOR 0 0 0);

//Set MOS  to F O2
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP MOS P N NUM 2 0 0);
 
//Set M SO to F O3
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP M SO P N NUM 3 0 0);

//Set CLK to F O0
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP CLK P N NUM 0 0 0);

//Set CS to F O1
AddRequest( ngHand e  LJ ioPUT CONF G  LJ chSP CS P N NUM 1 0 0);

//Execute the configuration requests
GoOne( ngHand e);

Fo ow ng s pseudocode to do the actua  SPI commun cat on:

//Transfer the data
eGetPtr( ngHand e  LJ ioSP COMMUN CAT ON  0  &numBytesToTransfer  array);

4.3.11 - I²C Serial Communication [UE9 Datasheet]
Log n or reg ster to post comments

The UE9 supports Inter-Integrated C rcu t (I²C or I2C) commun cat on as the master on y. I²C s a synchronous ser a  protoco  typ ca y
used to commun cate w th ch ps that support I²C as s ave dev ces. Any 2 d g ta  I/O nes are used for SDA and SCL. Note that the I²C
bus genera y requ res pu -up res stors of perhaps 4.7 kΩ from SDA to Vs and SCL to Vs, and a so note that the screw term na s
abe ed SDA and SCL ( f present) are not used for I²C.

Th s ser a  nk s not an a ternat ve to the USB connect on. Rather, the host app cat on w  wr te/read data to/from the UE9 over USB,
and the UE9 commun cates w th some other dev ce us ng the ser a  protoco . Us ng th s ser a  protoco  s cons dered an advanced
top c. A good know edge of the protoco  s recommended, and a og c ana yzer or osc oscope m ght be needed for troub eshoot ng.

There s one IOType used to wr te/read I²C data:

LJ io 2C COMMUN CAT ON

The fo ow ng are spec a  channe s used w th the I²C IOType above:

LJ ch 2C READ      // Va ue= number of bytes (0 240)  x1= array
LJ ch 2C WR TE     // Va ue= number of bytes (0 240)  x1= array
LJ ch 2C GET ACKS

The fo ow ng are spec a  channe s, used w th the get/put conf g IOTypes, to conf gure var ous parameters re ated to the I²C bus. See
the ow- eve  funct on descr pt on n Sect on 5.3.20 for more nformat on about these parameters:

LJ ch 2C ADDRESS BYTE
LJ ch 2C SCL P N NUM   // 0 22  Pu up resistor usua y required
LJ ch 2C SDA P N NUM   // 0 22  Pu up resistor usua y required
LJ ch 2C OPT ONS
LJ ch 2C SPEED ADJUST

The LJT ck-DAC s an accessory from LabJack w th an I²C 24C01C EEPROM ch p. Fo ow ng s examp e pseudocode to conf gure I²C
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to ta k to that ch p:

//The AddressByte of the EEPROM on the LJTick DAC is 0xA0 or decima  160
AddRequest( ngHand e  LJ ioPUT CONF G  LJ ch 2C ADDRESS BYTE 160 0 0);

//SCL is F O0
AddRequest( ngHand e  LJ ioPUT CONF G  LJ ch 2C SCL P N NUM 0 0 0);

//SDA is F O1
AddRequest( ngHand e  LJ ioPUT CONF G  LJ ch 2C SDA P N NUM 1 0 0);

//See description of ow eve  2C function
AddRequest( ngHand e  LJ ioPUT CONF G  LJ ch 2C OPT ONS 0 0 0);

//See description of ow eve  2C function   0 is max speed of about 150 kHz
AddRequest( ngHand e  LJ ioPUT CONF G  LJ ch 2C SPEED ADJUST 0 0 0);

//Execute the configuration requests
GoOne( ngHand e);

Fo ow ng s pseudocode to read 4 bytes from the EEPROM:

// nitia  read of EEPROM bytes 0 3 in the user memory area
//We need a sing e 2C transmission that writes the address and then reads
//the data   That is  there needs to be an ack after writing the address
//not a stop condition   To accomp ish this  we use Add/Go/Get to combine
//the write and read into a sing e ow eve  ca
numWrite = 1;
array[0] = 0;  //Memory address   User area is 0 63
AddRequestPtr( ngHand e  LJ io 2C COMMUN CAT ON  LJ ch 2C WR TE  numWrite  array  0);

numRead = 4;
AddRequestPtr( ngHand e  LJ io 2C COMMUN CAT ON  LJ ch 2C READ  numRead  array  0);

//Execute the requests
GoOne( ngHand e);

For more examp e code, see the I2C.cpp examp e n the VC6_LJUD arch ve.

4.3.12 - Asynchronous Serial Communication [UE9 Datasheet]
Log n or reg ster to post comments

The UE9 has a UART ava ab e that supports asynchronous ser a  commun cat on. The UART connects to the PIN2/PIN20 (TX0/RX0)
p ns on the DB37 connector.

Commun cat on s n the common 8/n/1 format. S m ar to RS-232, except that the og c s norma  CMOS/TTL. Connect on to an RS-232
dev ce w  requ re a converter ch p such as the MAX233, wh ch nverts the og c and sh fts the vo tage eve s.

Th s ser a  nk s not an a ternat ve to the USB connect on. Rather, the host app cat on w  wr te/read data to/from the UE9 over USB,
and the UE9 commun cates w th some other dev ce us ng the ser a  protoco . Us ng th s ser a  protoco  s cons dered an advanced
top c. A good know edge of the protoco  s recommended, and a og c ana yzer or osc oscope m ght be needed for troub eshoot ng.
A so cons der that a better way to do RS-232 (or RS-485 or RS-422) commun cat on s w th a standard USB<=>RS-232
adapter/converter/dong e, so the user shou d have a part cu ar reason to not use that and use a UE9 nstead.

There s one IOType used to wr te/read asynchronous data:

LJ ioASYNCH COMMUN CAT ON

The fo ow ng are spec a  channe s used w th the asynch IOType above:

LJ chASYNCH ENABLE  // Enab es UART to begin buffering RX data
LJ chASYNCH RX      // Va ue= returns pre read buffer size  x1= array
LJ chASYNCH TX      // Va ue= number to send (0 56)  number in RX buffer  x1= array
LJ chASYNCH FLUSH  // F ushes the RX buffer   A  data discarded  Va ue ignored

When us ng LJ_chASYNCH_RX, the Va ue parameter returns the s ze of the Asynch buffer before the read. If the s ze s 32 bytes or
ess, that s how many bytes were read. If the s ze s more than 32 bytes, then the ca  read 32 th s t me and there are st  bytes eft n
the buffer.

When us ng LJ_chASYNCH_TX, spec fy the number of bytes to send n the Va ue parameter. The Va ue parameter returns the s ze of
the Asynch read buffer.

The fo ow ng s a spec a  channe , used w th the get/put conf g IOTypes, to spec fy the baud rate for the asynchronous commun cat on:

LJ chASYNCH BAUDFACTOR  //  Va ue= 2^16  3000000/bps
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For examp e, use a BaudFactor of 65224 to get a baud rate of 9615 bps (compat b e w th 9600 bps).

Fo ow ng s examp e pseudocode for asynchronous commun cat on:

//Set data rate for 9600 bps communication
ePut( ngHand e  LJ ioPUT CONF G  LJ chASYNCH BAUDFACTOR  65224  0);

//Enab e UART
ePut( ngHand e  LJ ioASYNCH COMMUN CAT ON  LJ chASYNCH ENABLE  1  0);

//Write data
eGetPtr( ngHand e  LJ ioASYNCH COMMUN CAT ON  LJ chASYNCH TX  &numBytes  array);

//Read data   A ways initia ize array to 32 bytes
eGetPtr( ngHand e  LJ ioASYNCH COMMUN CAT ON  LJ chASYNCH RX  &numBytes  array);

4.3.13 - Watchdog Timer [UE9 Datasheet]
Log n or reg ster to post comments

The UE9 has f rmware based watchdog capab ty. Unattended systems requ r ng max mum up-t me m ght use th s capab ty to reset
the UE9 or the ent re system. When any of the opt ons are enab ed, an nterna  t mer s enab ed wh ch resets on any ncom ng
commun cat on to the Contro  processor. If th s t mer reaches the def ned T meoutPer od before be ng reset, the spec f ed act ons w
occur. Note that wh e stream ng, data s on y go ng out, so some other command w  have to be ca ed per od ca y to reset the
watchdog t mer.

T meout of the watchdog on the UE9 can be spec f ed to reset e ther/both processors, update the state of 1 or 2 d g ta  I/O (must be
conf gured as output by user), and update e ther/both DACs.

Typ ca  usage of the watchdog s to conf gure the reset defau ts (cond t on of d g ta  I/O and ana og outputs) as des red (use the “conf g
defau ts” opt on n LJContro Pane  V2.26+), and then use the watchdog s mp y to reset the dev ce on t meout. For n t a  test ng, “conf g
defau ts” n LJCP can be used to enab e the watchdog a  the t me, but often t s des rab e to enab e/d sab e the watchdog n user
software so t s on y act ve wh e that software s runn ng.

Note that some USB hubs do not ke to have any USB dev ce repeated y reset. W th such hubs, the operat ng system w  qu t
reenumerat ng the dev ce on reset and the computer w  have to be rebooted, so avo d excess ve resets w th hubs that seem to have
th s prob em.

If the watchdog s acc denta y conf gured to reset the Comm processor w th a very ow t meout per od (such as 1 second), t cou d be
d ff cu t to estab sh any commun cat on w th the dev ce. In such a case, the reset-to-defau t jumper can be used to turn off the
watchdog. Power up the UE9 w th a short from FIO2<=>SCL, then remove the jumper and power cyc e the dev ce aga n. Th s resets a
power-up sett ngs to factory defau t va ues.

There s one IOType used to conf gure and contro  the watchdog:

LJ ioSWDT CONF G  //Channe  is enab e or disab e constant

The watchdog sett ngs are stored n non-vo at e f ash memory (and re oaded at reset), so every request w th th s IOType causes a
f ash erase/wr te. The f ash has a rated endurance of at east 20000 wr tes, wh ch s p enty for reasonab e operat on, but f th s IOType
s ca ed n a h gh-speed oop the f ash cou d be damaged.

The fo ow ng are spec a  channe s used w th the watchdog conf g IOType above:

LJ chSWDT ENABLE   // Va ue is timeout in seconds (1 65535)
LJ chSWDT D SABLE

The fo ow ng are spec a  channe s, used w th the put conf g IOType, to conf gure watchdog opt ons. These parameters cause sett ngs
to be updated n the dr ver on y. The sett ngs are not actua y sent to the hardware unt  the LJ_ioSWDT_CONFIG IOType (above) s
used:

LJ chSWDT RESET DEV CE
LJ chSWDT RESET COMM
LJ chSWDT RESET CONTROL
LJ chSWDT UDPATE D OA
LJ chSWDT UPDATE D OB
LJ chSWDT D OA CHANNEL
LJ chSWDT D OA STATE
LJ chSWDT D OB CHANNEL
LJ chSWDT D OB STATE
LJ chSWDT UPDATE DAC0
LJ chSWDT UPDATE DAC1
LJ chSWDT DAC0
LJ chSWDT DAC1
LJ chSWDT DAC ENABLE
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CAD draw ngs of the UE9 enc osure are attached to the bottom of th s page. (DWG, DXF, IGES, STEP)

The UE9 enc osure base has a pa r of s otted ho es towards the commun cat on end ( eft n be ow draw ng), and another pa r of
mount ng ho es at the oppos te end (r ght n be ow draw ng).
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UE9 OEM PCB Dimensions

Notes on OEM PCB Dimensions

1. USB, PIN 4
2. ETHERNET, PIN 1
3. OEM 2X8 HEADER, 0.100" PITCH, PIN 1
4. OEM 2X20 HEADER, 0.100" PITCH, PIN 1
5. VEXT, PIN 1
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More Details

See the OEM page for deta s on connector p n-headers and more.

 

Common neutra  format CAD mode s are prov ded be ow. R ght-c ck and se ect the "Save nk as..." opt on to down oad STEP f es.

File Attachment: 
 UE9.IGS
 UE9.STEP
 UE9 PCB D mens ons.dxf

UE9 Firmware Revision History [UE9 Datasheet]
Log n or reg ster to post comments

F rmware s ava ab e on the UE9 F rmware page.

UE9 Firmware Overview
These f rmware f es requ re LJSe fUpgrade V1.24 or h gher. The UE9 has two nterna  processors, a commun cat ons processor and a
contro  processor, we recommend keep ng both up-to-date w th the current f rmware.

When updat ng UE9s w th contro  f rmware be ow 1.78 you must f rst upgrade to 1.78 before upgrad ng to newer f rmwares.  

Comm Processor Firmware Change Log

V1.58: F xed bug caus ng the comm buffer s ze to report the wrong va ue wh e stream ng

Click To Expand Comm Change Log

V1.57: F xed bug that somet mes caused the S ng e I/O command to fa  when ca ed repeated y at h gh speeds

v1.56: Var ous bug f xes & opt m zat ons to make TCP commun cat on more stab e

v1.50: Reworked how the UE9 manages memory and sockets a ow ng for more s mu taneous connect ons v a Ethernet

v1.41: (December 13, 2006) In t a  TCP support for Modbus

v1.40: (September 29, 2006) Opt m zat on & performance changes. A so f xed bug caus ng a subnet change to somet mes not take
effect.

v1.39: (June 19, 2006) F xed bug caus ng DHCP sett ngs to somet mes not take effect.

v1.38: (February 21, 2006) F xed TCP prob em w th Mac OSX 10.4 not send ng ast ack and caus ng mem eak n sockets.

v1.37: (October 20, 2005) F xed ssue exposed by nk prob ems over a w re ess connect on, that cou d cause the UE9 to reject new
TCP connect ons.

v1.36: (September 06, 2005) F xed prob em caus ng stream not to stop v a USB on a PDA.

v1.35: (August 31, 2005) Added soft reset t mer to commands sent v a UDP.

v1.34: (August 18, 2005) F xed USB ssue when commands are executed wh e stream ng. Changed nterna  command buffer t meout
to 750 m seconds.

v1.33: (Ju y 15, 2005) Changes to USB code to f x prob em caused where commands were sent but cou d not be read caused by a
tr gger ng a soft reset.

v1.32: (Ju y 8, 2005) Changed USB detect on to a ow for faster power up.

v1.31: (June 21, 2005) Changes to USB code to recover from ser ous prob ems when part a  commands are sent or read.

v1.30: (May 31, 2005) Soft reset t mer mp emented to f ush buffers when part a  or nva d commands are rece ved.

 

Control Processor Firmware Change Log
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v2.26: Added overf ow error codes to the UART RX buffer. Added support for t mer c ock source wr tes through Modbus. Added
Modbus addresses 6753 and 6703 (MIO port reads). SetDefau ts w  no onger c ear the dev ce name. F xed a prob em that was
caus ng the upper 16-b ts of the counters to not ncrement. Changed the dev ce name str ng to ASCII. Added 8-b t and 16-b t ro
protect ons to channe  210. F xed an ssue that cou d cause LabJack wrapped Modbus packets to become corrupted. F xed an ssue
caus ng spec a  channe s ca ed through s ng e IO to return an erroneous va ues n the ower data byte. Added Modbus support for
ana og channe s above 129. Added support for spec a  ana og channe s greater than 192 to Modbus. Added 1-W re support. F xed a
prob em that was caus ng S ng eIO to treat CIO3 as open-co ector. Added a bus d e check to I2C. F xed a bug that was sett ng MIO0
ow when ca ng stream conf g. Added funct ona ty to read ca brat on and user memory through Modbus.

Click To Expand Control Change Log

v2.11: (Apr  29, 2010) Added z-phase support to quadrature t mer modes. Added spec a  stream channe  support to norma  command-
response ana og funct ons. Added an opt on to reduce the SHT c ock speed. Modbus packets over USB w  now c ear the
watchdog. Contro Conf g reads w  now d sp ay DACs as enab ed. Legacy support for sett ng defau ts through Contro Conf g has been
f n shed. T me mode, StopT mer, has been f xed (Stopped work ng n beta 1.98).

v2.04: (December 10, 2009) Modbus support updated. T mer code updated. Added extended watchdog support. Added extended
startup defau t system. Th s vers on s requ red for a  UE9-Pros so d after Dec. 10, 2009. 

WARNING: Upgrading across this boundary will reset startup setting to the manufacturer's defaults. Downgrading across this
boundary will result in randomized startup values. 

v1.93: (September 19, 2008) F xed a prob em that was prevent ng the SWTD from updat ng EIO nes.

v1.92: (May 23, 2008) F xed a prob em that was caus ng DACs to not respond to the F oat addresses n Modbus.

v1.91: (May 5, 2008) When us ng Modbus, spec a  channe s such as the temperature sensor are now forced to the 0-5V range.
Attempt ng to wr te to the BP/Ga n reg ster for these channe s w  resu t n an error. Affected channe s: 14,15,128,132,133,136,140 and
141.

v1.90: (Apr  7, 2008) F xed an ssue that was caus ng the S ng e_IO funct on to mproper y execute d g ta  b t commands.

v1.88: (December 06, 2007) New va ues are now proper y oaded when resett ng t mer 5 wh e n stop-t mer mode.

v1.87: (December 04, 2007) Improved the accuracy of system t mer reads wh e stream ng.

v1.84: Added an extended SHT funct on that contro s both the POWER and ENABLE nes. The I2C funct on now nd cates whether the
address byte and f rst 31 data bytes were acknow edged by the s ave dev ce.

v1.83: System t mer reads w  now be updated when read ng a t mer through feedback.

v1.81: Feedback no onger resets the quadrature count.

v1.78: (Apr  6, 2007) Added funct ona ty to a ow the ower 32-b ts of the system t mer to be read wh e stream ng.

v1.76: (February 22, 2007) Improved 32-b t edge measurements. F xed ana og no se ssues ntroduced n 1.70.

v1.69: (December 12, 2006) Added add t ona  error detect on for ow stream speeds. Added spec a  stream channe  194 (MIO and CIO).

v1.64: (August 10, 2006) Added funct ona ty to Stop T mer (mode 9) such that updat ng the Va ue of the stop t mer re-enab es the stop
t mer and the adjacent t mer.

v1.62: (Ju y 5, 2006) F xed a coup e ssues w th the og c that detects bad stream scan rates.

v1.61: (Ju y 3, 2006) F xed an error that was occurr ng when us ng the duty-cyc e nput t mer.

v1.59: (May 24, 2006) Added 8-b t UART funct ons (9-b t not supported).

v1.58: (Apr  20, 2006) F xed prob em where defau t DAC va ues were be ng wr tten backwards.

v1.57: (Apr  6, 2006) H gh-res convers ons (UE9-Pro) w  no onger be used for channe s above 128 except for 136.

v1.56: (February 23, 2006) Added c ock d v sor support to for streams w th ana og nput reso ut on greater than 12 b ts.

v1.55: (February 21, 2006) F xed prob em w th duty cyc e t mer nput mode where bad read ngs cou d occur near 0% or 100%. A so
changed behav or of duty cyc e t mer reset such that the h gh/ ow t mes are set to 0/65535 or 65535/0 depend ng on the state of the
s gna  at the t me of reset.

v1.54: (February 4, 2006) F xed a prob em where spur ous AIN read ngs cou d occur when samp ng a m dsca e vo tage n a stream
w th reso ut on greater than 12.

v1.52: (January 17, 2006) C eaned up MIO behav or when us ng extended channe s. Added SPI funct on.
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v1.51: (December 15, 2005) F xed prob em where stream ng d d not work f f rst channe  n the scan was a t mer/counter. F xed DAC
update opt on n the Watchdog funct on. F xed prob em caus ng poss b e errors n t mer modes 2 & 3. F xed prob em where an n t a
edge was caused mmed ate y n externa  tr ggered stream, f the tr gger ne was n t a y ow.

v1.50: (November 14, 2005) F xed AIN no se prob em ntroduced n v1.48.

v1.49: (November 7, 2005) Added DAC update to watchdog funct on.

v1.48: (November 2, 2005) F xed DAC d sab ng so they are actua y d sab ed when nstructed to do so. F xed ssue ntroduced n v1.46
where a s ng e channe  stream wou d a ways measure ground.

v1.46: (October 17, 2005) Changed stream mux behav or so that the user does not have to take any spec a  precaut ons to keep a
f oat ng channe  from affect ng va d channe s. Changed enab e/d sab e behav or of DACs. If Feedback s ca ed and the enab ed b t s
set for e ther DAC, then both are enab ed. If S ng eIO s ca ed for e ther DAC, then both are enab ed. The on y way to d sab e the DACs
s by ca ng Feedback w th both DAC enab ed b ts c ear.

v1.45: (October 5, 2005) Changed command/response mux behav or so that the user does not have to take any spec a  precaut ons to
keep a f oat ng channe  from affect ng va d channe s.

v1.44: (September 26, 2005) F xed prob em where ca ng command/response funct on (Feedback) dur ng stream, cou d cause g tches
n the streamed ana og nput va ues.

v1.43: (August 31, 2005) F xed 8-b t PWM reset ssue.

v1.42: (August 25, 2005) Added 256x stream c ock d v sor opt on.

v1.41: (August 19, 2005) Added WDT c ears to prevent t meouts dur ng h gh speed (>rated) edge samp ng w th >3 t mers. F xed
potent a  prob em where t mer modes 5/6/8 cou d be process ng a ro  when a stream read occurred.

v1.40: (August 4, 2005) Added fu  t mer read capab ty to stream. Stream channe s 200, 201, 202, 203, 204, and 205 read the ow
words of the r respect ve t mer modu es and capture the h gh word. Channe  224 reads the most recent capture. F xed a PWM g tch
where the p n wou d f oat for a few m cro seconds when stopped. Changed stream to enab e t mer on stream start. F xed the t mer Stop
modu es wh ch were broken by the PWM g tch f x.

v1.38: (Ju y 13, 2005) F xed a bug that was caus ng s ave stream to fa se y return a scan over ap error. Spec a  channe  numbers
changed to 200 and 225. v1.39: Changed the way the t mer updates n an attempt to e m nate the PWM f rst cyc e ong ow t me. (Ju y
21, 2005)

v1.37: (Ju y 12, 2005) Added spec a  stream channe s to read quad.

v1.36: (June 24, 2005) Added FeedbackA t.

v1.35: (June 17, 2005) F xed debounced f rmware counters.

v1.34: (June 16, 2005) Improved the debounce detect on of t mer mode 6.

v1.33: (June 14, 2005) F xed a bug w th the MIO funct ons.

v1.32: (June 14, 2005) Added funct ons to update the boot oader.

v1.31: (June 13, 2005) Added t mer mode 6, f rmware counter w th debounce.
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