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UE9 Datasheet

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 E

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If you are ook ng at a PDF, hardcopy, or other down oaded off ne vers on of th s document, rea ze that t s poss by out-of-date s nce
the orgna s anon ne document. A so, ths 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 entre document ncudng a ch d pages, ¢ ck "Save as PDF" towards the bottom-r ght of th s page. Do ng so
converts these pages to a PDF on-the-fy, us ng the atest content, and can take 20-30 seconds. Make sure you have a current
browser (we mosty 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 sm ar. Then wat 20-30 seconds and a daog 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 qucky mprove and update content.

¢ C ck-abe nks to further or re ated deta s throughout the on ne document.

e The ste search ncudes 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.

o 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 towww. ab ack.com.

Copyr ght 2012, LabJack Corporat on

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

UE9 (-Pro) unt tsef nred enc osure
USBcabe (6 ft/1.8m)
Ethernetcabe (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 matera or workmansh p.
We w troub eshoot, repar, or rep ace wth 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 appy 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 fpossbe.

The warranty cannot be honored on d scont nued products f rep acements are unava ab e and repar s not reasonaby possbe.

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

LabJack s not abe for any osses, expenses or damages beyond the LabJack dev ce tsef. See our L mtaton of L ab tyfor 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 possb e, nthe case of mproper and/or unreasonab e use, to
damage the LabJack and even the PC to wh ch t s connected. LabJack Corporaton 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 mted 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, ndrect, nc denta
or consequenta 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 crtca component n fe support or systems where ma funct on can
reasonab y be expected to resut 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 ¢ nformat on from LabJack Corporat on s proh b ted w thout perm ss on. Reproduct on
of any of these w th aterat on s an unfar 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 Rues 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: LJUES ( Pro)

conforms to the fo owing Product Specifications:

EN 55011 Cass 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 aton 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 automatca y by acceptng a defauts.

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 sera 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 LUContro Pane does not f nd the UE9, check W ndows Dev ce Manager to see fthe UE9 nsta ed correcty. 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. Correcty Functon 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. Wth t you can use ow- eve functons to nteract w th your UE9 over
USB. ATCP nterface s not ncuded n the Exodr ver, but most programm ng anguages have aTCP brary to use. We demonstrate
ow- eve functon 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 scrpt.

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 ers nstruct ons
to nsta the drver.

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 drver 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 scrpts nstructons to nsta the drver.

For more Exodr ver nsta aton nformat on go to the Exodr ver page at abjack.com/support/ nux-and-mac-o0s-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, frst 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 aton, to test your UE9 connect t to your computer w th aUSB 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 ternatvey, 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.

T 1LJ control Panel 2,10

Devices UES Pro Setidl Numbas: 272260863

Comm Fienwvare Version
& 272280863 Localll  Fomd Pt B
1 [52350 [cz3e1 Comme 1,330
VEE- TR IELIAES 1P Address Canlick. 1780
- [z fies [ fies Hardwave: 1100
USB -1 Subnet
Mok Found 5 [ = o
Galevay
[l [ie8 [n

Boctpades  1.120

Coniral
|.

Plomer Levsl
™ DHCP Enablad g &

[ newen Comm and Conliol lumware version it available online. To
upgiade. pleate close LIContolPanel and iun LIS elfUpgrade.

G 00

Found: 2 USE, 1 UDF, 0 spaciied

Figure 1.1-1. LJContro Pane Man 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 ony 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.

« Wrte 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.

e Reset: C ck to reset the se ected dev ce.

o 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 caton to be custom zed.

[-‘J Settings BE®E

Search

havinge LabJack IP

[v Search for USE devices Adslremrs

Search for Ethernet
[v devices using LIDF
broadcast packet

Search for Ethernet

devices uzing specified
IP addreszes

1 e [ 1w

Remove [P

Cancel

Figure 1.1-3. LJContro Pane Sett ngs W ndow

« Search for USB dev ces: If se ected, LUContro Pane w nc ude USB when search ng for dev ces.

¢ Search for Ethernet dev ces us ng UDP broadcast packet: Norma vy, 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 specfca y search
over TCP us ng each address nthe 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 UE9Q 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 vaues 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
vaues 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 caton 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.

| & U Self Upgrade 1.31

File |

Status |

Driver Version: 3.49 - Up To Date

Here is a link to the Firmware Lipgrade Files that will open in your web browser,

Download and save the hex or bin files to any location on your computer.

Targel processor 1
UE3 UE3 GetVersion Numbers:
p - I sion
* Comm. Control ey sl
| [UES Comm. Version: 1,580

T UES Control Version: 2.260
~ USB UUES Bootloader Version: 1.140

LocallD: |0 —| ¥ UseFirstFound Fimmware is up to date
" Ethernet

IP Address: IIBI& e8| .|209
Port: |523[il] 3

Figure 1.2-1. Se f-Upgrade App caton

If prob ems are encountered dur ng programm ng, try the fo ow ng:
1. Unpug the UE9, wat 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' actv 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, wat 5 seconds and p ug the UEQ 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, wat 5 seconds and p ug the UE9Q 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. Ifthere s no act vty 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:

o« Commun cat on Edge,
e 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).
( p jack) e

DB15
The screw term na edge has conven ent connect ons for 4 ana og nputs, CONTROL vs ()
both ana og outputs, and 4 fexbe dgta I/O (FIO). The screw termna's ® SDA cioils 3;0 CI00
are arranged n b ocks of 4, w th each b ock cons st ng of Vs, GND, and @® sCL = cro3|* § gNo[f
two I/0. A so on th s edge are two LEDs assoc ated w th the two : oo el EI00|* 3 1o
processors n the UE9. 5O EIO2 « ¢ E103
®  FlO3 7 L E;gg 2 ¥'| E105
The DB Edge has 2 D-sub type connectors: a DB37 and DB15. The : o2 ) GND|s ¢ EIO7
DB37 has some dgta I/O and a the anaog I/O. The DB15 has 12 @® Vs § N —’
addtona dgta I/O. ® Fo1 ~ -
® FIO0 phe
® GND
® Vs c GND|* z4 1y
m 200uA|% o o107
@ DACl FIO6|% 2
® DACO w FIO4 4 } FIOS
® GND F1o2|% % F103
® Vs F00|% 54 P01
MIO1 |’ 5d Moo
@® AIN3 g ¢ MIO2
® AINZ GND N & vs
® GND VM- A & VM-
@® Vs GND[% o
DACO[s 54 DASt
® AINL AIN13f% i GND
@ AIND AIN11FS &) AIN12
® GND AINO 4 %] AIN1O
® Vs ATNZ S €] AINS
AINS s € AING
AIN3[% ©] AIN4
AINLES ¢ AIN2
GNDFs ¢ AINO
W

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 aton, see Secton 1.

The UE9 has a fu -speed USB connect on compatb e wthUSB vers on 1.1 or 2.0. Th s connect on can provde 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. Certan ow
power USB ports can be mted to 100 m amps, and some power modes of the UE9 use more than 100 m amps. A USB hub wth a
power suppy (se f-powered) w aways provde 500 m amps for each port.

USB ground s connected to the UE9 ground, andUSB ground s genera y the same as the ground of the PC chass s and AC mans. In
th s case, the UE9 s not e ectrca y so ated when the USB cab e s connected.

The deta s of the UE9USB nterface are hand ed by the hgh eve drvers (W ndows LabJackUDDLL), so the fo ow ng nformaton s
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rea y ony needed when deve op ng ow- eve drvers.
The LabJack vendor ID s 0x0CD5. The product ID for the U3 s 0x0009.

The USB nterface cons sts of the norma b drectona 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 mut p e of the endpo nt s ze a short packet w be transferred. In genera, sma transfers w be faster on Endpont 1 and arge
transfers w be faster on Endpo nt 2, but the t me d fferences are sma fany, and t s norma to doa 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 functons 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 mut p es of 192 bytes (64 samp es). Th s means that at ow scan rates there coud 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 awat 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
aways 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 mpy wat ng to be retr eved from the UE9 FIFO buffer.

Another opton 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 nthe USB buffer.

A thrd opton s to do a StreamStop (and a F ushBuffer f des red), and then do not attempt to empty theJSB 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 ¢ 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 ony prov des commun cat on, so power must be prov ded by an
externa power supp y or USB connect on.

UE9 commands (Secton 5) can a be sent us ngTCP, 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 gavan ¢ so aton. As ong as the USB cab e s not connected, the overa
so aton eve of the UE9 w be determ ned by the power suppy. A power supp es sh pped by LabJack Corporat on w th the UE9
have at east 500 vo ts of so aton.

See a note about power-over-Ethernet POE) n Secton 2.3.

The UE9 has a 10Base-T Ethernet connect on. Th s connect on ony 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 drect 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 orentaton andw 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 ectrca 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 sm 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 ¢ ent for bas ¢ 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 ony ta k to dev ces w th the same frst 3 bytes of the IP address. The defaut IP
address of the UE9 s 192.168.1.209, whch w genera y work on a network us ng the 192.168.1.* subnet (un ess another devce s
aready us ng the .209 address). If the IP address of the UE9 needs to be changed, the eas est way s va USB w th the LJContro Pane
app caton.

LJContro Pane and P ng (open a command prompt w ndow and type “p ng 192.168.1.209”) are usefu ut tes for test ng bas ¢ Ethernet
commun caton. It s a good dea to attempt to P ng the des red IP address before connect ng the UE9, to see f anythng s aready

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]
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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 ony one s used at atme. The nom na power suppy vo tage for the UE9 s 5
vo ts. Power can be prov ded from the USB connect on (Vusb) or an externa power suppy (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 suppy remans va d, the UEQ w operate norma y. If both Vusb and
Vext are connected and va d, the nterna swichw se ect Vext. The UE9 power supp y requ rement s nomna y 5 vots 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 suppy capab e of 500 mA s
recommended. The power jack connector s 2.1 x 5.5 mm, center postve. A near (regu ated) or swtchng suppy s acceptab e.

Sw tch ng supp es are genera y no s er than nears, but the UE9 s not part cu ary sens t ve to power supp y no se, and most users w
not not ce any d fference. One opton s the CUI EMSA050120K-P5P-SZ ava ab e from D g key, for whch youw asoneedac 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 opton s
the CUI SMI6-5-K-P5, where K means no ¢ p but you can a so order w th d fferent ¢ ps (uses the sameEMS ¢ ps ment oned

prev ous y). Another nterest ng opt on s a power-over-Ethernet (POE) adapter. The UE9 does not supportPOE 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 unt 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]
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There s aye ow LED assoc ated w th the Comm (commun cat on) processor, and a greenLED assoc ated w th the Contro processor.

The Comm LED f ashes on reset and USB enumerat on, and then ony turns on when there s commun cat on JSB/Ethernet) traff c.
Th s LED then turns off fthere 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 nkng
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 de, as
ths LED a so fashes 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 startb nkng. The Comm LED w b nk a few t mes and then turn off. The Contro LED w cont nue to b nk
contnuous'y.

2.5 - GND and SGND [UE9 Datasheet]
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The GND connect ons ava ab e at the screw-term na s and DB connectors prov de a common ground for a LabJack functons. 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 nas), but f an so ated suppy 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 seres wth GND. Ths 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 ony has to
cons der one common ground (GND).

See the AIN, DAC, and D g ta I/0O Sect ons for more nformat on about ground ng.

2.6 - VS [UE9 Datasheet]
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The VS term na s are des gned as outputs for the nterna suppy votage (nomna y 5vots). Thsw be the vo tage prov ded from the
USB connect on (Vusb) or an externa power suppy (Vext) as descr bed nSect 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]
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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 frst
4 are aso ava ab e on the bu t-n screw termnas.

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 resouton s from 0-17, where 0-12 a correspond to 12-btresouton, and 17 st resuts n 16-btreso ut on but wth mn mum

no se. The UE9-Pro has an add t ona reso ut on sett ng of 18 that causes acqu st ons to use the a ternate h gh-reso ut on converter
(24-bt s gma-de ta). Reso uton s confgured 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 tp e channe s, the nom na channe -to-channe de ay s specfed nAppend x A, and nc udes enough sett ng t me
to meet the spec f ed performance. Some s gna sources cou d beneft from ncreased sett ng, so a sett ng t me parameter s ava abe
that adds extra de ay between conf gur ng the mu t p exers and acqu r ng a samp e. The passed sett ngtme vaue smutp edby5

m croseconds to get the approx mate extra de ay. Ths extradeay w mpact the max mum poss b e data rates.

2.7.1 - Channel Numbers [UE9 Datasheet]
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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 accessbe
anaog nputs (AINO-AIN13). The frst 4 ana og nputs, AINO-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 ony to use one connect on or the other, and not
create a short crcut. 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 Vsuppy

133 Temp Sensor
15 GND

136 GND

140 Vsuppy

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 vot supp y vo tage (Vs) d recty to the ana og to
dgta 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 mghtdp s ghty wh e ncreas ng a command due to the ncreased current draw of the UE9, thus
th s read ng m ght be s ghty 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 dentca. 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 mut 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 mut p exer, and a conven ent £5.8 vo t power
suppy s ava ab e so the mutp exers can pass b po ar sgnas (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 mut p exer ch ps, but
the UE9s £5.8 vot suppy shoud 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 par of mutp exers.
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Figure 2.7.1-2. Typ ca Externa Mut 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 ¢ (such as F gure 2-2) and mak ng bas ¢
connect ons on a so der ess breadboard (such as the "EB37 Exper ment Board":/cata og/eb37-exper ment-board). Inta y, t s
recommended to test the bas ¢ operat on of the mu t p exers w thout the MIO nes connected. S mp y connect d fferent vo tages to NOO
and NO1, connect ADDA/ADDB/ADDC to GND, and the NOO 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 nesw automatca 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 fferenta 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 fferenta
extended channe par 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 reman n that same condton unt commanded d fferenty 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 nesw 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 Mut p exed
Channe |[Channes

16-23

24-31

32-39

40-47

48-55

56-63

64-71

72-79

N[O O B W[N] = O
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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]
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Ths nformaton s ony 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

Gan [MaxV [MnV
Unpoar |1 5.07 -0.01
Unpoar (2 2.53 -0.01
Unpoar [4 1.26 -0.01
Unpoar |8 0.62 -0.01
B po ar 1 5.07 -5.18

The h gh-reso ut on converter on the UE9-Pro ony 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 functons). 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 fash on the Contro processor.

Vots = (S ope * Bts) + Offset

In both cases, “Bts” s aways a gned to 16-bts, so fthe raw b nary vaue s 24-bt data t must be d vded by 256 before convert ng to
vo tage. B nary read ngs are a ways uns gned ntegers.

S nce the UE9 uses mutpexers, a channes (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]
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Typical Analog Input Connections Overview

A common queston 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 mts 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 fer, 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
devcew have onthe sgna. The man consderaton s whether the currents go ng nto or out of the UE9 ana og nputw 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 vot nput range and 16-b t reso uton, resutng n a vo tage
reso ut on of about 5/65536 = 76 pV. That means there w be about 131 d screte steps across the 10 mV span of the sgna, and the
overa resouton 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 ¢ 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, fthe sgna s a waveform, what nformaton 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 mutp e channe s, the scan rate s a so cons dered. See Sectons 3.1 and 3.2.

2.7.3.1 - Signal from the LabJack [UE9 Datasheet]
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Each ana og nput on the UE9 measures the d fference n vo tage between that nput and ground GND). S nce a 1/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 connectng a s ng e w re from that
termna to an AINx termna.

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 postve ead connects to an AINx term na and the negat ve ead connects
to a GND termna.

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]
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Atypca examp e of th s type of sgna 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 anAINx term na .

Another var aton 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 negatve sgna s
the same as power ground, or can be shorted ground, then the postve 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 fer). In th s case the s gna votage 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 fer s requ red to convert the d fferenta s gna to s gna -ended, and probab y
aso toamp fy the sgna.

2.7.3.4 - Signal Powered Externally [UE9 Datasheet]
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An examp e s a box wth a wre comng out that s defned as a 0-5 vot anaog s gna and a second wre abe ed as ground. The s gna
s known to have 0-5 vo ts compared to the ground w re, but the comp caton s what s the vo tage of the box ground compared to the
LabJack ground.

If the box s known to be e ectrca y so ated from the LabJack, the box ground can s mp y be connected to LabJackGND. An examp e
wou d be f the box was p ast ¢, 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 obvousy 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 soaton s eas y ost at another
tme.

If the box ground s known to be the same as the LabJackGND, then perhaps ony 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 Q res stor. You defntey
do not want to connect the grounds w thout a res stor.

If tte s known about the box ground, aDMM can be used to measure the vo tage of box ground compared to LabJackGND. 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 deato put na
100 Q 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 ftoo much current does f ow. The ony 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, fthere s uncertanty, a good approach s to use aDMM to measure the vo tage on each s gna /ground w re w thout any
connect ons to the UEQ. If no arge vo tages are noted, connect the ground to UE9 SGND w th a 100 Q 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 connectng 8 sensors powered by the
same externa suppy, or otherw se referred to the same externa ground, ony 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 Q res stor
wh ch s connected to UE9 ground.

2.7.3.5 - Amplifying Small Signal Voltages [UE9 Datasheet]
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The best resu ts are genera y obta ned when a s gna vo tage spans the fu anaog 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 gnas such as thermocoup es s the LJT ck-
InAmp, wh ch s a 2-channe nstrumentat on amp fer 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:

+V
®

Vin @ | +‘J

GND J—

Figure 2.7.3.5-1. Non-Invert ng Op-Amp Conf gurat on
The gan of ths conf guraton s:
Vout = Vin * (1 + (R2/R1))

100 kQ s a typ ca vaue for R2. Note that f R2=0 (short-c rcu t) and R1=nf (not nsta ed), a s mp e bufferwth aganequa to 1 sthe
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 man crter a s that the op-
amp can hand e the nput and output s gna range. Often, a s ng e-suppy 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
votapp catons. The max suppy rat ng for the OPA344 s 5.5 vots, so for app catons 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
sgna sdfferenta (.e.there s apostve and negatve s gna both of wh ch are d fferent than ground), an nstrumentat on amp fer ( n-
amp) shou d be used. An n-amp converts a d fferenta s gna to s ng e-ended, and genera y has a s mp e method to set gan.

The EB37 exper ment board s handy for bu d ng these crcu ts.
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2.7.3.6 - Signal Voltages Beyond +5 Volts (and Resistance

Measurement) [UE9 Datasheet]
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The nom na max mum ana og nput vo tage range for the UE9 s 15 vots. 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 ¢ 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).

Vout

Vin e

Figure 2.7.3.6-1. Votage Dvder Crcut
The attenuat on of ths crcut s determ ned by the equat on:
Vout = Vin * (R2/ (R1+R2))

Thsdvder seas y mpemented by putt ng a res stor (R1) n ser es wth the sgna wre, and p ac ng a second res stor (R2) from the
AIN term na to aGND term na . To ma nta n spec f ed ana og nput performance, R1 shou d not exceed 10 kQ, so R1 can genera y be
fxed at 10 kQ and R2 can be adjusted for the des red attenuat on. For nstance, R1 =R2 =10kQ provdesadvdeby2,soa+10vot
nputw bescaedtot5votsanda0-10vot nputw be scaedto 0-5vots.

The d vde by 2 conf gurat on where R1 = R2 = 10 kQ, presents a 20 kQ oad to the source, meanng thata 10 votsgna w have to
be ab e to source/s nk up to 500 pA. 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).

+V
R1 .
Vine . [+
Op-Amp .
Rz — .
v
GND

Figure 2.7.3.6-2. Buffered Vo tage Dvder Crcut

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 -suppy app catons. The LT1490A ony draws 40 pA 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 gnas n the +5 vo t range. S nce the nput
b as current sony -1 nA, arge dvder res stors such as R1 = R2 =470 kQw ony cause an offset of about -470 pV, 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 andGND, the LT1490A s not the best cho ce. When the amp fer
nput vo tage s wthn 800 mV of the postve suppy, the b as current jumps from -1 nA to +25 nA, whch wth R1 =470 kQw cause
the offset to change from -470 pV 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 mted to that range, so fVs s 4.8 vots your sgna rangew be 0-4.8vots.Ilfths sa
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 votage dvder 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]
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The best way to hand e 4-20 mA s gna s s w th theLJT 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 fgure s smpy a res stor.

Load or
2-wire 4-20 mA |~
Sensor

— -
+ N .
Ext. '/ \ Shunt —
Supply 'x\\ /A :

.__/ -
= Current flow 0-100 0

e SGND

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 sgna, a typ ca va ue for the shunt wou d be 240 Q. Thsresuts na 0.96 to 4.80 vot 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 vots.

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, fthe 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 Q 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 Q shunt, and then use an amp fer to ncrease the sma vo tage produced by that
shunt. If the max mum current to measure s too hgh (e.g. 100 amps), tw be dffcuttofnd a sma enough res storand 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 Q wh ch resu ts
n 0.96 to 4.80 vo ts.

3-wire 4-20 mA
Sensor
= Vs Signal -
Supply Common 4-20mA o
current
+
e Shunt -

Supply _ )

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 wre. 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 fferenta (ne ther sde 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 souton s to connect the sensor s gna or postve sensor suppy 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 uton.

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

The best way to hand e 4-20 mA s gna s s w th theLJT 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 nas.

2.7.3.8 - Floating/Unconnected Inputs [UE9 Datasheet]
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The read ng from a f oat ng (no externa connect on) ana og nput channe can be tough to predct and s key to vary wth sampe
tm ng and adjacent samp ed channe s. Keep n mnd that a f oat ng channe s not at 0 vots, but rather s at an undef ned vo tage. In
orderto see O vots, a0 votsgna (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 ¢” 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 stuaton 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, ...). A10kQresstorw pu the anaog nput read ngs to wthn
1 b nary count of any des red vo tage, but obv ous y degrades the nput mpedance to 10 kQ. For the spec f ¢ case of pu ng a foatng
channe to 0 vots, a 100 kQ res stor to GND can typ ca y be used to prov de ana og nput read ngs w thn 100 mV of ground.

2.7.4 - Internal Temperature Sensor [UE9 Datasheet]
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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. Bestresuts w be obtaned nst ar nanenvronmentwth sowy changng
amb ent temperatures.

The nterna temperature sensor s a so affected by the operat ng speed of the UE9. W th Contro frmware 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]
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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 wth 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, theDAC output buffers are powered
nterna y by Vs and thus the max mum output s mtedtos ghty essthan Vs. Another mp caton of ths 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 fash on the Contro processor
(Tab e 2-4):

Bts = (Sope * Vots) + 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 ony 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. Pror to contro frmware 1.98 when d sab ed they are p aced n a h gh- mpedance state,
frmware 1.98 and ater aways 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 defautfora 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
accdenta y app ed to e ther ana og output, they do have protect on aga nst trans ent events such as ESD (e ectrostat ¢ 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 par of 14-bt ana og outputs w th a range of +10
vots. The LJT ck-DAC p ugs nto any d gta 1/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]
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2.8.1 - Typical Analog Output Connections [UE9 Datasheet]
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The DACs on the UE9 can output qu te a b t of current, but have 50 Q of source mpedance that w cause vo tage drop. To avod ths
vo tage drop, an op-amp can be used to buffer the output, such as the non- nvert ng conf gurat on shown n E gure 2-3. Asmpe 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 vy (t.com).

2.8.1.2 - Different Output Ranges [UE9 Datasheet]
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There s an accessory ava ab e from LabJack ca ed the LJT ck-DAC that prov des a par of 14-bt ana og outputs w th a range of +10
vots. The LJT ck-DAC p ugs nto any dgta 1/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 theDACs 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 vots, agan of 2.06 srequred. If R2 (n Egure 2-3) s chosen as 100 kQ, then an R1 of 93.1 kQ 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 vots, 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 ts outputs ¢ ose
to the power ra s). For examp e, the EB37 exper ment board prov des power supp es that are typca 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 tes, the outputs coud be drven very c ose to £9.5 vots.
If £12 or £15 vot supp es are ava ab e, then the op-amp m ght not need ra -to-ra capab tes 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 crcut, DAC1 s used to prov de a reference vo tage. The
actua vaue of DAC1 can be adjusted such that the c rcu t output s 0 vo ts at the DACO 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.

+V >+10V
[ ]

Op-Amp > . ® ~ +10 Volt output

gk
V<-10V

| s 105 kD

= R1=30kQ

DAC1=~3.1V @ ‘

Figure 2.8.1.2-1. £10 Vot DAC Output Crcu'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 1/0 [UE9 Datasheet]
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Digital 1/0 Overview

The LabJack UE9 has 23 d gta 1/O. The LabJackUD dr ver uses the fo ow ng bt numbers to specfy a thedgta nes:

07 FOO0FO7

815 EOO0 EO7
16 19 CO0 C O3
2022 MO0 M O2

The "F", "E", "C", and "M" des gnators have tte speca meanng. They are just arb trary etters used to des gnate d fferent group ngs
ofdgta I/0. 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 DIOS.

The UE9Q has 8 FIO. The frst 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 ony to use one connect on or the other, and not create a short crcut. The
upper 4 nes appear ony on the DB37 connector. By defaut, the FIO nes are d gta 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 ony on the DB15 connector. See theDB15 Sect on of th s User s Gu defor more nformat on.

MIO are standard d g ta 1/O that a so have a speca mutp exer contro funct on descrbed rSecton 2.7 above (AIN). The MIO are
addressed as dgta I/0O 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 thedgta I/O ncude an nterna ser es res stor that prov des overvo tage/short-c rcu t protect on. These ser es res stors aso mt the
ab ty of these nes to s nk or source current. Refer to the spec fcat ons n Append x A.

Tri-State 1/0

A dgta I/O on the UE9 have 3 poss b e states: nput, output-h gh, or output- ow. Each bt of I/O can be conf gured ndvdua y. When
confgured as an nput,abthas a~100 kQ pu -up res storto 3.3 vots (a dgta I/O are 5 vot to erant). When conf gured as output-
hgh,abt s connected to the nterna 3.3 vot suppy (through a ser es res stor). When conf gured as output- ow, abt s connected to
GND (through a ser es res stor).

Whenony ghty oaded, an nputtermna w measure about 3.3 vots f measured wth a DMM, and thus t can be tough to use a
DMM to te whether a ne s setto nput or output-h gh. A coupe tpstote the d fference:

1. Look for a s ght change where output-h gh measures a tte 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 1/0 are spec f ed as 5-vo t to erant means that 5 vo ts can be connected to a d gta nput w thout prob ems (see
the actua mts nthe specfcatons n Append x A). If 5vots s needed from a d gta output, cons der the fo ow ng so ut ons:

¢ Use the LJT ck-D g ta Out5V to convert a par 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 sgna. To get a ow set the ne toutput-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 setto nput, the vo tage on the ne s determned 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. Whetherthsw 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 EIOOQ to
VS. EIOO0 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 gbe. When EIO0 s setto nput, there w be 100k to 3.3 vots npara e wth 10kto 5
vots, and thus the new statabout4.85vots. Whenthe ne s setto output- ow, there w be 180 ohms n ser es w th the 10k,
sothe new be pu ed down to about 0.1 vo ts.

o A surefre way to get 5 vots from adgta output stoaddasmpe ogc buffer IC that s powered by 5 vo ts and recogn zes 3.3
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vots as a hgh nput. Cons der the CD74ACT541E from Tl (or the nvert ng CD74ACT540E). A that s needed s a few wres to
brng VS, GND, and the s gna from the LabJack to the chp. Ths chp can eve shftuptoeght0/3.3votsgnasto0/5vot
s gnas 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, provd 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 votages w th:

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

The vaues are a tt e dfferent for FIO versus EIO/CIO as the atter hasess seres mpedance.

FIO
FIO vs GND w th no oad
Input 3.28 vots
Output- ow 0.02vots
Output-h gh 3.30vots
FIO vs GND w th a 1k res stor nsta ed FIO to GND
Input 0.025vots
Output- ow 0.015vots
Output-h gh 2.2vots
FIO vs GND w th a 1k res stor nsta ed FIO to VS
Input 5.0vots
Output- ow 1.7 vots
Output-h gh 3.9vots
EIO/CIO
EIO/CIO vs GND w th no oad
Input 3.29vots
Output- ow 0.03vots

Output-h gh 3.30vots

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

GND
Input 0.025vo'ts
Output- ow 0.027 vo ts

Output-h gh 29vots

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

Input 5.0vots

Output- ow 0.6 vots

Output-h gh 3.6 vots
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Boot-Up Defaults

The power-up condt on of the d g ta 1/0 can be conf gured by the user w th the "Conf g Defau ts" opt on n LJContro Pane . From the
factory, a dgta I/O are conf gured to power-up as nputs. Note that even f the power-up defaut fora ne s changed to output-h gh or
output- ow, there s a de ay of about 100 ms at power-up where a dgta 1/O are n the factory defaut condton. For more

nformat on see th s forum top c.

Why Are My Digital /0 "High" at Boot-Up?

The mp ed queston 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 fora DIO s nput, but s nce nputs have a 100k nterna pu -up they w read 3.3vots fony
ghty oaded. So key 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 youwant afoatngdgta nputtoread 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 functon (Secton 5.3.3) wrtes and reads a dgta I/O. For nformaton about us ng the dgta 1/O under the
W ndows LabJackUD dr ver see Secton 4.3.5. See Sect on 3 for t m ng nformat on.

Bit-Packed Integers

Many funct on parameters conta n specfc bts wthn a snge nteger parameter to wr te/read spec f ¢ nformat on. In part cu ar, most
dgta I/O parameters conta n the nformat on for each bt of I/O n one nteger, where each b t of I/O corresponds to the same bt n the
parameter (e.g. the d rect on of FIO0 s set n bt 0 of parameter FIOD r). For nstance, nthe ow-eve functon ConfgU3, the parameter
FIOD recton 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:

e« fFIODrecton s0,a FIO nesare nput,
« fFIODrecton s 1 (29, FIOO s output, FIO1-FIO7 are nput,
« fFIODrecton s5 (20 + 22), FIO0 and FIO2 are output, a other FIO nes are nput,

« fFIODrecton s 255 (20 + ... + 27), FIOO-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 ony connect to one or the other, not
both at the same t me.

On the UE9, the FIOx that appears on the screw-termnas s drecty 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 dgta I/O crcutry. Note thatths ss ghty d fferent than other dev ces
w th a DB37 connector (U6, T7).

2.9.1 - Typical Digital I/O Connections [UE9 Datasheet]
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2.9.1.1 - Input: Driven Signals [UE9 Datasheet]
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The most bas ¢ connectonto a UEQ dgta nput s adrven sgna, often ca ed push-pu . Wth a push-pu sgna the source stypca y
prov dng a h gh vo tage for ogc h gh and zero vots for ogc ow. Ths sgna s genera y connected d recty to the UE9 dgta nput,
cons der ng the vo tage spec f catons n Append x A. If the sgna s over5vots, tcan st be connected wth a seres res stor. The
dgta 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 mt the current through
these protect ve dev ces. For nstance, fa 24 votsgna s connected through a 22 kQ ser es res stor, about 19 vots w be dropped
across the res stor, resutng 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 kQ 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 ¢ push-pu s gna s the ground connect on. If the s gna s known to aready have a
common ground w th the UE9, then no add t ona ground connect on s used. If the sgna 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 Q ser es res stor s
genera y recommended (see Sect on 2.7.3.4).

Rseries
Push-Pull AAA/
Signal

o Pigital
Input

Signal Rgroung
Ground | VVYVV

Figure 2.9.1.1-1. Drven S gna Connecton To Dgta Input

F gure 2.9.1.1-1 shows typ ca connect ons. Rground stypca y 0-100 Q. Rseres stypca y 0 Q (short-crcut) for 3.3/5vot ogc, or 22
kQ (max) for h gh-vo tage og c. Note that an nd vdua ground connecton s often not needed for every s gna. Any s gna s powered by
the same externa suppy, or otherw se referred to the same externa ground, shou d share a s ng e ground connect on to the UE9 f
possbe.

When dea ng wth a new sensor, a push-pu sgna s often ncorrecty assumed when n fact the sensor prov des an open-co ector
sgna 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]
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To detect whether a mechan ca sw tch (dry contact) s open or ¢ osed, connect one s de of the sw tch to UE9 ground and the other s de
toadgta nput. The behavor s very sm ar to the open-co ector descr bed above.
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e Digital
Input

.GNDor
SGND

Figure 2.9.1.3-1. Bas ¢ Mechan ca Swtch Connecton To D gta Input

When the swtch s open, the nterna 100 kQ pu -up resstorw pu the dgta nputto about 3.3 vots (ogc h gh). When the swtich s
c osed, the ground connecton w overpower the pu -up res stor and pu thedgta nputto O vots (ogc 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 recty to GND, w thout us ng a
ser es res stor or SGND.

When the mechan ca swtch s cosed (and even perhaps when opened), tw bounce br ef y and produce mutp e e ectrca edges
rather than a s ng e h gh/ ow trans t on. For many bas c dgta nput app catons, ths s not a prob em as the software can s mpy 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, ths usua y s a prob em. The hardware counters, for nstance, are very fastandw ncrement on a the
bounces. Some so utons to ths ssue are:

« Software Debounce: If t s known that a rea ¢ osure cannot occur more than once per some nterva, then software can be used
to mtthe number of counts to that rate.

« Frmware Debounce: See secton 2.10.1 for nformat on about t mer mode 6.

¢ Actve Hardware Debounce: Integrated c rcu ts are ava ab e to debounce swtch sgnas. Ths 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 sgna. Ths s not foo proof,
but works f ne n most app cat ons.

-o VS

1uyF —— 22 kQ

A A A

YAYAY, \J" 2 P D I g I ta I
b Input

. GND or
SGND

Figure 2.9.1.3-2. Pass ve Hardware Debounce
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F gure 2.9.1.3-2 shows one poss b e conf gurat on for pass ve hardware debounce. F rst, cons der the case where the 1 kQ res stor s
rep aced by a short c rcu t. When the sw tch c oses t mmed ate y charges the capac tor and the d gta nput sees ogc ow, but when
the sw tch opens the capac tor s ow y d scharges through the 22 kQ res stor w th a t me constant of 22 ms. By the t me the capac tor
has d scharged enough for the dgta nput to see ogc h gh, the mechan ca bounc ng s done. The ma n purpose of the 1 kQ res stor s
to mtthe current surge when the swich s cose.1kQ mtsthe max mum current to about 5 mA, but better resu ts m ght be obta ned
wth sma er res stor va ues.

2.9.1.4 - Output: Controlling Relays [UE9 Datasheet]
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A thedgta I/O nes have ser es res stance that restr cts the amount of current they can s nk or source, but so d-state re aysSRs)
can usua y be contro ed drecty by the dgta I/0. The SSR s connected as shown n the fo ow ng d agram, where VS (~5 vo ts)
connects to the pos t ve contro nput and the dgta I/O ne connects to the negat ve contro nput (s nk ng conf gurat on).

Solid-State
Relay
+ +
/":ﬁ\
Ext. | \
Supply l\ . ’/) Load Control
Load = | o Digital
110

Figure 2.9.1.4-1. Re ay Connect ons (S nk ng Contro, H gh-S de Load Sw tch ng)

When thedgta ne s setto output- ow, contro current fows and the re ay turns on. When the dgta ne s setto nput, contro current
does not f ow and the re ay turns off. When the dgta ne s set to output-h gh, some current f ows, but whether the re ay s on or off
depends on the spec f cat ons of a part cu ar re ay. It s recommended to on y use output- ow and nput.

For examp e, the Seres 1 (D12/D24) or Seres T (TD12/TD24) re ays from Crydom spec fy a max turn-on of 3.0 vo ts, a m n turn-off of
1.0 vots,and a nomna nput mpedance of 1500 Q.

« Whenthedgta ne s setto output-ow, t sthe equvaent of a ground connect on w th 180 QEIO/CIO/MIO) or 550 Q (FIO) n
ser es. When us ng an EIO/CIO/MIO ne, the resu t ng vo tage across the contro nputs of the re ay w be about
5*1500/(1500+180) = 4.5 vo ts (the other 0.5 vo ts s dropped across the nterna res stance of the EIO/CIO/MIO ne). Wth an FIO

ne the vo tage across the nputs of the reay w be about 5*1500/(1500+550) = 3.7 vo ts (the other 1.3 vo ts are dropped across
the nterna res stance of the FIO ne). Both of these are we above the 3.0 vo t thresho d for the re ay, so tw turn on.

« Whenthedgta ne ssetto nput, t sthe equvaentofa 3.3 votconnectonwth 100 kQ n seres. The resu t ng vo tage across
the contro nputs of the reay w be cose to zero, as vrtua y a of the 1.7 vot d fference (between VS and 3.3) s dropped
across the nterna 100 kQ res stance. Ths s we be ow the 1.0 vot thresho d for the re ay, so tw turn off.

« Whenthedgta ne s settooutput-hgh, t sthe equvaentof a 3.3 vot connect on wth 180 QEIO/CIO/MIO) or 550 Q (FIO) n
ser es. When us ng an EIO/CIO/MIO ne, the resu t ng vo tage across the contro nputs of the re ay w be about
1.7*1500/(1500+180) = 1.5 vo ts. Wth an FIO ne the vo tage across the nputs of the re ay w be about 1.7*1500/(1500+550) =
1.2 vo ts. Both of these n the 1.0-3.0 vo t reg on that s not def ned for these examp e re ays, so the resu t ng state s unknown.

Mechan ca re ays requ re more contro current than SSRs, and cannot be contro ed d recty by the d gta 1/O on the UE9. To contro
h gher currents w th the d g ta 1/0, some sort of buffer s used. Some opt ons are a d screte trans stor (e.g. 2N2222), a specfc chp
(e.g. ULN2003), or an op-amp.

Note that the UE9 DACs can source enough current to contro a most anySSR and even some mechan ca re ays, and thus can be a
conven ent way to contro 1 or 2 re ays.

The RB12 re ay board s a usefu accessory ava ab e from LabJack. Th s board connects to the DB15 connector on the UE9 and
accepts up to 12 ndustry standard 1/O modu es (des gned for Opto22 G4 modu es and s m ar).

Another accessory ava ab e from LabJack s theLJT ck-Re ayDr ver. Ths s a two channe modu e that p ugs nto the UE9 screw-
termnas, and a owstwodgta nes to each hod off up to 50 vo ts and s nk up to 200 mA. Th's a ows contro of vrtua y any so d-
state or mechan ca re ay.

2.10 - Timers/Counters [UE9 Datasheet]

Log n orreg ster to post comments
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Timers / Counters Overview

The UE9 has 6 t mers (T mer0-T mer5) and 2 counters (Counter0-Counter1). When any of these t mers or counters are enab ed, they
take over an FIO ne n sequence (T mer0, T meri, ..., T mer5, Counter0, Counter1). If any one of the 8 t mers/counters s enab ed, t
w take over FIOO. If any 2 are enab ed, they w take over FIO0 and FIO1. Ifa 8 are enabed, they w take overa 8 FIO nes.
Some examp es:

1 T mer enab ed, Counter0 d sab ed, Counter1 d sab ed

FIO0=T mer0
1 T mer enab ed., Counter0 d sab ed, Counteri enab ed
FIO0=T mer0

FIO1=Counter1

6 T mers enab ed, CounterQ enab ed, Counter1 enab ed
FIO0-FIO5=T mer0-T mer5

FIO6=Counter0

FIO7=Counter1

T mers and counters can appear on var ous p ns, but other I/O nes never move. For examp e, Counter1 can appear anywhere from
FIOO0 to FIO7, depend ng on how many t mers are enab ed and whether Counter0 s enab ed.

App cabedgta I/O are automatca y conf gured as nput or output as needed when t mers and counters are enab ed, and stay that
way when the t mers/counters are d sab ed.

See Secton 2.9.1 for nformat on about s gna connect ons.

Each counter (Counter0 or Counter1) cons sts of a 32-b t reg ster that accumu ates the number of fa ng edges detected on the
externa pn. If a counter s reset and read n the same functon ca , the read returns the va ue just before the reset.

Counter1 s used nterna y by stream mode, but n such a case ony uses anFIO ne f ¢ ock output or externa tr gger ng s used. If any
t mers/counters are be ng used wh e start ng/stopp ng a stream, the poss b e nteract on between t mer/counter conf gurat on and
start ng/stopp ng a stream needs to be cons dered.

The t mers (T mer0-T mer5) have var ous modes ava ab e:

Table 2.10-1. UE9 T mer Modes

T mer

Modes

0 16-bt PWM output

1 8-bt PWM output

P Perod nput (32-bt,rsng
edges)

3 Perod nput (32-bt,fa ng
edges)

4 Duty cyc e nput

5 F rmware counter nput

6 F rmware counter nput (wth
debounce)

7 Frequency output

8 Quadrature nput

9 T mer stop nput (odd t mers
ony)

10 System t mer ow read

11 System t mer h ght read
Perod nput (16-bt,rsng

12
edges)
Perod nput (16-bt,fa ng

13
edges)

Table 2.10-2. UE9 T mer C ock Opt ons

T merC ockBase
0 750 kHz
1 48 MHz (System)
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A tmers use the same t mer ¢ ock (wh ch affects modes 0, 1, 2, 3, 4, 7, 12, and 13). The t mer cock s determ ned by d vd ng the
base ¢ ock by the c ock d v sor. The d v sor has a range of 0-255, where 0 corresponds to a d vs on of 256. There are 2 cho ces for the
t mer base c ock.

The ow eve T merCounter functon has a bt ca ed UpdateConf g that must be set to change the t mer ¢ ock, t mer modes, or number
of t mers/counters enab ed. Whenths bt s set,a t mers and counters are re-nta zed. The LabJackUD dr ver automatca y sets ths
bt f any wrte requests are executed re ated to mode, enab ng/d sab ng, or ¢ ock conf gurat on.

The ow eve T merCounter funct on has UpdateReset b ts for each t mer that must be set to change the t mer va ue. The LabJackUD
drver automat ca y sets the appropr ate bt when a va ue wrte s executed.

The ow eve T merCounter funct on has Reset b ts for each counter that must be set to reset the counter to zero. The LabJackUD
automat ca y sets the appropr ate bt when a reset request s executed.

2.10.1 - Timer Mode Descriptions [UE9 Datasheet]
Log norreg ster to post comments

2.10.1.1 - PWM Output (16-Bit, Mode 0) [UE9 Datasheet]
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Outputs a pu se w dth modu ated rectangu ar wave output. Va ue passed shou d be 0-65535, and determ nes what port on of the tota
tme s spent ow (out of 65536 tota ncrements). That means the duty cyc e can be var ed from 100% (0 out of 65536 are ow) to
0.0015% (65535 out of 65536 are ow).

The overa frequency of the PWM output s the ¢ ock frequency spec fed by T merC ockBase/T merC ockD v sor d v ded by 38 The
fo ow ng tab e shows the range of ava ab e PWM frequenc es based on t mer ¢ ock sett ngs.

Table 2.10.1.1-1. 16-b t PWN Frequency Ranges

PWM16 Frequency
Ranges
T mer kB Dvsor=1 | Dvsor=2
0 750 kHz 11.44 0.04 750000
1 48 WHz 73242 |2.86 48000000
(System)

The same cock app estoa tmers,soa 16-btPWM channesw have the same frequency andw have therfa ng edges at the
same t me.

PWM output starts by sett ng the dgta ne to output- ow for the spec f ed amount of t me. The output does not necessar vy start
nstant y, but rather has to wa t for the nterna c ock to ro . For 16-bt PWM output, the start de ay var es from 0.0 to

T merC ockD v sor*65536/T merC ockBase. For examp e, f T merC ockBase = 48 MHz and T merC ockD v sor = 1, PWM frequency s
732 Hz, PWM per od s 1.4 ms, and the startdeay w vary from 0 to 1.4 ms.

If a duty cyc e of 0.0% (tota y off) s requred, cons der usng a s mpe nverter IC such as the CD74ACT540E from TI.

2.10.1.2 - PWM Output (8-Bit, Mode 1) [UE9 Datasheet]
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Outputs a pu se w dth modu ated rectangu ar wave output. Va ue passed shou d be 0-65535, and determ nes what port on of the tota
tme s spent ow (out of 65536 tota ncrements). The ower byte s actua y gnored snce ths s 8-bt PWM. That means the duty cyce
can be var ed from 100% (0 out of 65536 are ow) to 0.4% (65280 out of 65536 are ow).

The overa frequency of the PWM output s the ¢ ock frequency spec f ed by T merC ockBase/T merC ockD v sor d v ded by &. The
fo ow ng tab e shows the range of ava ab e PWM frequenc es based on t mer ¢ ock sett ngs.

Table 2.10.1.2-1. 8-bt PWN Frequency Ranges

PWM8 Frequency
Ranges
T mer kB D v sor=1|D v sor=256
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480UTHiZ
(System)

—-d

292969 11144 750000
187500 |732.42 48000000

The same cock app estoa tmers,soa 8-btPWMchannesw have the same frequency and w have ther fa ng edges at the
same t me.

PWM output starts by sett ng the dgta ne to output- ow for the spec f ed amount of t me. The output does not necessar vy start
nstant y, but rather has to wa t for the nterna cock to ro . For 8-bt PWM output, 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, PWM frequency s
732 Hz, PWM per od s 1.4 ms, and the startdeay w vary from 0 to 1.4 ms.

If a duty cyc e of 0.0% (tota y off) s requred, cons der usng a s mpe nverter IC such as the CD74ACT540E from TI.

2.10.1.3 - Period Measurement (32-Bit, Modes 2 & 3) [UE9
Datasheet]
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Mode 2: On every r s ng edge seen by the externa p n, th s mode records the number of ¢ ock cyc es (c ock frequency determ ned by
T merC ockBase/T merC ockD v sor) between th s r s ng edge and the prev ous r s ng edge. The va ue s updated on every r s ng edge,
so a read returns the t me between the most recent par of r s ng edges.

In th s 32-b t mode, the Contro processor must jump to an nterrupt serv ce rout ne to record the t me, so sma errors can occur f
another nterrupt s aready n progress. The poss b e error sources are:

« Other edge nterrupt t mer modes (2/3/4/5/8/9/12/13). If an nterrupt s aready be ng hand ed due to an edge on another t mer,
de ays of a coup e m croseconds per t mer are poss b e. That means f f ve other edge detect ng t mers are enabed, t spossbe
(but not ke y) to have about 10 m croseconds of de ay.

« If a stream s n progress, every sampe s acqured nahgh-prorty nterrupt. These nterrupts cou d cause de ays of up to 10
m croseconds.

« The aways act ve UE9 system t mer causes an nterrupt 11.4 t mes per second. If th s nterrupt happens to be n progress when
the edge occurs, a de ay of about 1 m crosecond s poss b e. If the software watchdog s enab ed, the system t mer nterrupt takes
onger to execute and a de ay of a few m croseconds s possbe.

Note that the m n mum measurabe perod s mted by the edge rate mtdscussed nSecton 2.10.2.

Wrt ng a va ue of zero to the t mer performs a reset. After reset, a read of the t mer vaue w return zero unt a new edge s detected. If
atmer sreset and read nthe same functon ca , the read returns the va ue just before the reset.

Mode 3 s the same except that fa ng edges are used nstead of r s ng edges.

2.10.1.4 - Duty Cycle Measurement (Mode 4) [UE9 Datasheet]
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Records the h gh and ow t me of a sgna on the externa p n, wh ch prov des the duty cyc e, pu se w dth, and per od of the sgna.

Returns 4 bytes, where the f rst two bytes ( east s gn f cant word or LSW) are a 16-b t va ue represent ng the number of ¢ ock t cks
dur ng the hgh s gna, and the second two bytes (most s gn f cant word or MSW) are a 16-b t va ue represent ng the number of ¢ ock
tcks durng the ow sgna. The c ock frequency s determ ned by T merC ockBase/T merC ockD v sor.

The appropriate va ue is updated on every edge so a read returns the most recent high/ ow times Note that a duty cyc e of 0% or 100% does not have any edges

To se ect a c ock frequency consider the ongest expected high or ow time and set the ¢ ock frequency such that the 16 bit registers wi not overf ow n other words
to measure 0% to 100% duty cyc e for a given signa frequency you need to set your ¢ ock frequency ow enough such that the overa period of the signa is ess than
65535 * 1/TimerC ockFrequency That equates to:

fcock < 65535 * fsigna
Note that the minimum measurab e high/ ow time is imited by the edge rate imit discussedin Secton 2.10.2

When using the LabJackUD driver the va ue returned is the entire 32 bit vaue To determine the high and ow time this va ue shou d be spit into a high and ow word
One way to do this is to do a modu us divide by 2*16 to determine the LSW and a norma divide by 2*16 (keep the quotient and discard the remainder) to determine
the MSW

Writing a va ue of zero to the timer performs a reset After reset a read of the timer va ue wi return zero unti a new edge is detected f a timer is reset and read in
the same function ca the read returns the va ue just before the reset The duty cyc e reset is specia in that if the signa is ow at the time of reset the high time/ ow



28 Feb 2020

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

Wrtng a va ue of zero to the t mer performs a reset. After reset, a read of the t mer vaue w return zero unt a new edge s detected. If
atmer sreset and read nthe same functon ca , the read returns the va ue just before the reset.

2.10.1.6 - Firmware Counter Input With Debounce (Mode 6)
[UE9 Datasheet]
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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 ary usefu for
s gnas from mechan ca sw tches. On every app cab e edge seen by the externa p n, ths mode ncrements a 32-bt 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 ony (UpdateConf g=1), the ow byte of the t mer vaue 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, bt 0 determ nes whether negat ve edges (bt 0 c ear) or pos tve edges (bt 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. Ths s good behav or for a norma y-h gh s gna where a sw tch ¢ osure causes a
bref ow s gna. The debounce per od can be set ong enough so that bounc ng on both the sw tch ¢ osure and sw tch open s gnored.

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

2.10.1.7 - Frequency Output (Mode 7) [UE9 Datasheet]
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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 theFIO nes. Accord ngy, 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 nstanty, but rather has to wat 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]
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Requ res 2 t mer channe s used n adjacent pars (0/1, 2/3, or 4/5). Eventmers w be quadrature channe A, and oddtmersw be
quadrature channe B. The UE9 does 4x quadrature count ng, and returns the current count as a s gned 32-bt 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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Wrtng 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 vaue 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 (rs 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 specfed IO ne sees a ogc h gh.

Z-phase s contro ed by the va ue wr tten to the t mer durng nta zaton. To enab e z-phase support setbt15to 1 and setbts 0
through 4 to the DIO number that Z s connected to. EG: for a Z- ne on EIOS set the t mer va ue to 0x800B or 32779. Th s va ue shoud
be sent to both the A and B t mers.

Note that the LabJack w ony 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 unque n that t returns a s gned va ue from -2147483648 to
+2147483647. That s, a 32-bt2'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 aready 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 smpy cast Vaue to a sgned 32-bt 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. Frst
cacu ate Vaue = (MSW * 65536) + LSW. If Vaue < 2147483648, you are done. If Va ue >= 2147483648, do Actua Vaue =-1*
(4294967296 - Va ue).

2.10.1.9 - Timer Stop Input (Mode 9) [UE9 Datasheet]
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Th s mode shou d ony be ass gned to odd numbered t mers (1, 3, or 5). On every r s ng edge seen by theexternal 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 vaue s 1-65535. Genera vy, the s gna app ed to th st mer s from the adjacent
even t mer, wh ch s confgured 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 pn ke other nputt mer modes, so you must connect someth ng to the stop t mer nput
pn. Forexampe, fyou are usng T mer1 to stop T mer0 wh ch s outputt ng pu ses, you must connect a jumper from T mer0Q 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 1/O state was on that term na, t goes to the state “d g ta - nput” (wh ch has a 100 kQ 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 nta y confgured as d gta nput (factory
defau t), rather than output-h gh or output-ow. Thsw resut nnegatve go ng pu ses, so f you need postve 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]
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The LabJack UE9 has a free-runn ng nterna 64-bt system t mer w th a frequency of 750 kHz. T mer modes 10 & 11 return the ower or
upper 32-bts of ths tmer. An FIO ne s a ocated for these modes ke norma, even though they are nterna read ngs and do not
requ re any externa connect ons.

2.10.1.11 - Period Measurement (16-Bit, Modes 12 & 13) [UE9
Datasheet]
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S m ar to the 32-b t edge-to-edge t m ng modes descr bed above fmodes 2 & 3), except that hardware capture reg sters are used to
record the edge t mes. Ths mts the t mes to 16-b t va ues, but s accurate to the reso ut on of the ¢ ock, and not subject to any errors
due to f rmware process ng de ays.

Note that the m n mum measurab e perod s mted by the edge rate mtdscussed nSecton 2.10.2.

2.10.2 - Timer Operation/Performance Notes [UE9 Datasheet]
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Note that the spec fed t mer ¢ ock frequency s the same fora t mers. That s, T merC ockBase and T merC ockD v sor are s ngu ar
vaues thatappytoa tmers. Modes 0, 1, 2, 3, 4,7, 12, and 13, a are affected by the ¢ ock frequency, and thus the s mu taneous use
of these modes has mted fexb ty. Ths s often not an ssue for modes 2 and 3 s nce they use 32-b t reg sters.

The output t mer modes (0, 1, and 7) are hand ed tota y by hardware. Once started, no process ng resources are used and other UE9
operat ons do not affect the output. The major excepton to ths s fthe T merCounter UpdateConfg bt s set as descrbed ear er, as
thatw cause a output t mers to stop and restart.

The edge-detect ng t mer nput modes do requ re UE9 process ng resources, as an nterrupt s requ red to hand e each edge. T mer
modes 2, 3, 5, 6, 9, 12, and 13 must process every app cab e edge (rs ng or fa ng). T mer modes 4 and 8 must process every edge
(rsng and fa ng). To avod m ss ng counts, keep the tota number of processed edges (a t mers) ess than 100,000 per second. That
means that n the case of a s ng e t mer, there shou d be no more than 1 edge per 10 ps. For mutp e t mers, a can process an edge

s mu taneousy, but f for nstance 6 t mers get an edge at the same t me, 60 ps shou d be a owed before any further edges are app ed.
If stream ng s occurr ng at the same t me, the max mum edge ratew be ess (25,000 per second), and s nce each edge requ res
process ng t me the susta nab e stream rates can a so be reduced.

2.11 - SCL and SDA (or SCA) [UE9 Datasheet]
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Reserved for factory use. Note that the I2C funct ona ty of the UES does not use these term na s.

2.12 - DB37 [UE9 Datasheet]
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DB37 Overview

The DB37 connector br ngs out ana og nputs, ana og outputs, FIO, and other sgnas. Some s gna s appear on both the DB37
connector and screw term na s, so care must be taken to avod a short crcu t.

Table 2.12-1. DB37 Connector P nouts

DB37

P nouts

1 GND 14|AIN9 27|Vs
PIN2

2 (TX/200uA) 15| AIN7 28|Vm+

3 FIO6 16|AINS 29[DACH

1 FlO4 17[AIN3 30|GND

5 FlO2 18[AIN1 31[AIN12

6 F100 19[GND 32|AINT0
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7 MIO1 20|PIN20 33|AIN8
(RX/10 A)
8 GND 21 ’!?07 "[ |34]AIN6
9 Vm- 22|FIO5 35|AIN4
10 GND 23|FIO3 36|AIN2
11 DACO 24|FIO1 37|AINO
12 AIN13 25|MIO0
13 AIN11 26[MIO2

19 1

37 20

Figure 2.12-2. Standard DB37 p n numbers ook ng nto the fema e connector on the UE9

GND, Vs, AIN, DAC, FIO, and MIO are a descr bed ear er.

Vm+/Vm- are b po ar power supp es ntended to power externa mu t p exer ICs such as the MAX4051A (max m-c.com). The

mu t p exers can ony pass s gna s w th n the r power supp y range, so Vm+/Vm- can be used to pass b poar sgnas. Nomna vo tage
s +5.8 vots at no oad and 5.6 vots at 1 mA. Both nes have a 100 ohm source mpedance, and are des gned to provde 1 mA or
ess. Ths sthe same votage suppy used nterna y by the UE9 to b as the ana og nput amp fer and mutpexers. Ifths suppy s
oaded more than 1 mA, the vo tage can droop to the po nt that the max mum ana og nput range s reduced. Ifths suppy s severey
over oaded (e.g. short ¢ rcu ted), then damage cou d eventua y occur.

PIN2/PIN20 (TX0/RX0) br ng out the UART transmt and rece ve nes on the UE9, but on other dev ces they br ng out current sources.

2.12.1 - CB37 Terminal Board [UE9 Datasheet]
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The CB37 term na_board from LabJack connects to the UE9 s DB37 connector and prov des conven ent screw term na access to a
nes. The CB37 s des gned to connect d rect y to the UE9, but can a so connectva a 37- ne 1:1 mae-femae cabe.

When us ng the ana og connect ons on the CB37, the effect of ground currents shou d be cons dered, part cu ary when a cabe s used
and substant a current s sourced/sunk through the CB37 term na s. For nstance, a test was done w th a 6 foot cab e between the
CB37 and UE9, and a 100 ohm oad p aced from Vs to GND on the CB37 (~50 mA oad). A measurement of CB37 GND compared to
UE9 GND showed 5.9 mV. If a sgna was connected to AINO on the CB37 and referred to GND on the CB37, the UE9 read ng wou d
be offset by 5.9 mV. The same test w th the CB37 d rect connected to the UE9 (no cab e) resu ted n an offset of ony 0.2 mV. In both
cases (cab e or no cab e), the vo tage measured between CB37 AGND and UE9 GND was 0.0 mV.

When any s zeab e cab e engths are nvo ved, a good pract ce s to separate current carry ng ground fromADC reference ground. An
easy way to do th s on the CB37 s to use GND as the current source/s nk, and use AGND as the reference ground. Th s works we for

pass ve sensors (no power supp y), such as a thermocoup e, where the ony ground current s the return of the nput b as current of the
anaog nput.

2.12.2 - EB37 Experiment Board [UE9 Datasheet]
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The EB37 exper ment board connects to the LabJack UE9 s DB37 connector and prov des conven ent screw term na access. A so
provded s a so der ess breadboard and usefu power supp es. The EB37 s des gned to connect d rect y to the LabJack, but can a so
connectvaa37- ne1:1 mae-femae cabe.

2.13 - DB15 [UE9 Datasheet]
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DB15 Overviews
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The DB15 connector br ngs out 12 addtona dgta I/O. It has the potenta to be used as an expans on bus, where the 8 EIO are data
nes and the 4 CIO are contro nes.

In the W ndows dr ver, the EIO are addressed as dgta I/O b ts 8 through 15, and the CIO are addressed as b ts 16-19.

These 12 channe s nc ude an nterna ser es res stor that prov des overvo tage/short-c rcu t protect on. These seres resstorsaso mt
the ab ty of these nes to s nk or source current. Refer to the specfcatons n Append x A.

A dgta I/O on the UE9 have 3 poss b e states: nput, output-h gh, or output- ow. Each bt of I/O can be confgured ndvdua y. When
conf gured as an nput, abthas a~100 kQ pu -up res stor to 3.3 vots. When conf gured as output-h gh, abt s connected to the
nterna 3.3 vot suppy (through a ser es res stor). When conf gured as output- ow, abt s connected to GND (through a ser es res stor).

Table 2.13-1. DB15 Connector P nouts

DB15
P nouts
1 Vs 9 [CIO0
2 CIO1] [10[ClO2
3 CIO3| [11[{GND
4 EIOO0| [12]EIO1
5 EIO2]| [13]|EIO3
6 EIO4| |14]|EIO5
7 EIO6]| [15]|EIO7
8 GND

8 1

Figure 2.13-2. Standard DB15 p n numbers ook ng nto the fema e connector on the UE9

2.13.1 - CB15 Terminal Board [UE9 Datasheet]
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The CB15 term na board connects to the LabJack UE9 s DB15 connector. It prov des conven ent screw term na access to the 12dgta
I/0O ava ab e on the DB15 connector. The CB15 s des gned to connect d rect y to the LabJack, or can connect v a a standard 15- ne
1:1 mae-femae DB15 cabe.

2.13.2 - RB12 Relay Board [UE9 Datasheet]
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The RB12 re ay board prov des a conven ent nterface for the UE9 to ndustry standard d gta I/O modu es, a ow ng e ectrc ans,

eng neers, and other qua fed ndvduas, to nterface a LabJack w th h gh vo tages/currents. The RB12 re ay board connects to the
DB15 connector on the LabJack, us ng the 12 EIO/CIO nes to contro up to 12 I/O modu es. Output or nput types of dgta 1/O

modu es can be used. The RB12 s des gned to accept G4 seres d gta 1/0 modu es from Opto22, and compat b e modu es from other
manufacturers such as the G5 ser es from Grayh . Output modu es are ava ab e w th vo tage rat ngs up to 200 VDC or 280 VAC, and
current rat ngs up to 3.5 amps.

2.14 - OEM Connector Options [UE9 Datasheet]
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As of th s wrtng, the UE9 s ony produced n the norma form factor w th screw-term na s and DB connectors, but the PCB does have
aternate ho es ava ab e for 0.1” pn-header nsta at on. See the mage under f e attachments for an examp e of UE9 to OEM
convers on.

Connectors J2 and J3 prov de p n-header a ternat ves to the DB15 and DB37 connectors.
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Table 2.14-1. J2 OEM P n-Headers

GND| |2 [Vs

CIO0]| [4 [CIO1
ClO2| |6 [CIO3
GND| |8 [EIO0
EIO1| |10]|EIO2
11|EIO3| [12[EIO4
13|EIO5| [14[EIO6
15|EIO7| [16/GND

(D\l(ﬂ(&)—*k

Table 2.14-2. J3 OEM P n-Headers

J3
1T |GND | |2 [GND [ |3 [PIN20
4 [PIN2 | |5 [FIO7 [ |6 |FIO6
7 |FIO5 | [8 [F104 [ [9 [FIO3
10|F102 | [11|FIOT1 | [12[FIO0
13[MIO0 | [14[MIOT | [15[MIO2
16|GND | [17|Vs 18[Vm-
19|Vm+ | |20|GND | |21|DACT
22|DACO| [23|GND | [24|AIN13
25|AINT2| [26[AINTT[ [27|AINTO
28|AIN9 [ [29[AIN8 | [30[AIN7
31[AING | [32]AIN5 | |33[AIN4
24|AIN3 [ [35[AIN2 | [36[AINT |
37|AINO | [38|GND [ [39/GND
40|GND

OEM-Friendly Installers

OEM-friendly Software Installers (Windows)

To make dep oy ng OEM LabJacks a ongs de LabJack software eas er, there are two opt ons:

o Ca the LabJack Basc Insta ers enty from your own nsta er
« Use the Examp e LabJack Insta er to create your own nsta er

File Attachment:
(2] UE9-J23-S The "standard" convers on of UE9 to OEM

3 - Operation [UE9 Datasheet]
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Operation Overview

The fo ow ng sect ons d scuss command/response mode and stream mode.

Command/response mode s where communcaton s ntated by a command from the host wh ch s fo owed by a response from the
LabJack. Command/response s genera y used at 1000 scans/second or s ower and s genera y s mp er than stream mode. See
n 3.1 for mmand/r n r

Stream mode s a cont nuous hardware-t med nput mode where a st of channe s s scanned at a spec f ed scan rate. The scan rate
specf es the nterva between the beg nn ng of each scan. The samp es w th n each scan are acqu red as fast as possbe. As samp es
are co ected automat ca y by the LabJack, they are p aced n a buffer on the LabJack, unt retr eved by the host. Stream mode s
genera y used at 10 scans/second or faster. See Sect on 3.2 for deta s about stream data rates

Command/response mode s genera y best for m n mum- atency app cat ons such as feedback contro. By atency here we mean the
t me from when a read ng s acqu red to when t s ava abe n the host software. A read ng or group of read ngs can be acqured n
t mes on the order of am second.

Stream mode s genera y best for max mum-throughput app cat ons where atency s not so mportant. Data s acqu red very fast, but
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to susta n the fast rates t must be buffered and moved from the LabJack to the host n arge chunks. For examp e, a typ ca stream
app cat on m ght set up the LabJack to acqu re a s ng e ana og nput at 50,000 samp es/second. The LabJack moves th s data to the
host n chunks of 25 samp es each. The W ndows UD dr ver moves data from the USB host memory to the UD dr ver memory n
chunks of 2000 samp es. The user app cat on m ght read data from the UD dr ver memory once a second n a chunk of 50,000
samp es. The computer has no prob em retr ev ng, process ng, and stor ng, 50k samp es once per second, but t cou d not do that w th
a sng e samp e 50k t mes per second.

The UE9 supports 1 active stream at 1 scan rate  Command response ca s can be used whi e a stream is active to read/write a most everything except ana og
inputs (which inc udes the interna temperature sensor) as stream mode takes over the ana og input system

3.1 - Command/Response [UE9 Datasheet]
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Everyth ng bes des stream ng s done n command/response mode, mean ng thata commun caton s ntated by a command from the
host wh ch s fo owed by a response from the UE9.

For everyth ng bes des t mers and counters, the ow-eve Feedback funct on s the pr mary funct on used, as t wrtes and reads vrtua y
a 1/O on the UE9. The W ndows LabJackUD dr ver uses the Feedback funct on under-the-hood to hand e most requests. A sng e ca
to the Feedback funct on wrtes and reads a 23 d g ta 1/O, updates the ana og outputs, and reads up to 16 ana og nputs.

The fo ow ng tab es show typ ca measured execut on t mes for the Feedback funct on. The t me var es w th the number of ana og
nputs requested and the reso ut on of those nputs. These were measured by ca ng the funct on 1000 t mes and d v d ng the tota t me
by 1000, and thus nc ude everyth ng (W ndows atency, commun cat on t me, UE9 process ng t me, etc.).

A “USB h gh-h gh” conf gurat on means the UE9 s connected to a h gh-speed USB2 hub wh ch s then connected to a h gh-speed
USB2 host. Even though the UE9 s not a h gh-speed USB dev ce, such a conf gurat on does provde mproved performance. Typ ca
examp es of “USB other” wou d be a UE9 connected to an od fu -speed hub (hard to f nd) or more key a UE9 connected drecty to
the USB host (even f the host supports h gh-speed).

Table 3.1-1. Typ ca Feedback Funct on Execut on T mes

Reso uton Ethernet :‘: gg hgh-1ysB other
Index %IN [m seconds]|[m seconds]|[m seconds]
0 1.7 15 7
0-12 4 1.9 1.7 4
0-12 8 |21 2 4
0-12 16 [2.7 2.4 4
13 4 2 1.9 4
13 8 2.4 2.3 4
13 16 [3.2 3 4.9
14 4 2.7 2.5 4
14 8 [3.6 35 5
14 16 [5.6 5.8 6.3
15 4 4.9 49 6
15 8 8.2 8.1 9
15 16 |15 15 15
16 4 14 14 14
16 8 |27 27 27
16 16 |52 52 52
17 4 52 52 52
17 8 101 101 101
17 16 |199 199 199

Note that spec fy ng a reso uton ndex of 17, st returns 16-bt data, but s a speca mn mum no se mode.

As an examp e w th the LabJackUD dr ver: If requests are added to wrte/read a 23 bts of dgta I/O, update both ana og outputs, and
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read 16 12-bt anaog nputs, the GoOne() functon ca can be expected to typ ca y take about 2.6 ms to execute v a Ethernet. The
AddRequest() and GetResut() ca stakereatveynotmeata .

A reso uton va ue of 18 s passed to use the aux ary h gh-reso ut on converter (24-bt s gma-de ta) on the UE9-Pro. Ths s done w th
the S ng elO ow- eve functon, not the Feedback functon. The UD drver w automatca y use the SngelO ow- eve functon when
reso uton s set to 18 on the UE9-Pro, and f there are requests formutp e sampes the drverw make mutpe SngelOca s.

Table 3.1-2. Typca S ng elO Funct on Execut on T me For Ana og Input (UE9-Pro)

Reso ut on Ethernet Egg hah- {sB other

Index %IN [m__seconds]|[m__seconds]|[m seconds]

18 1 |125 125 125 (~125 ms
per samp e)

The ow-eve T merCounter functon s used to conf gure, update, reset, or read t mer. When us ng the LabJackUD dr ver, any

t mer/counter re ated requests w cause aca tothe ow-eve T merCounter functon. The fo ow ng tab es show typ ca measured
execut on t mes for the T merCounter funct on. The execut on t me depends very tte on what s be ng done and how many

t mers/counters are be ng conf gured or read. These were measured by ca ng the funct on 1000 t mes and d v d ng the tota t me by
1000, and thus nc ude everyth ng (W ndows atency, commun cat on t me, UE9 process ng t me, etc.).

Table 3.1-3. Typca T merCounter Funct on Executon T mes

Ethernet #SE hah- 1 ysB other
_ [m seconds]|[m seconds]|[m seconds]
T merCounter|[1.5 1.4 4

3.2 - Stream Mode [UE9 Datasheet]
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Stream Mode Overview

The h ghest data rates are obta ned n stream mode. Stream s a cont nuous hardware t med nput mode where a st of channes s
scanned at a spec f ed scan rate. The scan rate spec f es the nterva between the beg nn ng of each scan. The samp es wth n each
scan are acqu red as fast as poss b e g ven the spec f ed reso ut on and extra sett ng t me f any.

As samp es are co ected, they are paced n a 4 Mb tFIFO buffer on the UE9, unt retr eved by the host. Th s 4 Mb t buffer can hod
over 180,000 samp es. Each data packet has var ous measures to ensure the ntegrty and comp eteness of the data rece ved by the
host.

The tab e be ow shows the max mum stream ng data rates for the UE9 versus ana og nput reso ut on (assumes no extra sett ng t me).
These rates have been tested us ng Ethernet and var ous USB conf gurat ons, but some systems m ght requ re aUSB h gh-h gh

conf gurat on or Ethernet to obta n these speeds. A “USB h gh-h gh” conf gurat on means the UE9 s connected to a h gh-speed USB2
hub wh ch s then connected to a h gh-speed USB2 host. Even though the UE9 s not a h gh-speed USB dev ce, such a conf gurat on
does often provde mproved performance. For a USB conf gurat ons, the worst case cont nuous stream rate seen ntestng s 30
ksamp es/s.

Stream data rates over USB and Ethernet can a so be m ted by other factors such as speed of the PC and qua ty of the network.
Genera techn ques for robust cont nuous stream ng nc ude ncreas ng the pr or ty of the stream process, and des gn ng an app caton
to automat ca y restart the stream f needed.

Table 3.2-1. Recommended Max mum Stream Data Rates

Max Stream
Index |Reso uton [Samp es/s
0-12 [12 50000
13 13 16000
14 14 4000
15 15 1000
16 16 250

Samp e => A read ng from one channe .
Scan => One read ng from a channes nthe scan st.
Samp eRate = NumChanne s * ScanRate
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For examp e, f stream ng 5 channe s, the max scan rate per the tab e above s 10 kscans/second (ca cu ated from 50 ksamp es/second
d vded by 5).

The t me between each samp e w th n each scan, w thout any extra sett ngtme, sa tte ess than one over the max stream rate
spec fed nthe above tab e.

The vaues n Tab e 3.2-1 are genera y worst-case conservat ve va ues. Ths s partcu ary true for the 12-bt va ue. The fo owng tabe
shows the actua measured mts for 12-b t stream ng (Comm f rmware V1.40, Contro frmware V1.84), ref ect ng the fact that stream
mode s more eff ¢ ent w th more channe s. Note aga n that Tab e 3.2-2 shows samp e rates not scan rates. D v de by the number of
channe s to determ ne the scan rate.

Table 3.2-2. Actua Max mum Stream Data Rates (Reso ut on=12)

Max
Max Stream Stream
Sampes/s [|Sampes/s
# USB h gh-
Channes |hgh Etemet
1 57000 57000
2 66000 66000
4 68000 74000
8 68000 78000
16 68000 80000

When the mts n Tab e 3.2-2 are exceeded, an error w occur. Probab y scan over ap or buffer overf ow. The UES w not return bad
data, so these max data rates can be attempted, and e ther va d dataw be co ected or an error w occur.

For nformat on about stream ng under W ndows us ng the LabJackUD dr ver, seeSect on 4.3.7.
In genera, a ow-eve (not us ng the LabJackUD dr ver) Ethernet stream s done as fo ows:

« Open TCP connect on on port number PORTA.

Ca F ushBuffer.

Open TCP connect on on port number PORTB.

Ca StreamConf g on PORTA to set the scan rate and oad the scan tab e ( st of channe s to be samp ed each scan).
Ca StreamStart on PORTA to start the stream.

The UE9 w beg n send ng StreamData packets to the host us ngPORTB.

Ca StreamStop on PORTA to stop the stream.

3.2.1 - External Triggering [UE9 Datasheet]
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The nterna scan cock norma y ntates each scan n stream mode. Opt ona y, an externa pu se (fa ng edge) on the Counter1 FIO
ne can ntate each scan. Inthe ow eve StreamConf g functon, ths s enab ed by settng bt 6 of byte 9. In the LabJackUD W ndows
drver ths s contro ed w th the put_conf g speca channe LJ chSTREAM_EXTERNAL_TRIGGER.

One app cat on of externa tr gger ng s for synchron zed stream ng from mutp e dev ces. In such a case, setbt 7 of byte 9 on the man
unt to enab e scan pu se output. In the LabJackUD W ndows dr ver ths s contro ed w th the put_conf g spec a channe

LJ chSTREAM_CLOCK _OUTPUT. The manuntw then use the nterna scan cock to ntate each scan, and output a pu se per
scan on the Counter1 FIO ne. The output s norma y hgh, goes ow at the beg nn ng of each scan, and stays ow for about 6

m croseconds. A other synchron zed un ts are then conf gured for an externa scan tr gger.

Someth ng that cou d be usefu s the ab ty to def ne a scan wth mutp e samp es from the same channe . So for nstance, a scan
coud be def ned as channe s 0/1/0/1/0/1 or 0/0/1/1 or whatever. Th s can provde a sma burst of samp es for each externa tr gger. The
scan st can have up to 128 channe s. When us ng the LabJackUD dr ver, dup cate channe s n a scan ony works freadng a

channe s s mu taneous y, as channe -by-channe stream reads are spec f ed by channe number.

One th ng to cons der when us ng externa trgger ng s the buffer ng that takes p ace w th n the UE9 and PC. If the externa sgna s
fary cont nuous, such as n synchron zed stream ng, ths s not a prob em, but f the externa tr gger s more of a one-t me pu se the
buffer ng must be cons dered to get the data when des red. For nstance, each UE9 stream data packet conta ns 16 samp es, so f there
sony 1 samp e per scan the UE9 w not send any data unt t has accumu ated 16 scans. Some app cat ons m ght reso ve th s by
def n ng each scan as 16 samp es, even f t s just 16 samp es of the same channe (see prev ous paragraph). Another buffer ng ssue
w come nto pay fthe LabJackUD drver s used wth USB commun cat on, as the dr ver reads 4 packets at a t me (64 samp es).
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Stream ng a ways uses Counter1 nterna y, and thus Counter1 s not ava ab e for count ng wh e streamng. Addtona y, f cock output
or externa trggerng s enab ed, the norma Counter1 FIO new be camed, whch s the nextFIO ava ab e aftera other enab ed
t mers/counters. If no other t mers/counters are enab ed, FIOO w be used for stream ¢ ock output or nput.

When us ng externa stream ¢ ock output or nput, the t mer/counter conf gurat on shou d not be changed after start ng the stream, as
that cou d cause a g tch or cou d even cause the Counter1 FIO p n number to change.

Enab ng c ock output causes theFIO ne to be set to output when the conf gurat on command s executed, but the ¢ ock output w not
actua y begnunt the stream s started. Enab ng c ock nput causes the FIO ne to be set to nput when the conf gurat on command s
executed, but nterrupts w not occur unt the stream s started.

Note that externa tr gger ng causes 1 scan per tr gger pu se. It s not used where a s ng e pu se starts a cont nuous stream or a burst of
mu t p e scans, as that type of tr gger s better hand ed n software. In software, an arb trar y comp ex set of tr gger cond t ons can be
watched for n cont nuous stream data, and when the tr gger occurs the software can “keep” a spec f ed number of scans, “keep” a
scans wh e the tr gger s true, or whatever other behav or s des red. In add t on, the software can ma nta n a h story buffer and “keep” a
spec f ed number of scans before the tr gger (pre-tr gger scans). S nce stream data can cons st of ana og, d gta, and t mer/counter
nputs, the tr gger cond t ons can use any or a of those.

3.2.2 - Streaming Digital Inputs, Timers, and Counter0 [UE9
Datasheet]
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There are spec a channe numbers that a ow d gta nputs, t mers, and Counter0, to be streamed n w th anaog nput data. Note that
you must aways have at east 1 AIN channe n the stream st for the UES.

Table 3.2.2-1. Spec a Stream Channe s

Channe #

193 EIO_FIO
194 MIO_CIO

200 T mer0
201 T meri
202 T mer2
203 T mer3
204 T merd
205 T mer5
210 CounterQ

224 TC_Capture

Channe number 193 returns the nput states of 16 bts of dgta I/O.FIO s the ower 8 bts andEIO sthe upper8 bts. Ths channe s
genera y used to acqure dgta nput data n stream mode. Channe 194 s the same th ng for the CIO and MIO nes (Contro frmware
V1.69 or h gher). The CIO are n the ower byte and theMIO are n the upper byte.

Channe s 200-205 and 210 retr eve the east s gn f cant word LSW, ower 2 bytes) of the spec f ed t mer/counter. At the same t me that
any one of these s samp ed, the most s gn f cant word (MSW, upper 2 bytes) of that part cu ar t mer/counter s stored n an nterna
capture reg ster (TC_Capture), so that the proper va ue can be samp ed ater n the scan. For any t mer/counter where the MSW s
wanted, channe number 224 must be samp ed after that channe and before any other t mer/counter channe . For examp e, a scan st
of {200,224,201,224} wou d get the LSW of T mer0, the MSW of T mer0, theLSW of T mer1, and the MSW of T mer1. A scan st of
{200,201,224} wou d get the LSW of T mer0, the LSW of T mer1, and the MSW of T mer1 (MSW of T mer0 s ost).

Add ng these spec a channe s to the stream scan st does not conf gure those nputs. If any of theFIO or EIO nes have been
conf gured as outputs, they w need to be reconf gured as nputs to prov de proper reads. The t mers/counters must be conf gured
before stream ng us ng norma t mer/counter conf gurat on commands.

The t m ng for these spec a channe s s the same as for norma ana og channe s. For nstance, a stream of the scan st
{0,1,200,224,201,224} counts as 6 channe s, and the max mum scan rate s determ ned by tak ng the max mum samp e rate at the
spec f ed reso ut on and d vd ng by 6.

It s not recommended to stream t mers conf gured n mode 2 or 3 (32-b t per od measurement). It s poss b e for thd.SW to ro , but the
MSW be captured before t s ncremented. That means that ony theLSW s re ab e, and thus you m ght as we just use the 16-bt
modes.

Mode 11, the upper 32 b ts of the system t mer, s not ava ab e for stream reads. Note that when stream ng w th the nterna scan
trgger, the tm ng s known anyway (e apsed t me = scan rate * scan number) and t does not make sense to stream the system t mer
modes 10 or 11. W th externa tr gger ng, there m ght be reasons to stream the ava ab e t mer mode 10.
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Command-Response

These spec a channe numbers can be used n command-response a so. In command response they w return 32-b t va ues and thus
the capture channe (224) s not used. Ths s usefu n a program set up to do command-response reads of ana og nputs ony, such as
LJLogUD.

4 - LabJackUD High-Level Driver [UE9 Datasheet]
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Overview

LabJackUD s the h gh-eve W ndows dr ver for the U3, U6 and UES. LabJackUD s a so referred to as UD and LJUD.
For L nux or Mac OS X, use theExodr ver and the ow- eve functons.

The ow-eve UE9 funct ons are descr bed nSect on 5, but most W ndows app catons w use the LabJackUD dr ver nstead.

UD Overview Page - Installation Details (Referencable)

Installation Details

The UD brary s supported on W ndows XP and newer.The arch ved 3.06 vers on supports W ndows 98, ME, and 2000.
P ease nsta the software before mak ng a USB connect on to a LabJack.

The down oad vers on of the nsta er cons sts of a s ng e executab e. Ths nsta er p aces the dr ver (LabJackUD.d ) n the W ndows
System d rectory, a ong w th a support DLL (LabJackWUSB.d ). Genera y ths s:

« W ndows 98/ME:
o C:\W ndows\System\
+ W ndows 2000/XP and 32-bt W ndows V sta/7/8/10:
o C:\W ndows\System32\
» 64-bt W ndows V sta/7/8/10:
o C:\W ndows\System32\ (64-b t dr vers)
o C:\W ndows\SysWOW64\ (32-b t dr vers)

Other f es, ncud ng the header and Vsua C braryf e, are nsta ed to the LabJack dr vers d rectory. Defau ts are:

» 32-bt W ndows:
o C:\Program F es\LabJack\Dr vers\
* 64-bt W ndows:
o C:\Program F es (x86)\LabJack\Dr vers\

4.1 - Overview [UE9 Datasheet]
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Quick Overview

The UD drver has just a handfu of funct ons, and those functons a have the same 4-6 parameters.
Functions

The man funct ons are used to bu d a st of requests (Add), execute the st (Go), and read the resut of each request (Get). Some
funct ons (e.g. eGet) comb ne Add-Go-Get nto a sng e functon ca .

Parameters

The parameters are descr bed at the bottom of the Overv ew page. Usua y the mean ng of each parameter shou d be apparent (e.g.
Channe s the channe number you are operat ng on), but when t s not the app cab e pseudocode sect on (4.3) shou d have any extra
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nformat on that s needed.

+ Hande: Aways the hand e.

I0Type: A ways the I0Type.

« Channe: If someth ng bes des a channe number the pseudocode sectonw te you.
« Vaue: Aways the vaue.

« X1: Usua y not used, but f used the pseudocode sectonw te you.

UserData: Usua y not used, but f used the pseudocode sectonw te you.

Extended Overview

The LabJackUD dr ver s the W ndows dr ver/ brary for the UE9, and a so the U3 and U6. LabJackUD s a so referred to as UD and
LJUD.

For other LabJack dev ces, go to theSoftware page.
To down oad, see: UD Insta er.
The genera operat on of the LabJackUD functons s as fo ows:

Open a LabJack UE9, U3 or U6.

Bu d a st of requests to perform (Add).
Execute the st (Go).

Read the resu t of each request (Get).

For examp e, to wr te an ana og output and read an ana og nput:

//Use one of the fo owing ines to open the first found LabJack UE9

/lover USB or Ethernet and get a hand e to the device

//The genera form of the open function is:

//OpenLabJack (DeviceType ConnectionType Address FirstFound *Hand e)

//Open the first found LabJack UE9 over USB

ngErrorcode = OpenLabJack (LJ dtUE9 LJ ctUSB "1" 1 &ngHande);

/I ... or open a specified LabJack UES over Ethernet

ngErrorcode = OpenLabJack (LJ dtUES LJ ctETHERNET "192 168 1 209" 0 & ngHand e);

//Set DAC1to25vots

//The genera form of the AddRequest function is:

//AddRequest (Hande OType Channe Vaue x1 UserData)
ngErrorcode = AddRequest (ngHande LJ ioPUT DAC 1 250 0 0);

//IRequest a read from A N3
ngErrorcode = AddRequest (ngHande LJ ioGET AN 3 0 0 0);

//[Execute the requests
ngErrorcode = GoOne ( ngHand e);

//Get the resu t of the DAC1 request just to check for an errorcode
//The genera form of the GetResu t function is:

//GetResut (Hande OType Channe *Vaue)

ngErrorcode = GetResut (ngHande LJ ioPUT DAC 1 0);

/IGet the A N3 vo tage
ngErrorcode = GetResut (ngHande LJ ioGET AN 3 &db Vaue);

The AddRequest/Go/GetResu t method s often the most eff ¢ ent. As shown above, mut p e requests can be executed wthasnge
Go() or GoOne() ca , and the dr ver m ght be ab e to opt m ze the requests nto fewer ow-eve ca s. The other opton s to use the
eGet or ePut funct ons wh ch comb ne the AddRequest/Go/GetResut nto one ca . The above code wou d then ook ke (assum ng the
UE9 s aready open):

//Set DAC1to25vots

/[The genera form of the ePut function is:

//lePut (Hande OType Channe Vaue x1)

ngErrorcode = ePut (ngHand e LJ ioPUT DAC 1 250 0);

//Read A N3

//The genera form of the eGet function is:

//leGet (Hande OType Channe *Vaue x1)

ngErrorcode = eGet (ngHande LJ ioGET AN 3 &dbVaue 0);

In the case of the UE9, the f rst examp e us ng add/go/get hand es both theDAC command and AIN read nasnge ow-eve ca ,wh e
n the second examp e us ng ePut/eGet two ow- eve commands are used. Examp es n the fo ow ng documentat on w use both the
add/go/get method and the ePut/eGet method, and they are genera y nterchangeab e. See Sect on 4.3 for more pseudocode

examp es.
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A the request and resu t funct ons a ways have 4 common parameters, and some of the funct ons have 2 extra parameters:

« Handle—-Ths s an nputtoa request/resut functons thatte s the funct on what LabJack t stakng to. The hand e s obta ned
from the OpenLabdJack funct on.

« IOType—-Ths s an nputtoa request/resut functons that specfes what type of act on s be ng done.

« Channel -Ths san nputtoa request/resut functons that genera y spec fes wh ch channe of I/O s be ng wr tten/read,

a though w th the conf g IOTypes spec a constants are passed for channe to spec fy what s be ng conf gured.

« Value—-Ths san nputoroutput to a request/resut functons that s used to wr te or read the va ue for the tem be ng operated
on.

« x1-Ths parameter s ony used n some of the request/resut functons, and s used when extra nformaton s needed for certan
I0Types. If th s parameter has mean ng for an IOType that w be po nted out n the pseudocode sect ons of th s datasheet.

« UserData — Th s parameter s ony used n some of the request/resu t funct ons, and s data that s s mpy passed aong w th the
request, and returned unmod f ed by the resu t. Can be used to store any sort of nformat on w th the request, to a ow a generc
parser to determ ne what shou d be done when the resu ts are rece ved. If th s parameter has mean ng for an IOType thatw be
po nted out n the pseudocode sect ons of th s datasheet.

4.1.1 - Function Flexibility [UE9 Datasheet]
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The drver s des gned to be fex b e so that t can work w th var ous d fferent LabJacks w th d fferent capab tes. It s aso des gned to
work w th d fferent deve opment p atforms w th d fferent capab tes. For th s reason, many of the funct ons are repeated w th d fferent
forms of parameters, a though the r nterna functona ty rema ns mosty the same. In th s documentat on, a group of functons w often
be referred to by the r shortest name. For examp e, a reference to Add or AddRequest most ke y refers to any of the three var at ons:
AddRequest(), AddRequestS() or AddRequestSS().

In the samp e code, a ternate funct ons (S or SS vers ons) can genera y be subst tuted as des red, chang ng the parameter types
accordngy. A samp es here are wr tten n pseudo-C.

Funct ons w th an “S” or “SS” appended are prov ded for programm ng anguages that cant nc ude the LabJackUD.h f e and therefore
cant use the constants ncuded. It s genera y poor programm ng form to hardcode numbers nto functon ca s, f for no other reason
than t s hard to read. Funct ons wth a s ng e “S” rep ace the IOType parameter w th a const char * wh ch s a strng. A strng can then
be passed w th the name of the des red constant. Funct ons w th a doub e “SS” rep ace both the IOType and Channe w th str ngs.
OpenLabJacksS rep aces both Dev ceType and Connect onType w th str ngs s nce both take constants.

For examp e:

In C, where the LabJackUD.h f e can be nc uded and the constants used d recty:
AddRequest(Hande LJ ioGET CONF G LJ chHARDWARE VERS ON 0 0 0);

The bad way (hard to read) when LabJackUD.h cannot be nc uded:
AddRequest(Hande 1001 10 0 0 0);

The better way when LabJackUD.h cannot be nc uded, s to pass strngs:
AddRequestSS(Hand e “LJ ioGET CONF G” “LJ chHARDWARE VERS ON” 00 0);

Cont nu ng on th s ve n, the funct on Str ngToConstant() s usefu for error hand ng rout nes, or w th the GetF rst/Next funct ons wh ch do
not take str ngs. The Str ngToConstant() funct on takes a strng and returns the numer ¢ constant. So, for examp e:

LJ ERROR err;
err = AddRequestSS(Hand e “LJ ioGET CONF G “LJ chHARDWARE VERS ON" 00 0);
if (err == StringToConstant("LJE NVAL D DEV CE TYPE")

do some error hand ing

Once agan, ths s much c earer than:

if (err == 2)

4.1.2 - Multi-Threaded Operation [UE9 Datasheet]
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Thsdrver s comp ete y thread safe. W th some very m nor except ons, a these funct ons can be ca ed from mutp e threads at the
same t me and the drver w keep everyth ng stra ght. Because of th s Add, Go, and Get must be ca ed from the same thread for a
part cu ar set of requests/resu ts. Interna y the st of requests and resu ts are sp t by thread. Ths a ows mu t p e threads to be used to
make requests w thout acc denta y gett ng data from one thread nto another. If requests are added, and then resu ts return

LJE_NO _DATA _AVAILABLE or a s m ar error, chances are the requests and resu ts are n d fferent threads.
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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 possb e for
the new thread to have the same ID. lts notrea y a probem f Add s ca ed frst, but f Get s ca ed on a new thread resu ts coud 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 probem n genera asthedrverw cean ta up when

un oaded. When t can be a probem s n stuat ons where threads are created and destroyed cont nuousy. Thsw resut nthe sow
consumpt on of memory as requests on o d threads are eft beh nd. S nce each request ony uses 44 bytes, and as mentoned the ID s
w eventua y getrecyced, tw not be a huge memory oss. In genera, even w thout ths ssue, t s strongy recommended to not
create and destroy a ot of threads. It sterrby s ow and neff c ent. Use thread poo s and other techn ques to keep new thread creat on
to amnmum. That s what s done nterna y.

The one b g except on to the thread safety of th s drver s n the use of the W ndows Term nateThread() functon. 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 mportanty, re eas ng
any synchron zat on objects. If Term nateThread() s used on a thread that s currenty nthe mdde of aca to ths drver, more than
ke y a synchron zat on object w be eft open on the part cu ar dev ce and access to the devce w be mpossb e unt the app caton
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 tand even fthe app caton 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 wat at east as ong as the t meout for the dr ver to fn sh.

4.2 - Function Reference [UE9 Datasheet]
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Function Reference Overview

The LabJack drver f e s named LabJackUD.d , and conta ns the funct ons descr bed n th s secton.

Some parameters are common to many funct ons:
*LJ_ERROR — A LabJack spec f ¢ numer ¢ error code. 0 means no error. (ong, s gned 32-bt nteger).

*LJ_HANDLE - Th s vaue s returned by OpenLabJack, and then passed on to other funct ons to dent fy the opened LabJack. (ong,
sgned 32-bt nteger).

To mantan compatb ty wth 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 mut p e prototypes. The dec arat ons that fo ow, are wrtten n C.

To he p those unfam ar w th strngs n C, these funct ons expect nu term nated 8 b tASCII 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 drver. Usua y ths means tcan s mpy be a constant such as “ths s astrng”. Achar* s aponterto astrngthatw be changed.
Enough bytes must be prea ocated to ho d the poss b e strngs that w be returned. Functons wth char * ntherdecaratonw have
the requ red ength of the buffer documented be ow.

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

4.2.1 - ListAll() [UE9 Datasheet]
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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 aspeca verson where Dev ceType and Connect onType are str ngs rather than ongs. Ths 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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Dec arat on:

LJ ERROR stdca ListA ( ong DeviceType
ong ConnectionType
ong *pNumFound
ong “pSeria Numbers
ong *p Ds
doub e *pAddresses)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

« DeviceType — The type of LabJack to search for. LJ_dtUE9 (9), LJ_dtU3 (3), or LJ_dtU6 (6). For other LabJack dev ces, see
rver/ br. h | w th my L. ?

« ConnectionType — Enter the constant for the type of connect on to use n the search. LJ_ctUSB (1) or LJ_ctETHERNET (2)

(UE9 onYy).

pSerialNumbers — Must pass a po nter to a buffer w th at east 128 e ements.

« pIDs — Must pass a po nter to a buffer wth at east 128 e ements.

pAddresses — Must pass a po nter to a buffer w th at east 128 e ements.

Outputs:

« pNumFound - Returns the number of dev ces found, and thus the number of va d e ements n the return arrays.

« pSerialNumbers — Array conta ns ser a numbers of any found dev ces.

« pIDs — Array contans oca IDs of any found dev ces.

« pAddresses — Array conta ns IP addresses of any found dev ces. The funct on Doub eToStr ngAddress() s usefu to convert
these to str ng notat on.

4.2.2 - OpenLabJack() [UE9 Datasheet]
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Ca OpenlLabJack() before commun cat ng wth a dev ce. Ths functon can be ca ed mutp e t mes, however, once a LabJack s open,
t rema ns open unt your app caton ends (or the DLL s un oaded). If OpenLabJack s ca ed repeated y w th the same parameters,
thus request ng the same type of connect on to the same LabJack, the drverw s mpy return the same LJ_HANDLE every t me.
Interna y, noth ng e se happens. Th's nc udes when the dev ce s reset, or d sconnected. Once the dev ce s reconnected, the dr ver
w mantan the same hand e. If an open ca s made for USB, and then Ethernet, a d fferent hand e w be returned for each

connect on type and both connectons w be open.

OpenLabJackS() s a spec a vers on of open where Dev ceType and Connect onType are str ngs rather than ongs. Ths s usefu for
pass ng strng 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, ...).

Dec arat on:

LJ ERROR stdca OpenLabJack ( ong DeviceType
ong ConnectionType
const char *pAddress

ong FirstFound
LJ HANDLE *pHand e)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« DeviceType — The type of LabJack to open. LJ_dtUE9 (9), LJ_dtU3 (3), or LJ_dtU6 (6). For other LabJack dev ces, see What
dr ver/ brary shoud | use w th my LabJack?

« ConnectionType — Enter the constant for the type of connect on. LJ_ctUSB (1) or LJ_ctETHERNET (2) (UE9 onYy).

« pAddress — For USB, pass the oca ID or sera number of the des red LabJack. For Ethernet pass the IP address of the des red
LabJack. If F rstFound s true, Address s gnored.

« FirstFound - If true, then the Address and Connect onType parameters are gnored and the dr ver opens the f rst LabJack found
w th the specf ed Dev ceType. Genera y ony recommended when a s ng e LabJack s connected. Currenty ony supported w th
USB. If a USB dev ce s not found, tw try Ethernet but w th the g ven Address.

Outputs:

» pHandle — A po nter to a hand e for a LabJack.
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4.2.3 - eGet() and ePut() [UE9 Datasheet]

Log n orreg ster to post comments

The eGet and ePut funct ons do AddRequest, Go, and GetResut, n one step.

The eGet vers ons are des gned for nputs or retr ev ng parameters as they take a po nter to a doub e where the resut s p aced, but
can be used for outputs f pVa ue s preset to the desred vaue. Ths s aso usefu for thngs ke StreamRead where a vaue s nput
and output (number of scans requested and number of scans returned).

The ePut vers ons are des gned for outputs or sett ng conf gurat on parameters and w not return anyth ng except the errorcode.

eGetPtr() s a 32-bt and 64-b t po nter-address-safe vers on of the eGet funct on where the x1 parameter savod *. Ths s requred
when pass ng a po nter safe y to x1. When pass ng a non-po nter ong va ue to x1, use the norma vers on of the funct on. The
dec arat on for the Ptr vers on s the same as the norma vers on except for (..., vod *x1).

eGetS() and ePutS() are spec a vers ons of these funct ons wherelOType s a str ng rather than a ong. Ths s usefu for pass ng strng
constants n anguages that cannot nc ude the header f e, and s genera y used wth a |0Types except put/get conf g. The strng
shou d conta n the constant name as nd cated n the header f e (such as “LJ_ oANALOG_INPUT”). The dec arat ons for the S vers ons
are the same as the norma vers ons except for (..., const char *plOType, ...).

eGetSS() and ePutSS() are spec a vers ons of these funct ons wherelOType and Channe are str ngs rather than ongs. Ths s usefu
for pass ng str ng constants n anguages that cannot nc ude the header f e, and s genera y ony used w th the put/get conf g IOTypes.
The str ngs shou d conta n the constant name as nd cated n the header f e (such as “LJ_ oPUT_CONFIG” and “LJ_chLOCALID"). The
dec arat on for the SS vers ons are the same as the norma vers ons except for (..., const char *plOType, const char *pChanne, ...).

The dec arat on for ePut s the same as eGet except that Va ue s not a po nter (..., doub e Vaue, ...), and thus s an nputony.

Dec arat on:

LJ ERROR stdca eGet( LJ HANDLE Hande
ong OType
ong Channe
doub e *pVa ue
ong x1)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

« Handle — Hand e returned by OpenLabJack().

I0Type — The type of request. See Sect on 4.3 (UE9, U6, U3) of your dev ce s user gu de.
Channel — The channe number of the part cu arlOType.

pValue - Po nter to Va ue sends and rece ves data.

x1— Optona parameter used by some IOTypes.

Outputs:
» pValue - Po nter to Va ue sends and rece ves data.

Dec arat on:

LJ ERROR stdca ePut( LJ HANDLE Hand e
ong OType
ong Channe
doub e Vaue
ong x1)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

Handle — Hand e returned by OpenLabJack().

I0Type — The type of request. See Sect on 4.3 (UE9, U6, U3) of your dev ce s user gu de.
Channel — The channe number of the part cu arlOType.

Value — The va ue to set.

x1— Optona parameter used by some IOTypes.

Outputs:

+« None
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4.2.4 - eAddGoGet() [UE9 Datasheet]

Log n orreg ster to post comments

Ths functon passes mutp e requests v a arrays, then executes a GoOne() and returns a the resu ts v a the same arrays.
The parameters that start w th “*a” are arrays, and a must be nta zed wth at east a number of e ements equa to NumRequests.

Dec araton:

LJ ERROR stdca eAddGoGet ( LJ HANDLE Hand e
ong NumRequests
ong *a OTypes
ong “aChanne s
doub e *aVa ues
ong *axis
ong *aRequestErrors
ong “GoError
ong *aResu tErrors)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

« Handle — Hand e returned by OpenLabJack().

+ NumRequests — Ths s the number of requests that w be made, and thus the number of resu ts that w be returned. A the
arrays must be nta zed wth at east th s many e ements.

« alOTypes — An array whch s the st ofIOTypes.

« aChannels — An array whch s the st of Channes.

« aValues — An array whch s the st of Vaues to wrte.

» ax1s — Anarray whch sthe stof xl1s.

Outputs:

o aValues — An array whch s the st of Vaues read.

« aRequestErrors — An array whch s the st of errorcodes from each AddRequesty().
» GoError — The errorcode returned by the GoOne() ca .

« aResultErrors — An array whch s the st of errorcodes from each GetResu t().

4.2.5 - AddRequest() [UE9 Datasheet]

Log n orreg ster to post comments

Adds an tem to the st of requests to be performed on the next ca to Go() or GoOne().

When AddRequest() s ca ed on a part cu ar Hand e after a Go() or GoOne() ca , a data from prev ous requests s ost and cannot be
retr eved by any of the Get functons unt a Go functon s ca ed agan. Ths s on adevce by dev ce bas s, so you can ca
AddRequest() w th a d fferent hand e wh e a dev ce s busy perform ng ts I/O.

AddRequest() ony c ears the request and resut sts on the dev ce hand e passed and ony for the current thread. For examp e, fa
request s added to each of two d fferent dev ces, and then a new request s added to the f rst dev ce but not the second, a ca to Go()
w cause the frst dev ce to execute the new request and the second dev ce to execute the or g na request.

In genera , the execut on order of a st of requests nasnge Go ca s unpred ctab e, except that a conf gurat on type requests are
executed before acqu s t on and output type requests.

AddRequestPtr() s a 32-bt and 64-bt po nter-address-safe vers on of the Add funct on where the x1 parameter savod *. Ths s
requ red when pass ng a po nter safe y to x1. When pass ng a non-po nter ong va ue to x1, use the norma AddRequest() functon. The
dec arat on for the Ptr vers on of Add s the same as be ow except for (..., vod *x1, ...).

AddRequestS() s a speca vers on of the Add funct on wherelOType s a strng rather than a ong. Ths s usefu for pass ng strng
constants n anguages that cannot nc ude the header f e, and s genera y used wth a |0Types except put/get conf g. The strng
shou d conta n the constant name as nd cated n the header f e (such as “LJ_oANALOG_INPUT”). The dec arat on for the S vers on of
Add s the same as be ow except for (..., const char *plOType, ...).

AddRequestSS() s a spec a vers on of the Add funct on wherelOType and Channe are str ngs rather than ongs. Ths s usefu for
pass ng strng constants n anguages that cannot nc ude the header f e, and s genera y ony used w th the put/get conf g IOTypes.
The str ngs shou d conta n the constant name as nd cated n the header f e (such as “LJ_ oPUT_CONFIG” and “LJ_chLOCALID"). The
dec arat on for the SS vers on of Add s the same as be ow except for (..., const char *plOType, const char *pChanne, ...).
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Dec araton:
LJ ERROR stdca AddRequest( LJ HANDLE Hand e
ong OType
ong Channe
doub e Vaue
ong x1

doub e UserData)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

« Handle — Hand e returned by OpenLabJack().

I0Type — The type of request. See Sect on 4.3 (UE9, U6, U3) of your dev ce s user gu de.

Channel — The channe number of the part cu arlOType.

Value — Va ue passed for output channe s.

x1— Optona parameter used by some IOTypes.

UserData — Data that s s mp y passed aong w th the request, and returned unmod f ed by GetF rstResu t() or GetNextResu t().
Can be used to store any sort of nformat on w th the request, to a ow a gener ¢ parser to determ ne what shou d be done when
the resu ts are rece ved.

Outputs:

« None

4.2.6 - Go() [UE9 Datasheet]

Log n orreg ster to post comments

After us ng AddRequest() to make an nterna st of requests to perform, ca Go() to actua y perform the requests. Th s funct on causes
a requests on a open LabJacks to be performed. After ca ng Go(), ca GetResu t() or s m ar to retr eve any returned data or errors.

Go() can be ca ed repeated y to repeat the current st of requests. Go() does not c ear the st of requests. Rather, after a ca to Go(),
the f rst subsequent AddRequest() ca to a partcuardevce w cearthe prevous st of requests on that partcu ar devce ony.

Note that for a s ng e Go() or GoOne() ca , the order of execut on of the request st cannot be pred cted. S nce the dr ver does nterna
optmzaton, t squte key notthe same as the order of AddRequest() funct on ca s. One th ng that s known, s that conf gurat on
settngs ke ranges, stream sett ngs, and such, w be done before the actua acqu ston or sett ng of outputs.

Dec arat on:

LJ ERROR stdca Go()

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:
+ None

Outputs:

« None

4.2.7 - GoOne() [UE9 Datasheet]

Log n orreg ster to post comments

After us ng AddRequest() to make an nterna st of requests to perform, ca GoOne() to actua y perform the requests. Th s funct on
causes a requests on one part cu ar LabJack to be performed. After ca ng GoOne(), ca GetResu t() or s m ar to retr eve any returned
data or errors.

GoOne() can be ca ed repeated y to repeat the current st of requests. GoOne() does not c ear the st of requests. Rather, after a
part cu ar dev ce has performed a GoOne(), the f rst subsequent AddRequest() ca to that devce w cear the prevous st of requests
on that part cu ar devce ony.

Note that for a s ng e Go() or GoOne() ca , the order of execut on of the request st cannot be pred cted. S nce the dr ver does nterna
optmzaton, t squte key notthe same as the order of AddRequest() funct on ca s. One th ng that s known, s that conf gurat on
settngs ke ranges, stream sett ngs, and such, w be done before the actua acqu s ton or sett ng of outputs.
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Dec arat on:

LJ ERROR stdca GoOne( LJ HANDLE Hande )

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:
« Handle — Hand e returned by OpenLabJack().
Outputs:

+ None

4.2.8 - GetResult() [UE9 Datasheet]

Log n orreg ster to post comments

Ca ng e ther Go funct on creates a st of resu ts that matches the st of requests. Use GetResu t() to read the resu t and errorcode for
a part cu ar IOType and Channe . Norma y th s functon s ca ed for each assoc ated AddRequest() tem. Even f the request was an
output, the errorcode shou d be eva uated.

None of the Get functons w cear resu ts from the st. The frst AddRequest() ca subsequenttoa Goca w cearthe nterna sts of
requests and resu ts for a part cu ar dev ce.

w p oc gaw /o o amdaa q , ca oaG f co do oac ayca daaa ay ob f dT
arrays are f ed durng the Go ca (fdata s ava abe), and the Get ca s used to f nd out many e ements were p aced n the array.

GetResutS() s a speca vers on of the Get funct on wherelOType s a str ng rather than a ong. Th's s usefu for pass ng strng
constants n anguages that cannot nc ude the header f e, and s genera y used wth a |0Types except put/get conf g. The strng
shou d conta n the constant name as nd cated n the header f e (such as “LJ_oANALOG_INPUT”). The dec arat on for the S vers on of
Get s the same as be ow except for (..., const char *plOType, ...).

GetResu tSS() s a spec a vers on of the Get funct on wherelOType and Channe are str ngs rather than ongs. Ths s usefu for

pass ng strng constants n anguages that cannot nc ude the header f e, and s genera y ony used w th the put/get conf g IOTypes.
The str ngs shou d conta n the constant name as nd cated n the header f e (such as “LJ_ oPUT_CONFIG” and “LJ_chLOCALID"). The
dec arat on for the SS vers on of Get s the same as be ow except for (..., const char *plOType, const char *pChanne, ...).

It s acceptab e to pass NULL (or 0) for any po nter that s not requ red.

Dec arat on:

LJ ERROR stdca GetResut( LJ HANDLE Hand e
ong OType
ong Channe

doub e *pVa ue)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« Handle — Hand e returned by OpenLabJack().
« IOType — The type of request. See Sect on 4.3 (UE9, U6, U3) of your dev ce s user gu de.
« Channel — The channe number of the part cu arlOType.

Outputs:

« pValue — A po nter to the resu t va ue.

4.2.9 - GetFirstResult() and GetNextResult() [UE9 Datasheet]

Log n orreg ster to post comments

Ca ng e ther Go funct on creates a st of resu ts that matches the st of requests. Use GetF rstResu t() and GetNextResu t() to step
through the st of resuts n order. When e ther funct on returns LUE_NO_MORE_DATA_AVAILABLE, there are no more tems n the st
of resu ts. Items can be read more than once by ca ng GetF rstResu t() to move back to the beg nn ng of the st.

UserData s prov ded for track ng nformat on, or whatever e se the user m ght need.

None of the Get funct ons c ear resu ts from the st. The frst AddRequest() ca subsequenttoa Goca w cearthe nterna sts of



28 Feb 2020

requests and resu ts for a part cu ar dev ce.

When process ng raw n/out or stream data requests, the ca to a Get funct on does not actua y cause the data arrays to be f ed. The
arrays are f ed dur ng the Go ca (fdata s ava abe), and the Get ca s used to f nd out many e ements were p aced n the array.

It s acceptab e to pass NULL (or 0) for any po nter that s not requ red.
The parameter sts are the same for the GetF rstResu t() and GetNextResu t() dec arat ons.
Dec arat on:

LJ ERROR stdca GetFirstResut( LJ HANDLE Hand e
ong *p OType
ong “‘pChanne
doube *pVaue
ong “px1
doub e *pUserData)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:
» Handle — Hand e returned by OpenLabJack().
Outputs:

« plOType — A po nter to thelOType of ths tem nthe st.

pChannel — A po nter to the channe number of ths tem n the st.

pValue — A po nter to the resu t va ue.

px1 — A po nter to the x1 parameter of ths tem nthe st.

pUserData — A po nter to data that s s mp y passed a ong w th the request, and returned unmod f ed. Can be used to store any
sort of nformat on w th the request, to a ow a gener ¢ parser to determ ne what shou d be done when the resu ts are rece ved.

4.2.10 - DoubleToStringAddress() [UE9 Datasheet]

Log n orreg ster to post comments

Some spec a -channe s of the conf glOType pass IP address (and others) n a doube. Ths functon s used to convert the doube nto a
strng n norma dec ma -dot or hex-dot notat on.

Dec arat on:

LJ ERROR stdca Doub eToStringAddress ( doub e Number
char *pString
ong HexDot)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

+ Number — Doub e prec s on number to be converted.
« pString — Must pass a buffer for the str ng of at east 24 bytes.
« HexDot - If not equa to zero, the strngw be n hex-dot notat on rather than dec ma -dot.

Outputs:

« pString — A po nter to the str ng representat on.

4.2.11 - StringToDoubleAddress() [UE9 Datasheet]

Log n orreg ster to post comments

Some spec a -channe s of the conf glIOType pass IP address (and others) n a doube. Ths functon s used to convert a strng n
norma dec ma -dot or hex-dot notat on nto a doub e.

Dec arat on:

LJ ERROR stdca StringToDoub eAddress ( const char *pString
doub e *pNumber
ong HexDot)
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Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« pString — A po nter to the str ng representat on.
+ HexDot - If not equa to zero, the passed str ng shou d be n hex-dot notat on rather than dec ma -dot.

Outputs:

« pNumber — A po nter to the doub e prec s on representat on.

4.2.12 - StringToConstant() [UE9 Datasheet]

Log n orreg ster to post comments

Converts the g ven str ng to the appropr ate constant number. Used nterna y by the S funct ons, but cou d be usefu to the end user
when us ng the GetF rst/Next funct ons w thout the ab ty to nc ude the header f e. In th s case a compar son cou d be done on the
return va ues such as:

if (OType == StringToConstant("LJ ioANALOG NPUT"))

Ths functon returns LJ_INVALID_CONSTANT f the strng s not recogn zed.
Dec arat on:

ong stdca StringToConstant ( const char *pString )

Parameter Descr pt on:
Returns: Constant number of the passed str ng.
Inputs:

« pString — A po nter to the str ng representat on of the constant.
Outputs:

« None

4.2.13 - ErrorToString() [UE9 Datasheet]

Log n orreg ster to post comments

Outputs a str ng descr b ng the g ven error code or an empty strng f not found.

Dec arat on:

void stdca ErrorToString ( LU ERROR ErrorCode
char *pString)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« ErrorCode — LabJack errorcode.
« pString — Must pass a buffer for the str ng of at east 256 bytes.

Outputs:

« *pString — A po nter to the str ng representat on of the errorcode.

4.2.14 - GetDriverVersion() [UE9 Datasheet]

Log n orreg ster to post comments
Returns the vers on number of th s W ndows LabJack dr ver.

Dec arat on:

doube stdca GetDriverVersion();
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Parameter Descr pt on:
Returns: Dr ver vers on.
Inputs:

« None
Outputs:

+ None

4.2.15 - TCVoltsToTemp() [UE9 Datasheet]

Log n orreg ster to post comments

A ut ty funct on to convert thermocoup e vo tage read ngs to temperature.

Dec arat on:

LJ ERROR stdca TCVotsToTemp ( ong TCType
doube TCVots
doub e CJTempK
doub e *pTCTempK)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« TCType — A constant that spec f es the thermocoup e type: LJ_tB, LJ_ttE, LJ_ttJ, LJ_ttK, LJ_ttN, LJ_ttR, LJ_ttS, or LJ_ttT.
« TCVolts — The thermocoup e vo tage.
« CJTempK — The temperature of the cod junct on n degrees K.

Outputs:

« pTCTempK — Returns the ca cu ated thermocoup e temperature.

4.2.16 - ResetLabJack() [UE9 Datasheet]

Log n orreq ster to post comments

Sends a reset command to the LabJack hardware. Reset causes the dev ce to go to the reset/power-up conf gurat on.

Resett ng the LabJack does not nva date the hand e, thus the dev ce does not have to be opened aga n after areset,butaGoca s
key to fa for a coup e seconds after unt the LabJack s ready.

Dec arat on:
LJ ERROR stdca ResetLabJack ( LJ HANDLE Hand e );

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« Handle — Hand e returned by OpenLabJack().
Outputs:

« None

4.2.17 - eAIN() [UE9 Datasheet]

Log n orreg ster to post comments

An easy funct on that returns a read ng from one anaog nput. Ths s a s mp e aternat ve to the very fex b e IOType based method
norma y used by th s dr ver.

When needed, th s funct on automat ca y conf gures the spec f ed channe (s) for ana og nput.

Dec arat on:
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LJ ERROR stdca eAN( LJ HANDLE Hand e

ong Channe P

ong Channe N

doub e *Vo tage

ong Range

ong Reso ution

ong Setting

ong Binary

ong Reserved1

ong Reserved?2)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« Handle — Hand e returned by OpenLabJack().

« ChannelP - The postve AIN channe to acqure.

« ChannelN — The negat ve AIN channe to acqu re. For the UE9, th s parameter s gnored. For s ng e-ended channe s on the U3,
th s parameter shou d be 31 (see Secton 2.7.1).

« Range — Pass a range constant. See Sect on 4.3.3.

« Resolution — Pass 12-17 to spec fy the reso ut on of the ana og nput read ng, and 18 for a h gh-res read ng from the UE9-Pro. 0-
11 corresponds to 12-bt.

« Settling — Pass 0 for the defau t sett ng. Th s parameter adds extra sett ng before the ADC convers on of about Sett ng t mes 5
m croseconds.

« Binary — Ifths s nonzero (True), the Vo tage parameter w return the raw b nary va ue.

« Reserved (1&2) — Pass 0.

Outputs:

« Voltage — Returns the ana og nput read ng, wh ch s genera y a vo tage.

4.2.18 - eDAC() [UE9 Datasheet]

Log n orreg ster to post comments

An easy funct on that wr tes a va ue to one ana og output. Ths s a s mp e aternat ve to the very fexb e I0Type based method norma y
used by th s dr ver.

When needed, th s funct on automat ca y enab es the spec f ed ana og output.

Dec araton:

LJ ERROR stdca eDAC ( LJ HANDLE Hand e
ong Channe
doub e Vo tage
ong Binary
ong Reserved1
ong Reserved?2)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

Handle — Hand e returned by OpenLabJack().

Channel — The ana og output channe to wr te to.

Voltage — The vo tage to wr te to the ana og output.

Binary — If th s s nonzero (True), the va ue passed for Vo tage shou d be b nary. For examp e, pass 32768.0 n the doub e
parameter for m d-sca e output.

Reserved (1&2) — Pass 0.

4.2.19 - eDI() [UE9 Datasheet]

Log n orreq ster to post comments

An easy funct on that reads the state of one dgta nput. Ths s a's mp e aternatve to the very fexb e IOType based method norma y
used by th s dr ver.

When needed, th s funct on automat ca y conf gures the spec fed channe asadgta nput.

Dec arat on:
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LJ ERROR stdca eD ( LJ HANDLE Hand e
ong Channe
ong *State)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« Handle — Hand e returned by OpenLabJack().
« Channel — The channe to read. 0-19 corresponds to FIO0-CIO3.

Outputs:

« State — Returns the state of the dgta nput. 0=Fa se=Low and 1=True=H gh.

4.2.20 - eDO() [UE9 Datasheet]

Log n orreg ster to post comments

An easy funct on that wr tes the state of one d gta output. Ths s a's mp e aternat ve to the very fex b e IOType based method
norma y used by th s dr ver.

When needed, th s funct on automat ca y conf gures the spec fed channe as adgta output.
Dec arat on:

LJ ERROR stdca eDO ( LJ HANDLE Hand e
ong Channe
ong State)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.

Inputs:

« Handle — Hand e returned by OpenLabJack().
« Channel — The channe to wr te to. 0-19 corresponds to FIO0-CIO3.
« State — The state to wr te to the d g ta output. 0=Fa se=Low and 1=True=H gh.

4.2.21 - eTCConfig() [UE9 Datasheet]

Log n orreg ster to post comments

An easy funct on that confgures and nta zes a the t mers and counters. Ths s a s mp e aternat ve to the very fexb e IOType based
method norma y used by th s dr ver.

When needed, th s funct on automat ca y conf gures the needed nesasdgta.

Dec araton:

LJ ERROR stdca eTCConfig ( LJ HANDLE Hand e
ong *aEnab eTimers
ong *aEnab eCounters
ong TCPinOffset
ong TimerC ockBase ndex
ong TimerC ockDivisor
ong *aTimerModes
doub e *aTimerVa ues
ong Reserved1
ong Reserved?2)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« Handle — Hand e returned by OpenLabJack().

« aEnableTimers — An array where each e ement spec f es whether that t mer s enab ed. T mers must be enab ed n order start ng
from 0, so for nstance, T mer0 and T mer2 cannot be enab ed w thout enab ng T mer1 a so. A nonzero va ue for an array e ement
spec fes to enab e that t mer. Array s ze must be equa to the number of t mers ava ab e on the dev ce.!

» aEnableCounters — An array where each e ement spec f es whether that counter s enab ed. Counters do not have to be enab ed

n order start ng from 0, so Counter1 can be enab ed when Counter0 s d sab ed. A nonzero va ue for an array e ement spec fes to

enab e that counter. Array s ze must be equa to the number of counters ava ab e on the dev ce.?
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« TCPinOffset — Va ue spec f es where to start ass gn ng t mers and counters3

- TimerClockBaselndex — Pass a constant to set the t mer base c ock. The defaut s dev ce spec f ¢t

« TimerClockDivisor — Pass a d v sor from 0-255 where 0 s a d v sor of 256.

- aTimerModes — An array where each e ement s a constant spec fy ng the mode for that t mer. Array s ze must be equa to the
number of t mers ava ab e on the dev ce.’

« aTimerValues — An array where each e ement s specfes the nta va ue for that t mer. Array s ze must be equa to the number
of t mers ava ab e on the dev ce.'

« Reserved (1&2) — Pass 0.

" Number of t mers UE9:6, U6:4, U3:2

2 Number of counters UE9:2, U6:2, U3:2

3 P n offset UE9:Ignored, U6:0-8, U3:4-8

4 Defau't constant UE9:LJ_tc750KHZ, U6:LJ_tc48MHZ, U3:LJ_tc48MHZ

4.2.22 - eTCValues() [UE9 Datasheet]

Log n orreg ster to post comments

An easy funct on that updates and reads a the t mers and counters. Ths s a s mp e aternat ve to the very fexb e I0OType based
method norma y used by th s dr ver.

Dec arat on:

LJ ERROR stdca eTCVaues( LJ HANDLE Hand e
ong “aReadTimers
ong “aUpdateResetTimers
ong *aReadCounters
ong *aResetCounters
doub e *aTimerVa ues
doub e *aCounterVa ues
ong Reserved1
ong Reserved?2)

Parameter Descr pt on:
Returns: LabJack errorcodes or 0 for no error.
Inputs:

« Handle — Hand e returned by OpenLabJack().
« aReadTimers — An array where each e ement spec f es whether to read that t mer. A nonzero va ue for an array e ement spec fes

to read that t mer.!
« aUpdateResetTimers — An array where each e ement spec f es whether to update/reset that t mer. A nonzero va ue for an array

e ement spec f es to update/reset that t mer.!
« aReadCounters — An array where each e ement spec f es whether to read that counter. A nonzero va ue for an array e ement

spec f es to read that counter.?
« aResetCounters — An array where each e ement spec f es whether to reset that counter. A nonzero va ue for an array e ement

spec f es to reset that counter.?
« aTimerValues — An array where each e ement s the new va ue for that t mer. Each va ue s ony updated f the appropr ate

eement s set n the aUpdateResetT mers array.!
« Reserved (1&2) — Pass 0.

Outputs:

« aTimerValues — An array where each e ement s the va ue read from that t mer f the appropr ate e ement s set n the
aReadT mers array.

« aCounterValues — An array where each e ement s the va ue read from that counter f the appropr ate e ement s set n the
aReadCounters array.

1 Array s ze must be equa to the number of t mers ava ab e on the dev ce. UE9:6, U6:4, U3:2
2 Array s ze must be equa to the number of counters ava ab e on the dev ce. UE9:2, U6:2, U3:2

4.3 - Example Pseudocode [UE9 Datasheet]

Log n orreg ster to post comments

Example Pseudocode Overview
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The fo ow ng pseudocode examp es are s mp fed for c arty, 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 orreg ster to post comments
The nta step sto 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 overUSB:

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

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 strng 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 nt 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 fed 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 frst e ement n the array s passed.

Takngto mutpe devces fromasngeapp caton s no probem. Make mutp 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]
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There are two |OTypes 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



LJ chCONTROL F RMWARE VERS ON
LJ chCONTROL BOOTLOADER VERS ON
LJ chCONTROL RESET SOURCE

LJ chUE9 PRO
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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
/Iwi 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 (ngHande LJ ioGET CONF G LJ ch P ADDRESS &db Address 0);

/IConvert a doub e to an address string in dot notation

/[The genera form of the Doub eToStringAddress function is:

/IDoub 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

Currenty there s no IOType for confgurng a the power-up defaut sett ngs. However, us ng ow- eve functona ty you can.

To conf gure the UE9 power-up defau t sett ngs, f rst conf gure your 1/0O to the power-up defau t sett ngs you want. Th's nc udesAna og

Outputs, D g ta 1/0 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 I0Type to retr eve a command/response ana og nput read ng s:

LJ ioGET AN

The fo ow ng are I0OTypes used to conf gure (or read) the nput range of a part cu ar ana og nput channe :

LJ ioPUT AN RANGE // Range and Gain are synonymous
LJ ioGET AN 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 rgUN5V //05V LabJackUD Defaut

LJ rgUN 2P5V // 0 25V (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 rgBP5V //+/ 5V

The fo ow ng are spec a channe s, used w th the get/put conf glOTypes, to conf gure parameters that appy to a anaog nputs:

LJ chAN RESOLUT ON
LJ chAN SETTLNG T ME
LJ chAN 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

/Isettings this wi appytoa further measurements unti

/Ithe parameter is changed or the DLL un oaded

AddRequest (ngHand e LJ ioPUT CONF G LJ chAN RESOLUT ON 14 0 0);

/IConfigure A N2 for +/ 5 vot range
AddRequest (ngHand e LJ ioPUT AN RANGE 2 LJ rgB P5V 0 0);

/IConfigure A N3 for +/ 5 vot range
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AddRequest (ngHand e LJ ioPUT AN RANGE 3 LJ rgB P5V 0 0);

//Request a read from A N2
AddRequest (ngHande LJ ioGET AN 2 0 0 0);

/IRequest a read from A N3
AddRequest (ngHande LJ ioGET AN 3 0 0 0);

//Execute the requests
GoOne (ngHand e);

//Get the A N2 vo tage
GetResut (ngHand e LJ ioGET AN 2 &db Vaue);

//Get the A N3 vo tage
GetResut (ngHande LJ ioGET AN 3 &db Vaue);

4.3.4 - Analog Outputs [UE9 Datasheet]
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The IOType to set the vo tage on an ana og output s:
LJ ioPUT DAC

The fo ow ng are I0OTypes used to wr te/read the enab e b t for eachDAC. Note that a though there s an enab e bt for each DAC on
the UE9, both DACs are enab ed or d sab ed at the same t me:

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

The fo owng s a spec a channe, used w th the get/put conf glOTypes, to conf gure a parameter that app es to bothDACs:
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 DAC1to25vots
ePut (ngHand e LJ ioPUT DAC 1 250 0);

4.3.5 - Digital I/0 [UE9 Datasheet]
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There are e ght IOTypes used to wr te or read d gta 1/0O nformat on:

LJ ioGET DGTAL BT /IA so sets direction to input

LJ ioGET DGTAL BT DR

LJ ioGET DG TAL BT STATE

LJ ioGET D G TAL PORT /IA so sets directions to input x1 is number of bits
LJ ioGET D G TAL PORT DR //x1 is number of bits

LJ ioGET D G TAL PORT STATE //x1 is number of bits

LJ ioPUT DGTAL BT /IA so sets direction to output
LJ ioPUT D G TAL PORT /IA so sets directions to output x1 is number of bits

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

The genera bt and port IOTypes automat ca y contro drect on, but the _DIR and _STATE ones do not. These can be used to read the
current cond ton 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 pn(s). So fyou seta ne to output-h gh, but then someth ng externa sdrvng t ow, t mghtread ow.

When a request s done w th one of the portlOTypes, 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 bts. The bt numbers correspond ng to d fferent I/O are:

07 FOOFO7

815 EOO0 EO7
16 19 CO0 C O3
2022 MO0 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 I0Type 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 I0Type and
Channe .

Fo ow ng s examp e pseudocode for var ous d g ta 1/O operat ons:

//IRequest a read from F O2
AddRequest (ngHande LJ ioGET DGTAL BT 2 0 0 0);

/IRequest 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 DGTAL BT 3 1 0 0);

//Set C 02 M 02 (5 bits starting from digita channe #18)

/lto b10100 (=d20) Thatis C O2=0 C O3=0 M O0=1

//IMO1=0 and M O2=1

AddRequest (ngHand e LJ ioPUT D G TAL PORT 18 20 5 0);

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

/IGet the F O2 read
GetResut (ngHande LJ ioGET DG TAL BT 2 &dbVaue);

//Get the E O0 C O1 read
GetResut (ngHand e LJ ioGET D G TAL PORT 8 &db Vaue);

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 |OType:

LJ tmPWM16 /116 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 glOTypes, 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 DV 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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/[Enabe 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 twi use the next avaiabe ine F O6
AddRequest (ngHand e LJ ioPUT COUNTER ENABLE 0 1 0 0);

/IA output timers use the same timer c ock which is

//determined by the base c ock divided by the ¢ 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 DV SOR 48 0 0);

/IConfigure Timer0 as 8 bit PWM twi 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);

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

/IConfigure Timers 4 & 5 as quadrature input Two timers

/lare 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, ¢ ock conf gurat on, or enab ed/d sab ed status. When the UpdateConfg bt s set, a tmers and counters are re-nta 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 bt 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 snge ow-eve ca s used.

//IChange 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 (ngHande LJ ioGET T MER 2 &db Vaue 0);

//Read duty cyc e from Timer3
eGet (ngHande LJ ioGET T MER 3 &db Vaue 0);

/[The duty cyc e read returns a 32 bit va ue where the

// east significant word (LSW) represents the high time

/land the most significant word (MSW) represents the ow

/ftime  The times returned are the number of cyc es of

/lthe timer c ock  n this case the timer c ock was set

/Ito 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
//lsame vaue This is a signed 32 bit va ue
eGet (ngHande LJ ioGET T MER 4 &db Vaue 0);

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

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

/IReset the firmware counter (Timer2) to zero by writing a
/Iva ue of zero
ePut (ngHande LJ ioPUT T MER VALUE 2 0 0);

//Reset the duty cyc e measurement (Timer3) to zero by writing
/la vaue of zero The duty cyc e measurement is continuous y
/lupdated so a reset is norma y not needed but one reason
/Ito 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);

/IReset the quadrature counters (Timer4 & Timer5) to zero by
/Iwriting 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]
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Stream Mode Overview

There are fve I0Types used to contro stream ng:

LJ ioCLEAR STREAM CHANNELS

LJ ioADD STREAM CHANNEL

LJ ioSTART STREAM /IVa 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 returnng 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/Fase [1]

LJ chSTREAM EXTERNAL TR GGER //True/Fase [1]

LJ chSTREAM WA T MODE

LJ chSTREAM BACKLOG COMM //Read ony 0=0% and 128=100%

LJ chSTREAM BACKLOG CONTROL //Read ony Number of samp es

LJ chSTREAM BACKLOG UD //Read ony Number of samp es

LJ chSTREAM SAMPLES PER PACKET //Read ony Aways 16 on the UE9
LJ chSTREAM READS PER SECOND //Defaut 25

[1] See Secton 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 /IAdvance message pump wait mode

LJ swSLEEP //Wait unti requested amount avaiab 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 reman ng n the Contro buffer. If ths
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parameter s nonzero and grow ng, t suggests that the Contro processor s too busy. Because the Contro buffer s so sma , overf ows
very qucky, and genera y ony overf ows fsamp ng faster than the spec f ed rates, th s parameter s not often used.

The Comm processor ho ds stream data n a 4 Mbt FIFO buffer (512 Kbytes, 11397 StreamData packets, 182361 samp es) unt t can
be sent to the host. The ower 7 bts of the LJ_chSTREAM_BACKLOG _COMM spec a channe spec fy how much data s eft n the
Comm buffer n ncrements of 4096 bytes. A va ue of 0 means the buffer s empty and a va ue of 128 (or h gher) means the buffer has
overf owed. The UD dr ver retr eves stream data from the UE9 n the background, but f the computer or commun caton nk s too s ow
for some reason, the dr ver m ght not be ab e to read the data as fast as the UE9 s acqurng t, and thus there w be data eft over n
the UE9 buffer.

To obta n the max mum stream rates documented n Sect on 3.2, the data must be transferred between host and UE9S n arge chunks.
The amount of data transferred per ow- eve packet s f xed at 16 samp es on the UES. The drver w use the parameter
LJ chSTREAM_READS PER _SECOND to determ ne how many ow- eve packets to retr eve per read.

The s ze of the UD stream buffer on the host s contro ed by LJ_chSTREAM_BUFFER_SIZE. The app cat on software on the host
must read data out of the UD stream buffer fast enough to prevent overf ow. After each read, use LJ_chSTREAM_BACKLOG_UD to
determ ne how many samp es are eft n the buffer.

In stream mode the LabJack acqu res nputs at a f xed nterva, contro ed by the hardware c ock on the dev ce tse f, and stores the
data n a buffer. The LabJackUD dr ver automat ca y reads data from the hardware buffer and stores t n a PC RAM buffer unt
requested. The genera procedure for streamng s:

« Update conf gurat on parameters.

Bu dthe scan st.

Start the stream.

Per odca y retr eve stream data na oop.
Stop the stream.

Fo ow ng s examp e pseudocode to conf gure a 2-channe stream. In add t on to the stream parameters conf gured be ow, some
app cat ons m ght a so need to conf gure ana og nput sett ngs such as range and reso ut on:

//Set the scan rate
AddRequest (ngHande LJ ioPUT CONF G LJ chSTREAM SCAN FREQUENCY scanRate 0 0);

//Give the UD driver a 5 second buffer (scanRate * 2 channe s * 5 seconds)
AddRequest (ngHande LJ ioPUT CONF G LJ chSTREAM BUFFER S ZE scanRate*2*'5 0 0);

//Configure reads to wait and retrieve the desired amount of data
AddRequest (ngHande LJ ioPUT CONF G LJ chSTREAM WA T MODE LJ swSLEEP 0 0);

//Define the scan ist as A N2 then A N3

AddRequest (ngHande LJ ioCLEAR STREAM CHANNELS 0 0 0 0);
AddRequest (ngHande LJ ioADD STREAM CHANNEL 2 0 0 0);
AddRequest (ngHande LJ ioADD STREAM CHANNEL 3 0 0 0);

//Execute the requests
GoOne ( ngHand e);

Next, start the stream:

//Start the stream
eGet(ngHand e LJ ioSTART STREAM 0 &dbVaue 0);

/[The actua scan rate is dependent on how the desired scan rate divides into
/lthe LabJack cock The actua scan rate is returned in the va ue parameter
/[from the start stream command

actua ScanRate = db Va ue;

actua Samp eRate = 2*db Va ue;

Once a stream s started, the data must be retr eved per od ca y to prevent the buffer from overf ow ng. To retr eve data, add a request
wth IOType LJ_ioGET_STREAM_DATA. The Channe parameter shoud be LJ _chALL_CHANNELS or a spec f ¢ channe number

( gnored for a s ng e channe stream). The Va ue parameter shou d be the number of scans (a channe s) or samp es (s ng e channe )
to retr eve. The x1 parameter shou d be a po nter to an array that has been nta zed to a suff c ent s ze. Keep n m nd that the requ red
number of e ements fretrevng a channes s number of scans * number of channe s.

Data s stored nter eaved across a stream ng channe s. In other words, f two channe s are stream ng, 0 and 1, and
LJ chALL_CHANNELS s the channe number for the read request, the dataw be returned as Channe 0, Channe 1, Channe 0,
Channe 1, etc. Once the data s read t s removed from the nterna buffer, and the next read w g ve new data.

If mutp e channe s are be ng streamed, data can be retr eved one channe at a t me by pass ng a specfc channe number n the
request. In th s case the data s not removed from the nterna buffer unt the ast channe nthe scan srequested. Read ng the data
from the ast channe (not necessar y a channes) s the tr gger that causes the b ock of data to be removed from the buffer. Th s
means that f three channe s are streamng, 0, 1 and 2 ( n that order n the scan st), and data s requested from channe 0, then
channe 1, then channe 0 aga n, the request for channe 0 the second tme w return the same data as the f rst request. New data w
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not be retr eved unt after channe 2 s read, s nce channe 2 s ast nthe scan st. If the frst get stream data request s for 10 samp es
from channe 1, the reads from channe s 0 and 2 a so must be for 10 samp es. Note that when read ng stream data one channe at a
tme (not us ng LJ_chALL_CHANNELS), the scan st cannot have dup cate channe numbers.

There are three bas ¢ wa t modes for retr ev ng the data:

« LJ_swNONE: The Goca w retreve whatever data s ava ab e at the t me of the ca up to the requested amount of data. A Get

command shou d be ca ed to determ ne how many scans were retr eved. Ths s genera y used w th a software t med read
nterva . The number of samp es read per oop teraton w vary, but the t me per oop teraton w be pretty cons stent. S nce the
LabJack c ock cou d be faster than the PC c ock, t s recommended to request more scans than are expected each t me so that
the app cat on does not get beh nd.

LJ_swSLEEP: Th s makes the Go command a b ock ng ca . The Go command w oop unt the requested amount of s

retr eved or no new data arr ves from the dev ce before t meout. In th s mode, the hardware d ctates the t m ng of the app caton
... you genera y do not want to add a software de ay n the read oop. The t me per oop teraton w vary, but the number of
samp es read per oopw be the same every t me. A Get command shou d be ca ed to determ ne whether a the data was

retr eved, or a t meout cond t on occurred and none of the data was retr eved.

LJ_swALL_OR_NONE: If ava abe, the Goca w retr eve the amount of data requested, otherw se tw retreve no data. A Get
command shou d be ca ed to determ ne whether a the data was returned or none. Th s cou d be a good mode f hardware t med
executon s des rab e, but w thout the app cat on cont nuousy watng n SLEEP mode.

The fo ow ng pseudocode reads data cont nuous y n SLEEP mode as conf gured above:

//Read data unti done

whi e(!done)
{

//Must set the number of scans to read each iteration as the read
/Ireturns the actua number read
numScans = 1000;

//Read the data Note that the array passed must be sized to ho d

/lenough SAMPLES and the Va ue passed specifies the number of SCANS

/lto read

eGetPtr(ngHand e LJ ioGET STREAM DATA LJ chALL CHANNELS &numScans array);
actua NumberRead = numScans;

//When a channe s are retrieved in a sing e read the data
/fis inter eaved in a 1 dimensiona array The fo owing ines
//get the first samp e from each channe

channe A = array[0];

channe B = array[1];

//Retrieve the current Comm backog The UD driver retrieves

//stream data from the UES in the background but if the computer

/lis too s ow for some reason the driver might not be ab e to read

/lthe data as fast as the UES is acquiring it and thus there wi

//be data eft over in the UE9 buffer

eGet(ngHande LJ ioGET CONF G LJ chSTREAM BACKLOG COMM &db CommBack og 0);

//Retrieve the current UD driver back og f this is growing then

/lthe app ication software is not pu ing data from the UD driver

//fast enough

eGet(ngHande LJ ioGET CONF G LJ chSTREAM BACKLOG UD &db UDBackog 0);
}
F na y, stop the stream:

//Stop the stream
errorcode = ePut (Hande LJ ioSTOP STREAM 0 0 0);

4.3.7.1 - Stream DAC [UE9 Datasheet]

Log n orreg ster to post comments

Stream DAC s a feature where the DACs (d g ta -to-ana og outputs or ana og outputs) are updated by hardware n each stream scan.

A buffer for each DAC (DACO and/or DAC1) s oaded w th 1-128 va ues, and the UE9 steps through the buffer(s) updat ng the DAC(s)
w th each stream scan.

Requ res UD dr ver V3.06+ and UE9 Contro frmware V1.93+.

The DAC updates are done naddtonto a norma nput stream, so at east 1 nput channe must be streamed.

In terms of stream speeds, the DAC updates do not count the same as nput channe s. Rather, f stream updates are enab ed for 1 or
both DACs, t adds a just few m croseconds to the t me of each scan.
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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) Vaue= 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 ePutca s 0 or 1 to spec fy DACO 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 dsabe aca 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 ttetrck n C: Snce 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 |OTypes used to wr te or read raw data. These can be used to make ow- eve functon ca s (Sect on 5) through the UD
drver. The ony t me these genera y m ght be used s to access some ow- eve dev ce functona ty not ava abe nthe 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 ppe wh e 1 s the
stream ng p pe. The number of bytes to wr te/read s specfed nvaue (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. Ths s the s mp est UE9 command and
cons sts s mpy of a wr te of 2 bytes (0x70, 0x70) and a read of the same two bytes.

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

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

eA N() //IRead 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
eTCVaues() //Update/reset and read a timers and counters

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

The frst 4 funct ons shou d not be used when speed s crtca wth mut-channe reads. These funct ons use one ow- eve functon per
operat on, whereas us ng the norma Add/Go/Get method w th IOTypes, many operat ons can be comb ned nto asnge 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 amost 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
//eAN (Hand e Channe P Channe N *Votage Range Reso ution

/I Setting Binary Reserved1 Reserved2)

Il

eAN(ngHande 3 0 &dbVotage LJ rgUN5V 12 0 0 0 0);

printf("A N3 va ue = % 3f\n" db Vo tage);

//Set DACO to 3 1 vots

//eDAC (Hand e Channe Votage Binary Reserved! Reserved2)
1

eDAC(ngHande 0 31 0 0 0);

//Read state of F 02

//leD (Hande Channe *State)

1

eD (ngHande 2 &ngState);
printf("F O2 state = % 0f\n" ngState);

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

eDO(ngHande 3 1);

//[Enab e and configure 1 output timer and 1 input timer and enab e Counter0

/IFi the arrays with the desired va ues then make the ca

angEnab eTimers = {1100 0 0}; /Enab e Timer0 Timer1

angTimerModes = {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%

angEnab eCounters = {1 0}; /Enab e Counter0

1

//leTCConfig (Hand e *aEnab eTimers *aEnab eCounters TCPinOffset

/I TimerC ockBase ndex TimerC ockDivisor *aTimerModes

/| *aTimerVaues Reserved1 Reserved2);

1

eTCConfig( ngHand e angEnab eTimers angEnab eCounters 0 LJ tc750KHZ 3 angTimerModes adb TimerVaues 0 0);

//IRead and reset the input timer (Timer1) read and reset Counter0 and update
/Ithe va ue (duty cyc e) of the output timer (Timer0)

/IFi the arrays with the desired va ues then make the ca

angReadTimers ={0 1 0 0 0 0}; /Read Timer1

angUpdateResetTimers = {1 1 0 0 0 0}; /Update Timer0 and reset Timer1
angReadCounters = {1 0}; /Read Counter0

angResetCounters = {1 0}; /Reset Counter0

adb TimerVa ues = {32768 0 0 0 0 0}; /Change Timer0 duty cyc e to 50%

Il

//leTCVaues (Hand e *aReadTimers *aUpdateResetTimers *aReadCounters
/I *aResetCounters *aTimerVaues *aCounterVaues Reservedi

/I Reserved2);

I/l

eTCVaues(ngHand e angReadTimers angUpdateResetTimers a ngReadCounters a ngResetCounters adb TimerVa ues adb CounterVaues 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]
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The UE9 supports Ser a Per phera Interface (SPI) commun cat on as the master ony. SPI s a synchronous ser a protoco typca y
used to commun cate w th ch ps that support SPI as s ave dev ces.

Thssera nk snotan aternatve to theUSB connect on. Rather, the host app caton 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 sera 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 ¢ ana yzer or osc oscope m ght be needed for troub eshoot ng.

There s one IOType used to wr te/read data over theSPI 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 glOTypes, to conf gure var ous parameters re ated to theSPI bus. See
the ow- eve functon descr pton n Secton 5.3.16 for more nformat on about these parameters:

LJ chSP AUTO CS
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LJ chSP D SABLE DR CONF G
LJ chSP MODE

LJ chSP CLOCK FACTOR

LJ chSP MOS PN NUM

LJ chSP M SO P N NUM

LJ chSP CLK PN NUM

LJ chSP CS PN 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 10 0);

//Do not disab e automatic digita i/o direction configuration
AddRequest(ngHande LJ ioPUT CONF G LJ chSP D SABLE DR CONF G 00 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 00 0);

//Set MOS to F O2
AddRequest(ngHand e LJ ioPUT CONF G LJ chSP MOS PN NUM 20 0);

//SetM SO to F O3
AddRequest(ngHande LJ ioPUT CONF G LJ chSP M SO PN NUM 30 0);

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

//Set CS to F O1
AddRequest(ngHand e LJ ioPUT CONF G LJ chSP CS PN NUM 10 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]
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The UE9 supports Inter-Integrated C rcu t (I2C or 12C) commun cat on as the master ony. I2C s a synchronous ser a protoco typca y
used to commun cate w th ch ps that support I2C as s ave dev ces. Any 2d gta I/O nes are used for SDA and SCL. Note that the [2C
bus genera y requ res pu -up res stors of perhaps 4.7 kQ from SDA to Vs and SCL to Vs, and a so note that the screw termna s

abe ed SDA and SCL ( f present) are not used for I2C.

Thssera nk snotan aternatve to theUSB connect on. Rather, the host app caton 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 sera 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 ¢ ana yzer or osc oscope m ght be needed for troub eshoot ng.

There s one IOType used to wr te/read 12C data:
LJ io 2C COMMUN CAT ON
The fo ow ng are spec a channe s used w th the PCIOType above:

LJ ch2C READ //Vaue=number of bytes (0 240) x1= array
LJ ch2C WRTE // Vaue= number of bytes (0 240) x1= array
LJ ch2C GET ACKS

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

LJ ch 2C ADDRESS BYTE

LJ ch2C SCL PN NUM // 022 Pu up resistor usua y required
LJ ch2C SDA PN NUM //022 Pu up resistor usua y required
LJ ch2C OPT ONS

LJ ch2C SPEED ADJUST

The LJT ck-DAC s an accessory from LabJack w th an 12C 24C01CEEPROM ch p. Fo ow ng s examp e pseudocode to conf gure 12C
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to tak to that ch p:

/[The AddressByte of the EEPROM on the LJTick DAC is 0xAOQ or decima 160
AddRequest(ngHand e LJ ioPUT CONF G LJ ch2C ADDRESS BYTE 160 0 0);

//SCL is F O0
AddRequest(ngHand e LJ ioPUT CONF G LJ ch2C SCL PN NUM 00 0);

//SDA is F O1
AddRequest(ngHand e LJ ioPUT CONF G LJ ch2C SDA PN NUM 1 00);

//See description of ow eve 2C function
AddRequest(ngHand e LJ ioPUT CONF G LJ ch2C OPT ONS 00 0);

//See description of ow eve 2C function 0 is max speed of about 150 kHz
AddRequest(ngHand e LJ ioPUT CONF G LJ ch2C SPEED ADJUST 00 0);

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

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

/I 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

/lthe data That is there needs to be an ack after writing the address

/Inot a stop condition To accompish this we use Add/Go/Get to combine

/Ithe write and read into a singe 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 12C.cpp examp e n the VC6_LJUD arch ve.

4.3.12 - Asynchronous Serial Communication [UE9 Datasheet]
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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 caton s nthe common 8/n/1 format. S m ar to RS-232, except that the ogc s norma CMOS/TTL. Connect on to an RS-232
devcew requre a converter ch p such as the MAX233, wh ch nverts the og ¢ and sh fts the vo tage eve s.

Thssera nk snotan aternatve to theUSB connect on. Rather, the host app caton 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 sera 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 ¢ 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 caton 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 asynchlOType above:
LJ chASYNCH ENABLE // Enab es UART to begin buffering RX data

LJ chASYNCH RX  //Vaue=returns pre read buffer size x1= array

LJ chASYNCH TX  // Vaue= 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 ths 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 speca channe, used w th the get/put conf glOTypes, to spec fy the baud rate for the asynchronous commun cat on:

LJ chASYNCH BAUDFACTOR // Vaue=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]
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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 tmer 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 ony go ng out, so some other command w have to be ca ed perod 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 or2d gta 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 (condt on of d g ta 1/0 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 nta testng, “confg
defau ts” n LJCP can be used to enab e the watchdog a the t me, but often t s desrab e to enab e/d sab e the watchdog n user
software so t s ony actve 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 systemw qut
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 coud be
dffcutto 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 OType causes a
fash erase/wrte. The f ash has a rated endurance of at east 20000 wr tes, wh ch s p enty for reasonab e operat on, but fths IOType
sca ed nahgh-speed oop the fash cou d be damaged.

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

LJ chSWDT ENABLE // Vaue 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 glOType, to conf gure watchdog opt ons. These parameters cause sett ngs
to be updated n the drver ony. The sett ngs are not actua y sent to the hardware unt the LJ ioSWDT_CONFIG|0Type (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 DACO
LJ chSWDT UPDATE DACH1
LJ chSWDT DACO

LJ chSWDT DAC1

LJ chSWDT DAC ENABLE



Fo ow ng s examp e pseudocode to conf gure and enab e the watchdog:

// nitia ize E O2 to output ow which a so forces the direction to output
// t wou d probab y be better to do this by configuring the power up defau ts
AddRequest(ngHande LJ ioPUT DGTAL BT 10000);

//Specify that the Comm processor shou d be reset on timeout
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT RESET COMM 1 0 0);

//Specify that the Contro processor shou d be reset on timeout
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT RESET CONTROL 10 0);

//Specify that the state of digita ine A shou d be updated on timeout
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT UDPATE D OA 1 00);

//Specify that E O2 is the desired digita ine A
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT D OA CHANNEL 10 0 0);

//Specify that the digita ine shou d be set high
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT D OA STATE 100);

//Specify that DACO shou d be updated on timeout
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT UPDATE DACO 1 0 0);

//Specify that DACO shou d be set to 4 1 vo ts on timeout
AddRequest(ngHand e LJ ioPUT CONF G LJ chSWDT DAC04 1 00);

//Enab e the watchdog with a 60 second timeout
AddRequest(ngHand e LJ ioSWDT CONF G LJ chSWDT ENABLE 60 0 0);

//Execute the requests
GoOne( ngHand e);

Fo ow ng s pseudocode to d sab e the watchdog:

//Disab e the watchdog
ePut(ngHand e LJ ioSWDT CONF G LJ chSWDT D SABLE 0 0);

4.3.14 - Miscellaneous [UE9 Datasheet]
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The fo ow ng are spec a channe s, used w th theget/put conf g IOTypes, to read/wr te theca brat on memory and user memory:

LJ chCAL CONSTANTS //x1 points to an array with 128 doub es
LJ chUSER MEM // x1 points to an array with 1024 bytes

LJ_chCAL_CONSTANTS makes 8 ca s to the ow- eve ReadMem or EraseMem/Wr teMem funct ons to do a consecut ve read or
erase/wr te of the 8x 128-byte b ocks of ca brat on memory (b ocks 0-7), or 1024 bytes tota. Those bytes represent 128x 64-b t f xed

po nt vaues n hardware, but are passed to/from the UD as 128 doub es.

LJ_chUSER_MEM makes 8 ca s to the ow-eve ReadMem or EraseMem/Wr teMem funct ons to do a consecut ve read or erase/wr te

of the 8x 128-byte b ocks of user memory (b ocks 8-15), or 1024 bytes tota .

For more nformaton, see the ow-eve descrptons n Sectons5.3.10 -5.3.12, and see the Memory examp e n the VC6_LJUD

arch ve.

4.4 - Errorcodes [UE9 Datasheet]

Log n orreg ster to post comments

UD Errorcodes

A functons return an LJ_ERROR error code as sted n the fo ow ng tab es.

Table 4.4-1. Request Leve Error Codes
Errorcode|Name Description
2 LJE_UNABLE_TO_READ_CALDATA Wam ng: Defauts used

nstead.

Warn ng: Defau ts used




-1

LJE_DEVICE_NOT_CALIBRATED

nstead.

0 LJE_NOERROR
Error detected n
eAddGoGet. Check the

1 LJE_COMMAND_LIST_ERROR updated parameters
aRequestErrors, GoError,
and aResu tErrors for
specfc errors.
Channe that does not
ex st (e.g. DAC2), or data

2 LJE_INVALID_CHANNEL_NUMBER from stream s requested
on achanne that s not n
the scan st.

3 LJE_INVALID_RAW_INOUT_PARAMETER

4 LJE_UNABLE_TO_START_STREAM

5 LJE_UNABLE_TO_STOP_STREAM

6 LJE_NOTHING_TO_STREAM

7 LJE_UNABLE_TO_CONFIG_STREAM

8 LJE_BUFFER_OVERRUN S:ffer:”" of the UD stream

9 LJE_STREAM_NOT_RUNNING

10 LJE_INVALID_PARAMETER

11 LJE_INVALID STREAM _FREQUENCY

12 LJE_INVALID_AIN_RANGE

13 LJE_STREAM_CHECKSUM_ERROR

14 LJE_STREAM_COMMAND_ERROR

15 LJE_STREAM_ORDER_ERROR Stream packet rece ved
out of sequence.

16 LJE_AD_PIN_CONFIGURATION_ERROR Anaog requeston adgta
p n, or v ce versa.

17 LJE_REQUEST NOT PROCESSED e"f’;‘: ous request had an

19 LJE_SCRATCH_ERROR

20 LJE_DATA_BUFFER_OVERFLOW

21 LJE_ADCO_BUFFER_OVERFLOW

22 LJE_FUNCTION_INVALID

23 LJE_SWDT_TIME_INVALID

24 LJE_FLASH_ERROR

25 LJE_STREAM_IS_ACTIVE

26 LJE_STREAM_TABLE_INVALID

27 LJE_STREAM_CONFIG_INVALID

28 LJE_STREAM_BAD_TRIGGER_SOURCE

30 LJE_STREAM_INVALID_TRIGGER

31 LJE_STREAM_ADCO_BUFFER_OVERFLOW

33 LJE_STREAM_SAMPLE_NUM_INVALID

34 LJE_STREAM_BIPOLAR_GAIN_INVALID

35 LJE_STREAM_SCAN_RATE_INVALID

36 LJE_TIMER_INVALID_MODE

37 LJE_TIMER_QUADRATURE_AB_ERROR

38 LJE_TIMER_QUAD_PULSE_SEQUENCE

39 LJE_TIMER_BAD_CLOCK_SOURCE

40 LJE_TIMER_STREAM_ACTIVE

41 LJE_TIMER_PWMSTOP_MODULE_ERROR

42 LJE_TIMER_SEQUENCE_ERROR

43 LJE_TIMER_SHARING_ERROR

44 LJE_TIMER_LINE_SEQUENCE_ERROR

45 LJE_EXT_OSC_NOT_STABLE

46 LJE_INVALID_POWER_SETTING

47 LJE_PLL_NOT_LOCKED

48 LJE_INVALID_PIN

49 LJE_IOTYPE_SYNCH_ERROR

50 LJ E_ﬁ\IVALID_OFFSET

51 LJE_FEEDBACK_IOTYPE_NOT_VALID

52 LJE_SHT_CRC

53

LJE_SHT_MEASREADY
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85 ESESHT-SERAL ResET
56 LJE_SHT_COMMUNICATION
AIN not ava abe to
command-response
57 LJE_AIN_WHILE_STREAMING functons wh e the UE9 s
stream.
58 LJE_STREAM_TIMEOUT
59 LJE_STREAM_CONTROL_BUFFER_OVERFLOW
New scan started before
60 LJE_STREAM_SCAN_OVERLAP the prev ous scan
comp eted. Scan rate s
too h gh.
61 LJE_FIRMWARE_VERSION_IOTYPE I0Type not supported w th
th s f rmware.
62 LJE_FIRMWARE_VERSION_CHANNEL Channe not supported
w th th s frmware.
63 LJE_FIRMWARE_VERSION_VALUE Va ue not supported w th
th s f rmware.
I0Type not supported w th
64 LJE_HARDWARE_VERSION_IOTYPE th s hardware.
65 LJE_ HARDWARE_VERSION_CHANNEL Channe not supported
w th th s hardware.
66 LJE_HARDWARE_VERSION_VALUE Va ue not supported w th
th s hardware.
67 LJE_CANT_CONFIGURE_PIN_FOR_ANALOG
68 LJE_CANT_CONFIGURE_PIN_FOR_DIGITAL
69 LJE_LJTDAC_ACK_ERROR
70 LJE_TC_PIN_OFFSET_MUST BE_4 TO 8
71 LJE_INVALID_DIFFERENTIAL_CHANNEL
72 LJE_DSP_SIGNAL_OUT_OF _RANGE
73 LJE_STREAM_INVALID_CONNECTION
112 UART_TIMEOUT
113 UART_NOTCONNECTED Use ConfglOto ass gn
p ns to UART
Use AsynchConf g to
114 UART_NOTENABLED enab e UART
115 12C_BUS_BUSY
Table 4.4-2. Group Leve Error Codes
Errorcode|Name Description
Errors above th s number stop a
1000 LJE_MIN_GROUP_ERROR requests.
1001 LJE_UNKNOWN_ERROR Unrecogn zed error that s caught.
1002 LJE_INVALID_DEVICE_TYPE
1003 LJE_INVALID_HANDLE
1004 LJE DEVICE NOT OPEN AddRequest() ca ed even thought
Open() fa ed.
GetResut() ca wthoutca nga Go
1005 LJE_NO_DATA_AVAILABLE functon, or a channe s passed that
was not n the request st.
1006 LJE_NO_MORE_DATA_AVAILABLE
1007 LJE_LABJACK NOT FOUND LabJack not found at the g ven ID or
address.
1008 LJE_COMM_FAILURE Unab e to send or rece ve the correct
number of bytes.
1009 LJE_CHECKSUM_ERROR
1010 LJE_DEVICE_ALREADY OPEN gzse‘;"“e‘:t on n use by another
1011 LJE_COMM_TIMEOUT
1012 LJE_USB_DRIVER_NOT_FOUND
1013 LJE_INVALID_CONNECTION_TYPE

1014

LJE_INVALID_MODE

28 Feb 2020



28 Feb 2020
[1015  |LJE_DEVICE_NOT_CONNECTED |Prevousy opendevce sno onger |

connected.

Tab e 4.4-1 sts the errors wh ch are specf ¢ to a request. For examp e, LJE_INVALID_CHANNEL_NUMBER . If th s error occurs, other
requests are not affected.

Tabe 4.4-2 sts errors whch cause a pend ng requests for a part cu ar Go() to fa w th the same error. If th s type of error s rece ved

the state of any of the request s not known. For examp e, f requests are executed wth a s ng e Go() to set the AIN range and read an

AIN, and the read fa s wth an LIE_COMM_FAILURE, t s not known whether the AIN range was set to the new va ue or whether t s
st setatthe odvaue.

5 - Low-level Function Reference [UE9 Datasheet]

Log n or reg ster to post comments

Low-level Function Reference Overview

Ths sect on descr bes the ow- eve funct ons of the UES. These are commands sent over Ethernet or USB d rect y to the processors
on the UE9. The Ethernet commands 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 majorty of W ndows users w use the h gh- eve UD dr ver rather than these ow-eve funct ons.

5.1 - General Protocol [UE9 Datasheet]

Log n orreg ster to post comments
Fo ow ng s a descr pt on of the genera UE9 ow- eve commun cat on protoco . There are two types of commands:

Norma : 1 command word p us 0-7 data words.
Extended: 3 command words p us 0-125 data words.

Norma commands have a sma er packet s ze and can be faster n some s tuat ons. Extended commands prov de more commands,
better error detect on, and a arger max mum data pay oad.

Table 5.1-1. Norma command format

Byte [ [
0 Checksum8: Inc udes bytes 1-15

1 Command Byte: DCCCCWWW
Bt7:Destnaton Bt:

0=Loca,

1 = Remote.
B ts 6-3: Norma command number (0-14).

B ts 2-0: Number of data words.

2-15 [Data words. |

Table 5.1-2. Extended command format:

Byte | |
0 [Checksuma8: Inc udes bytes 1-5
1 Command Byte: D1111TWWW

Bt7:Destnaton Bt:

0 =Loca,

1 = Remote.
Bts 6-3: 1111 specfes thatths s an extended
command
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Bts 2-0- llsed wth some commands |

2 Number of data words.

3 Extended command
number.

4 Checksum16 (LSB)

5 [Checksum16 (MSB)

6-

255 Data words.

Checksum ca cu atons:

A checksums are a “1 s comp ement checksum”. Both the 8-bt and 16-b t checksum are uns gned. Sum a app cab e bytes n an
accumu ator, 1 at a t me. Each t me another byte s added, check for overf ow (carry b t), and f true add one to the accumu ator.

In a hgh-eve anguage, do the fo ow ng for the 8-bt norma command checksum:

1. Get the subarray cons st ng of bytes 1 and up.
2. Convert bytes to U16 and sum nto a U16 accumu ator.

3. Dvde by 28 and sum the quot ent and rema nder.
4. Dvde by 28 and sum the quot ent and rema nder.

In a hgh-eve anguage, do the fo ow ng for an extended command 16-b t checksum:

1. Get the subarray cons st ng of bytes 6 and up.
2. Convert bytes to U16 and sum nto a U16 accumu ator (can t overf ow).

Then do the fo ow ng for the 8-b t extended checksum:

1. Get the subarray cons st ng of bytes 1 through 5.
2. Convert bytes to U16 and sum nto a U16 accumu ator.

3. Dvdeby 28 and sum the quot ent and rema nder.
4. Dvde by 28 and sum the quot ent and rema nder.

Dest nat on

Ths bt specfes whether the command s dest ned for the oca or remote target. Genera y, oca means the packet shou d be hand ed
by the Comm processor, wh e remote means the Comm processor shou d pass the packet on.

Mut- rameters:

In the fo ow ng funct on def nt ons there are var ous mu t -byte parameters. The east s gn f cant byte of the parameter w aways be
found at the owest byte number. For nstance, bytes 10 through 13 of CommConf g are the IP address wh ch s 4 bytes ong. Byte 10 s
the east s gnfcant byte (LSB), and byte 13 s the most s gn f cant byte (MSB).

Masks:

Some funct ons have mask parameters. The Wr teMask found n some funct ons spec f es wh ch parameters are to be wr tten. In the

fo ow ng documentat on, parameters affected by the Wr teMask have a [#] next to the r name wh ch spec fes whch bt n the Wr teMask
goes w th wh ch parameter. If abt s 1, that parameter w be updated w th the new passed vaue. Ifabt s 0, the parameter s not
changed and ony aread s performed.

The AINMask found n some funct ons spec f es wh ch ana og nputs are acqured. Ths s a 16-bt parameter where each bt
corresponds to AINO-AIN15. Ifabt s 1, that channe w be acqu red.

The d g ta 1/0 masks, such as FIOMask, spec fy that the passed va ue for d rect on and state are updated fabt 1. If a bt of the mask
sOonyaread s performed on that bt of I/O.

Reso ut on:

A anaog nput funct ons have a Reso ut on parameter. Th s a ows you to choose between speed or reso ut on. See Sect ons 3.1 and
3.2 for t mng nformat on.

Sett ngT me:

Some ana og nput funct ons have a Sett ngT me parameter. Th s parameter adds extra sett ng t me before each samp e of about
Sett ngT me * 5 m croseconds.

Bn En Parameters:

Many parameters n the fo ow ng funct ons use specfc bts wthn asnge nteger parameter to wr te/read spec f ¢ nformaton. In
part cu ar, most d g ta 1/O parameters conta n the nformat on for each bt of I/O n one nteger, where each bt of I/O corresponds to the
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same bt n the parameter (e.g. the d rect on of FIO0 s set n bt 0 of parameter FIOD r). For nstance, n the funct on Contro Conf g, the
parameter FIOD r s a s ng e byte (8 b ts) that wr tes/reads the d rect on of each of the &IO nes:

« fFIODr s0,a FIO nes are nput,

« fFIODr s 1 (29, FIOO s output, FIO1-FIO7 are nput,

« fFIODr s5 (20 + 22), FIOO0 and FIO2 are output, a otherFIO nes are nput,
« fFIODr 5255 (20 + ... + 2), FIOO-FIO7 are output.

5.2 - Comm Functions [UE9 Datasheet]
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Comm functions Overview

These are funct ons wh ch are hand ed by the Comm processor on y, and thus the packet destnaton bt s 0 for oca. A functons can
be transferred by USB, Ethernet TCP, or Ethernet UDP.

5.2.1 - CommConfig [UE9 Datasheet]

Log n orreg ster to post comments
Wr tes and reads var ous conf gurat on sett ngs assoc ated w th the Comm processor.
If WrteMask s nonzero, some or a defaut va ues are wrtten to f ash. The Comm f ash has a rated endurance of at east 20000 wr tes,
whch s p enty for reasonab e operat on, but fths functon s ca ed nahgh-speed oop w th a nonzero Wr teMask, the fash coud
eventua y be damaged.
There s a hardware method to restore parameters to the defau t va ues descr bed be ow ( n parentheses). Power up the UEQ wth a

short from FIO2<=>SCL, then remove the jumper and power cyc e the dev ce agan. Th's a so returns Contro sett ngs to factory
defauts (Sectons 5.3.2 and 5.3.13).

Table 5.2.1-1. Read and wr te commands

mmand:

Byte

0 Checksum8

1 0x78

2 0x10

3 0x01

4 Checksum16

(LSB)
5 Checksum16
(MSB)

6 Wr teMask

7 Reserved

8 Loca ID [0]

9 PowerLeve [1]
0x00:
Norma
0x01:
Reserved
0x02:
Reserved

10-13 IPAddress [2]

14-17 Gateway [3]

18-21 Subnet [4]

22-23 PortA [5

24-25 PortB [5

26 DHCPEnab ed [6]

27 0x00

28-33 0x00

34-35 0x00

36-37 0x00
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I
[#] denotes WrteMask b t number

assoc at on.

Response:

Byte

0 Checksum8

1 0x78

2 0x10

3 0x01

4 Checksum16
(LSB)

5 Checksum16
(MSB)

6 Wr teMask

7 Reserved

8 Loca ID

9 PowerlLeve

10-13 IPAddress

14-17 Gateway

18-21 Subnet

22-23 PortA

24-25 PortB

26 DHCPEnab ed

27 ProductID

28-33 MACAddress

34-35 HWVers on

36-37 CommFWVers on

WriteMask: See genera protoco descrpton nSecton 5.1.

LocallD: (1) Used by h gher- eve functons to dentfy a spec fc LabJack.

PowerLevel: (0) Not mp emented.

IPAddress: (192.168.1.209) The va ue returned by th s parameter s the currentiPAddress. If you wr te a newIPAddress, tw
not take effect unt after a reset, so youw not mmed ate y read back the new address.

Gateway: (192.168.1.1) Reset requ red for a change to take effect.

Subnet: (255.255.255.0) Reset requ red for a change to take effect.

PortA: (52360) Norma TCP/UDP port. Reset requ red for a change to take effect. Note that bt 5 of Wr teMask affects PortA and
PortB.

PortB: (52361) Secondary TCP port. Reset requ red for a change to take effect. On y used to send stream data from the UE9 to
the host.

DHCPEnabled: (0) A va ue of 1 means thatDHCP s enab ed. Reset requ red for a change to take effect.

ProductlD: (9) F xed parameter dentfes th s LabJack as a UE9.

MACAddress: F xed parameter. To determ ne the 4-byte sera number, add hex 10.0.0.0 to the ower 3 bytes of théMAC.
HWVersion: F xed parameter spec f es the vers on number of the e ectron cs hardware. The ower byte s the nteger port on of
the vers on and the h gher byte s the fract ona port on of the vers on.

CommFWVersion: F xed parameter spec f es the vers on number of the Comm f rmware. A f rmware upgrade w genera y
cause th s parameter to change. The ower byte s the nteger port on of the vers on and the h gher byte s the fract ona port on of
the vers on.

5.2.2 - FlushBuffer [UE9 Datasheet]
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Resets the po nters to the stream buffer to make t empty. Often ca ed before a stream, after a stream, or both.

Table 5.2.2-1. F ushBuffer Command/response

mand:

0x08

_LOE
o3

0x08

Response:

T

0x08
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1 10x081

5.2.3 - DiscoveryUDP [UE9 Datasheet]
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Ths s aspeca functon ony used over EthernetUDP. Send the 6-byte command be ow to port 52362, us ng the broadcast IP of
255.255.255.255. The command w try to go to every dev ce on the subnet, and every Ethernet LabJack shou d send back the
spec f ed 38 byte response.

The response s s m ar to the response from the CommConf g funct on. SeeSect on 5.2.1 for add t ona documentat on.

D scoveryUDP and the standard P ng funct on are usefu for f nd ng Ethernet connected UESs and test ng bas ¢ commun cat on.

Table 5.2.3-1.

mmand:

Byte

0 0x22

1 0x78

2 0x00

3 0xA9

4 0x00

5 0x00

Response:

Byte

0 Checksum8

1 0x78

2 0x10

3 0xA9

4 Checksum16
(LSB)

5 Checksum16
(MSB)

6 0x00

7 0x00

8 Loca ID

9 PowerlLeve

10-13 IPAddress

14-17 Gateway

18-21 Subnet

22-23 PortA

24-25 PortB

26 DHCPConfg

27 ProductiD

28-33 MACAddress

34-35 HWVers on

36-37 CommFWVers on

5.2.4 - IP Address Filter [UE9 Datasheet]

Log n orreg ster to post comments

Sets a st of up to f ve IP addresses that are the ony IP addresses that can connect to the UE9. Any unused Addresses can be set to
OxFFFFFFFF (255.255.255.255). If IP #0 s set to OxFFFFFFFF than the feature s d sab ed and any IP address can connect.

Table 5.2.4-1.

mmand:

Byte

0 Checksum8
1 0x78

2 0x0B

3 OxAF

Checksum16
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4 (LSB)

5 Checksum16
(MSB)

6 Wr te

7 Reserved

8-11 IP #0

12-15 IP #1

16-19 IP #2

20-23 IP #3

24-27 IP #4

Response:

Byte

0 Checksum8

1 0x78

2 0x0B

3 OxAF

4 Checksum16
(LSB)

5 Checksumi6
(MSB)

6 Wr te

7 ErrorCode

8-11 IP #0

12-15 IP #1

16-19 IP #2

20-23 IP #3

24-27 IP #4

« Write: Set to non-zero f new va ues shou d be updated. Pass 0x00 fony read ng. A vaue of non-zerow ony work fthe
command s sentva USB.

IP #0: F rst IP address a owed to connect. A va ue of OxXFFFFFFFF d sab es feature.

IP #1: Second IP address a owed to connect.

IP #2: Thrd IP address a owed to connect.

IP #3: Fourth IP address a owed to connect.

IP #4: F fth IP address a owed to connect.

5.3 - Control Functions [UE9 Datasheet]
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Control Functions Overview

These are funct ons that are hand ed by the Contro processor, and thus the packet destnaton bt s 1 for remote. Most funct ons can
be transferred by USB, Ethernet TCP, or Ethernet UDP. The excepton s stream commands wh ch are not supported over UDP.

5.3.1 - BadChecksum [UE9 Datasheet]
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Response:

0xB8
0xB8

5.3.2 - ControlConfig [UE9 Datasheet]
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_Log

Conf gures var ous parameters assoc ated w th the Contro processor. A though th s funct on appears to have many of the same dgta
I/0 and DAC parameters as other funct ons, most parameters n th s case are affect ng the power-up va ues, not the current va ues.

If WrteMask s nonzero, some or a defaut va ues are wrtten to f ash. The Contro fash has a rated endurance of at east 20000
wr tes, whch s p enty for reasonab e operat on, but fth s functon s ca ed nahgh-speed oop wth a nonzero Wr teMask, the f ash
coud be damaged.
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There s a hardware method to restore parameters to the defau t va ues descr bed be ow ( n parentheses). Power up the UEQ wth a
short from FIO2<=>SCL, then remove the jumper and power cyc e the dev ce agan. Th s a so returns Comm $ect on 5.2.1) and
Watchdog (Sect on 5.3.13) sett ngs to factory defau ts.
Note: If the stream s runn ng, you cannot update any of the va ues (Wr teMask must equa 0).

Table 5.3.2-1. Contro Conf g Command/Response

mmand:
Byte
0 Checksum8
1 0xF8
2 0x06
3 0x08
4 Checksum16
(LSB)
Checksum16
5 (MSB)
6 Wr teMask
Bt 2: Update DAC defau ts
Bt 1: Update dgta defauts
Bt 0: Update power eve defaut
7 PowerLeve [0]
0x00: F xed h gh, system c ock =
48 MHZ
0x01: F xed ow, system c ock =6
MHz
8 FIODr
9 FIOState
10 EIODr
11 EIOState
12 CIOD rState
Bts 7-4: Drecton
Bts 3-0: State
13 MIOD rState
Bt7:Donot oaddgta I/O
defauts
Bts 6-4: Drecton
Bts 2-0: State
14 DACO (LSB)
15 DACO
Bt7:Enabed
B ts 3-0: Upper 4 b ts of output
16 DAC1 (LSB)
17 DAC1
Bt7: Enabed
B ts 3-0: Upper 4 b ts of output
Response:
Byte
0 Checksum8
1 0xF8
2 0x09
3 0x08
4 Checksum16
(LSB)
5 Checksum16
(MSB)
6 Errorcode
7 PowerlLeve
8 ResetSource
9-10 Contro FWVers on
11-12 Contro BLVers on
13 HRes Fag (Bt0)
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14 FIODr
15 FIOState
16 EIODr
17 EIOState
18 CIOD rState
Bts 7-4: Drecton
Bts 3-0: State
19 MIOD rState
Bts 6-4: Drecton
Bts 2-0: State
20 DACO (LSB)
21 DACO
Bt7: Enabed
B ts 3-0: Upper 4 b ts of output
22 DACT (LSB)
23 DAC1
Bt7:Enabed
B ts 3-0: Upper 4 b ts of output

PowerLevel: (0) Atthstme ow speed s not supported. The resu t ng heat ng and coo ng of the processor causes ana og

ca brat on prob ems. Intended operat on: Spec f es d fferent system ¢ ock speeds for the Contro processor. Stream ng does not
work at f xed ow speed. The Wr teMask behaves d fferent y for th s parameter. The va ue passed for PowerLeve a ways becomes
the current operat ng cond t on. If the WrteMask bt 0 s set, the va ue passed becomes the current va ue and the defau t va ue,
meanng t s wrtten to f ash and used at reset. The return va ue of th s parameter s a read of the power-up defau t.
FIO/EIO/CIO/MIO (0) If W Makb 1 , va spa db com dfa va ,ma g ya w 0
fash and used at reset. Regard ess of the mask b t, th s funct on has no effect on the current sett ngs. These defau ts are ony
used fbt 8 of MIOD rState s c ear. The return va ue of th s parameter s a read of the power-up defau ts.

DACH#: (0) If the WrteMask bt 2 s set, the va ues passed become the defau t va ues, mean ng they are wr tten to f ash and used
at reset. Regard ess of the mask b t, th s funct on has no effect on the current sett ngs. The return va ue of th s parameter s a read
of the power-up defau ts.

ControlFWVersion: F xed parameter spec f es the vers on number of the Contro frmware. A frmware upgrade w genera y
cause th s parameter to change.

5.3.3 - Feedback (and FeedbackAlt) [UE9 Datasheet]
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A very usefu funct on that wr tes/reads a most every 1/O on the LabJack UE9.

Note:

Feedback command shou d not be ca ed wh e stream ng. FeedbackA t w th no ana og nputs s a owed.

Table 5.3.3-1. Feedback Command Response

k Command:

Checksum8

0xF8

0x0E

0x00

Checksum16 (LSB)

Checksum16 (MSB)

FIOMask

FIODr

FIOState

cooo\lmm-hwm—xog'n

EIOMask

EIODr

EIOState

CIOMask

CIOD rState

Bts 7-4: Drecton

Bts 3-0: State

MIOMask

MIOD rState

Bts 6-4: Drecton

Bts 2-0: State

DACO (LSB)




17 DACO
Bt7: Enabed
Bt 6: Update
B ts 3-0: Upper 4 b ts output

18 DAC1 (LSB)

19 DACA1
Bt7: Enabed
Bt 6: Update
B ts 3-0: Upper 4 b ts output

20-21 AINMask

22 AIN14Channe Number

23 AIN15Channe Number

24 Reso uton

25 Sett ngT me

26 AIN1_0_BpGan

27 AIN3_2_BpGan

28 AIN5_4 BpGan

29 AIN7_6_BpGan

30 AIN9_8 BpGan

31 AIN11_10_BpGan

32 AINT3_12_BpGan

33 AIN15_14_BpGan

Response:

Byte

0 Checksum8
1 0xF8

2 0x1D

3 0x00

4 Checksum16 (LSB)
5 Checksum16 (MSB)
6 FIODr

7 FIOState

8 EIODr

9 EIOState

10 CIOD rState
11 MIOD rState
12-13 AINO

14-15 AIN1

16-17 AIN2

18-19 AIN3

20-21 AIN4

22-23 AIN5S

24-25 AING6

26-27 AIN7

28-29 AIN8

30-31 AIN9

32-33 AIN10
34-35 AIN11
36-37 AIN12
38-39 AIN13
40-41 AIN14
42-43 AIN15
44-47 CounterQ
48-51 Counter1
52-55 T mer0Q
56-59 T meri
60-63 T mer2
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» IOMask: Mask eachbtofdgta I/O ndvdua y.Ifabt s 1, then the new d rect on and state vaues w be wr tten to that b t of

/0. Ifabt s0,ony aread of state and drectonw be done.
« 10Dir: 0 s nput, and 1 s output.
« |OState: As a wr te parameter, on y has an effect fa ne s set to output. For each bt, 0 s output- ow, and 1 s output-h gh. As a

read parameter, t returns the current nput state of each ne where 0 s owand 1 s hgh.

« DAC#: The UE9 has 12-b t ana og outputs, so pass an output va ue between 0 and 4095, p us set bts 6 and 7 of the h gh byte
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accordngy. Bt 6 spec f es whether the g ven DAC w be updated w th the new va ue. If Bt7 s set on e therDAC, then both are

enab ed. To d sab e the DACs (set to h gh- mpedance), bt 7 must be 0 for bothDACs.

AINMask: Ifabt s 0, the correspond ng channe w not be acqu red (savng t me), and w return 0 as a read ng.
AIN14/15ChannelNumber: Genera y used to choose one of the nterna channe s, but any channe can be used.

Resolution: Determ nes the reso ut on sett ng fora anaog nputs (12-17). See Sectons 2.7, 3.1, and 3.2. Th s funct on does not
support the h gh-reso ut on converter on the UE9-Pro.

SettlingTime: Adds extra sett ng t me before acqu r ng each channe . The extrade ay sthsvaue mutp ed by about 5

m croseconds.

BipGain: Conta ns the b po ar sett ng and ga n opt ons for two ana og nput channe s. The h gh nbb e contro s the h gher channe

number. The h gh bt of each nbb e s the b po ar opt on and the ower 3 b ts of each nbb e are the gan ndex. Fo ow ng are the
n bb e va ues for var ous ga ns:

Table 5.3.3-2. N bb e va ues for var ous ga ns

Gan|Unpoar[Bpoar
*1 0x00 0x08
2 |0x01 |NA

"4 [0x02 |NA

"8 |0x03 |NA

« AIN#: Returns raw ana og nput convers ons. Regard ess of Reso ut on, the va ue returned s 0-65520, where 0 s the m n mum

(uns gned, not 2 s comp ement).

« Counter#: Returns the current count from the counters f enab ed. Use the funct on T merCounter to enab e and conf gure the

counters.

« Timer#: Returns the va ues from the frst 3 enab ed t mer modu es. Use the funct on T merCounter to enab e and conf gure the

t mer modu es.

The LabJackUD dr ver for W ndows uses a mod f ed vers on of the Feedback funct on ca ed FeedbackAt. Ths mod f ed funct on has

add tona parameters added to spec fy channe numbers fora 16 anaog nput reads, mak ng t usefu when us ng extended channe s
or more than 2 nterna channes.

The command for FeedbackAt s the same as Feedback, except that AINxChanne Number parameters are added for channe s 0-13
(new bytes 34-47). The command number (byte 3) changes to 0x01 and the number of data words (byte 2) changes to 0x15.

The response for FeedbackAt s the same as Feedback, except that the counter/t mer reads are removed, and thus the response s 44
bytes ong. The command number (byte 3) changes to 0x01 and the number of data words (byte 2) changes to 0x13.

The order of execut on n hardware for e ther functon s:

apON~

Wrtedgta I/O.

Readdgta I/O.

Wr te ana og outputs.

Read ana og nputs.

Read t mers and counters (sk pped n FeedbackA t).

5.3.4 - SinglelO [UE9 Datasheet]

Log n orreq ster to post comments

An aternat ve to Feedback, s th's functon wh ch wrtes or reads a s ng e output or nput.

Note: Do not use S ng elO w th theAIN IOType wh e stream ng.

Table 5.3.4-1. S ng elO Command Response

mm

=

Checksum8

0xA3

I0Type

Channe

D r/B pGa n/DACL

State/Reso ut on/DACH

Sett ngT me

Reserved

0 \lmmhwm—nog
-]
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Checksum8

0xA3

I0Type

Channe

D r/AINL

State/AINM

AINH

\JO)O'IAODI\)—*O%J

Reserved

« IOType: Spec f es the I/O to wr te or read. The d gta read types are used to read the state and drecton ofdgta I/O. Thedgta

wr te types are used to conf gure d g ta I/O to one of three states: nput, output- ow, or output-h gh.

Table 5.3.4-2. IOType

10Type

0 Dgta BtRead

1 Dgta BtWrte

> Dgta Port
Read
Dgta Port
Wrte

4 Anaog In

5 Ana og Out

« Channel: Spec f es wh ch channe of IOType to wr te or read. For the d gta portlOTypes (2 & 3) use the fo ow ng tab e.

Table 5.3.4-3. Channe of IOType

Dgta Port

hann
0 FIO
1 EIO
2 CIO
3 MIO

Dir/BipGain/DACL: Foradgta btwrte, ths s 0 for nput, and 1 for output. Foradgta portwrte,ths s mutpebts specfyng
nput or output for each ne. Ignored for d g ta reads. For an anaog nput ths s the B pGa n parameter (see Feedback). For an
ana og output ths s the ow byte of the b nary output va ue.

State/Resolution/DACH: Foradgta btwrte, ths sthe output state. Foradgta portwrte,ths s mutpe bts specfy ng the
output state for each ne. Ignored for d g ta reads. For an anaog nput ths s the Reso ut on parameter (12-18). For an ana og
output th s s the most s gn fcant 4 b ts of the b nary output va ue, and the upper 4 b ts are gnored as the output s a ways
updated and I0Type=5 causes both DACs to be enab ed.

SettlingTime: Ony app es to ana og nputs (see Feedback).

Dir/AINL: Foradgta btread, thsreads 0 for nput, and 1 for output. Foradgta portread, ths s mutpe bts returnng nput or

output for each ne. Fordgta wrtesths sjustan echo. For an anaog nputths s the owest 8 bts of the 24-b t convers on

va ue (genera y gnored on the UE9).

State/AINM: Foradgta btread, ths s aread of the nput state. Foradgta portread,ths s mutpe bts return ng a read of the
nput state for each ne. Fordgta wrtes ths s justan echo. For an anaog nput ths s the mdde 8 bts of the 24-bt convers on

va ue, or more typ ca y cons dered the owest 8 b ts of the 16-b t convers on va ue.

AINH: For an anaog nput ths s the hgh 8 bts of the 24-bt convers on va ue, or more typ ca y cons dered the h gh 8 b ts of the
16-b t convers on va ue. B nary read ngs are a ways uns gned ntegers.

5.3.5 - TimerCounter [UE9 Datasheet]
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Enab es, conf gures, and reads the counters and t mers.

Tab e 5.3.5-1. T merCounter Command Response

na:

Checksum8

l\)—log
3
3

0xF8

0x0C




3 0x18

4 Checksum16 (LSB)

5 Checksum16 (MSB)

6 T merC ockD v sor (0 =

+256)

7 Enab eMask
Bt 7: UpdateConf g
Bt 4: Enab e Counter1
Bt 3: Enab e CounterQ
Bts 2-0: Number of t mers
enab ed

8 T merC ockBase
0x00: 750 kHz
0x01: System C ock
0x02: Reserved
0x03: Reserved
0x03: Reserved

9 UpdateReset
Bt 7: Reset Counter1
Bt 6: Reset Counter0
Bt5: UpdateReset T mer5
Bt 4: UpdateReset T mer4
Bt 3: UpdateReset T mer3
Bt 2: UpdateReset T mer2
Bt 1: UpdateReset T mer1
Bt 0: UpdateReset T mer0

10 T merOMode

11-12 T merOVaue

13 T mer1Mode

14-15 T meriVaue

16 T mer2Mode

17-18 T mer2Va ue

19 T mer3Mode

20-21 T mer3Vaue

22 T mer4Mode

23-24 T merdVa ue

25 T mer5Mode

26-27 T mer5Va ue

28 CounterOMode

29 Counter1Mode

Response:

Byte

0 Checksum8

1 0xF8

2 Ox11

3 0x18

4 Checksum16 (LSB)

5 Checksum16 (MSB)

6 Errorcode

7 Enab eStatus

8-11 T mer0

12-15 T meri

16-19 T mer2

20-23 T mer3

24-27 T merd

28-31 T mer5

32-35 CounterQ

36-39 Counter1
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« EnableMask: If the UpdateConfg bt s 0, th s parameter and the T merC ock parameters do noth ng. If the UpdateConfg bt s 1,
then the t mers and counters are enab ed and d sab ed as spec f ed by the other bts. The ower 3 bts spec fy the number of
t mers enab ed (0-6). Bts 3 and 4 are set to enab e a counter, or ¢ eared to d sab e a counter. Any enab ed t mers and counters
w take over FIO nes n order, start ng wth FIO0. Counter1 s used nterna y by stream mode, but n such a case ony uses an
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FIO ne f master or s ave stream mode s used. The counters are reset when enab ed or d sab ed.

« EnableStatus: Returns wh ch t mers and counters are enab ed. Bt ocat ons are the same as the UpdateReset byte.

« TimerClockBase: The determ nes the t mer base ¢ ock whch s used by a output mode t mers. The cho ces are a f xed 750 kHz
¢ ock source, or the system c ock. The UE9 s by defaut n h gh power mode wh ch means the system c ock s f xed at 48 MHz.
The UpdateConf g b t must be set to change th s parameter.

« TimerClockDivisor: The t mer c ock s dvded by ths vaue, ordvdedby 256 fthsvaue s 0. The UpdateConfg bt must be set
to change th s parameter.

« UpdateReset: Each bt of th s parameter determ nes whether that t mer or counter s set to a new va ue or reset. Reads are
performed before reset.

« Timer#Mode: These va ues are ony updated f the UpdateConfg bt s set. Fo ow ng are the va ues to pass to conf gure how a
t mer operates:

Table 5.3.5-2. T mer Modes

T mer

16-bt PWM output

8-bt PWM output

Per od nput (32-bt, rsng
edges)

Per od nput (32-bt, fa ng
edges)

Duty cyc e nput

F rmware counter nput

F rmware counter nput (wth
debounce)

Frequency output
Quadrature nput

T mer stop nput (odd t mers
ony)

10 System t mer ow read

11 System t mer h gh read

12 Per od nput (16-bt, rsng
edges)

Perod nput (16-bt, fa ng
edges)

© |ON O |0 W N—log
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« Timer#Value: These va ues are on y updated f the UpdateConf g or assoc ated UpdateReset bt s 1. The meanng of ths
parameter var es w th the t mer mode. See Sect on 2.10 for further nformat on.
Counter#Mode: Pass 0.

Timer#: Returns the va ues from the t mer modu es. Th's s the va ue before reset ( f reset was done).
Counter#: Returns the current count from the counters fenab ed. Ths s the va ue before reset ( f reset was done).

5.3.6 - StreamConfig [UE9 Datasheet]
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Not supported over UDP. Stream mode operates on a tab e of channe s that are scanned at the spec f ed scan rate. Before start ng a
stream, you need to ca th s funct on to conf gure the tab e and scan ¢ ock.

Table 5.3.6-1. StreamConf g Command Response

=

Checksum8
OxF8|
NumChanne s + 3
Ox11
Checksum16 (LSB)
Checksum16 (MSB)
NumChanne s

Reso uton

Sett ngT me
ScanConfg

Bt 7: Enab e scan pu se output.
Bt 6: Enab e externa scan M n mum M n mum
tr gger. w/

FEREEEEEE —nc:ﬁg
3
=




B ts 4-3: Interna stream c ock Scan Dv sor
frequency. Freq
b00: 4 MHz |61.1 0.239
b01: 48 MHz |733 2.87
b10: 750 kHz [11.5 0.045
b11:24 MHz |367 1.44
Bt 1: Dvde Cock by 256
Scan Interva (1-
10-11 65535)
12 Channe Number
13 Channe Opt ons

Bts 3-0: BpGan

Repeat 12-13 for

each Channe

Chec

ksum8

0xF8

0x01

0x11

Chec

ksum16 (LSB)

Checksum16 (MSB)

Errorcode

<[o] o & @ —nc:ﬁg -
=

0x00

+ NumChannels: Th s s the number of channe s youw samp e per scan (1-128).
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« Resolution: Determ nes the reso ut on sett ng fora anaog nputs (12-16). See Sect on 3.2. Th s funct on does not support the
h gh-reso ut on converter on the UES-Pro.

« ScanConfig: If you enab e the scan pu se output, Counteri w pu se ow just before each scan (master mode). If you enab e the
externa scan tr gger, the UE9 scans the tab e each t me t detects a fa ng edge on Counter1 (s ave mode). Va d comb nat ons
for bts 6 and 7 are b00, b01, or b10. You cannot pass b11. Counter1 s automatca y enab ed and d sab ed by the stream

funct ons. To prov de the h ghest t m ng reso ut on, the scan c ock s genera y set to the h ghest sett ng possb e.

« Scanlnterval: (1-65535) Th's va ue d v ded by the c ock frequency def ned n the ScanConf g parameter, g ves the nterva (n
seconds) between scans.

« ChannelNumber: 0-143 for ana og nput channe s or 193-224 for d g ta /t mer/counter channe s.

« ChannelOptions: Conta ns the b po ar sett ng and ga n opt ons for the channe . Fo ow ng are the n bb e va ues for var ous ga ns:

Table 5.3.6-2. N bb e va ues for var ous ga ns

Gan |Unpoar |Bpoar
1 [0x00 0x08
*2 001 NA

*4  |[0x02 NA

*8  |0x03 NA

5.3.7 - StreamStart [UE9 Datasheet]
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Not supported over UDP. Once the stream sett ngs are conf gured, th s functon s ca ed to start the stream.

Table 5.3.7-1. StreamStart Command Response

mmand:

Byte

0 0xA8

1 0xA8
Response:

Byte

0 Checksum8
1 0xA9

2 Errorcode

3 0x00
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5.3.8 - StreamData [UE9 Datasheet]
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Not supported over UDP. After start ng the stream, the dataw be sent as ava ab e n the fo ow ng format. Data s sent 16 samp es at
atme n a 46 byte packet. Reads o dest data from buffer.

Note that 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. See the USB
Sect on for more nformat on.

Table 5.3.8-1. StreamData response tabe

Response:

Byte

0 Checksum8

1 0xF9

2 0x14

3 0xCO0

4 Checksum16
(LSB)

5 Checksum16
(MSB)

6-9 T meStamp

10 PacketCounter

11 Errorcode

12-13 Samp e0
14-15 Samp el
16-17 Samp e2
18-19 Samp e3

20-21 Samp e4
22-23 Samp e5
24-25 Samp e6
26-27 Samp e7
28-29 Samp e8
30-31 Samp e9
32-33 Samp e10
34-35 Samp el
36-37 Samp ei2
38-39 Samp ei3
40-41 Sampel4
42-43 Sampe15

44 Contro Back og
45 CommBack og

« TimeStamp: Reserved.

« PacketCounter: An 8-bt (0-255) counter that s ncremented by one for each packet of data. Usefu to make sure packets are n
order and no packets are m ss ng.

Samp e#: Stream data s paced n a FIFO (frst n frst out) buffer, so Samp e0 s the o dest data read from the buffer and
Sampel5 s the 16th o dest samp e. Th s stream data packet a ways returns 16 samp es regard ess of the number of channe s n
the scan st.

« ControlBacklog: 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 th s Contro Back og parameter spec f es the number of samp es rema n ng n the Contro
buffer. If th s parameter s nonzero and grow ng, t suggests that the Contro processor s too busy.

« CommBacklog: The Comm processor ho ds stream data n a 4 Mb tFIFO buffer (512 Kbytes, 11397 StreamData packets,
182361 samp es) unt t can be sent to the host. The ower 7 b ts of CommBack og spec f es how much data s eft n the buffer n
ncrements of 4096 bytes. The MSb of CommBack og s set on buffer overf ow, but n such a case the ower 7 bts st spec fy the
amount of va d data (before overf ow) n the buffer.

5.3.9 - StreamStop [UE9 Datasheet]
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Not supported over UDP.

Table 5.3.9-1. StreamStop Command Response

mmand:
Byte

0 0xBO

1 0xBO
Response:

Byte

0 Checksum8
1 0xB1

2 Errorcode

3 0x00

5.3.10 - ReadMem [UE9 Datasheet]
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Reads 1 b ock (128 bytes) from the Contro non-vo at e memory. The Mem area s arranged n 16 b ocks of 128 bytes each. B ocks 0-7
are used by LabJack Corporat on to store ca brat on data, and b ocks 8-15 are ava ab e to the user.

Table 5.3.10-1. ReadMem Command Response

3
=

Checksum8
0xF8

0x01

0x2A
Checksum16
(LSB)
Checksum16
(MSB)

0x00

B ockNum

N O -hwl\)—log
|3

Checksum8
0xF8

0x41

0x2A
Checksum16
(LSB)
Checksum16
(MSB)

0x00

B ockNum
8-135 Data

5.3.11 - WriteMem [UE9 Datasheet]
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N O Awm—aog:u
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Wrtes 1 b ock (128 bytes) to the Contro non-vo at e memory. The Mem area must be erased before wrt ng. The Mem area s arranged
n 16 b ocks of 128 bytes each. B ocks 0-7 are used by LabJack Corporat on to store ca brat on data, and b ocks 8-15 are ava ab e to
the user.

Table 5.3.11-1. Wr teMem Command Response

mmand:
Byte




| i

2 0x41

3 0x28

4 Checksum16
(LSB)

5 Checksum16
(MSB)

6 0x00

7 B ockNum

8-135 Data

Response:

Byte

0 Checksum8

1 0xF8

2 0x01

3 0x28

4 Checksum16
(LSB)

5 Checksum16
(MSB)

6 Errorcode

7 0x00

5.3.12 - EraseMem [UE9 Datasheet]
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The UE9 uses f ash memory, so you must erase t before wrtng. The non-vo at e Mem area s arranged n 16 b ocks of 128 bytes
each. B ocks 0-7 are used by LabJack Corporat on to store ca brat on data, and b ocks 8-15 are ava ab e to the user. The EraseMem

funct on erases 1 Kbyte at a t me (b ocks 0-7 or b ocks 8-15). There s no way to erase ony a sma er area.

Table 5.3.12-1. EraseMem Command Response

mman
Byte
0 Checksum8
1 0xF8
2 0x01
3 0x29
4 Checksum16
(LSB)
5 Checksum16
(MSB)
6 EraseArea
(LSB)
0x00: B ocks
8-15
0x4C: B ocks
0-7
7 EraseArea
(MSB)
0x00: B ocks
8-15
0x4A: B ock 0-
7
Response:
Byte
0 Checksum8
1 0xF8
2 0x01
3 0x29
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4 Checksum16
(LSR)

5 Checksum16
(MSB)

6 Errorcode

7 0x00

5.3.13.1 - WatchdogConfig [UE9 Datasheet]
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Contro s a f rmware based watchdog t mer. 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 Contro

commun cat on. If th s t mer reaches the def ned T meoutPer od before be ng reset, the spec fed actons w occur. Note that wh e
stream ng, data s ony go ng out of the Contro processor, so some other Contro command w have to be ca ed perodca y to reset
the watchdog t mer.

If the watchdog s acc denta y conf gured to reset the processors w th a very ow t meout per od (such as 1 second), tcoud be dffcut
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 (sets
bytes 7-10 to 0). Power up the UE9 w th a short from FIO2<=>SCL, then remove the jumper and power cyc e the devce agan. Ths

a so returns Comm (Sect on 5.2.1) and Contro (Sect on 5.3.2) sett ngs to factory defau ts.

The watchdog sett ngs (bytes 7-10) are stored n non-vo at e f ash memory, so every ca to th s funct on where sett ngs are changed
causes a f ash erase/wr te. The Contro fash has a rated endurance of at east 20000 wr tes, wh ch s p enty for reasonab e operat on,
but fthsfuncton s ca ed nahgh-speed oop the fash cou d be damaged.

Note: Do not ca th s functon wh e stream ng.

Table 5.3.13.1-1. WatchdogConf g Command Response

mman

Byte

0 Checksum8

1 0xF8

2 0x05

3 0x09

4 Checksum16

(LSB)
5 Checksum16
(MSB)

6 0x00

7 WatchdogOpt ons
Bt7: Reserved (0)
Bt 6: Reset Comm on
T meout
Bt5: Reset Contro on
T meout
Bt4: Update Dgta I/O Bon
T meout
Bt3: Update Dgta I/O Aon
T meout
Bt 1: Update DAC1 on
T meout
Bt 0: Update DACO on
T meout

8-9 T meoutPer od

10 DIOConf gA
Bt 7: State
Bt4-0:Dgta IO#

11 DIOConf gB
Bt 7: State
Bt4-0:Dgta IO#

12 DACO (LSB)

13 DACO
Bt7: Enabed
Bts 3-0: Upper 4 b ts of
output




DACT (LSB)

DAC1

Bt7: Enabed

Bts 3-0: Upper 4 bt of

output

Response:

Checksum8

0xF8

0x01

0x09

Checksum16
(LSB)

Checksumi6
(MSB)

Errorcode

N o -bwm—aog

WatchdogOpt ons
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WatchdogOptions: The watchdog s enab ed when th s byte s nonzero. Set the appropr ate b t to reset e ther or both processors,
update the state of 1 or2dgta I/O, or update 1 or both DACs.

« TimeoutPeriod: The watchdog t mer s reset to zero on any ncom ng Contro commun cat on. Note that most funct ons cons st of
a wr te and read, but StreamData s outgo ng ony and does not reset the watchdog. If the watchdog t mer s not reset before t
counts up to T meoutPer od, the act ons spec f ed by WatchdogOpt ons w  occur. The watchdog t mer has a ¢ ock rate of about 1

Hz, so a T meoutPer od range of 1-65535 corresponds to about 1 to 65535 seconds.

« DIOConfig#: Determ nes whch dgta I/O s affected by the watchdog, and the state t s setto. Thedgta I/O # s a va ue from 0-

22 accord ng to the fo ow ng: 0-7 => FIO0-FIO7, 8-15 => EIO0-EIO7, 16-19 => CIO0-CIO3, 20-22 => MIO0-MIO2

« DAC#: Spec f es va ues for the DACs on watchdog t meout. The UE9 has 12-bt ana og outputs, so pass an output va ue between
0 and 4095, p us set bt 7 of the h gh byte accord ng y. If Bt7 s set on e ther DAC, then both are enab ed. To d sab e theDACs

(set to h gh- mpedance), bt 7 must be 0 for both DACs.

5.3.13.2 - WatchdogRead [UE9 Datasheet]
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Reads the current watchdog sett ngs.

Table 5.3.13.2-1. WatchdogRead Command Response

mmand:

Checksum8

0xF8

0x00

0x09

Checksum16
(LSB)

(&) -b(a)l\)—log

Checksumi6
(MSB)

Response:

Checksum8

0xF8

0x05

0x09

Checksum16
(LSB)

Checksum16
(MSB)

Errorcode

WatchdogOpt ons

QXN O Awm—aog
O

T meoutPer od
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10 DIOCant
11 DIOCont
12-13 DACO
14-15 DAC1

5.3.13.3 - Extended WatchdogConfig [UE9 Datasheet]
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Contro s a f rmware based watchdog t mer. 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 Contro

commun cat on. If th s t mer reaches the def ned T meoutPer od before be ng reset, the spec fed actons w occur. Note that wh e
stream ng, data s ony go ng out of the Contro processor, so some other Contro command w have to be ca ed perod ca y to reset
the watchdog t mer.

If the watchdog s acc denta y conf gured to reset the processors w th a very ow t meout per od (such as 1 second), tcoudbedffcut
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 (sets
bytes 7-10 to 0). Power up the UE9 w th a short from FIO2<=>SCL, then remove the jumper and power cyc e the devce agan. Ths

a so returns Comm (Secton 5.2.1) and Contro (Secton 5.3.2) sett ngs to factory defau ts.

The watchdog sett ngs (bytes 7-10) are stored n non-vo at e f ash memory, so every ca to th s funct on where sett ngs are changed
causes a f ash erase/wr te. The Contro fash has a rated endurance of at east 20000 wr tes, wh ch s p enty for reasonab e operat on,
but fthsfuncton sca ed nahgh-speed oop the fash coud be damaged.

New features n the extended vers on:
e Inta ro tme: When the UE9 resets a onger t meoutw be used. Once the watchdog has been reset the norma ro tmew be
used.

« Strct: A ow a specfc key to be specfed, so thatony ca ng the WDT_C ear funct on w th the match ng key w reset the
WatchDog.

Table 5.3.13.3-1. Extended WatchdogConf g Command Response

Command:

Byte

0 Csum8

1 OxF8

2 0x0D

3 0x09

4 Ci6L

5 C16H

6 Wr te Mask

7 SWDT sett ngs
Bt 7: Reserved (0)
Bt 6: Reset Comm on
T meout
Bt 5: Reset Contro on
T meout
Bt 4: Update Dgta I/O B on
T meout
Bt 3: Update Dgta I/O Aon
T meout
Bt 2: Enab e Strct Mode
Bt 1: Update DAC1 on
T meout
Bt 0: Update DACO on
T meout

8-9 T meoutPer od

10 EIO Response
Bt 7: State
Bt4-0:Dgta IO#

11 DIO Response

B

Bt 7: State
Bt4-0:Dgta IO#




DACO
12 Response L
13 DACO
Response H
14 DAC1
Response L
15 DAC1
Response H
Inta
16-17 T meoutPer od
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 Str ct Key
Response:
Byte
0 Csum8
1 0xF8
2 0x0D
3 0x09
4 Ci6L
5 C16H
6 Error Code
7 SWDT sett ngs
8-9 T meoutPer od
10 RIO Response
11 DIO Response
B
12 DACO
Response L
13 DACO
Response H
14 DAC1
Response L
15 DAC1
Response H
16-17 Inta
T meoutPer od
18 Reserved
19 Reserved
20 Reserved
21 Reserved
22 Reserved
23 Reserved
24 Reserved
25 Reserved
26 Reserved
27 Reserved
28 Reserved
29 Reserved
30 Reserved
31 0x00
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WatchdogOptions: The watchdog s enab ed when th s byte s nonzero. Set the appropr ate bt to reset e ther or both processors,
update the state of 1 or 2 dgta I/O, or update 1 or both DACs.

TimeoutPeriod: The watchdog t mer s reset to zero on any ncom ng Contro commun cat on. Note that most funct ons cons st of a
wr te and read, but StreamData s outgo ng on'y and does not reset the watchdog. If the watchdog t mer s not reset before t counts up
to T meoutPer od, the act ons spec f ed by WatchdogOpt ons w occur. The watchdog t mer has a ¢ ock rate of about 1 Hz, so a

T meoutPer od range of 1-65535 corresponds to about 1 to 65535 seconds.

Initial TimeoutPeriod: T meout per od that w be used unt the frst WatchDog c ear.

DIOConfig#: Determ nes whch dgta I/O s affected by the watchdog, and the state t s setto. Thedgta I/O # s a va ue from 0-22
accord ng to the fo ow ng: 0-7 => FIO0-FIO7, 8-15 => EIO0-EIO7, 16-19 => CIO0-CIO3, 20-22 => MIO0-MIO2

DACH#: Spec f es va ues for the DACs on watchdog t meout. The UE9 has 12-b t ana og outputs, so pass an output va ue between 0 and
4095, p us set bt 7 of the h gh byte accord ngy. If Bt7 s set on e ther DAC, then both are enab ed. To d sab e the DACs (set to h gh-
mpedance), bt 7 must be 0 for both DACs.

Strict Key: Spec fes a 1 byte key that must be passed to WatchDog C ear f strct s enab ed.

5.3.13.4 - WatchdogClear [UE9 Datasheet]

Log n orreg ster to post comments
When the Watchdog s operat ng n strct mode ths s the ony functon that w reset the Watchdog t mer.
Ths functon w return an error f the watchdog s not n strct mode or f the key does not match.

Table 5.3.13.4-1. WatchdogC ear Command Response

Command:

Mean ng
Csum8

OxF8
0x01

0x0D
Csumi6 L
Csumi6 H
Key
Reserved

Mean ng
Csum8
0xF8
0x01
0x0D
Csumi6 L
Csumi6 H
Error Code
Reserved

-]

5.3.15 - Reset [UE9 Datasheet]

Log n orreg ster to post comments
Contro command causes a soft or hard reset. Affects both processors.

Table 5.3.15-1. Reset command response

Command:

Byte

0 Checksum8

1 0x99

2 ResetOpt ons




Bt1:
Hard
Reset
Bt 0: Soft
Reset

3 0x00

Response:

Byte

0 Checksum8

1 0x99

2 0x00

3 Errorcode

5.3.16 - SPI [UE9 Datasheet]

Log n orreg ster to post comments

Contro command sends and rece ves ser a data us ng SPI synchronous commun cat on.

Table 5.3.16-1. SPI Command Response

=

Checksum8

0xF8

4 + NumSPIWords

0x3A

Checksum16 (LSB)

Checksum16 (MSB)

mmhwm—nog
3
3

SPIOpt ons

Bt 7: AutoCS

Bt6: DsabeDrConfg

Bts 1-0: SPIMode (0=A,
1=B, 2=C, 3=D)

~|

SPIC ockFactor

(o]

Reserved

©

CSP nNum

—|
O

CLKP nNum

—
—

MISOP nNum

-
N

MOSIP nNum

—
W)

NumSPIBytesToTransfer

SPIByte0

C ck m

OxF8

1 + NumSPIWords

0x3A

Checksum16 (LSB)

Checksum16 (MSB)

Errorcode

NumSPIBytesTransferred

ooxlmm-b.wl\)—xog:u e
=

SPIByte0
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« NumSPIWords: Ths s the number of SPI bytes d v ded by 2. If the number ofSPI bytes s odd, round up and add an extra zero
to the packet.

« SPIOptions: If AutoCS s true, the CS ne s automatca y drven ow dur ng theSPI commun cat on and brought back h gh when
done. If D sabeD rConf g s true, th s funct on does not set the d rect on of the nes, whereas f t s fase the nes are conf gured
as CS=output, CLK=output, MISO= nput, and MOSI=output. SPIMode spec f es the standard SPI mode as d scussed be ow.
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» SPIClockFactor: Sets the frequency of theSPI ¢ ock accord ng the fo ow ng approx mate formu a: Frequency = 1000000/(8+10*

(256-SPIC ockFactor), where pass ng a va ue of 0 corresponds to a factor of 256, and thus a max mum frequency of about 125
kHz.

« CS/CLK/MISO/MOSI -PinNum: Assgns whchdgta I/O ne s used for eachSPI ne. Vaue passed s 0-22 correspond ng to the
norma dgta I/O numbers as specfed n Secton 2.9.
« NumSPIBytesToTransfer: Spec f es how many SPI bytes w be transferred (1-240).

The nta state of SCK s set propery (CPOL), by th s funct on, before CS (ch p se ect) s brought ow (f na state s a so set propery
before CS s brought h gh agan). If CS s be ng hand ed manua vy, outs de of th s funct on, care must be taken to make sure SCK s
nta y set to CPOL before assert ng CS.

A standard SPI modes supported (A, B, C, and D).

Mode A: CPOL=0, CPHA=0
Mode B: CPOL=0, CPHA=1
Mode C: CPOL=1, CPHA=0
Mode D: CPOL=1, CPHA=1

If C ock Phase (CPHA) s 1, data s va d on the edge go ng toCPOL. If CPHA s 0, data s va d on the edge go ng away fromCPOL.
C ock Po arty (CPOL) determ nes the d e state of SCK.

Up to 240 bytes can be wr tten/read. Commun caton s fu dup ex so 1 byte s read at the same t me each byte s wr tten.

5.3.17 - AsynchConfig [UE9 Datasheet]

Log n orreg ster to post comments
Contro command conf gures the UEQ UART for asynchronous commun cat on.

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 caton s nthe common 8/n/1 format. S m ar to RS232, except that the ogc s normaCMOS/TTL. Connect on to an RS232
devce w requre a converter ch p such as the MAX233, wh ch nverts the og c and sh fts the vo tage eves.

Thssera nk snotan aternat ve to theUSB connect on. Rather, the host app catonw wr te/read data to/from the UE9 ovelUSB,
and the UE9 commun cates w th some other dev ce us ng the ser a protoco . Us ng th s sera protoco s consdered an advanced
top c. A good know edge of the protoco s recommended, and a og ¢ ana yzer or osc oscope m ght be needed for troub eshoot ng.

Table 5.3.17-1. AsynchConfg Command Response

=

Checksum8
0xF8

0x02

0x14
Checksum16
(LSB)
Checksum16
(MSB)

0x00
AsynchOpt ons

No| o & [wn) —xcagg
3
3

Bt 7: Update
Bt6:
UARTEnab e
Bt5:
Reserved

BaudFactor16

Checksum8
0xF8

0x02

Ox14
Checksum16

A EERE @
©
=
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(LSB)
Checksum16

(MSB)
Errorcode
AsynchOpt ons
-9 BaudFactor16

QO N O |

« AsynchOptions: If Update s true, the new parameters are wr tten (otherw se just a read s done). f[UARTEnab e s true, the
UART s enab ed and the RX ne w start buffer ng any ncom ng bytes.

« BaudFactor16: A 16-bt va ue that sets the baud rate accord ng the fo ow ng formu a: BaudFactor = 36-3000000/(Des red
Baud). For examp e, use a BaudFactor of 65224 to get a baud rate of 9615 bps (compat b e w th 9600 bps).

5.3.18 - AsynchTX [UE9 Datasheet]

Log n orreg ster to post comments
Contro command sends bytes to the UESUART whchw be sent asynchronous y on the PIN2 (TX0) p n on the DB37 connector.
Table 5.3.18-1. AsynchTX Command Response

=

Checksum8

0xF8

1 + NumAsynchWords
0x15

Checksum16 (LSB)
Checksum16 (MSB)
0x00
NumAsynchBytesToSend
AsynchByte0

CENEEEER —xc:Eg
3
3

Response:

Checksum8

0xF8

0x02

0x15

Checksum16 (LSB)
Checksum16 (MSB)
Errorcode
NumAsynchBytesSent
NumAsynchBytesInRXBuffer
0x00

wmummhwm—nog

« NumAsynchWords: Th s s the number of asynch data bytes d v ded by 2. If the number of bytes s odd, round up and add an
extra zero to the packet.

« NumAsynchBytesToSend: Spec f es how many bytes w be sent (0-246).

« NumAsynchBytesInRXBuffer: Returns how many bytes are currenty n the RX buffer.

5.3.19 - AsynchRX [UE9 Datasheet]

Log n orreg ster to post comments
Contro command reads the o dest 32 bytes from the UESUART RX buffer. The buffer ho ds 256 bytes.

Table 5.3.19-1. AsynchRX Command Response

mmand:

Byte

0 Checksum8
1 OxF8

2 0x01

3

0x16



Checksum16 (LSB)

Checksum16 (MSB)

0x00

F ush

Checksum8

OxF8

0x11

0x16

Checksum16 (LSB)

Checksum16 (MSB)

Errorcode

NumAsynchBytesInRXBuffer|

mummawm—aogx <[o]ol &~
=

AsynchByte0

[V H
|

AsynchByte31
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« Flush: If nonzero, the ent re 256-byte RX buffer s empt ed. If there are more than 32 bytes n the buffer that data s ost.

« NumAsynchBytesInRXBuffer: Returns the number of bytes n the buffer before th s read.
« AsynchByte#: Returns the 32 o dest bytes from the RX buffer.

5.3.20 - I12C [UE9 Datasheet]

Log n orreg ster to post comments

Contro command sends and rece ves ser a data us ng I12C synchronous commun cat on.

Table 5.3.20-1. 12C Command Response

Command:

Byte

0 Checksum8

1 0xF8

2 4 + NumI2CWordsSend

3 0x3B

4 Checksum16 (LSB)

5 Checksum16 (MSB)

6 12COpt ons
Bts 7-5:
Reserved
Bt3:Enabe
¢ ock stretch ng.
Bt2: No stop
when restart ng.
Bt1:
ResetAtStart
Bt 0: Reserved

7 SpeedAdjust

8 SDAP nNum

9 SCLP nNum

10 AddressByte

11 Reserved

12 NumI2CBytesToSend

13 NumI2CBytesToRece ve

14 12CByte0

Response:

Byte

0 Checksum8

1 0xF8
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2 INA .ml')f‘\hln-dssend
I -aa A~

0x3B™

Checksum16 (LSB)

Checksum16 (MSB)

Errorcode

Reserved

AckArray0

AckArray1

AckArray?2

AckArray3

T2CByte0

NumlI2CWordsSend: Th s s the number of 12C bytes to send d v ded by 2. If the number of bytes s odd, round up and add an
extra zero to the packet. Th's parameter s actua y just to spec fy the s ze of th s packet, as the NumI2CbytesToSend parameter
be ow actua y spec f es how many bytes w be sent.

12COptions: If ResetAtStart s true, an 12C bus resetw be done before commun cat ng.

SpeedAdjust: A ows the commun cat on frequency to be reduced. 0 s the max mum speed of about 150 kHz. 20 s a speed of
about 70 kHz. 255 s the m n mum speed of about 10 kHz.

SDAP/SCLP -PinNum: Ass gns whchdgta I/O ne s used for each I2C ne. Vaue passed s 0-22 correspond ng to the norma
dgta I/O numbers as specfed n Secton 2.9. Note that the screw term nas abe ed SDA and SCL are not used for 12C. Note
that the 12C bus genera y requres pu -up res stors of perhaps 4.7 kQ from SDA to Vs and SCL to Vs.

Address: Ths s the frst byte of data sent on the 12C bus. The upper 7 b ts are the address of the save chpandbt0 s the
read/wr te b t. Note that the read/wrte bt s contro ed automat ca y by the LabJack, and thus bt 0 s gnored.
NumlI2CBytesToSend: Spec f es how many 12C bytes w be sent (0-240).

NumlI2CBytesToReceive: Spec f es how many 12C bytes w be read (0-240).

12Cbyte#: In the command, these are the bytes to send. In the response, these are the bytes read.

Numl2CWordsReceive: Th s s the number of 12C bytes to rece ve d v ded by 2. If the number of bytes s odd, the vaue s
rounded up and an extra zero s added to the packet. Th s parameter s actua y just to spec fy the s ze of th s packet, as the
NumI2CbytesToRece ve parameter above actua y spec f es how many bytes to read.

AckArray#: Represents a 32-bt va ue where b ts are set f the correspond ng 12C wr te byte wasACKed. Usefu for debugg ng up
to the f rst 32 wr te bytes of commun cat on. Bt 0 corresponds to the ast data byte, bt 1 corresponds to the second to ast data

byte, and so on up to the address byte. So f n s the number of data bytes, the ACK va ue shou d be (2™1)-1.

5.3.21 - SHT1X [UE9 Datasheet]

Log n orreg ster to post comments

Contro command reads temperature and hum d ty from a Sens r on SHT1X sensor (wh ch s used by the EI-1050). For more
nformat on, see the EI-1050 datasheet, and the SHT1X datasheet from sens r on.com.

Table 5.3.21-1. SHT1X Command Response

Command:

Checksum8

O0xF8

0x02

0x39

Checksumi6
(LSB)

Checksumi6
(MSB)

DataP nNum (0-
22)

C ockP nNum (0-
22)

Reserved

Optons

Checksum8

0xF8

0x05

-]

0x39




4 Checksum16

5 %hsead\ksum 6
(MSB)

6 Errorcode

7 0x00

8 StatusReg

9 StatusRegCRC

10-11 Temperature

12 TemperatureCRC

13-14 Humdty

15 Hum d tyCRC

Options:
o Bt7: Read Humdty
o Bt 6: Read Temperature
o B R vdw 0
Bt 2: Enab e Heater
Bt 1: Reserved, wrte 0

o © o

Log n orreg ster to post comments

Bt0: Resouton.1=8-bt RH and 12-bt Temp, 0 = 12-bt RH and 14-bt Temp

5.3.22 - StreamDAC [UE9 Datasheet]
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Data/Clock -PinNum: Ass gns whchdgta I/O ne s used for eachSPI ne. Vaue passed s 0-7 correspond ng to FIO0-FIO7.
StatusReg: Returns a read of the SHT1X status reg ster.

Temperature: Returns the raw b nary temperature read ng.

Humidity: Returns the raw b nary hum d ty read ng.

#CRC: Returns the CRC va ues from the sensor.

Ths functon oads a st of b nary va ues that theDACs w output to generate waveforms. Each t me stream starts a scan theDAC are
set to the next vaue nther sts. StreamDAC s run by the stream subsystem, so Stream Conf g needs to be ca ed to set frequency,

Stream Start w beg n waveform generat on and Stream Stopw hat generat on.

Table 5.3.22-1. StreamDAC Command Response

3
=

hecksum8

0xF8

0x12

0x12

Checksum16 (LSB)

Checksum16 (MSB)

Number of Po nts

Reserved

Reserved

O] O] N ;O] O -hwl\)—log
o3

StreamDAC Conf g

Bt7: 1=DAC1, 0=DACO

B ts [0:2]: B ock number (0-7)

10 DAC Vaue (0 + 16 * BockNum) L

11 DAC Vaue (0 + 16 * B ockNum) H

40 DAC Vaue (15 + 16 * B ockNum) L

41 DAC Vaue (15 + 16 * B ockNum) H

hecksum8

0xF8

0x01

0x12

Checksum16 (LSB)

m-hwm—nog:n
=

Checksum16 (MSB)




6

Errorcode

7

0x00

To enab e StreamDAC set the number of points to a va ue greater than zero to disab e set the va ue to zero
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When oadng mutp e b ocks of po nts, byte 6 (Number of Po nts) shou d be set to the tota number of po nts th®AC shoud cyce

through.

Up to 128 po nts can be oaded, 16 atatme. Use bts [0:2] n byte 9 to se ect wh ch b ock of 16 s be ng oaded.

5.3.23 - SetDefaults (SetToFactoryDefaults) [UE9 Datasheet]

Log n orreg ster to post comments

Execut ng th s funct on causes the current or ast used va ues (or the factory defau ts) to be stored n fash as the power-up defau ts.

The UES9 f ash has a rated endurance of at east 20000 wr tes, wh ch s p enty for reasonab e operat on, but fths functon sca ed na
h gh-speed oop the f ash coud eventua y be damaged.

Note: Donot ca ths funct on wh e stream ng.

Table 5.3.23-1. SetDefau ts Command Response

=

Checksum8

O0xF8

0x01

0x0E

Checksumi6
(LSB)

Checksumi6
(MSB)

0xBA (0x82)

No|l o[ & wl\:—nog
3
3

0x26 (0xC7)

Checksum8

O0xF8

0x01

0x0E

Checksum16
(LSB)

Checksumi6
(MSB)

Errorcode

N[O O -bwl\)—nog;o
-]

0x00

5.3.24 - ReadDefaults (ReadCurrent) [UE9 Datasheet]

Log n orreg ster to post comments

Reads the power-up defau ts from fash (Read the current conf gurat on).

Table 5.3.24-1.
mmand: Defau ts Map
B ock Nom na

Byte Number Byte Offset | Descr pton Vaues
0 Checksum8 0 0-3 Not Used 0x00

1 0xF8 0 4 FIO Drectons 0x00
2 0x01 0 5 FIO States OxFF
3 0x0E 0 6 EIO Drectons 0x00

Checksum16
7
4 (LSB) 0 EIO States OxFF




5 Checksum16 0 CIO Drectons 0x00
)
6 8)?‘&? 4 0 9 CIO States OxFF
7 3};'[0:6] B ockNum 0 10 MIO D rectons 0x00
bt7:1=
ReadCurrent 0 11 MIO States OxFF
0 12-15 Not Used 0x00
Response: 0 16 Conf g Wr te Mask 0x00
Byte 0 17 NumOfT mersEnab ed|0x00
0 Checksum8 0 18 Counter Mask 0x00
1 0xF8 0 19 P n Offset 0x00
2 ox11 0 20-31 Not Used 0x00
3 0x0E
Checksum16
4 (LSB) 1 0(32) C ock_Source 0x02
Checksum16
5 (MSB) 1 1(33) Dvsor 0x00
6 Errorcode 1 2-15 (34-47) |[Not Used 0x00
7 0x00 1 16 (48) TMRO Mode 0x0A
8-39 Data 1 17 (49) TMRO Vaue L 0x00
1 18 (50) TMRO Vaue H 0x00
1 19 (51) Not Used 0x00
1 20 (52) TMR1 Mode 0x0A
1 21 (53) TMR1 Vaue L 0x00
1 22 (54) TMR1 Vaue H 0x00
1 23 (55) Not Used 0x00
1 24 (56) TMR2 Mode 0x0A
T 25 (57) TMR2 Vaue L 0x00
1 26 (58) TMR2 Vaue H 0x00
1 27 (59) Not Used 0x00
1 28 (60) TMR3 Mode 0x0A
1 29 (61) TMR3 Vaue L 0x00
1 30 (62) TMR3 Vaue H 0x00
1 31 (63) Not Used 0x00
2 0 (64) TMR4 Mode 0x0A
2 1 (65) TMR4 Vaue L 0x00
2 2 (66) TMR4 Vaue H 0x00
2 3 (65) Not Used 0x00
2 4 (68) TMR5 Mode 0x0A
2 5 (69) TMR5 Vaue L 0x00
2 6 (70) TMR5 Va ue H 0x00
2 7-15 (71-79) |Not Used 0x00
2 ;‘13;‘ 7(80- " paco (2 Bytes) 0x0000
2 ;3519 (82- " INot Used 0x0000
20-21 (84-
2 85) ( DAC1 (2 Bytes) 0x0000
22-31 (86-
2 95) Not Used 0x00
0-15 (96-
3 111) AIN Res 0x12
16-31 (112-
3 127) AIN BP/Gan 0x00
0-15 (128-
4 143) AIN Sett ng 0x00
16-31 (144-
4 159) Not Used 0x00

5.3.25 - 1-Wire [UE9 Datasheet]
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Log n or reg ster to post comments

Ths funct on performs 1-W re commun cat on.
For addtona nformaton on how to use th s funct on, p ease see thel-W re App Note.

Table 5.3.25-1. 1-W re Command Response

Command:
Byte
0 Csum8
1 0xF8
2 0x1D
3 0x3C
4 Csumi6 L
5 Csumi6 H
6 Opt ons
Bt0: DPU Contro Enabe
Bt1: DPU Poarty
Bt2:DPUIde
7 Reserved
8 Sense Pn
9 DPUPnN
10 Reserved
11 ROM
Functon
ROMO
12 (LSB)
13 ROM1
14 ROM2
15 ROM3
16 ROM4
17 ROM5
18 ROM6
ROM7
19 (MSB)
20 Reserved
21 Num TX
22 Reserved
23 Num RX
24 TX Byte 0
63 TX Byte 39
Response:
Byte
0 Csum8
1 0xF8
2 0x1D
3 0x3C
4 Csumi6 L
5 Csumi6 H
6 Error Code
7 Reserved
8 Reserved
9 Warn ngs
Bt 0: No Dev ces Detected
Bt1: Type 1 nterrupt (Not
Tested)
Bt2: Type 2 nterrupt (Not
Supported)
10 Reserved
11 Reserved
16 Data 0
63 Data 47
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Options: Th s byte prov des contro of the dynam ¢ pu -up.
Bt0: enab es contro of the DPU ne.
Bt 1: sets the po ar ty of the swtch. 1 = h gh on the spec f ed DIO turns the sw tch on.
Bt2: sets the de state. 1 = DPU on wh e IDLE.
Sense Pin: Ths s the DIO on the LabJack that s connected to the data ne of the 1-W re bus.
DPU Pin: Ths sthe DIO nethatw contro the dynamc pu -up fenabed n the opt ons byte.
ROM Function: Th s byte spec f es the funct on to be performed on the 1-W re bus.
ROM[0:7]: Th s s the ROM of the target dev ce or search path.
Num TX: Th s s the number of data bytes to transm t.
Num RX: Th s s the number of data bytes to rece ve.

Depend ng on the ROM funct on used the data returned can have d fferent mean ngs. Refer to the fo ow ng tab e for data def ntons.

Table 5.3.25-2. ROM Funct ons

Parameter Data Returned
ROM
Function: Number|ROM Bytes 0-7 Bytes 8-15
L st of branches to |D scovered ROM [1s nd cate detected
Search ROM (0xF0 take. Code branches.
Read ROM |0x33 |None FOM read from
devce

Match ROM [0x55 |The spec fc ROM
Skip ROM  [0xCC
Alarm

Search OxEC

Additional information
UE9 contro frmware v2.20 or ater are requ red for 1-Wre.

Max m has a 1-W re App Note onDynam ¢ Pu -Ups, and another on thesearch a gor thm. There are severa k nds of 1-wre
temperature sensors from Max m(DS1820, DS1821, DS1822, DS18S20, and DS18B20). The most common part s probab y the
DS18B20. Note that these temperature sensors requ re about 750ms of t me to reso ve a temperature read ng.

5.4 - Low-Level Errorcodes [UE9 Datasheet]
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Table 5.4-1. Lstng of a ow-eve functon errorcodes

Code [Code
Exor (HEX)| (DEC)
SCRATCH WRT FAIL ORE
SCRATCH ERASE_FAIL 0x02 |2
DATA_BUFFER_OVERFLOW 0x03 |3
ADCO_BUFFER OVERFLOW 0x04 |4
FUNCTION INVALID 0x05 |5
SWDT TIME INVALID 0x06 |6
XBR_CONFIG._ERROR 0x07 |7
FLASH WRITE FAIL Ox70 |16
FLASH ERASE FAIL oxiT 17
FLASH JMP_FAIL 0x12 |18
FLASH PSP _TIMEOUT Ox13 |19
FLASH ABORT RECIEVED Ox14 |20
FLASH PAGE MISMATCH 0x75 |21
FLASH BLOCK MISMATCH OxT6 |22
FLASH PAGE NOT IN_CODE AREA [0xi7 |23
MEM TLLEGAL ADDRESS OxT8 |24
FLASH LOCKED OxT9 |25
INVALID_BLOCK OXTA |26
FLASH ILLEGAL PAGE OxTB |27
FLASH TOO_MANY BYTES OxC |28
FLASH INVALID_STRING_NUM OxTD |29
SMBUS_INQ_ OVERFLOW 0x20 |32




SMBUS OUTQ UNDERFLOW 0x21_|33
SMBUS_CRC_FAILED 0x22 |34
SHT1x_COMM_TIME_OUT 0x28 |40
SHT1x_NO_ACK 0x29 |41
SHT1x_CRC_FAILED 0x2A 42
SHTIX_TOO_MANY W _BYTES 0x2B |43
SHTTX_TOO_MANY_R_BYTES 0x2C |44
SHTTX_INVALID_MODE 0x2D |45
SHT1X_INVALID_LINE Ox2E |46
STREAM_IS_ACTIVE 0x30 |48
STREAM_TABLE_INVALID 0x31 |49
STREAM_CONFIG_INVALID 0x32 |50
STREAM_BAD_TRIGGER_SOURCE _ |0x33 |51
STREAM_NOT_RUNNING 0x34 |52
STREAM_INVALID_TRIGGER 0x35 |53
STREAM_ADCO_BUFFER_OVERFLOW|0x36 |54
STREAM_SCAN_OVERLAP 0x37 |55
STREAM_SAMPLE_NUM_INVALID 0x38 |56
STREAM _BIPOLAR GAIN_INVALID __ |0x39 |57
STREAM_SCAN_RATE_INVALID Ox3A |58
STREAM_AUTORECOVER_ACTIVE _ |0x3B |59
STREAM_AUTORECOVER _REPORT _|0X3C |60
STREAM_SOFTPWM_ON 0x3D |61
STREAM_INVALID_RESOLUTION OX3F |63
'PCA_INVALID_MODE 0x40 |64
PCA_QUADRATURE_AB_ERROR 0x41 |65
PCA_QUAD_PULSE_SEQUENCE 0x42 |66
PCA_BAD_CLOCK SOURCE 0x43 |67
PCA_STREAM_ACTIVE 0x44 |68
PCA_PWMSTOP_MODULE_ERROR _ |0x45 |69
PCA_SEQUENCE_ERROR 0x46 |70
PCA_LINE_SEQUENCE_ERROR 0xa7 |71
TMR_SHARING_ERROR 0x48 |72
EXT_OSC_NOT_STABLE 0x50 |80
INVALID_POWER _SETTING 0x51 |81
PLL_NOT_LOCKED 0x52 |82
INVALID_PIN 0x60 |96
PIN_CONFIGURED_FOR_ANALOG __|0x61 |97
PIN_CONFIGURED_FOR _DIGITAL 0x62 |98
[OTYPE_SYNCH_ERROR 0x63 |99
INVALID_OFFSET 0x64 |100
OTYPE_NOT VALID 0x65 |101
INVALID_CODE 0x66 |102
UART_TIMEOUT 0x70 [112
UART_NOTCONNECTED 0x71 [113
UART_NOTENALBED 0x72 |114
[2C_BUS_BUSY 0x74 [116
TOO_MANY _BYTES 0x76 |118
TOO_FEW BYTES 0x77 |[119
DSP_PERIOD_DETECTION_ERROR _ |0x80 |128
DSP_SIGNAL_OUT_OF_RANGE 0x81 |129
MODBUS_RSP_OVERFLOW 0x90 |144
MODBUS_CMD_OVERFLOW 0x91 [145

5.5 - Modbus [UE9 Datasheet]
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The UE9 supports the Modbus protoco over Ethernet andUSB. Learn more about t on theModbus support page.

5.6 - Calibration Constants [UE9 Datasheet]
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Ths nformaton s ony needed when us ng ow- eve functons and other ways of gett ng b nary read ngs. Read ngs n vots aready
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.

Calibration Constant

The major ty of the UE9's ana og nterface funct ons return or requ re b nary va ues. Convert ng between b nary and vo tages requ res
the use of ca brat on constants and formu as.

When us ng Modbus the UE9w appy ca brat on automat ca y, so vo tages are sent to and read from the UE9 are formatted as a
f oat.

Which Constants Should | Use?

The ca brat on constants stored on the UE9 can be categor zed as fo ows:
« Anaog Input
« Anaog Output
o Interna Temperature

Ana og Input: S nce the UE9 uses mutp exers, a channe s (except 129-135 and 137-143) have the same ca brat on for a g ven nput
range.

Ana og Output: Ony two ca brat ons are prov ded, one for DACO and one for DAC1.

Interna Temperature: Ths ca braton s app ed to the b nary read ng from channe 133 or channe 141 ( nterna temp).

UE9 Input Ranges
The UE9 nput ranges can be found nsecton 2.7.2. For your conven ence, that tab e has been prov ded aga n be ow.
Table 2.7.2-1. Nom na Ana og Input Vo tage Ranges

Max [Mn
Ganv Vv

Unpoar|1 5.07

0.01

Unpoar|2 2.53 0.01

Unpoar|4 1.26 0.01
Unpoar|8 0.62 0.01
Bpoar |1 5.07 5.18

UE9 Calibration Formulas (Analog In)

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

Vo ts(unca ibrated) = (Bits/65536)*Span (Sing e Ended)
Vo ts(unca ibrated) = (Bits/65536)*Span Span/2 (Differentia )

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 fash on the Contro processor.

Vots = (S ope * Bits) + Offset
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UE9 Calibration Formulas (Analog Out)

Wrt ng to the UE9's DAC requ re that the des red vo tage be converted nto a b nary va ue. To convert the des red vo tage to b nary
se ect the S ope and Offset ca brat on constants for the DAC be ng used and p ug nto the fo ow ng formu a.

Bits = (DesiredVo ts * S ope) + Offset

UE9 Calibration Formulas (Internal Temp)
Interna Temperature can be obta ned by read ng channe 133/141 and app y ng the fo ow ng formu a.

Temp (K) = Bits * TemperatureS ope

UE9 Calibration Constants

The tab e be ow shows where the var ous ca brat on va ues are stored n the Mem area. Genera y when commun caton s ntated
w th the UE9, three ca s w be made to the ReadMem funct on to retr eve the frst 3 b ocks of memory. Th s nformat on can then be
used to convert a anaog nput read ngs to vo tages. The hgh eve W ndows DLL does th s automatca y.

Table 5.6-1. Ca brat on Constant Memory Locat ons

Start ng
B ock Nom na
B N ADC N
# yte orma v
0 0 Sope, Unpoar G=1 [7.7503E-5 [vots/hbt
0 8 Offset, Unpoar G=1 [-1.2000E-2 |vots
0 16 Sope, Unpoar G=2 |3.8736E-5 |[vots/bt
0 24 Offset, Unpoar G=2 [-1.2000E-2 |vots
0 32 Sope, Unpoar G=4 |[1.9353E-5 |[vots/bt
0 40 Offset, Unpoar G=4 |-1.2000E-2 [vots
0 48 Sope, UnpoarG=8 [9.6764E-6 |[votshbt
0 56 Offset, Unpoar G=8 [-1.2000E-2 |vots
1 0 S ope, Bpo ar G=1 1.5629E-04 [vots/bt
1 8 Offset, B po ar G=1 -5.176 Vo ts
Start ng
B ock Nomna
Byte |Msce aneous
# B M f Vaue
2 0 S ope, DACO 8.4259E+02 |vo ts/bt
2 8 Offset, DACO 0.0000E+00 [vo ts
2 16 S ope, DAC1 8.4259E+02 [vots/bt
2 24 Offset, DAC1 0.0000E+00 [vo ts
2 32 S ope, Temp (133/141) [1.2968E-02 [degK/bt
2 |48 fo‘:lv")e’ Temp (133/141, 14 5968E-02 |degk/bt
2 64 Ca Temp 2.9815E+02 [degK
2 72 Vref 2.4300E+00 |vo ts
2 80 Reserved
2 88 Vref/2 (129/137) 1.2150E+00 |vo ts
2 96 S ope, Vs (132/140) 9.2720E-05 |vots/bt
Start ng
B ock Nomna
- a
n Byte |H-Res ADC (UE9-Pro) |y,
3 0 Sope, Unpoar G=1 [7.7503E-05 [vots/bt
3 8 Offset, Unpoar G=1 |-1.2000E-02|vo ts
4 0 S ope, Bpoar G=1 1.5629E-04 [vots/bt
4 8 Offset, B po ar G=1 5.1760E+00 | V© ts

Format of the Calibration Constants

Each vaue s stored n 64-bt f xed po nt format (s gned 32.32 tte end an, 2's comp ement). Fo ow ng are some examp es of f xed

po nt arrays and the assoc ated f oat ng po nt doub e va ues.
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Table 5.6-2. F xed Po nt Convers on Examp es

F xed Po nt Byte Array
F oat ng Po nt
(LSB, ..., MSB) Doub &
0,0,0,0,0,0,0,0} 0.0000000000
0,0,0,0,1,0,0,0} 1.0000000000
0,0,0,0,255,255,255,255} -1.0000000000
51,51,51,51,0,0,0,0} 0.2000000000
205,204,204,204,255,255,255,255} [-0.2000000000
73,20,5,0,0,0,0,0} 0.0000775030
{225,122,20,110,2,0,0,0} 2.4300000000
{102,102,102,38,42,1,0,0} 298.1500000000

6 - Low-level Native Examples [UE9 Datasheet]
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Low-level Native Overview

The examp es be ow are usefu to those who do not use the UD brary/dr ver.

There are nat ve examp es for C, LabVIEW, and PocketPC, because these are p aces where the UD dr ver m ght not be easy-to-
use/ oad. Most other anguages can work w th the dr ver, so ow- eve s not necessary.

The Modbus TCP examp e s usefu to peop e who prefer to use Modbus reg sters nstead of the UD funct ons. The reg sters behave as
second opt on for d rect commun cat on w th the UE9, nstead of the ow- eve functons. A good port on of the UE9 functona ty s
ava ab e through Modbus reg sters.

UE9 LabVIEW Native TCP Example [UE9 Datasheet]
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These ViIs make use of the nat ve TCP capab ty of LabVIEW. They do not requ re any spec a LabJack dr vers, and thus shou d work
on any LabVIEW p atform that supports TCP. We have tested them on W ndows, and customers have tested them on L nux. P ease et
us know of any feedback for other operat ng systems supported by LabVIEW (Mac, Pocket PC, Pam). Aso nc udes UDP Vls. Refer to
the "readme.txt" f e nthe z p for more nformat on. S mpy extract the fo der to the des red ocat on. De ete any prev ous VIs f rst.
LabVIEW 6.0 or h gher. Oct 20, 2009.

File Attachment:
[l LabVIEW_Nat veTCP_UE9.z p (for LV 6-8)
LabVIEW71 NatveTCP UE9.zp (for LV 2009)

UE9 C Native TCP Example [UE9 Datasheet]
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For L nux, Mac OS X, and W ndows. Th s package conta ns examp e code (wrtten n C) forca ng ow-eve UE9 functons over a TCP
connect on (no spec a dr vers requ red). Refer to the readme f e n the z p for more nformat on. Updated June 16, 2015, 47 KB.

File Attachment:
[ C_NatveTCP_UE9 3.zp

UE9 PocketPC Native TCP Example [UE9 Datasheet]
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For Pocket PC PDAs w th a w red or w re ess Ethernet port. Th s package conta ns M crosoft V sua Stud o .NET examp e projects
(wrtten n C#) forca ng ow-eve UE9 funct ons over a TCP connect on on a Pocket PC PDA. Refer to the "readme.txt" f e nthe zp
for more nformaton. Oct 10, 2005, 554 KB.

File Attachment:
PocketPC NatveTCP UE9 3.zp
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UE9 Modbus TCP Example [UE9 Datasheet]
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The UE9 nat ve y supports Modbus TCP. Check the Modbus map for a st of addresses to send. Ths s an examp e us ng
LabJackPython of what bytes to send on the w re to ta k to the UE9 over ModbusTCP:

>>> import ue9

>>>d = ue9 UE9(ipAddress = "192 168 1 209" ethernet = True)
>>> d debug = True

>>> d readRegister(0) #Reads A NO

Sending: [0 00006255 3000 2]

Response: [0 0 0 0 0 7 255 3 4 59 97 232 (]

0 0034470558166503906

>>> d writeRegister(5000 33) #Sets DACOto33V

Sending: [0 0 0 0 0 11 255 16 19 136 0 2 4 64 83 51 51]
Response: [0 0 0 0 0 6 255 16 19 136 0 2]

3 2999999999999998

>>> d readRegister(0) #Reads A NO again

Sending: [0 00006 255 3000 2]

Response: [0 0 0 0 0 7 255 3 4 64 83 52 90]
33000702857971191

In the examp e above, each ne that starts w th “Send ng” conta ns the bytes that the PC sends to the UE9. The “Response” nes
conta n what the UE9 sent back to the PC.

Pocket PC Native USB Example [UE9 Datasheet]
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Windows CE support is not active. The dr vers/examp es posted here were deve oped for and tested w th CE 5-6, as noted be ow.
Some cons derat ons:

« Embedded vers ons of norma W ndows (XP Embedded, Embedded 7, Embedded 8, etc.) use our norma W ndows
drvers/ brar es.

o L nux support s very actve. There are many sma and nexpens ve embedded systems that run L nux, such as Raspberry P .
Check out the Exodr ver for the U3/U6/UE9/U12 or LUM for the T4/T7.

« It s easytotakto our TCP devces (UE9, T4 and T7) wthout a dr ver. You just need an O/S and deve opment env ronment that
supports sockets. In part cu ar, ta k ng Modbus TCP w th the T7 over Ethernet or WF s a great way to go.

« Exodrver and _busb-1.0. Current vers ons of busb-1.0 have W ndows CE support. Exodr ver supports busb-1.0, soths s an
untested opt on to exper ment w th.

« The source code for our W ndows CE 3-6 dr ver for the U3 or UE9 over USB s attached be ow. You can port t to other vers ons
of CE fdes red, but we no onger support th s code.

The attached s for Pocket PC PDAs and W ndows CE dev ces w th a USB host port (tested), or a compact f ash USB host adapter
(tested). Th s package conta ns W ndows CE USB dr vers and M crosoft V sua Stud o .NET examp e projects (wr tten n C#) forca ng
ow- eve U3/UE9 funct ons over a USB connect on on a Pocket PC PDA or W ndows CE dev ce. The USB dr vers have been tested

w th W ndows CE 3.0 - 5.0 (ARM) and CE 6.0 (x86). Aso nc udes executab es, nc ud ng a handy program that reads and wr tes a few
I/0. Refer to the "readme.txt" f e n the z p for more nformat on.

File Attachment:

[ PocketPC NatveUSB U3UE9.zp
Mw nCE_ abjackusb_source.zp

Appendix A - Specifications [UE9 Datasheet]
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Spec f cat ons at 25 degrees C and Vusb/Vext = 5.0V, except where noted.

Table A-1. Specfcatons

|Parameter |Conditions [Min [Typical [Max [Units |
I T T T T T 1




General
USB Cab e Length 5 meters
ﬁt)hernet Cab e Length 100 meters
Suppy Vo tage 3.6 |5 5.3 vots
Typca Suppy Current
(2
Contro Low [85 105 mA
Contro Hgh [125 160 mA
Operat ng Temperature -40 85 °C
C ock Error ~25°C +30 ppm
-10to 60 °C +50 ppm
-40 to 85 °C +100 |[ppm
Typ. Command
Executon T me (3) Ethernet 12
USB h gh-
hgh 1.4
USB other 4
Vs Outputs
Typca Votage, USB (4) |Sef-Powered [4.5 |5 5.25 |vots
Typca Votage, Wa -
Wart 475 |5 525 |vots
Max mum Current (5) 200 mA
Vm+/Vm- Outputs
Typca Votage No- oad +5.8 vots
@ 1mA 5.6 vots
Max mum Current 1 mA

(1) Expected max Ethernet cabe ength s at east 100 meters by des gn,
but we have ony tested 33 meter cab es. Customer feedback on onger

cab es s we come.

(2) Typ ca current drawn by the UE9 tse f, not nc ud ng any user

connectons. Mnmum vaue s the typca current when the devce s de.
Max mum va ue s the typ ca current when the dev ce s very busy.

(3) Tota typca t me to execute a s ng e Feedback funct on w th no ana og

nputs. Measured by t mng a W ndows app cat on that performs 1000 ca s

to the Feedback funct on. See Sect on 3.1 for more t m ng nformat on.

(4) Se f-powered wou d app y to USB hubs w th a power suppy, a known
desktop computer USB hosts, and some notebook computer USB hosts.

(5) Th's s the max mum current that shou d be sourced through the UE9
and out of the Vs term na s. The UE9 has nterna overcurrent protect on
that w turn the UE9 off, f the tota current draw exceeds ~490 mA.

Parameter Conditions |Min [Typical [Max |Units
Ana og Inputs
Un po ar Input Range (6) [AINX to GND [0 5/G vots
B po ar Input Range (6) |AINxto GND |[-5 5 vots
?g)a" mum AIN'Votage | Ay to GND [-15 15 |vots
Input Bas Current (8) |@ 1vots 15 nA
Input Impedance (8) >10 MQ
Source Impedance (9) 10 kQ
Temperature Dr ft G=1 10 ppm/°C
Abso ute Accuracy Res 12-17 +0.025 [+0.05 [% FS
UE9-Pro,
Res=18 +0.005 |+0.01 (% FS
Peak-to-Peak No se gee Appendx
Integra L nearty Error [G=1 +0.02 % FS
G=8 +0.03 % FS
LI=S-F i, +0.0001 %FS

Res=18
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D fferenta L nearty Error|12-bt +1 counts
16-bt +4 counts
UE9-Pro,
Res=18 +1 counts
Stream Data Buffer S ze 182361
C/R Acquston T me g’ﬁe Secton [, 5 125  |ms
up to
Stream Speed (10) 12-b t stream 80k samp es/s
13-bt stream 16000 [samp es/s
14-b t stream 4000 |[sampes/s
15-b t stream 1000 |[sampes/s
16-b t stream 250 samp es/s
Channe -to-Channe
De ay (11) 12-b t stream 12 us
13-b t stream 44 us
14-b t stream 158 us
15-b t stream 670 us
16-b t stream 2700 us

(6) For actua nomna nput ranges see Sect on 2.7 of the UE9 User's
Gu de.

(7) Max mum vo tage to avo d damage to the dev ce. Protecton eve sthe
same whether the dev ce s powered or not. When the vo tage on any
anaog nput exceeds 6.0 vots, a other anaog nputs are a so affected,

unt the overvotage sremoved. At 6.5 vots, there s a ~1 mV offset not ced
on other channe s, ncreas ng to a ~5 mV offset at 15.0 vo ts.

(8) Th s s the steady state nput b as current and mpedance. When the
ana og nput mutp exer changes from one channe to another at a d fferent
vo tage, more current s br efy requ red to change the charge on the nput
amp fer. The steady state nput b as current s very f at across the common
mode vo tage range, except for vo tages of about 4.5 or h gher where the

b as current sh fts to typ ca y +250 nA

(9) To meet spec f cat ons, the mpedance of the source s gna shoud be
kept at or be ow the spec f ed va ue. W th a h gher source mpedance,

not cab e stat ¢ errors can occur due to the b as current f ow ng through the
source mpedance. There are a so dynam c errors that can become

not cab e as the source mpedance can degrade the ab ty of the nterna
mu t p exer to sett e qu ck y when chang ng between channe s w th d fferent
vo tages.

(10) D v de by the number of channe s to determ ne the max mum scan rate.
Assumes an Ethernet or USB h gh-h gh connect on. Other USB connect ons
m ght not be ab e to ma nta n 50 ksamp es/s. See Sect on 3.2 for more
nformat on.

(11) When scann ng more than 1 channe n a stream, ths s the t me
between each samp e wth n a scan.
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Parameter Conditions |Min [Typical [Max |Units
Analog Outputs
(“g)" na OutputRange [N ioad  [0.02 486 |vots
@ *25mA |0.225 4.775 |vots
Reso uton 12 bts
Abso ute Accuracy (13) [5% to 95% FS +0.1 % FS
Integra L nearty Error +2 counts
D fferenta L nearty Error +1 counts
Error Due To Loadng  |@ 100 pA 0.1 %
@1mA 1 %
Source Impedance 50 Q
Short C rcu t Current Max to GND 100 mA
S ew Rate 0.8 V/us
Digital I/O
Low Leve Input Vo tage -0.3 1 vots
Vs +




Hgh Leve Input Vo tage 2.3 0.3 vots

;v1|2>)< mum Input Vo tage FIO 10 10 volis
EIO/CIO/MIO [-6 6 vots

Input Leakage Current 10 HA

Output Low Vo tage (15) |No Load 0 vots

--- FIO Snkng 1 mA 0.55 vots

--- EIO/CIO/MIO Snkng 1 mA 0.18 vots

--- EIO/CIO/MIO Snkng 5 mA 0.9 vots

Output H gh Vo tage (15) [No Load 3.3 vots

—FIO Sourcng | 2.75 vots
mA

- EIO/CIOMIO SOwrGAg | 3.12 vots

- EIO/CIO/MIO Sourc ng 3 24 vots

Short C rcu t Current (15) [FIO 6 mA
EIO/CIO/MIO 18 mA

Output Impedance(15) |FIO 550 Q
EIO/CIO/MIO 180 Q

Counter Input Frequency 3 MHz

(16)

Input T mer Tota Edge

Rate (17) No Stream 100000|edges/s
Wh e
Stream ng 25000 |edges/s

(12) Max mum and m n mum ana og output votage s m ted by the suppy

vo tages (Vs and GND). The spec f cat ons assume Vs s 5.0 vots. A so, the
ab ty of the DAC output buffer to dr ve vo tages c ose to the power ra s,
decreases w th ncreas ng output current, but n most app cat ons the output
s not s nk ng/sourc ng much current as the output vo tage approaches
GND.

(13) Ana og output accuracy s spec fed from 5% to 95% of fu -sca e
output.

(14) Max mum vo tage to avo d damage to the dev ce. Protect on works
whether the dev ce s powered or not, but cont nuous vo tages over 5.8 vo ts
or ess than -0.3 vo ts are not recommended when the UE9 s unpowered,
as the votage w attempt to supp y operat ng power to the UE9 poss by
caus ng poor start-up behav or.

(15) These spec f cat ons prov de the answer to the common quest on: "How
much current can the dgta 1/O s nk or source?". For nstance, f EIO0

conf gured as output-h gh and shorted to ground, the current sourced by
EIO0 nto ground w be about 18 mA (3.3/180). If connected to a oad that
draws 5 mA, EIOOQ can prov de that current but the vo tage w droop to
about 2.4 vo ts nstead of the nom na 3.3 vo ts. If connected to a 180 ohm
oad to ground, the resut ng vo tage and currentw be about 1.65vots @ 9
mA.

(16) Hardware counters. 0 to 3.3 vo t square wave. Defau t power eve s
IIH ghﬂ.

(17) To avo d m ss ng edges, keep the tota number of app cab e edges on
a app cabetmers beowths mt. See Secton 2.10 for more
nformat on.
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Appendix B - Noise and Resolution Tables [UE9 Datasheet]
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The fo ow ng tab es prov de typ ca no se eve s of the UE9Q under dea condtons. The resutng vo tage reso ut on s then ca cu ated
based on the no se eve s. Aso see the LJT ck-InAm heet wh ch provdes s m ar tab es w th the nstrumentaton amp fer

nsta ed.

Measurements were taken w th AINO connected to GND w th a short jumper w re, or from nterna ground channe #15. Sm arresuts
were obta ned w th other qu et s gna s such as a 2.048 reference (REF191 from Ana og Dev ces), a 1.5 vot D-ce battery, and a

temperature sensor (LM34CAZ from Nat ona Sem conductor).
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A “counts” data are a gned as 24-bt va ues. To equate to counts at a part cu ar reso ut on (Res) use the formu a counts/(2*(24-Res)).
For nstance, w th the UE9 set to 12-b t reso ut on and the 0-5 vo t range, there are 8192 counts of no se when ook ng at 24-b t va ues.
To equate th s to 12-b t data, we take 8192/(2212) wh ch equa s 2 counts of no se when ook ng at 12-bt va ues.

No se-free data s determ ned by tak ng 128 read ngs and subtract ng the m n mum va ue from the max mum va ue.

RMS and Effect ve data are determ ned from the standard dev at on of 128 read ngs. In other words, theRMS data represents most
read ngs, whereas no se-free data represents a read ngs.

Table B-1. Resouton and nose tabe

Resolution = 0-12

Range Peak-To-Peak Noise-F_ree Noise-F!'ee RM_S Effective_e Effectivc_e
Noise Resolution Resolution Noise Resolution Resolution

vots counts bts uv counts |bts uv

+5 8192 11 4,883 2200 12.8 1,402

0-5 8192 11 2,441 2200 12.8 701

0-2.5 20480 9.7 3,006 4100 12 610

0-1.25 36864 8.8 2,804 7800 111 569

0-0.63 69632 7.9 2,638 14500 10.1 574

Resolution = 14

Range Pegk—To-Peak Noise-F!'ee Noise-F!'ee RM.S Eﬁectivg Eﬁectiv_e
Noise Resolution Resolution Noise Resolution Resolution

vots counts bts uv counts |bts uv

+5 2816 125 1,726 550 14.9 327

0-5 2816 125 863 550 14.9 164

0-2.5 4864 11.8 701 940 141 142

0-1.25 8448 11 610 1650 13.3 124

0-0.63 16384 10 615 3300 12.3 125

Resolution = 16

Range Pegk-To-Peak Noise—F_ree Noise-F_ree RMS Eﬁectivg Eﬁectivg
Noise Resolution Resolution Noise Resolution Resolution

vo ts counts bts uVv counts [bts uVv

+5 720 145 432 140 16.9 82

0-5 720 145 216 140 16.9 41

0-2.5 1200 13.8 175 230 16.2 33

0-1.25 2224 12.9 164 400 15.4 29

0-0.63 4256 11.9 165 775 14.4 29

Resolution = 17

Range Peak-To-Peak  [Noise-Free Noise-Free RMS Ef_fectiv_e Ef_fectivg
Noise Resolution Resolution Noise Resolution Resolution

vots counts bts uVv counts bts uVv

+5 352 15.5 216 75 17.8 44

0-5 352 155 108 75 17.8 22

0-2.5 620 14.7 94 120 171 18

0-1.25 1060 14 76 210 16.3 15

0-0.63 2068 13 77 400 15.4 15

Resolution = 18+

(UE9-Pro)

Range Pegk-To-Peak Noise—F.ree Noise-F_ree RM.S Eﬁectivg Eﬁectivg
Noise Resolution Resolution Noise Resolution Resolution

vo ts counts bts uVv counts [bts uVv

5 110 17.2 66 20 19.7 12

0-5 90 17.5 27 17 19.9 5

Appendix C - Enclosure and PCB Drawings [UE9 Datasheet]

Log n orreg ster to post comments
See be ow draw ngs of the UE9.

The square ho es on the back of the enc osure are forDIN ra _mount ng adapters (TE Connect v ty part #TKAD).
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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 par 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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PCB MOUNTING HOLE DIMENSIONS
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Notes on OEM PCB Dimensions

USB, PIN 4

ETHERNET, PIN 1

OEM 2X8 HEADER, 0.100" PITCH, PIN 1
OEM 2X20 HEADER, 0.100" PITCH, PIN 1
VEXT, PIN 1

aoprp0b =
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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

[l 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 frmware 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 frmware 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 /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) Inta 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 va USB on a PDA.
v1.35: (August 31, 2005) Added soft reset t mer to commands sent va 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: (Juy 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: (Juy 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 parta 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). SetDefauts 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-bt and 16-bt 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 elO to treat CIO3 as open-co ector. Added a bus d e check to I12C. F xed a bug that was sett ng MIOO
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 USBw 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
fnshed. 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. Ths verson s requred fora 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.
ﬂtfmpt ng to wr te to the BP/Ga n reg ster for these channe s w resut n an error. Affected channe s: 14,15,128,132,133,136,140 and
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 gta bt commands.

v1.88: (December 06, 2007) New va ues are now propery 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 I12C 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 functona 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: (Juy 5, 2006) F xed a coup e ssues w th the og ¢ that detects bad stream scan rates.

v1.61: (Juy 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-bt 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
sgna 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 mdsca e votage 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 frst 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 nta
edge was caused mmed atey n externa tr ggered stream, fthe trgger newas nta 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 nv1.46
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
foat 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 enabed bt s
set for e ther DAC, then both are enab ed. If Sng elO s ca ed for e ther DAC, then both are enab ed. The ony way to d sab e the DACs
s by ca ng Feedback w th both DAC enabed b ts cear.

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-bt 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
potenta prob em where t mer modes 5/6/8 cou d be process ng aro 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: (Juy 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 frst cyce ong owtme. (Juy
21, 2005)

v1.37: (Juy 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.





