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General Information
I ntroduction

With the ever increasing premium placed on the quaity of displayed images in medica diagnostics,

broadcasting, video production, animation, education, computer graphics, and advertisng, away to insure
accurate color presentation from the display units has become criticdl. The Modd SLS 9400FC

Colorimeter has been specifically designed to meet the demand for alow cogt, easy to use, high precision
instrument to control and alow easy adjustment of the color and brightness on any monitor.

The Mode SLS 9400FC has direct application in:

Video and post production
TV dudios

Medicd Imaging
Advertisng

Computer Graphics
Desktop publishing

CRT manufacturing
Animation

Video wdl presentations

and any other gpplication where the need to control absolute color accuracy is anecessity.

The Mode SLS 9400FC Colorimeter consists of a sensor head and a Handheld display unit. A built-in
rechargeable battery pack dlows the instrument to be operated anywhere and the RS-232 serid
communication port makes remote data collection smple,

Thekey to theextremely high accuracy of theModd SLS 9400FC isit's ability to match the color response
of the human eye, as defined by the CIE 1931 standard observer spectra response functions. This match
alows the user to make very accurate color and luminance measurements across the full color gamut of a
typica color crT. Theaccuracy of acolorimeter depends on how closdy theinstrument's spectra response
matchesthe CIE 1931 standard observer spectrd response. The Modd SLS 9400FC'sunique, proprietary
sensor/filter design very closdy mirrors these spectrd response curves resulting in highly accurate

chromaticity measurements that are independent of field rate or the monitor's phosphor yielding precison
white baancing capability. Luminance is measured using a detector/filter combination, which closdly

meatchesthe response of the human eye as defined by the CIE Luminous Efficiency Function. Thisgivesthe
Mode SLS 9400FC the ability to accurately measure the luminance of a monitor.

Rev: E 1-1
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Unlikeinstrumentsthat usethree detectors, or unstable (temperature and time sengitive) interference, plagtic
or gdatinfilters, theMode SLS9400FC usesfour precision silicon photodiodeswith highly stable colored
glassfilters. By using four detector/filter combinations, the Modd SL.S 9400FC can accurately match the
complete =t of trisgimulus functions.
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The Modd SLS 9400FC's ergonomic design dlows the instrument to rest firmly on atable top, or to be
operated with one hand, leaving the other hand freeto make any required monitor adjustments. It hasan EL
backlit 128 x 128 dot matrix LCD display to make measurements in dim lighting conditions.

Measurements can be displayed in three modes. An andog bar graph displaying ree values used to
perform color baance adjustments or two numeric mode options for the display of absolute color
coordinates. Simple, precise, portable, and affordable, the Model SLS 9400FC puits laboratory quality
measurements in the palm of your hand.

Rev: E 1-2
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Model SL S 9400FC Features

Remote computer control using an RS-232 interface (which can be disabled)
Large EL backlit 128 x 128 graphics LCD display with an anti-glare coating
A standard ¥+ 20 post mount insert on both the detector and display unit
Universd input power supply
A low profile suction cup (with a deactivation knob)
Numeric modes
CIE 1931 xyY
CIE 1976 Uu'V'Y
CIE 1931 DxDyY
CIE 1976 Du'Dv'Y
- CIE1931 XYZ
CIE plot modes
CIE 1931 xyY
CIE 1976 Uu'V'Y
CIE 1931 DxDyY
CIE 1976 Du'Dv'Y
RGB bar graph mode
9 reference measurement storage locations
9 setup memory storage locations
9 phosphor memory storage locations
9 white reference memory storage locations
Display hold
Battery saver (which can be disabled)
Cdibration reminder
Feld cdibration cgpability

Calibration

The cdlibration of the UDT Instruments Modde SLS 9400FC is traceable to the National Ingtitute of
Standards and Technology (NIST) and Physikaisch Technische Bundesangtdt (PTB).

The Model SLS 9400FC has a built in cdlibration reminder. This fegture informs the user that the
instrument needs to be recalibrated when the cdibration cycle egpses. When the instrument needsto be
recdibrated, the calibration information will be displayed every time the instrument is turned on.

Rev: E 1-3
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Caution

Use only the battery charger supplied with the instrument. Failure to do so may cause permanent
damage to the Modd SLS 9400FC and may result in persond injury. To avoid dectrical shock, use
proper care when using the battery charger.

Electrostatic Sensitive Device
All semiconductor devices are susceptible to dectrogtatic discharges (ESD). Ensure that the unit is

switched off before connecting or disconnecting the detector probe, battery charger, and RS-232 cable.
Failure to do so can cause ESD damage and reduce the lifetime of the instrument dradticaly.

Rev: E 1-4
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Preparation for use
Mode SL'S 9400FC I nspection
The Modd SLS 9400FC shipping carton contains the following items:

Moded SLS 9400FC colorimeter

Hardside carrying case

Universd AC input battery charger with power cord
RS-232 adapter with cord

Ingtruction manud

Certificate of cdibration

The indrument was ingpected prior to shipment and was free of mechanical and electrical defects.
Immediately after unpacking the instrument, inspect for damage that may have occurred during trangit. If
any damageisfound, aclaim should befiled with the carrier and UDT Instruments should be contacted for
aReturn Materias Authorization (RMA) number.

Storage and Shipping

To prevent damage to the instrument, it is recommended that the package designed for the instrument be
used when shipping. The origind packaging is intended to be used for shipping, carrying, and storage.

I nstrument I dentification

Themode and serid number of theinstrument arelocated onthe"cALIBRATION RECORD" |abd attached to
the back of the Handheld indicator unit and the bottom of the detector head. The serid number of the
Handheld and head can dso be determined by viewing the "CALIBRATION INFO" Streen via the
CONFIGURATION 2 menu (the bottom right icon, see page 3-13).

Input Power Requirements

The Modd SLS 9400FC receivesits primary power from internd batteries. The gpproximate lifetime of
the batteriesis fourteen hours without the backlight and seven hours with the backlight.

Before charging the batteries, turn the insrument orF, plug the battery charger into theinstrument, connect
the power cord to battery charger and then to thewall socket. With theinstrument turned off, the batteries
will fully charge in gpproximately four hours. Because of this fast charging reate, the keypad and the
surrounding area will be warm.  This is norma and there is no cause for darm. The operation of the
indrument is not affected while the betteries are charging.

Rev: E 2-1
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NOTE: Dueto the nature of NiCd batteries, the batteries may exhibit a reduced charge capacity over
time. Thisis typicdly caused by repetitive partid dischargelrecharge cycles. To maintain
maximum bettery charge capacity, operate the insrument until the battery is fully discharged
before recharging.

The battery charger is configured to supply the proper power to the Model SLS 9400FC independent of
the input voltage and frequency. The charger will function with an input voltage ranging from 100 to 240
volts AC at 47 to 63 Hz. The power supply hasUL, CSA and TUV certifications.

Turn-on and Check Out Procedure

Connect the detector probe to the handheld unit, make sure not to over tighten the connector, and
press the PwR button. When the power button is depressed the instrument will beep and the iconswill be
displayed at the bottom of the screen dong with amessage ating thet theindrument isperforming asdlf-
cdibration. Whenthe sdf cdlibrationiscompleted the Modd SLS 9400FC will start taking measurements
based on the configuration information in the DEFAULT setup memory location (see page 3-7 for more
informetion).

The Model SLS 9400FC is fully charged before it leaves the factory. However, if the instrument acts
eraticdly, fully charge the batteries before proceeding with the check out procedure.

Warm Up Period

The Modd SLS 9400FC can be used immediately after it is turned on. However, the Modd SLS
9400FC will perform best if dlowed to gabilize for a least 30 minutes before making precison
measurements. Thisis especidly critical when making low luminance level color measurements.

Suction Cup

The Mode SLS 9400FC is equipped with a suction cup, which makesit convenient to mount the probe
assembly to the CRT and thereby freeing the users hands. For maximum performance, the user needsto
verify that thelip of the suction cup and the CRT face are dean, and the knurled suction rdlease vaveisfully
seated. Failure to do so may result in premature release of the vacuum and may lead to damage of the
probe assembly.

To mount the probe asembly on the crT amply pressit againgt the crT. To remove, hold detector
assembly while pulling back on one of the four nodules on the outs de edge of the suction cup until suctionis
released. Removing the suction cup by pulling directly on the lip or by pulling directly on the detector
assembly will cause damage to the suction cup.

Rev: E 2-2
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In the event the suction mechanism isnot needed, the suction cup can be used asalight shade by removing
the release valve and defeating the vacuum mechanism. A threaded hole has been provided in the bottom of
the probe assembly to Sore the release vave when not in use.

NOTE: Thesuction cup hasbeen designed to provide short term mounting capabilities. Should the user
requirelong term and/or fixed positioning, a¥%s-20 post mount insert is provided for convenient
mounting.

Rev: E 2-3
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Model SL S 9400FC Operation
I ntroduction

The Modd SLS 9400FC operatesin three modes. anumeric display mode, aCIE plot mode, and arcs
bar graph mode.

Numeric Display M ode

The numeric display mode displays the color SLS 9400 @COLORIMETER
coordinates of a source, the luminance vaue in the
desired units of measure, the Corrdated Color
Temperature and the color error DE (CIELUV). This
modeisused to perform absolute or differentia color
measurements.  The color coordinates can be
disolayed in the following formats:

CIE 1931 xyY
CIE1976 u'V'Y
CIE 1931 DxDyY
CIE 1976 DuDv' Y
CIE1931 XYZ UDT Instruments

In the CIE 1931 DxDy and CIE 1976 Du'Dv' modes, the referenceis selected viathe DEL TA REFERENCE
menu option in the CONFIGURATION 2 menu (the bottom right icon, see page 3-13). Upon entry into this
mode, the displayed ddlta vaues are caculated as follows:

In CIE 1931 DxDy:

Dx = X messured = X ref
Dy:ymeasured - yref

In CIE 1976 Du'Dv":

Du =u measured ~ u ref
Dv' =V measured ~ V' ref

Rev: E 3-1
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To use a stored measurement value as the reference it must first be stored in one of the numeric modesto
be used in the cdculations above.

The Correlated Color Temperature (ccT) is caculated using the method described by A. R. Robinsonin
Color Science: Concepts and Methods, Quantitative Data and Formulae, 2nd Edition by Wyszecki
and Stiles. Vdid ccT rangeis 2,500 K to 30,000 K.

TheDE (cieLuv) caculation uses asitsreferencethe va ue selected viatheDEL TA REFERENCE menu option
intheCONFIGURATION 1 menu (SeeDEL TA REFERENCE explanation, page 3- 16). For further explanation of
DE cdculations see Wyszecki and Stiles.

CIE Plot Display Mode

The CIE Pot Mode displays a graphica
representation of the difference between the currently
measured color coordinates and the color
coordinates of the user specified reference (Rer:)
where:

SLS 9400 ¢ COLORIMETER

X = Xmeasured = Xref

y = ymeasured - yre‘
x:.310
and the numeric color coordinates can be displayed y: 310 T: 6423K
in the following formas e Y. .15.2 cd / nf
g REF: W#1 D65
CIE 1931 xyY @ : I = @ (42
CIE1976uV'Y UDT Instruments
CIE 1931 DxDyY

CIE 1976 DuDv' Y

The color reference or target is represented by the L1 in the middle of the graphicd areawhilethe "1 ="
(shown at the top of the graphica ares) indicates the graphical resolution sce. The resolution scaes
indicate the magnitude of the color difference and can be adjusted manudly usng the
ZOOM-CONFIGURATION icon (See page 3-6). The available resolution levels are:

0.05
0.03
0.004

Rev: E 3-2
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During use, the color difference has been minimized within the specified grgphicaly resolution whenthel
lieswithin [J. To illustrate, for maximum resolution the size of the target box needs to be set to 'L1 =
0.004". This setsthe length of the Sides of the target to indicate a color coordinate deviation of 0.004 in
ether axis. The CIE plot modeisintended as display mode only. RS-232 communicationswill follow the
Numeric Display M ode protocol.

RGB Bar Graph Display Mode SLS 9400

¢ COLORIMETER

Thercs bar graph mode showsthe color balance between
the three primary colors, red, green and blue, in an andlog
format. When thethreevauesare equd, the color balance:

corresponds to the selected RGB reference. Balance is - '+1'OOI
achieved when the bars are equd lengths centered in the

display. Numerica data is dso displayed to present the . 76.8
user with quant_ltatlve aswdl as qu_dltatlve data Thercs WREF: #1 D65
reference can either beastored whitereference or astored PHOS: #1 SMPTE C

measurement. The bar graph mode can display: MODE: RB/G

Two of the primary colorsrelated to the third @ ; I £ @ [

Three of the primary colors related to three
primary colors of a stored measurement

UDT Instruments

RGB data is caculated per the SMPTE RP 177-1993 usng the chromaticity coordinate vaues
corresponding to the selected white reference (wrer:) and phosphor (PHOS:). These vaues maybe
changed via thewHITE REFERENCE and PHOSPHOR menu optionsintheCONFIGURATION 1 menu. Thercs
dataisavailable over the RS-232 port in response to an R command whilein thercs display mode. These
vaues are then normalized and digplayed based on the selected bar graph mode (moDE:). For sdected bar
graph mode (MoDE:) RG/B, B (blue) is the normdizer and for bar graph mode GB/R, R (red) is the
normdizer. Asanexample, if the selected bar graph modeisrs/G, G (green) isthenormdizer, whichished
constant, and the r (red) and B (blue) balance is caculated as follows:

Rev: E 3-3
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_ ( Rmeasured = Rret )

- DR=
( Gmeasured _Gref )

x 100%

- DG=0 (TheSdectedNormalizer)

_ ( Bmeasured = Bret )

- DB=
( Gmeasured -Gref )

x 100%

In the event, the user has salected a sored measurement as the RGB REFERENCE, the measurement must

have been previoudy stored while in the rea display mode. With a stored measurement as the RGB
reference, the displayed vaues will be caculated asfollows:

] DR:( Rmeasured'Rref )

x100%
Rref

. DG= ( Gmeasured'Gref )X100%
Gref

. DB:( Bmeasured'Bref )X100%

Bref

The Modd SLS 9400FC provides manual (see page 315) and automatic rGB bar scding.  In the
automatic mode the insrument will automaticaly adjust the scale of the rRe bars to alow the user to
conveniently adjust the colorswithout having to modify thedisplay resolution. A scaeindependent numeric

readout to the right of each bar will display the actual value of DR, DG, and DB. Thethreescding levels
are:

-100% to 100%
- 25% to 25%
- 10% to 10%

Rev: E
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When the value of DR, DG, and DB equa s zero, the color bal ance corresponds to the selected reference.
Thisisindicated when the bars are centered while the rRe scaling is set to the highest resolution (210%).
The RGB measurements are independent of the luminance levd.

NOTE: Theras caculations are directly dependent on the white reference and the phosphor of the
monitor. To ensure accurate rgb measurementsit is very importart that the correct phosphor
typeisselected. If themonitor under test does not use ether the smpte ¢ or the ebu phosphor,
then it is necessary to characterize the phosphor used in the monitor. This can be done by the
Mode SLS9400FC's phosphor learn mode or entered manualy if the chromaticity coordinate
vaues ae known for the primary colors. For further information see the SMIPTE
Recommended Practice, "Derivation of Basic Televison Color Equations’, RP 177, for details
concerning the proper derivation of rgb data.

I nstrument Operation

The Modd SLS 9400FC is primarily controlled through five icons displayed at the
bottom of the screen. To move between theiconsusetheleft and right arrow keys. To
activate the icon function press the enter key. To move around in the menus use the
left, right, up, and down keys, and press the enter key to activate a menu sdection.

| cons:

The function of each icon and its associated menus are explained in the following
Section.

Stop:
The stop icon is atoggle switch. When the ENTER key is depressed while the @
gopiconishighlighted, theinstrument will sop performing measurementsand enters
the hold mode. The stop icon will be replaced with a flashing H icon. When the
enter key isdepressed again theingtrument will resume measuring and the topicon
will be displayed. All menus are available in éther mode. H

Display Mode:
The bisPLAY MODE icon will select between the three display modes. Use the up-

down arrow keysto scroll through the available display modesand theenTER key to el
select anew mode. The configuration of each modewill depend on the current setup

parameters. When the instrument is in the HoLD mode and anew display modeis Lz
selected, the instrument will deactivate the HoLD mode and changes to the new
measurement mode. P

| N—
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Save

The save icon will display the save menu. This menu dlows the user to save the

current setup parameters, the current measurement, white reference, or phosphor I -:'_::l
chromdticity coordinates, and the state of RS-232 communications.

View
The view icon will digplay the view menu. This menu dlows the user to view the @
stored setup, measurement, white reference and phosphor chromaticity coordinates.

Configuration

The configuration icon is used to configure the Modd SLS 9400FC setup
parameters and to view the current status and calibration information. The zoom-
configuration icon indicates manua scaing is active (rgb and cie plot modes). Use
the up and down arrow keysto change thescaing resolution. Pressthe enter key to
enter the configuration menu.

Menu Options

Use the up and down arrow keys to scroll through the menus and the enter key to select afunction. To
dlow for faster movement within the save, recal, view, and configuration menus and sub-menus, the left
arrow key positionsthe cursor at the first menu selection and the right arrow key moves the cursor to the
exit menu sHection.

Save Menu

The save menu is used to store and erase setup parameters, measurement | cave

vaues, whitereference vaues, phosphor vaues, and changethestate of RS- | =10

232 communications. MEASUREMENT
WHITE REFERENCE
PHOSPHOR
RS232 ON
EXIT
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Save Current Setup
The save SETUP menu hes nine available SAVE SETUP SAVE SETUP
memory locations that can be used to 1
storedesired setup parameters. Tosavea 2' NAME: DEFAULT
setup, select amemory location and press 3' SAVEAS#1
ENTER. When a memory location is " BXIT
selected, the menu optioNSNAME, SAVEAS .
. ) 5. CIE 1931 xy
#, ExIT, and the current setup information 5 cdin?
will be digdlayed. This information ' RB/G
consists of: ! D65
8. SMPTEC
0. RGBREF: W#1
Measurement mode EXIT DREF: W#1
Luminance units
Bar grgph measurement mode
White reference
Phosphor
Bar graph mode reference

Differentia mode reference

Tosaveasetup, itisfirst necessary to namethe setup memory location. Sdect NAME and pressthe
ENTER key. The cursor will moveto thefirst character of the name. Using the up and down arrow
keys will change the character, the right and left arrow keys will move the cursor to the
next/previous character field. PresseNTER when the entry iscomplete. Scroll downtosave As#
and press ENTER.

The name of the firs memory location is preprogrammed to DEFAULT and can not be changed.
However, the setup parameters can be changed through the configuration menu. The DEFAULT
memory location will be used when the instrument is turned on.

A saved setup contains parameters for both the numeric and the bar graph display modes.

Toeraseasetup, select NaME and presstheenTeR key. Thecursor will moveto thefirst character
of the name. Using the up and down arrow keys, change the first character to ablank. Press
ENTER. Thename will be cleared from the display. To complete the erasure, scroll down tosave
AS# and pressENTER.
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The setup in thefirst memory location is preprogrammed toDEFAULT and can not be erased. Also
the ingtrument will not dlow erasure of the setup currently inuse. If an atempt ismadeto erasea
currently used setup, the instrument will display the error message "MEM LOC ERROR".

Save Current Measurement: SAVE MEASUREMENT SAVE MEASUREMENT
The save MEASUREMENT menuhas || T

nineavalablememory locationsthat | 2. NAME:

can be used to store desred | 3 SAVEAS#1
measurements. To save a g' EXIT

messurement, sdect a memory | g X y
location and presseNTerR. Whena || 7.

memory location is sdected, the g- 0376 0339
menu options NAME, SAVE AS #, E>'(|T v 39.9 cdin?
ExIT, and the current measurement T: 4185 K

data will be displayed. The format DE: 57.8

of the data depends on the

measurement mode.

Measurement Modes
Numeric CIE plot Bar
xy, u'v', DxDy,Du'Dv' XYZ xy, u'v', DxDy,Du'Dv' RGB
Measurement Data v v v v
Luminance Vaue v v v
Color Temperature v v v
DE (CIELWV) v

To save a measurement, it is first necessary to name the measurement memory location. Select
NAME and press the ENTER key. The cursor will moveto thefirst character of thename. Using the
up and down arrow keys will change the character, the right and left arrow keys will move the
cursor to the next/previous character field. PresseNTER whentheentry iscomplete. Scroll down
to SAVE As # and press ENTER. The measurement name in thesave MEASUREMENT menu will be
displayed dong with Num indicating the measurement was stored in one of the numeric modes or
RGB if it was stored in RGB mode.
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To erase a measurement, select NAME and press the ENTER key. The cursor will moveto thefirst
character of the name. Using the up and down arrow keys, change the first character to ablank.
PressenTer. The namewill be cleared from the display. To complete the erasure, scroll down to
SAVE AS# and press ENTER.

A measurement can not be cleared if it is currently used as either a RGB REFERENCE OF a DELTA
REFERENCE. |If an atempt is made to erase a currently used measurement, the instrument will
display the error message "MEM LOC ERROR".

Save White Reference:

The save WHITE REFERENCE menu has nine memory

locations. The first three memory locations contain | SAVEWHITE REF SAVE WHITE REF
the preprogrammed white reference chromaticity 5;050K g‘:y: A%GL
coordinates for D65, 3200 K and 9300 K. The 9300K EXIT

remaining SX memory locations can be programmed

by entering the desired vaues. The vaues can be X

entered as xy or u'v' chromaticity coordinates. To
save awhite reference, select amemory location and
press ENTER. When a memory location is selected,

©CONS O~ WNPE

= 03127 03201

the menu optionsSNAME, SAVE AS #, EXIT, =, and the
current measurement datawill be diplayed. This information conssts of:

Reading (xy, u'v')

Tosaveawhitereference, it isfirst necessary to name the white reference memory location. Sdlect
NAME and press the ENTER key. Thecursor will moveto thefirg character of thename. Using the
up and down arrow keys will change the character, the right and left arrow keys will move the
cursor to the next/previous character field. PresseNTER whentheentry iscomplete. Scroll down
to SAVE AS# and press ENTER.

The entry chromaticity mode can be sdlected by changing the measurement mode from the
configuration menu. Saving awhitereferenceisonly accessblewnhiletheingrumentisinthexy and
u'v' modes. The current measurement data is displayed and can be manualy modified by scrolling
to the arrow, =», menu sdlection and pressing ENTER. Thiswill pogtion the cursor on the first
character of the chromaticity coordinate. Using the up and down arrow keys will change the
character, the right and |eft arrow keys will move the cursor to the next/previous character field.
Press ENTER when the entry iscomplete. Scroll to save As# and press ENTER.

Thewhite reference chromaticity coordinates are displayed to four decimd places. Thisisdoreto
prevent round off errorsin the caculations. Vadid xy coordinates range from 0.0048 to 0.8338
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(u'v': 0.0159 t0 0.6233). The limits have been sdlected based on tabular data of Tablel (3.3.1)
Color-Matching Functions an Corresponding Chrometicity Coordinates of the CIE 1931 Standard
Colorimetric System, for | =360to 830 nmat 1 - nmIntervasin Color Science: Conceptsand
Methods, Quantitative Data and Formulae, second edition, by Wyszecki and Stiles (1982).

NOTE: Theuser must use extreme caution when entering chromaticity coordinates manualy.
Although the instrument performs alimits check on the entered data, it is possible to
enter coordinates that satisfy the limits but provide coordinates outsde the define
color space when transformed between color spaces. For example, enteringXx & y =
0.0159 (the u'v' lower limit) will pass the xy limits check, and the instrument will
accept and use these values. However, when transformed and viewed in the u'v'
mode these vaues are not defined within the u' v' color space.

x = 0.0159 >  u=00061
y = 0.0159 > Vv =00453

Toeraseawhitereference, salect NAME and presstheenTer key. Thecursor will movetothefirst
character of the name. Using the up and down arrow keys, change the first character to ablank.
PressenTer. The namewill be cleared from the display. To complete the erasure, scroll down to
SAVE AS# and press ENTER.

A white reference can not be cleared if it is currently used to perform res caculations, as arGB
REFERENCE OF a DELTA REFERENCE. If an atempt is made to erase a currently used white
reference, the instrument will display the error message "MEM LOC ERROR".

Save Phosphor:
The savePHOSPHOR menu has nine memory locations. Thefirst two memory

locations contain the preprogrammed phosphor chromaticity coordinatesfor | savE PHOSPHOR

sMPTE € and eBU Standard phosphors. Theremaining eéght memory locations SMPTEC
can be programmed by entering the desired chromaticity coordinates. The EBU
values can be entered as xy or u'v' chromaticity coordinates. To save a
phosphor, sdect a memory location and press ENTER. When a memory
location is selected, the menu OptioNSNAME, SAVE AS #, EXIT, LEARN, R, G, B,
and the current measurement data will be displayed for each phosphor
primary color.

©ONOO O~ WDNPRE

Reading R (xy, u'v')
Reading G (xy, u'v)
Reading B (xy, u'v’)
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To save aphosphoar, it isfirst necessary to name the phosphor memory location. SeectNAME and
press the ENTER key. The cursor will move to the first character of the name. Using the up and
down arrow keyswill changethe character, theright and left arrow keyswill movethe cursor tothe
next/previous character field. PresseNTER when the entry iscomplete. Scroll downtosave As#

and press ENTER. There are two ways to save a phosphor: manual entry mode and learn mode.

Phosphor Manual Entry Mode:

To modify the chromaticity coordinates of a phosphor, scroll to the

SAVE PHOSPHOR
appropriate menu selection and press ENTER. This will podtion the | NAME:
cursor on thefirst character of the chrometicity coordinate. Usingtheup | SAVE AS#3
and down arrow keyswill changethe character, theright and left arow || EXIT
keyswill move the cursor to the next character field. PresseNTER when LEARN
theentry iscomplete. When dl entriesare completescroll tosave As # Xy

and press ENTER.

The phosphor chromaticity coordinates are displayed to four decima
places. Thisis done to prevent round off errors in the caculations.

R 03333 0.3333
G 03333 03333
B:  0.3333 0.3333

Valid xy coordinates range from 0.0048 to 0.8338 (u'v': 0.0159 to 0.6233). Theentry mode can
be selected by changing the measurement mode from the configuration menu. Saving aphosphor is

only accessble while the insrument is in the xy and u'v' modes.

NOTE:

The user must use extreme caution when entering chromaticity coordinates manudly.

Although the instrument performs alimits check on the entered data, it is possble to
enter coordinates that satisfy the limits but provide coordinates outside the defined
color space when transformed between color spaces. See the Save White

Reference note (page 3-10).

Phosphor Learn Mode:

To enter the_ learn mode scroll tq LEARN and presseNTER. Theuseris || cave pHospHOR
presented with three menu selections: MEASURE RED, MEASURE GREEN, | NAME:
and MEASURE BLUE. To correctly determine the chromaticity | SAVEAS#3
coordinates of each primary color it isnecessary toturnononegunata | EXIT
time and take a corresponding measurement.  When the desired gun is « y
on, scroll to the corresponding measurement selection (ie. if theredgun || &
iS on sdect MEASURE RED) and press ENTER. The ingrument will || G
respond with PROCESSING... to indicate that a measurement is | B:
underway. When the measurement is complete the chromaticity | MEASURERED

. : , . MEASURE GREEN
coordinateswill bedisplayed. Repest for remaining guns. Scroll toEXIT || \1=a URE BLUE
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RS232:

and pressenTeR. Theuser ispresented with thesave PHOSPHOR menu. Itisnow possibleto save
the phosphor as described above as wel as perform manua manipulation of the phosphor
chromaticity coordinates.

In the event of an error, the instrument will prompt the user with an appropriate error message.
Remedy the problem and repesat the measurements.

To erase a phosphor, select NAME and press the ENTER key. The cursor will move to the first
character of the name. Using the up and down arrow keys, change the first character to a blank.
Press eNTER. The name will be cleared from the display. To complete the erasure, scroll down to
SAVE AS# and press ENTER.

A phosphor can not be cleared if it is currently used to perform reB caculations. If an atemptis
made to erase a currently used phosphor, the instrument will display the error message"MEM Loc
ERROR".

TheRS232 isatogglethat turnsRS-232 communicationsoN or oFr. When RS-232 isoN, theingrument
will engble serid port communications. This configuration flag is sored in non-volatile memory. Upon
power up, theingtrument will usethisflagto set the RS-232 configuration. RS232 should be configured to
OFF if the serid port is not needed and conservation of battery charge is a concern.

View:

The view menu options dlow the user to view stored setups, measurements, white references, and
phosphors. The format of the view screensis smilar to the save menu screens previoudy described.

I nstrument Configuration (screen 1):
Instrument configuration is pecified using two configuration menus. The | CONFIGURATION 1
CONFIGURATION 1 menu will alow the user to fully specify al of the setup
parameters for the three display modes. The CONFIGURATION 2 menuwill | \1ea SUREMENT MODE
dlow the user to peform a fidd cdibration, well view the cdibration | LUMINANCE UNITS
information, and adlow an authorized user to set the time, date, and || BARGRAPH MODE
calibration due date. WHITE REFERENCE

RECALL SETUP
STATUS

PHOSPHOR

RGB REFERENCE
DELTA REFERENCE
POWER SAVER: ON
NEXT SCREEN

EXIT
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Recall Stored Setup Parameters:

The RecALL seTUP dlowsthe user to configure the insrument using previously stored setup parameters.

When asgtup isrecdled it will set the:

Measurement mode
Luminance units

Bar graph measurement mode
White reference

Phosphor

Bar graph reference
Ddtareference

NOTE: If sdlecting a setup that utilizes a stored measurement, white reference, or phosphor for
caculation purposes that no longer exigts, the instrument will ignore the setup parameters and
default to the parameters of setup #1 (DEFAULT). In the event setup # 1 (DEFAULT) asO
requiresreference parametersthat no longer exist theinstrument will default to display mode of
xyY, D65 as the white reference, and SMPTE C as the phosphor.

View Current Setup Parameters:
The stAaTUs displays the current indrument setup parameters. The
display will vary depending on the current display mode.

1 In the CIE plot and numeric display mode status displays:

MEASUREMENT MODE

LUMINANCE UNITS

DELTA REFERENCE (in DxDy and Du'Dv' )
SETUP #.

POWER SAVER

2. Inthe rGB bar graph display mode status displays:.

MEASUREMENT MODE
LUMINANCE UNITS
RGB REFERENCE
PHOSPHOR

STATUS

MEASUREMENT MODE
CIE 1931 xy

LUMINANCE UNITS
Cd/nt

SETUP#1 DEFAULT
POWER SAVER OFF
EXIT
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MEASUREMENT MODE
RG/B
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cd/m2
RGB REFERENCE
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PHOS: #1 SMPTEC
WHITE REFERENCE
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POWER SAVER OFF
EXIT
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WHITE REFERENCE
SETUP #
POWER SAVER

The seTup #, whichislocated at the bottom of the screen, displays the name of the memory location of the
currently loaded setup. If any of the setup parameters previoudy set have been changed or erased, the

seTupP # will display mopIFIED.

Set Measurement Mode:
The MEASUREMENT MODE menu is used to sdect the desred
measurement mode. The available measurement modes are:

CIE 1931 xyY chrométicity coordinates

CIE 1976 u'v' Y uniform color space coordinates

CIE 1931 DxDyY, the ddta measurement is performed with
respect to either a stored measurement or a stored white
reference

MEASUREMENT MODE

CIE 1931 xy
CIE1976 UV’
CIE 1931 dxdy
CIE 1976 du'dv’
CIE 1931 XYZ
EXIT

CIE 1976 DuDv' Y, the delta measurement is performed with respect to either a stored

measurement or a stored white reference
CIE 1931 XY Z tri-dimulus vaues

NOTE: Idedly, the "Y" vdue in dl numeric display modes should be identicd. However, the
Mode SLS 9400FC handles (displays) the CIE 1931 XY Z modes"Y" vaue differently than
the"Y" vauesdisplayed inthe remaining display modes. Specificaly, the"Y" vauesdisplayed
in al modes other than the CIE 1931 XY Z mode are of the units fL, cd/n? , and NITSwhich
are based on aluminancecdibration. Inthe CIE 1931 XY Z mode, the™Y" vaue isbased on
an illuminance cdibration (units of lux). This deviation dlows UDT Ingruments to maintain
direct corrdation to the in-house calibration standards. In the event CIE 1931 XY Z vaues
based on luminance are desired, the user need only to mathematically compensate by scaing
the displayed XYZ vauesto the"Y" vaue of the remaining modes.

Luminance Units

The LUMINANCE UNITS menu is used to select the photometric units:

cd/n?
fL

LUMINANCE UNITS
cd/m2

fL

nt

EXIT
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Bar Graph Mode:
The BAR GRAPH MODE menu isused tosdect thenormdizer. RB/G,GB /

R, and RG/ B normalizing modes are only activewhen arGB REFERENCEIS | BAR GRAPH MODE

Set to aWHITE REFERENCE. RB/G
GB/R

, , RG/B
RGB bar grgph resolution can be set manualy or by the insrument | g~z NG AUTO

automatically. scALING togglesbetween AuTo andMAN. InauTo scding, | EXIT
the instrument will automaticaly change the digplayed bar graph resolution

to providethe optimum resol ution of the currently measured color imbaance. When theingrument isinthe
MAN scaing mode, the display will indicate manua zoom operation by displaying "MAN" between the bar
graph limits and the CONFIGURATION icon will changetothezooM CONFIGURATION icon. Theresolution
can be modified by pressng the up and down arrowswhilethezoom CONFIGURATION iconishighlighted.

Theactud numeric vdueof DR, DG, and DB are displayed independent of the selected resolution. The bar
graph resolution does not affect the data provided viathe RS-232 port.

The auTo RGB scaling is dways the default mode when the insirument is powered up.

White Reference:
The wWHITE REFERENCE menu is used to salect the desired white reference. Thisis necessary to perform
accurate RGB measurements.

Phosphor:
TheprPHOSPHOR menu isused to saect the current monitor phosphor. Thisisnecessary to perform accurate
RGB measurements.

RGB Reference:

The RGB REFERENCE menu is used to sdlect the reference RGB REFERENCE
type used to display the rRGB bar graphs. There are two types of references | MEASUREMENT
avalable; ether a previoudy stored measurement (stored in RGB mode) or a || WHITE REF
white reference. When sdecting a measurement as the reference, the bar | EXIT
graphswill be caculated as described previoudy for ddtar, G, ands. Usnga
white reference as the reference R, G, and B will be caculated using the selected normdizer previoudy
described.

Upon selection of MEASUREMENT the instrument will prompt for the sdlection of a previoudy store RGB
measurement. The instrument will then caculate and display ddtar, G, and B. In the bar graph display
mode, the rer: will indicate M# <name>, pHOs: will be blank and moDE: will indicate RGB/RGB. If an

Rev: E 3-15



UDT Instruments « 8581 Aero Drive « San Diego, CA 92123 Phone (858) 279-8035 Fax (858) 576-9286

Model SLS 9400FC Colorimeter

incorrectly stored measurement is selected, the instrument will ignore this selection, and display an error
message.

Upon sdlection of WHITE REFERENCE the instrument will use the same white reference chromaticity

coordinates to calculate reB vaues and displays them per the previoudy selected bar graph mode. Inthe
bar graph display mode, the moDE: will indicate the previoudy selected bar graph mode and therer: will
indicate W# <name>, and pHos: will indicate the phosphor sdlected in the CONFIGURATION menu.

Delta Reference:
The DELTA REFERENCE menu is used to select the reference type | pg 1A REFERENCE
chromaticy coordinates to be used to calculate the difference between a | MEASUREMENT
current reading and a stored reading. There are two types of references | WHITE REF

EXIT

available; either aprevioudy stored measurement (stored in NumM mode) or
a white reference.  Upon sdection of a reference, the chromaticity
coordinates will be retrieved and used to perform the DxDy or Du'Dv'
(based on MEASUREMENT MODE sdlection), and DE (cieLuv) cadculaions.

Power Saver:

POWER SAVER iS a toggle that turns the power saver oN or oFr. When the power saver is oN, the
ingrument will autometicdly turn orr gpproximatey 10 to 20 minutes after thelast key ispressed or sevid

port command is received.

Next Screen:

NEXT SCREEN brings the user to the second configuration menu labeled CONFIGURATION 2.
CONFIGURATION 2

: : : RECAL REF.

I nstrument Configuration (screen 2): EMULATION  OFF
CALIBRATION INFO

Recal Ref. SET DATE

RECAL REF. (recdlibratereference) isused whenthe SLS-9400FC displays | SET TIME

a different value than what is predicted from a “known” source. For | EXIT

example, aCRT manufacturer setsup amaster CRT towhat isbelieved by

the manufacturer to have x and y chrométicity vaues of .300 and .300, a RECAL REF.

luminance of 100 cd/n?, and a CCT of 15,000K. Since the manufacturer | SET x

wants adl other CRTs in the factory to match the master CRT, the SLS- | SETY

9400FC should display the above vaues when a new CRT matches the g}(

master CRT. To achieve this god, the manufacturer must perform afidd | coyvpuTE

cdibration (i.e. recalibrate the reference). EXIT

A field calibration is performed by following these steps ;gg%%
Y 1000
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1. From the main screen (which isthefirst screen seen when the SLS-9400FC is powered up), go to the
configuration menu. Thisis done by sdecting the icon at the far right.

2. The SLS-9400FC should now be displaying the first configuration screen where CONFIGURATION 1

is written across the top of the screen.

Select NEXT SCREEN. Thisoption is the next to last option.

4. The SLS-9400FC should now be displaying the second configuration screen where

CONFIGURATION 2 iswritten across the top of the screen.

Select RECAL REF.. Thisisthefirg option.

6. The SLS-9400FC should now be displaying the reference recalibration screen RECAL REF. IS
written across the top of the screen. From this screen, it is possible to recdibrate x, y, Y, and/or T.

7. Choosing onevariableat atime, select the variable tobe changed. When avariableis selected, acursor
will appear over thefirg digit of that variable near the bottom of the screen. Usetheleft and right arrow
keys to move the cursor, and use the up and down arrow keys to change the digits. PresstheENTER
key when finished editing avariadle.

8. When dl known vaues are entered, hold the SLS-9400FC head piece to the CRT and select
coMPUTE. The SLS-9400FC will display acalculation message. Keep the head piece againgt the CRT
until the S_S-9400FC is finished caculating. The CONFIGURATION 2 screen will then be displayed.

9. Findly, make sure that the emulation mode, which can be seen in the CONFIGURATION 2 menu, iISON.

10. exiT the CONFIGURATION 2 menu and begin taking measurements.

w

o

NOTES:
TheRECAL REF. screen hasakey debouncefeature. Once avariable hasbeen selected to edit, pressing
ENTER again will not alow the user to leave the editing mode until another key is pressed.
The values of the varidbles in the RECAL REF. screen do not get saved until compPUTE is selected.
Sometimes it is desirable to caculate some variables, but not others. For example, one may wish to
recdibrate only the x and y vaues but not the Y and T vaues. For variables that are not to be
recdibrated, set those values to O in the RECAL REF. menu.

Emulation mode
Emulation modeis set inthe “CONFIGURATION 2’ screen. The following best summarizesthis
feature:

When emulaion mode isoN, the fidd cdibration isin effect.

When emulaion mode is oFF, the SLS-9400FC uses factory set cdibration.
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Calibration Info:

CALIBRATION INFO

The CALIBRATION INFORMATION displaysthe: SERIAL NUMBER
8A029/ 8A029
SERIAL NUMBER (Handhel d/Head) REV '-EVE-
REV LEVEL CAL REPORT
90020
CAL REPORT LAST CALIBRATION
LAST CALIBRATION 04-16-1999
o CALIBRATION DUE
cdibratio 10-16.1999
EXIT

Time and date settings

The handheld portion of the SLS-9400FC contains a red time clock
(RTC) which is set at the factory. It is necessary to keep track of the | nTER PASSWORD
time and date so that the user can be reminded whenthe SLS-9400FC | OR PRESSENTER
is to be sent back to the factory for recdibration. The time and date || TOEXIT

setting features dlow an authorized user to:

=t thetimeinthe RTC
st thedateinthe RTC
st the cdlibration due date

These features are password protected and require written authorization from UDT Instruments before
these parameters may be changed inthefield. If either of these optionsis chosen, the user is presented with
amessage to enter the password. If an incorrect password is entered, program control is passed back to
the CONFIGURATION 2 menu.
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RS-232 Serial Communication Parameter sand Commands
I ntroduction
All ingtrument features are accessible through the RS-232 serid port (RS-232 enabled).

Upon entering a vaid command, the instrument will disable further serid port reception, perform the
command, and return the appropriate information. All commands sent from the computer, through the RS-
232 port, need to be upper case ASCII character stringsterminated by acarriagereturn (ASCII 13) and a
linefeed (ASCII 10); ie. R__. Asaminimum, the instrument will dways respond with five satus bytes
followed by a carriage return and linefeed. Depending on the command, the tatus information may be
prefixed by command response data.  After this command/response cycle has been completed, the
instrument will be availableto processanew command. Therefore the user should wait for the responseto
the previous command before sending a new command.

NOTE: To ensure proper operation, verify that theingtrument isin one of the measurement display
modes before issuing a RS-232 command.

The serid port commands and the keypad functions are interrelated. For example, if the instrument has
been placed in the HoLD mode viathe keypad and the serid port receives auniTs command (ie. U0_),
the instrument will change the luminance units to cd/n? and remain in the HoLD mode.

Connector Configuration

An 9 pin D- Subminiature connector isprovided for RS-232
serid communication. The pin configuration is

pinl not connected 3

pin2 transmit (out) ‘X X X |

p?nB receive (in) 00000
pin4  not connected

pin5 ground

pin6 vcc (do not use!)
pin7 ground

pin8 vcc aux. (do not use!)
pin9 not connected
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Communication Protocol

The serid port is a duplexed, asynchronous RS-232 port utilizing Tx and Rx only. To ensure proper
communication with the Modd SLS 9400FC viathe RS-232 serid port, the computer's communication
parameters must be configured to match the communication parameters of the Modd SLS 9400FC.

The default communication parameters are;

Baud Rate 9600
Parity None
DataBits 8
Stop Bits 1

Command Nomendature

# Storagelocation for retained setups, measurements, whitereferencesand phosphors. Legd
values range from 1 to 9 unless otherwise noted. An attempt to access a pecified
memory location which does not contain proper datawill result in an invalid command.

<name> Nameassgned totheretained soragelocation. The name must consist of at least onevdid
character and can not exceed eight. Thevalid charactersareA® Z,0® 9, space(~) ad
underscore ().

Commands

A summary of the RS-232 commands arein Appendix A.

Readings Averaged: ANX:

Setsthe number of A/D readingsto be averaged per channel to create a color measurement. The number
of averages are calculated as 2* where vaid vaues of x range from 0 to 4. On powerup, the number of
averagesisset to 1 (2°). Theinstrument accumulatesx number of readings before proceeding to the next
channd. After dl four channds have been measured, the instrument then cal cul ates the gppropriate color
coordinates. For vaues of x greater than one, the instrument's response times will increase from those

liged in Appendix A.

Returned vdue Status
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Bar Graph Mode: BMx:

Sdects the bar graph mode normdizer. This command will select the parameter to be used as the
normadizer only when RGB REFERENCE iS et to awHITE REFERENCE. Color balancein theres digdlay mode
is displayed relative to the sdlected normdizer. The x represents an integer vaue that corresponds to the
desred reference value. The available reference vaues are:

Green
Red 1
Blue

Returned vdue: Status
RGB Reference; White Reference: BRO:

Commandstheinstrument to use the same white reference selected for thercs caculation asthe bar graph
reference mode.

Returned vdlue: Status

RGB Reference; Measurement #: BR1,#

Selects a desired stored measurement to be used as the reference in the bar graph mode. If a vacant
measurement is selected the command will be ignored and return measurement vacant. If an incorrectly
stored measurement is selected, the instrument will ignore this sdlection and return an error.

Returned vdlue: Status

Display Disable DDx:

Disables the display and the keypad. The x represents an integer value that corresponds to the desired
mode of the display. The available modes are:

Display active 0
Display disabled 1

In the event the insrument is in the HoLD mode and the display is disabled, upon receipt of a DDO
command the display and keypad will become active, and the indrument's operationad mode will change
fromHoLD to norma measurement mode.
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Returned value: Status
Display Mode: DMx:

Changesthe display mode between numeric display mode and bar gragph mode. Thex representsan integer
value that corresponds to the desired display mode. The available disolay modes are:

Numeric
Bar 1

The CIE plot mode can not be selected via RS-232.

Returned value: Status

Delta Reference: DRy, #

Sdlects the desired memory location, of either a stored measurement or white reference to be used asthe
reference in the delta mode (DxDy, Du'Dv'). They represents an integer vaue that corresponds to the

desired reference type. The available reference types are:

Measurement 0
White reference 1

Returned value Status
Query Stored Setup #: E?#:
Instructs the Model SLS 9400FC to send the information stored in setup #.

Returned vadue:
The information will be returned in the following fixed format:

Name XOOOKKX,

Chroma mode X, 0: xy, 1. uv', 22 DxDy, 3. DUDVv, 4: XYZ
Luminance units X, 0:cdm2, L fL, 2 nt

Display mode X, 0: numeric, 1: bar

rgb mode X, 0: rb/g, 1: gbir, 2: rglb

RGB reference type X, W: white reference, M: measurement
RGB Reference # XX,
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White reference # XX,
Phosphor # XX,
Ddtareference X, W: white reference, M: measurement
Ddtareference # XX
Space X
Satus XXX
CRLE XX
Erase Stored Setup #:
ECH#:

Instructs the Model SLS 9400FC to erase the information stored in setup #. Setup memory location 1
and the currently used setup can not be erased, and an attempt to do so will result in an invaid
command.

Return vdue: Status

Save Current I nstrument Setup: ESH,<name>:

Instructs the Model SLS 9400FC to save the current instrument parameters in the specified setup
memory location # as <name> .

The name of memory location 1 can not be changed from its preprogrammed value (DEFAULT). If a
setup is saved to setup memory location #1, anameis still required but will beignored.  The previoudy
stored setup parameters will be overwritten with new vaues.

Return vdue: Status

I mplement Stored Setup #: El#

Instructs the Model SLS 9400FC to implement the Stored setup parameters in the specified setup
memory location #.

Returned vdue Status

Query Stored Measurement #: F2#:
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Instructs the Modd SLS 9400FC to send the information stored in measurement #.

Returned vaue:

The information will be returned in the following fixed format:

Name
Chromamode
Luminance units
Display mode

rgb mode

rgb reference type
rgb Reference #
White reference #
Phosphor #
Ddtareference X,
Ddtareference #
M easurement

XOOKKXX,
X, 0: xy, 1. uv', 2. DxDy, 3. DUDV', 4: XYZ
X, O cdm2, 1. fL, 2 nt

X, 0: numeric, 1: bar

X, 0: rb/g, 1: gbir, 2: rglb

X, W: white reference, M: measurement

XX,

XX,

XX

W: white reference, M: measurement
XX
(see tables below)

Space
Status

CRLE

X
XXXXX

XX

The measurement vaues returned will depend on the chromaticity mode and the display mode of the
instrument when the measurement was stored.

Reading format for chroma modes 0 thru 3 in the numeric display & CIE plot mode:

Reading 1 Reading 2 Reading 3 Reading 4 Reading 5
Format XOOKXX, XOOKXKX, XOOKX, XOOKX, XXX
Mode xy X y Y T DE
Mode u'v' u V' Y T DE
Mode DxDy Dx Dy Y T DE
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Mode Du'Dv' Du' Dv' Y T DE
Reading format for chroma mode 4 in the numeric display mode:
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5
Format XXXXX, XXX, XXX, XXXX, XXX
Mode XYZ X Y z -- T
Reading format for bar graph display mode:
Reading 1 Reading 2 Reading 3 Reading 4 --
Format XXXXXX, XOOKXXX, XOOKXXX, XXX --
Bar Mode R G B Y --
Erase Stored Measurement #: FC#:

Instructs the Model SLS 9400FC to erase the information stored in messurement #. A measurement can
not be erased if it is currently used as elther a RGB REFERENCE Or a DELTA REFERENCE. |If an attempt is
made to erase a currently used measurement an invaid command will result.

Returnvdue Status

Save Current Measurement: FSH,<name>:

Instructs the Model SLS 9400FC to save the current chromaticity coordinates in a specified
measurement memory location # as <name>.

Return vdue: Status

Start Measurements. G:
Deactivates HoLD mode and starts taking measurements.
Return vdue: Status

Halt Measurements H:
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Halts the measurement mode.

Return vdue Status

Rev: E



UDT Instruments « 8581 Aero Drive « San Diego, CA 92123 Phone (858) 279-8035 Fax (858) 576-9286

Model S.S9400FC Colorimeter

Keypad Disable/Enable KX:

Disables/Enablesthe instrument keypad. When disabled theiconswill not be displayed on the screen and
al the keys on the keypad will be inactive except the PwRr switch.

Keypad active 0
Keypadlockedout 1

Returnvaue: Status

When the digplay is disabled, this command will aways return an invalid command status.
Backlight: Lx:

Controls the backlight.

On 1
Off

Returnvdue Status
Chromaticity Mode: Mx:

Setsthe chrométicity modewhiletheinstrument isin the numeric display mode. Thex representsan integer
vaue that corresponds to the desired mode. The available display modes are:
XY, Y, T& DE
u,v,Y, T&DE
Dx, Dy, Y, T & DE
Du,Dv,Y, T & DE
XY, Z,--&T

A W N O

Return vdue Saus
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Query Stored Phosphor #: N?#.y:

Instructsthe Modd SLS 9400FC to send theinformation stored in phosphor #, inxy (y=0) oru'v' (y = 1)
chromaticity coordinates. The information will be returned in the following format:

Return vdue

The information will be returned in the following fixed format:

Name XXX,
XU reD O0.XXXX,
YN' Rep 0XXXX,
XU GrREEN 020X,
YN' GrReen OXXXX,
X/ gLUE 0XXXX,
YN BLUE OXXXX
Space X
Status XXX
CRLE XX

Erase Stored Phosphor #: NCH#:

Instructs the Model SLS 9400FC to erase the information stored in phosphor #. Phosphor memory
locations 1,2 and the currently used phosphor can not be erased, and an attempt to do so will resultinan
invaid command.

Return vdue: Status

I mplement Stored Phosphor #: NI#:

Instructs the Model SLS 9400FC to retrieve the phosphor chromaticity coordinates specified in memory
location # for usein caculating RGB values.
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Returned vlue: Status
Download Phosphor: ND#,y,D:

Sends to the SLS 9400FC al the necessary parameters to describe a phosphor and store them in the
gpecified memory location #. Where # represents the memory location 3to 9, and y determines how the
chromaticity coordinates are interpreted by the ingrument, either xy (y = 0) or u'v' (y =1). Thedata (D)
needs to be in the following format:

Name <name>,
x/u' RED O0.XXXX,
yN' RED OXXXX,
X/U' Green 000X,
YIV' Green 050,
X/U' BLUE 000X,
YIV' BLUE O.XXXX

Valid xy coordinates range from 0.0048 to 0.8338 (u'v'": 0.0159 to 0.6233).

NOTE: The user must use extreme caution when downloading chromaticity coordinates manualy.
Although the instrument performs alimits check on the entered data, it is possible to enter
coordinates that satisfy the limits but provide coordinates outsde the define color space
when transformed between color spaces. See the Save White Reference note (page 3-
10).

Return vdue: Status

Turn Instrument Off: O:

Turnsthe Modd SLS 9400FC off.

Return vaue: None

Power Saver: Px:

Enables/Disables the power saver mode.
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On 1
Off

Return vdue Status

Query Instrument Info & Calibration I nfo: Q:

Queriestheingrument for itsmodel number, Handheld serid number, head serial number, softwarerevison,

and cdibration information.

Return vdue:
Instrument model 9400FC,
Handheld SN XXXXX,
Head SN XXXXX,
Rev leve XX,
Ca Report XXXXX,
Lagt cdibration (mm-dd-yy) XK= XK= XXXX,
Cdibration due XK= XX XHXXX
Space X
Status XHXXXX
CRLE XX
Request Readings: R:

Instructs the Modd SLS 9400FC to send measurement data. The format of the data will depend on the

chromaticity mode and the display mode.

Return vadue:
Reeding format for chroma modes O thru 3 in the numeric display & CIE plot mode:
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5
Format XOOKXX, XOOKXKX, XOOKX, XOOKX, XXX
Mode xy X y Y T DE
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Mode u'v' u V' Y T DE
Mode DxDy Dx Dy Y T DE
Mode Du'Dv' Du' Dv' Y T DE
Reading format for chroma mode 4 in the numeric display mode:
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5
Format XXXXXX, XOOXXX, XXXXXX, XXX, XXX
Mode XY Z X Y Z -- T
Reading format for bar graph display mode:
R1 R2 R3 R4 R5 R6 R7
Format XXXXX, XXX, XOXXXX, XXX, XXX, XXX, XXX
Bar Mode R G B Y %R %G %B
followed by;
Space X
Satus XXX
CRLE XX

If the instrument isin the overrange or underrange condition only the status is returned.

Continuous REQUEST READING execution may not alow the display to update.

Request I nstrument Status:

Instructs the Modd SL S 9400FC to send the status.

Return vdue Status

Set Luminance Units

S

Ux:
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Setstheluminance units of measurement. The X representsan integer va ue that correspondsto the desired
luminance units

cd/n?
fL 1
nt

Return vdue: Status
Query Stored White Reference #: W?2Hy:

Instructsthe Model SLS 9400FC to send theinformation stored in whitereference#, either inxy (y = 0) or
u'v' (y =1) chromaticity coordinates. The information will be returned in the following formet:

Return vdue
Name XOOOOXXX,
x/J' 0XxxX,
y' OXXXX
Space X
Satus XOOXX
CRLE XX
Erase Stored White Reference #: WCH:

Instructs the Modd SLS 9400FC to erase the information stored in white reference #. White reference
memory locations 1, 2 and 3, and the currently used white reference can not be erased. An attempt to do
0 will result in an invaid command.

Returnvdue Status

I mplement Stored White Reference #: WI#

Ingtructs the Model SLS 9400FC to retrieve the white reference chromaticity coordinates specified in
memory location # for usein calculating rRGB values.

Return vdue Status
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Download White Reference: WD#,y,D:

Sendsto the SL S 9400FC dl the necessary parametersto describe awhite reference and storetheminthe
specified memory location #. Where # represents the memory location 4 to 9, and y determines how the
chromaticity coordinates are interpreted by the instrument, either xy (y =0) or u'v' (y =1). Thedata(D)
needs to be in the following format:

Name XOOOKXX,
x/J' 0.X¢xX,
y' O0.XXXX

Vdid xy coordinates range from 0.0048 to 0.8338 (u'v': 0.0159 to 0.6233).

NOTE: The user must use extreme caution when downloading chromaticity coordinates manualy.
Although the instrument performs alimits check on the entered data, it is possible to enter
coordinates that satisfy the limits but provide coordinates outside the define color space
when transformed between color spaces. See the Save White Reference note (page 3-
10).

Return vdue: Status

Save Current Measurement as a White Reference: WSH#,<name>:

Instructs the Modd SLS 9400FC to save the current measurement as a white reference in memory
location # as <name>. Where # ranges from 4 to 9.

Return vdue Saus
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Status Bytes

4D _zZz<zZ0W DZ_F®
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om->»
—

Status consst of five bytes, a carriage return (ASCII 13) and linefeed (ASCII 10).
NOTE: Status bytes may contain the null character (ASCII 0).
Overall Error:

Overdl eror indicator. Thisstatuswill bealwhen any of theinvadid gatusindicatorsaretrue or the unitis
in the overrange or underrange condition.

Cal Expired:
This gtatus (1) indicates that the instrument is out of cdibration.
I nvalid Command:

This gatus (1) indicates that the Modd SLS 9400FC received an invdid command. Typicd invaid
commands consst of an improper format, excluded __ or acommand that is not recognized.

Backlight:
This tatus indicates whether the backlight isonN (1) or ofr (0).
Overrange:

Thisstatus (1) indicatesthat the Modd SLS9400FC isin the overrange condition. Anoverrange condition
indicates excessve sgnd.

TheModd SL.S9400FC will automatically attempt to correct the overrange condition. Thetime necessary
to correct the overrange condition will depend on the signd level. Once the overrange condition is
corrected, the next status sent will indicate that the instrument is no longer in the overrange condition.

Whenthe Modd SLS 9400FC isin the overrange condition and areading is requested, the instrument will
only transmit the status.
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Underrange:

This gtatus (1) indicates that the Modd SLS 9400FC is in the underranged condition. An underrange
conditionindicatesthat thereisnot enough signd to perform an accurate measurement. Thetime necessary
to correct the underrange condition will depend on the sgnd level. Once the underrange condition is
corrected, the next status sent will indicate that the instrument is no longer in the underrange condition.

WhentheModd SLS 9400FC isin the underrange condition and areading isrequested, the instrument will
only tranamit the Satus.

Power Saver:
This status indicates whether the power saver ison (1) or orr (0) .
Bar Graph Mode:

This status indicates which parameter is being used as the normdizer in the bar grgph mode. The vdid
normdizer vaues are:

Green

Red 1
Blue

RGB / RGB 3

Reference Option:

This status indicates whether a stored measurement (0) or a stored white reference (1) isbeing used as a
reference reading in the bar graph mode or the DxDy (Du'Dv') modes.

Reference Reading:

This status indicates which memory location is being used as a reference value based on the Reference
Option.

Display Disable

This tatus indicates whether the display and keypad are enabled (0) or disabled (1).
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Hold:
This status (1) indicates that the Model SLS 9400FC isin the HoLD mode.
If areading is requested while the Modd SLS 9400FC isin the HoL b mode the previous reading will be

sent and this reading will continue to be sent upon request until the unit is returned to the measurement
mode.
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Display Mode:

This status indicates the display mode.
Numeric 0

Bar 1
Keypad L ockout:
This satus indicates the status of the keypad.

Keypad active 0
Keypadlockedout 1

Chroma Mode:

This status indicates the numeric display mode.

xX,y,Y, T & DE 0
u,Vv,Y, T&DE 1

Dx, Dy, Y, T & DE 2
Du,Dv,Y, T& DE 3

XY, Z,Y&T 4

Luminance Units
This satus indicates the luminance units used.

cd/n? 0
fL 1
nt

Handheld Not Calibrated:

This status (1) indicates that the indicator unit is not cdibrated. This flag is used for UDT Instruments
cdibration purposes. If a any timethisstatusisal (TRUE) contact UDT Instruments for assstance.
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Head not Calibrated:

This gtatus (1) indicates that the detector head is not calibrated. This flag is used for UDT Instruments
cdibration purposes. If a any timethisstatusisal (TRUE) contact UDT Instruments for assstance.

Phosphor Vacant:
This satus (1) indicates that the phosphor memory location, selected using the N? or the NI commands,
does not contain any information.

White Reference Vacant:

Thisgtatus (1) indicatesthat the whitereference memory location, selected using theW?, W1, DRor theBR
commands, does not contain any information.

Measurement Vacant:

This gatus (1) indicates that the measurement memory location, sdlected usng the F?, DR or the BR
commands, does not contain any information.

Setup Vacant:

This gtatus (1) indicates that the setup memory location, selected using the E? or the EI commands, does
not contain any information.

White Reference #:

This gatus indicates which white reference memory location isbeing used in the calculation of RGB vaues.
Phosphor #:

This status indicates which phosphor memory location is being used in the calculation of rRGB values.

Appendix B contains severd "C" functions and severa sample status responsesillusirate communications
with the Mode SLS 9400FC and determine the current instrument status.
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Maintenance

This ingtrument has no user servicegble parts. If the unit isin need of repair, follow the indructions in the
Product Warranty and Return Procedures which can be found in Appendix D.

To clean theinstrument use asoft damp cloth. Do not use dcohol, acetone or any other chemica solvents.

Specid care must be taken when cleaning the display window. Failureto do so may damagethe anti-glare
codting.
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Model SLS 9400FC Control Codes

Command’ Description # Bytes Ret
ANX A/D readingsto be averaged per channel (2) 7
BMx Bar graph mode (0/G, 1/R, 2/B) 7
BRO Uses the sel ected white reference to perform rRGs calculations 7
BR1# Uses a stored measurement as areference in the RGB mode,

#[1 - 9] represents memory location ) 7
DDx Display Disable (0 off, 1 on) 7
DMx Display Mode (0 numeric, 1 bar) 7
DRy # DeltaMode referencereading (y [0 - 1] represents either a stored reading

or whiteref, #[1 - 9] represents memory location) 7
E?# Requests stored setup # [1 -9 40
EC# Clears stored setup #[2-9]” 7
ES#<name> Save current setup #[1 - 9] using <name> (on # = 1, <name> isignored) 7
El# Implement stored setup #[1 - 9] 7
F2# Requests stored measurement # [1 - 9] 72
FC# Clears stored measurement #[1 - 9] 7
FS#,<name> Save current measurement to memory #[1 - 9] using <name> 7
G Start measurement mode 7
H Halt measurement mode 7
Kx Keypad lockout (O active, 1 inactive) 7
Lx Backlight (0 off, 1 on) 7
Mx Chromamode (Oxy, 1 u'v', 2 DxDy, 3Du'Dv', 4 XY 2) 7
N?#,y Requests stored phosphor #[1 - 9] (y represents mode (0: xy 1: u'v')) 53
NC# Clears stored phosphor memory location #[3 - 9] 7
NI# Implement stored phosphor #[1 - 9] 7
ND#y,D Download phosphor data and store in mem#[3-9],

(y represents mode (0: xy / 1: u'v'), D representsthe data ) 7
o Turnsthe Model SL S 9400FC off. 0
Px Power saver (auto shut down) (0 off, 1 on) 7
Q Query instrument 55
R Send current reading (numeric / RGB) 39/ 46
S Send status 7
Ux Set photometric units (0 cd/m2, 1 fL, 2 nt) 7
W24y Requests stored white reference #[1 - 9] (y represents mode (0: xy/1: u'v')) 30
WCH# Clears stored white reference memory location # [4 - 9] 7
WIi# Implement stored white reference#[1 - 9] 7
WD#,y,D Download white reference data and storein mem #[4 - 9]

*%*

*%*

(y represents mode (0: xy / 1: u'v'), D representsthe data )
WSH,<name> Save current reading as awhite ref to memory #[4 - 9] using <name>

N~

All commands must befollowed by a__.
Can not clear currently used setup memory location.
* See command description for data format.
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Modd SLS 9400FC Execution Times (ms)

Command Description Disp On Digp Off
ANX A/D readings to be averaged per channel 175 175
BMx Bar graph mode 650 60
BRO Change white reference used to perform rRGB calculations 230 165
BR1# Use astore measurement as areference in the RGs mode 230 165
DDx Display Disable 320 180
DMO Display Mode 430 75
DM1 Display Mode 610 210
DRy # Delta Mode reference reading 270 155
E?# Request stored setup 260 80
EC# Clear stored setup 390 330
ES#,<name> Save current setup 770 605
El# Implement stored setup 265 155
F2# Request stored measurement 280 135
FC# Clear stored measurement 450 100
FS#,<name> Save current measurement 2180 2180
G Start measurement mode 300 55
H Halt measurement mode 180 110
KO Keypad lockout (off) 440
K1 Keypad lockout (on) 200
Lx Backlight 150 55
Mx Chroma mode 270 175
N?#y Request stored phosphor 285 275
NCH# Clear stored phosphor memory location 425 275
NI# Implement stored phosphor 247 165
ND#y,D Download phosphor data 1160 1160
Px Power saver 175 175
Q Query instrument 300 115
R Send current reading (Numeric) 329 34
R Send current reading (RGB) 329 282
S Send status 180 100
Ux Set photometric units (Numeric) 250 180
W72ty Request stored white reference 275 115
WCH# Clear stored white reference memory 385 360
WIi# Implement stored white reference 230 165
WD#y,D Download white reference data 680 580
WSH#,<name> Save current reading as awhite ref 935 935

NOTE: Thetimeslisted are average values. Actual execution isdependent on program flow and interrupt

latency. Thistable was created while the number of averages was set to one.
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char crlf[3]; [* carriage return / linefeed termination characters */
int fileld; [* openfileid */

/* Thisfunction will set the Model SLS 9400FC to numeric display mode, xyY measurement mode and perform a */
/* measurement. The measurement will be parsed and stored in a structure named DATA. */

void main(void){

char wrtBuf[6]; [* gtring to store SLS 9400FC command */
char rdBuf[80]; [* string to store returned value from COM port */
int cnt; * loop counter */
struct { [* defining data structure */

double x; [* chromaticity coordinate x value */

doubley; [* chromaticity coordinatey value */

doubleY; * luminance value */

intT; [* correlated color temperature value */

double Delta_E; /* DE (CIELUV) value */
}data; [* structure name */
crlf[0] = 13; * decimal value of the carriage return character */
cflf[1] = 10; * decimal value of the linefeed character */
fileld = fopen("COM1", "r+"); [* open COM1 in read/write mode and return fileid */
sprintf(wrtBuf, "DM0%s", crlf); [* set instrument to numeric mode */
fputs(wrtBuf, fileld); [* write data string to open file */
for(cnt = O; cnt < 10000; cnt++); [* delay to perform operations and send data*/
numberRd = rdData(rdBuf); I* read status */
if(numberRd == 7) * check to make surethat 7 status bytes were received */

detStatus(rdBuf, numberRd, statusBytes); [* determine status */
else [* incorrect number of bytes were received display error message to the standard output */

printf "Display Numeric Mode: Expected 7 bytes, received %i bytes', numberRd);

sprintf(wrtBuf, "M0%s", crlf); [* set instrument to xyY measurement mode */
fputs(wrtBuf, fileld); [* write data string to open file */
for(cnt = O; cnt < 5000; cnt++); [* delay to perform operations and send data*/
numberRd = rdData(rdBuf); [* read status */
if(numberRd == 7) * check to make surethat 7 status bytes were received */

detStatus(rdBuf, numberRd, statusBytes); [* determine status */
else [* incorrect number of bytes were received display error message to the standard output */

printf "xyY Measurement Mode: Expected 7 bytes, received %i bytes', numberRd);

sprintf(wrtBuf, "R%s", crlf); [* create read string */
fputs(wrtBuf, fileld); [* write data string to open file */
numberRd = rdData(rdBuf); /* read data and status */
if(numberRd >=7) [* determine that at least 7 bytes were received */
{

detStatus(rdBuf, numberRd, statusBytes); [* determine status */
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if(numberRd == 49) [* if 49 bytes were received then a valid reading was received */
sscanf(rdBuf, "%f%f%f%i%f", & datax, &datay, &data.Y, &data. T,& data.Delta_E); [* parse measured values */
}
else [* incorrect number of bytes were received display error message to the standard output */
printf("Reading: Expected 49 bytes, received %i bytes', numberRd);
fclose (fileld); * close open file*/
}
/* This function reads data from the COM port until carriage return / linefeed termination charactersare detected. */
/* Once the termination characters are detected, the character array containing either the status or the valid data will */
/* be returned allong with the number of bytes read. */
int rdData(char string[80])
{
int rdBuf; [* character read from com port */
int numberRd; /* total number of bytes read from com port */
int number; /* number of bytes read from com port */
numberRd = 0; [* set total bytes read from COM port */
number = 1; /* set current bytes read from COM port */
while(number > 0) * read COM port until a crlf is encountered or O bytes are received*/
{
rdBuf = fgetc(fileld); * read byte from open file*/
if(rdBuf ==crlf[1]) [* determineif byte received was the linefeed character */
if (string[numberRd - 1] == crlf[0Q]) I* determine if the previous byte was the carriage return character */
number = 0; * if carriage return and linefeed were receive exit loop */
string[numberRd] = rdBuf; [* put character read in character array */
numberRd++; /* increment number of bytes read from com port */
}
return(numberRd); [* return the number of bytes read from com port */
}
/* This function will determine the instrument status */

void detStatus(char buf[80], int numberRd,int statusBytes[23])

{
[* int statusBytes[23];  status byte response */
[* [O] overal error (Onoerror / 1 error) */
/* [1] out of calibration (Oincdibration/ 1 out of calibration) */
* [2] invalid command (Ovaid/ 1invalid) */
* [3] backlight (0 off /1 0on) */
* [4] overrange (O normal / 1 overrange) */
[* [5] underrange (O normal / 1 underrange) */
[* [6] power saver (O off / 1 on) */
.o
.o
.o
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int statlByte;
int stat2Byte;
int stat3Byte;
int stat4Byte;
int stat5Byte;

stat1Byte = buf[humberRd - 7];
if(stat1Byte < 0)
stat1Byte += 0x0100;

if (stat1Byte & 0x80)
statusBytes[0] = 1;
else
statusBytes[0] = 0;
if(stat1Byte & 0x40)
statusBytes[1] = 1;
else
statusBytes[1] = 0;

if(stat1Byte & 0x20)
statusBytes[2] = 1;
else
statusBytes[2] = 0;

if(stat1Byte & 0x10)
statusBytes[3] = 1;
else
statusBytes[3] = 0;

if (stat1Byte & 0x08)
statusBytes[4] = 1;
else
statusBytes[4] = 0;

if(stat1Byte & 0x04)
statusBytes[5] = 1;
else
statusBytes[5] = 0;

if(stat1Byte & 0x02)
statusBytes[6] = 1;
else
statusBytes[6] = 0;

[* moving status byte from achar array to an integer. If the status byte */
[* is> 128 then the result will be negative add a fixed value to make the*/
[* status byte possitive */

[* check status byte 1 bit 8 to determine if an error occured*/

[* check status byte 1 bit 7 to determine if instrument is out of calibration®*/

[* check status byte 1 bit 6 to determine if an invalid command was sent */

I* check status byte 1 bit 5 to determine if the backlight is on*/

[* check status byte 1 bit 4 to determine if an overrange condition occured*/

/* check status byte 1 bit 3 to determine if an underrange condition occured*/

[* check status byte 0 bit 2 to determine if the power saver featureison */

/* repeat the above for the remaining status bytes */
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Status 0011004011 b2 78 2a 40 46 523331 c042
Error No Yes No
Cal expired No No Yes
Invalid command No Yes No
Backlight Off On On
Overrange No No No
Underrange No No No
Power saver Off On On
Bar graph mode RB/G RG/B GB/R
Reference option Stored White Ref Stored White Ref Stored Measurement
Reference reading 1 9 3
Display mode Numeric Numeric Numeric
Keypad lockout Off On On
Chroma mode Xy Du'Dv' XYZ
Luminance units cd/m? nt fL
Display Disable Off Off On
Hold Off On On
Handheld not calibrated No No No
Head not calibrated No No No
Phosphor vacant No No No
White ref vacant No No No
Measurement vacant No No No
Setup vacant No No No
White reference 1 4 4
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Phosphor 1

Appendix C

Product Specifications
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Display 128x128 Liquid Crystd Graphics
Displayed Precison (x, y, U, V') 3 Digits

Display Modes (Numeric & CIE plot) CIE 1931x,y,Y, T, DE
CIE1931Dx, Dy, Y, T, DE
CIE1976 U, V', Y, T,DE
CIE 1976 Du', Dv', T, DE
CIE1931 X, Y, Z, T (numeric only)

Display Modes (Anaog) Bar graph with respect to R, G, B or a stored
meesurement
Luminance Units cd/n?, f L, nt
Rangex,y (U', V') 0.0048 to 0.8338 ( 0.0159 to 0.6233)
Range Y 0.2 to 1,500 cd/m?
Range CCT 2,500 10 16,667 °K
Accuracy D65 Full Range
X, y,u, Vv +0.002 +0.002
Luminance <20% #1digit <2.0% + 1 digit
RGB Bars <1.0% <1.0%
CCT + 50K +3.0%
Repestability D65 Full Range
X, y,u, Vv +0.001 +0.001
Luminance +0.3% 1 digit +0.3% 1 digit
RGB Bars <1.0% <1.0%
Sensor Configuration 4 Detectors Matched to CIE 1931 Color Functions.
Typicd f;":
X =3.63
Y =199
Z=342
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Sensng Area 38mm (15"
Working Distance In Contact with CRT
Update Rates
Screen: > 3 Times/Second
RS-232 (Display Enabled): > 3 Times/Second
RS-232 (Display Disabled): > 3 Times/Second
Communication Rate 9600 Baud
Memory Locetions
Setup 10
Messurement 10
White Reference 10 (preprogrammed with D65, 3200 K, 9300 K)
Phosphor 10 (preprogrammed with sMPTE € and EBU)

Measurement, white reference, and phosphor coordinate entry can bein either xy, u'v' vianumeric entry,
direct measurement, or RS-323 communication port.

Power Source (DC) Rechargeable Integra Battery Pack
Recharge Time <4 Hours
Battery Life
Backlight Off 14 Hours
Backlight On 7 Hours
Power Source (AC) Universa input Desktop Power Supply
TUV, CSA, UL Approved
Sensor Assembly
Diameter of active area 38 mm (1.50")
Diameter of suction area 78 mm (3.05")
Length 144 mm (5.67")
Weight 2909 (0.641b.)
Cablelength 1 m(394")
Display Unit
Heaght 130 mm (5.10")
Width 100 mm (3.90")
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Length
Weight
Power Supply
Height
Width
Length
Weight
Cable length

Case
Height
Width
Length
Weight

Test Conditions:

Full Range:

280 mm (11.0")
762 g (1.68 Ib)

41 mm (1.63")
75 mm (2.93")
148 mm (5.81")
417 g (0.921b)
1.5m (59.0")

190.5 mm (7.50")
508.0 mm (20.0")
431.8 mm (17.0")
50kg (11.11b.)

[lluminate D65: Measurements taken with standard monitor adjusted to 6500 K
and luminance vaues of 10 cd/n? (3f L) in thetemperaturerange of 15° C to 30°
C (59° Fto 86° F).

Measurementsreferenced to alaboratory standard traceableto both PTB & NIST
over thefull color gamut of atypicad CRT.
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Product Warranty

Warranty Provisons

UDT Instruments warrants the items delivered
hereunder to be free from defects in materia and
workmanship, and to conform to current UDT
Instruments specifications at the time of sdle. Purchaser
shall have aperiod of one year from date of acceptance
of the items to return deficient items to UDT
Instruments for correction. Materia will be considered
accepted 30 days after receipt by purchaser unlessUDT
Instrumentsis notified of acceptance earlier.

UDT Instruments agreesto repair or replace at the place
of manufacture, without charge, al items returned,
transportation prepaid, for inspection at the UDT
Instruments factory within the warranty period,
provided: (1) such inspection discloses to the
satisfaction of UDT Instrumentsthat the defectsare as
above specified; and, (2) the material has not been
subjected to misuse, improper maintenance, negligence
or accident, damaged by excessive radiation, voltage,
current or otherwise damaged by misuse.

The item returned shall only be accepted when
accompanied by a written statement setting forth the
nature and suspected cause of the alleged deficiencies.

Thiswarranty isexpressly inlieu of al other warranties,
express, implied or statutory, and al other obligations or
liabilities on the part of UDT Instruments. In no event
shall UDT Instruments beliable for claims, demands or
damages of any nature, however denominated, except
that UDT Instruments liability shall be to repair
defective items at its factory or supply replacement
partsin accordance with the terms of thiswarranty.

When equipment is shipped FOB UDT Instruments's
factory, and when said equipment fails to perform
according to specifications upon receipt, a claimshould
be made immediately against the shipping agency.

Shipment and Payment

UDT Instruments payment terms are Net 30 days.
Shipment will be FOB

UDT Instruments
8581 Aero Drive

San Diego, CA 92123
Phone (858) 279-8035
Fax (858) 576-9286

Warranty Return Procedure

NOTE: If thisdevice haswarranty and calibration seals,
all warrantiesand calibrationsarevoid if these sealsare
broken.

1. Please review terms of purchase and date of
shipment to determine if product is warranted and
whether or not it iswithin warranty period. Adjustment
cannot be made for product out of warranty.

2. If product is subject to warranty, prior to return of
product, telephone, write or FAX UDT Instruments at
the above address.

Product malfunctions should be reported to the sales
department at the earliest possible time, since there are
many occasions when technical assistance may obviate
the need for returning products or can prevent product
damage. Upon verification that warranty service is
required, the sales department will issue a Return
MateriaAuttorization Number (RMA number). The
RMA number must appear on the outside of the
shipping container for proper receipt.

8—1t7s necessary in al instances that the "Return

Report"fomrbecompleted. Please photocopy and fill
out the Return Report located in your manual.

4. Repack the product carefully in the same manner it
was originally packaged, preferably using the original
shipping cartormand packaging material. Pack the
compl etedReturmReport with the product making sure
that the RMA number isclearly visibleorrthe outside of
the container. Ship the product prepaid to UDT
Instruments.

5. UDT Instruments will advise your company of its
findings as to warranty consideration at the earliest
possibletime.
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Return Report

Include a copy of thisform when returning an instrument for service or repair.

Company Name: RMA #:
Users Name:

Address:

City: Zip:
Phone: Fax #:

I nstrument I nformation:

Model #: SIN:

Detector |nformation:

Model #: SIN:
Problem Description:

Describe the problem, include the instrument setup (Detailed in formation will help speed the repair process):

How many hours did the instrument operate before the problem was noticed?

Other comments:
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I ndex
DE, 31, 32 RGB bar graph, 3-3, 3-6
backlight, 4-8 download phosphor, 4-10
bar graph normalizer, 4-3 download white reference, 4-13
batteries, 2-1 emulation mode, 3-18
charging, 2-1 erase stored measurement, 3-8, 4-7
lifetime, 2-1 erase stored phosphor, 3-12, 4-9
reduced charge capacity, 2-2 erase stored setup, 3-7, 45
calibration, 1-3 erase stored whitereference, 3-10, 4-13
information, 2-1, 3-13, 3-19, 4-11 features, 1-3
reminder, 1-3 field calibration,  3-17
calibration reminder, 1-3 general information, 1-1
caution, 1-4 calibration, 1-3
electrostatically sensitive device, 1-4 caution, 1-4
probe damage, 2-3 electrostatically sensitive device, 1-4
check out procedure, 2-2 features, 1-3
CIE 1931 DxDyY, 31, 32 input voltage, 2-2
CIE1931 xyY, 31, 32 introduction, 1-1
CIE1931XYZ, 31 low [uminance measurements, 2-2
CIE1976 DUDVY, 31, 32 go
CIE1976 UVY, 31, 32 see - start measurements, 4-7
CIE plot display mode, 3-2 halt, 3-5, 4-7
calculations, 3-2 icons, 3-5
CIE 1931 DxDyY, 3-2 configuration, 3-6
CIE1931 xyY, 32 display mode, 3-6
CIE1976 DUDv'Y, 3-2 H, 35
CIE1976 uVvY, 3-2 save, 3-6
color reference, 3-2 stop, 3-5
reference, 3-2 view, 3-6
resolution levels, 3-2 zoom - configuration, 3-2, 3-6
RS-232, 33 implement stored phosphor, 4-9
CIELUV, 31, 32 implement stored setup, 4-5
color error, 3-1 implement stored white reference, 4-13
command execution times, A-2 inspection, 2-1
command quick reference, A-1 instrument identification, 2-1
configuration, 3-6 model number, 2-1
bar graph display mode, 3-3 serial number, 2-1
CIE plot display mode, 3-2 instrument operation, 3-5
instrument configuration, 3-13 CIE plot display mode, 3-2
numeric display mode, 3-1 icons, 3-5
screens, 3-13 keypad, 3-5
correlated color temperature (CCT), 3-1, 3-2 menus, 3-5
date settings, 3-19 numeric display mode, 3-1
deltareference, 3-1, 3-2, 3-16, 44 RGB bar graph mode, 3-3
display disable, 4-3 introduction, 1-1
display mode, 3-1, 3-6, 44 keypad, 3-5
CIEplot, 3-2, 3-6 disable, 4-8
numeric, 3-1, 3-6 enable, 4-8
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low luminance measurements, 2-2
[uminance units, 3-15, 4-12
cdm2, 3-15, 4-12
fL, 315, 4-12
query, 4-5
save, 3-8, 4-7
menu options, 3-5, 3-6
bar graph mode normalizer, 3-15
caibrationinfo, 3-13, 3-17
configuration, 3-1, 3-2, 3-3, 313
current setup parameters, 3-13
deltareference, 3-1, 32, 3-16
luminance units, 3-15
measurement mode, 3-14
phosphor, 3-3, 3-16
power saver, 3-17
recall stored setup, 3-13
RGB reference, 3-4, 3-16
save current measurement, 3-8
save current setup, 3-7
save phosphor, 3-10
save whitereference, 3-9
whitereference, 3-3
model number, 2-1
numeric display mode, 3-1
CIE1931 DxDyY, 3-1, 3-2
CIE1931 xyY, 31, 32
CIE1931XYZ, 31
CIE1976 Du'DvY, 3-1, 3-2
CIE1976uVvY, 31, 32
correlated color temperature (CCT), 3-2
deltareference, 3-1
overrange, 4-12, 4-16
phosphor
download, 4-10
EBU, 35
erase, 3-12, 49
implement, 4-9
query, 4-9
save, 3-10
save - learn mode, 3-11
save - manual entry mode, 3-11
SMPTEC, 35
phosphor learn mode, 3-5, 3-12
phosphor manual entry mode, 3-11
photometric units
see - luminance units, 3-15, 4-12
power requirements, 2-1
input voltage, 2-2
power saver, 3-17, 4-10

nt, 3-15, 4-12
maintenance, 5-1
measurement
erase, 3-8, 47
preparation for use, 2-1
check out procedure, 2-2
inspection, 2-1
instrument identification, 2-1
power requirements, 2-1
storage and shipping, 2-1
suction cup, 2-2
warmup, 2-2
query
stored measurement, 4-5
stored phosphor, 4-9
stored setup, 4-4
stored white reference, 4-13
RBG bar graph display mode
calculations, 3-5
EBU, 35
reference, 3-4, 3-16
RGB bar graph normalizer, 3-3
RGB bar graph scaling, 3-15
SMPTEC, 35
RBG bar graph normalizer, 4-3
RBG bar graph scaling, 3-15
readings averaged, 4-2
recd ref., 3-17
Return Materials Authorization Number
inspection, 2-1
RMA number, 2-1
RGB bar graph normalizer, 3-3
RGB reference
calculations, 3-3
measurement, 4-3
whitereference, 4-3
RS232, 312, 4-15
commands, 4-2
commands - execution times, A-2
commands - quick reference, A-1
communication protocol, 4-2
connector, 4-1
RS-232 command codes
ANX, 4-2
BMx, 4-3
BRO, 4-3
BR1#, 4-3
DDx, 4-3
DMx, 4-4
DRy#, 4-4
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E?, 4-4 FS#,<name>, 4-7

ECH, 45 G, 47

El#, 45 H, 47

ES#,<name>, 4-5 Kx, 4-8

F2#, 45 Lx, 4-8

FC#, 4-7

Mx, 4-8 request readings, 4-11

N?4y, 4-9 RGB reference; measurement, 4-3

NC#, 49 RGB reference; white reference, 4-3

ND#y,D, 4-10 save current instrument parameters, 4-5, 4-13

NI#, 4-9 save current measurement, 4-7

O, 410 save measurement as white reference, 4-14

Px, 4-10 start measurements, 4-7

Q 411 turn instrument off, 4-10

R, 411 RS-232 status bytes

S 412 backlight, 4-16

Ux, 412 bar graph mode, 4-17

W2y, 4-13 cal expired, 4-16

WCH#, 4-13 chromamode, 4-18

WD#y,D, 4-13 display disable, 4-17

WI#, 4-13 display mode, 4-18

WSH <name>, 4-14 handheld not calibrated, 4-18
RS-232 commands head not calibrated, 4-19

backlight, 4-8 hold, 4-17

bar graph normalizer, 4-3 invalid command, 4-16

chromaticity display mode, 4-8 keypad lockout, 4-18

deltareference, 4-4 luminance units, 4-18

display disable, 4-3 measurement vacant, 4-19

display mode, 4-4 overdl error, 4-16

download phosphor, 4-10 overrange, 4-16

download whitereference, 4-13 phosphor, 4-19

erase stored measurement, 4-7 phosphor vacant, 4-19

erase stored phosphor, 4-9 power saver, 4-17

erase stored setup, 4-5 reference option, 4-17

erase stored white reference, 4-13 referencereading, 4-17

halt measurements, 4-7 setup vacant, 4-19

implement stored phosphor, 4-9 underrange, 4-16

implement stored setup, 4-5 white reference, 4-19

implement stored white reference, 4-13 white reference vacant, 4-19

keypad disable, 4-8 save

keypad enable, 4-8 measurement, 3-8, 4-7

luminance units, 4-12 phosphor, 3-10

power saver, 4-10 setup, 3-7, 45, 4-13

query instrument info & calibrationinfo, 4-11 whitereference, 3-9

query stored measurement, 4-5 save current instrument setup, 4-5, 4-13

query stored phosphor, 4-9 save current measurement, 4-7

query stored setup, 4-4 serial number, 2-1

query stored whitereference, 4-13 setup

readings averaged, 4-2 erase, 3-7, 45

request instrument status, 4-12 implement, 4-5
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query, 4-4

recall, 3-13

save, 3-7, 45, 4-13

setting time and date, 3-19

start measurements, 4-7

status, 4-12

storage and shipping, 2-1
setup, 3-13
whitereference, 3-13

time settings, 3-18

wamup, 2-2

white reference
download, 4-13
erase, 3-10, 4-13
implement, 4-13
query, 4-13
save, 3-9

suction cup, 2-2
defeating the vacuum mechanism, 2-3
tristimulusfilter match, 1-2
underrange, 4-12, 4-16
view, 3-6

measurement, 3-13

phosphor, 3-13
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