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A. QUICK OPERATING GUIDE addendum for USB version 6 /19/2012

A.1 Charge your batteries.  The New ILT1400 has a built in rechargeable battery pack which is recharged through
the USB port. Prior to initial use, ILT recommends charging the battery for 8 hours to assure optimal battery
performance. The unit should be charged by connection to a computer, USB wall charger or USB charge pack.
TURN METER OFF. Connect via USB and assure the green indicator LED is illuminated. After charging,
disconnect the USB device while unit is off.

A.2 Plug in the detector.  The ILT1400 radiometer includes smart detectors that store the calibration data. Before
turning on your meter, you must plug in the detector. If you do not, an error message will appear on the display
“SHUT OFF POWER PLUG DETECTOR IN". The detector connector can be plugged in face up or down and will
be readable by the meter.

A3 Tur the meteron.  Press the power button and the meter will come on in signal mode with a reading and
optical units of calibration displayed. Allow 1 second for system to stabilize. Press the button again and the meter will
turn off.

A4 Zero your meter.  The most common zero is a dark zero. This is used to stabilize your readings and assure a
low zero reference. Cover your detector with an opaque object (you can use the black protective cap often supplied
with the sensor) and press the zero button. If you have a small amount of stable ambient light (10% or less of the
total light to be measured) you can do an ambient zero with the source to be measured off and the sensor exposed
to the ambient light. This will subtract the present ambient light condition from all future readings. Turn the lamp on
after the ambient zero is complete. The ILT1400 zero button will record the amount of light present when the zero is
pressed and subtract that value from all future readings until zero is pressed again, even after the meter is shut off.
Improper zero is the most common cause of erroneous readings, so be sure to zero frequently and properly.

A5 Signal mode. The meter will come on in, and return to “SIGNAL” mode after zeroing and begin taking
measurements. The top line of the display will show the reading followed by the optical units of the calibration. The
ILT1400 needs one full second of light to take an accurate measurement and cannot measure pulsed or brief
flashes of light.

A6 Integrate mode.  This is used to determine dosage or exposure. In most cases HI INTEG mode will be used as
it covers the top 5 decades of measurement capable by the meter. Should you need to measure low light levels, you
can press the integrate button twice to switch modes. While in integrate mode, the ILT1400 will not perform an auto

shut off unless hold has been pressed. Pressing integrate again will re-start integration.



A.7 Hold. The hold button freezes the most current reading on the display. While in integrate mode, the integration
continues behind the screen. To retum to viewing the integration, simply press the hold button again. The hold button
toggles on and off. (If you press integrate, instead of hold, it will return to integration and start at O, not resume
integration )

A.8 BacKii t Display . Pressing the backlight button turns the light in the display on and off.

A.9 Datalogging . The new ILT1400 should be turned off prior to connecting the USB. Once the Labview Window is
open, select the COM port number. Click on the white arrow at the top left of the window to start the program. Turn on
the 1400. The data will begin to be output onto the graph. If the software is not logging the data, try turning the 1400
off and then on again. (note the units of W/cm2 are hard coded. The readings will be in the optical units of the display
on the ILT1400, You will need to disregard the W/cm2 when they do not match your cal cert.)

A.10 Software. Complimentary Labview drivers and software manual can be found on our website

(http://www.intl-lighttech.com/support/software/Virtual Radiometer 20apr99.exe/view). Install the

software. Find the file Virtual_Radiometer_20apr99.EXE and start the software. If the software is not
logging the data, try turning the 1400 off and then on again. If you have trouble after installation Go to

http://www.intl-lighttech.com/support/software/CDM20814.zip/view and click on the icon for the zipped

drivers. A.11 Calibration. ILT recommends an initial annual calibration cycle to assure allitems are in
tolerance. Degradation (especially from UV measurements) may force a shorter cal cycle depending on
lightlevels, exposure times and temperature. Customers should monitor their calibration results and track
annual calibration requirements accordingly.

A.12 Care of detectors . Most sensors are shipped with a protective cap which should be used when not taking
measurements. Exposure to UV can cause Degradation. Sensor should not be exposed when not taking
measurements. Keep lenses clean and free from scratches. Use soft optical lens wipes for cleaning. The meter itself
needs very little care other than charging the batteries and periodic calibration.

A.13 Compute r Reset: Durin g installation and disconnection of the USB cable, with the meter on, the ILT1400 may
lock up. Should this happen, there is a reset port on the meters side, beside the zero button. Simply insert a small pin

or paper-clip into the reset port, apply a small amount of pressure, just enough to activate the reset switch.


http://www.intl-lighttech.com/support/software/Virtual_Radiometer_20apr99.exe/view
http://www.intl-lighttech.com/support/software/CDM20814.zip/view

1. CONTROLS

1.1 DISPLAY

+123.4 mW/cm?2

SIGNAL

The ILT1400 uses a two line, thirty-two (32) chaeac
“Supertwist” Liquid Crystal Display (see above)dortray
numerical data, units, mode of operation, and urmant
status alphanumerically in bit-mapped graphicsthéf
instrument is turned on without a detector pluggedhe
display will instruct the user to ‘SHUT POWER OFF’,
‘PLUG DETECTOR IN’, in order to properly initializéhe
ILT1400 system.

The top line displays sixteen (16) characters,
representing the most recent data and units fram th
detector. The detector data is displayed in tlmefur digit
(depending on digit reliability) decimal form witn+ / -
sign. The Sl or English optical units are displdye the
right of this nugnerical data in standard abbreddi®m,
such as mW/cm(milliwatts per square centimeter), with the
prefix scaling by 1000 as the data autoranges, fiemto-
(1015) to mega- (1?). A typical reading for the top line of
the display, for example, would be +123.4 mWicm

The bottom line also displays sixteen (16) chanactd
information, representing the mode of operation tred
instrument status. The mode of operation, such as
‘SIGNAL’, ‘HI INTEG’, ‘LO INTEG’, or ‘ZEROING' is
continuously displayed on the left side of thetbot line.
The characters to the right are reserved for bfiglgtatus
messages such as ‘HOLD’, ‘OVR RNG’, ‘NO OFF’ and
‘BAT LO’, with up to two status messages being aitgely
displayed. In continuous measurement mode, theivot
line of the display will typically read ‘SIGNAL’, wh the
status display blank unless the hold button waseksed or
an error situation arises.

1.2 BUTTONS

The five buttons on the front surface of the ILT040
were designed with ease of operation in mind, wlité
microprocessor making most decisions for the user.

The ‘ON/OFF’ button turns the instrument on or oK.
detector must be plugged in for the ILT1400 to mdp
initialize when first turned on. The instrumentiwi
automatically turn itself off to preserve the baytéfe if no
buttons are pressed for a period of ten (10) miswte
The ‘SIGNAL’ button selects the continuous wave
“signal” measurement mode, for continuous monitgraf a
light source. The detector memory establishesdtector
limits and auto ranging units to provide an immedia
answe in ar easily understoo formai.

The ‘INTEGRATE’ button selects the integration mode
that was last used, ‘HI INTEG’ or ‘LO INTEG'. Preisg
the ‘INTEGRATE’ button again during integration Wikset
the integration register to start over at zero,le/hémaining
in the same mode. To select the alternate integrahode,
simply press the ‘INTEGRATE’ button twice within en
second and the range will change from ‘HI’ to ‘L6 vice
versa.

The ‘ZERO’ button causes the instrument to null the
present reading to zero. Zeroing can be perforimdzbth
the signal and integration modes to subtract antbight
from future readings. Also, the programming mode be
accessed by pressing the ‘ZERO’ button within losekc
after hitting the ‘OFF’ button. Please refer to ptea six for
important instructions on use of programming maade,
alterations while in program mode will affect yaiored
calibrations and your readings.

The ‘HOLD'’ button temporarily freezes the display t
hold a reading for convenience when measuring in a
darkroom, or in similar situations where it may be
inconvenient to read the LCD display.

The ‘BACKLIGHT’ button turns the backlight for tHe&CD
on or off.

1.3 INPUTS / OUTPUTS

The ILT1400 contains one 1/O connector, the detecto
card edge connector.

The detector card edge connector performs several
functions besides carrying the signal from the diteto the
ILT1400. This connector also provides a selectbn
positive and negative bias voltages for almostlalletector
configurations, and provides the input for inforioatfrom
the detector memory concerning calibration andsunibee
section 4.3 for a pinout and general descriptiothefcard
edge connector.

1.4 USB

The ILT1400 contains one USB connector on the left
side panel, which also functions as the charging foo the
internal rechargeable battery. ILT recommendsgsi
good quality USB cable. Ir-a very small percentafje
connections ILT observed d_1.5% deviation in current at
the e-7 (100 nAmp) range while connected via USB.



2. OPERATION

2.1 ON/OFF

2.1.1 Turning On the ILT140 O

SHUT POWER OFF

PLUG DETECTOR IN

A detector must be plugged in when the ILT1400iistf
turned on for the instrument to properly initialiaad
interrogate the detector for calibration factoemge
limitations and units information. The instrumenit|
display the message shown above if the unit isetdron
without a detector present, and will automaticalhut off in
thirty seconds. This same message is displaydeif
detector is removed while the instrument is runnifi@
remedy this situation, simply turn off the ILT14Q8lug in
the detector you wish to use, and turn the unit ©he
instrument will then initialize itself and entegsial mode
automatically.

As an added feature for the EXPERIENCED USER, the
ILT1400 will operate in ‘PROGRAM’ mode by pressitize
‘OFF’ button, followed by the ‘ZERQO’ button withimh
second, when turning off the instrument.

2.2 SIGNAL MODE

2.2.1 Signal

+123.4 mW/cm2

SIGNAL

The ILT1400 automatically begins operating in
‘SIGNAL’ mode when turned on with a detector pludge.
Pressing the ‘SIGNAL’ button in any mode will iratie
operation in ‘SIGNAL’ mode for constant wave
measurement. This mode is desirable when measarigg
constant source. The unit reads the average statly
light level over a period of 0.5 seconds, then salérolling
average” with the last two readings, to smoothwuwanted
noise.

++++++ mW/cm?2

SIGNAL OVR RNG

If the incoming light exceeds the maximum
measurement range of the detector, the ILT1400 itk
‘OVR RNG' in the status register display, and tredad
display will show plus signs instead of numbers+#+++
Wi/cm2") on the top line.

-123.4 mW/cm?2

SIGNAL

Any signal that goes below the detector's minimum
sensitivity, or “zero floor”, will display 000.0 othe LCD.
An alternate zero level can also be set using ZiEERO’
button, as described below. If the light level ggdelow the
set zero level, a negative reading will result.

2.2.2 Signal Zero

+0.000 uW/cm?2
ZEROING

+0.000 nW/cm2
SIGNAL

If you cover up the detector and press the ‘ZERO’
button while in ‘SIGNAL’ mode, the unit will take @ading
of this low level and subtract that reading frorhfature
readings, thereby establishing the ‘ZERQO’ reference
condition. This ‘ZERQ’ can be any reference lewglch as
the ambient room illumination, or unwanted reflecs from
a single source. If an additional light is turned the
differential magnitude will appear on the displaygclusive
of the previous room light. If the level drops telthe
ambient zero level, the reading will display a néga
number. We recommend limiting unwanted background
light to less than 10 percent of the overall regdimorder to
minimize the effect of variable ambient conditions.

The ‘ZERO’ button can also be used to subtract a
specific wavelength band from future readings wéth
constant source. The instrument can be zeroed avitharp
cut or a narrow bandpass filter in front of theedxor.
Future readings will nullify the effect of all walesgths that
were allowed to pass through the known filter dgrin
zeroing. CHECK THE ZERO BEFORE TAKING A
MEASUREMENT. The last zero level is stored in mewmo
even after the unit is shut down. Failure to chdekzero is
the biggest cause for erroneous read.



2.2.3 Signal Hold

+123.4 mW/cm2

SIGNAL HOLD

Pressing the ‘HOLD’ button while in ‘SIGNAL mode
will freeze the last reading on the display, anel Word
‘HOLD’ will blink in the status register of the LCDTo
resume constant wave measurement, simply press the
‘SIGNAL’ button or toggle the ‘HOLD’ button agaima
the instrument will return to ‘SIGNAL’ mode (withhé
same zero level as before).

2.3 INTEGRATE MODE

The ILT1400 can integrate light, summing up all the
energy over time and subtracting ambient energye User
can select between two overlapping integration esngHI’
and ‘LO’ 'INTEG’, for measuring either high or lolevel
sources. When the INTEGRATE’ button is pressénd t
instrument begins integrating in the measuremangje that
was last used, ‘HI' or ‘LO’, even if the instrumehad been
turned off. The alternate range can be selecteprbgsing
the INTEGRATE’ button twice within one second. I'H
INTEG’ mode is desirable for most applications, daets
wide dynamic range and very low noise. ‘LO INTE&’
useful for applications requiring high gain for Imignal
levels.

While integrating, the instrument will not autonzatily
shut off after ten (10) minutes as it normally diaes
‘SIGNAL’ mode. This allows the user to perform
integrations for extended periods of time. If tAOLD’
button is pressed during integration, however,ktheking
message ‘HOLD’ will appear in the status registed ¢he
instrument will automatically shut off after tenO)Iminutes
unless a keypress is detected. The ‘HOLD’ feafteezes
the display but the instrument continues to intégrahile
in Hold.

2.3.1 High Integrate / Low Integrate

The best way to differentiate between the high land
integrate modes is to simply describe how the ILAU4
operates internally. The ILT1400 uses a current-to
frequency converter and highly accurate digitalcinlth
modulation to digitize the incoming signal data tme by
the microprocessor. In ‘SIGNAL’ mode, the instrumbe
automatically switches between the high (5.0 despdad
low (4.5 decades) auto-ranging measurement rangasaw
overlap hysteresis for a total of over 7 decadedyofamic
range. The user must select either ‘HI INTEG’ b©"
INTEG’ by pressing the INTEGRATE’ button twice vhiin
one second. Most users will find that the wide alymc
range and low noise of the ‘HI INTEG’ mode makedital
for all but the very lowest level applications, waéLO
INTEG’ isrequirec.

+123.4 mj/cm2

HI INTEG

In ‘HI INTEG’ mode, the range for an incoming sidna
is limited to the top 5.0 decades of the measuré¢marge of
the detector, capable of measuring from 3.5 nano#\top
350 microAmps with the digital frequency values soed in
a 5 byte (25% register. With an external power supply, the
instrument can integrate the maximum signal for enitran
four months, or can integrate the minimum signalrfmore
than 34,000 years! Since a typical signal will fal
somewhere between the maximum and minimum in the
measurement range, the only practical limit to gnégion
time is the battery life. The ILT1400 draws a m@fe
milliAmps in its low power CMOS circuitry, allowingon-
stop integration with four new alkaline cells for
approximately 54 hours. Please contact an Appboat
Engineer at our manufacturing facility for moreanfation
on battery life and use of external power supplies.

+396.4 nj/cm2

LO INTEG

In ‘LO INTEG’ mode, the range for an incoming signa
is limited to the bottom 4.5 decades of the measerg
range of the detector, overlapping with the ‘HI IEG’
range by 2 decades. The measurement range inNTEG’
mode is from 10 picoAmps to 400 nanoAmps. The ddde
gain (256 times) and sensitivity of this mode arevided at
the expense of a narrower dynamic range, and aiéekil by
increased noise on the low end.

2.3.2 Integrate Zero

The automatic zero function allows the user to elate
the effect of background light, reflections, or laved
wavelengths to isolate and integrate only the gnemurce
of interest. The microprocessor automatically sadts the
integral of the zero level energy from the overategral.
To perform this function properly, the backgrouight
source that you are subtracting should be fairdypkt and/or
much less in magnitude than the light source ofriet. A
good “rule of thumb” is to limit ambient light tonder 10
percent of the measured source, thereby minimitieg
effect of ambient light variation. By placing affia
between the light source and the detector durimgiag,
ambient light and any incidental reflections frome t
primary source will be continuously subtracted frtme
integral. Covering the detector completely durggoing
will establish a very low zero reference, so thed integral
will be the sunr of all the energy reachinc the detect.

+0.000 uW/cm?2

ZEROING




+0.000 NW/cm?2

SIGNAL

The simplest method for setting the zero level for
integration is to press the ‘ZERO’ button while in
‘SIGNAL’ mode. If you press the ‘ZERQO’ button whem
‘INTEGRATE’ mode, the display will indicate thateh
instrument is ‘ZEROING’ and then return to ‘SIGNAL’
mode. This allows the user to evaluate the styhili the
subtracted source. When the INTEGRATE’ button is
pressed to begin integration, the ILT1400 will donbusly
subtract the new zero level from the present irgegnd
from future integrations, until a new zero leveket. BE
SURE TO CHECK THE ZERO BEFORE TAKING A
MEASUREMENT. The last zero is stored in memory reve
after the unit is shut down. Failure to check zleeo is the
biggest cause for erroneous readings. To checkehe,
cover the detector or source being measured. elf¢lading
is other than zero, press the zero button to negéatthe
light source removed.

2.3.3 Integrate Hold

+123.4 mj/cm2

HI INTEG HOLD

+396 nj/cm2

LO INTEG HOLD

While in ‘INTEGRATE’ mode, the ‘HOLD’ button
functions to freeze or unfreeze the display, acisgn
alternate action “toggle” switch. When you pred©1LD’,
the most recent integral is continuously displagadhe
LCD, and the word ‘HOLD’ blinks in the status regs The
ILT1400 continues to integrate internally, howevéio
resume this transparent integration, simply hit'th@LD’
button again to unfreeze the LCD and continue &pldiy
the UNINTERRUPTED integration. This feature is tgui
useful for taking intermediate readings withouteafing the
ongoing integration reading. If you press ‘INTEGRA
after holding a reading in integrate mode, therunsient
will abandon the previous integration, return to

‘INTEGRATE’ mode, and begin integrating again from
zero.

Please note that although the auto shut-off feature
automatically disabled during integration, when tH®LD’
feature is activated, the auto shut-off featurd wdluse the
instrument to turn off after ten (10) minutes oadtivity.
The automatic shutoff is once again disabled when
integration is resumed to provide long term intéigma
measurements.

2.4 Disabling the Automatic Shut-Off
Feature

We recommend turning the ILT1400 off when not in
use, in order to prolong the life of the batteridhe
instrument will automatically turn itself off after period of
ten minutes when in ‘SIGNAL’ mode. This automagitut-
off feature can be temporarily or permanently disdb To
do this, first press the ‘OFF’ button with the inghent on,
followed within one second by the ‘ZERO’ button.

PROGRAM MODE

ON/OFF TO EXIT
SIGNAL

AUTO SHUT-OFF
ENABLED (10 min)

The ILT1400 will display the message ‘PROGRAM
MODE’, ‘ON/OFF TO EXIT'. Press the ‘ZERO’ buttomt
select the ‘AUTO SHUT-OFF’ menu. The ‘ZERO’ button
selects through the numerous changeable ‘MENU'estse

AUTO SHUT-OFF
DISABLED (temp.)

AUTO SHUT-OFF

DISABLED (PERM.)

Press the INTEGRATE’ button to ‘INCREMENT’ the
bottom line between three choices: ‘ENABLED (10 jnin
for auto shut-off, ‘DISABLED (temp.)’ to temporayil
disable the auto shut-off for one measurement sessind
‘DISABLED (PERM.)’ to permanently disable the shaft-
feature for use with external power supplies. BregOLD’
to ‘ENTER'’ the selection in the detector EEPROMtloe
change in RAM will be reset the next time the instent is
turned on. Permanent changes such as ‘ENABLED (10
min)’ and ‘DISABLED (PERM.)’ always must be
‘ENTERed’, since they must be stored in permanent
memory. WE STRONGLY ADVISE THAT EVEN THE



EXPERIENCED USER REFER TO SECTION 6.3 ON
PROGRAMMING BEFORE EXPERIMENTING WITH

THE '‘PROGRAM MODE’ CAPABILITIES.

. INPUTS -

Press the ‘ON/OFF’ button to ‘EXIT’ the programming DETECTO RS

mode and return to ‘SIGNAL’ mode. The message ‘NO
OFF’ will blink in the status register in ‘SIGNALlhode to
indicate that the automatic shut-off has been dexhb
‘DISABLED (temp.)’ will be reset to ‘ENABLED (10 nm)’
when the instrument is turned off. ‘DISABLED (PERM
or ‘ENABLED (10 min)’ is permanently stored in the
detector EEPROM memory.

+12.34 mW/cm2

SIGNAL NO OFF

To provide for long duration integration (more th2dh
hours), the automatic shut-off feature does notyappthe
‘INTEGRATE’ modes, except for the case where the
‘HOLD’ button has been pressed to pause an integrat
causing the ILT1400 to turn off in ten minutes & huttons

are pressed, providing that the automatic shufezfure has

not been disabled. The ILT1400 can also be custom
programmed to accommodate specialized applications.
Please consult an Applications Engineer at our
manufacturing facility for additional information.

2.5 System flashes “NO CAL”

The double EEPROM (Electrically Erasable
Programmable Read Only Memory) in the “L” connedtor
the ILT1400 can be erased. The most common castatis
electricity or a large arch of power sometimes edusy turning
on very high powered lamp, which send out a sufge o
electricity, or contact with a magnet. If the systashes “NO
CAL” you will have to follow the steps in chaptet®self
program your calibration factors, being sure tespreold at the
end. If this does not successfully restore thiéoration factor,
then sensor will need EEPROM replacement. Youneiéd to
obtain an RMA prior to shipping goods to ILT. Theline
RMA form can be accessed at:

https://www.intl-lighttech.com/rma

3.1 GENERAL

All ILT1400 detectors attach to the card edge atttp of
the ILT1400 meter. The “L” listed in the detectondel
number signifies the use of the detector card exgmector
required for connection to the ILT1400 Meter (&EL,
XRL, SPL).The detector card edge connectors haea be
carefully designed so that detectors and extensadmes can
be plugged onto the card edge both frontward amévard.
The card edge itself consists of 10 connectionsline
referenced below.

LINE 1: “DODM” - EEPROM Out and “BUSYNOT" LINE
2: "“DIDM” - EEPROM input and “DATA” LINE 3:
“SKDM” - Clock for EEPROM

LINE 4: “CSDM” - Chip Select for EEPROM or Printer
LINE 5: “GARD” - Signal Return

LINE 6: “INPUT” - Current Signal Input

LINE 7: “GND” - Ground

LINE 8: “RQSNDNOT” - Request to Send (Not) LINE 9:

5V” - Negative 5 Volts
LINE J: “+5V” - Positive 5 Volts

1234567890 (REAR)
[ FRONT

Loerecton

RADIOMETER/PHOTOMETER

The multiple voltage levels available through the
ILT1400 card edge make it possible for the instrotte
maximize the performance of detectors with différeias
requirements. Each detector in the ILT1400 sysiem
dedicated to a particular combination of input ogtifilters,
and photosensitive device. The EEPROM locatedimsi
each detector head informs the ILT1400 of the dpeci
calibration, units, and range limitations of thedtated
combination. The following several sections expldie
general types of photosensitive devices used in our
detectors.


https://www.intl-lighttech.com/rma

3.2 XRL140 - UV STABILIZED SILICON 3.5 SEL240 and SEL220 - SOLAR BLIND
PHOTODIODE DETECTOR VACUUM PHOTODIODE DETECTOR

The XRL140 Photoresist and XRL340 Attenuated The SEL240 utilizes a 50 mm2 active area Vacuum

Photoresist version combine a silicon cell with Rinesist A photodiode with quartz window (visible blocking) poovide
or B filters in a special low profile remote prot®8 mm X 5ccyrate measurement in the Deep Ultraviolet while

42 mm dia.). For higher light levels and improvgasal  goy|yding all Visible and Infrared radiation, withspectral
response we also offer versions with a Teflon diéfiu(T is range from 185-320 nm, with a240 nm peak. The SBL22
added to the end of the part number, ie. XRL140BT). jqcjudes a fused silica window allowing measurersdram
XRL140A: Dynamic Range: 2.23d0 7.78¢ W/cm? 160-320 nm, with a 220 nm peak.

Measurement Range: 320-475 SEL240/UVB1/TD: Sharp Cut UVB Detector Head

. H . 2
ﬁi;ﬁﬁ?ﬁn’qéﬁn&‘%gﬁ%g%a%%%o 8.75¢ Wicm Dynamic Range: 1.1fdo 1.11¢ W/cm2. Measurement

XRL140B Dynamic Range: 5.26¢0 1.84¢ W/cnt Spectral Range: 265-332 nm.

Range: 326 - 401 nm SEL240/UVB/W UVB phototherapy sensor: Dynamic Range
XRL340B Dynamic Range5.26¢ to 1.84&° W/cn?Spectral ~ 1.54€° to 1.54€ W/cm2.  Measurement Range:275-310 nm.
Range 326 to 401 nm SEL240/QNDS2/TD Germicidal Head For low pressure
XRL140T254 Dynamic Range: 3.33® 1.17&" W/cm2 mercury lamps: Dynamic Range: 3.33e 3.33¢ W/cmz,
Measurement range: 249-259 nm, CW 254 nm Measurement Range: 185 - 310 nm.
SEL240/NS254/TD Narrowband Head: Dynamic Range:
3.3 SSLOO1A - SUPER SLIM UV PROBE 2.08€° to 2.08¢ W/cmz2, Measurement range: 249-259 nm 254
Cw.

This “Super Slim” UV probe is a 0.64 mm2 silicon ~ SEL240/T2ACTSUV Actinic Head:
detector with built in UV filter. It was designedrfuse in ~ Dynamic Range: 1.49¢o 1.49¢ effective W/cm?.

very low profile applications, such as printed citdoard ~ SPectral range: 190-400 nm (Also doubles as aechie
and printing plate exposure assemblies. Care shoel Germicidal Radiation Head for measurement in acooed with

taken when using the SSLO01A slim probe to avoid the IES Luckiesh and DIN standards: 235-307 nmdiffe

excessive strain or crimping of the cable and/oathing ~ Germicidal). o
the surface of the diode. SSLOO1AT is availableddded SEL220/NS185 Narrow Band Germicidal / Ozone Head:

sensor protection and improved spatial response. Dynamic Range: 2.50e0 2.50€¢ W/cmz2. Measurement Range:

Dynamic Range: 1.1Fdo 9.00¢ W/cm2 (limit exposure to 165-200 nm.
prevent heat damage). Spectral Range: 260 - 400 nm

Dimensions: 29 x 38 x 2 mm 3.6 SELOO5 - UV-VISIBLE GaAsP DETECTOR
The SELOO5 base detectors contain a 5.2 mm? Gallium
3.4 SEL033 - UV STABILIZED SILICON i most commanly used in anpICAtanS requITGIBCKNG
PHOTODIODE DETECTOR and is required for use with most of the WBS widadfilters

TheZSEL033 base detector contains a specially doatedue o their secondary response |n. the NlR' _
0.33 cm UV stabilized silicon cell with a quartz window. SELO0S/UVA/TD Solar UVA Head:Dynamic Range: 2.33e

The SEL033 is one of our most commonly used sensbrs to 8.14€¢" W/cm?. Measurement Range: 315-390 nm.
can be used with a large assortment of filtersyfrgptics ~ SEL005/WBS320/TD UV Curing Head: Dynamic Range:
and calibrations and covering the broad spectru00f 1.82¢ to 6.36¢ W/cm?. Measurement Range: 250-400 nm.

1100 nm. . ) .
SEL033/QNDS2/W Solar Head: Dynamic Range00¢ to SELO005/NS335/TMNarrow Band UV Curing Head: Dynamic

1.756° W/cmz2. Measurement Range: 200-1100 nm. Range: 2.33&to 8.14¢° W/cm2. Measurement Range: 330-340
SELO33/F/QNDS3/HNK15 Laser Power Head. Dynamic ~ nm.

Range6.10¢’ to 2.00¢* W. Measurement Range:400-1064 nn&E005/TLS312/TDJVB narrow band phototherapy: Dynamic

SEL033/Y/W Photometric Headdynamic Range: 5.9860  panq6: 2 50810 8.75¢ W/cm2. Measurement Range: 312 nm
2.09¢€°® lux. Spectral Range: 400-700 nm.

SEL033/UVA/TD UVA head: Dynamic range:2.50® 8.75¢ CW-

W/cn?. Measurement rang815-390 nm.

SELO033/F/W Flat Radiometric Head: Dynamic Range89&° 3.7 SEL623 THERMOPILE DETECTOR

to 2.69¢ W/cmz2. Measurement Range: 400 -1064 nm. ) . \ )
SELO033/F/R Narrow Field Radiance Head: Dynamicdran The SEL623 series detectors utilizes a 4°mmulti-

1.30€" to 4.55¢ W/cm?/sr. Spectral Range: 400-1064 nm. junction _thermopile _detector with quartz window amdilt in
preamplifier to provide a nearly flat spectral respe over

the extremely wide range of 200 to 4200 nm. Thétimu
junction thermopile is designed to measure the ayer
power of high peak power, low duty cycle pulsectlas
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The SEL623 is also useful for high intensity apations suc
as solar irradiance measurement.

SEL623/H/N/K15: Laser Power Probe: Dynamic Rang€0¢?
to 3.00&' W. Measurement Range: 200-2100 nm.SEL623/K9:
Solar Irradiance Probe: Dynamic Range: 2700e9.67¢
W/cmz2. Measurement Range: 200-4200 nm.
SEL623/SCS695/W IR Hazard Head: Dynamic Range7e3.®
4.14¢€* W/cn? Measurement Range: 695 - 2100 nm.
SEL623/K9: Solar Irradiance Probe: Dynamic Range00¢e
to 9.67¢ W/cmz2. Measurement Range: 200-4200 nm.

SEL623/SCS695/W IR Hazard Head: Dynamic Range7e3.®
4.14¢€* W/cn? Measurement Range: 695 - 2100 nm.

3.6 Additional Photodetectors

Below is a list of the additional detectors avaltafor use
with the ILT1400. Since our product line is contirusly
growing please visit out website for an updatetifigou
cannot find your detector listed.

SELO07/U IR 7 mn¥ detector with spectral range from
InGaAs Detector | 850-1700nm.
SEL100/U 100 mnt silicon detector, quartz window.

Broadband Silicon| Spectral Range: 200-1100nm, 950nm

peak.

SEL185/U Gold
Cathode Vacuum

50 mnt active area Au Cathode Vacuur

uv 185nm peak.

SEL320/U UV Provides Uniform sensitivity from 200-
Gallium Nitride 320 nm. Dimensions: 20 x 42 mm dia.
SEL324/U Large 324 mrhactive area silicone

Broadband Silicon| detector. Dimensions: 20 x 42 mm dia.

SEL365/U UV Provides Uniform sensitivity from 200-

Gallium Nitride 365 nm. Dimensions: 20 x 42 mm dia.
SEL624/U Multi- | 4 mn? thermopile detector with KBr
junction window. Spectral range: 0.2-40 micron,
Thermopile flat > 1.0 micron.

SEL625/U Multi- | 4 mn? thermopile detector with BaF2
junction window. Spectral range: 0.2-15 micron,
Thermopile flat > 1.0 micron.

SPLO24F Laser
Power / Irradiance

1.2 mm2 silicon detector in pen-like
housing with 5.5 mm aperture opening,

Probe integrating sphere Filter. Readout in
SPL024Y 1.2 mm2 silicon detector in pen-like
Photopic Pen housing, 5.5 mm aperture opening,
Probe integrating sphere, Readout in Lumens
SPLO25F 1.2 mm2 silicon detector in pen-like
Radiance Pen housing with radiance optics, and F Flat
Probe Filter, readout in W/cm?/sr.

SPL025Y Contact
Luminance Pen
Probe

1.2 mm2 silicon detector in pen-like
housing with luminance optics, Y Filter.
Measurement in cd/m2.

SCL110
Illuminance Probe

Photopic response from 400-700nm wif
a .64 mm dia active area silicon detectq

SCL144 Bilirubin
Phototherapy
Probe

Spectral response from 422-488nm wit
a stable silicon detector.

n
photodiode. Spectral Range: 160-240nm

v

h

h

4. OUTPUTS

4.1 DISPLAY MESSAGES

+1.234 mW/cm2

SIGNAL HOLD

+2.34 J/cm?2
HI  INTEG

BAT LO

The 32 character Liquid Crystal Display simultanglgu
displays two lines of information. The top linespiays the
four digit decimal numerical data and the approriauto-
ranged optical units. The numerical data appeaathriee or

four digit decimal form, providing a minimum restkn of
0.5 % to ensure reliable, easy to read informatidhe
alphanumeric units, displayed to the right of tleeidhal
data, are automatically ranged in the foIIowmgwslmd
three decade Sl prefix mcrements f- (“femto” 3)0 p-
(“pico”, 10 z) n- (“nano”, 10) M- (“micro”, 10) m-
(“milli, 10 ) k- (“kilo”, 10 ) M- (“Mega”, 10) The base
units are dependent on the type of detector antredion,
'and can be chosen from the foIIowmg list or custom
specified: Amperes Watts, W/cr(Watts per square
centimeter), W/cmlsr (Watts per square centimeter per
steradian), W/chinm (Watts per square centimeter per
nanometer), Im/ftor fc (lumens per square foot, or foot-
candles), lux or Im/m(lux or lumens per square meter), fL
(foot- Lamberts) E/cm(Emstelns per square centimeter),
cd/cm (Candelas per square centimeter), cc(mandelas
per square meter). When integrated, these sams uni
become Coulombs, Joules, chrer[c, respectively.

The bottom line displays the present mode of openat
and the instrument status, to indicate the type of
measurement being performed as well as any special
conditions that exist, such as a low battery. Emessages
appear in the instrument status register or actos®ntire
display to alert the user to special situationsg] are listed
below alonc with the standar. mode of operatior message.

SHUT POWER OFF

PLUG DETECTOR IN

‘SHUT POWER OFF, PLUG DETECTOR IN": This
message appears across the entire screen when thithe
instrument is turned on without a detector pluggecdr the
detector is removed during normal operation. THE1400
will automatically turn itself off within 30 secosdhfter this
‘message appears. Press the ‘ON/OFF’ button tothen

=
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instrument off, plug in a detector, and press @@8I/OFF’
button again to turn the ILT1400 on and enter ‘SN
mode.

lux

‘SIGNAL’: This message is displayed continuously
in the ‘mode of operation’ register (lower left cer of
the LCD) after the ‘SIGNAL’ button has been pressed
indicating that the instrument is in constant wave
measuremel mode.

+123.4 cd*s/ft2
HI INTEG

+22.7 Im*s/m2
LO INTEG

‘HI INTEG’ or ‘LO INTEG’: One of these messages is
displayed continuously in the ‘mode of operatioagister
(lower left corner of the LCD) after the INTEGRATE
button has been pressed, indicating that the insni is in
light integration mode. Press the INTEGRATE’ harit
twice within one second to alternate between thie &dd
‘LO’ integration ranges. Press the integrate hutboce to
reset the inteqgral reqister in that mode to .

‘ZEROING’: This message is displayed temporarily
in the ‘mode of operation’ register (lower left cer of the
LCD) after the ‘ZERO’ button has been pressed, meag
the present light level and subsequently returning
‘SIGNAL’ mode while subtracting this ambient ligfrom
future readings.

12

+1.234 J/cm2

HI INTEG HOLD

‘HOLD’: This message will blink in the ‘status’ géster
(lower right corner of the LCD) after the ‘HOLD’ hon has
been pressed, activating the ‘HOLD’ feature. Thasin
recent reading will be frozen on the data display. remove
the ‘HOLD’ status, toggle the ‘HOLD’ button agaim bit a
function key (‘SIGNAL’, INTEGRATE’, or ‘ZERO’) to
select a new mode of operation.

+154.9 nAmpere

SIGNAL

BAT LO

‘BAT LO’: This message will blink in the ‘status’
register (lower right corner of the LCD) when th&BC
battery voltage drops below 4.95 V. The instrumwiit
operate for approximately 54 hours before the ‘BAY
error status appears. The ILT1400 internal compwi#
continue to operate until the battery voltage fakdow 4.7
V, (approximately 10 hours after ‘BAT LO’ appearbyt
accuracy can no longer be guaranteed. An extgroaker
supply between 5 Volts and 15 Volts DC (an autortebi
battery, for example) can be used where continusasis
expected.

++++++ W/cm?2

SIGNAL OVR RNG

++++++ J/cm?2
LO INTEG OVR RNG

‘OVR RNG’: This message will blink in the ‘status’
register (lower right corner of the LCD) when timgput
detector signal exceeds the measurement rangeeof th
system. In addition, plus signs take the placawherals in
the data display, so that the top line will reae+t++
W/cm2’. If the signal over ranges in ‘LO INTEG’ rde,
hit the ‘INTEGRATE’ button twice within one secord
switch to ‘HI INTEG’ mode and a higher signal range



PROGRAM MODE
Request to Send (“RQSNDNOT") and Chip Select

ON/OFF TO EXIT (“CSDM") are held low. An external button can be wired

between “RQSNDNOT” and “GND” to provide remote

sampling. When the switch is closed, connecting PIN 2 to
‘PROGRAM MODE, ON/OFF TO EXIT": This PIN 4, the ILT1400 will send a continuous stream of data at

message appears across the entire screen when enteringah@te of one line (one reading) per second. The output is

‘PROGRAM’ mode by pressing the ‘ZERO’ button within €Xpressed in digital exponential notation. The ILT1400

1 second after pressing the ‘OFF’ buttdPlease refer to transmits data once every 0.5 seconds.

section 6.3 befor e attempting to use this mode.

Pressing ‘HOLD’ will ‘ENTER’ a change permanently in

the detector EEPROM. All changes, whether ‘ENTERed’

or not, appear as a temporary change in the RAM. Press

‘ON/OFF’ to ‘EXIT’ this mode at any time.

4.2.2 USB
For users who wish to connect to a computer, the USB Type
A connector on the side of the device outputs serial UART
+123.4 mW/cm?2 data with a direct correlation to the value displayed on the
LCD display. This is typically used for an immediate hard
SIGNAL NO OFF copy of time variation or optical profiling measurements.
The LED located next to the USB Type A connector is an
indicator light verifying USB is connected properly and the
‘NO OFF’: This message will blink in the ‘status’ rechargeable battery is chargirfglinking LED indicates
register (lower right corner of the LCD) when the charging error).We provide Complimentary LabVIEW®
automatic10 minute shutoff feature has been disabled. Th¥rtual Instrument drivers on our websitgtp.//www.intl-
indicates that a previous user selected 'AUTO SHUT OFF’lighttech.com/library/softwareMost customers find version
‘DISABLED’ using the programming mode capabilities.  (http://www.intklighttech.com/support/software/Virtual Radiom
Please refer to Chapter six to return unit to Auto shut off modgier 20apr99.exe/viewhost useful. There are also instructions
for use of the complimentary labveiw drivers software that ILT
provides located on the software page of the website.

AUTO SHUT-OFF For the more experienced users who wish to connect to a
ENABLED (10 min) computer or data collecting device we provide detailed
information on the data format. One of the big advantages
of the serial output is the ability to interface directly with
most computer user ports without buying an expensive
hardware adapter. A small machine language (or even
ERONT BASIC) program can often make a direct connection

) possible. We can also provide a copy of a very basic program
to get users started.

L‘ AE ”O"“"j The ILT1400 Serial Output Port transmits a 12 byte,

DETECTOR fixed field scientific notation reading (4 numerical mantissa
RADIOMETER, PHOTOMETER digits with a f/— sign and de_-cimal poiqt, the letter e, 2 .
exponent digits with a +/- sign, a carriage return, and line
feed).

ILT recommends using a good quality USB cable. In a
very small percentage of connections ILT observed_a
1.5% deviation in current at the e-7 (100 nAmp) range
while connected via USB.

1234567890 (REAR)
|

4.2 SERIAL OUTPUT

4.2.1 Detector Edge Connector 4.2.3 Baud Rate

Pinout: The ILT1400 is factory set to an asynchronous baud rate
LINE 1: “DODM” - EEPROM Out and “BUSY NOT" LINE of 1200 BPS. Baud rate is the number of bits per second

2: “DIDM” - EEPROM Input and “DATA” LINE 3: transmitted in each word. In this case, there are 10 bits
“SKDM” - Clock for EEPROM transmitted per character, which translates to a maximum of
LINE 4: “CSDM” - Chip Select for EEPROM or Printer 120 characters per second. In actual practice, however, the
LINE 5: “GARD” - Signal Return ILT1400 computer sends character data only half the time,
LINE 6: “INPUT" - Current Signal Input resulting in one transmitted character every 1/

LINE 7: “GND” - Ground 60 of a second. This is typical for asynchronous data

LINE 8: “"RQSNDNOT” - Request to Send (Not) LINE 9: “-transmissions.
5V” - Negative 5 Volts
LINE J: “+5V” - Positive 5 Volts 13


http://www.intl-lighttech.com/support/software/Virtual_Radiometer_20apr99.exe/view
http://www.intl-lighttech.com/support/software/Virtual_Radiometer_20apr99.exe/view
http://www.intl-lighttech.com/library/software/
http://www.intl-lighttech.com/library/software/

4.2.2 Character Format

The 20 bits that make up each character word are
comprised of 1 start bit, 8 data bits, and 11 diap. The
extra 10 stop bits provide a necessary delay twaathe
microprocessor to perform its other duties. Thattks
crystal control, the length of a single characteef6re the
stop bit) is exactly 7.5 milliseconds, followed hystop bit
delay of exactly 9.17 milliseconds. The followidgagram
shows the voltage waveform for the serial charaftiemat
of the number “5”. The binary number is transndtia
reverse order, from least to most significant digihe most
significant digit is always a binary zero (+ 5 V@)t which
ensures a negative leading edge to the first stiop b

One <Character: "5" (AS<II 53, Binary 00110101)

@» @
£ » £
2 £ 5
] L ©
o o ~ -
50V-/ M
| | |
| | |
| | |
| | |
| 1 1
| | |
24V - I
| | |
| | |
| | |
| | |
0.7V- | I I
oov-! — L=
Start toto11o Stop Start
ASCII DECIMAL HEX BINARY
LF 10 Oa 0000101Q
CR 13 od 00001101
+ 43 2b 00101011
- 46 2d 00101101
46 2e 00101110
0 48 30 00110000
1 49 31 00110001
2 50 32 00110010
3 51 33 00110011
4 52 34 00110100
5 53 35 00110101
6 54 36 00110110
7 55 37 00110111
8 56 38 00111000
9 57 39 00111001
e 101 65 01100101
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4.2.3 Voltage Levels & Current Drive

The output voltage level on PIN 3 (“DATA”) of thel®
connector is capable of driving one TTL load. TMudtage
swing will be a full five (5) Volts instead of thgpical TTL
voltage of four (4) Volts. The serial word will lhe
negative logic for the printer (positive logic ftre
EEPROM). In negative logic, a logic ‘ONE’ will be
between 0.0 and 0.8
Volts and a logic ‘ZERO’ will be between 2.4 and %/olts.
The output line is capable of ‘sinking’ 1.3 milliAms, and of
‘sourcing’ much more than 100 microAmps, which
conforms to the one TTL load requirement. The mee
Request to Send line (“‘RQSNDNOT”) on PIN 1 of theND
connector will initiate transmission of the datarsg when
pulled to a voltage below +0.8 Volts, provided tha Chip
Select line
“CSDM” is also low.

4.2.4 Word String Format

The ILT1400 sends out a string of serial words
(characters) to transfer the displayed data torothe
equipment, such as a printer or computer. Thefate
sends out exactly twelve (12) characters to porthayline
of data. The first character is a ‘+’ or ‘-’ sidor the
mantissa. The second character is the first aifgihe
mantissa. The third character is a decimal poirte
fourth, fifth, and sixth characters are the remeaindf the 4
digit mantissa. The seventh character is the loveese letter
‘e’ to separate the mantissa from the exponente dighth
character is a ‘+' or ‘-’ sign for the exponenthé& ninth and
tenth characters are the 2 digit exponent. Theegléh
character is a carriage return. The twelfth chinais a line
feed.

I
X
AN
|
+ [ 500 mS

T

234e

]



5. OPTICAL
CALIBR ATION

5.1 N.L.LS.T. TRACEABLE, ISO17025
ACCREDITED FACTORY CALIBRATION

All ILT1400 systems are first calibrated electrcaliy
to accurately measure signal data in absolute ntreits
(Amperes). The detector is then tested in ouraapti
calibration lab against N.I.S.T. traceable optibaR.l.P.
(Detector Response Inter-comparison Program) stalsda
determine the detector’s particular “sensitivitgtiar”, in
terms of Amperes per Optical Unit that you specifiyhe
ILT1400 microprocessor divides the detector curignthis
calibration factor to obtain the final units. Thensitivity
factor is programmed into the detector EEPROM memor
along with the alphanumeric units, range limitatpn
manufacture date, last calibration date, serial memmand
default zero level. We do not recommend changimg af
this stored calibration information. Our calibiii
standards come directly from N.I.S.T. to provideximaum
accuracy and accountability.

ILT is proud to announce our ISO17025 Accreditatigrof

January 2 2012. Copies of our ISO certificates can be found

on our website:
http://www.intl-lighttech.com/company/iso-certs

6. PROGRAM MODE

WARNING: THE N.I.S.T. TRACEABLE
INTERNATIONAL LIGHT CALIBRATION PROVIDED
WITH YOUR ILT1400 IS VALID ONLY FOR THE
SENSITIVITY FACTOR AND UNITS SPECIFIED ON
YOUR CALIBRATION CERTIFICATE. PROGRAMMING
IS NOT RECOMMENDED FOR INEXPERIENCED
USERS.

PROGRAM MODE

ON/OFF TO EXIT

To enter ‘PROGRAM’ mode, begin with the ILT1400
turned on and a detector plugged in. Next, preesS®FF’
button and within 1 second press the ‘ZERQO’ buttdine
LCD message ‘PROGRAM MODE’, ‘ON/OFF TO EXIT’
will appear. You can get out of ' PROGRAM’ modeaaty
time by pressing the ‘ON/OFF’ button. When in
‘PROGRAM’ mode, the push buttons assume alternate
functions:

The ‘MENU’ button (ZERO button) scrolls the display
through the 11 programmable menu screens. Fothesie
screens allow the user to make a permanent chantpe i
EEPROM (Electrically Erasable Programmable ReadyOnl
Memory) located in each detector head, or a tenyora
change in just the RAM (Random Access Memory) ledat
in the instrument itself. The user can disableb@ahe 10
minute automatic shut-off feature, change the digpd
units, and change or adjust the factory set caibnafactor.
The remaining 7 menu screens can be viewed byghe hut
not changed, except during factory recalibratidine serial
number, date the instrument was last calibrateidjroal
sensitivity factor & units of calibration, maximuand
minimum current limits, and date the instrument was
manufactured can all be viewed.

The ‘SELECT’ button (SIGNAL button) moves the
position of the blinking cursor underneath the spedigit
that the user wishes to change using the INCREMENT
button. The cursor moves to the right, wrappinguad to
the first digit on the left after passing the ldgjit on the
right. When a number or word is to be scrollea th
‘SELECT’ button changes the direction that the
‘INCREMENT’ button will scroll, indicating eitherUP’
(up) or ‘dn’ (down).

The INCREMENT’ button (INTEGRATE button)
changes the value of the digit or line that is higfted by
the cursor. The value of a highlighted numeridajitdwill
be increased by 1, wrapping around to O after pasSi In
the ‘AUTO SHUT-OFF’ screen, this button allows sslen
between 3 different modes, changing the entirednottine
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of the display. In the ‘UNITS SELECT’ and ‘ADJ’ rdes,
the ‘INCRpEI\/IyENT’ button increments the screen inheit +123.4 nW/cm2
the ‘UP’ or ‘dn’ direction, chosen using the ‘SELETkey. UNITS SELECT dn
The ‘ENTER’ button (HOLD button) permanently
stores any changes in a screen in the detector BEPR

memory.
If this button is not pressed, the changes will egp ‘ZERO’ button: To advance the ‘MENU’ to screen # 4
temporarily in the instrument’'s RAM memory, but ltle ‘SIGNAL’ button: To ‘SELECT’ the direction that th
restored to the original EEPROM values if the usiturned list of units increments, either ‘UP’ or ‘dn’ (doyn

off. When a screen is ‘ENTERed’, the menu advarioge INTEGRATE’ button: To INCREMENT through the
next screen. list of units in the up or down direction, selecgfithe units

The ‘EXIT’ button (ON/OFF button) simply exits the ~ shown on the display. UNITS CHANGES DO NOT
user from ‘PROGRAM MODE’, returning immediately to AFFECT THE NUMERICAL VALUE OF THE READING.

‘SIGNAL’ mode and initiating any temporary or pernent ‘HOLD' button: To ‘ENTER’ a change permanently.
changes in operation. Changes that were not entered will be reset when th
instrument is turned off.

6.1 ‘PROGRAM MODE’ - Quick Reference: ‘ON/OFF’ button: To ‘EXIT’ the programming mode

at any time.
‘PROGRAM MODE’ - Quick Reference (continued):
6.1.1 MENU # 1. WARNING: THE N.I.S.T. TRACEABLE
CALIBRATION PROVIDED BY INTERNATIONAL
PROGRAM MODE LIGHT WITH YOUR ILT1400 IS VALID ONLY FOR THE
ON/OFF TO EXIT SENSITIVITY FACTOR AND UNITS SPECIFIED ON

YOUR CALIBRATION CERTIFICATE.

6.1.4 MENU # 4:

‘ZEROQ’ button: To advance the ‘MENU’ to screen # 2
‘ON/OFF’ button: To ‘EXIT’ the programming mode at +12.19 pW/cm?2

FACTOR 1.000e+00

any time.

AUTO SHUT-OFF
ENABLED (10 min) +123.4 nW/cm?2

FACTOR 9.876e-05

AUTO SHUT-OFF
‘ZERO’ button: To advance the ‘MENU'’ to screen # 5
lsmalED (temp.) ‘SIGNAL’ button: To ‘SELECT’ the digit that you
wish to increment.

‘INTEGRATE’ button: To ‘INCREMENT’ the digit
that you selected. A factor change will immedigteffect
the numerical value displayed, but not the units.

‘HOLD' button: To ‘ENTER’ a change permanently.
Changes that were not entered will be reset when th
instrument is turned off.

‘ON/OFF’ button: To ‘EXIT’ the programming mode at
any time.

‘ZERO’ button: To advance the ‘MENU'’ to screen # 3

‘INTEGRATE' button: To ‘INCREMENT’ the bottom
line between three choices: ‘ENABLED (10 min)’,
‘DISABLED (temp.)’, and ‘DISABLED (PERM.)".

‘HOLD’ button: To ‘ENTER’ a change permanently.
Changes that were not entered will be reset when th
instrument is turned off.

‘ON/OFF’ button: To ‘EXIT’ the programming mode
at any time. 6.1.5 MENU #5:

6.1.3 MENU # 3: +123.3 nW/cm?2

AD] UP 9.876e-05
+123.4 Nw/cm2

UNITS SELECT UP
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+123.3 nW/cm?2

ADJ dn 9.876e-05

‘ZERO’ button: To advance the ‘MENU'’ to screen # 6

‘SIGNAL’ button: To ‘SELECT’ the direction that yo
wish to increment the sensitivity factor, eitherPUor ‘dn’
(down).

INTEGRATE’ button: To INCREMENT’ the least
significant digit of the sensitivity factor in thep or down
direction for minor adjustments. The displayeddieg
immediately reflects this adjustment.

‘HOLD' button: To ‘ENTER’ a change permanently.
Changes that were not entered will be reset when th
instrument is turned off.

‘ON/OFF’ button: To ‘EXIT’ the programming mode
at any time.

‘PROGRAM MODE’ - Quick Reference (continued):

6.1.6 MENU # 6:

SERIAL NUMBER
0123456

6.1.11 MENU # 11:

DETECTOR CURRENT
min

1.000e-11

‘ZERO’ button: To advance the ‘MENU'’ to the next
screen. FOLLOWING MENU # 11, THE DISPLAY
RETURNS TO MENU # 1.

‘ON/OFF’ button: To ‘EXIT’ the programming mode
at any time.

ANY CHANGES THAT WERE ENTERED USING
THE ‘HOLD’ BUTTON WERE PERMANENTLY SAVED
IN THE DETECTOR’S CONSTANT MEMORY. ALL UN-
ENTERED CHANGES WILL BE TEMPORARILY
STORED IN RAM, AFFECTING THE OPERATION OF
THE INSTRUMENT ONLY UNTIL THE POWER IS
TURNED OFF.

6.2 Disabling the Automatic Shut-Off

6.1.7 MENU #7

+123.4 nW/cm?2

IL CAL 9.876e-05

6.1.8 MENU # 8:

CALIBRATION DATE
Da20 Mo03 Yr98

6.1.9 MENU # 9:

MANUFACTURED
Da22 Moll Yr97

6.1.10 MENU # 10:

DETECTOR CURRENT

MAX COUNT 6ADS8

AUTO SHUT-OFF
ENABLED (10 min)

AUTO SHUT-OFF
DISABLED (temp.)

AUTO SHUT-OFF
DISABLED (PERM.)

The first menu screen the user encounters in
‘PROGRAM’ mode is ‘PROGRAM MODE’, ‘ON/OFF TO
EXIT'. When the ‘MENU’ (ZERO) button is pressedet
display scrolls to one of the ‘AUTO SHUT OFF’ scnse
portrayed above. When the ‘INCREMENT’ (INTEGRATE)
button is pressed, the bottom line of the displagrges
between three different forms: ‘ENABLED (10 min)’,
‘DISABLED (temp.)’, and ‘DISABLED (PERM.)". After
making the appropriate selection, press the ‘ENTER’
(HOLD) key to permanently store the change in teeedtor
EEPROM. If the user leaves this screen withoutfir
‘ENTERIng’ the change, only the instrument’'s RAM
memory will be ffected, causing a temporary changet
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will be reset as soon as the power is turned offe
ILT1400 will then restore the original values frahe
detector EEPROM when turned on. When the automatic
shut-off has been disabled, the instrument wilhblthe
message ‘NO OFF’ in the status register of the Ldibing
‘SIGNAL’ mode, shown above. Since the ILT1400 is
programmed to allow integration for as long as sseey to
complete a measurement, the instrument will never
automatically shut off while actively integrating.

‘ENABLED (10 min)’ is the standard mode of
operation, causing the instrument to automaticaliyt off
if a keypress is not sensed within 10 minutes while
‘SIGNAL’ mode. As mentioned above, while in
‘INTEGRATE’ mode, the ILT1400 will operate indefiraly
without shutting off to provide for long term intedion
measurement sessions. However, if ‘HOLD' is prédsse
while in ‘INTEGRATE’ mode, the instrument will
automatically shut off in 10 minutes. Remembehitio
‘ENTER’ to permanently enable (or disable) the amidbic
shut-off feature.

‘DISABLED (temp.)’ causes the instrument to
TEMPORARILY disable the automatic shut-off. This
particular selection does not need to be ‘ENTERSsitfice it
is inherently a temporary change and will not bered in
the detector EEPROM. The instrument will resethie
previously established mode when the power is lost.

‘DISABLED (PERM.)’ causes the instrument to
PERMANENTLY disable the automatic shut-off, untili$
feature is enabled again in program mode. Remenubbit
‘ENTER’ to permanently disable (or enable) the audbic
shut-off feature.

6.3 Changing the Displayed Units

WARNING: CHANGING THE DISPLAYED UNITS
MERELY CHANGES THE WORDING, NOT THE
ACTUAL READING. THE READING MUST BE
SCALED BY CHANGING THE SENSITIVITY FACTOR.
YOUR INTERNATIONAL LIGHT CALIBRATION IS
VALID ONLY FOR THE SENSITIVITY FACTOR AND
UNITS SPECIFIED ON YOUR CALIBRATION
CERTIFICATE.

+123.4 Im/m2

UNITS SELECT UP

+123.4 lux
UNITS SELECT dn

Press the ‘'MENU’ (ZERO) button to scroll to the
‘UNITS SELECTION’ menu screen. Use the ‘SELECT’
(SIGNAL) button to choose ‘UP’ or ‘dn’, changingeh
direction that you scroll in the list of units. €3 the
INCREMENT’ (INTEGRATE) button to scroll to the néx
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set of units in the up or down direction. Press ‘BNTER’
(HOLD) button when you have selected the propetsuni
ifyou would like the change to be stored permaneati the
detector EEPROM. Please note that changing thaadied
units merely changes the word portion of the digpldahe
numerical readout will not be converted to the nenits
(except for unity conversions such as Im/m2 to letc,.).
The mathematical conversion can, however, be actiehgd
by changing the sensitivity factor.

6.4 Changing the Sensitivity Factor
WARNING: THE N.I.S.T. TRACEABLE CALIBRATION
PROVIDED BY INTERNATIONAL LIGHT
TECHNOLOGIES WITH YOUR ILT1400 IS VALID ONLY
FOR THE SENSITIVITY FACTOR AND UNITS
SPECIFIED ON YOUR CALIBRATION CERTIFICATE.
ALL CALIBRATION FACTORS REQUIRE THE USE OF
THE EXACT COMBINATION OF SENSOR, FILTERS AND
INPUT OPTICS THAT WERE USED DURING
CALIBRATION.

We have designed the ILT1400 to accommodate the
diverse needs of our customers. Our calibratiorsiee
N.I.S.T. traceable accuracy in absolute opticatsuniSince
we recalibrate the complex electrical circuitryanfr
instruments before recalibrating to the N.I.S.Ttiogl
D.R.1.P. standard, we recommend recalibration dny
International Light Technologies. We do recognize,
however, that some customers require the capaldity
optically self calibrate their own detectors toiarhouse
standard or to simply read the absolute currenpuusf a
detector in Amperes. Some users may also wanhaoge
back and forth periodically between the English &hdinits
systems. For these reasons and many more, we Hilow
EXPERIENCED USER the versatility to change the
sensitivity factor that determines the reading @igpd on
the instrument.

The ILT1400 accurately measures over seven decafdes
low level current changes, from 10 picoAmperes %0 3
microAmperes. The instrument is electronicallyiloedted
to measure this current absolutely, in Amperese datector
head is then calibrated in our labs against a NII.S
traceable optical standard to obtain a sensitiiﬂt;tora, in
Amperes per desired Optical Unit, such as 1.876x 1
Amps/Watt/crﬁ.

The ILT1400 divides the measured current reading by
the sensitivity factor to render an answer in tesiced
optical units. Naturally, the seonsitivity factarfdirect
readout in Amperes is 1.000 x 1®mps/Ampere, a unity
conversion factor.

Self calibrating an ILT1400 to an in-house standiard
remarkably easy to accomplish. The instrumentldispthe
ongoing signal reading even as the sensitivitydagd
incremented. This allows the user to adjust trealileg to an
established optical standard in real time. Fomepia, the
sensitivity factor can be adjusted until the readagrees
with a previously calibrated detector’s output.rFo
production environments, the reading can be adjugiean
arbitrary number, such as 100.0, that relates ¢onthximum
output of a lamp standard. Readings would theeedfe
displayed in percent.



Converting to a different set of units, such agrfrimot-
candles to lux is also quite simple. The convars®ol foot-
candle = 10.76 lux. Multiply the sensitivity facton Amps/
fc, by 1/10.76 fc/lux to obtain a new sensitivigetor in
Argps/lux. With a foot-candle sensitivity factor Bf152 x
10 Ampsl/fc, the new sensitivity factor for direct read in
lux would be 2.000 x ZOAmps/Iux.

Since the sensitivity factor is given in Amperes pe
Optical Unit, a new factor can be calculated by sugmng
the current output of the detector in Amperes (Bavity
factor of 1.000 x 1?) and dividing by the output of a
calibrated detector or lamp standard in the desbptical
Units. A simpler trick for accomplishing this is enter the
value of the output (in Optical Units) of a calibxd detector
or lamp standard as a sensitivity factor. Therimsent will
then read out the desired sensitivity factor asaaling.
Enter that reading as the new sensitivity factod amljust
using the ‘ADJust’ mode. Remember that the serigyti
factor must be entered using scientific notation.

+9.29 fc
FACTOR 1.076e-03

+100.0 lux
FACTOR 1.000e-04

To change a sensitivity factor, first scroll to the
‘FACTOR’ menu using the ‘MENU’ (ZERO) key. Movegh
cursor to the mantissa or exponent digit you wislchange
using the ‘SELECT’ (SIGNAL) key. Increment thatgdi
using the ‘INCREMENT’ (INTEGRATE) button. As you
increment the digit, the displayed reading will nba
immediately to indicate the results of the new #g@risy
factor being changed. If you wish to permanenttye the
new factor on the detector memory, simply press the
‘ENTER’ (HOLD) button after changing the sensitiyit
factor.

The original sensitivity factor and units are permatly
stored in an unchangeable menu screen for refergmeeld
the user desire to eventually return to the origha.S.T.
traceabl factory calibratior.

+99.9 |ux
AD] UP 1.000e-04

To make fine adjustments to the sensitivity fadgtor
order to match the output of an established detemtdamp
standard, scroll to the ‘FACTOR’ menu using the ‘NI&
(ZERO) key. Press the ‘SELECT’ (SIGNAL) button to
change the direction the factor will be incrementeither
‘UP’ to increase or ‘dn’ to decrease. Press the
‘INCREMENT’ (INTEGRATE) button to increment the
reading. You will notice that the reading decresasfen the
factor is increased, but keep in mind that the imegis only
updated every half second if attempting to mat@&hdhtput
of a calibrated standard. Remember to press ‘ENTER
(HOLD) to permanently store the new factor.

Once again, we caution that only EXPERIENCED
USERS use the programming capabilities of the ILO0 4o
change sensitivity factors and optical units infation. A
misleading reading could lead to overexposure of
phototherapy patients, underexposure of photorgsist
invalid research results. Only a N.I.S.T. traceabl
calibration can guarantee the accuracy of a readDger
the years, we have calibrated light measuremenipetgnt
manufactured by hundreds of different companiesofar
customers. Many instruments have linearity proldem
spectral inconsistencies, or simply display morsoletion
than the instrument is capable of measuring. Unwise to
rely on the accuracy of uncalibrated equipment.

Many companies calibrate detectors at the peakoresp
wavelength of the detector, without the benefiadflat’
response. Measurements at different wavelengtbkico
appear as much as 90 % lower than the actual rgadin
resulting in significant overexposure. When measya
spectrally monochromatic source, such as a lasé, i
imperative to calibrate detectors at the isolatedelength
unless a ‘flat’ response detector is used.

Many customers have relied on the output of lamp
standards to provide a reference for calibratingsueement
equipment. The amount of light emitted by somegarnan
change as much as 5 % for a 1 % change in linagelt
Lamps degenerate significantly over time, losingragh as
50 % of their original brightness in the first trsand hours
of use, even though the current is accurately raeadl.
Whenever a lamp standard is used, it is best tdyis
output with calibrated measurement equipment taens
accuracy.

6.5 Read-Only Menu Screens
MENU # 6:

SERIAL NUMBER

0123456
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MENU # 7:

+123.4 nW/cm?2
IL CAL 9.876e-05

MENU # 8:

CALIBRATION DATE
Da29 Mo03 Yr99

MENU # 9:

MANUFACTURED
Da29 Mo03 Yr98

MENU # 10:

DETECTOR CURRENT
MAX COUNT 6ADS8

MENU # 11:
DETECTOR CURRENT

Min 1.000e-11

The six View Only screens shown above cannot be
reprogrammed by the user. They do, however, pevid
information that may be useful to some users. €hsseens
are primarily used for factory calibrations.

Screen # 6 gives the serial number of the detectdis
information is useful if the serial number sticlar the
detector is lost or damaged.

Screen # 7 gives the original International Light
Technologies sensitivity factor and the units olfloration.
This is a useful reference if the user change s#msitivity
factor and subsequently wishes to return to thgioai
N.I.S.T. traceable calibration.

Screen # 8 gives the date that the detector was las
calibrated. Screen # 9 gives the date the detecasr
manufactured. These dates are shown in a Day, Mafear
format. ‘Da29 Mo03 Yr91’ refers to 29
March 1991, for example. These dates are impofftant
retrieving previous calibration information from rofiles,
and also alarm the user when his instrument habeen
calibrated recently.

Screen # 10 gives the maximum current count in the
current to frequency converter before the ‘OVR RNG’
message appears. The hexadecimal humber 6ADS8 is a
typical value (350 microAmps). Screen # 11 givies t
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minimum current limit in Amperes for a down rangihigit.
These screens are used by the factory calibragogmeer
during recalibratior.

6.6 SELF CALIBRATION

The ‘PROGRAM’ mode is provided for those
EXPERIENCED USERS who wish to calibrate their
detectors to their own specifications. It is pbssito self
calibrate silicon detectors to a higher degreecafuaacy
than the N.I.S.T. standard, not to mention the ilation of
transfer errors. Refer to “Solar Cell Spectral Resse
Characterization,” Edward F. Zalewski and Jon Geist
Applied Optics, volume 18, number 23, 1 December
1979; and also, “Silicon Photodiode Absolute Spedctr
Response Self-Calibration,” E.F. Zalewski and J.isGe
Applied Optics, volume 19, number 8, 15 April 1980.

The technique they outline is independent of former
approaches to absolute radiometry, which are basethe
thermal physics of blackbodies or electrical subsibn
radiometers. They rely on the high level of peti@t
achieved in the manufacture of UV enhanced plait@os
photodiodes to obtain an internal quantum efficiemdgthin
a few hundredths of one percent. Self calibratan
achieve accuracies to within a few tenths of one@at over
a wide spectral range. The National Institute tEn8ards
and Technology blackbody measurement standard is
accurate to six percent
in the ultraviolet, one percent in the visible, dodr percent
in the infrared.

For many users, absolute measurements can be eeplac
with relative measurements. The ILT1400 can bé sel
calibrated to read out a number such as 100 whesngan
effective dose of light for a particular procesghe unit can
then be used to monitor any relative change inr¢eeived
dose.

ILT also offers a self calibration procedure toalladding
or removing of neutral density filters. Neutral diy filters are
available in three ranges: QNDS1 for 10 times rédndn
sensitivity, QNDS2 for 100 times reduction in séimgy, and
QNDS3 for 1000 times reduction in sensitivity ceatiation.

To make the process easier, we have added an online
QNDS self conversion calculator:
http:/Mmww.intl-lighttech.com/library/calculatorsids_calc.

Once you have determined your new calibration faptol
must follow the steps in chapter 6 “PROGRAM MODE}
make the necessary adjustments to the existingra&itn
factor.



/. PRECAUTIONS

The ILT1400 has been designed to minimize problems

due to improper operation of the instrument. Tinpact
resistant, flame retardant, ABS construction of ¢luéside
plastic enclosure ensures durability in typical dvdreld
environments. The case is specially coated wittkali
inside to provide RF shielding which exceeds FCC
requirements. Despite the durability that we have
engineered into the ILT1400, our 25 years of exgraee in
manufacturing laboratory instruments has showrhas t
users often overlook simple precautions that wqurklvent
most mishaps from ever occurring.

A) Be certain to reset the zero level if you areloubt
about the level it was last set to. The ILT1408rs$ the
zero in the detector memory, even after the undéfisand
the detector removed. The previous user may havé
subtract a very high level, which will result inrydow or
possibly negative readings.

B) Do not attempt to modify the circuitry in you
ILT1400. Tampering with the electronics will voide
warranty. If modifications are necessary, we ceovjgle
schematics of the area to be modified and technical
assistance.

C) Use caution when measuring UV or high power
sources. Proper goggles should be worn that ablddrb
when in the proximity of applications using intense
ultraviolet light, such as Phototherapy, UV curing,
Photoresist exposure, and Printing Plate LithogyapiWe
offer UV rejecting sunglasses (A26) that are spealfy
designed to block out all Ultraviolet wavelengthilso,
remember never to look directly into any laser beeith or
without protective eye wear.

D) Shipping Precautions: Always pack your
instrument well when returning it to be recalibichtar
repaired. A lack of packing material can cause the
instrument to accelerate at an extreme rate. Ti@'s®rces
can severely damage an instrument even when thstdeut
carton shows no sign of abuse.

E) When unplugging detector heads from the tothef
ILT1400, pull them straight off. Do not apply targ forces
to the card edge connector in any way. Periodycaib the
contacts of the edge connector with a rubber pesreiser or
similar nonabrasive material to remove dirt andrasion
which may have built up.

8. APPLICATIONS

8.1 CURRENT AND CONDUCTANCE
MEASUREMENTS

Most light detectors have a linear relationshipwestn
the incident irradiance and the current outputoaglas the
device is biased correctly. The ILT1400 is a very
sophisticated, programmable, current and conduetanc
measurement instrument. Current is measured inmlis
of Amperes, while conductance is measured in wfits
Siemens, where a Siemen is the reciprocal of tbstance
unit known as the Ohm. There are many other tygfes
transducers that also have an output which is aghaf
current or conductance. These devices cover measmts
in the fields of temperature, pressure, humidibnizing
radiation, pH, voltage, weight, magnetic force, @odon.
The instrument can be programmed to automaticaipldy
any measurable units over an unequalled dynamigeran
The current produced by a standard I.L. devicekm%n
displayed by changing the sensitivity factor toQQGe.

8.1.1 Polarity

Most light sensitive devices can be configured to
produce a negative current (positive electron fleagier
than a positive current. This is especially trdie o
photomultipliers and vacuum photodiodes. One ef th
simplest detector configurations uses a detecttoram
operational amplifier, configured in the trans-canthnce
mode, which produces a positive output voltage. We
measure negative current from the sensitive inpint )
with respect to instrument signal ground (pin 7)ath
respect to the signal guard (pin 5), dependinghenktias
requirements of the individual detectors. An aitde
detector configuration for measuring Conductanc®is
connect the cathode of a semiconductor photodiodbe
input and the anode to -5 Volts (PIN 9).

8.1.2 Overload

In order to protect the ILT1400, we have desigrea t
input to take a great deal of overload. There lisndt,
however, due to the sensitive nature of the meaksure
signals. It is impossible to completely protect thput from
every kind of abuse. Generally speaking, the inpilittake
about 10 milliAmperes of either positive or negativ
current, from D.C. to 100 MHz, for a short time ¢aib 5
seconds). The input will also survive voltages of
approximately plus or minus 5 volts for a simildost time
duration. This type of
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protection offers good survival to most modern gitc
accidents, and is designed to withstand most Radio
Frequency pickup that may be present in typicak use
environments. One of the most common R.F. souicdse
igniter for arc lamps. These lamps generate aBo1200
volts at 1 MHz during ignition. The induced radaat from
this process has been known to destroy volt-ohmersednd
other instruments, even when they are not plugged i
anything. The coupling is strictly radio frequency
transmission to a nearby circuit. This type of dam is not
a rare occurrence if you operate many arc lampsyeado in
our calibration lab. Since we have had a persortatest in
withstanding this kind of damage, we have gonertag
trouble to design the proper protection into th&1400.

8.2 FLUX DENSITY MEASUREMENTS

Flux density is properly defined as the densityigifit
incident upon a surface. Flux is a measuremetigbf
energy, typically expressed in Watts for radionetri
measurements or in photopically weighted Lumens for
photometric measurements. When a sample of thisif
measured over a standard area, the flux densitypean
calculated in units of flux per unit area, such/éatts per
square centimeter or Lumens per square foot (faodtes),
for example. For this measurement to be accuthee,
incoming light beam must overfill the detector (beger
than the entrance aperture). In all flux density
measurements, the density will drop off as the mesament
plane gets farther from a point light source. Téuscept,
the “inverse square law”, means that the readirlghvei
inversely proportional to the square of the relatdistance
from the light source. For example, if your ILTBifeads a
flux density of 36.0 mW/ciwhen you are 1 meter from a
source, it will read 1/4 of 36, or 9.00 mW/Qrwhen you
move back twice as far, to 2 meters away. If yavenback
three times as far, to 3 meters, your ILT1400 wahd 1/9
of
36, or 4.00 mW/cm

Distant light from the sun, moon, and stars iséaough
away to be considered infinite, so that even largenges in
earth altitude produce negligible “inverse squa&”lerrors.
Keep in mind, however, that the atmosphere actso#s an
attenuator and a diffuser. If you were to meagshee
radiometric irradiance of the sun from a high alti¢
weather balloon, the atmospheric attenuation wdad
significantly reduced at certain wavelengths, dejien on
ozone levels, etc. Also, on an overcast day, theds act as
an excellent diffuser, causing light to shine etyufrlom all
portions of the sky. Even though the cloud ceilimgy be
very close compared with the distance to the s, t
“inverse square law” will not affect the measuremen
because the detector will actually be measuringtiniess
(luminance or radiance), which does not change with
distance. This is a special phenomenon which accur
whenever a uniform source is spatially wider thiama t
acceptance angle of the detector. The area obvkecast
sky is wider than the 180 degree acceptance arfgleeo
detector. Luminance and radiance detectors tylyidelve
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very narrow acceptance angles (2.5 degrees), fasméng
the brightness of a uniformly radiating area souré¢hen
you back away from the uniform source, the detetiees”
a wider area of the source that is proportionah® square
of the distance, exactly canceling the drop in dgns
expected from the “inverse square law”.

8.2.1 Radiometric Irradiance (W/cm 2)

Irradiance is the measurement of the density dftlig
striking a surface. The most conventional units of
measurement are Watts per square centimeter (V)//cm
although some users prefer nonstandard units. &de c
provide detectors to measure in any system of poitbelp
you to convert from W/ch

Irradiance measurements require a “flat” spectral
response over the wavelength range of the lightcauThis
ensures that light density in different regiongtoef spectrum
is weighted evenly. There are two notable exceystim
this, Photometric llluminance and Effective Irragé@. In
both cases, the sensitivity to light at differerawelengths is
weighted to correspond to the biological or cheméféect
of those wavelengths. Photometric measurementshntae
human eye’s response to colors, since the eyegees
light proportionally better than violet or red, andnnot see
ultraviolet or infrared light at all. An Effectiveradiance
measurement uses a special function designed tohnthe
needs of the user. Usually, it is designed to mahe action
spectrum of some chemical reaction or polymerizatio
process.

UV Curing is a good example of an Effective Irratie
application. The detector should be designed tcim¢he
action spectrum of the photoresist or polymer filmot the
light source, since the light source emits a widege of
wavelengths of light. Some of those wavelengthl$ dve a
significant chemical effect, some will have proponially
less effect, and some none at all. In this wag,dptical
reading will be directly proportional to the effemh the
chemical process. The integral of this is the &ifee
Energy (Joules/crm This exposure measurement directly
correlates to how much curing took place.

In any light measurement, it is important to realiz
exactly what light the detector is measuring. @t flesponse
detector “sees” much more than visual light. ks¢he
Infrared light given off by your body or any warmbject, as
well as light from any Ultraviolet sources, nonevdiich are
visible by the human eye. Filters may be desieflbck
unwanted bands of light. More often, it is usettubaffle
the measurement environment. For example, an Fyep
on an optical bench will radiate in all direction&nyone
moving near this lamp becomes a secondary reflgctin
source of optical radiation which is sure to chatige
reading. Baffles and black satin cloth curtains aery
helpful in isolating the experimental area. A hdtewvn the
optical axis should have a sharp edge to avoiccéifbtns
from the edge itself. Also, square holes are lbattan
round holes, since edge reflections are less likelge
propagated down an array of multiple baffles. pkmnty of
flat black paint to reduce reflections to a minimuf you



are working in the infrared, you might want to geime
“3M Black Velvet” which is known to absorb all tlveay out
to 60 microns.

Spatially, the irradiance detector measures with a
desirable Lambertian, or “cosine” response. Théans that
light shined directly at the detector will be sethd€0%,
light from a 45 degree angle will be sensed 70.@#@ light
from a 90 degree angle will not be sensed. Thigics the
effect of light and reflected light shining on aftgt surface,
since at oblique angles, the effective area is cedu For
example, if you were to look at a round piece gbgraon a
table from a 45 degree angle, it would look likecasal with
about one third less area than the actual circtevilaen
viewed from above. Light shining onto the circterh a 45
degree angle also “sees” this reduced area ovaning that
less light will hit the circle. The cosine resperis
important for measuring the actual amount of ligtet
would fall on a given planar area from a multituzfe
sources.

Reference distance is also an important considarati
Your irradiance detector measures the flux densityich is
dependent on the distance from the source anditiverse
square law” mentioned above. If you wish to knoawh
much light is hitting a particular surface, simglace the
detector at the same reference distance as thiatcgur If
your application is UV Curing, place the probe l tcuring
oven where the process takes place. If your appba is
phototherapy, place the detector at the same distéiom
the exposure lamps to the plane of the patients.sK it is
impossible to place the detector in the properresfee
plane, the inverse square law can be used to atedyra
calculate the proper flux density if the sourceins
approximate point source.

8.2.2 Photometric llluminance (lux or foot-candles )
Photometric Illuminance is the flux density of VERIE
light per unit area. In common terms, it is theoamt of
“illumination” provided by natural and man madeHig
sources, finding applications in artificial offitighting,
emergency backup lighting, entrance and stairwglyting,
parking lot illumination, and even behavioral resda
studies of sleeping habits under various lightingditions.
As was mentioned above, Photometric llluminancanis
Effective Irradiance measurement that is weightethatch
the “photopic” eye response of the CIE “Standard@fler”
curve. (We also manufacture detectors to match the
“scotopic” night vision response). The photopigall
weighted unit of flux is the lumen, which can otilg
converted to optical Watts at specific wavelengdisce

each wavelength is weighted differently. One Whxtflux
at 555 nm is equivalent to 683 Lumens. Illuminance
measurements are normally expressed in the Sl ohits
Lumens per square meter, also called lux (Ix). @aznally
Lumens per square centimeter, or phot (ph), ard.use the
English system, units are expressed in Lumens geare
foot, or foot-candles (fc). One foot-candle is abto 10.76
lux. We recommend using lux, since they are recamh
worldwide.

When making an illuminance measurement, the input
aperture of the detector must be overfilled. Idesrto
measure a beam that is narrower than the openitigeof
detector, simply move the detector back away from t
source until the beam spreads out enough to coriglet
flood the detector. Remember, of course, the iogtlons of
the “inverse square law”. As you move back frora th
source, the flux density decreases exponentiallhas
inverse square of the relative distance from thes®. This
effect can be harnessed to measure an unusuagjiitbri
source, by simply backing away from it to reduce flux
density.

A general rule in illuminance measurements is teagis
place the detector in the same reference plankeasurface
that is illuminated. If you are measuring stairway
illumination, for example, you would want to plattes
detector on the surface of the stair, not at eyellpointed
at the stair. llluminance measures all the ligiiliig on a
surface. Luminance, on the other hand, measuightbess
similar to the way the human fovea (image analpsigion
of the eye) analyzes a very narrow angular argar. the
stairway illumination example, illuminance is meesul
because it is a constant. The stairs and overtightrig are
fixed. Luminance, on the other hand, could be meadin
an infinite number of different ways, dependingwelmere
the detector is placed and what it is aimed atminance is
usually reserved for uniformly radiating area sas,csuch
as backlit signs or video monitors, whereas illuarioe is
used to measure how much light is falling on aatef The
reference plane for photometric illuminance detexio the
outside surface of a Teflon® diffuser (or firstgion a W
diffuser). This surface should be placed in thesdocation
as the surface that you wish to measure.

8.2.3 Phototherapy - UVA

There are many cosmetic and dermatologically
therapeutic treatments involving exposure to Ulinéat-A
light (315 to 400 nm), the wavelength band whidhgers
melanin production in the epidermis. The standdetector
for UVA measurement is the SELO33/UVA/TD. The tyal
unit will read out in Watts/cfin ‘SIGNAL’ mode, and
Joules/crin ‘INTEGRATE’ mode.

Typical UVA phototherapy exposure chambers utilize
special fluorescent bulbs to generate UVA radiatidie
output of these short wave fluorescent lamps teéads
degenerate significantly over time. In fact, aitgh UVA
lamp output will degenerate 70% in just 6000 houks.
UVA Phototherapy Radiometer will enable a medical
technician to monitor the output of the lamp aremgurately
in order to adjust the exposure time for the progpese.
Once a week
or so, the technician (wearing protective eye weall)
simply check the average flux density (Watts?):at the
reference plane of a typical patient’s skin (inside booth)
to adjust the exposure times for that week basethen
measured irradiance and the desired exposure.
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For a more empirical calculation of the Effectiveda
of UVA, simply place the detector in the booth la¢ tevel
of the patient’s skin and put the ILT1400 in ‘INTRATE’
mode. The instrument will automatically calculéte
ongoing accumulated dose in Joules/ciRemember to
press ‘HOLD’ if you wish to terminate or pause the
integration. If you hit ‘HOLD’ a second time, the
instrument will unfreeze the display and returrthe
uninterrupted integration, allowing intermediatadags to
be taken. Constant monitoring of fluorescent expes
booths is necessary, both to ensure a safe, aftecti
ultraviolet dosage and to evaluate when the fluogas
lamps need replacement. As mentioned above, aftigr
6000 hours of use, a patient will need to be exddse up
to three times as long to accumulate the samenteait
dose.

8.2.4 Phototherapy - UVB

Ultraviolet-B radiation consists of any light ineth
spectral band between 280 and 315 nm. For many
phototherapy applications, this “Actinic” radiatican be
replaced by UVA, since UVB often irritates or dareaghe
skin, leading to skin cancer. For certain skinodiers,
however, moderate doses of UVB light combined with
certain drugs can be remarkably beneficial. Ps@sjaa skin
irritation condition, can be controlled in this mmaar. Close
monitoring of UVB lamp output and doses is ESSENIJA
considering the dangers of overexposure as wehasamp
degradation problem mentioned above. Also, remernbe
always wear protective eye wear when working wibrs
wavelength sources.

The technique for measuring UVB wavelength light is
similar to the UVA radiometric irradiance dose
measurement described above. The UVB detectoridhm
placed at the same reference plane as the patigkitis Be
sure to use your UVB detector (SEL240/UVB1/TD, for
example), not your UVA detector, for measuring UVight.
UVB light is much more dangerous than UVA, and your
UVA detector will not sense any UVB light. Typiclamps
may have a large UVA component, leading to mislegdi
results if the wrong detector is used. All Inteioaal Light
Technologies detectors are clearly marked with ctete
type and serial number. If ever in doubt, simphgck the
engraved labels on the individual filter rings t® $ure you
are using the proper detector.

8.2.5 Hyperbilirubinemia Phototherapy - Blue

Visible
Jaundice is a very common condition requiring maidic
attention in newborns. The yellow coloration of gkén and
sclera in newborns with jaundice is the resultafuenulation
of unconjugated bilirubin, often referred to as meal
hyperbilirubinemia.

Phototherapy is the primary treatment in neonaids w
unconjugated hyperbilirubinemia. Phototherapy elyplolue
wavelengths of light to alter unconjugated bilinuln the skin.
Our Hyperbilirubinemia probe is designed to matuod t
wavelength specific photo-oxidation response afuiin to
provide optimal measurement of the therapeuticatamh
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As with most phototherapy applications, it is imfzon to
place the detector in the same reference plane has t
patient’s skin. The fact that blue light is visbmisleads
most people into believing that it is much saferarth
ultraviolet light. Excessive doses of blue lighinstitute a
significant health hazard. The U.S. National Ingg of
Occupational Safety and Health (NIOSH) has acclyate

defined the “Blue Hazard” wavelength band, and the

maximum allowable daily dosage. Refer to NIOSHeggsh
publications for more information on Blue Hazards.

Another important factor to consider when expogiagients
to intense blue light is the fact that many fluaest
hyperbilirubinemia lamps emit a significant amouaot
radiation in the UVA band (315 - 400 nm), which nst
sensed by a bilirubin probe. We strongly recomm#reduse
of protective eye wear, especially by medical tectams,
who may not realize the ambient dose radiation they
exposed to over time.

8.2.6 ACGIH and NIOSH Actinic UV Hazard

ACGIH has extensively researched the effect oftligth
specific wavelengths on human skin. They accuyadefine
the hazardous effects of ultraviolet light as acfiion of
wavelength. This weighted spectral effect plotaterred to
as the Actinic hazard function, with the relativaezard
proportionally weighted from 200 nm to 315 nm (nmaxyim
hazard at 270 nm). NIOSH also recommends the titieeo
ACGIH standards to define hazardous working coondii
ACGIH updated the Actinic function by logarithmital
extending this hazard data through the UVA to 460 n
This revision is an important consideration. Altigbuthe
effect of the UVA band is proportionally much lebsan that
of the UVB and UVC bands, an intense UVA sourcegsos
significant Actinic threat. We have custom desigjmoair
Actinic filter using thin film techniques to preely match
the new Actinic hazard function curve released IG§GAH,
out to 400 nm. This is essential for accurate &ffe
Irradiance measurements. The ILT1400 combined with
SEL240/T2ACT displays Effective Watts/énproviding
immediate, direct hazard readings when compared to
Threshold Limit Values.

8.2.7 IES Luckeish and DIN Germicidal / UVC

The germicidal band is precisely defined by IES
Luckeish and DIN standard curves. Light in thisvei@ngth
band acts as a germicide, killing germs and miaganisms.
Many hospital operating rooms employ mercury ampa,
shining germicidal light inside an open wound as th
operation takes place to kill environmental gerfisost
98% of a Low Pressure Mercury lamp output occurs at
precisely 254 nm. The peak of the effective ireantie
curve, however, is at 265 nm. Light from a Mercilagnp
has only 85% of the effect that an equal amourt&& nm
light would have. Our SEL240/T2ACT5 germicidal eetor
weights the effect of all light in this band to @stual
germicidal effect, regardless of the type of soursed. A
narrow band detector measuring only light at 254aan
also be used (XRL140T254)



Broadband UVC measurements require a two step
zeroing process. The SEL240/TD measures both 28D (
to 315 nm) and UVC (200 to 280 nm) wavelength ligiihe
SEL240/UVB1/TD combination adds a sharp cut filter
(UVB1) to measure only UVB. The SEL240/TD can be
used alone in a single step measurement for mostrgé
purpose Ultraviolet applications. Some users rejui
readings that separate the UVB and UVC components,
however. For that reason, we include the followihcee
step measurement process for measuring both UVB and
UVC individually:

STEP 1: MEASURE UVB AND UVC, RECORD DATA
Measure the incoming UVB + UVC light from your
Ultraviolet source using the SEL240/TD detector
configuration. RECORD THIS DATA.

STEP 2: MEASURE 90 % UVB, ADJUST DATATO
100 % UVB

Next, remove the empty filter ring and replace ithw
the UVBL1 filter ring, for the SEL240/UVB1/TD
configuration. The UVBL1 filter causes the detedtmr
measure only the light in the UVB band. Howevéngce the
UVBL filter has a transmission in the UVB of 90 ¢his
data must be adjusted to determine the actual atrafun
UVB light in the source. To do this, simply dividlee UVB
data by 0.90 to obtain a LARGER number. This s th
amount of UVB light.

STEP 3: SUBTRACT STEP 2 FROM STEP 1 TO
OBTAIN UVC

Finally, subtract the adjusted UVB data (STEP &)fr
the UVB + UVC data recorded earlier (STEP 1). Tasult
should be a positive number, since the UVB is aponent
of the overall reading. The answer is equal toUWhC
output of the source.

8.2.8 Photoresist / UV Curing

In both Photoresist and UV Curing, chemical
compounds are used for their ability to polymenideen
exposed to light at certain wavelengths. Sinceé¢he
chemicals are only sensitive to certain charactierspectral
bands, a detector is required which measures drdy t
wavelengths of interest, spectrally weighting the
measurement to match the effect of each waveleogttihe
polymerization process. This type of measuremesfgrred
to as Effective Irradiance (Watts/czzr& Joules/crﬁ), is
essential since the spectral output of exposurg$adoes
not match the required spectral dose. A flat raditric
irradiance detector would measure each wavelengtialéy
to accurately reflect the lamp output, whereas féactve
irradiance detector measures only the useful wangthes,
weighted proportional to their chemical effect, aedjess of
lamp output.

Photoresist applications involve selectively expgsi
photosensitive chemicals to short wavelength light
polymerize the material in a particular pattern @ise in
photolithography industries such as Printed Cir&otard
manufacturing, Printing Plate production, and XR0OB4
provide low profile and durability for repeated use

in these intense UV exposure production environsenie
SEL240/QNDS3/TD is designed for use in Semiconducto
Microlithography applications in the deep UV.

UV Curing applications typically involve exposing
photosensitive inks, glues, and epoxies to shoxelength
light for drying and hardening purposes. We offes
SELO05/WBS320/TD for this effective irradiance
measurement. For continuous monitoring in particyl
harsh environments we recommend, the RAMP12 (12" L
right angle probe) or the new high temp fiber optiath
high temp right angle adapter or diffuser.

We also manufacture a self-contained, lamp system
profiling belt radiometer, the ILT400, for the hhars
radiation and extreme physical punishment of convédgelt
production processes. The ILT400 has high ‘G’ force
mounts and a low profile, solid machined aluminum
encasement that is polished for high reflectiviayréduce
temperature rise and UV damage. Consult with aBales
Engineer for more information on these new ILT prots.

8.3 FLUX MEASUREMENTS

8.3.1 Laser Power - Radiometric Laser Power

Radiometric laser power is the absolute measuremient
the spectral output power of a collimated, cohelsdam of
light in optical Watts. The detector uses a fledponse
filter to ensure radiometric accuracy. For thipeayof
measurement, the laser beam must under-fill thatinp
aperture of the detector, to completely captureethergy of
the beam. Our standard laser power detectorsthse the
SEL033 (33 mmior the SEL100 (100mfnsilicon cell
detector with a flat response filter with variomput optics
and a beam aiming aperture (K9 - 9mm dia. or K15 mm
dia.). We offer other specialized detectors faried
dynamic and spectral ranges or applications reqgiri
special capabilities, such as thermal averagingfdsed
lasers.

When measuring laser power, we recommend centering
the beam on the detector with the detector facenabto
the incoming light, although the detector allowwide
margin of error. The detector face will reflecslégght
amount of light back at the laser, providing anwate
indication of any offset angle. Simply aim theleeted
spot back at the laser output aperture by adjudtiegangle
of the detector, keeping the beam aimed at theecenftthe
detector. Slight translation or angular offsetd wot affect
the reading (x 4.5 mm, + 10 degrees), allowing wicheler-
filled beams and multiple laser sources, if necessa
Distance to the detector should not matter, prodithee
laser beam still under-fills the aperture.
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8.3.2 Laser Power - Photometric Lumen Flux

Photometric laser power is the measure of the l@sib
output of a laser, scaled to the eye’s photopipoese to
light. This is useful for any application requigim measure
of the visibility of a laser source, for laser projion
televisions, health hazards, spot illumination, matlaser
output, special effects lasers, laser light shoats, The
units of measurement for photometric flux is tharian
(Im). This effective flux measurement is photopiga
weighted according to the CIE Photopic “Standard
Observer” Eye Response curve. The same spatial
considerations apply as for the laser power measendgs in
the previous section.

8.3.3 Radiometric - Total Watt Flux

Total Watt flux is the measure of the total fluxtput of
a wide beam source or LED. This measurement regn
Integrating Sphere and flat response detector. ddiector
must be calibrated with the integrating sphereafoecuracy
in optical Watts. ILT offers the SELO33/F/INS250 iatn will
provide direct readout in Watts on the ILT1400.

8.3.4 Photometric - Total Lumen Flux

Total Lumen flux is similar to total Watt flux fax wide
beam source or LED, except that the flux being mes is
restricted to the photopic (visible) portion of thpectrum.
An Integrating Sphere is required for this type of
measurement. ILT offers the SELO33/Y/INS250 whidl w
provide direct readout in lumens on the ILT1400.

8.3.5 Photometric Intensity - Mean Spherical candl e
Power

To properly measure the total flux from an isotiasdly
radiating source, one must “catch” all the radiatio
regardless of the emission direction. A spherhésideal
choice for this application, since you can put ldm@ap right
inside the Integrating Sphere. Two of the standatensity
measurements would be the candela and the WatStar
for photometric and radiometric applications, regpely.
An intensity measurement is the best indicationhef total
efficiency of a lamp, since it indicates its ahjlib convert
electrical power to optical flux.

Isotropic intensity is equivalent to a point southbat
radiates equally in all directions. This is notypitally very
practical, since most lamps require electrodesahdlder
to support the lamp, tending to block some of thgat
radiation. A lamp with a reflector behind it woulddiate a
great deal in one direction, but the same intensitiys are
often used, so this combination can be comparexhto
isotropic radiator. The units of beam intensity foese
applications are beam candela (or beam candle poviar
this situation, the measurement is best performi an
[lluminance detector calibrated to read out in feahdles

(Im/ftz). Beam intensity is then calculated by
multiplying the illuminance by the distance in fesgfuared
to get this equivalent intensity in one directiolfi.the output
of the source may be used in all directions then an
integrating sphere and the Mean Spherical Candé&Q)
measurement is a better indication of performan®e. the
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other hand, if the output from the source is usedne
direction, then beam intensity measurements woeldnbre
appropriate. These could be expressed in Lumens per
steradian (or Watts/ steradian) in a given origatgtor in
units of beam candela, as previously mentioned make
total flux measurements in an integrating sphecpiires
either a “flat” response or a photopic response
detector/sphere combination for the radiometric or
photometric measurement, respectively. We at ird@onal
Light Technologies are aware of how confusing thiésiet
measurement units and setups can be. Please tostéur
assistance with your specific application.

8.4 RADIANCE / LUMINANCE (Brightness)
MEASUREMENTS

Our eyes interpret image details over a relativeyrow
angle (approximately 2.5 degrees). This is theezohthe
fovea where we analyze an image, as opposed terttiee
light sensitive region of the eye. For this regsiois very
important to measure light in a similar fashiorrétate to
the visual effect. This photometric concept ideal
Luminance, or brightness, and the radiometric egjeint is
called Radiance. In making FLUX DENSITY measurebsen
of llluminance or Irradiance we find that the matgiie of
the measurement drops off inversely proportionahe
square of the distance from a POINT SOURCE to the
detector. This is true because the light is beipgead out in
two dimensions (area), as one backs away from ecsou
(hence, the square function). In making Luminaace
Radiance measurements, we are determining the pfrgom
a SURFACE as a function of FLUX PER SOLID ANGLE
PER UNIT AREA. In other words, we are summing bp t
output from an infinite number of Lambertian emigte
(isotropic point sources) over some test surfaea.aWe
measure this by looking at the area with a verymar
acceptance angle to intercept a small area insideutiform
sample emitting surface.

Changes in the distance do not change the readinge
the area being measured increases directly praputito
the square of the distance, which is in direct ggifdon to
the inverse square attenuation as a function dadie. In
other words, the two functions cancel to give woastant
reading. This is why Luminance is a constant vdtrea
surface, no matter where it is measured. The daits
guantizing Iguminance are Lumens per steradian geare
meter (Im/m/sr or nit). For Radiance, the units are Watts
per steradian per square meter. There is alsddakmyglish
unit, the foot-Lambert (fL) that is still in use-or
conversion, 1 fL x 3.43 = nits.

To get the proper acceptance angle, you need our
Radiance (R) barrel, an internally baffled barréhwa 1.5
degree field of view. The baffles are extremelypaortant,
because they remove the reflections from the wiihe
tube, letting in only the “line of sight” rays cong through
the center of the tube. Be careful that the deteist
“looking” at an area located in the uniform parttbé test
surface. Also, if you back away too far from the t



surface, the input angle will eventually be bigtiean the
test area, and inverse square law errors will accur

Using the SELO33/F/R or the SEL033/Y/R th& 1400 will
readout directly in either W/cltsr or cd/m respectively.
Information on alternative detector combinationavailable for
luminance and contact luminance (or radiance) nreasnts
from our technical support representatives.

8.5 L.E.D MEASUREMENTS

LED (light emitting diodes) are solid state lamps
manufactured from semiconductor materials. Beingava
band emitters they illuminate in a specific visibtdor or in the
infrared. Visible LEDs are available in the colofslue, green,
yellow, orange, or red. Light emitting diodes ageammended
for both indicator and optical applications. InfrdrLEDs are
recommended as light sources for phototransistors.

IL offers a variety of products to measwminance,
illuminance, beam intensity (cd) total flux (W,Imhd mean
spherical intensity (W/sr,cd) of LED.

The SPL024Y pen probe permits the measurement of
the entire output of the L.E.D. source using a aiinie
contact integrating sphere. For customers requivizgm
candela measurements of an L.E.D. source we alepthe
SELO033/Y/LED. Both detectors provide simple meamepts
by inserting the LED into the small aperture oheitsensor and
obtaining direct readout of Lumens or Candela retpay on
the ILT1400 display.

8.6 TRANSMISSION MEASUREMENTS
Transmission measurements are typically made ati@a r
between two readings, usually expressed in percent.
For example, a typical transmission measuremenhtibg
to measure the illuminance passed through a tiniedow
compared to the illuminance directly from the liginturce.
You will need a light source that is stable over thme
interval used for the measurements. Keep in mivad & 1%
change in the lamp current of an incandescent bfthn
produces a 3% change in the light output (refefPlianck’s
blackbody radiator equation for more informationjoltage
regulation is therefore very important. Also beesto let
your lamp warm up sufficiently before making
measurements.

Another important requirement is an aperture and
baffles. The aperture is necessary to define drgral
optical area of the sample filter. An exceptiorthds rule
occurs if using a narrow beam from a source such laser.
The beam defines its own aperture. The next step select
an optical bandwidth that is of interest. The tigburce or
the receiving detector is filtered to this desiredion. Now
you are ready to make everything physically stdbtethe
measurements. The full scale reading is takenutinche
limiting aperture before the sample is placed behirs
aperture. Then the transmission sample is insexbedthe
attenuated reading is taken. Simply divide theosec
reading by the first reading and multiply by 100 &
transmission reading in percent.

8.7 REFLECTANCE MEASUREMENTS

Reflectance is similar to transmission, with a fexre
complications. The ultimate use determines iSitmportant
to measure specular reflectance, diffuse refleanc both.
Most objects around the room are diffuse reflegtorsclose
approximations. So if the result relates to howl\eehuman
can see something, then diffuse would be approgriat
mirror is a specular reflector designed to boureelight at
an angle that is equal around the normal to théaser
Many surfaces, such as coated paper, have a specula
component as well as a diffuse component.

All reflectance measurements require some special
fixtures. In the case of Specular reflectance, gast have
a detector holder that can be swept in an angutanof180
degrees about a rotational point which has a hdidethe
flat sample reflector. A stable light source isedited across
the top of this rotational point where it is refled a
standard distance to the detector. The referenodition is
set by shining the light through the rotationalngcat the
detector with the mirror removed. The reflectottien
placed directly over this rotational point at argknof 45
degrees to the source. The detector is rotatsd, about
this same point, for an angle of 90 degrees oil anpieak
output is found by watching the meter readingsis It
important that the distance is still the same agai$ before
moving the detector. The sample surface must dteil
order to reproduce the same beam divergence asrgres
without any reflector present. There are manyatéohs to
this method, depending upon the ultimate use of the
reflector. Obviously, if the reflector is a curvedrface this
would not work.

For diffuse reflectance, an integrating sphere or
goniophotometer must be used to capture the diffuse
components of reflectance, integrating the entiverdent
reflectance angles. Both methods require veryispec
equipment, and will be lightly discussed here.tHa first
case, a collimated light beam projects throughraegrating
sphere, out an opposite port on the other side“@ample”
port). A detector with the desired spectral resgmis
placed in the sphere surface orthogonal to thisrbsa as to
be blind to either of the other ports. The ‘ZER®tton is
pressed with the sample port open. Then a whiteatance
standard is placed in the sample port, with a f@fsuch as
barium sulphate, magnesium oxide, etc. This repdrthe
100% reference value. The standard is removed and
replaced by the sample that you wish to refledttligff of.
This reading is the diffuse sample value. If tkenglard had
a reflectance of 98%, then you must first divide #tandard
reflectance by 0.98 before dividing into the diusample
value and multiplying by 100 for an answer in pertceA
goniophotometer uses a computer driven, rotatingani
arm to measure total flux or total reflectance.isTprecision
mechanical system can scan a reflector in at lzast
hemispherical solid angle for the most accuratedpgon
of reflectance, at great expense, however.
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8.8 SPATIAL RESPONSE

8.8.1 Lambertian “Cosine” Response

Lambertian Response is in reference to a particular
angular response which is proportional to the cesihthe
incident angle. In other words, for the angle nakito the
face of the detector (0 degrees), the magnitudedscosine
of 0 degrees, or 1.0 (100%). As the angle goesxiff and

becomes parallel to the face of the detector, #aeling goes

to zero, since the cosine of 90 degrees is zelto45A
degrees, the cosine is 0.707, which means thadebhector
should read the rays with 70.7% of the value predog the
same rays entering normal to the input device.

The reason this spatial response is necessary for
accurate measurements is that it matches the spasigonse
of a perfect absorbing surface. Since Irradianoe a
[lluminance are measurements of light falling osuaface,
the cosine is compatible with these measuremeAis.
analogy of the perfect absorber might be considaseteing
a small hole in a piece of sheet metal placed avweell. All
the light that goes in that hole will be absorbgdlre deep
well hole underneath. None will get reflected bagkout of
the same hole. If we analyze the effect of a cleasfgangle,
such as the sun moving from high noon to sunsetywille

see that less light can make it into the hole asst, because

the effective area of the hole is smaller as yawit from
an obliqgue angle. This reduction in area is disect
proportional to the cosine of the angle normalhis t
surface. On polar plotting paper, the cosine makescle,
which is convenient when comparing the ideal resgomith
that of an actual plot.

8.8.2 Field Baffling

There are times when you should restrictfiblel of
view to delete oblique angles. In a lab environtngou
may be working with a light source on an opticahtle. The
only light of interest is from that source, yetHigoounces
off the people in the room and back to the deteatimating
errors in the readings. This means that you atebeff to
restrict the field of view if you know there are sources to
be measured at the oblique angles. This can be dith
external baffles or with our accessory hood
(H). Baffles can be made from sheet metal cubtonfa
sharp edged hole in the middle. A square holeigaly
better than a round hole, since it is less lika\cteate
reflections in a multi-baffle array. Also, blacklvet is
excellent for dividing off test areas from the re$the room
lighting. If it is necessary to have light travddwn a tube,
you can thread the inside of the tube to reducenthi¢
reflections. When making Luminance or Radiance
measurements, it is absolutely necessary to resirécfield
of view to one that ‘sees’ only an intended testaaof a
reflecting or rear-lit surface. Baffles can be dise
implement this kind of measurement without resaytia
expensive optics.
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8.8.3 Narrow Angle (Luminance / Radiance)

As just mentioned, there is a requirement for amar
field of view when making Luminance and Radiance
measurements. This can be accomplished by lerssesaur
Radiance barrel “R” accessory. In some applicatins
accomplished by using a telescope where the liglpidked
up from a small spot in the image plane. Thiséasywice
for measuring the brightness of an illuminated segtrof an
alphanumeric display, or for measuring the dot Iiigss on
the face of a CRT. Unfortunately, these systenesvary
expensive. Another alternative is to use simpiesés to
image a small portion of a test field onto an apertwhich
has a detector behind it. This is very effectiespecially if
the source is a repetitive configuration in a prctihn
situation. A custom setup can be made to spetifica
measure that on a small emitting surface. Our BRirel
has a 1.5 degree field of view, with the objectimes being
about one inch in diameter. This is effective@sg as the
target is larger than one inch. The target reqnéet is
calculated by multiplying the distance
(measured from the target surface to the front &the R
Barrel, in inches) times 2*tan(2.5/2), plus thenth (25.4
mm) diameter of the input aperture and some mafi@in
error. If you were 12 inches away, the detecters a
circular target approximately 1.5 inches in diamet8ince
the target should generally be much larger tharfigid of
view of the detector, the target should be at IQaisiches in
diameter when you are 12 inches away.

8.8.4 Uniform Linear Translation Response

The best type of detector setup for uniform receive
sensitivity is the input port of an integrating gpé, since
any off axis beam will still be captured in the offzer. For
flux measurements, it is necessary to have thifoumity so
that small errors in centering the beam do not Gbuate to
any error in the measured reading. Our narrow beam
adapter (H/N/K15) attachment is designed to aceefetv
millimeters of axial misalignment without appreciab
changes in the reading. This is necessary to altowon-
critical positioning in laser beam measurements.

The SEL100/FQ/K15 allows the greatest mardieroor
in axial misalignments. The large, 100 squareimgter
silicon cell is fitted with a 15 millimeter diameteonical
aiming aperture with an attenuated “flat” respofiker.
The user is simply required to aim his laser beasidie the
aperture for guaranteed linear continuity. Of caynf
centering errors are compounded by an angular pffse
laser beam may not directly strike the silicon ceflusing
significant errors in the readings. Centering and
normalizing the detector to the incoming beam gnaple
procedure and should not cause any problems



8.9 TEMPORAL RESPONSE

This refers to the light time response. Thereraagmy
factors that should be considered when measurisiglifght
pulses, including the need for instantaneous infdrom and
the ability to discern whether dose informatioraccurate.
To obtain instantaneous data with a traditionatagé or
current measurement system, the entire electricabs,
including the final oscilloscope, must be propetbsigned
and matched. This includes the connecting cable,
characteristic impedances, and matching amplifiénsmost
cases, it is also necessary to put a preamplifiehé
detector itself to match the high impedance ofdkeector to
the coaxial cable. When you use a system suchigsthe
dynamic range is limited to a few decades at barsd, auto
ranging is impractical.

For these reasons, we have chosen to design the
ILT1400 for optimal dose measuring ability, which
generally matches the ultimate goal of the lighispuand is
compatible with the same detectors used for cohnstane
‘SIGNAL’ measurements. The energy in a pulse isggally
the factor that determines its effectiveness tdgrer work,
and therefore is the best figure of merit when mgka
measurement. Capacitance is one of the propesfias
detector that is very detrimental to fast instaetaums
measurements, but does not produce an error when
integrating, since it just tends to store the ceday
subsequent removal. By designing charge measuring
electronics into the instrument, we rely on chastgage in
a capacitor on the front end of the system to ematnsurges
in line voltage or measure low amplitude flash&s.e
ILT1400 can store approximately 10 nanoCoulombs of
instantaneous flash charge. This allows the imsémt to
measure fluorescent lamps and unstable sources with
accuracy averaged over a half second interval. ITHh&400
is not specifically designed to measure high ampkt
flashes. We recommend at least full second of supoto
light when measuring with the ILT1400 dependingtba
light levels. The ILT1400 has the ability to extend
measurement time when measuring low light levelkosger
exposure times may be required. For this reason ILT
recommend using the ILT1700 for pulsed light sosrce
Consult a Sales Engineer or review product spedifdeis on
line for information on the ILT1700 Flash Photonrete
systems available.
http://www.intl-lighttech.com/applications/photomet

8.9.1 Low Duty Cycle (Fast Pulse)

As mentioned above, the ILT1400 is not designed to
maximize flash measurement performance. The insnt
measures the continuous current from the detectibr tive
added ability to measure peak surges that wouldratise
exceed the current measurement range of the instmtuim
Fluorescent lamps are an example of a low dutyeclight
source. The fluorescent bulb pulses at twice ihe |
frequency, approximately 100 (EUR) or 120 (USA) disn
per second. This continuous stream of pulses ésamed to
provide an accurate representation of the strenfjthe
lamp. Momentary surges are also accommodated wfitho
disrupting measurement.

For applications involving high power, low duty ¢gc
lasers, we offer a specialized thermopile detedtor,
SEL623/K9. This detector contains a built in predifier
stage, and inherently averages the incoming reading
measuring the thermal average of the laser power.

8.9.2 High Peak Amplitude

The ILT1400 will not measure a continuous current
signal greater than 350 microAmperes without digiplg the
‘OVR RNG’ status message. Due to the charge méagur
capability of the system, the ILT1400 can measuflash
current of as much as 2.2 milliAmps for a 5 microsed
flash. Longer duration flashes or higher amplitpedaks will
cause detector saturation, since the charge staaggcity of
the system is limited to 10 nanoCoulombs.

These peak current limitations may not mean much to
most users, since the system reads out in optitiéd,unot
Amperes. Given the extremely wide dynamic rangéhef
ILT1400, it is unlikely that you will encounter amfficulty
measuring most sources of light. If a signal ikhbethe
lowest range of the detector, the display will reado. If the
signal exceeds the maximum range of the detedtierdisplay
will read ‘OVR RNG'.

9. ILT1400 GENERAL
SPECIFICATIONS

9.1 ELECTRICAL SPECIFICATIONS

9.1.1 System Power

The USB version ILT1400 is provided with a buiit i
rechargeable battery pack that should last for nyays.

Prior to initial use, ILT recommends charging ttadtéery for 8
hours to assure optimal battery performance. Tieshould be
charged by connection to a computer, USB wall g&aor USB
charge pack. TURN METER OFF. Connect via USB ssslige
the green indicator LED is illuminated. After chang,
disconnect the USB device while unit is off. Th& 11400 draws
approximately 75 mA during constant operation via#ttk lit
display off and approximately 100 mA with the baiciispay
illuminated. A new battery will run the ILT1400 for
approximately 4 days on a fully charged unit. HeEommends
recharging unit when not in use. USB connectiolhwat over
charge the batteries. It is safe to plug the umd USB even
when the unit is fully charged.

9.1.2 Signal Input (current)

The ILT1400 Radiometer/Photometer is capable of
measuring detector input currents from a displagsdlution
of 10 picoAmperes up to a maximum of 350 microAngser

9.1.3 Current Measurement Accuracy
The LCD display is capable of displaying full scale
current measurement to an accuracy of + 0.92% ft6tnA
to 350 YA, + 1.5% below 100 nA. The RS232 outpuivides
the same accuracy. The analog recorder outputisrate to
+ 1%, or £ 4 mV.
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9.1.4 Radio Frequency Output Emissions

This equipment generates and uses radio frequency
energy and if no used properly, in strict accoradanith the
manufacturer’s instructions, may cause interferetoceadio
and television reception. It has been type teatsdi found
to comply with the limits for a class B computingwuice in
accordance with the specifications in subpart pat 15 of
FCC rules, which are designed to provide reasonable
protection against such interference in a resiéénti
installation. However, there is no guarantee that
interference will not occur in a particular insttlbn. The
ILT1400 encasement interior is coated with a sgeRRa
conductive shield to prevent any such interference.

9.2 OPTICAL ACCURACY

Optical accuracy is a very difficult entity to adds,
because it changes with wavelength and so varigbdy
exact detector combination used. The detectoibredion
uncertainty is listed on the Optical Calibrationrtifecate and
is in addition to the NIST uncertainty to absolusdich can
vary from less than 1% in the visible to over 6%te
ultraviolet, and over 4% in the infrared.

9.2.1 Radio Frequency Input Signal Interference

Since the normal measurement range of electricabats
and charges is extremely small, input errors can

occur from large sources of radio frequency emissidhe
input is especially vulnerable to pickup if the itable is
not shielded. All ILT detectors use shielded inpable
which is also necessary for any user provided irjayice.

9.3 SIZE AND WEIGHT

Size: 185 mm height x 100 mm width x 43 mm depth.
Weight: 555 grams.

Dimensions do not include detector heads or remote
probes. Please visit the website for specific clete
dimensions.

9.4 ENVIRONMENTAL SPECIFICATIONS

Operating temperature range: 5 to 40 degrees &elsiu
Storage temperature range: -30 to +60 degreegusels
Operating and storage relative humidity: 0 to @dcent.

10. MAINTENANCE
AND REPAIR

10.1 PREVENTIVE MAINTENANCE

Since there are no moving parts on the ILT1400 the
only maintenance would be cleaning the card edge
connector and the display and re-calibration. ILT
recommends storing the instrument in its carryiagecor
suitable plastic bag with a small amount of silged or
other desiccant when not in use for long periodsré.

30

Store the ILT1400 with the detector head remowed,
order to prevent unnecessary stresses on the Br@iteuit
Board edge connector. The optical window on thedi®trs
should be cleaned from time to time with methylodilal or
other window cleaning fluid and or lens wipes.

10.2 USER REPAIR POLICY

Due to the sophisticated nature of this computertrcd
and low level amplification, we do not recommendittthe
user attempt to make repairs. Specialized equipnsen
necessary to find the subtle problems that occtin Wiese
circuits, and to recalibrate them to original sfieaitions.
Schematics can be provided, however, to assighdirfg
certain power voltages and input/output pin numbass
well as for the unusual situation where no othéeralative
is available, or custom modifications are warranted

10.3 COMPUTER RESET

During installation and disconnection of thEBJcable,
with the meter on, the ILT1400 may lock up. Shiothis
happen, there is a reset port on the meters sididdthe zero
button. Simply insert a small pin or paper-clipoitihe reset
port, apply a small amount of pressure, just endagittivate
the reset switch.

11. ONE YEAR
WARRANTY

International Light equipment is warranted for aipéd
of twelve (12) months from the date of purchasbddree
of defects in material or workmanship. This watyadoes
not apply to damage resulting from accident, atierg
abuse, and loss of parts or repair by other tha@rhational
Light Technologies. The equipment will be repaimd
replaced, at our option, without charge to the owfoe
parts or labor incurred in such repair. This watyashall
not apply unless the equipment is returned for our
examination with all transportation charges prepaid
International Light Technologies, Inc.; 10 Techrgpjo
Drive; Peabody, MA 01960; USA. International Light
Technologies, Inc. has no other obligation or lidpin
connection with said equipment. To see a full ieeref our
terms and conditions, please visit out website:

http://www.intl-lighttech.com/services/terms-and-
conditions-of-sale






