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1. Bit per second = 2400

|

2. Data bits = 8

|

3. Parity = None

|

4. Stop Bits = 1

|

5. Flow control = None

\ 4

6. Click Apply sy

7. Click OK

|

—

The HyperTerminal window will now be communicating directly with the CF2000 or

CT2000. The window below will be open.

ﬁ

1. Pull down file menu
2. Open Properties

To facilitate viewing of the commands, select File->Properties. Click on the Settings Tab

then select “ASCII Setup”

Clearstone Technologies Inc.
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1.

1.

Select Settings tab

Click on ASKII Setup to open window

CF 2000 Properties

Connect To | Settings |

Function, arrow, and ctrl kews act as
&) Teminal keys O windows keys

Backspace key zends

@ Cul+H (O Del (O Chl+H, Space, Chil+H

Emulation:

E.-’-‘n.uto detect b :

Telnet terminal 1D:

AN

Backzcroll buffer lines: EEDD T

[1 Play sound when connecting or disconnecting

ASCI Setup...

Input Translation...

] l l Cancel

In the “ASCII Setup” window, make sure the “Echo typed characters locally” box is
checked, then click OK on both the “ASCII Setup” and “CF2000 Properties” or “CT2000

Properties” windows.

1. Select Echo typed characters locally
2. Click on OK to close window
3.

# I 0k ] [ Cancel
Click on OK of properties window to

close (screen save not shown)

Clearstone Technologies Inc.

www.clearstonetech.com

ASCII Setup

ASCI Sending
[] 5end line ends with line feeds
Echo typed characters locally

ASCI Receiving

(] #ppend line feeds to incoming line ends
[] Force incoming data ta 7-bit A5C11
Wirap lines that exceed terminal width
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Connecting with Putty:

First the user must determine the COM port number of the CF2000/CT2000. This is
done from the Device Manager or from “Devices and Printers.”

To open Device Manager:
Open the Start Menu.
Enter “device manager” into the search bar.
Select Device Manager.

Control Panel (3)

;= Device Manager
# View devicas and nrintars
t

| Und Device Manager
&= VPOt ey S update your hardware's settings and driver software

™
' 5ee more results

device manager ® | [ @' Shut down | » |

.E evice anager il

File Action View Help
, = m| E]
In Device Manager, the

CF2000/CT2000 will appear ‘B g“;r;"“fm
under Ports. The COM port : - Czr:;'ue;r
number can be noted here. .

el

» g Dlisk drives

. B Display adapters

» -y DVD/CD-ROM drives

’:‘«;i", Hurnan Interface Devices
g IDE ATA/ATAPT contrallers

- @ IEEE1394 Bus host controllers
% Imaging devices

<2 Keyboards

TR W W W

T

--E! Mice and other pointing devices
-Ba| Menitors

- Metwork adapters

K| Portable Devices

4 Y5 Ports (COM & LPT)
. "7 Silicon Labs CP210x USB to UART Bridglk (COMSS)

D Processors
-%| Sound, video and game controllers

TR W W

T

T

TR

& System devices

T

. i Universal Serial Bus controllers
g WSD Print Provider

T

"
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After the COM port number is known, open Putty by running putty.exe.

In Putty, select the “Serial” tab from the left menu.
Enter the COM port number as earlier determined.
Speed = 2400, Data bits = 8, Stop bits = 1, Parity = none, Flow Control = none.

ST ovaaion T

Categorny:

Options controlling local seral lines

Select a seral line

[=- Terminal
- Keyboard Serial line to connect to COMES
- Eell

- Features
= Window Speed (baud)
- Sppearance
- Behaviour
- Translation Stop bits
- Selection .
- Colours Parity

Configure the seral line

Diata bits

[=- Connection Flow contral
- Data

- Telnet

After this data is entered, select the “Session” tab from the left menu.
Select “Serial” in the connection type

Enter CF2000 or CT2000 as the Session Name and Save for easier access in the future.
Open the connection.

Clearstone Technologies Inc. Page 16 of 33
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g o S ==
Cateqary:
=- S[Eessil:un Basic options for your PuTTY session
- Ten I_IDglging Specify the destination you want to connect to
—I- Temina o
- Keyboard Seral line Speed
- Bell COM55 2400

- Features Connection type:
= Window Raw Telnet Rlogin 55H

- Appearance ]
Load, save or delete a stored session

- Behaviour

- Translation —

- Selection CF2000

CD|D!.IF5 Default Settings |F|

- Connection —

. Data ll
Telnet | Delte |
Rlogin

+- 55H

----- Serial Cloze window on exit:

Always Mever (@ Only on clean et
— [ Open ] W cance |
[ &3 comss - puTTY N == |

Once the session is open, the
functioning is the same as with
HyperTerminal and is explained
below.

In future sessions, select
CF2000 or CT2000 from
“Saved Sessions” and load the
settings. The connection can
then be opened.
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Typing commands to the CF2000/CT2000 will now be displayed in the terminal window and sent to
the CF2000/CT2000 when carriage return is pressed. This is a good time to plug in a LED head to the
back panel of the CF2000/CT2000. Position the CF2000/CT2000 so the displays on the front panel
can be easily seen to confirm that the CF2000/CT2000 is responding to the commands. Note that the
CF2000/CT2000 requires all commands be in CAPS and that neither Delete nor Backspace is
recognized. If an improper command is sent, it will respond with the letter “E” to indicate an error.
Hit carriage return to move to the next line for a new command. Note that some of the commands are
different between the CF2000 and CT2000. For example, the CF2000 has only one power level setting
so the power level command is 4 bytes long, the CT2000 has power level settings for each channel so
the power level command is 5 bytes long.

“& cf2000 - HyperTerminal [[=]E3]

File Edit Wiew Call Transfer Help

D@ B DB

P100

v

Connected 0:01:10 Auto detect 2400 8-N-1 CAPS  NUM

The example above shows the script for a typical session where the user first checks the existing
power level (100%), minutes and seconds setting (0:10), then changes the power level to 15% and
time to 0:30 before turning the LED on. The details of the exchange above can be interpreted as:

e The user typed “P” and carriage return <CR>. This is the inquiry for the power setting. The
CF2000 responded by overtyping the original “P” with “P100”. This indicates the power
setting was at 100%. Your result might vary depending on the state of your CF2000.

e The user typed “MIN” <CR>. This is the inquiry for the minute time setting. The CF2000
responded by overtyping the original “MIN” with “MIN00”. This indicates the minute setting
was at 00 minutes. Your result might vary depending on the state of your CF2000.

e  The user typed in “SEC” <CR>. This is the inquiry for the second time setting. The CF2000
responded by overtyping the original “SEC” with “SEC10”. This indicates the second setting
was at 10 seconds. Your result might vary depending on the state of your CF2000.

e The user typed in “P015”<CR>. This is the instruction to set the power to 15%. Check the
CF2000, the front display for the power should have changed from 100% to 15%.

e The user typed in “SEC30”<CR>. This is the instruction to set the seconds to 15. Check the
CF2000, the front display for the seconds should have changed from 10 seconds to 30
seconds.

e The user typed in “EMIT1”<CR>. This is the instruction to turn on the output to the LED
heads. If an LED head is plugged in, it should now be emitting light.

Clearstone Technologies Inc. Page 18 of 33
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Command Descriptions
This section describes the various commands for the CF2000/CT2000 and related parameters. If a
command is only valid for the CF2000 or CT2000, it will be indicated next to the command name.

Command Set Format

Each command code is composed of two to four alpha characters and an optional numeric parameter. If the
command is sent without the numeric parameter, the instrument assumes the command is a request for
status. When the command is a status request, the receiver returns a string consisting of the command
followed by the current setup for that command. Commands must be entered using upper case characters.
All commands are terminated by a carriage return <CR>. Do not include spaces between a command and
its associated numeric parameter. Data returned from the receiver will be terminated with a <CR><LF>.

Remote Commands

The commands described the succeeding pages are available to the user for remote communication with
and operation of the CF2000/CT2000. In the descriptions of these commands, the following conventions
are used:

1. A lowercase "x", “y” or “z” in the command or returned data syntax represents a numeric value,

which is associated with a functional selection. (For instance the command “MINxx” for setting the
minutes would be typed “MIN15” if the operator wishes to set the time to 15 minutes.)

2. All command must be terminated with a carriage return character <CR>.

3. No spaces or null characters may be used.

If an illegal command is received by the CF2000/CT2000 or if the input buffer overflows, the
CF2000/CT2000 will respond with an error ESCR><LF>. A colon character “:” (no carriage return) can be
sent at any time to “flush” the input buffer of the CF2000/CT2000.

Audio

Turns on or off the audio indicator on the CF2000/CT2000.
Syntax: AUDx

Parameters:

Audio on or off (x):

0 = Audio indicator turned off

1 = Audio indicator turned on

Examples: To turn on the audio indicator, send the following command: AUD1<CR>
The CF2000 will respond with AUD<CR><LF>

To verify the audio indicator status, send the following command: AUD<CR>

If the audio indicator is on, the receiver will respond with: AUD1<CR><LF>

Auto

Sets the CF2000/CT2000 to auto or manual mode.
Syntax: AUTOx

Parameters:

Auto on or off (x):

0 = Auto mode turned off (manual or count-up mode)
1 = Auto mode turned on (count-down mode)

Examples: To set the CF2000 to auto mode: AUTO1<CR>

The CF2000/CT2000 will respond with AUTO<CR><LF>

To verify the current mode, send the following command: AUTO<CR>

If the CF2000/CT2000 is in auto mode, the receiver will respond with: AUTO<CR><LF>

Clearstone Technologies Inc. Page 19 of 33
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Channel Selection (CF2000 Only, see Power Level command for the CT2000)

Enables and disables the LED heads connected to the CF2000. The CF2000 has three output channels for
LED heads. Channel 1 is the farthest from the USB port. Channel 3 is closest to the USB port.

Note: The channel settings are not stored in EEPROM, if power is turned off, the CF2000 will revert to
having all channels enabled when power is turned back on.

Syntax: CHxyz

Parameters:

Channel 1 on or off (x)

Channel 2 on of off (y)

Channel 3 on or off (z)

000 = sets all channels off

001 = sets only channel 3 on, others off

010 = sets only channel 2 on, others off

100 = sets only channel 1 on, others off

011 = sets channels 2 and 3 on, channel 1 off

101 = sets channels 1 and 3 on, channel 2 off

110 = sets channels 1 and 2 on, channel 3 off

111 = all channels on

Examples: To set the CF2000 UV emission to only occur on channels 1 and 2 : CH110<CR>
The CF2000 will respond with CH<CR><LF>

To check the current emission channel settings, send the following command: CH<CR>

If the CF2000 has all channels on: CH111<CR><LF>

Emit

Starts or stops UV light emission.
Syntax: EMITx

Parameters:

Emission on or off (x):

0 =Turn UV LEDs off.

1 =Turn UV LEDs on.

Examples: To start UV light emission: EMIT1<CR>

The CF2000/CT2000 will respond with EMIT<CR><LF>

To verify the UV emission status, send the following command: EMIT<CR>
If the UV emission is on, the receiver will respond with: EMIT1<CR><LF>

Lock

Locks out the front panel keys (except audio and emit keys).

Note: The Lock setting is not stored in EEPROM, if power is turned off, the CF2000/CT2000 will revert to
being unlocked when power is turned back on (unless the back-panel key is in lock position).

Syntax: LOCKx

Parameters:

Lock on or off (x):

0 = Front panel lock turned off (all keys available)

1 = Front panel lock turned on (only audio and emit keys available)

Examples: To disable the front panel keys: LOCK1<CR>

The CF2000 will respond with LOCK<CR><LF>

To verify the lock status, send the following command: LOCK<CR>

If the CF2000/CT2000 lock is set, the receiver will respond with: LOCK1<CR><LF>
Note: The lock status is not saved by the CF2000/CT2000 when it is turned off.

The default value will be “lock off” when the device is turned back on.

Clearstone Technologies Inc. Page 20 of 33
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Minutes

Sets the minutes value for UV emission while in auto mode. For auto mode, returns the current minutes
value while UV emission is in progress. For manual mode, returns the minutes value for UV emission that
has occurred. While UV emission is not in progress, the CF2000/CT2000 will return zero for manual mode
and the current minutes value setting in auto mode.

Syntax: MINxx

Parameters:

Number of minutes (xx):

00 = Zero minutes

01 = One minute

59 = 59 minutes

Examples: To set the CF2000/CT2000 UV emission time minutes value to 5: MINOS<CR>
The CF2000/CT2000 will respond with MIN<CR><LF>

To check the current emission time minutes value, send the following command: MIN<CR>
If the CF2000/CT2000 is in auto mode and the minutes value is 1: MINO1<CR><LF>

Mode

Sets the function of the front panel Trig button and the footswitch input to either “normal” mode or
“momentary” mode. In “normal” mode, pushing the Trig button or footswitch will toggle the LED either on
or off. In “momentary” mode, the LEDs will be on only while the Trig button or footswitch is pushed.
While in “momentary” mode, if Auto is selected (see Auto command above), the LEDs will turn off when
the timer counts down to 0. To re-start emission, the Trig button or footswitch must be released and then
can be pushed again.

Syntax: MODEx

Parameters:

Mode (x):

0 = Normal mode

1 = Momentary mode

Examples: To set the CF2000/CT2000 UV emission mode to momentary: MODE1<CR>
The CF2000/CT2000 will respond with MODE<CR><LF>

To check the current mode, send the following command: MODE<CR>

If the CF2000/CT2000 is in normal mode: MODEO<CR><LF>

Power Level

Sets the variable power level for all channels in the CF2000/CT2000 over the range 0-100.
Syntax: CF2000: Pxyz or CT2000: Pwxyz

Parameters:

Channel (w): (CT2000 only)

0 = All channels (0 is valid for setting channel power level only, not reading it back)
1 = Channel 1

2 = Channel 2

3 = Channel 3

Power level (xyz):

000 = sets power level to 0%

001 = sets power level to 1%.

050 = sets power level to 50%

099 = sets power level to 99%
100 = sets power level to 100%
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Note: To turn a CT2000 channel on or off, use the Power Level command and set the power level to
000. there is no Channel command on the CT2000.

Examples: To set the CF2000 UV emission power level value to 15% : PO15<CR>

The CF2000 will respond with P<CR><LF>

To check the current emission power level value, send the following command: P<CR>
If the CF2000 power level value is 10%: PO10<CR><LF>

To set the CT2000 UV emission power level value for channel 1 to 15% : P1015<CR>
The CT2000 will respond with P1<CR><LF>

To check the current emission power level value, send the following command: P2<CR>
If the CT2000 power level value is 10%: P2010<CR><LF>

To set all channels of the CT2000 to 50%: P0O050<CR>

Reset

Resets the CF2000/CT2000 to factory settings.

Syntax: RESET

Parameters:

None

Examples: To reset the CF2000/CT2000: RESET<CR>

Note: The CF2000/CT2000 will not respond to this command. After sending this command to the
CF2000/CT2000, there will be an approximately 3 second delay before the CF2000/CT2000 will accept
any other commands. When this command is received, the factory settings will be stored in EEPROM and
the CF2000/CT2000 will restart.

Seconds

Sets the seconds value for UV emission while in auto mode. For auto mode, returns the current seconds
value while UV emission is in progress. For manual mode, returns the seconds value for the UV emission
that has occurred. While UV emission is not in progress, the CF2000/CT2000 will return zero for manual
mode and the current seconds value setting in auto mode.

Syntax: SECxx
Parameters:

Number of seconds (xx):
00 = Zero seconds

01 = One second

59 =59 seconds

Examples: To set the CF2000/CT2000 UV emission time seconds value to 15 : SEC15<CR>
The CF2000/CT2000 will respond with SEC<CR><LF>

To check the current emission time seconds value, send the following command: SEC<CR>
If the CF2000/CT2000 is in auto mode and the seconds value is 10: SEC10<CR><LF>

Status (CF2000 only)

Reads the status of the LED heads.
Syntax: STAT

Parameters:

Status(x):

0 = LED head fault detected

1 = LED head(s) operating properly

Examples: To read the status of the LED heads: STAT<CR>
The CF2000 will respond with STAT1<CR><LF> if the LED heads are operating properly.
Note: The performance monitor circuitry only operates if the Power Level is greater than 25%.
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Resetting the CF2000/CT2000 to Factory State
To set the CF2000/CT2000 EEPROM settings to the factory default state, perform the following steps:

1) Turn off power to the CF2000/CT2000.

2) Push and hold the Auto and Trig front panel buttons.

3) While pushing the buttons, turn on power to the CF2000/CT2000. The 3 front panel LEDs will
light.

4) When the 3 front panel LEDs turn off, release the Auto and Trig buttons.

5) The CF2000/CT2000 will now restart with the factory settings stored in EEPROM. Important
note: any settings that are not controllable through the front panel (e.g. Mode), must be re-
programmed via remote commands to the desired settings.

The factory default settings are as follows:

Auto mode: on

Channel selection: all channels on

Lock: off (unless back panel key in lock position)
Minutes: 0

Seconds: 10

Audio: on

Power level: 100% (all channels of the CT2000)
Mode: normal mode
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Installing CF2000 RS232 Adapter Option:

The CF2000 RS232 adapter option is available at through your local Clearstone dealer. Contact
information for your local Clearstone dealer can be found at www.clearstonetech.com.

Adapter Kkit parts list:

A. Adapter cable. Qty. 1

B. Aluminum adapter plate. Qty. 1

C. Fillister screw (small Phillips head) 4-40 thread Qty. 1

D. Long hex shaped screw (Jack Screw) 4-40 thread Qty. 1

E. Short hex shaped screw (Jack Screw) 4-40 thread Qty. 1
Procedure:

1) Remove the nine screws holding the top of the case to the unit.

2) Disconnect cables between the top of the case and the power supply.

3) Remove USB cable if installed.

4) Attach adapter block to the top of the case using the included Fillister screw (small Phillips head)
screw. See figure 1. Tighten securely.

5) Thread the end of the cable with the small connector through the opening in the adapter block. See
Figure 2.

6) Attach connector to the printed wiring board as shown in Figure 3, making sure that the pins align
with the holes in the connector. Also, verify that the small triangle on the connector is nearest the
square pad on the printed wiring board. The arrow on Figure 3 shows the location of the square
pad.

7) There were two hex shaped screws (Jack screws) included with the adapter kit. These are used to
attach the RS-232 connector to the adapter block. See Figure 4. The short hex shaped screw (Jack
screw) is used closest to the Fillister screw (small Phillips head) screw. The long hex shaped screw
(Jack screw) is used on the opposite end. The long screw will go through the adapter block and
thread into the case. Once the screws are attached, tighten securely. Figure 5 shows the completed
assembly.

8) Re-attach the power supply cables and the top of the case to the base. Make sure that none of the
cables are pinched between the two halves of the case.

Figure 1
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Figure 3
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Figure 4
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Footswitch Input Circuit

Controller Types: CF1000, CF2000 & CT2000
This schematic is provided so the user can use the footswitch input for alternate remote control
methods such as PLCs, relay switches etc.

Rear Panel

Controller 1/4" Phone Jack

Switchoraft 124

Center Cunducturf

Front Panel \K
MWMembrane Switch
/ (Trigoer) COuter Conductar
+ 8 0O
_E
cle “gﬁ
SE AR
)
()
(]
Microcontroller
Foot switch
1
-1-0.1 uF "
GMND

The footswitch input can be found on the rear panel of the CF2000/CT2000 controller. The
CF1000, CF2000 and CT2000 all use a Switchcraft part number 12A panel mount % input jack or
equivalent. The effective circuit is shown in the figure above. The outer conductor is sits at ground while
the inner conductor is pulled up to 5 volts with a 20k ohm resistor. In addition, a 0.1microfarad capacitor
and 5k ohm resistor have been added to avoid an erroneous response due to “switch bounce”. The standard
controller firmware is designed to trigger an emission cycle when the footswitch or membrane switch is
momentarily closed. The CF2000/CT2000 also has a “momentary” mode available that is programmed via
a remote command. See the remote operation section for details.
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Safety Guidelines and Information

Disclaimer: Equipment users are responsible for operation of their UV LED equipment in compliance with
their local and national regulations. These notes are provided for informational purposes only, and are not
for a guarantee for safe operating conditions.

A letter posted on the topic of OSHA —mandated employee exposure limits to ultraviolet radiation
at the OSHA website. The letter by Richard E Fairfax, Director, Directorate of Enforcement Programs,
was dated February 25, 2003 and addressed to James. R. Bolton, Ph.D., Executive Director and
International Secretary, International Ultraviolet Association, at 628 Cheriton Crescent, N.W. Edmonton,
AB, Canada T6R 2M5. We have lifted the following portion of the letter.

“Scenario: Workers using ultraviolet (UV) lamps may have skin or eye exposure to stray ultraviolet light
emissions. Such workers need to know acceptable levels of irradiance (measured in milliwatts per square
centimeter (mW/cm?)) and how to monitor for stray radiation. The exposed UV dose would be in units of
millijoules per square centimeter (mJ/cm?). [In most cases, the UV lamp would be a low pressure mercury
lamp, so almost all the UV light is at 253.7 nanometers (nm).]

Question: Are there any OSHA regulations for workplace exposure limits to ultraviolet radiation?
Response: OSHA has two standards that cover employee exposure to radiation: Nonionizing Radiation (29

CFR 1910.97) and Ionizing Radiation (29 CFR 1910.1096). You may access a copy of our radiation
standards from our website at http://www.osha.gov.

The non-ionizing radiation standard only covers the radio frequency region, including microwaves. The
ionizing radiation standard covers alpha, beta, gamma, and X-rays; neutrons; high-speed electrons and
protons; and other atomic particles; but does not include sound or radio waves, or visible, infrared, or
ultraviolet light. Therefore, there are no OSHA-mandated employee exposure limits to ultraviolet
radiation.”

For emphasis, we repeat the last sentence: “Therefore, there are no OSHA-mandated employee
exposure limits to ultraviolet radiation. As of April 21, 2009, the posted letter could be found at the
internet link:

(http://www.osha.gov/pls/oshaweb/owadisp.show_document?p table=INTERPRETATIONS&p i
d=24755).

In the following paragraph, the letter suggests guidance for laser hazards in the OSHA Technical
Manual (TED 1-0.15A, Section III — Chapter 6). The letter notes that the light hazard from lasers is
different from that of mercury lamps. Clearstone believes there will also be substantial differences between
lasers and LEDs. With this in mind, we did find some comments on the impact of UV radiation on the eyes
and skin. Clearstone products produce light in the UV-A wavelength range with the peak wavelengths of
365 nm, 385 nm and 395 nm.

From the OSHA Technical Manual Section III: Chapter 6.
http://www.osha.gov/dts/osta/otm/otm_iii/otm_iii_6.html
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Lifted from TABLE III:6-3. SUMMARY OF BASIC BIOLOGICAL EFFECTS OF LIGHT

Photobiological Eye effects Skin
spectral domain effects
Ultraviolet A Photochemical |Pigment
(315-400 nm) UV cataract darkening
Skin burn

In addition to the qualitative comments above, the letter from Richard Fairfax references the non-
governmental organization the American Conference of Governmental Industrial Hygenists
(http://www.acgih.org ) as a source of threshold limit recommendations. In 2009, the ACGIH published its
annual TLV-BEI, Threshold Limit Value and Biological Exposure Indices. LEDs and mercury gas
discharge lamps are Lambertian incoherent sources emitting in all directions unlike lasers that emit a
coherent, highly directional beam. The section on UV exposure from traditional mercury gas and discharge
lamps can be found on pages 152-154. (http://www.acgih.org/store/ProductDetail.cfm?id=2039). We
reference this section because there is no section specifically for UV LEDs. Table 1 is taken from the 2009
TLV-BEI for the closest wavelength ranges relevant to Clearstone’s UV LED products. The doses are the
recommended maximum dose for exposed skin or eyes during a typical 8 hour working shift.

Table 1. Recommended maximum doses for UV radiation

Energy dose of 365 nm light for 8 hour shift mJ/em® | 27,000
Energy dose of 385 nm light for 8 hour shift mJ/em® | 57,000
Energy dose of 400 nm light for 8 hour shift mJ/cm® | 100,000

The exposure duration can be estimated from the information in table 1 and the emitted
power/area from an UV LED heads. The equation to calculate the exposure duration can be expressed as:

Exposure duration (sec) = {Irradiance Received (mW/cm?) / Energy dose(mJ/cm?)

The calculated exposure durations are shown in table 2. The first column indicates the irradiance
(W/em?) received on the exposed skin of the operator. Please see the specific data sheet for the LED head
being considered for use. The data sheets indicate the minimum guaranteed light irradiance from the LED
head. The typical irradiance from the LED head will be more than the minimum to provide some
manufacturing margin. However, the typical irradiance from the LED head will not be more than twice the
minimum specification. At the time this document was written, the range of irradiance from Clearstone
was from 250 mW/cm2 at the output window of an array of small 365 nm LEDs, to over 4000 mW/cm?2 at
the focal point from a larger area LED emitting at 400 nm. Table 2 lists irradiance levels much lower than
the peak LED outputs since these are likely to be encounter at long working distances from the LED head
or from scattered light.
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Table 2. Calculated duration to receive maximum allowed
recommended exposure.
Irradiance 365 nm 385 nm 400 nm
mW/cm2 sec sec sec
0.001 27,000,000 57,000,000 100,000,000
0.003 10,800,000 22,800,000 40,000,000
0.005 5,400,000 11,400,000 20,000,000
0.010 2,700,000 5,700,000 10,000,000
0.025 1,080,000 2,280,000 4,000,000
0.050 540,000 1,140,000 2,000,000
0.100 270,000 570,000 1,000,000
0.250 108,000 228,000 400,000
0.500 54,000 114,000 200,000
1.000 27,000 57,000 100,000
2.500 10,800 22,800 40,000
5.000 5,400 11,400 20,000
10.000 2,700 5,700 10,000
25.000 1,080 2,280 4,000
50.000 540 1,140 2,000
100.000 270 570 1,000
250.000 108 228 400
500.000 54 114 200
1,000.000 27 57 100
2,500.000 11 23 40
5,000.000 5 11 20
10,000.000 3 6 10
25,000.000 I 2 4

The other vertical columns show the recommended maximum cumulative exposure time (sec)
during an 8 hour daily work shift for emission at 365 nm, 385 nm and 400 nm. The exposure times are
high lighted to indicate the relative hazard of exposure. Since an 8 hour work shift has 28,800 seconds, an
operator may be continuous exposed to the blue shaded irradiances during an 8 hour shift. Depending on
the irradiance level, the green shading indicates recommended maximum cumulative exposures from 1 to 8
hours during an 8 hour shift. In the yellow zones, the recommended maximum cumulative exposure may
be from 1 minute to 60 minutes during an 8 hour shift. In the orange region, the recommended maximum
cumulative exposure is less than one minute during an 8 hour shift.

Explosion Proofing and Safety

The use of UV-LEDs provides several key advantages in avoiding potential explosions and fire
hazards when compared with mercury bulb light sources. Processes associated with painting or coating an
item often involve dispersing potentially flammable materials in an atomized or spray form. Spray and
powder processes may also result in the accumulation of waste coatings in the form of liquids, gasses or
dusts that may be flammable. Some applications may involve curing materials in an environment that may
include potentially explosive gasses.
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Operating temperature and pressure

LEDs are operated at very safe temperatures compared to mercury arc lamps. Unlike mercury bulb
UV sources, LEDs are more energy efficient and have better reliability when operated at lower
temperatures. Clearstone designs its UV-Vis LED equipment so the junction temperature of the LED is
less than 115C. The LED junction is the hottest part of the entire LED head and located deep within the
semiconductor die. The die for the UV LEDs are packaged inside a chip case. The thermal design of the
LED head keeps the outside of the chip case less than 70C. The outer shell of the LED head will be less
than 40C provided the ambient air temperature is below 30C. The LEDs may fail if they are electrically or
thermally overstressed. If the fans are blocked or functionally defeated while the LEDs are driven at full
power, thermal overstress might occur after an extended period of time (probably hours). The failed LEDs
become an open circuit and no longer draw current or electrical energy from the controller. After enough
LEDs fail so that the head effectively becomes an open circuit, the LED head will no longer draw power
from the controller power supply. Then the LED head will slowly cool down as the heat dissipates.

The chip cases for the 365 LEDs enclose the die in an inert nitrogen environment at one
atmosphere. The gas in the 365 nm chip case is non-flammable, safe, and will not explode. The chip cases
for the 395 nm LEDs enclose the die in a soft, non-flammable silicone gel. The chip case enclosure
materials for the 395 nm LEDs are also non-flammable, safe and will not explode. The LEDs can be
housed behind a drop resistant UV transparent acrylic window. Even if the UV transparent acrylic window
is compromised and the LED chip cases are broken there is no ignition source to be exposed.

UV LEDs are very safe compared to short arc mercury bulbs with regards to temperature and
explosion potential. According to Osram’s “Environmental Information on Short-Arc Mercury Lamps
(HBO)”, the temperature of the arc inside the glass bulb is 10,000C while the inside wall of the glass
reaches 800C (http://www.osram.com/pdf/about us/environment’/hbo _2007.pdf). The pressure of the gas
under operating conditions reaches 30-70 bar (1 bar = 0.98 atmosphere). The hot plasma of a high intensity
discharge tube is contained by breakable glass since a plastic or acrylic window could not withstand the
temperature of the inner walls. A rupture of the pressurized bulb will also release toxic mercury. Other
types of high intensity discharge lamps using mercury or mercury xenon gas have similar heat and
explosion hazards.

Operating voltage and grounding

LEDs generate light with low voltage and without an electrical arc. The typical forward voltage
for a single UV LED is between 3.5 to 4.5 volts. The light generation is inside the semiconductor chip and
does not require an electrical arc or high starter voltage. Most LED heads designed by Clearstone operate
in the +18V to +48V range. The +48 volt drive is very safe relative to wall voltages of 115VAC.

A grounded external case is a safety precaution that prevents internal voltages from giving an
operator an electrical shock and prevents the internal voltages from causing a spark when various pieces of
electrical equipment come in contact. A grounded case is a standard feature for all Clearstone LED heads
and LED controller power supplies. Clearstone’s CF1000, CF2000 and CT2000 controller power supplies
have a dedicated pin for case grounding that is used to ground the LED heads.

Commonly used UV mercury bulbs require an initial high voltage pulse to break down the
enclosed vapors into plasma. According to the Hamamatsu short arc mercury-xenon catalog
(http://sales.hamamatsu.com/assets/pdf/catsandguides/Lmps_super quiet _mercury_xenon.pdf) the
recommended voltage is a couple tens of thousands of volts. If not carefully contained, these voltages are
potentially lethal and capable of igniting flammable vapors. LEDs do not use high volt starting voltages.

Cable shielding

All Clearstone LED heads use shielded cable. The shielding prevents electro magnetic
interference (EMI) when the LEDs are switched on and off. The shielding is a conductive foil or braided
wires that surrounds the current carrying cables. A braided wire shield can endure repeated bending up to
millions of cycles. These cables are typically used in applications with frequent flexing and the cables are
manufactured with more flexible rubber jackets. A conductive foil is usually lighter in weight than a
braided wire but can only be bent for tens of thousands of cycles before becoming damaged. Foil shielded
cables are often used in fixed deployments and usually have stiff plastic jackets. The emission of EMI by
the proposed LED head is expected to be infrequent, since it mostly occurs when the LED head is turned on
or off. Since the LED curing equipment may be used near sensitive electrical equipment, it is prudent to
use shielding, even if the shielding adds weight to the cable
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General safety approach

Clearstone designs and builds all its equipment for successful certification under UL, NFPA or
other safety or regulatory standards. Critical components have been selected with maintaining our CE and
safety certification in mind. For instance, UL or CE approved power supplies are used in all Clearstone
products. The connectors for the VAC input and the connectors for the cable to the LED head are all UL
certified and used under UL approved conditions. The wiring in the LED head, cable and controller are all
sized to be within UL approved specifications. The use of shielded cable and case ground also facilitate
ready safety and FCC approvals.

References:
OSHA Website on April 21/2009:
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=INTERPRETATIONS&p id=24755

American Conference of Governmental Industrial Hygienist (ACGIH). (www.acgih.org) 2009 Annual
TLV-BEI, Threshold Limit Value and Biological Exposure Indices, pages 152-154.
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EC Declaration of Conformity

The Manufacturer Clearstone Technologies Inc.
5301 Humboldt Ave S.
Minneapolis, MN 55419

declares that the following product
Controller/Power Supply CF2000REV3.0

when installed according to the product documentation installation instructions, is in
conformity with the following EC Directives:

EN 55011: 2007 +A2: 2007 Group 1 Class A Limit concerning radio-frequency
equipment.

- This standard can be used to show conformity to the Electromagnetic Compatibility
(EMC) Directive 89/336/EEC.

FCC Part 15 Subpart B Class A Limit regulates radio-frequency equipment
2006/95/EC Low Voltage Equipment Directive (regulates voltage levels of equipment)

June 4, 2012

(Richarvd Sahara)
President
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