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FOS-DTN OPTICAL-SHUTTER

PRODUCT DESCRIPTION

Liquid crystal shutter capable of being switchettigh speed between OPEN & CLOSED states
via application of voltage. FOS-DTN offering ulshert pulses of OPEN (high transmission)
exposure-periods less than 50 microseconds (0.05ms)

Fast Optical ShuttgiFOS), Double-cell Twisted Nemati®TN) liquid crystal shutter comprises
two (2) pcs individual liquid crystal elements beddogether to form stack

FOS-DTN provides medium transmittance in OPEN statg(® 35%) together with excellent
extinction in CLOSED state and ultra-fast transitspeeds between optical states of less than 50
microseconds (0.05ms).

PRODUCT OPERATION

FOS-DTN possesses two states; namely (i) OPEN (high taagsp state, and (i) CLOSED (high
extinction) stateFOS-DTN capable of offering ultra-short pulses of OPERposure-periods
down to 50 microseconds (0.05ms).

Grey-scale available with optical transmission caudusly varied between OPEN & CLOSED
states using RMS voltage control.

Voltage required to obtain saturated OPEN & CLOSHdDes 10.0 < V < 30.0 volt RMS (typical)
square-wave AC voltage with frequency 10 < f < 1B@2Q(typical). No long-term DC component
in driving voltage recommended.

FOS-DTN is achromatic in both OPEN & CLOSED states.

TECHNICAL DESCRIPTION OF OPERATION

There are two (2) switching speeds associated Tutisted-Nematic (TN) liquid crystal cells;
namely ()ACTIVATION switching speed when voltageappliedto the liquid crystal cell and

activatesthe liquid crystal material, and (IRELAXATION switching speed when voltage is
removedfrom the liquid crystal cell and the liquid cryjstaaterial relaxesback to the helical

structure.

ACTIVATION switching speed is significantly fastéman the RELAXATION switching speed
and is also a function of applied voltage. Spedlfic the ACTIVATION switching time is
inversely proportional to the square of the RMS3ag#. Increasing the operating voltage therefore
increases the ACTIVATION switching speed withoumitation and ACTIVATION switching
speeds of less than 50 microseconds (0.05ms) aitald® when using high voltage operation.
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Both switching speeds are functions of temperainck increasing the temperature increases the
ACTIVATION & RELAXATION switching speeds accordingl

Twisted-Nematic (TN) liquid crystal cell can be qadd either between (i) mutualyROSSED
polarisers, or (i) mutualflPARALLEL polarisers. In the case wiutually crossegbolarisers, the
TN shutter is in the OPEN state without voltagengeipplied and the device is said to operate in
theNormally-White (NW) mode.

In the case where the TN shutter is placed betweenally parallelpolarisers, the device is in the
CLOSED state without voltage being applied andaid 8 operate in thBormally-Black (NB)
mode.

TN shutter operating in thewormally-white (NW) mode will therefore possess a fast
ACTIVATION switching speed from the OPEN-to-CLOSE®ate, whereas a TN shutter
operating in thenormally-black(NB) mode will possess a fast ACTIVATION switchisgeed
from the CLOSED-to-OPEN state.

Switching curves for TN shutter operating in bajmoErmally-white(NW) mode BLUE curve),
and (ii) normally-black(NB) mode RED curve) are schematically shown in figure one. fEis¢
ACTIVATION switching speed and slower RELAXATION gwhing speed is schematically
shown in this diagram for both the NW & NB liquitystal cells.

Figure 1: Schematic diagram showing switching speeaf TN shutter operating in both (i) normally-white (NW)
mode BLUE curve), and (ii) normally-black (NB) mode RED curve) respectively.
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The use of DOUBLE-CELL configuration gives the possibility of construgtia shutter that
provides ultra-short pulses of OPEN state (shgrbosuire periods). In this case, two (2) pieces TN
shutters are placed together to form a completeKstsuch that one of the cells operates in the
normally-white (NW) mode, whilst the other operates in ti@mally-black (NB) mode. Such
configuration is shown in figure two.

Figure 2: “Double-cell” configuration comprising one piecenormally-white (NW) & one piecenormally-black
(NB) Twisted-Nematic (TN) liquid crystal cell placel together in a “stack’”.

TH-NW

TH-NB

h

By operating each cell individually such that thisra small time difference (phase-shift) between
voltage being applied to the@mally-black(NB) cell and voltage being applied to thermally-
white (NW) cell thereafter, it is possible to obtaifira-short pulses of OPEN state exposure-
periods Dt < 0.05ms). This effect is schematically demoresttan figure three.

ACTIVATION time of normally-white(NW) cell controls the switching speed from the@3ED-
to-OPEN state, whereas ACTIVATION time of tmermally-black (NB) cell controls the
switching speed from the OPEN-to-CLOSED state #fexe Both switching speeds are less than
50 microseconds (0.05ms) when using high voltageatipn.

Moreover, since the ACTIVATION switching times fdaoth the normally-white (NW) and
normally-black(NB) cells are inversely proportional to the sguairthe driving voltage, the use of
high operating voltages will therefore providiéra-fast switching speeds between the OPEN &
CLOSED optical states.
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Figure 3: DOUBLE-CELL stack comprising one piece ck operating in the normally-white (NW) mode BLUE
curve) and one piece cell operating in thaormally black (NB) mode RED curve). Ultra-short pulses of OPEN
state exposure-periods® curve) are obtained.
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In the limit of infinite operating voltage, the AGAATION time tends to zero for both the
normally-white (NW) and normally-black (NB) cells. However, in practice the maximum
operating voltage that can be obtained is limitgdHe electrical field strengththat generates
break-downof the insulation layers within the individualuig crystal cells; voltages less than 30
volt RMS are recommended for most applications.

The minimumtime-periodthat can be obtained between successive shodaspafSOPEN states
(“re-loading” time) is limited by thsummationof RELAXATION times for the two individual
cells (schematically shown in figure three hereiarh Specifically, the RELAXATION time for a
liquid crystal cell is proportional to theell-gapand typical “re-loading” times of 16 milliseconds
(ms) can be achieved.

OPERATION EXAMPLE

FOS-DTN comprises two (2) pieces Twisted-Nematic (TN) scqdlaced together to form a
completestack One cell operates in thormally-white(NW) mode (placed between mutually
crossedpolarizers), whilst the second cell operates m rtrmally-black (NB) mode (placed
between mutuallparallel polarizers).

In order to switchFOS-DTN device to the OPEN optical state, it iS necesga@gctivate the
normally-black (NB) cell (voltage-ON state) with theormally-white (NW) cell being
simultaneouslynactivated(voltage-OFF state).
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In order to switchFOS-DTN device to the fully CLOSED state, it is necesgargctivatethe
normally-white (NW) cell (voltage-ON state) with theormally-black (NB) cell being
simultaneously eitheactiveor inactive

Alternatively, both thexormally-white(NW) & normally-black(NB) cells can be simultaneously
inactive (voltage-OFF) in order for theOS-DTN device to be in the CLOSED state, but in this
case it is the optical darkness of t@mally-black(NB) cell that controls the overall level of
darknesdor theFOS-DTN device. Furthermore, in general the levellafknesof thenormally-
black (NB) cell is limited by polarization effects. I¢ itherefore recommended that the time
duration for which th&OS-DTN device is held within this state be minimized.

Maximum darkness(contrast) is obtained from tHeOS-DTN device when th@ormally-white
(NW) cell isactive (voltage-ON) with thenormally-black(NB) cell being simultaneousigactive
(voltage-OFF). It is therefore recommended thatithe duration for which thEOS-DTN device
is held within this state be maximized.

This is summarized in the following table and céaqgr

Normally-white(NW) cell voltage-ON| voltage-ON | voltage-OFF voltage-OF
Normally-black(NB) cell voltage-ON| voltage-OFF voltage-ON| voltage-OF
Optical state oFOS-DTN device | DARK DARK * LIGHT DARK *°

! Maximum level of darkness (contrast) obtainedtfierFOS-DTN device. It is therefore recommendedriaximize

the time period of this state.

2 Contrast level oFOS-DTN device controlled by optical darknessnefmally-black(NB) cell only and is limited by
polarization effects. It is therefore recommendaaihimize the time duration of this state.
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FOS-DTN device comprises two (2) separate and indepetidarat crystal cells bonded together
to form a complete "stack”. One of the liquid caystells is denoted the "normally-white (NW)"
cell (with red electrical cables), and the othquilil crystal cell is denoted the "normally-black
(NB) cell (with black electrical cables).

The NW cell is placed between mutually CROSSEDrzaion-sheets and is OPEN when in the
"voltage-OFF" state, whereas the NB cell is pldsetiveen mutually PARALLEL polarization-
sheets and is CLOSED when in the "voltage-OFFe stat

The individual liquid crystal cells are operatedapendently of each other and can be individually
switched ON & OFF (OPEN & CLOSED) via applicatiohspecified voltage signals to the red
electrical cables (NW liquid crystal cell) and Waelectrical cables (NB liquid crystal cell)
respectively.

Moreover, when the NW cell is in the "voltage-OFtdte (open state) with the NB cell being
simultaneously in the "voltage-OFF" state (clodatE}, then the complete "stack” is in a CLOSED
(DARK) optical state due to the level of darknassfthe NB cell and theEOS-DTN device will
therefore block the light.

Application of voltage to the NB cell thereaftetttwthe NW cell remaining in the "voltage-OFF"
state (open state) will switch the complete "staokdn OPEN state and the complE@S-DTN
device will therefordransmitthe light. Furthermore, the switching speed off@S-DTN device
from the CLOSED-to-OPEN state will therefore betodied by the ACTIVATION time of the
NB cell only (< 0.2ms).

Thereafter, application of voltage to the NW calilhvihe NB cell remaining in the "voltage-ON"
state (open state) will switch the NW cell to a GED state and the complete "stack" will
thereforeblockthe light once again. The switching speed oRO&-DTN device from the OPEN-
to-CLOSED state will therefore be controlled by &@TIVATION time of the NW cell only (<
0.2ms).

Once in the CLOSED state with both the NW and NBs d#eing in the "voltage-ON" state as
described herein above, it is then necessarysbsivitch the NB cell back to the "voltage-OFF"
state (closed state) (i.e remove the voltage filmenbtack cables) and the switching time for this
process is determined by the RELAXATION time of tdB cell only (< 8ms). However, the
overall state for the complef®S-DTN device remains CLOSED since the NW cell is stilihe
"voltage-ON" state (closed state).

Once the NB cell is switched to the "voltage-ORf&tes it is then necessary to switch the NW cell
to the "voltage-OFF" state (open state) there@feeremove the voltage applied to the red cables).
However, the completeOS-DTN device remains in a CLOSED state during this @®ckie to

the NB cell already being in the "voltage-OFF"st@losed state) as described herein above. The
switching time for this process is determined &y RELAXATION time for the NW cell only (<
8ms).

With both NW & NB cells being simultaneously in theltage-OFF" state, the process can be
repeated and the minimum time-period ("reloadingé) between successive "exposure-periods”
(OPEN state pulses) is determined by the summatithie RELAXATION times for both the NW

& NB cells respectively (i.e 8ms + 8ms = 16ms).
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It is therefore necessary to switch the NW cell gables) & NB (black cables) cell independently
of each other (i.e voltage is applied to the rddesato switch the NW cell ON/OFF, and voltage is
applied to the NB cell in order to switch the NB &N/OFF).

Furthermore, when switching the individual cellstihe "voltage-OFF" state, it is necessary to
apply 0 volt (GND), otherwise the capacitance &f ¢ell will hold the charge and the cell will
thereafter remain in the "voltage-ON" state uht voltage has slowly decayed away.

Moreover, it is the "time-difference" (phase-sHigtween voltage being applied to the NB cell and
voltage being applied to the NW cell thereaftet daatrols the length of the "exposure-period" (i.e
length of time of the OPEN state pulse for the deteliFOS-DTN device).

Voltage timing requirements for operation of thdiwdual liquid crystal cells (NW & NB) are
schematically shown in figure four.

Figure 4: Schematic diagram showing voltage timingequirements for operation of individual liquid cry stal cells
(NW & NB) in the FOS-DTN device.
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Suitable voltages for activation of individual sell0 < \kus < 30 voltsquare-waveAC voltage
with frequency 10 < f < 1000Hz (typical). Time duma of OPEN optical pulse fdFOS-DTN
device controlled by thehase-shifbetween application of voltage to themally-black(NB) cell
(Vns™) and activation of voltage to timermally-white(NW) cell thereafter (Mw™).

RELAXATION switching time for bottnormally-white(NW) cell (feax ) and normally-black
(NB) cell (temn'") typically 8 milliseconds (ms) at room temperatu@peration at higher
temperature reduces switching times for both ¢&Ng & NB).

OPTICAL PERFORMANCE
T > 35% (typical) at wavelength 550nm when in OPEN state.

T < 0.1% at 550nm when in maximum CLOSED statermal incidence of direction).

% Transmittance measured with incident light beiritipity unpolarised. For incident light initiallypolarized in same
orientation as entrance polariseF@S-DTN, T > 80% (typical).

4 FOS-DTN is in maximum CLOSED state when the NW liquid taysell is in the voltage-ON state with the NB
liquid crystal cell being simultaneously in thetagie-OFF state.

DRIVING VOLTAGES FOR FOS-DTN OPTICAL-SHUTTER

Optical transmission dfOS-DTN device controlled by RMS voltage; in order to gmevmpurity
ion migration from occurring within the liquid ctgs material and reducing life-time stability, st i
recommended to ensure that there is no long terncddponent of the RMS voltage applied to
the device. This is best achieved via use of squave driving voltages with frequencies between
10 and 1000 Hz (typical).

In terms of power consumption, it is advantageausninimize the voltage frequency of the
voltage-ON pulse, i.e. reduce the total numbeahafge/dischargeycles wher-OS-DTN device

is activated with voltage. Furthermore, it is intpat to ensure that there is no long term DC
component of the RMS voltage in order to incredsdiime stability of the product.

Typical driving voltage for individual liquid cryait elements within thEOS-DTN device shown
in figure five. Liquid crystal cells are in voltag#F state during time periods for which the RMS
voltage is zero.
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Figure 5: Recommended driving voltage for individud liquid crystal cells within the FOS-DTN device. liquid
crystal cell is in voltage-OFF state when the app@d voltage is O volt (GND).

DRIVING VOLTAGE FOR FOS-DTN OPTICAL-SHUTTER
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Example of driving electronics in order to generaeguired voltage-pulses are shown
schematically in figure six.

The main consideration in the voltage operatiora diquid crystal cell is the prevention of
long term DC bias being applied to the device; Dfnponent in the RMS voltage may
stimulate impurity ion migration & eventual failuoé the device.

In general, there are two ways to design the eleuts in order to operate the shutter and
prevent DC bias from occurring. One method is t® asombination of square-wave drivers
on the common & segment planes of the cell, wittpatrol-pulse being applied when the
shutter is required to be in the voltage-ON sthiethis case, the control-pulse leads to a
phase-shiftedvoltage output being applied to the cell, allowiitgto be switched to the
voltage-ON state as long as the control pulsetiseac

The second method is more suited to high-speecclsiwg of the device. In this case, a
control TTL signal (active high) activates the @risircuit in the driver. The first TTL control-

signal causes a +10 VDC signal to be sent to thdéorehe duration of the TTL signal. When

this TTL signal ends, the control +10 VDC signalthe cell goes to OV and the device
switches to the voltage-OFF state.
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Figure 6: Example of schematics for driving electroics for generation of square-wave AC voltages.
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The next arriving TTL signal causes a —10 VDC puitsbe applied to the cell, switching the
device to the voltage-ON state again for the domabf the TTL signal. The DC signal
therefore changes polarity every time the shuteswitched to the voltage-ON state. The
continuous polarity switching of the DC voltage kggb to the cell results in there being a
zero net DC bias. This drive methodology is suédiolr short, highly repeated switching of

the device.
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PART-NUMBERS & CUSTOM PRODUCT

FOS-DTN model withouter-dimension5.0 x 30.5mm available from stock.
Part-numberFOS-25x30-DTN

FOS-25x30-DTN model available with AR-coatefiont & back surfaces for improved optical
quality of transmitted light.

Part-numberFOS-25x30-DTN-AR

FOS-13x17-DTNmodel with outer dimensions 13 x 17mm operatinéRirwavelength range
(>800nm) available upon request.

Part-numberFOS-13x17-DTN-IR

Custom sizes from 5 x 5mm to maximum 14 x 16 in¢BBS x 406mm) available upon request.

Product code: FOS-25x30-DTN

LC-TEC DISPLAYS AB
Tunavagen 281

781 73 Borlange

SWEDEN

Tel: +46 243 794070

Fax: +46 243 794079

Email: info@Ictecdisplays.com
Webpage: www.Ictecdisplays.com
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LCD SPECIFICATION
Product name FOS-DTN
Description Double-Twisted-Nematic (TN) liquid crystal cell
Mode of operation Double-cell stack configuration
GENERAL SPECIFICATIONS

. . 1 T
Standard dimensions: B8
(FOS-25x30-DTN) —‘I' 2,6

—_— :t &0
Custom sizes also available.
Please contact LC-TEC
DISPLAYS AB for details. _
Minimum size available:
5*5mm 25,4
Maximum size available:
14 * 16 inches
305 —
max 10 (rorn

Active display area

21x21mm. Outer dimensions: 30.5 x 25.4(0S-25x30-DTN)

Thickness

1.9 mm (approx)

Weight

4.29 forFOS-25x30-DTN

Electrical connector

Electrical cabling (0.22mm diameter)
Connected to LCD via ultrasonic soldering
Standard cable length: 60mm (approx)

ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Unit Remark
Driving voltage (AC) 0 30 \% -
Driving frequency 10 1000 Hz -
Operating temperature -10 +70 °C -
Storage temperature -30 +100 °C -

ELECTRICAL SPECIFICATIONS
Parameter Remark Min Typ Max Unit
Driving voltage (AC) Vp |- 10 20 30 \%
Driving frequency (rec) fo | Square wave 10 50 1000 Hz
Current consumption Io | Vp=10V; f; =42Hz - 12 * - MA
Peak current lr | Vp=10V; fy =42Hz - 24 * - mA
Capacitance C V=2V - 34* - pF

* Values given folFOS-25x30-DTN(values depend upgeometrical areaf device).
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OPTICAL SPECIFICATIONS

General test conditions: T=25°C, Viewing anglenmadrincidence

Parameter Test conditions Min Typ Max Unit

Transmission (550nm) T | Voor=30V; Vpea=0V 0.2 - 35 %

Contrast ratio CR| Vpo=30V; Vpi=0V - >1:200 | - -

OPEN-CLOSED time FOS-DTN| taet | Vbor=30V; T= 25C - 0.1 - ms

CLOSED-OPEN time FOS-DTN| taet | Voor=30V; T= 25C - 0.1 - ms

Switching speed ACTIVATION switching time vs VOLTAGE
ACTIVATION time of individual

liquid crystal cell vs voltage (3.

Temperature = 2&

\
N
\

FOS-DTN comprises two (2) pcs
liquid crystal cells (NW & NB) bonde
together to form a complete “stack”.

[®N
Activation time (ms)
N w
L1

1
ACTIVATION time of NW cell 0 r\ﬁf
controls switching speed from OPEN 5 10 15 20 25 30
to-CLOSED state; ACTIVATION Driving voltage (V per)
time of NB cell controls switching
from CLOSED-to-OPEN state.

1
o

Switching speed ACTIVATION switching time vs TEMPERATURE
ACTIVATION time of individual

liquid crystal cell vs temperature. 0.35

0,3 \
N\

0,25 S

Vpon = 10 volt

FOS-DTN comprises two (2) pcs
liquid crystal cells (NW & NB) bonded
together to form a complete “stack”.

0,2

Activation time (ms)

0,15
ACTIVATION time of NW cell T
controls switching speed from OPEN 01
to-CLOSED state; ACTIVATION 10 20 30 40 50 60 70
time of NB cell controls switching Temperature ( °C)

from CLOSED-to-OPEN state.

Switching speed RELAXATION switching speed vs TEMPERATURE
RELAXATION time of individual 1

optical-shutters vs temperature (T).
10 PN

RELAXATION switching speed
is independent of operating voltage.

Switching speed dFOS-DTN is
independent of RELAXATION speeg
of individual optical-shutter.

N

—

\

\

Relaxation time (ms)

A 0O O N 0 ©

ACTIVATION switching speed of
individual optical-shutters control 10 20 30 40 50 60 70
overall switching oFOS-DTN Temperature ( °C)

between OPEN & CLOSED states.

ELECTRO-OPTICAL CHARACTERISTICS ARE MEASURED VALUEBUT NOT GUARANTEED SPECIFICATIONS
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TRANSMISSION vs VOLTAGE

Electro-optic response 40
Transmission vs voltage for 35
individual liquid crystal cell ~ 20 \

S
Transmission at 550nm. 5 \\

2 20 \
Transmission foFOS-DTN § 15
controlled by both NW & NB S 10 \
cells. 5

0 \h—
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Transmission curve
Transmission vs wavelength for
individual liquid crystal cell.

OPEN & CLOSED states.
FOS-DTN comprises two (2) pcs

liquid crystal cells (NW & NB) bonde
together to form a complete “stack”.
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Viewing angle
Transmission vs viewing-angle for
individual liquid crystal cell.

FOS-DTN comprises two (2) pcs
liquid crystal cells (NW & NB) bonde
together to form a complete “stack”.

[®N
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DEFINITION OF TERMS

Driving voltage

Viewing direction

Contrast ratio

Response time

Normally White (NW) mode
of operation

Liquid crystal cell placed
between mutuallgrossed
polarization-sheets.
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HANDLING PRECAUTIONS
The following provides recommendations for handbifithis product.

(1) CAUTION OF LCD HANDLING & CLEANING

0 Since the polariser is made of easily scratchablkenial, please be careful not to touch or
place objects on the display surface. Guard agsinatching.

0 A protective film is supplied on both side of thepiy and should be left in place until
product is required for operation.

0 Keep the display surface clean. Do not touch withootective attire.

0 Should the surface become contaminated, wipe Vighith a soft cloth moistened with
solvent (isopropyl alcohol or ethyl alcohol) in erdo clean the display surface.

o Do not wipe the display surface with dry or hardarials that may damage the polariser
surface. Do not use the following solvents for wieg: water, ketone, aromatics or
acetone.

0 Since this product contains glass substrates, aaptying mechanical shock or pressure
to this product. Do not drop, bend, twist or ptbssdisplay.

(2)STORAGE
0 Avoid exposure to direct sunshine or high tempegaand humidity. Recommended
storage conditions: temperature range +5 to +4ethumidity range 30% to 60% RH
0 Do not store this product near organic solventoaosive gases.
0 Keep this product (including accessories) protefrtad vibration, shock and pressure.
0 Keep this product out of direct sunlight or diregposure to ultraviolet (UV) light. Store
this product in a dark place away from direct sgintland fluorescent lighting.

(3) CAUTION FOR OPERATION

o It is important to operate this product within #pecified voltage limits; higher voltages
may significantly reduce the life-time of this puwotl

0 The use of direct current drive (DC voltage) shdaddavoided since an electrochemical
reaction stimulated by direct current drive (DCtage) significantly reduces the life-time
of this product.

0 The switching speed of this product will be reduaelbwer temperatures, and the optical-
shutter will show a dark colour at higher tempearguHowever, the product will revert to
normal operation once the temperature returnseteetommended temperature range for
normal operation.

(4) SAFETY
0 Should this product become damaged and the skéxyesed to liquid crystal material, it
is recommended to immediately wash off liquid @lystaterial using soap and water.
o If the liquid crystal material should come into tam with the eye, flush the eye using
running water for at least five minutes. Seek naddidvice.




