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I Clcctricallytunablelargeaperture lens
E1-16-40-TC(5D)

By applyingan electric current tothis shape changingolymerlens its optical
power is controlled within milliseconds ovea diopter range of2 dpt to +3 dpt
A major hallmark othis shape changintgnsis the dear aperture of 16nm. In
order to achievegood repeatability and focus stabilityQptotune integrated a
temperature sensoallowing for insitu compensation of temperature effect$he lenses are therefore ideally
suited for a large variety of applications where imaging and a large beam diameter is of importance.

Main specifications

Clear aperture 16 mm
Optical power: tuning rang@ 30°C -2t0 +3 dpt
gAGK hLIi2GddzySQa [ Sy

Repeatabilityin focal power mode +/-0.05 (small steps) +0.1 (large steps) dpt
Wavefront error (@525 nm, @A) ~0.5/~05 <RMS
Optical axis vertical / horizontal

Lens type plano-concave tglano-convex

Refractive index & Abbe number nD=1.300, V=100

Cover glass coating 420 t01500* nm
Optical retardance @590nm 6.1 nm
Response timetypical at 30°C 5 ms
0 to +/- 250mA step)

Settling time (typical at 30°C, 25 ms
0 to +- 250mA step)

Lifecycle§10%90% sinusoidal) bMWYnnannW¥YnnnQnnn

Operating temperaturé -20 to 65 °C
Storage temperature -40 to 85 °C
Weight 40 g
Temperature sensor & memory STTS2004 (STMicroelectronics)

Electrical specifications

Nominal control currentvith Lens Driver 4 -250to 250 mA
Absolute max. @ntrol current -500 to 500 mA
Power consumption 0to 0.7 (nominal), O to.8 (absolute max.) w
Motor coil resistance @ 30°C 11 M
Absolute maximum voltaggoil) 5 \%
Absolute maximum voltagéemp. sensor) 4.3 \%

Overview of available standard products

Standard Product Main application Tuning range Top thread Bottom thread
El-16-40-TGVIS5D OEMSs imaging microscopy -2to +3 dpt None None
El-16-40-TGVIS20D° OEMspphthalmology microscopy -10 to +10 dpt None None
El-16-40-TGVIS5D-M25.5 Imaging(on filter thread -2to +3 dpt M25.5x0.5 male =~ M40.5x0.5 female
El-16-40-TGVIS5D-M26 Imaging(above Mitutoyo lenses -2to +3 dpt M26x0.706 male = M26x0.706 female
El-16-40-TGVIS5D-M27 Imaging (on filter thread) -2to +3 dpt M27x0.5 male M40.5x0.5 female
El-16-40-TGVIS5D-M30.5 Imaging (on filter thread) -2to +3 dpt M30.5x0.5 male ~ M40.5x0.5 female
El-16-40-TGVIS5D-C Imaging (between lens and cameri  -2to +3 dpt Gmount male Gmount female

1Standard VIS & NIR coatings availaBlether coating options available upon request
2 Lifecycle tests are ongoing. Very similar results as for tHEDBO series are expected, since the core technology is the same
3 Guaranteed tuning range is reduced over operating temperature réyggproximately0.025 dpt/°C
4 All standard products ithis list are also available with NIR coated cover glasses880nm). The tansmission curve is illustrated on page 5.
5 Specifiddatasheet available
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EL:16-40-TGVIS5D-M42 Imaging (between lens and cameri  -2to +3 dpt M42x1 male M42x1 female

Housingand adapter combinations

The E116-40-TCcomes with eblackmetallichousing.The electrical connection and computer communication is
established via 8-Ccableat the side. In addition, customscan attach their own [FCcablevia the ZIFFGslide
connector at the side of the housing. The relevant mechanical drawings are dejpidegirel.
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Figurel: Mechanical drawin@f the EE16-40-TC in its most simple version, thelBt40-TCVIS5D without any
thread adapters attache@unit: mm)

In order to allow for maximum flexibility for the integration in an optical system, several adapter configurations
areavailable as seen in the overview of the standard product randes E£16-40-TGVIS5D-M42 is shown in the
upper part ofFigure2. Here the adapters provide a M42 male and female thread combinagigtable for most
M42-mount lenses and cameras. The top male thread is rotatable, can be extended alorgxikey 3mm and

is held in place with three setscrews (requiring 1.5mm Allen keys)

All other combinationg;M25.5, ¢M26, ¢M27, ¢M30.5 andcC are realized bynounting the E416-40-TC in an

M40.5x0.5 tube and offerindifferent top and bottom adapterswhich are also rotatable and lockable with one
setscrew As an example, the HI6-40-TGVIS5D-C is shown in the lower part &igure2.

All adapter configurations come with an extension at the side, providingia Birose connectofHR10G7R6P),
making it suitable for rough environmental conditions. This can be seen on the rightfaguoe?.
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Figure2: Mechanical drawing of EL6-40-TGVIS5D-M42 andEL-16-40-TCGVIS5D-C whereas the latteexample
alsorepresets the combinationgM?25.5,¢M26, ¢M27,¢M30.5 (unit: mm).

Attention: The distance frorflange to bottom cover glass of the-E6-40-TGVIS5D-C is 4.8mm. Please make
sure not to screw in any-@ount lenses with protruding optics as they may scratch or even crack the glass.

Electrical connection

The electrical connection of tHeasic versiowf the El-16-40-TCwithout adaptersconsists oA FPC flex cablgith
6 pinssuitable for Molex connector no. 50348®00. Two pins are for the coil of the lens, the otHeur pins are
for the I12C conne@bn to the temperature sensor and EEPROM. Thed@@ases are 0x18 and Ox58spectively.
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Pinning flex connector

Position Function Value
1 Gnd -
2 Max. control current -500..500 mA
3 Max. control current + -500..500 mA
4 I12C SDA Digital signal
5 12C SCL Digital signal
6 Vcc 3.3V

Figure3: Electricaflex connectionsf the EL-:16-40-TC basic version without adapters.

PinningHirose connectoHR10G/R-6PB(73)
Position Function Sensor pins
1 Max. control current + -
Max. control current -
Gnd 1-4
Power 8
I12C SCL 6
I12C SDA ®

o O~ wWwN

Figure4: Electrical connections of the Hirose connector. The pinout is the same for all adapter versions.

Working principle

The workingprinciple of the E116-40TCA & o0 4 SR 2y -estabilisBed tyhioRgy of siBybbanging
polymer lenses. The core that forms the lens contains an optical fluid, which is sealed off with an elastic polymer
membraneas shown inFigure5. An electromagneticactuatoris used toexert pressure on the containemd
therefore changes the curvature of the lens; &hangingthe electricalcurrent flowing through the coil of the
actuator, theopticalpower of the lens is controlled

Bobbin with
voice coil ; Membrane
Fluid Container

Figure5: Working pringdle of the sealed lens container filled with an optical fluid and embeddead in
EL-16-40-TChousing
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Optical power versus current

The optical power of the E{16-40-TCincreases with positive current and decreases with negative curaent
shown inFigure6.2 KSy dza Ay 3 h LJG 2 ( tte/opti@al poes rdrige db tNAVRB-ONICis-Z to +3
dioptersfor the nominal control currenrt250to +250mA. When driving the lens up to absolute maximum control
current, the tuning range increas further(seeFigure6) but significant heat generation has to be considered.
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Figure6: Typical data showing the relation between optical power (in diopters) and electrical current.

Transmission range

Both the optical fluid and the membrane material are highly transparent in the range of 400 to 2500 nm. As the
membrane is elastic it cannot be coated using standard processes, hence a reflectipd%fi8 to be expected.

Cover glasses can be coateddasired.Figure7 shows the transmission spectrum ftive standardbroad-band
coatings.
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Figure7: Transmission spectra of-E&40-TC standard/1S& NIRcoating
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Wavefront quality

LY LINAYOALX SZ h LI 2 (ednpiSaspheritat IEndzhaphsithe Imenib&ines Betizd dlastic,

the lens shape is influenced by gravity. Results are summariégLre8. With the lens lying horizontally (optical

axis vertical), the RMBavefront error of the E116-40-TCis0.25< 6 sr&d at 525 nm)With the lens standing

upright (optical axis horizontal) acéma term must be addecksulting in a wavefronterrani KS 2 NRSNJ 2 F &
(measured at 525 nm)rhe gravity induced-doma term depends on the size of the lens, the density of the liquid

and the mechanical properties of the membraiiethe orientation of the lens does not change during use, the Y

coma can be compensated by using a wave plate.
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Figure 8: Typical vavefront measurement dhe EL-16-40-TCat 525 nmdefocus, tilt & sphere excluded.

Response time

The rise timewvhen applying a current steis about 5 ms. However, it takes abd8 msuntil the higher order
oscilations of the lens havaully settled.Figure9 shows the optical responder several current stepsieasured
using a photodiode after a pinhole edom temperature.The settling time ca be reduced byypicallyup to 50%
by applyinga low-pass filtered step signal as opposed to a rectangular step.
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Figure9: Typical optical response of the-E-40-TGVIS5Dfor several current steps. The upper plot shows a
series of steps fronow to high current and the lower plot for steps from high to low current.

The frequency response over a broad range is presentétjurel0, showing a resonance peak at 400 Nate
that this resonance is from a higher order mode, which can generatlpeased for imaging over the entire
clear apertureWhen applying a currerdtep, it is recommended to damp frequenciabove 200 Hzange by
using a low pass filter. This avoids excitation oscillations as sé&eguire9.
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FigurelO: Typical frequency response of thelBti40-TC. The driving amplitude-B0 to 50 mA.

Temperature effects

Residual temperature effects influence tlomg-term drift of optical powerstated in the specification tabl@hese
temperature effects are quantified by the temperature sensitivity S (dpt/°C), giving the change in optical power
per degree Celsius. As showrigurell, there is an almost linear dependence of S with optical po@enerally,
temperatureeffects can be mimiized when the EIL6-40-TC is thermally connected to a heat sink. The mounting
itself can be used as a heat sink. Large mass and high thermal conductivity of the material dissipates the heat
more efficientlyh LJG 2 G dzy SQa [ Sy a 5 NJICUE KdthofferaytdinatDthedll-cdnmpansatiba ¢ w
to achieve a repeatability dfpically+/- 0.05dpt for small and+/- 0.1 dpt for large focus steps.
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