Technical Note
UltraVac™ Permanent Vacuum Head and Performance
Longevity

Technical Note

Andor’s UltraVac™ vacuum process was designed not only to facilitate deep TE cooling,
but also to provide absolute protection of the exposed sensor.

One of the distinctive features of the iXon family is the capability to quantitatively capture
and present data in units of electrons or photons, the conversion applied either in real time
or as a post-conversion step.

Unless protected, cooled sensors will condense moisture,
hydrocarbons and other gas contaminants. Such contaminants
are particularly damaging towards the detecting surface of backilluminated sensors.
Exposed to such outgassed contaminants, the Quantum Efficiency of
a back-illuminated EMCCD will decline proportionally. Furthermore,
the sensor can fail if excessive condensation forms.
It was these compelling reasons that drove Andor to develop
permanent vacuum technology more than 15 years ago. Andor have
indeed perfected a proprietary Permanent Vacuum Head, essential
not only to optimize cooling performance, but also to ensure that
the sensor is protected and that this performance is retained year
after year. Only Andor have shipped thousands of vacuum systems,
enabling us to unequivocally substantiate our longevity claims with
real reliability data.

A back-illuminated EMCCD sensor must be housed
in a hermetically sealed vacuum head with minimized
outgassing, otherwise both cooling performance and
the sensor QE itself will degrade.
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Benefits of Permanent Vacuum Head:
• Sustained vacuum performance over many years operation –
		 proprietary process to minimize outgassing. Peak QE and cooling
		 will not degrade.
• Benefit from a thoroughly proven solution. More than 15 years
		 of shipping vacuum systems to the field and a negligible failure
		 rate - MTBF (mean time between failure) figure of more than
		 100 years.
		 No one else can make or substantiate this claim with real data.
• Performance improves because the temperature of the chip can
		 be reduced significantly. Better cooling (down to –100ºC with an
		 enhanced thermoelectric peltier design) translates into
		 substantially lower darkcurrent and fewer blemishes.
• Elimination of condensation and outgassing means that the
		 system can use only a single entrance window, with double
		 antireflection coating – you can believe the QE curve.
• Prevent convection heat transport from the front window which
		 would otherwise lead to condensation on the outside window.

Count Convert - Quantifying Data in Electrons and
Photons

Photons that are incident on pixels of an array detector are captured
and converted to electrons. During a given exposure time, the signal
in electrons that is collected in each pixel is proportional to the signal
intensity. In EMCCDs, the signal in electrons is further multiplied in
the EM gain register. The average multiplication factor is selected in
software from the RealGainTM scale.
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It can be desirable to directly quantify signal intensity either in terms of
electrons per pixel or in terms of incident photons per pixel. However,
during the readout process, array detectors must first convert the
signal in electrons (the multiplied signal in the case of EMCCDs) into
a voltage, which is then digitized by an Analogue to Digital Converter
(ADC). Each Analogue to Digital Unit (ADU) is presented as a ‘count’
in the signal intensity scale, each count corresponding to an exact
number of electrons. Furthermore, the signal value in counts will sit
on top of an electronic bias offset value. In the iXon this ‘baseline’ is
clamped at 100 counts.
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Therefore, in order to back calculate to the original signal in electrons,
the electron to ADU conversion factor must be very accurately
stored by the camera (which varies depending on the pre-amplifier
gain selection chosen through software). Calculation of the signal as
absolute electrons also requires knowledge of the bias offset and the
EM gain. The calculation path is shown in Fig 1 (right).
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Furthermore, knowledge of the Quantum Efficiency (QE) at each
wavelength and light throughput properties of the camera window
enables this process to be taken a step further, allowing the signal
to be estimated in photons incident at each pixel. For this step, the
user must input the signal wavelength. In fluorescence microscopy for
example, this would correspond to the central wavelength defined by
a narrow band emission filter matched to the fluorophore of interest.
If the spectral coverage of the signal on the detector is too broad, such
that the QE curve varies significantly throughout this range, then the
accuracy of the incident photon estimation would be compromised.
The Count Convert functionality of the iXon provides the flexibility
to acquire data in either electrons or incident photons, with negligible
slow down in display rate. Furthermore, the option exists to record
the original data in counts and perform this important conversion to
either electrons or photons as a post-conversion step, while retaining
the original data.
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Quantify data in electrons or incident photons
Convenient estimate of sample signal intensity at the detector
Real time or post-convert
Reference between different samples, users and set-ups
Meaningful signal relating to PALM/STORM 		
localization accuracy

