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Custom chip mode

The ProEM, like many other Princeton Instruments cameras,
supports custom chip mode. This innovative feature allows
users to redefine the size of the EMCCD’s active area via
software. Unlike setting a smaller region of interest (ROI),
which also involves reading out fewer pixels, custom chip
mode does not incur overhead from discarding or skipping
the rest of the rows.

In custom chip mode, all pixels outside the current active
area are ignored, thereby saving time spent to shift.
However, when using custom chip mode, users must ensure
that no light falls outside the currently set active area,

as illustrated in the following example. For a 512 x 512
format sensor, using the ROl method to read out

128 x 128 pixels would take 8.2 ms, or a frame rate

of 122 fps (1/0.0082). Using the custom chip feature,
the readout time for the same region would drop to

3.1 ms, which is equivalent to a frame rate of 323 fps.

The graph to the right compares the ProEM:512B
camera’s expected frame rates using standard
ROI readout and custom chip readout.

Princeton
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Kinetics

...take advantage of advanced readout modes

Kinetics refers to a special readout mode in which

a portion of the EMCCD is illuminated while the

rest of the array is used as a temporary storage
area. At the end of the exposure-shift sequence,

the entire EMCCD is read out to provide a series

of sub-frames (kinetic frames) separated in time. In
order to support this special mode of operation, it is
essential that the camera architecture be flexible and
offer special access to underlying EMCCD clocking
functions. The ProEM, like many Princeton Instruments
cameras, supports this type of burst readout mode

for microsecond time resolution. The kinetics feature

is particularly attractive to Bose-Einstein condensate
(BEC) researchers, as well as those interested
in capturing transient events at the microsecond

timescale.

Though the frame rate can be increased by using a
smaller subregion and/or binning, in most scientific-

grade cameras the rate is still limited to temporal
resolutions on the order of milliseconds to seconds.
Kinetics readout allows a burst of sub-frames to be
captured with microsecond resolution, albeit using a
much smaller field of view. This is accomplished by

shifting each sub-frame exposure under the mask
before reading it out. Since there is no overhead
of readout time between each exposure, higher

temporal resolution is achieved. At the end of the

exposure-shift series, the entire frame can be read
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out at a slower readout speed. Since the exposure time
for each sub-frame is typically on the order of a few
microseconds, the available number of photons per
exposure tends to be low. When the light level is well
below the read noise, EM gain can be used to improve
signal-to-noise ratio.

In kinetics mode, a portion of the EMCCD image is
optically masked in order to minimize the crosstalk
between sub-frames. In imaging applications, this can
typically be accomplished by placing a knife edge or
optical mask in the collimated beam path. In spectroscopy,
this is best achieved by limiting the height of the entrance
slit of the spectrograph. In most applications, the ability to
mask as few rows as possible sets the ultimate limit on the
temporal resolution.

Data acquired shows multiple sub-
frames separated in time by only a few
Usec. Temporal resolution is given by
“number of rows in the sub-frame *
vertical shift rate + exp. time”.

In this example, kinetics operation is illustrated using the frame-transfer
EMCCD featured in the ProEM camera. A partially illuminated image of
a target is overlaid on the EMCCD diagram for illustration. The
illuminated area is the farthest from the serial register.
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Spectra-Kinetics Mode

In standard kinetics mode, binning is performed in the serial register. This limits the
total event time that can be captured, even for spectroscopy applications. By binning
under an external “variable kinetic mask”, however, Princeton Instruments’ exclusive
new spectra-kinetics option is able to capture longer-duration events and provide
higher sensitivity than standard kinetics mode.

Use of spectra-kinetics allows the ProEM camera to acquire the full masked height’s

worth of spectra regardless of the height of the “illuminated” rows — all while
delivering the same temporal resolution as standard kinetics.

Kinetics Spectra-kinetics

Rows Farthest away from the serial register Closest to the frame-transfer mask
illuminated

Time N*V.shift speed N*V.shift speed

resolution

Number of Total height/N (N = illuminated number | Frame-transfer mask height

kinetic frames of rows) (independent of N)

Included as Yes Standard for ProEM:512BK

standard option Optional for ProEM:512B and 1024B

Princeton
www.princetoninstruments.com Instruments

ProEM:512B/BK ProEM:1024B

Rows Total number of kinetic | Total number of kinetic Total number of kinetic Total number of kinetic
illuminated frames (kinetics) frames (spectra-kinetics) | frames (kinetics) frames (spectra-kinetics)

32 64 1024

64 1024

1024

1024
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ProEM:512BK

...exclusive sensors designed for ultrafast kinetics

In the previous section on kinetics, it is shown that optically
masking a portion of the sensor is essential to achieving fast
temporal resolution. Although it is possible to achieve such
performance using external slits and spectrographs to mask
all but a few rows, it is extremely difficult and cumbersome to
adjust the illumination with micrometer precision so that only
one or two rows can be illuminated.
EMCCD VIEW

If this level of precision masking is achieved, however, 2 OPEN ROW: 98 masieo rows
then vertical shift speeds of 450 ns/row can enable burst

frame rates exceeding 1 MHz. This capability is valuable in

applications such as combustion research in which ultrafast

kinetics allow researchers to understand and thereby improve

critical mechanisms.

In response to customer feedback, Princeton Instruments has

now designed an exclusive 512BK sensor based on the popular

512 x 512 back-illuminated EMCCD. The basic architecture

of this new custom EMCCD is shown here. In addition to the

standard frame-transfer mask, there is an additional mask X
of 512 x 98 rows that is deposited on the sensor utilizing the Soa e NORMAD
same precision lithography techniques used during sensor

fabrication. As a result, the 512BK has two open rows (farthest

from the serial register).

The ProEM:512BK camera is the most versatile of all the
models in the ProEM series. In addition to featuring the custom
512BK sensor, it also incorporates a custom front end with
adjustable (external) blades that provide a “variable kinetic
mask” for increased sensitivity.

Princeton
Instruments  www.princetoninstruments.com
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Go Giga

...operate remotely and easily

Another ProEM innovation is the use of a Gigabit
Ethernet (or GigE) data interface to allow simple,
reliable data transmission without the need for
custom frame grabbers. This ubiquitous data

interface is designed to be rugged enough to P rince‘ron | nS'l'rU men'l's Gig E

handle industrial data traffic. The key advantages

of using GigE with the ProEM stem from the fact Data interface advantages:

that the camera can be easily operated from more ° High bandwidth (125 MB/sec or 1000 Mbps) for real-time
than 50 m away, which is not possible when custom image transmission

frame grabbers are utilized. Remote operation is ° Remote operation from more than 50 m away

important for applications such as astronomy that ° Low-cost cables (CAT5e or CAT6) and standard connectors
require keeping any heat-generating sources (e.g., * Scalable to future 10 GigE standard

host computers) away from sensitive optics.

Brief comparison of major data interface technologies...

Cameralink FireWire®
(IEEE-
1394a/b)

up to over up to
125 MB/sec | 680 MB/sec | 50 to
100 MB/
sec
>50m 5t0 10 m 5m
no yes no
@ ExTsYNC
@ LOGIC ouT "Practical bandwidth is typically lower than theoretical

maximum due to overhead.

Princeton
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No vibrations
...keep it quiet

Researchers using sensitive instruments such as telescopes
and atomic force microscopes take extreme care to
minimize vibration in their setups. In some cases, they
need to keep the ambient air around the optics stable
and not generate any turbulent currents that might
change the focus of the optics.

Cooled scientific cameras require the dissipation of heat

to maintain cooling stability, one of the main criteria

for EM gain stability. Heat dissipation is generally
The ProEM is able to eliminate accomplished by using a fan to circulate air, sometimes

vibration while still providing aided b.y The. circulation ?f I|qU|‘d. An ofT-heqrd solution
to the vibration problem in the industry is to turn the

stable cooling performance. camera’s fan off temporarily during image acquisition.
However, this is only a partial solution, as the fan cannot
be turned off for sequences that last tens of seconds

to minutes without compromising the camera’s cooling
stability.

Furthermore, for imaging setups in which hot air currents
are problematic, the complete removal or disabling of
the fan is the only way to prevent changes to sensitive
optics.

After holding extensive engineering discussions and
listening to valuable customer input, Princeton Instruments
has designed a novel heat-dissipation mechanism for

the ProEM that performs equally well with either liquid
circulation or standard airflow. The camera’s fan can be
completely turned off for a long period of time, or even
permanently, without ill effect. In this way, the ProEM is
able to eliminate vibration while still providing stable

cooling performance via the use of liquid circulation only.
If a given application is not sensitive to vibration, the fan
can always be turned back on via software control.

Princeton
Instruments  www.princetoninstruments.com
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EM gain calibration

...what you see is what you get

As noted elsewhere, EM gain is generated by applying
a high-voltage clock pulse to accelerate electrons in the
extended multiplication register. The gain is a complex

exponential function of the high voltage, as shown in the

first figure. 1400
8 1200 1223,
£ 1000
8 /
Typically, the high voltage is mapped to a digital-to- § 8o /
analog converter (DAC) that is controlled via g ow 7
o
software. For example, a 12-bit DAC offers EM g 0 /
. . 12 . = 200
gain control in 4095 (2'?) steps, where O is mapped NE L~
to 1x and 4095 is mapped to the maximum EM 2000 " 500 2000 . 2500 4000
gain (typically ~1200x). In these cases, an offline Software Input - Relative DAC Value

calibration report provides the real EM gain
corresponding to the DAC value.

OptiCAL

In the ProEM camera, an advanced, field-ready
method known as OptiCAL utilizes a built-in, high-
precision light source for easy, accurate EM gain
calibration. The calibration map is directly loaded
into the camera memory, giving users complete
control over this function, in absolute terms. The use
of a built-in light source offers several advantages:

EM gain vs. input DAC value, prior to gain calibration.

1400

1200 12
1000 /
800 /

600 M

400 /‘

200 /

Multiplication Gain (X)

1 201 401

601 801 1001 1201
Software Input - Absolute Multiplication Gain

° EM gain calibration takes only a few minutes (rather
than tens of minutes to hours using dark images)

After OptiCAL, a high-precision EM gain calibration method that
* Better precision, as the technique utilizes actual light allows EM gain to be controlled in linear, absolute steps.
levels encountered in real-world experiments
° The calibration method is easy to use in the field

No need for external, expensive light sources

° Repeatable calibration for many years

Princeton
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The ProEM is designed to meet the demanding requirements The camera’s flexible architecture is optimized to achieve
of many low-light-level imaging applications. Its advanced the best performance in every important category, including
features are the result of years of discussions with researchers noise, linearity, and full well. Each readout mode is

in the field. individually characterized; thus, the ProEM is the ideal low-

light imaging and spectroscopy solution for a wide range of
applications. The ProEM utilizes Princeton Instruments software
to acquire, store, and process data quickly and efficiently.

Astronomy
Plasma imaging Bose-Einstein
Single-molecule condensate (BEC) Multispectral imaging
imaging

* Deep cooling for extremely low dark current * Multiple analog gain settings (e-/ADU) to suit

* Maintenance-free, all-metal vacuum seals low-light or high-light applications

guaranteed for life * Hardware-generated timestamp for precise
* Liquid-only cooling to minimize hot air currents photometry
and vibration around telescopes * SDK for custom programming
* Single-vacuum-window (AR-coated) design for the eXcelon EMCCD technology provides reduced
best light throughput etaloning and enhanced sensitivity in the blue and NIR
regions

* Remote operation from up to 50 m away via
Gigabit Ethernet cable

* <1 e- rms in EM mode for single-photon detection
capability

* 3 e- rms in non-EM mode (100 kHz) for steady- * <1 e- rms in EM mode

state imaging * Custom chip mode for ultrahigh frame rates

* Custom chip mode for faster frame rates * Rapid data collection using GigE data interface

* Accurate EM gain calibration (OptiCAL) and Bias
Active Stability Engine (BASE) for quantitative
imaging

* Hardware-generated timestamp for precise time-
resolved measurements

* Flexible ROI / binnin

* Very low clock-induced charge for photon- XI / binning
counting applications * SDK for custom programming
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Bose-Einstein condensate (BEC) imaging
and ion imaging

¢ Custom chip and kinetics readout modes for ultrahigh frame
rates

* <1 e- rms in EM mode for single-photon detection
capability

* 3 e- rms in non-EM mode (100 kHz) for steady-state imaging

¢ Ultra-low-noise design and back-illuminated EMCCD for very
high sensitivity

* Accurate EM gain calibration (OptiCAL) and Bias Active
Stability Engine (BASE) for quantitative imaging

* Single-vacuum-window (AR-coated) design for the best light
throughput

¢ Liquid-only cooling for quiet, vibration-free operation

* Hardware-generated timestamp for precise time-resolved
measurements

* LabVIEW interface for custom experiments

eXcelon EMCCD technology provides reduced etaloning and
enhanced sensitivity in the blue and NIR regions

lts advanced
features are the
result of years of
discussions with

researchers in the
field.

Single-molecule imaging
and spectroscopy

* Custom chip and kinetics readout modes for ultrahigh
frame rates

* Frame-transfer operation for 100% duty cycle
imaging (simultaneous exposure and readout)

* <1 e- rms in EM mode for single-photon
detection capability and long EM life

* 3 e- rms in non-EM mode (100 kHz) for steady-state
imaging

* Single-vacuum-window (AR-coated) design for the
best light throughput

* Ultra-low-noise design and back-illuminated EMCCD
for very high sensitivity

¢ Liquid-only cooling for quiet, vibration-free operation

* Accurate EM gain calibration (OptiCAL) and Bias
Active Stability Engine (BASE) for quantitative imaging

* Adjustable C-mount for precise mounting on
microscopes

* Hardware-generated timestamp for precise time-
resolved measurements

* LabVIEW interface for custom experiments
* Direct-to-hard drive streaming (LightField)

eXcelon EMCCD technology provides reduced
etaloning and enhanced sensitivity in the blue and
NIR regions

Plasma imaging

* <1 e- rms in EM mode

* Custom chip, kinetics, and spectra-kinetics readout
modes for ultrahigh frame rates

* Multiple spectra capture (ROI / binning)
* Hardware-generated timestamp for capturing kinetics
* Long data cable (>50 m) and GigE interface

* eXcelon EMCCD technology provides reduced
&etqloning and enhanced sensitivity in the blue and NIR
regions
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