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Let’s have a look at light itself.

Charge-Coupled Devices

Physics 101: Light as a Particle

Note: Raindrops = Photons
CCDs don’t like rain
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CCD Properties

Electronics

•System Gain

http://www.ccd.com/ccd104.html

Is the number of electrons which are converted to ADU or Analogue-to-Digital Units.
Typically, the value is around 2.5 e- .
Lower gain = lower noise  BUT Low gain = lower maximum no of counts/e-.

This happens when the charge is read off the array
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1. A combination of noise generated when transferring charge 
and

2. Noise from the electronics themselves.

Noise measured in e-
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EFOSC2

WFI

Both these values are excellent and better than commercial grade CCDs
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Dark count refers to that property of all CCD sensors to generate charge in each 
pixel on its own with time and depending on the temperature. The lower the 
temperature of the sensor, the lower the dark count.
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The long exposure times ensure it needs to be accounted for.
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Dark count refers to that property of all CCD sensors to generate charge in each 
pixel on its own with time and depending on the temperature. The lower the 
temperature of the sensor, the lower the dark count.
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While the dark current is low in Scientific CCDs 
The long exposure times ensure it needs to be accounted for.

EFOSC2

WFI: (0.3-0.6) X 10-3 ADU/s/pixel
2.16 electrons/pixel/hour
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CCD Properties

Electronics

•Dynamic Range

www.ccd.com

For 16 bit detectors -> 65535 ADU available
But the dynamic range is related to 
the well depth in e- (ie. How many e- can fit into a pixel?)
And the readnoise in e-

Dynamic Range = 20*log(welldepth/readnoise)

EFOSC2 = 82.3 dB WFI = 92.9 dB
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Electronics

•Dynamic Range

www.ccd.com

For 16 bit detectors -> 65535 ADU available
But the dynamic range is related to 
the well depth in e- (ie. How many e- can fit into a pixel?)
And the readnoise in e-

Dynamic Range = 20*log(welldepth/readnoise)

EFOSC2 = 82.3 dB WFI = 92.9 dB

EFOSC2 will saturate faster than WFI



CCD Properties

Electronics

•Linearity

www.ccd.com

Is related to whether one ADU corresponds to same 
number of electrons over the entire dynamic range?

or
More simply, if doubling the exposure time doubles the 
counts?

In general, the new CCDs like EFOSC2 and WFI are highly 
linear.



CCD Properties

Electronics

•Linearity

www.ccd.com

Is related to whether one ADU corresponds to same 
number of electrons over the entire dynamic range?

or
More simply, if doubling the exposure time doubles the 
counts?

In general, the new CCDs like EFOSC2 and WFI are highly 
linear.

EFOSC2

WFI: ±0.5% 
(but complicated by shutter error issues)
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CCD Properties

Data reduction

•Bias Frames (+ Overscan region)

•To estimate the brightness of an object, we must know how many counts were in 
the pixel before light was shone on it. This is the bias level. To avoid getting 
negative numbers the pixels are preloaded with charge, typically a few hundred 
ADUs. Then a zero sec exposure is taken to record that value plus the effect of the 
electronics.
•The Overscan region is similar, except when reading out the CCD, pseudo-pixels 
are created which mimic a bias exposure.

Handbook of CCD Astronomy - Howell

The Bias is subtracted off the Science Image
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•To estimate the dark current, long exposures typically 30 – 60 minutes are taken 
with the shutter closed. They measure the thermal noise of the detector.
•Possible to substitute biases with darks.

Handbook of CCD Astronomy - Howell
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•To estimate the dark current, long exposures typically 30 – 60 minutes are taken 
with the shutter closed. They measure the thermal noise of the detector.
•Possible to substitute biases with darks.

Handbook of CCD Astronomy - Howell

1400s



CCD Properties

Data reduction

•Flat Fields

•Essentially test the optics of the telescope and the pixel response simultaneously.
The Optics determine how uniformly the light is spread across the detector
The pixel response is needed to allow for small scale sensitivity variations                             

from pixel-to-pixel with wavelength.

Handbook of CCD Astronomy - Howell

The (bias-subtracted) Flat is divided off the Science Image
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Screen illuminated inside the dome with lamps
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The GOOD: Can be done during the day
The BAD: Are not the same colour as the night sky 
and the direction of the light can be slightly off.
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The GOOD: The light comes in the same direction as the science data.
The BAD: Are still not the same colour as the night sky 

and limited time available
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•Sky Flats

Observing the cloud free twilight sky – morning or evening

Handbook of CCD Astronomy - Howell

The (bias-subtracted) Flat is divided off the Science Image

The GOOD: The light comes in the same direction as the science data.
The BAD: Are still not the same colour as the night sky 

and limited time available
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Data reduction

•Dark Sky Flats

Use the science frames to compile a flat by median filtering of the stars/galaxies

Handbook of CCD Astronomy - Howell

The (bias-subtracted) Flat is divided off the Science Image

The GOOD: The light comes in the same direction as the science data.
The colour of the flat is the same as the night sky.
The BAD: Requires lots of time and uncrowded fields. 
Signal to noise can be difficult to obtain.
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CCD Properties

Data reduction

•Fringe Frames

•At certain wavelengths an interference pattern can form on the detector.
•Primarily due to the night sky (OH) lines and the thin protective coating on the 
detector.

Handbook of CCD Astronomy - Howell

The Fringe pattern is scaled to match the 
Science Image Fringe strength then subtracted off.

Most prominent in the I and Z bands although sometimes can be
Visible in the R band.
The pattern is normally constant while the strength changes.
A master fringe frame is made from the science frames.



CCD Properties

Data reduction

•Fringe Frames

•At certain wavelengths an interference pattern can form on the detector.
•Primarily due to the night sky (OH) lines and the thin protective coating on the 
detector.

Handbook of CCD Astronomy - Howell

The Fringe pattern is scaled to match the 
Science Image Fringe strength then subtracted off.

Most prominent in the I and Z bands although sometimes can be
Visible in the R band.
The pattern is normally constant while the strength changes.
A master fringe frame is made from the science frames.



CCD Properties

Data reduction

•Fringe Frames

•At certain wavelengths an interference pattern can form on the detector.
•Primarily due to the night sky (OH) lines and the thin protective coating on the 
detector.

Handbook of CCD Astronomy - Howell

The Fringe pattern is scaled to match the 
Science Image Fringe strength then subtracted off.

Most prominent in the I and Z bands although sometimes can be
Visible in the R band.
The pattern is normally constant while the strength changes.
A master fringe frame is made from the science frames.



CCD Properties

Data reduction

•Fringe Frames

•At certain wavelengths an interference pattern can form on the detector.
•Primarily due to the night sky (OH) lines and the thin protective coating on the 
detector.

Handbook of CCD Astronomy - Howell

The Fringe pattern is scaled to match the 
Science Image Fringe strength then subtracted off.

Most prominent in the I and Z bands although sometimes can be
Visible in the R band.
The pattern is normally constant while the strength changes.
A master fringe frame is made from the science frames.



CCD Properties

Data reduction

•Fringe Frames

•At certain wavelengths an interference pattern can form on the detector.
•Primarily due to the night sky (OH) lines and the thin protective coating on the 
detector.

Handbook of CCD Astronomy - Howell

The Fringe pattern is scaled to match the 
Science Image Fringe strength then subtracted off.

Most prominent in the I and Z bands although sometimes can be
Visible in the R band.
The pattern is normally constant while the strength changes.
A master fringe frame is made from the science frames.



CCD Properties

Data reduction

•Bad Pixel Mask

Due to defects on the chip, the location of Hot, Cold, Warm pixels need to be 
identified so that they don’t get mistaken for objects in the science frames.

Handbook of CCD Astronomy - Howell

Identifies unusable parts of the CCD

The Bad Pixel Mask is normally created from the Master Flat.
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Data reduction

•Scattered Light Contamination

Stray light can enter the detector from reflections due to the optics of the 
telescope or reflective surfaces in the dome.
Most noticable with very bright stars or moon light.

Is used to remove the effect of unwanted stray light
- Once determined it should be subtracted.

Difficult to characterise, measure and remove.
A Zeropoint map is needed to define it. 
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