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CMOS vs. CCD sensors in speckle interferometry
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Abstract

In the �eld of interferometric metrology the use of high resolution CCD sensors with 1024×1024 to 2048×2048 pixels is predominant.
Due to special features (e.g. random pixel access, characteristic curve) CMOS sensors with similar resolution can be an interesting
alternative. We compare some characteristics of both sensor types that are important for interferometry and demonstrate two exemplary
applications that are only possible by using CMOS cameras.
? 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

For some time CMOS cameras have been discussed as
an interesting alternative to CCD cameras in the �eld of in-
terferometry, digital holography, and other �elds of optical
metrology [1–3]. The advantages of these cameras are their
low price and low power consumption and certain physi-
cal characteristics. These are in particular (a) the random
pixel access, which makes possible a fast readout of small
regions of interest (ROI) and (b) the physical layout of the
pixels, which enables active electronic components to be al-
located to each pixel and prevents blooming. On the other
hand, CMOS sensors have some disadvantages compared to
CCD sensors. In literature [4–8] a lower sensitivity due to
the smaller �ll factor, higher temporal noise, higher pattern
noise, higher dark current, and the nonlinear characteris-
tic curve are primarily mentioned. However, this nonlinear
characteristic curve can also be an advantage which helps
to avoid saturation of the camera if light �elds with large
brightness variations have to be recorded.
The aim of this paper is to enable a quantitative compari-

son of important characteristics of high resolution CCD and
CMOS cameras on the basis of experimental data. More-
over, we present results of two exemplary applications of
CMOS cameras in electronic speckle pattern interferometry
(ESPI) that are only possible by using these sensors. In one

∗ Corresponding author. Tel.: +49-441-798-3512; fax: +49-441-798-
3576.
E-mail address: heinz.helmers@uni-oldenburg.de (H. Helmers).

case we use the nonlinear characteristic curve of the camera
in order to realize deformation measurements for an object
with strongly varying re�ectivity. In the other case we use
the possibility of fast readout of small ROIs in order to track
a fast deformation process with high frame rate.

2. Sensor types and shutter principle

Let us �rst brie�y describe the main di�erences between
CCD and CMOS sensors and introduce some quantities
needed for further discussion [4–13]. As a rule, the pixels
in CCD sensors are built up by MOS capacitors in which
the electrons (number N ) generated by photon absorption
during the exposure are stored. The maximum number of
electrons that can be stored in a pixel is the full well capac-
ity fwc. In interline-transfer (IT) and frame-transfer (FT)
sensors, the electrons are shifted into separate storage cells
at the end of the exposure time t. After this shifting, that
lasts for several �s for IT sensors and about 1 ms for FT
sensors, the next image can be exposed. During the expo-
sure of the next image the charge Ne (e: elementary charge)
in the storage cells is shifted pixel by pixel into the sense
node (readout node) with capacity C, where it is converted
into the output voltage U = Ne=C. The node sensitivity S
is the voltage generated per electron, it lies in the range of
some �V=e. Full-frame-transfer (FF or FFT) sensors do not
have separate storage cells. In these sensors the image in-
formation after exposure is shifted line by line in a horizon-
tal register and from there pixel by pixel to the sense node.
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