University of Mosul
College of Science

Design and Fabrication of a Computer Controlled
Imaging Spectrograph for Raman Spectroscopy

Hamzah Mohammed Hamid Aldulaimi

Ph.D. Thesis

Physics Sciences/ Solid State Physics

Supervised by
Assist. Prof. Prof.
Dr. Yaser Abduljuad Al-Jawadi Dr. Raied Ahmed Al-Wazzan

1446 A.H. 2024 A.D.



ABSTRACT

In this thesis, a local spectrometer with a focal length of (261) mm and
special specifications was designed for usage in wide applications. The
spectrometer was designed using the (ZEMAX) program specialized in this
field, and its design was developed in stages: the optical design stage, then
the mechanical design stage. The slit was used as a signal input instead of a
fiber. The spectrograph was designed based on the Czerny-Turner design,
and three mirrors were used, the first a flat, reflective mirror, the purpose of
which was to obtain the required focal length. The second mirror is
spherical, called the collecting mirror. It collects the rays in the direction of
the grating. The third is an toroidal mirror that contains two different
diameters, that is, two focal lengths, in order to reduce aberration. It is called
the focusing mirror. It focuses the rays after analyzing them and projecting
them onto the CCD detector. The detector from Andor techs. is connected to
a computer to display the signal. A computer-controlled stepper motor has
been added to control the movement of the grating left and right. The
spectrometer was calibrated using the mercury and neon light spectra with
known wavelengths, and the resolution (FWHM) of the device was
calculated to be (0.1)nm. The spectrometer (S261mm) was tested in Raman
spectroscopy applications where the He-Ne laser was used to excite the
sample under study, with its notch filter. Due to the high sensitivity of the
device, spectral lines appeared from the active material of the laser, called
plasma lines. Plasma lines presented an obstacle in our work, especially the
lines with high intensity compared to the Raman spectrum, which has low
intensity. Raman spectra were produced for some samples (Sulphur, Boron
Nitride, Acetaminophen, and Metronidazole) and the spectrum was identical

to international references.
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