
• Introduction to Medical Imaging
– X-ray Computed Tomography (CT)
– Nuclear Medicine

• Single Photon Emission Computer Tomography (SPECT)
• Positron Emission Tomography (PET)

• VLSI Circuits for CT and SPECT

• Merging CT and SPECT hardware into one imaging 
technology. 

• Highlights from CMOS Emerging Technologies workshop  
(www.cmoset.com) recently held in Vancouver

Kris Iniewski, Redlen Technologies

Circuits for CT Scanners and SPECT 
Gamma Cameras



About the Instructor
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Motivation for Medical Imaging

http://www.ecse.rpi.edu/censsis/



Healthcare Trends Drive Imaging Growth

http://www.ecse.rpi.edu/censsis/
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Variety of Techniques Available

http://www.ecse.rpi.edu/censsis/



CT vs. Nuclear Medicine (PET/SPECT) 
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CT/PET/SPECT Trends



X-Ray & Computed Tomography (CT)

Source:  http://www.iwr.uni-heidelberg.de/groups/ngg/Tutorial/TutCT_121203_Lauritsch.pdf



CT Scanner - Principle

From Kris Iniewski, “X-ray and Computed Tomography Imaging Principles”, in Medical 
Imaging Electronics, K. Iniewski (Ed.), Wiley 2009.



CT Scanner - Reality



X-Ray Imaging to CT Imaging
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SPECT Gamma Cameras





SPECT Diagnostic Example

• Left: SPECT scans of the brain of a three year old male near 
drowning patient shown shortly after the accident s howing 
decreased brain activity. The patient presented in a persistent 
vegetative state, and was pronounced blind with sev ere spasticity.

• Right: SPECT scans of the same child taken 9 months  later 
demonstrating increased brain activity and blood fl ow following 
120 hyperbaric oxygen treatments. The child was now  alert, 
responsive, laughing, eating and drinking normally,  walking, 
speaking bi-lingually, and had regained normal visi on.



SPECT vs. CT
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Safety and Biohazards of CT/SPECT
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• Introduction to Medical Imaging
– X-ray Computed Tomography (CT)
– Nuclear Medicine

• Single Photon Emission Computer Tomography (SPECT)
• Positron Emission Tomography (PET)

• VLSI Circuits for CT and SPECT

• Merging CT and SPECT hardware into one imaging technology. 

• Highlights from CMOS Emerging Technologies workshop 
(www.cmoset.com) recently held in Vancouver

Kris Iniewski, Redlen Technologies

Circuits for CT Scanners and SPECT 
Gamma Cameras



Radiation Detection Principle



Radiation Detector Front End

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



Charge Sensitive Amplifier (CSA)



CSA Calibration



Analog Signal Processing Chain

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



Data Readout



Noise Spectrum

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



Noise Equivalent Circuit

http://www-physics.lbl.gov/~spieler/Heidelberg_Notes/



X-Ray Detector Readout System

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale – Communications, Imaging and Sensing, CRC Press 2008



Feedback Configurations

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale – Communications, Imaging and Sensing, CRC Press 2008



Leakage Current Compensation

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale – Communications, Imaging and Sensing, CRC Press 2008



DEDIX (Dual Energy Digital Imaging of X-ray) 

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale – Communications, Imaging and Sensing, CRC Press 2008



DEDIX – Single Channel

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale – Communications, Imaging and Sensing, CRC Press 2008



Example: 8 keV photons from X-ray Tube 

Pawel Grybos, “Detector Interface Circuits for X-ray Imaging”, in K. Iniewski (Ed.)
Circuits for NanoScale – Communications, Imaging and Sensing, CRC Press 2008



Medipix 2 (256x256) – Pixel Readout

X. Llopart, M. Campbell, R. Dinapoli, D. San Segundo, E. Pernigotti, "Medipix2: a 64-k 
Pixel Readout Chip With 55-mm Square Elements Working in Single Photon Counting Mode,“
IEEE Trans. Nucl. Sci., vol. 49, no. 5, 2002, pp. 2279 - 2283.



Medipix2 (256 x 256) – Chip Floorplan

X. Llopart, M. Campbell, R. Dinapoli, D. San Segundo, E. Pernigotti, "Medipix2: a 64-k 
Pixel Readout Chip With 55-mm Square Elements Working in Single Photon Counting Mode,“
IEEE Trans. Nucl. Sci., vol. 49, no. 5, 2002, pp. 2279 - 2283.



Medipix2 Cell Layout



PILATUS Pixel Cell

Brönnimann et al.:"The Pilatus 1M Detector," J. Synchrotron Rad., 13, 2006, 120-130. 



Common  Circuit Requirements
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Power vs. ENC Trade-off

From Gianluigi De Geronimo, “Low-Noise Electronics for Radiation Sensors”, in Medical
Imaging Electronics, K. Iniewski (Ed.), Wiley, 2008.



VA32 Chip (U of Michigan)



Practical Implementation Challenges

� +���
��
�������
���"����!��
���
���"
���"����!��
� ������
�

� 0!��
����%����
������
���"�����
���
��� ���������� ��

� 0!��
����
����
�����
��!����
���
�������
����� ��� ��
'���

��		��!��
��
�� %!�
��
���
������
��/���

� &�/�
��
����
����
�������
��
�������
��� !��	����� ����

� .�!��
����
��
�����"���
����
����
;5L.J��������

� 0!��
��"������
�!������
�	
��������
"��
���"�
���! �����
�	

��������
��!��
%�
�/��
%������

� .�!��
����
��
%�
�%��
��
���	 ����
���
����!��
��� ��!�
���

������
����!��
�#�)�
�



M
U

X

CSA Shaping PD
Channel #1

CML
I/O

Temp
Sensor

SPI

CSA Shaping PD
Channel #2

CSA Shaping PD
Channel #128

Ctrl
Logic

Bias

Practical CMOS Implementations

• FPGA Interface 
(SPI)

• Temperature 
Sensing

• Channel to 
Channel Uniformity

• On-chip 
Calibration

• Built-In Selft
Testing (BIST)

• Low noise 
switching 
(CML/LVDS)

Pacific-128 datasheet, www.redlen.com



Pacific-128 Chip (Redlen)



X-Ray and CT Hardware Trends
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• Introduction to Medical Imaging
– X-ray Computed Tomography (CT)
– Nuclear Medicine

• Single Photon Emission Computer Tomography (SPECT)
• Positron Emission Tomography (PET)

• VLSI Circuits for CT and SPECT

• Merging CT and SPECT hardware into one imaging 
technology. 

• Highlights from CMOS Emerging Technologies workshop 
(www.cmoset.com) recently held in Vancouver

Kris Iniewski, Redlen Technologies

Circuits for CT Scanners and SPECT 
Gamma Cameras



CT/SPECT Fusion
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CT/SPECT Fusion
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CT/SPECT Fusion
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Integration (CT) and Counting (SPECT) Electronics

From Edgar Kraft, Ivan Peric, Circuits for Digital X-ray Imaging: Counting and Integration”, 
in Medical Imaging Electronics, K. Iniewski (Ed.), Wiley 2009.



From Edgar Kraft, Ivan Peric, Circuits for Digital X-ray Imaging: Counting and Integration”, 
in Medical Imaging Electronics, K. Iniewski (Ed.), Wiley 2009.

Integration (CT) and Counting (SPECT): Measurements



• Introduction to Medical Imaging
– X-ray Computed Tomography (CT)
– Nuclear Medicine

• Single Photon Emission Computer Tomography (SPECT)
• Positron Emission Tomography (PET)

• VLSI Circuits for CT and SPECT

• Merging CT and SPECT hardware into one imaging technology.

• Highlights from CMOS Emerging Technologies workshop  
(www.cmoset.com) recently held in Vancouver

Kris Iniewski, Redlen Technologies

Circuits for CT Scanners and SPECT 
Gamma Cameras



CMOS Emerging Technologies workshop
(www.cmoset.com)
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