Notes on the General Electric Amorphous Silicon Detector

General Description

The GE detector, designed for medical PET machines, uses a plate of amorphous silicon to detect X-rays of high energy, on the order of 60keV to 80keV. The X-rays are converted to optical photons with a 500um thick CsI phosphor screen. The screen is about 70% efficient for 60keV X-rays. Note that direct conversion of X-rays to electronic charge is not done.

The detector is basically an array of diodes reversed biased at 9V. The diodes are initially charged to 9V, being used like capacitors. When light hits the diode, the charge drains proportionally to the number of photons. When the diode is recharged, the amount of charge needed to recharge is recorded, as the amount of light which hit that pixel. One 80keV X-ray puts about 1400 electrons into a pixel. The read noise of each pixel is about 1000 electrons, making one 80keV X-ray barely visible. 

The detector has 2048*2048 pixels, to make a square 400mm*400mm detector. The pixel size is 200um. A simple drawing of the detector is shown below.
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Each row of 2048 pixels has two A/D converters to read out each line. The readout electronics shifts each line left/right. The readout electronics includes readout modules with a total of 4096 A/D converters. GE has developed ASICS with 16 A/D onboard, allowing for the required miniaturization. This large amount of electronics dissipates upwards of 90W of heat, so the detector is water cooled. Note that the cooling is not to cool the Silicon imager, but to cool the electronic readout circuits. 
The images can be read out in 125ms for a 2Kx2K image, and 23ms for a 1Kx1K image, binned 2x2. The 2K images read at a rate of 8Hz, and 1K at 30Hz.  The data are read with 14 bit precision. Gains of the camera range from 275e-/ADU to 800e-/ADU.

The software runs on a Windows machine, and uses a COM interface. The core DLL which runs the camera is called ADEPT. Visual Basic scripts are used to create a GUI, supplied by GE. They supply also a command console package to call the DLL.
