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Accurate measurement of solar magnetic fields is key to understanding the physical process in the sun that produce, concentrate, dissipate, and shed these fields.  Ground-based optical wavelength magnetic field measurements have utilized time multiplexed polarization modulation.  The accuracy of these polarization observations is ultimately limited by image motion arising from atmospheric seeing that remains even when using adaptive optics.  A new type of photo-detector that caches charges from different modulation state exposures and cycles these images through the photo-sites at a high rate eventually building up high signal to noise images would enable higher accuracy magnetic field measurements.  Such a detector is a reasonable extension to current hybrid array technology. 

Charge-caching photo-detectors for high accuracy solar magnetic field measurements

Introduction

Accurate measurement of solar magnetic fields is key to understanding the physical process in the sun that produce, concentrate, dissipate, and shed these fields.  Modulation of the solar output and space weather are driven by magnetic activity.  Ground-based optical wavelength magnetic field measurements have utilized time multiplexed polarization modulation.  The accuracy of these polarization observations is ultimately limited by image motion arising from atmospheric seeing that remains even when using adaptive optics.  If polarization measurements could be performed on a time scale fast compared to residual seeing motions, accuracy would be improved.  A photo-detector that can sample the successive polarization modulation states at a rate faster than residual seeing fluctuations can achieve this goal.

Modulation and Seeing
Solar polarimetry typically uses time multiplexed polarization modulation.  A polarization modulator encodes polarization information into the intensities of a sequence of images.  A minimum of four different modulation states are needed to encode the four Stokes parameters that describe the full polarization vector of the light beam.  Often 6 or 8 modulation states are used, the latter a consequence of modulating polarization using a rotating retarder.  Modern photo-detectors can be read out at frame rates in the 10s of Hz to perhaps 100Hz.  If the image moves during the course of the detection of the modulation states, polarization parameters can be interpreted as other polarization parameters.  The spectrum of residual seeing remaining after use of adaptive optics has significant spatial image motion in frequency range of current cameras and extends to even higher frequencies.  A photo-detector that reads out at many kHz would be needed to accomplish a polarization measurement, detection of all the modulation states, rapidly compared to seeing motions.  Such a detector would need extremely low read noise in order to remain photon noise limited and would produce data at an extremely high rate, both issues would stretch current technology.

Charge caching detectors

The solution is to fabricate an array detector that can expose for very short times, but rather than reading out successive images (4, 6, or 8 corresponding to the polarization modulation states), charges are shuffled from the photo-sites to storage capacitors and back to the photo-sites many times to build up sufficiently high signal to noise.  Charges are then moved to read out capacitors while a new set of images is exposed.  This detection technique was proposed by Lites (1991).  There is an excellent description of charge caching detectors by Keller (2002).  Hybrid detector technology that uses photo-sites bonded to a CMOS read out integrated circuit is well suited for extension to this application.  Each photo-site has its own electronic circuitry.  A new photo-site circuit design would be necessary to implement charge caching. 

Performance parameters for a charge caching photo-detector would be comparable to current hybrid detectors except for the addition of the caching itself.

	Item
	Specification
	Comments

	Format
	2k X 2k pixels
	4k X 4k goal

	Pixel pitch
	12mm to 24mm
	Fits typical focal planes

	Full Well
	≥ 100,000 e-
	Larger is better

	Read noise
	≤ 50 e-
	Lower is better

	Frame rate
	≥ 100 frames/sec
	1/25 second for four states

	Shuffle rate
	≥ 5kHz
	2000 shifts in 1/25 second

	Number of image states
	4
	6 or 8 goal

	Readout mode
	Snapshot
	Continuous exposures


Development

Development of charge caching array detectors has been discussed with several vendors.  The technology is currently available to fabricate such detectors though a development program is needed to design and test the charge caching circuitry at the photo-sites.  Development would require three steps (i) demonstration of the unit cell design on small format devices, (ii) using experience from the small devices fabrication of full sized sensors, and (iii) packaging devices into scientific cameras with readout electronics and software control.

Steps (i) and (ii) would require approximately 18 months each for development, a wafer run, and evaluation.  Step (iii) would require about a year as design of the final camera packaging could proceed in parallel with the first two steps.  This program would produce approximately four full format cameras.  Additional cameras could then be purchased at prices comparable to current hybrid detectors.

Phase one cost estimate is $4M.  Phase two is $6M, and phase three $2M.  Production camera costs are estimated to be $650,000.
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