Figure Captions

Fig. 1
Views can reach far (left), or not so far (right).

Fig. 2
Normalized transconductance 
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for channel lengths of 0.8, 1.2, 2.0, 5.2, 10.0, and 25.2 m. All devices were fabricated on the same die in a 0.8 m CMOS process. The transconductance is determined by differencing the raw measured 
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 data, so the irregularities in the curves are due to the differential non-linearity of the digitizer in the measurement system.

Fig. 3
Equivalent noise charge vs. drain current for various current densities 
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. The calculation assumes a detector capacitance of 10 pF and a transistor input capacitance of 1 fF per m width. In the low-current regime the asymptote for all curves follows the relationship
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Fig. 4
Comparison of normalized transconductance
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for NMOS devices with L= 0.8 and 0.3 m channel lengths, fabricated in 0.8 and 0.25 m CMOS processes, respectively.

Fig. 5
The ATLAS pixel detector. The length of the detector is 1.4 m and the radius of the outermost pixel layer is 12 cm.

Fig. 6
An ATLAS pixel module. In the cross-section view the pixel ICs are at the bottom, bonded to the sensor above through a two-dimensional array of solder bumps. A polyimide flex-hybrid on top of the sensor has traces for bussing, bypass capacitors, and a readout controller IC. Connections from the pixel ICs to the flex hybrid are by wire bonds. The module includes 16 pixel ICs with 2880 pixels each. The complete detector include about 1000 modules with ~108 pixels,

Fig. 7
A reticle of the pixel IC wafer, showing how multiple ICs are accommodated in one reticle. Reticles are copied by a step-and-repeat process to fill the entire 200 mm wafer. Two pixel ICs are at the top, with the readout controller and test/support ICs at the bottom. The pixel IC is 7.3 x 10.9 mm2 and contains 2880 pixels.

Fig. 8
Fully depleted CCD structure (top) and potential distribution into the bulk (bottom).

Fig. 9
Quantum efficiency of a thinned CCD, a partially depleted CCD, and a fully depleted CCD with 300 m sensitive thickness.

Fig. 10
The proposed SNAP telescope (left). A 100 mm wafer with CCDs and test structures is shown at the top left with the proposed SNAP focal plane mosaic below.

Fig. 11
Fully depleted CCDs can be stacked to improve detection efficiency (left). The required thickness for 50 and 90% photoelectric absorption efficiency is shown at the right.

Fig. 12
High-speed photoelectron spectrometer.

Fig. 13 
Comparison of the 16 bolometer array used by MAXIMA and the new 300 bolometer array under construction for APEX-SZ.

Fig. 14
Close-up of a spiderweb bolometer fabricated with photolithographic techniques. The diameter of each pixel is about 3 mm. The spiderweb intercepts the mm-wave power and heats the bolometer, visible as the small bright dot at the “10 o’clock” position on the outer circle of the spiderweb.

Fig. 15
Block diagram of a cryogenic frequency-domain multiplexer. All bias frequencies are summed and applied as a “comb” through a voltage divider to provide the low source resistance required for constant voltage bias. The bolometers and superconducting LC circuits are on a 0.25 K stage; the bolometers are biased to operate at 0.5 K.  The SQUID input amplifier and bias resistor
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are on a 4 K stage. Shunt feedback is applied from the warm SQUID controller to the SQUID input to provide a low input impedance. The readout amplifier output feeds the room-temperature demodulator circuits that extract the individual sensor signals. 
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