Semiconducting Pop-Up Bolometers for Far-Infrared and Submillimeter Astronomy

S. Harvey Moseley, Jr.^1, C. Darren Dowell^2, Christine Allen^1 & Thomas G. Phillips^2

Abstract.

This condensed version of the paper contains the SHARC II bolometer prescription.

1. Bolometers for SHARC II

For SHARC II, we are constructing an AC-biased readout (Wilbanks et al. 1990) with an optical signal band of approximately 0.1 to 50 Hz.

Table 1. SHARC II Bolometer Design Constraints

Operating temperature 0.32 K Background power (Q) 75 pW NEP_{elec}(sky) 4.4×10^{−16} W Hz^{−1/2} NEP_{elec}(detector) ≤2.0×10^{−16} W Hz^{−1/2} e_n(amplifier, 50 Hz) 6 nV Hz^{−1/2} R_{load} 400 MΩ at 2.0 K Signal bandwidth f = 0.1 to 50 Hz

The resistance of the doped silicon thermistors is modeled well by the variable range hopping mechanism, where:

R = R_0 exp( � T_0 T ). (1)

The dependence of T_0 on doping density is extreme, while the dependence of R_0 is weak (Zhang et al. 1993).

The temperature dependence of the thermal conductance in the silicon links is: G = G_0T^3 (2)

1NASA Goddard Space Flight Center, Mail Stop 685.0, Greenbelt, MD 20771. Email: moseley@stars.gsfc.nasa.gov,callen@pop500.gsfc.nasa.gov

2California Institute of Technology, Mail Code 320-47, Pasadena, CA 91125. Email: cdd@submm.caltech.edu, phillips@submm.caltech.edu

Table 2. SHARC II Bolometer Design

Parameter Target Acceptable Range Units R_0 1430 400-2000 Ω T_0 40 31-43 K G_0 8.0 1.5-9.5 nW K^{−4} implant area 1 mm^2 time constant 1.5 less than 10 ms

Table 3. Calculated Bolometer Characteristics

Parameter Value Units V(bias) 820 mV V(bolometer) 20 mV I 2.0 nA R 10.0 MΩ Z 5.1 MΩ T 0.51 K G 1.1 nW K^{−1} S 1.2 10^8 V/W NEP_{elec} (phonon) 0.89 10^{−16} W Hz^{−1/2} NEP_{elec} (bol. Johnson) 1.03 10^{−16} W Hz^{−1/2} NEP_{elec} (bol. 1/f, 0.1 Hz) 1.10 10^{−16} W Hz^{−1/2} NEP_{elec} (load Johnson) 0.22 10^{−16} W Hz^{−1/2} NEP_{elec} (amplifier) 0.50 10^{−16} W Hz^{−1/2} NEP_{elec} (detector total) 1.84 10^{−16} W Hz^{−1/2} e_n 22 nV Hz^{−1/2}

To determine the required accuracy of the bolometer fabrication, we considered the range for each parameter separately for which we achieve our goal of NEP_{elec}(detector) ≤2.0×10^{−16} W Hz^{−1/2}. This range has also been included in Table 2.

References

Dowell, C. D., Moseley, S. H., Jr., & Phillips, T.G. 1999, in Imaging at Radio through Submillimeter Wavelengths, ed. J. Mangum & S. Radford, ASP Conf. Ser.

Han, S.-I., et al. 1998, in EUV, X-Ray, and Gamma-Ray Instrumentation for Astronomy IX, ed. O. Siegmund & M. Gummin, Proc. SPIE 3445 Mather, J. C. 1982, Appl.Optics, 21, 1125 Wang, N., et al. 1996, Appl.Optics, 35, 6629 Wilbanks, T., Devlin, M., Lange, A. E., Sato, S., Beeman, J. W., & Haller, E.

E. 1990, IEEE Trans. Nuclear Sci., 37, 566 Zhang, J., Cui, W., Juda, M., McCammon, D., Kelley, R. L., Moseley, S. H., Stahle, C. K., & Szymkowiak, A. E. Phys.Rev.B, 48, 2312