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The “Golden- Dewar”

It’s our special (historical) wet dewar. 

One bolometer with optical window, 
operated at 4K 

Used extensively for filter and material 
transmission measurements and 
understanding FTS performance 

Rainer Weiss in his lab in MIT’s Building 20 in the late 1970s, working on 

radiation detectors called bolometers. Massachusetts Institute of Technology
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The “Golden- Dewar”

There are essentially 3 stages under 
the golden hood: 

1. Vacuum jacket for thermal isolation 
2. Liquid cryogen tank (the wet part) 
3. The Bolometer stage
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ScopeSetup:

Pump down with roughing pump and evacuate 
the vacuum jacket ( 6-hours) 

Fill the “wet” chamber with liquid nitrogen 
(LN-77K) overnight 

Empty LN, and do liquid helium (LHe-4K) and 
let the system come to 4K in ~3 hours 

9V batteries all at 9.1+V for biasing and reading bolo
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Bolometer

A single monolithic Is bolometer [1] is operated 
with voltage bias, and the change in resistance with 
Island temperature (T) dictates measured signals

[1] P. Downey, A. Jeffries, S. Meyer, R. Weiss, F. Cahner, J. Donnelly, W. Lindley, R. Mountain, and D. Silversmith, “Monolithic Silicon Bolometers,” Ap. Opt., vol. 23, no. 6, p. 910, 1984.
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Fig. 1. (a) Illustration of the front side of the monolithic silicon
bolometer; (b) detail of an As implanted thread and the detecting

element.

At this point in the process, resistivity measurements
are carried out on the ion-implanted thermometers at
liquid He temperatures. This step allows us to calibrate
each thermometer as well as to verify that, at a fixed
temperature, the resistance of the implant is indepen-
dent of both the magnitude and polarity of the bias
current. Wafers containing acceptable thermometers
are then scribed and etched into individual bolome-
ters.

The bolometer structure is etched out in two stages.
First, the backside of the device is exposed to an iso-
tropic etch1 which thins the 11-mm X 11-mm section
inside of the device frame down from its initial thickness
of 200 to 5-10 m. Thus, the thickness of both the
threads and the central element are defined in the same
step. SiO 2 is then sputtered onto the backside of the
device to protect the freshly etched surface. The sec-
ond etch is hydrazine, an anisotropic etch that prefer-
entially etches the (100) planes of silicon. The hy-
drazine etches those areas on the front side of the device
which are not protected by SiO2 . As a result of this
etch, the threads which support the detecting element

Table I.

Species Energy (keV) Dose (cm- 2 )

P 400 8.75 X 1013
P 255 5.25 X 103
P 165 3.33 X 1013
P 105 2.19 X 1013
P 65 1.40 X 1013
B 135 4.50 X 1012
B 80 2.74 X 1012
B 50 1.68 x 1012
B 33 1.06 X 1012
B 20 7.94 x 1011

Ion-Implantation Schedule Used to Achieve a Net Donor Density
of 3.6 X 1018/cm 3 with a 7% Compensation Ratio
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Fig. 2. Plot of logu vs T-1/ 2 for six silicon wafers implanted with
differing phosphorous densities but the same compensation ratio

(20%).

are actually trapezoidal in cross section with (100) and
(111) planes forming the four sides. After the etch-
through, the bolometer is stripped of its protective
layers of oxide to relieve surface stress. The final step
in the fabrication process consists of evaporating a
conducting layer of Bi and a thin (50-A) protective layer
of SiO1 onto the back of the detecting element through
a shadow mask.

IV. Electrical and Optical Properties
The resistance of the ion-implanted thermometers

have empirically been found to vary with temperature
for temperatures <10 K as

R(T) = Ro exp[(TO/T)1/2 ], (1)

where Ro and To are constants. Observed values of Ro
range from 1000 to 3000 Q; measured values of To have
been as small as 32 and as large as 270 K. Implants with
resistances of the order of 1-10 MQ at the operating
temperature are preferred to achieve an optimal SNR
when the bolometers are used in conjunction with a
JFET (2N4867A) preamplifier. Thermometers with
large, intermediate, and small values of To were selected
for use at bath temperatures of 4.2, 1.5, and 0.3 K, re-
spectively.

In a separate set of experiments, the relation given
by Eq. (1) was found to be obeyed over a large range of
implant densities and compensations on the insulator
side of the Mott transition. Figure 2 shows the con-
ductivity vs temperature data for wafers implanted with
differing phosphorous densities but the same compen-
sation ratio (20%). The conduction mechanism is as-
sumed to be variable range hopping (vrh). The ob-
served square-root dependence on temperature in the
exponent differs from the quarter-root dependence
predicted by Mott2 for vrh assuming a constant density
of states within a few kT of the Fermi level. The
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Optical power (Q) absorption + Joule heating (P) 
leads to increased Island temperature, regulated 
by the weak thermal link G(T).

and some care must be exercised in the initial evacua-
tion of detector chambers.

VI. Bolometer Characterization

Complete evaluation of a bolometer entails four sets
of measurements: (1) resistance vs temperature; (2)
load curves; (3) response time; and (4) electrical noise.
To test a bolometer, the device is mounted in an evac-
uated enclosure inside a helium dewar and is wired in
series with a 10-MQ wirewound lead-shielded load re-
sistor which is heat-sunk to the helium bath. For
testing at temperatures below 0.9 K, a cryopumped He3

system is used. The dewar assembly is placed inside
of a shielded room to guard against stray rf heating of
the detector.

We have found that we can model the bolometer be-
havior and use load curves to best fit the parameters of
the model for each detector. The assumed temperature
dependence of the thermometer resistance R (T) is given
by Eq. (1), and the thermal conductivity of the silicon
threads [Eq. (2)] is rewritten as

G(T) = GoT3 . (5)

The total power dissipated in the bolometer, that is, the
sum of the electrical and radiation power, can be
equated to the thermal power flowing from the detect-
ing area to the heat-sunk device frame through the sil-
icon threads in equilibrium:

T
P + Q=, G(T)dT = G(T4 - T4)/4. (6)STB

In the above equation, TB is the bath temperature, TD
is the thermometer temperature, P is the electrical
power dissipated in the thermometer by the measuring
current, and Q is the absorbed radiation power. To
evaluate the bolometers, load curves are taken by
applying a bias voltage VB to the bolometer through a
series load resistor RL, while monitoring the voltage
developed across the bolometer VD. A general least-
squares fit of the load curves of each bolometer mea-
sured at different bath temperatures is used to deter-
mine the parameters R0, TO, Go, Q, and Rs (the series
resistance of a pair of arsenic-implanted silicon threads).
Having obtained these parameters we calculate the
bolometer sensitivity (volts/watt) using the equation

= VDRL [G(T) PRLRD] (7)

where ae = d ln(RD)/dT, and then choose the bias volt-
age which maximizes the bolometer sensitivity.

The addition of the free parameter Q became neces-
sary for load curves taken below 0.7 K even when the
bolometer was not exposed to radiation. This absorbed
power, we believe, is due to rf power which travels down
the leads from the room at 300 K and is terminated by
the bolometer. The termination is good because the
effective resistance of the bolometer at high frequencies
is not RD but a few hundred ohms. This is because the
arsenic implants capacitively couple to the bismuth
absorbing layer. The value of Q obtained for detectors
tested at 0.35 K is -10-10 W. This power is only im-

portant at low temperatures, because Q is very small
compared with G(T) at temperatures above 0.7 K.
Unfortunately, the addition of this parameter puts the
temperature dependence of the implanted thermometer
resistance in some question at temperatures below 0.7
K. Verification that the thermometer resistance con-
tinues the obey Eq. (1) at temperatures below 0.7 K
awaits the calibration of an implanted thermometer at
0.3 K prior to its being etched into a bolometer.

After the static parameters have been determined
using the load curves, the heat capacity is determined
by measuring the thermal time constant of the bolom-
eter T. The heat capacity C is related to T and the static
bolometer parameters by

C(TD) = T[G(TD) - aP(RL - RD)/(RL + RD)]. (8)

The second term is the change of electrical power due
to the changed detector resistance. The heat capacity
is then fit to a linear plus cubic temperature depen-
dence. The source of each term in the heat capacity has
been determined by measuring the response of detectors
of varying thickness both with and without the bismuth
film.

The thermal time constant of the bolometer can be
measured by two equivalent methods: electrical and
optical. The former method involves applying a small
periodic electrical signal to the bolometer in addition
to a dc bias. The pulses heat the device, and the voltage
developed across the detector is monitored on a storage
oscilloscope. The 1/e cooling time can then be deter-
mined from the oscilloscope trace. To use the optical
method, the detector must be mounted in a dewar which
allows the entrance of radiation. The detector is biased
to maximize the sensitivity, and the outside radiation
is mechanically chopped at a variable rate. The output
of the bolometer is monitored using a lock-in amplifier,
and the rate corresponding to a 3-dB attenuation of the
signal is used to determine the time constant.

To determine the electrical NEP the bolometer is
biased for maximum sensitivity, and a power spectrum
(0.1-100 Hz) of the output voltage is recorded using an
FFT analyzer. The noise spectrum above 1 Hz can be
entirely accounted for with amplifier noise, Johnson
noise (W4kBTR) from the detector and load resistor
combination, and phonon noise from the supporting
threads [SN/4kBT2G(T)]. In our system we use FET
preamplifiers which have typical input noise charac-
teristics of -5 X 10-9 V// Hz and -5 X 10-15 A/\Hz.
The low-frequency noise spectrum of a 0.35 K detector
is shown in Fig. 3. This noise spectrum is flat to 0.5 Hz
and corresponds to an electrical NEP of 6 X 10-16
W/V'Hz. The monolithic silicon bolometers show
negligible current-dependent 1/f noise; we attribute this
success to the degenerate arsenic implants.

Experimentally measured parameters for four dif-
ferent detectors operating at different bath tempera-
tures are compiled in Table II. By varying the thick-
ness of the detector and the width of the supporting
threads, thermal conductivities ranging from 2.4 X 10-9
T 3 to 5.7 X 10-7 T 3 W/K with accompanying time
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Read-out electronics

Change in resistance is measured as voltage 
differential wrt a reference voltage.  

The signal is read out via an amplifier in feed-back 
with both DC and AC gain and band-pass-filtering

O(0) sketch

O(1) sketch

1 Hz          100 Hz
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Today’s tests:

Optical coupling set up: How to bring light to the bolometer ?  

- A simple version microwave telescope optics, i.e., how to let the cosmic microwave 
photons (and preferably none other) in 

Chopper response: How to measure change in brightness ? 

- A simple version of getting at power / brightness calibration, i.e., how does a 1uK signal 
show up on the bolo time-streams 

Time-constant: Find how fast the bolometer can respond to changing brightness ? 

- A simple version of scan-strategizing, i.e., how quickly can you scan to see small spatial 
features at a decent signal-to-noise/ 
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