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Introductory remarks
• We met with Nader to see how 

much we can collaborate with 
CDMS

• May borrow a SQUID board from 
them as well as room temp 
electronics for it. If SQUID board 
not available, will go to Kent Irwin.

• Probably will borrow a detector 
with a known Tc of 68mK to check 
in our setup.

• Mentioned interest in helping us 
doing runs (“piggybacking”) in the 
75uW fridge they have equipped 
with SQUID electronics already.

• Nader confirmed the witness sample 
produced at TAMU could be made a 
light detector with minimal 
fabrication touches.
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Example of Phonon Readout

signals to the ‘‘warm’’ electronics at room temperature
(Fig. 2). The bottom edge of the card has a 16 pin array
that mates with the Tower face leading down to a detector.
The central part of the FET card is different in the BLIP
and ZIP versions of the design.

In the BLIP design, the central part of the FET card
contains a cavity where the FETs are operated. The cavity
is coated with an infrared absorber [20] to absorb the
thermal radiation from FETs. The front-end FET of the
amplifier chain must operate at a temperature well above
the 4K stage of the refrigerator and dissipate several
milliwatts (in our case 7mW) of heat. A standard method is
to mount the FET on a thin post with the heat sink
attached to the 4K stage such that the dissipated power
brings the operating temperature into the correct range.
Owing to the high channel count and associated space
constraints, this layout is impractical for our needs.
Applying the same principles, we designed and implemen-
ted a printed circuit board version of this concept. The four
FETs needed to read out one detector are mounted in the
center of a 0.15mm-thick KAPTON window of dimensions
27:7mm! 33:8mm.

The vertical edges of the window are cut away so that the
weak thermal coupling between the center of the window
and the edges, which are at 4K, allows the total power of
28mW for the BLIP readout to heat the center to 150K.
Because the FETs are not turned on until the system is
already cold, a startup heater (a 1 kO resistor) as well as
a diode thermometer are included in the center of the
window.

To obtain a sufficiently large thermal impedance in the
window, the FETs, heater and the thermometer are
connected to the copper circuit board on the surface of
the card via sputtered platinum traces of approximately
3mm thickness on the KAPTON window. For an area-to-
length ratio A=l approximately equal to 0:5mm, the
platinum traces result in a resistance of about 1O when
cold and a thermal conductance that is negligible compared
to the KAPTON.
We verified that this design yields optimal noise

performance of the FET. In particular, we measured the
noise of a FET mounted on a FET card window as a
function of temperature (see Fig. 4). Indeed, the FETs self-
heat to a near-optimal temperature of 150K, where the
noise is close to its minimum. Because of the difficulty of
soldering components in the middle of the window, surface
mount FETs, heater resistor and diode thermometers are
connected to copper pads in the KAPTON window using
silver-filled epoxy. The connection to the rigid section of
the card is completed by the platinum traces which overlap
the copper pads in the center and copper traces on the
edges.

2.5.1.2. CDMS II: ZIP FET card. The FET card was
revised for the CDMS II ZIP detectors, and the SQUID
board and flyover were added. Fig. 2 shows a photograph
and drawing of the resulting ZIP ‘‘SQUET’’ assembly with
the main features identified. Due to resource constraints
some compromises were made in the design in the
changeover from BLIP to ZIP detectors. Although it might
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Fig. 3. Schematic diagram showing the thermal stages of the various components of: (a) the ionization and (b) phonon readout circuits.
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input side of Fig. 10). The total output noise, then, has only
two contributions: the SQUID noise itself and the input
amplifier noise. The input amplifier noise is amplified by a
gain of RF=r referred to feedback (RTFb), whereas the
SQUID noise is amplified by the turns ratio and the RF

resistor. Hence, by measuring the total output noise at
different values of responsivity, we can separate the two
noise contributions.

We changed the value of responsivity by locking the
SQUID at different points on the V–F curve. Points were
taken on both the stable slope and the slope that is unstable
due to feedback-type resonances. At each point, we
measured the noise in the flat region of the spectrum,
around 5–10 kHz. The results are shown in the Fig. 11,
where the crosses correspond to the measurements taken
on the stable slope and the open circles to the unstable
slope. We observed that the noise on the unstable slope is
larger than on the stable slope. Some points taken on the
stable slope exhibit a higher than expected noise, however,
this is attributable to the SQUIDs being locked very close
to the junction type resonance during those measurements.

Keeping only the points far from the junction resonances
on the stable slope of the V–F curve results in a least-
square fit for the SQUID noise of 1 pA=

!!!!!!!
Hz

p
RTI and

input-amplifier noise of 1:2 nV=
!!!!!!!
Hz

p
(consistent with the

amplifier noise measurement on the bench). It is important
to note that the responsivity has a strong impact on the
contribution of the amplifier noise. In particular, r as low
as 100O RTFb (or 1000O RTI) can make the amplifier
noise contribution comparable to the SQUID noise
contribution.

5.2.2. Johnson noise
The total Johnson noise of the phonon channel has

several contributions. As shown in Fig. 10, the resistances
Rs, Rsh, and Rp all contribute Johnson noise; the SQUID
and amplifier must also be taken into account. The total

current noise in the input coil is given by [28]

i2n ! 4k
RsT s " RshT sh " RpTp

#Rs " Rp " Rsh$2
" i2SQUID. (5)

Here, T s ! 65mK, T sh ! 600mK and Tp are the tempera-
tures of the sensor, shunt and parasitic resistances
respectively and k is the Boltzmann constant. It should
be noted that Eq. (5) is valid in the quiescent state, i.e.
where there is no pulse occurring and the sensor resistance
is constant. Taking the effects of ETF into consideration
the power spectral density of the current noise is given:

i2o ! i2n

n2

a2
" o2t2eff

" #

1" o2t2eff
"

n

2
1" o2t2eff

2

664

3

775 (6)
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Fig. 10. The phonon channel readout system. The system is in the open-loop mode if the switch is open and in the closed-loop mode if the switch is closed.
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Fig. 11. Noise vs responsivity plot. The crosses (%) refer to the stable
slope of the V–F curve and the open circles (&) refer the unstable slope
(with respect to feedback-type resonances).
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The SQUID board 
are used except that the ZIP detectors are of larger
diameter requiring a somewhat different connection
scheme. The side-coax connects to a detector interface
board (DIB), which is mounted on the detector holder. The
main purpose of this board is to transmit the signals from
the side-coax through a MILLMAX connector and
connect them (via solder coated copper traces) to the
aluminum pads, from which wire-bond connections can be
made to the surface of the detector. The DIB is made of
1.30mm-thick CIRLEX with 0.036mm thick (1-ounce)
copper traces on each side. Due to the limited space, the
aluminum pads were placed on the horizontal edge of the
board, which was technically challenging since the tinned
copper traces had to extend around the edge. This feature
was accomplished by creating a row of copper plated holes
in the circuit board and cutting away material to expose the
plated holes on the board edge. The resulting semicylind-
rical troughs were then sputtered with aluminum and used
for wire-bond connections to the detector surface.

In addition, the DIB holds two LEDs which are used for
detector neutralization [19]. The detector itself is held in
place by six 1.52mm-thick CIRLEX pads screwed onto the
holder (three on each side). The grip is made tight at room
temperature and it strengthens as the detector is cooled
due the differential thermal contraction of the holder’s
components.

As in the case of BLIP design, up to six detectors can be
assembled into a stack forming a copper cavity containing
detectors with 2mm spacing between them.

2.5. Cold electronics

In the following two sections we describe the cold
electronics cards that contain the FETs for the ionization
and NTD-thermal measurement and the SQUIDs for the
athermal phonon measurement. The BLIP detectors use
four FET-based amplifiers with the FETs on a single card
at the 4K stage. The ZIP detectors also have FET
amplifiers on a 4K card to measure the ionization signal:
however, the SQUIDs for the QET readout are mounted at
a lower temperature on the 600mK stage for better noise
performance. In this case, the FET card has only two
FETs. In the following two subsections we describe the
FET and SQUID cards in detail. Fig. 2 shows a
photograph of the cold electronics card as well essential
portions of the connection circuitry, while Fig. 3 shows the
temperature stages at which the various connections of the
FET and SQUID readout circuits are made. The SQuET
card is the name of the hybrid electronics card composed of
the FET card (larger card, on the back left side of the Fig. 2
image) and SQUID card (smaller card, on the right),
connected by the flyover. The two cards are thermally
anchored to the 4K and 600mK layers of the Tower,
respectively. The KAPTON window is under the copper
gusset on the FET card (right). This drawing of the CDMS
II version of the FET card describes the geometrical
relationships between the KAPTON window and the

stripline, flyover, and Tower connectors. It also shows
the design of the KAPTON window. The CDMS I version
of the FET card does not have the flyover connector and its
KAPTON window extends to the full width of the card,
hosting four (instead of two) FETs. The card measures
approximately 3.8 cm wide !9 cm tall.

2.5.1. FET card
2.5.1.1. CDMS I: BLIP FET card. The primary role of
the FET card is to hold the FETs needed to read out the
ionization signal and the BLIP phonon signal. This
card also serves as the electrical path from the stripline
down to other connections and components on the detector
and detector holder, such as bias resistors, coupling
capacitors, and LEDs. Also, in the ZIP design, the FET
card interfaces with the SQUID card, used to read out
the TESs.
The FET card is a printed circuit board made of multi-

layered KAPTON of total thickness 1.5mm. The electrical
connections on the surface of the card are made of 1-ounce
copper patterned using standard techniques. The card is
mounted on the top of the 4K stage of the Tower using a
copper bracket (referred to as the ‘‘gusset’’) that provides a
thermal connection to the bath as well as shielding the rest
of the cryogenic electronics from the infra-red radiation
emitted by the FETs. The upper section of the FET card
has a 50 pin array of MILLMAX connectors that mates
with a connector paddle on the stripline, which leads the
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Fig. 2. Photograph of a SQuET card used in the CDMS II readout. The
SQuET card is the name of the hybrid electronics card composed of a
SQUID card (smaller, on the right) and a FET card (larger, on the back
left side of the image) connected by the flyover.
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Space in the 600mK plate
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To do list

a) Fitting on top of fridge, feethroughs

b) Wiring (6 wires/TES, NbTi from MC-600mK, constantan 600mK-300K)

c) SQUID board (cold hardware)

d) SQUID chip (Nader will see if we can use one of theirs)

e) Front End Board for SQUID room temp electronics and rack (9U, VME)

f) Mu-metal shield
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On top of the fridge, the 
fitting to standard KF

• One option is to make a hole on the 
blank ports that we already have and 
epoxy a standard KF-25 to KF-50 
adapter

• Another option to buy one of these 
from Oxford Cryo. (quote arrived, 
$325/KF-50, $395/KF-40)

• If we fit the Fischer connectors (that 
we already have) to a standard KF 
we could still use them instead of the 
D-connectors (for example making 
two holes to a stantard KF-50 blank 
to install the Fischer feedthroughs).

$675

$325

15x2 Pins
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Wiring: aim for 5 TES 

• From Mixing Chamber to 600mK 
plate: NbTi, 5 TES x 2 = 10 wires

• From 600mK to 300K constantan: 
5 TES x 6 = 30 wires

Friday, June 21, 13



Mu-metal shield

• In order to provide an reduced ambient magnetic field to the SQUIDs, need 
mu-metal shield around the OVC.

• About ~$2000 (according to Nader)

• Began looking at several companies that make them, but need to ask for 
specific quote. 
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