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2006 Kyoto Univ. 超流動3Heのカイラルドメイン構造のMRI像

核整列固体3Heの
世界一クールなMRI像(500µK)
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Pair Annihilation during Annealing
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Compact MRI magnet and 100µm gap Parallel Plate Cell

Superconducting shield (Nb)
R=30.5mm, L=110mm
Solenoid coil: 0.8T @ 4A
Gradient coil: 0.17 T/m @ 1A for Gx,Gy,Gz 

Field profile of Gx-coil@1A
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FIG. 1. CAD image of a typical H1 device. No substrate is shown in this
figure. The springs also serve as electrical connections from the center plate
to the external bonding pads on the chip.

using a specialized CAD software called L-Edit. The designs
were then sent to the company for fabrication. In this pro-
cess, the following layers are deposited on the substrate: three
polysilicon layers (Poly0, Poly1, Poly2) used as the structural
material, one silicon nitride layer (Nitride) used for electrical
isolation from the substrate, two phosphosilicate glass (PSG)
layers (first and second oxide) as sacrificial layers, and a metal
layer (METAL) used for improved electrical connectivity. The
label, material, and thickness of each layer patterned on the
wafer is listed in Table I. The process is carried out on 100 mm
wafers (1–2 ! cm) and it starts by heavily doping the sur-
face with phosphorus (9–10 !/sq). The layers are deposited
using low pressure chemical vapor deposition (LPCVD) and
patterned by a combination of photolithography and reactive
ion etching (RIE). PSG is used in the process to dope the dif-
ferent Poly layers with phosphorus by annealing the wafer at
1050 ◦C in argon during different steps of the process. The
typical resistivity of a Poly1 layer is 2.61 × 10−3 ! cm. After
depositing and patterning all the necessary layers to create the
structures, the resulting chips are sent to the customer. More
details can be found in the design handbook at the company’s
website.13

The die received from the foundry was diced into smaller
square chips of ∼2.5 mm side length using a diamond saw.
During this procedure, the devices were still coated by a pho-
toresist layer, and the sacrificial layer was still present. This

TABLE I. Thickness of the different layers used in PolyMUMPs.

Layer name Material Thickness (µm)

Nitride Silicon nitride 0.6
Poly0 Polysilicon 0.5
First oxide PSG 2
Poly1 Polysilicon 2
Second oxide PSG 0.75
Poly2 Polysilicon 1.5
Metal Gold 0.75

FIG. 2. SEM pictures of a typical device. An overall view of an H2 device
is shown in the top left figure. The top right figure shows half of the same
device. The bottom left figure shows a more detailed view of the spring of
an H1 device at its anchor point with the substrate. A close up look at the
comb-electrode fingers is displayed in the bottom right figure.

prevents damage to the device because the polysilicon struc-
tures are not yet movable. After dicing, the devices were “re-
leased” using a wet etching procedure. This removes the sac-
rificial PSG layers and frees the mechanically active parts.
A standard process suggested by the foundry is followed for
releasing.13 The etching is done by immersing the chips in
49% hydrofluoric acid for 7 min. After the release process, if
the chips are allowed to dry by exposure to the environment,
the small plates comprising the devices might be pulled to-
wards each other by capillary action and stick together. This
phenomenon is called stiction. To avoid this problem the chips
were dried using a CO2 critical point dryer. After drying,
the chips were packaged in a custom designed 20-pin socket.
Electrical connections were made from the bonding pads on
the chip to the pads on the package by using a West-Bond ball
wedge wire bonder with 0.025 mm thick gold wire. Scanning
electron microscope (SEM) images of a typical released de-
vice are shown in Fig. 2.

III. AFM SURFACE CHARACTERIZATION

Experiments in thin films of 3He have found a possi-
ble non-trivial relation between the roughness of the sur-
face bounding the liquid and the scattering relaxation time of
quasiparticles close to the surface.14 A theoretical description
developed by Meyerovich et al. transforms the problem of
electrons propagating through a film with rough surfaces and
a homogeneous bulk into that of a film with flat surfaces and a
disordered bulk.15–17 This theoretical scheme was adapted to
explain recent experiments in which an anomalous tempera-
ture dependence was observed in the transport properties of a
thin film of liquid helium.18 This theory uses, as an input, in-
formation about the surface’s autocorrelation function, which
is related to the momentum transition probability of quasipar-
ticles scattering off the surface. It is, therefore, imperative to
have a detailed understanding of the topography of the poly-
crystalline plates in our devices. For this purpose, we have
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