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The Surface Force Apparatus (SFA) is reviewed. The origin of the technique, from multiple-beam interferometry, tri-
bological studies and measurements of van der Waals forces in air to the versatije instrument of today, is traced. The un-
derlying principles are described while the inherent simplicity of the measurements is stressed. The two chief advan-
tages of the SFA compared to other force-measuring instruments are emphasised— (f) that the zero of separation is ac-
curately determined, and (ii) that the shape of the surfaces and the refractive index of the intervening medium can be
monitored with multiple-beam interferometry. For these reasons, the SFA is not only a device for measuring forces, it
is a valuable tool for studying surface interactions and thin film behaviour in general,
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Fig. 1
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Interference fringes photographed (ISO 400, 20 s exposure) at the exit slit of a grating
spectrometer, Increasing wavelength is towards the right. Note that each fringe is a deublet
due to the birefringence of the mica sheets. See Fig. 3 for a depiction of the surface con-
figuration. A: Mica surfaces in contact in dry nitrogen, just before separation from strongly
adhesive contact. Note the different shapes of the odd and even order fringes (the even or-
der fringes are more rounded), the flattened contact zone (where the spectral lines are verti-
cal) and the very sharp corners at the edge of the contact. The diameter of the flattened
contact zone is about 60 um. B: The same surfaces in contact in octamethylcyclotetrasilox-
ane (OMCTS) containing dissclved water. Although the adhesion is almost as large as in
A, it is distributed over a large area ouiside the flattened contact, in a capillary-condensed
annufus (as illustrated in Fig. 3 C, but barely visible on the fringes given the resclution of
the reproduced photograph), Consequently, the fringes bend less sharply at the edge of the
contact region. Note also that the odd and even order fringes are harder to distinguish be-
cause fhe refractive index of the medium is closer to that of mica. The bright vertical line
is the mercury green line at 546,1 nm, used as a reference. C: The surfaces separated about
400 nm in OMCTS, with a bridge of condensed water joining them. The discontinuous
change in the refractive index at the perimeter of the water bridge shows up as a disconti-
nuity on the fringes. See Fig. 3 B for an illustration of the surface configuration.
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Fig.2 When a single-cantilever spring deflects, as when two
surfaces are separated from adhesive contact, the
lower surface tilts and the point of contact shifts later-
ally (A and B). This means that the measured adhe-
sion depends on the friction between the surfaces, and
is often very much lower than when a non-tilting,
non-sliding double-cantilever spring is used (C and
D).

BAPEEL LD T —F 1 727 7 bORBERSZ T
W, L L, SFA OBE, BERNRETNEES Z LT,
BACREERFELT D LBTED, —4, F7A40
YFULNRm AT S ERANS L, Fleg2litR A LEEY,
L L LR LIEEMT S LRTHTH D,
FEOMAMREN (A DB A RREEEIIEEE & T3
TV I L DEMREAE Y L OFER) 1, R AAME
FLTnankoh RERPAE JERZRBTY Y
VAL —4arTED, AEETRISFY VI L—v
834 inbEOEMNECRLE, REICLSHOL
Hfgxdr, ZOROINITEMER S IThERE2H#HT5
L CHMIZHAETE D, FhEind, FUSEichE
REYEFRE, PHAELTRL.

3. ZRENRFRE (Surface Force Apparatus:
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Fig.3 A:The crossed cylinders are equivalent to a sphere on
a flat, and in the surface force apparatus the radius of
curvature R is typically 2 cm, For surface separations
D << R the measured force is proportional to the free
energy of interaction per unit area between parallel,
flat smfaces (eq {1)). B: The interference fringes al-
low the direct detection of phase changes in the inter-
layer between the surfaces, as when a bridge of con-
densed liquid forms from vapour, or from a solution
in another liquid. C:; When the surfaces are in adhe-
sive contact, as when a capillary condensate has
pulled them inio contact, extensive flattening takes
place. The diameter ao of the contact zone is of the or-
der of 50 um. The radii of curvature of the annular
capiliary condensate are of the order of rz#50 um
and r1~50 nm. The effective wedge angle @ is about
0.1°.
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Fig. 4 Schematic diagram of simplified Mark IV surface
force apparatus, as described in refs 53, 54. The sur-
faces are glued to polished silica discs, the upper of
which is mounted at the end of a cylindrical pieze-
electric tube. The lower surface is held at the end of a
force-measuring double-cantilever spring (or a rigid,
single-cantilever beam), which is positioned with a
d.c. motor driving a translation stage outside the
chamber. Heat-filtered white light enters from below
via a silica window, and the emerging light beam is
focussed onto a spectrometer slit and the resolved
fringes {sec Fig. 1) are observed at the exit slit, by eye
or with a video camera.
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Fig. 5 Photograph of Mark IV SFA, showing basic appara-
tus with coarse control motor drive (no differential
spring), with the microscope stand on left (for focuss-
ing and directing emerging light beam) and a mirror
under the apparatus {for directing incident light beam
onto the surfaces).
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