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A modular designed ultra-high-vacuum spin-polarized scanning
tunneling microscope with controllable magnetic fields for investigating
epitaxial thin films
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A room-temperature ultra-high-vacuum scanning tunneling microscope for in situ scanning freshly
grown epitaxial films has been developed. The core unit of the microscope, which consists of critical
components including scanner and approach motors, is modular designed. This enables easy adapta-
tion of the same microscope units to new growth systems with different sample-transfer geometries.
Furthermore the core unit is designed to be fully compatible with cryogenic temperatures and high
magnetic field operations. A double-stage spring suspension system with eddy current damping has
been implemented to achieve ≤5 pm z stability in a noisy environment and in the presence of an
interconnected growth chamber. Both tips and samples can be quickly exchanged in situ; also a tun-
able external magnetic field can be introduced using a transferable permanent magnet shuttle. This
allows spin-polarized tunneling with magnetically coated tips. The performance of this microscope
is demonstrated by atomic-resolution imaging of surface reconstructions on wide band-gap GaN sur-
faces and spin-resolved experiments on antiferromagnetic Mn3N2(010) surfaces. © 2011 American
Institute of Physics. [doi:10.1063/1.3585986]

I. INTRODUCTION

Low-dimensional electronic and magnetic material sys-
tems, such as graphene, epitaxial thin films of III-V semicon-
ductors, and transition metal monolayers, have been a subject
of intense interest in the past few decades because they of-
ten raise intriguing scientific queries and also have great im-
pacts on industrial applications. Nowadays, such materials are
normally prepared in ultra-high-vacuum (UHV) chamber sys-
tems with advanced growth [such as molecular beam epitaxy
(MBE)] capabilities for achieving excellent atomic ordering
and cleanness. The scanning tunneling microscope (STM) has
proven to be a powerful surface characterization tool since its
invention, providing unparalleled information on structural,
electronic and magnetic properties (using spin-polarized tips)
down to the atomic scale.1–3 It is often desirable to investi-
gate freshly prepared epitaxial surfaces with STM, either at
room-temperature or at cryogenic temperatures. This requires
the ability to transfer samples in situ from a growth chamber
to the STM chamber, which is often realized by an intercon-
nected chamber system employing the use of gate valves to
isolate separate chambers.

In practice, different materials often require different
growth techniques. This requirement, together with the need
for avoiding cross-contamination, results in the need to adapt
a variety of sample holders to the STM sample stage. To
achieve this, STM’s are usually individually designed and
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constructed to suit the particular application. Whereas, it
would be highly desirable to have a modular design that
enables easy and quick adaptation of the same essential mi-
croscope units to sample holder geometries from different
types of growth systems. By constructing multiple replicas
of the same modular units, both time and cost can be dramat-
ically reduced.

In our case, we have two UHV systems (A and B)
which require STM for surface characterization. System A is
a molecular-beam-epitaxy system mainly for the growth of
nitride materials with transition metals and transition metal
dopants. This MBE chamber is interconnected with an STM
chamber which houses a room-temperature STM and other
surface-analysis tools such as Auger spectroscopy. System B
is a multi-chamber UHV system featuring a larger growth
chamber containing both MBE and pulsed laser deposition
capabilities and an STM chamber housing a low/variable-
temperature STM mounted within a cryostat with a split-coil
superconducting magnet. We have developed a modular de-
sign of the STM head unit which has been applied to both
systems successfully. In this paper, the details of this mod-
ular design and its implementation in system A, the room-
temperature STM system, will be described, while its imple-
mentation in system B, together with full information on the
multi-chamber functionalities, will be reported separately.

II. STM DESIGN

A. Core module and the approach mechanism

The core module is designed to be easily transferable be-
tween the two chamber systems. This raises several criteria
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for the design. The first criteria is that, since the two cham-
ber systems employ different sample holder designs due to
different functionalities involved, the STM design has to be
able to accommodate both. Considering this and possible fu-
ture adaptations to other chamber systems, we have decided
to leave the sample holder part out of the core module while
keeping all the other essential components. This includes the
approach mechanism, prism, scanner, and tip holder assem-
bly. For adaptation to a new system, only a sample holder
scheme has to be designed and joined to the modular unit.
The second criteria is that the design has to work in different
orientations (horizontal and vertical). This is due to the fact
that different chamber systems employ different sample trans-
fer geometries. This rules out many choices for the approach
mechanism, and requires one that works irrelevant of orienta-
tion. The third criteria is that the same module should be oper-
ational at both room temperature and cryogenic temperatures
(∼4 K), as well as in high magnetic fields for spin-polarized
applications. This poses stringent material requirements such
as high thermal conductivity and low magnetic susceptibility.

The finished design of the module unit is shown in Figs.
1(a) and 1(b). As can be seen from these figures, an overall
cylindrical shape is chosen because it easily fits into most
cryostat bores and also because it is a symmetrical design
which can help reduce lateral thermal drifts. The cylindri-
cal body has clearance holes on both of the end plates (item
number 6 in Fig. 1(b)), allowing it to be easily joined with
other STM components. For the body material, phosphor
bronze is selected for its high thermal conductivity, low sus-
ceptibility, easiness to machine and relative low cost. This
material has been previously successfully implemented in
low-temperature and high-magnetic-field STM applications.4

Other materials have also been used in low-temperature se-
tups, such as MACOR,5 coin silver,6 and titanium.7

The approach mechanism is based on S. H. Pan’s
design8, 9 which is proven worldwide to be stably working at
different temperatures (down to 10 mK in a recent report by Y.
J. Song6) and also at different orientations. Our implementa-
tion of this design involves a moving prism made of sapphire
and six homemade shear-piezo stacks for driving the prism in
the so-called stick-slip motion.5, 10 The sapphire prism is pol-
ished on all outside surfaces, and the piezo-stacks are capped
with high-purity alumina (Al2O3) pads for increased wear-
resistance during coarse approach cycles. In our application,
EBL#4 (from EBL Products Inc.) is selected as the piezo ma-
terial. Four layers of equal-thickness piezo plates with alter-
nating polarization direction are glued together to form one
stack. This configuration increases the total shearing distance
by a factor of 4 compared to a single-layer configuration. As
can be seen from Fig. 1(b), the six piezo stacks are glued
onto three separate bronze beams, with the lower two beams
bolted onto the body while the upper beam is pressed by a
thin molybdenum leaf spring [item No. 2 in Fig. 1(b)]. The
four screws on the leaf spring define the pressure applied to
the piezo-prism contact, while a stainless steel ball is placed in
between to evenly distribute the pressure. The approach step
size can be tuned by varying the applied voltage as well as
varying the pressure applied by the leaf spring. For typical
applications, a shearing distance of ∼120 nm at room temper-

(a) (c)

(d)

(b)

FIG. 1. (Color online) ((a), (b), and (c) are generated using solid edge) (a)
side perspective view of the core module; (b) front perspective view of the
core module. 1: metal beam where piezo stacks are glued; 2: molybdenum
leaf spring; 3: stainless steel ball; 4: piezo stack; 5: sapphire prism; 6: tapped
and clearance holes for joining the core module to other components; (c)
perspective view of the STM body. 7: sample holder receptacle; 8: tip; 9:
posts for spring suspension; 10: oxygen-free high-conductivity copper plates
for eddy current damping; 11: MACOR plate for isolating the sample bias
voltage; 12: base plate for supporting the core module; (d) real photo of the
assembled STM stage.

ature and ∼50 nm at 77 K are obtained for every 100 V ap-
plied across the stack. Different from previous designs where
the piezo stacks are glued directly to the body,4–6, 11 here sep-
arate beams are used for supporting these stacks which has
two advantages: (1) In the case of piezo breakdown, this de-
sign enables quick exchange of the piezo actuators without re-
machining the body. (2) It allows different sets of stacks with
different dimensions to be adapted easily without redesigning
the entire body.

For scanning, a tube scanner made of EBL#4 piezo ma-
terial is glued at one end into the center of the sapphire prism
via a MACOR bushing. A proper sized scanner has to be cho-
sen such that it provides not only sufficient scan range at low
temperatures but also fine enough resolution at room temper-
ature. Here a scanner which is 1 in. in length and 0.02 in.
in wall-thickness is selected, which results in ∼20 nm/V for x
and y and ∼5 nm/V for z at room temperature. The scan range
is normally reduced by a factor of 2 to 3 when cooling down
to 4 K.

B. Adaptation for the room-temperature setup

For our room-temperature setup, the sample surface nor-
mal direction always stays horizontal as determined by the
sample transfer geometry. This requires the STM core mod-
ule to be also lying horizontally. To achieve such a configura-
tion, we have designed a rectangular base plate (Item No. 12
in Fig. 1(c)) for supporting the core module. The cylindrical
module sits snugly into a matching cut-out in the base plate,
then six bolts are inserted (three on the front, as shown in Fig.
1(b) item 6, and three on the back) to firmly join the module
to the base plate. The base plate is then bolted to two paral-
lel copper beams (Fig. 1(c) item 10) which have semicircular
protrusions for eddy-current damping purposes.
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The sample holder ring (Fig. 1(c) item 7) is mounted onto
the copper beams via two MACOR plates (Fig. 1(c) item 11)
for isolating the sample bias voltage. Four aluminum spring
posts (Fig. 1(c) item 9) are then installed onto the end of the
two copper beams for suspending the entire support structure
with four extension springs. In order to lock down the STM
for sample transfer purpose, a pushing-foot travels downward
and presses against a crossover bridge (not shown) that is in-
stalled over the leaf spring (Fig. 1(b) item 2). After the sample
is transferred onto the sample holder ring, the STM support
structure can then be released into free suspension state for
imaging.

C. Tip exchange and transfer

For in situ scanning of epitaxial thin films, a tip exchange
mechanism is normally indispensable. This is because of the
fact that many epitaxial films do not possess the softness, flat-
ness, and high-conductivity of single-crystal noble metal sur-
faces (Ag, Au, Cu etc.). While short voltage pulses during
tunneling can still be used to modify the tip, exchanging to
a freshly prepared tip is often necessary for achieving atomic
resolution. For spin-polarized STM imaging where the tip is
coated with magnetic materials, the tip exchange mechanism
is even more important because a certain fraction of the coated
tips may not have the desired magnetic properties.

The tip holder in our setup is machined out of a single
piece molybdenum or non-magnetic stainless steel cylinder,
as shown in Fig. 2(a). For normal tips made out of W wires
(0.02 in. in diameter), the blunt end of the tip is bent by a
small angle and forced into the center hole in the tip holder.
The bent-created spring force will hold the tip snugly in place.
For tips made out of brittle materials such as Cr rods, a set
screw is used for holding the tip. The tip holder is then held
by a leaf spring in a V-shaped groove, which is glued in a
MACOR receptacle mounted on the end of the scanner. For
transferring the tip in vacuum, we modified the sample holder
design into a tip shuttle which can carry up to 4 tips at once,
as shown in Fig. 2(b). For tip exchange, a manipulator with
5 degrees of freedom is used (x, y, z, rotation, and pincher).
The cutout on the jaw is shaped to match the center neck of
the tip holder, as shown in Fig. 2(c). We intentionally made
the cutout to be slightly larger than the neck diameter of the
tip holder, which allows the tip to wobble slightly when being
held in the jaw. The benefit of this is letting the tip auto-align

(a) (b) (c)

FIG. 2. (Color online) (a) Tip holder with tip; (b) tip holder shuttle with four
tip holders; and (c) manipulator jaw grabbing a tip holder.

itself while being inserted into the V-groove, which avoids un-
wanted stress build-up that can potentially crack the scanner
tube. The jaw also has an extra function which is to shift the
sample position relative to the holding clips after growth in
order to make electrical contact to the freshly grown surface.
This step is critical if insulating substrates such as sapphire or
MgO are used in the growth.

For normal scanning, W wires are electrochemically
etched using NaOH solution and e-beam annealed using an
in situ setup, in which the jaw acts as an electrical conductor
applying a positive high-voltage to the tip. For spin-polarized
experiments, the annealed W tips are transferred to the MBE
chamber for Fe coating, then transferred back for further mild
annealing before being inserted into the STM. A tip garage
made out of aluminum is placed in the STM chamber for stor-
ing up to 12 tips as well as for magnetizing the tip with a stock
permanent magnet. Furthermore, a permanent magnet can be
brought into close proximity to the tip-sample junction for ap-
plying an external magnetic field of up to 0.4 T, either parallel
or perpendicular to the tip axis depending on the magnet con-
figuration, as described in Sec. II E.

D. Vibration isolation system

The exponential dependence of the tunneling current on
the tip-sample distance makes vibration isolation extremely
critical for achieving atomic resolution. This is especially true
for our room temperature setup because the MBE-STM cham-
ber is housed in a room located directly above our mechani-
cal machine shop. Using a seismic accelerometer, the floor
vibration is determined to be larger than the vibration crite-
rion standard VC-A (max level 50 μm/s rms (Ref. 12)), much
larger than some specially constructed STM lab floors with
an isolated foundation which can achieve <VC-E, max level
3 μm/s rms).6, 9 Vibrational peak amplitudes in our MBE-
STM lab also have random spikes exceeding 10 μm. More-
over, the interconnected MBE chamber is constantly being
pumped by a mechanical pump and a turbo pump which adds
additional vibrations to the system. In order to achieve atomic
resolution, a stability better than at least 10 pm is required,
which demands over 106 reduction (or 120 dB) in vibrational
amplitude.

In order to achieve the required amount of vibration de-
coupling, we employ a set of laminar-flow air legs for isolat-
ing the chamber system from the floor. The vertical resonant
frequency of the air-leg system is <1 Hz. Then a double-stage
spring suspension system is implemented to isolate the STM
head from the chamber, together with eddy-current dampers
using samarium-cobalt magnets. A schematic of the setup is
shown in the left side of Fig. 3.

For a single spring damping system, the transfer function
or the response function can be calculated to be13

K (ω) ≡
∣∣∣∣ x1

X0

∣∣∣∣ =
√

ω4
0 + 4γ 2ω2

(ω2
0 − ω2)2 + 4γ 2ω2

, (1)

where x1 and X0 are the displacements of the suspended
mass and the frame, respectively. ω0 = √

k/M is the natural
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FIG. 3. (Color online) Left: Schematic showing the two-stage spring suspension system with eddy current damping. Right: Calculated vibration transmis-
sion response curves. Parameters for our setup are: k1 = 0.50(×4) lb/in. and k2 = 0.42(×4) lb/in. (4 springs per stage); m1 = 1.97 kg and m2 = 1.6 kg;
c1 = 12 Ns/m and c2 = 8 Ns/m (total for all magnets acting on that stage).

frequency of the spring system, while γ = c/2M is the damping constant. One can propagate such analysis to a two-stage spring
system and obtain the combined transfer function14

K (ω) ≡
∣∣∣∣ x2

X0

∣∣∣∣ =
∣∣∣∣ (k1+ic1ω)(k2+ic2ω)

−k1[k2+ω(ic2 − m2ω)] + ω{c1[−ik2 + ω(c2+iωm2)] + ω[k2(m1 + m2) + iω(c2(m1 + m2) + im1m2ω)]}
∣∣∣∣,

(2)

where x2 is the displacement of the second stage (STM stage);
k1, m1, and c1 are the spring constant (per spring), mass, and
damping factor (total) for the first stage (middle stage), re-
spectively, and k2, m2, and c2 are the same parameters for the
second stage (STM stage). For our setup, the transfer function
for the double stage as well as the first stage alone are com-
puted numerically based on these two equations, and the re-
sulting decibel values (Z = 20 log10 K ) are plotted against the
driving frequency in the right half of Fig. 3. As can be seen,
besides a slight trade-off below 5 Hz, the double-stage spring
suspension system is superior to the single-stage configura-
tion. Additionally, Viton rings are wrapped around the end
of each spring, providing extra cushioning to prevent high-
frequency vibrations from traveling down the spring wires.
The overall transfer function from external floor vibrations to
the tip-sample gap distance is then a product of all transfer
functions, including the transfer function of a rigid STM head
assembly, which normally has a very high resonant frequency
(several kHz) and a high Q-factor. Combining these vibration
isolation mechanisms, we are able to achieve a stability of bet-
ter than 5 pm, as demonstrated in Sec. III. While this value is
larger than some ultrastable STM’s constructed specifically
for high-energy resolution spectroscopy studies,6, 7, 9, 15 it is
sufficient for most atomic-resolution imaging as well as dI/dV
conductance mapping experiments.

E. External magnetic fields

It is often desired to have the capability of applying a tun-
able magnetic field to the tip-sample junction; this is certainly
the case for spin-polarized STM applied to magnetic layers,
as well as applications involving the study of superconduct-
ing thin films. In the case of SP-STM, applying a magnetic
field can result in the magnetic configuration of the tip and/or
the sample to be modified accordingly, which will result in a
change in the magnetic contrast. This effect can be used both
to prove the magnetic origin of the observed contrast, and to
study the response of the sample/tip magnetization under ap-
plied magnetic fields such as magnetic switching and domain
motion.

Commonly these days, external magnetic fields are be-
ing introduced using liquid helium cooled superconducting
magnets surrounding the STM,4–6 as is the case for our low-
temperature system B. Here, for our room-temperature setup,
we have also developed a method of introducing a small mag-
netic field to the tip-sample junction, as shown in Fig. 4. A
permanent magnet is glued onto a modified sample holder
and can be transferred into the STM chamber via the loadlock
chamber. When the STM is freely suspended by the springs,
the magnet can be brought close to (but not touching) the back
of the sample, leaving a distance down to only a few mil-
limeters from the sample surface. For an out-of-plane field
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(a) (b)

(c) (d)

FIG. 4. (Color online) (a) Magnet shuttle carrying a disk magnet for applying
out-of-plane magnetic fields; (b) magnet shuttle carrying a rectangular mag-
net for applying in-plane magnetic fields. Lower insets illustrate the geometry
of the two types of magnets; the gradient gray fill indicates the polarization
direction; (c) calculated magnetic fields at distance x (mm) away from mag-
net surface [at locations of round dots in insets to (a) and (b)]; (d) topographic
noise spectra acquired with and without an applied magnetic field, using the
same tip, sample, and tunneling condition (Vs = −0.3 V, It = 0.2 nA, pre-
amp gain set at 108). The magnet shuttle shown in (a) is placed ∼50 mm and
∼3 mm away from the sample for these measurements, respectively.

configuration, we chose a disk-shaped magnet which is po-
larized along its axis (see Fig. 4(a)). For an in-plane field,
a rectangular magnet polarized through its thickness is used
(see Fig. 4(b)).

The strength of the magnetic field at the tip-sample junc-
tion can then be controlled by adjusting the magnet-sample
distance. For disk magnets, the magnetic field strength at a
distance X away from the surface can be estimated by

B(X ) = Br

2

(
T + X√

R2 + (T + X )2
− X√

R2 + X2

)
, (3)

where Br is the remnant magnetic field, T is the thickness of
the disc magnet, and R is the radius of the disc magnet (as
shown in the inset to Fig. 4(a)). For a rectangular magnet, the
magnetic field at distance X away from the surface (along the
central line) can be estimated by

B(X ) =
(

Br

π

(
tan−1 W 2

2X
√

4X2 + 2W 2

− tan−1 W 2

2(L + X )
√

4(L + X )2 + 2W 2

))
,

(4)

where W is the width of the magnet, and L is the length,
as shown in the inset to Fig. 4(b). For our application, we
chose neodymium iron boron (NdFeB, N52 standard) mag-
nets for their high remnant magnetic moments (∼1.45 T).
The magnetic field values for our magnets are computed as
a function of the sample-magnet distance X, and plotted in
Fig. 4(c). As we can see, a field of up to ∼0.2–0.4 T can be
achieved at the tip-sample junction. While this field is small
compared to fields produced by most superconducting mag-
net systems (easily several Tesla’s or higher5, 6, 9), it is large
enough to modify the magnetic configuration of certain mag-

netically coated tips and sample domain wall structures. For
example, a field of ∼0.15 T is sufficient to rotate the tip mag-
netization direction in-plane for an Fe-coated W tip.16

We also estimated the stray field of the eddy current
damping magnets at the tip-sample junction to be <1 mT,
which therefore has a negligible contribution to the applied
magnetic field. One may think that by bringing a magnet lying
on the transporter arm close to the STM head may compro-
mise the vibration damping performance. In our case, since
the STM head is made out of non-magnetic materials, the ex-
ternal magnet has negligible effect. The only effect the magnet
introduces is an extra term in the damping constant, but this
extra term is rather small compared to the overall damping
constant. The negligible influence on the vibration isolation
is best illustrated in Fig. 4(d) where a pair of topographical
noise spectra are taken sequentially with the external mag-
net far away first, and then brought in ∼3 mm away from the
sample. The tip is retracted by ∼300 nm during shifting of
the magnet (to avoid tip crash), and released again when the
magnet is in position. By comparing the two spectra, we see
that there is essentially no difference; and we can conclude
that the magnet has indeed a negligible effect on the vibration
isolation performance.

F. Electrical connections

The back end of the core module (opposite to the tip
side) is designed to be an electrical contact pad where sig-
nal wires coming from the mounting flange are anchored, af-
ter which they move on to their target locations. Within the
STM head, 0.008 in. thick coated copper wires are used for
all signals except the tunneling current signal. For connec-
tions from the STM head to the mounting flange, thinner cop-
per wires (0.003 in. outside diameter) are used for reduced
vibration coupling. Two sections of coaxial cables are used
for carrying the tunneling current, with a short twisted thin
copper wire pair for jumping over from the STM stage to the
middle stage. To avoid ground loops, a star pattern grounding
scheme is implemented, with the STM electronics ground as
the center grounding reference point, and with the different
stages as terminal points. Furthermore, opposite scanner volt-
age wires (X+ and X−; Y+ and Y−) are twisted together
to reduce their radiating electromagnetic fields. These mea-
sures, together with an all-metallic body design, result in a
base electronic noise floor below 10 fA, with the highest peak
of ∼40 fA at 60 Hz (U.S. mains frequency).

III. DEMONSTRATION OF FUNCTIONALITY

A. Atomic resolution

The performance of the completed STM setup is tested
on a model epitaxial system – the GaN(0001̄) growth surface.
Under typical MBE growth conditions, various well-defined
surface reconstructions (3×3, 6×6, and c(6×12)(Ref. 17) oc-
cur depending on the Ga coverage. Also, the growth fronts
follow a spiral growth mode with screw-dislocations at the
centers of the spirals.18 This provides both an ideal testing
ground for atomic resolution and an atomic-scale grid for cal-
ibrating the scanner (x, y, and z).
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(c)
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FIG. 5. (Color online) (a) Spiral-mode growth of GaN(0001̄) surface. Vs
= 2 V, It = 0.1 nA; (b) zoom-in to a 3 × 3 reconstructed area on the GaN
surface. Vs = –0.6 V, It = 0.1 nA. The rhombus depicts the 3 × 3 unit cell;
(c) stacked topographic height profiles taken along three different lines as
labeled in (b).

The growth procedure is the same as reported before
by Smith et al.18 Following the growth, the sample is
immediately transferred in situ to the STM chamber, where
it is allowed to cool down to room temperature before scan-
ning starts. Annealed W tips are used in this study. As shown
in Fig. 5(a), a growth spiral can be clearly seen forming a
flower-like feature. GaN bi-layer steps (∼2.6 Å) are observed
between each two adjacent terraces. A zoom-in on a 3×3
reconstructed area is shown in Fig. 5(b) where atomic pro-
trusions are clearly visible. To analyze the noise amplitudes,
raw images are shown here which have only been background
subtracted. Three line profiles are shown in Fig. 5(c), taken
along three equivalent directions of 〈112̄0〉. The atomic cor-
rugation amplitude amounts to ∼50 pm, whereas the average
noise peak-peak amplitudes are measured to be ∼5 pm for
all three directions. One may note that the unit cell shown in
Fig. 5(b) is slightly distorted from an ideal rhombus; this is be-
cause of thermal drift caused by temperature variations in the
room. A careful examination of the unit cell rhombus reveals
a distorted angle of 58◦ (ideally 60◦). Based on our imaging
speed (160 nm/s), the size of the rhombus (0.96 nm) and the
pixel density (256 pixel/10 nm), the drift velocity is estimated
to be ∼45 nm/h. Smaller drift velocities (<10 nm/h) are usu-
ally observed if imaging is taking place at midnight when the
temperature variation in the building is minimal.

B. Spin-polarized experiments

By coating an annealed W tip with ∼40 monolay-
ers of Fe, the tip becomes spin-polarized with an in-plane

-15
-10

(a) (b)

-5
0
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10
15
20

FIG. 6. (Color online) (a) Surface of Mn3N2(010) thin film grown on
MgO(001) substrate, imaged by an Fe-coated W tip. Vs = −0.3 V, It = 0.2
nA; (b) top: zoom-in to the rectangular area marked in (a); bottom: aver-
aged line profile showing alternating high and low peaks, originating from
the row-wise antiferromagnetic spin alignment.

magnetization. Here we apply this type of Fe/W tip to a row-
wise antiferromagnetic surface of in situ grown Mn3N2(010).
Sample growth is carried out following the recipe reported
by Yang et al.19 A film of ∼50 nm thickness is grown fol-
lowed by immediate transferring to the STM chamber. The
STM tips are further pulsed several times during tunneling
to modify sharpness. A representative image of the surface
morphology is shown in Fig. 6(a) where atomically flat ter-
races are seen. A zoom-in to the boxed region is shown in
Fig. 6(b) where row-like structures are resolved with a pe-
riod of ∼6 Å. These rows correspond to the bulk-ordered
N-vacancy rows on the Mn3N2(010) surface. With a spin-
polarized tip, the tunneling current is enhanced for the rows
whose spins are aligned parallel to the tip magnetization,
and reduced for the rows whose spins are aligned antiparallel
to the tip magnetization. As a consequence, a double-period
modulation is superimposed onto the regular spin-averaged
corrugation, which results in alternating high and low peak
amplitudes. As seen in Fig. 6(b), the high peak corrugation
averages to ∼25 pm, while the spin signal causes a modula-
tion of ∼10 pm.

IV. SUMMARY

To summarize, we have developed a modular design for
the STM core unit which can be quickly adapted to a variety
of UHV systems for operation at various temperatures and
in different geometries. The modular unit has been success-
fully implemented here in a room-temperature setup where
a double-stage spring suspension system is employed for
achieving high tunneling gap stability. Both tips and samples
can be easily exchanged in situ with the current design, mak-
ing this setup ideal for imaging epitaxial thin films grown in
an interconnected chamber. Furthermore, a tunable external
magnetic field can be applied to the tip-sample junction with-
out sacrificing the vibration isolation performance. The func-
tionality of the STM is demonstrated by atomic resolution
on GaN(0001̄) surface reconstructions and by spin-polarized
measurements on antiferromagnetic Mn3N2(010) surfaces.
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