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The ongoing development of short-period semiconductotact. In addition to the standard 1 cm of horizontal sample
superlattices for electronic and optoelectronic applicationgnotion available, this modified design permits the sample to
requires atomic-scale control of epitaxial growth, especiallybe stably mounted up to 5 mm above the base, resulting in a
at the interface$.Given this requirement, there is a critical viewable area of-0.5 cnf. To perform MBE on an STM-
need forin situ characterization on the atomic scale as pro-compatible sample, the sample holder is mounted on a stan-
vided by scanning tunneling microscog$TM).2 Here we dard 5-cm-diam “moly-block” [Fig. 1(c)]. The sample
describe a sample handling system designed to integrate@lder is held in place by two 0.25-mm-thick molybdenum
modified commercial STMinto a multichamber ultrahigh compression clips screwed to the moly-blogke only re-
vacuum(UHV) molecular beam epitaxgMBE) facility. The ~ quired modifications of the moly-blogk Screws made of
system uses a simple, yet versatile, sample holder design thi@ntalum are used to avoid seizing in the moly-block.
enables quick and easy sample transfers between multiple
chambers, including two Riber MBE and two surface char-
acterization chambers interconnected by Riber UHV

(a) 62 mm

ModuTrac™, clearance
The chief component of the sample handling system is a r

molybdenum sample holder, shown in Figa)l The essen- (oN E—
tial elements of the holder are its square shape and two pairs 55— FRONT
of clearance holes oriented at right angles to each other: one T VN (| VIEw
pair through the front near the top of the holder, and the other 55 \m ! :
running from top to bottom along the edges. As will be de- | }
scribed below, the holes are for mounting the holder on the l '—5———0—’

UHV manipulators and STM sample stage. As long as these L spingclip  spring clip
four holes are present, the basic holder can be modified in a 0-3? ‘aPF;]ed infrontof i front of
number of ways depending on the sample mounting and v short pin long pin
heating requirements. The version shown in Fig. 1 is a “win-
dow frame” design with four tapped holes through the face (c)
of the holder that are used to mount a semiconductor wafer
sample. The interior cutout permits direct radiative heating
of the wafer sample along with infrared transmission-based e i :
thermometry during MBE. Alternately, the holder can be
left solid if heating of the wafer via thermal contact with the
holder is desired. Note that mounting the wafer sample on
the front face of the holder allows grazing-angle access for
reflection high energy electron diffractiaRHEED).
The sample holder mounts onto a commercial S(iWith

a modified sample stagdy inserting the two vertical pins
on the STM stage into the long holes running the length of
the holder[Fig. 1(b)]. The pins on the STM are of unequal Fig. 1. (3 Schematic drawing of a “window frame” design sample holder.
length, with the longer pin having raised points near the togsamples up to 17 mm17 mm (dashed squajecan be mounted onto the
and bottom, and the shorter pin having a raised point near thfﬁ)m by four 0—-80 screwsb) Front view of the modified sample stage on

. . . the STM. The sample holder mounts onto two pins, one shorter than the
top end only [See Fig. 20)] Two identical molybdenum other, and is held in place by molybdenum spring clips. The raised area near
spring clips(0.25 mm thick push on the front of the sample the top of the long pin is shown as a white spot. Outlines of the sections of
holder, holding the inside of the long holes against the threéhe pins hidden behind the clips are shown as dashed lines. The dash—dot—

: - : [ lash lines show the outline of a sample holder when mounted. See(€jig. 2
raised points on the pins and thereby achlevmg a stable COI?or a side view.(c) Moly-block used for MBE. The sample holder is held

onto the face by molybdenum compression clips attached to the moly-bock
3Electronic mail: Lloyd.Whitman@nrl.navy.mil by tantalum screws. All components are drawn approximately to scale.

compression
clip
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Transfer Arm Fic. 3. Top view (inside the ModuTracof the motions for transfer of a
sample holder between the ModuTrac transfer arm and a moly-block
mounted on a cart in the ModuTrac. Note that the track is on the bottom of
the ModuTrac chamber.

—-—
|
- ————

STM

Fic. 2. lllustrations(side view of the sample transfers between the manipu-
lator and (a) the load-lock transfer bay or sample storage bépy; the
ModuTrac transfer arm(c) the STM. The dashed lines show the outline of
the sample holder in the mounted positions.

In addition to the STM and the moly-block, the sample
holder also mounts on an UHV sample manipulator, a load-
lock transfer bay, a sample storage bay, and a ModuTrac
transfer arm(all except the last are on the STM chambers
shown in Fig. 2. The sample holder mounts onto the sample
manipulator via two horizontal pins that are inserted into the
holder from the back, and is locked into place by a spring
clip that pushes down on the top edge. The load-lock transfer
bay and sample storage bay both have a slotted-plate design,
holding four and seven sample holders, respectively, and are
attached to magnetically coupled linear-rotary transporters. - 2
(Sample holders rest upright in slots, held in place by grav- T|MBEAVALLCRDE A LS
ity.) The ModuTrac transfer arm, also a magnetically coupled e
linear-rotary transporter, has a simple pair of pins and spring . e = s Senhan b
clips on the end, oriented perpendicular to the axis of rota- - R
tion. These pins and clips engage the long holes in the ~ : Al
sample holder in a manner similar to those on the STM
stage.

Transfer of the sample between the various components
within the multichamber facility relies on perpendicular mo-
tions between the sample manipulators and the sample
holder mounts, as indicated in Fig. 2. Transfer from the ma-
nipulator to t.he Ioad_-l_ocl§ transfer bay or sample storage ba¥—|e. 4. Filled-state STM images of adm-thick GaSb film grown by MBE
occurs by first positioning the empty bay slot under theon a GaSt001) substrate(a) 160 nmx160 nm area, with each gray level

sample holder, then lowering the manipulator to place theepresenting a change in height of 0.3 rensingle GaSb laygr (b) 13
sample holder into the slot, and finally translating the baynmx13 nm area showing the atomic-scale 2/c(2x 10) reconstruction.
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laterally in order to disengage the sample holder from the The effectiveness of the sample holder designirfiositu
manipulator. To transfer the holder onto the manipulatorstudy of MBE-grown films is demonstrated by the images
from one of the bays, the reverse procedure is used. Transhown in Fig. 4 of a Gagb01) homoepitaxial surfacéBoth
fers between the manipulator and ModuTrac transfer arm arthe large-scale surface morphology and the atomic-scale
performed in a similar fashion. Transfers between the mastructure can be readily observed after cooling the sample to
nipulator and STM occur via motion of the manipulator only, ambient temperature.
utilizing the 25 mm of in-plane motion permitted by the
manipulator micrometers.
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