Fabrication and characterization of 100-nm-thick GaAs cantilevers
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We describe a new process for making submicron, micromechanical cantilevers out of GaAs
epilayers grown by molecular beam epitaxy. The extremely high aspect ratios of these cantilevers
(typically 100 nm thick and 10@m long) give spring constants as low as TON/m. We present
characterizations of the cantilevers’ resonant frequencies, quality factors, and spring constants. The
ability to fabricate Ill-V GaAs-based mechanical microstructures offers new opportunities for
integration with electronics for strain-sensitive force detection. 1996 American Institute of
Physics[S0034-67486)00509-§

I. INTRODUCTION much thinner than cantilevers previously fabricated from
o _ _ _ GaAs/AlGaAs®’ This process allows easy access to both
The fabrication of very delicate mechanical cantileversgiqas of the cantilever by etching a window through the en-
combined with sensitive displacement detection schemes hass thickness of the GaAs substrate. unlike previous GaAs/
resulted in a number of remarkably powerful experimentalyigaas cantilever processes. We also present characteriza-
techniques, including scanning force microscopieme- ion of the resonant frequency, quality fact@) and spring

chanically detected magnetic resonafiemd a new FI,a,SS of constant of a 100-nm-thick GaAs cantilever fabricated in this
torque magnetometefsin general, the force sensitivity of fashion.

these techniques can be improved by lowering the spring

constantk of the cantileverthereby increasing the displace-

ment per unit forceand increasing the resonant frequengy Il. FABRICATION
(decreasing the necessary averaging firSénce most semi-
conductors and metals have mass densifigsand elastic

moduli (E) within an order of magnitude of each other, the

- L 100-nm-thick GaAs epilayer on a 300-nm-thick AlAs
design parameters that afford the greatest opportunities f@rowa :
improvements are the physical dimensions of the cantilevel‘?pIIayer on g[100] GaAs substrat¢Fig. 1(@]. The GaAs

Specifically, since for a rectangular cantileber epilayer will gltimately form the gantilever, and so its thick-
ness determines that of the cantilever; the AlAs serves as an
Et Et3w etch stop and a sacrificial layer. The lateral shape of the
v0=0.l62\ﬁ|—2 and k= —3-, (1) cantilever is defined by optical lithography in photoresist
p spun on the epilayers. In the present case, the pattern is of the
wheret, |, andw are the thickness, length, and width of the form of a window with a cantilever extending into the win-
cantilever, one can achieve smklbnd largey, by simulta-  dow. This pattern provides protection to the cantilever
neously decreasing all the dimensions. against damage in later fabrication steps as well as in actual
Typically, micron-scale cantilevers are fabricated fromuse. This pattern is then etched into the epilayers by.,a ClI
silicon, silicon oxide, or silicon nitride.Fabricating cantile- reactive ion etch. In order for the subsequent steps to be
vers from the GaAs/AlGy; _, As materials presents chal- successful, it is crucial that the tches all the way through
lenges in designing new processes for the llI-V chemistrythe GaAs epilayer but stops just inside the AlAs epilayer
More importantly, it offers the advantages of integration with[Fig. 1(b)]. After removal of the photoresist mask, a fresh
optical device$;” magnetic systenfsand strain sensing ele- layer (~5 um) of photoresist is spun on the now patterned
ments that utilize the piezoelectric properties of the GaAs teepilayers and baked for 1 min at 95 °C to afford them pro-
detect the cantilever displacemén€Cantilevers fabricated tection during the subsequent steps. Next, 5xh0of pho-
from the 1lI-V semiconductors have usually contained Al-toresist is spun on the back of the chip and baked at 95 °C
rich layer§’ (included as part of a laser structuyrevhich ~ for 1 min. Using an infrared mask aligner, windows are pat-
simplify the fabrication of free mechanical structures by al-terned in the back mask directly beneath the cantilever pat-
lowing the selective etching of the GaAs substrate out fronterns in the epilayers. The windows in the back mask define
under the Al-rich layers. In this article, we describe a processhe region of the substrate that will be removed by a spray
for making cantilevers from a single epilayer of GaAs grownetch? in order to free the cantilever, and so this alignment is
by molecular beam epitaxyMBE) on an AlAs etch stop crucial. It is important to note that the etch profile will de-
layer on g 100] GaAs single crystal substrate. We have fab-pend upon the orientation of the mask relative to the crystal
ricated cantilevers 100-nm-thick, within an order of magni-axes of the substrate. This can easily be compensated for in
tude of the thinnest cantilevers fabricated from silitand  the shape of the back mask winddfig. 1(c)].

To construct very thin cantilevers made of a single ma-
terial (as opposed to GaAs/AlGaAs laygrsve use MBE to
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FIG. 3. (a) Frequency-dependent mechanical response of qub3%ong by

30 um wide by 100-nm-thick cantilever at room pressure and temperature
showsy,=4 kHz andQ~2. (b) Spectral densityS(w)|? of thermal noise of
FIG. 1. Outline of processing step@) MBE structure: 100 nm GaAs layer u_nder identical conditiongc) Spectral densityS(w)|? of thermal noise can-

on 300 nm AlAs layer on a GaAs substrath) Cantilever shape is defined tilever at room temperature an@=250 mTorr showsy,=5.1 kHz and

in GaAs epilayer by Glreactive ion etching(c) Patterning of windows on ~ Q~9.

the back of the chip, directly beneath the cantilever shapes. The thick dashed

lines show the profile of the spray etch, and the thin dashed lines correspol ; ; ; ; o _
to the hidden surfaces of the chif) Wet etch through substrate to AlAs %OVEd and immediately rinsed in deionized water. To re

etch stop.(e) Removal of AlAs etch stop with HF acid. move the AlAs epilayer, a few drops of 1:5 HR® are
placed on the exposed AlAs epilayer for 5—-10Fg. 1(e)]

. . Since the exposed AlAs layer is transparent to visible light,
The photoresist is subsequently baked at 115 °C for 2, -an verify that it has been removed by looking for signs

min. The chip is placed subsfrate up on a glass slide and helﬂat the unexposed part of the AlAs layer has been partially

in place with wax. The slide and chip are mounted in a spray,heq by the HF. This can be seen under an optical micro-
etcher with a 1:30 mixturéNH,OH:H,0,). This mixture scope as a faint ring around the epilayer window.

givtra]s the r];na>f<imum/ Gais tcrx] AIAE’ seler?tivityhand ha GIaAs At this stage, the cantilever is free from the semiconduc-
etch rate of a fevum/min.~When the etch reaches the AlAs material; it is only bound by the wax to the glass slide.

epilayer, the etched part of t_he chip will suddenly become]-he wax can be dissolved with acetone overgah period,
transparent, and so Whgn light can be' seen through th&nd the chip removed. However, removing the cantilever in-
sample, the spray etch is halted, the slide and sample "€act from the acetone bath is made difficult by the surface
tension of the acetone, which tends to break the cantilevers.
This problem can be circumvented by the use of a high pres-
sure CQ critical point dryer. Figure 2 shows spatula-shaped
cantilevers fabricated by this process. The lateral dimensions
are defined by the first photoresist mask, and the vertical
dimension by the MBE grown GaAs epilay@r00 nm in this
case. Here, the center spatula arm is &t long and 6um
wide, and the head is 3@m square. The apparent surface
roughness is due to photoresist residue left from earlier pro-
cessing steps, and does not appear to affect the mechanical
properties of the cantilevers.

lll. CHARACTERIZATION

The cantilevers were mounted on a piezoelectric crystal
and driven over a range of frequencies in order to measure
1.0k 8019 18kY Sofm g, K, andQ. Here we takeQ=(Av/vp), whereAv is the full

width at half-maximum of the cantilever response. Their dis-
placement was measured using laser interferometry. The in-
FIG. 2. SEM photograph showing 100-nm-thick spatula-shaped cantileverst.encerometer and Cant”eve_r We.re mounted (.)n a. small optical
Spatula arm is 7um long and 6um wide. Spatula head of central canti- t@ble to reduce spurious vibrations. Shown in Fig) & the
lever is 30um square. response of a 13bim-long, 30um-wide, and 100-nm-thick

L~
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