
  

  

Abstract— This paper reports on the steps that happen after 
the release of strained microhooks from silicon substrates. The 
application is automated microassembly of electronic circuits 
using clips that grasp microscale (< 200 micron diameter) 
conductive fibers. We developed an integrated, photoresist-based 
thermal release structure that allows the first direct observations 
of the release process outside the etch chamber. High speed 
camera video (4200 frames/s) shows the cantilevers release in an 
order determined by thermal diffusion, with groups of ~1200 
micron long cantilevers releasable at 100 Hz. Side-view video is 
analyzed to show that the height of the graspable region is 
approximately half the hook length.  
 

Keywords— Microassembly, contacts, electronic packaging, 
strain engineering. 

I. INTRODUCTION 
Microscale devices such as integrated circuits (ICs) are 

usually assembled into electronic packages by wirebonding. 
This permanently-bonded wire makes a 3D electrical circuit 
from IC pad to chip package, and ultimately to a circuit board 
with wires that deliver power and communication to the IC. In 
this work, we apply thin-film microfabrication to integrate the 
bonding wires into the microscale device itself, using internal 
stress to produce a 3D hook that clips itself directly and 
reversibly onto a wire when thermally released from the silicon 
wafer.  

The larger goal is to expand the reach of pick-and-place 
assembly and other heterogeneous assembly methods such as 
microtransfer printing [1–5] to new materials and substrates. 
Advantages of this non-adhesive method include the ability to 
remove the connection by differential thermal expansion [6], 
to passively accommodate imprecise alignment with built-in 
spring forces, to mechanically bind to highly porous structures 
such as wire meshes, and to make connections between 
materials that are difficult to solder.  

Our previous work explored the electronic properties of 
such connections [7]. Now we add a current-driven thermal 
release method for individual devices. This paper investigates 
the mechanical properties of the resulting microhooks, the 
high-speed events that happen when the hooks are released 
from the surface, and the implications for automated assembly 
of circuits onto wires, fabrics, and meshes. 

II. METHODS 

The method described in this section creates microhook 
arrays with metal on the inside and an insulating oxide layer 
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on the outside. For mechanical testing purposes, we also 
created individual cantilevers, each connected to a square 
anchor pad. Because the pad is significantly wider than the 
cantilever, it does not get fully undercut and keeps the 
microhook anchored to the wafer surface. In further 
applications such as chip transfer, entire device removal could 
use sacrificial layers and etch holes for full release.  
A. Thermal Release of Strain Engineered Micro Hooks 
The process shown in Fig. 1 uses a metal film over a 

thermally grown, compressively-stressed SiO2 layer on silicon 
to introduce a strain mismatch. When released from the wafer, 
the structure curls upward, reaching a strain energy 
minimizing radius in the range of 50-200 microns depending 
on the layer thicknesses and elastic moduli [8–10]. In our 
previous work, such structures were released using XeF2 vapor 
etching to undercut the silicon. In the current work, the same 
etching  process is carried out, but now we introduce a set of 
polymer tethers at the end of the device. These features keep 
devices planar until the tethers are melted by activating a built-
in heating wire. This separation of vapor etching from 
untethering allows each device to be individually released 
after alignment to wires. The wires don’t need to fit into the 
etch chamber or be chemically compatible with XeF2, and 
tether release in open air for the first time allows a high speed 
camera to focus on the hooks at the moment of release.  
 

 
Figure 1: Silicon wafer fabrication steps for fast release of microfabricated 
strained cantilevers by melting a polymer tether using an integrated heating 
trace. Fig 1e cross section runs through heater trace. 
 
The microhook layout parameters are listed in Table 1. In 

this work, the metal for both microhooks and heater traces is 
130 nm platinum with a 40 nm titanium adhesion layer, and 
the polymer tethers are made from Shipley 1827 photoresist 
(Rohm and Haas, Inc.) spun at 4000 rpm. 

Figure 2 shows a heater trace and microhook tips running 
under a row of photoresist polymer tethers, which appear 
translucent in optical images. During activation by Joule 
heating, the estimated temperature of the heater trace is 
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approximately 200 oC, sufficient to reflow photoresist films in 
this family [11]. 

TABLE I.  MICROHOOK DESIGN PARAMETERS 

Parameter Value Unit 

microhook width  10 micron 

microhook length 900-1200 micron 

oxide thickness 500  nm 

total metal thickness 170 nm 

polymer tether thickness 2.7 micron 

heater trace length 430 micron 

heater trace width 10 micron 

 

 
Figure 2: All scale bars 100 micron. a-c: Optical microscope images of a: a 
row of tethers before silicon undercutting (step e in Fig. 1 process diagram), 
b: microhooks undercut and aligned to a wire,  c: hooks released onto the wire 
after supplying 15 mA from probe tips. d-f: Electron micrographs showing d: 
an undercut tether region  (step f in Fig.1), e: a tether region after release, and 
f: tether residue visible on the inside of curled hook tips without a wire 
present. 
In the example of Figure 2b-c, a group of 21 parallel 

microhooks is released onto a 150 micron diameter conductive 
thread (single strand 3981 tinned Cu, Karl Grimm GmbH, 
Germany) that has been manually aligned over the microhook 
region for grasping. Polymer residue (fig. 2f) insulates the tips 
of the released microhooks, but the rest of the beam is 
uninsulated for electrical contact with the wire. In the 
following sections, we focus on understanding the speed, 
sequence, and geometry of the release process without wires 
in place. 

B. Observing Mechanical Properties of Tethers 
In order to use the hooks as both electronic and mechanical 

connectors, the thin film (~1 micron) hooks need to be strong 
enough and numerous enough to withstand loads during the 
intended application. Force-vs-deflection characteristics were 
investigated by scanning a profilometer stylus  (Dektak 
profilometer, Veeco Inc., USA) along curled 10 micron wide 
test structures at a force of 1 mgf (~10 mN)  and speed of 50 
microns per second, and measuring the deflection as the hook 
was unrolled and flattened out by the stylus. These test beams 
had the same dimensions as the grippers, but instead of an 

array they were individual beams each attached to a large 
square pad. The hook resumed its original curled shape after 
the force was removed. The result was a force-vs-deflection 
curve for constant force applied at points along the beam. 
C. Observing Tether Release Sequence 
To observe the release sequence in detail, we used a high 

speed camera (Phantom V310, 4200 frames per second) in top 
and side views. Figure 3 shows  a microhook chip ready for 
release, with thermal release traces for three separate sets of 
microhooks wirebonded to a carrier circuit. Samples were 
placed on a stage in front of a high speed camera for 
observation while the heater trace was supplied with current 
from a sourcemeter.  

 
Figure 3:  Setup for high speed camera observations of thermal release of 
beams from chip (inset), driven by current from a sourcemeter. Dashed line 
shows the  position of the  wire in Fig. 2b,c; subsequent experiments do not 
involve wires. 

 
III. RESULTS AND DISCUSSION 

A. Thermal Release Characteristics and Outcome 
Thermal release was observed to require 15 mA. Because 

heater trace resistances were approximately 130 ohms 
including contact resistance, these currents were driven by 
applying approximately 2 V. Fig. 2b shows the grippers before 
this process and Fig 2c shows the outcome.  
The design parameters in Table 1 created hooks with an 

approximately 100 micron radius of curvature. The wire 
running horizontally across the layout prevented them from 
forming a fully circular cross-section in Fig. 2c and the stored 
strain energy helped them maintain contact on the wire at the 
outside of the loop. This springlike behavior is the premise for 
electrical contact even when the microhook radius of 
curvature is larger than the radius of the wire or fiber. Because 
an opposing force is necessary to keep the contacts under 
tension, the method is designed for a device that has two or 
more contact terminals with microhooks making contact to 
wires on each side. 

B. Mechanical Properties 
Constant-force profilometry results for four different test 
samples are overlapped in Fig. 4, with final probe height 
varying between 12 and 20 micron stemming from the high 



  

 
Figure 4: A 10 mN probe was scanned along four different released, curled 
10 micron wide mechanical test structures made on the same wafer as the 
microhooks  and with the same beam width. At 70 microns from the pad, the 
probe is able to push the microhook to the bottom of the etched silicon region.  
 

sensitivity of the XeF2 etch rate to the amount of exposed 
silicon nearby. Over this range of etch depths, the 10 mN force 
was able to collapse the microhook to the bottom of the 
channel at a distance of approximately 70 micron from the 
supporting point. This distance is on the order of the 
microhook radius of curvature and the radius of the wire in 
Fig. 2b,c. To withstand forces of greater than 10 mN in such 
wire-gripping applications, multiple parallel microhooks, 
potting in a stronger material after assembly, or thicker 
microhook materials should therefore be used. In such cases, 
additional or thicker tethers than the 2.7 micron thick 
photoresist may be needed to keep the microhooks planar 
before transfer. 

C. Dynamic Behavior 
The dynamic behavior of the beams was captured using the 

high speed camera in top view and side view modes. Fig. 5 
shows selected top view frames during thermal release of a 19 

beam, 1200 micron long microhook array by delivering 
current from probe tips to the heater. In Fig. 5, the beams can 
be seen releasing first near the more thermally isolated center 
of the wire (Beam 15), after which neighboring beams begin 
to release. The right side in Fig. 5 is missing two beams (20 
and 21), giving it more thermal isolation than the left and 
making it more likely to release first. 
Side view measurements were carried out using the 

wirebonded 900-micron beam length array shown in the inset 
image of Fig. 3. For these experiments, the goal was to 
determine the swept region of the hooks, guiding placement of 
fibers and wires for gripping. The top row of Fig. 6 (Fig. 6 a-
e) shows this release process at the same frame timings as the 
other device released in the top-view Fig. 5. Because the 
camera’s depth of field was too limited to focus on all beams 
in the side view, the second row (Fig. 6 f-j) shows pixel value 
differences vs. the t=0 frame to highlight changes during 
release. The bottom row has overlays circling the swept 
regions in the contrast-enhanced images from the center row. 
For this beam length, the combined swept region in Fig. 6k 
shows that it will be important to keep wires and fibers within 
0.5 mm of the surface for any chance at grasping. Fibers 
should also be in front of the beam attachment point by less 
than 0.6 mm (to the right of the wirebond in Fig. 6), conditions 
satisfied by the grasped fiber in Fig. 2. The camera’s frame 
rate was too low to capture beams before 0.47 ms (Fig. 6l) 
where they are still close to the surface. However, if the wire 
is too far toward the end of the beam, the hook does not have 
enough length to grasp it, so these regions aren’t included in 
the graspable region. 
 Because multiple beams are likely to be required for 

mechanical strength, and mandatory for multi-terminal 
devices, the detailed release sequence for multiple beams and 
its overall timeframe are of interest for electronic packaging 
applications. Beam tip trajectories (Fig. 7) were extracted 
from the top-view video of Fig. 5 to further examine the 
sequence and settling time. In Fig. 7, which spans less than 5 
ms, the blue line representing Beam 1 does not descend 
because the stuck beam at the left of Fig. 5e takes 21 ms to 
release, possibly due to better heatsinking near the end of the 
array (note greater disruption at the center of the heater in Fig. 
2e compared to the end).  After the rightmost group of beams 
in Fig. 5 detaches, the process continues toward the left side 

Figure 5: a. Tips of Beams 1 through 19 are at 1200 micron y-coordinate before supplying 15 mA current through the horizontal wire across the tethers. b. 
At 0.47 ms, beam 15 is the first to release, with a tip y-coordinate of 280 microns. c. The group of beams to the right is released. d. More beams release and 
previously released beams come into view again (arrow), oscillating at approximately 1 kHz before coming to rest. e. All but Beam 1 are released in < 3 
ms, with the final beam eventually releasing at 21 ms.   
 



  

of Fig. 5 in nearly perfect order.  In both top-view and side-
view video, the beams were observed to oscillate before 
settling. For example, beams that disappeared at the bottom of 
Fig. 5c reappeared in Figure 5d and then went off camera 
again in Fig. 5e. The corresponding frames of the side view 
video showed a horizontal rocking motion of the circular 
loops, indicating the loops were partially uncurling and 
recurling before settling. To study the pattern more 
quantitatively, we time-shifted the trajectory data from Fig. 7a 
to align the individual beams’ release times. This aligned data 
in Fig. 7b shows several beams undergoing a damped 
oscillation with a frequency in the 1 kHz range.  

 

 
Figure 7 a: Beam tip y-coordinate trajectories obtained from the video frames 
and coordinate system described in top-view Fig. 5. b: Trajectory data aligned 
to put each beam’s release time at the origin. Here, a y-coordinate of 0 means 
the beam tip is at the bottom of Fig 5, where y=1200 micron is the unreleased 
position. 

Beam tip y-coordinate minima, indicating a beam fully 
released and curled towards the bottom of the images in Fig. 
5, are separated by approximately 1 ms. They are interleaved 
with maxima indicating a beam partially uncurled back 
towards the tether region.  
Aside from Beam 1, all the beams were released in < 3 ms 

and came to rest after another 7.5 ms. This 10 ms (100 Hz) 
release duration means the throughput of automated transfer is 
more likely to be limited by feature alignment and stage 
motion than by the timescale of thermal release.   

II. CONCLUSIONS AND FUTURE WORK 
Transfer of electronic devices from donor wafers for 

heterogeneous assembly or for microrobotics applications 
[12]  depends on fast, reliable establishment of electrical and 
mechanical contact. This work further develops our 
microhook-based contact method by adding integrated 
thermal release, showing a potential 100 Hz transfer rate. 
Optimizing the geometry and materials of the heater traces and 
tethers could speed up release by carefully controlling the 
local thermal environment.  
 
Our previous work showed that small differences in feature 

width were highly reliable in driving repeatable and complex 
release sequences for strained microbeams released from 
surfaces during etching [9], but real-time implementation was 
limited to the etch chamber. Fine-tuning the ability to 
sequence one-time motion on short timescales using stored 
mechanical energy may have other applications besides 
electronic packaging. 
 
Another distinguishing feature of our electronically driven 

release method is the potential for individual device transfer 
from a wafer using an automated probe station, where most 
adhesion-based methods transfer groups or entire wafers of 
devices.  
 

Figure 6: Top row (a-e): side view of 900 micron length beam release with tethers at the right side of the image, and the beam anchoring point aligned with 
the visible wirebond in the background. 200 micron scale bar in figure 6e applies to all figure parts. Middle (f-j): Images from the top row are differenced 
from t=0 to show changes. Notable features are scattered light from beams moving above the surface and increased scattering from etched silicon at the 
surface where beams have been released. Bottom: (k) combined and (l-o) single-frame beam path regions are traced over the differenced images from  f-j. 
 



  

Application-oriented experiments include further study of 
how the electrical contact resistance between wire and device 
develops during grasping, optimizing the number of redundant 
microhooks necessary for reliable electrical and mechanical 
contact, and further investigation of the microhooks’ 
mechanical limits using push-off/pull-off tests.  
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