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a b s t r a c t

Because of 3D integration, thickness of Silicon wafer is thinner and thinner. For thin silicon ICs, challenges
in wafer thinning, handling and assembly process increase. The piezoresistive stress sensors studied in
this paper are for experimental purpose, with which detailed stress can be measured during semiconduc-
tor process, e.g. wafer thinning. Almost seven times increase in stress have been observed when wafer
thickness decreases from 400 �m to 100 �m. The advantages of these stress data are: (1) serve as a basis
for process selection to meet the trends and needs of a reliable package, and for the development and
improvement of existing processes; and (2) are important to enhance survivability during wafer thin-
ning, handling and further processing. An ultra thin wafer handling method using support wafer has
been investigated to handle 50 �m thick wafers. The process for the support wafer method has been well
established, which is highly recommended to be used for all processes.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The demands to miniaturize products especially for mobile
applications and desktop systems are continuing to drive the needs
for new and unique solutions in system integration. The require-
ments of future microelectronic systems include faster, smaller,
lighter, and thinner products [1–2]. Advanced microelectronic pack-
aging caters to these ultra-miniaturization and performance needs.
One of the innovative approaches adopted to achieve the minia-
turization and system integration is embedding active and passive
components [3]. Embedded actives require ultra thin silicon die.
For thinner silicon die, challenges in wafer thinning, handling and
assembly process increase. Silicon piezoresistive stress sensors can
be used for in situ stress measurement [4]. In this paper, the piezore-
sistive stress sensors have been designed, fabricated and calibrated
for experimental purpose, with which detailed stress can be mea-
sured during wafer thinning process. So far, no such stress data are
available.

Regarding ultra thin wafer handling methods, DISCO [5] devel-
oped the so called DISCO-TAIKO method with thick edge rim. The
basic concept is when the wafer is ground, edge rim is left and
remains unground. Edge rim provides handling strength and low-
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ering handling risk of thin wafers. However, this method is not
suitable for some wafer processes which vacuum suck tables are
used. IZM-Fraunhofer and ProTec [6] presented the mobile elec-
trostatic chuck (ESC) method, which handles thin wafers through
electronic force. Electrical contacts are realized at the backside of
the ESC chuck. However, this method has a problem in wet pro-
cesses (e.g., plating process). In this paper, a support wafer method
for ultra thin wafer handling has been developed.

2. Design, fabrication and calibration of piezoresistive
stress sensors

Silicon piezoresistive stress sensors can be used for in situ stress
measurement [4]. The layout of the stress sensor design is shown in
Fig. 1. Two stress sensors were placed orthogonally for the measure-
ment of the parallel and perpendicular components of the applied
stress. The crystal orientations of these two resistors are [1 1 0] and
[1̄10] respectively. Another pair of the stress sensor is rotated 135◦

with respect to the axis of the applied stress. The crystal orienta-
tions of these two resistors are [0 1 0] and [1 0 0]. The resistance of
R1 and R3 sensors was around 0.625 k� and the resistance of R2 and
R3 was around 0.932 k�. In this work, R1 has the same size as R3
with a width of 100 �m and a length of 350 �m while R2 has the
same size as R4 with a width of 80 �m and a length of 420 �m.

These sensors are fabricated in the silicon die using the conven-
tional silicon processing steps. Thermal oxide of thickness 5000 Å
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Fig. 1. Stress sensors design.

were grown on the both n-type and p-type silicon wafers. Next, the
locations of resistors were etched. The resistors were implanted
using boron on n-type wafers while using phosphorous on p-type
wafers. Afterwards, the wafers were subjected to annealing and
drive-in diffusion. Next, aluminum was sputtered to form the metal
layers. Finally, a passivation layer (low temperature oxide and sili-
con nitride) was deposited. Piezoresistive stress sensors have been
fabricated as shown in Fig. 2.

The calibration setup is shown in Fig. 3, which includes a
mechanical tester to apply a known stress, two microprobes with a
multi-meter for measuring the change in resistance and an optical
microscope to ensure the contact between sensor’s pad and micro-
probe. The schematic of four-point bend loading fixture is shown
in Fig. 4. The relationship between the applied load (F) and stress
(�) was reported in [7],

� = 3F[L − d]
t2h

(1)

This equation was derived using classical strength of material
beam theory assuming a uniform stress (�) state for points on the
top of the specimen. In Eq. (1), L is the loading span, d is the sup-
porting span, h is the width of the sensor strip, and t is the thickness
of the sensor strip. This formula works well if the deflection due to
the load (F) is not significant and the t and h are small as compared
to the d and L [7]. Thus in the present work, L, d, h, and t were chosen
to be of 50 mm, 20 mm, 10 mm, and 0.73 mm, respectively.

Fig. 2. The fabricated stress sensor.

Fig. 3. The actual setup for calibration of stress sensors.

The piezoresistive coefficients are determined by the following
equations,
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where � is the element of sixth order tensor, R1 is the resis-
tance of the stress sensor parallel to the uni-axial applied stress.
R2 is the resistance of the stress sensor perpendicular to the
uni-axial applied stress. Fig. 5 shows resistance change of par-
allel and perpendicular p-type and n-type stress sensors versus

Fig. 4. The schematic of four-point bend loading fixture.

Fig. 5. Resistance change of parallel and perpendicular stress sensors versus applied
stress.



Download	English	Version:

https://daneshyari.com/en/article/736782

Download	Persian	Version:

https://daneshyari.com/article/736782

Daneshyari.com

https://daneshyari.com/en/article/736782
https://daneshyari.com/article/736782
https://daneshyari.com/

