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ABSTRACT

A method has been developed by which, after removal of the bulk silicon in a substrate transfer process, the backside of a
wafer (the backwafer) can be processed with the same lithography as the front side of the wafer (the frontwafer). To achieve
an accurate front- to backwafer alignment accuracy, minor symmetric alignment markers for an ASML PAS5000
waferstepper have been developed and applied in a Silicon-on-Anything process. In this manner minimum dimension low-
ohmic contacts were fabricated on the backwafer. The minor symmetric alignment markers are used in combination with
standard overlay test procedures to characterize the front- to backwafer overlay accuracy. The measured overlay errors are
divided up in non-mirror symmetric lens distortions and wafer distortion as a result of the substrate transfer process. The
practical minimum device feature that can be realized on the backwafer is limited to 0.9 — 1.2 tm as a result of front- to
backwafer overlay errors.
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1. INTRODUCTION

For high-performance low-power RF integrated circuits, technologies such as SOT and substrate transfer are applied to
realize low-cost system-on-a-chip solutions for the integration of both active and passive components. These manufacturing
strategies address the problems related to both substrate parasites and cross-talk [1]. In Silicon-on-Anything (SOA)
technology [2], circuits are processed on an 501 substrate and then glued to another substrate, for example glass.
Subsequently the silicon substrate is removed with the buried oxide serving as etch-stop. Further processing on the backside
of the wafer (backwafer) is normally limited to non-critical deposition and etching steps for the isolation and contacting of
devices fabricated on the front side of the wafer (frontwafer). The integrity of the glue then limits the further thermal
processing to temperatures not exceeding 300°C. To nevertheless achieve low-ohmic contacts, a method has been developed
whereby dopants are implanted in the backwafer and activated by high-power excimer laser annealing [3]. Contacts
produced by this method have, for example, been implemented in a high-frequency bipolar process: the emitter and base are
contacted as normal via the frontwafer while the collector is contacted directly under the emitter via the backwafer [3]. This
approach enhances the device performance and reduces process complexity by eliminating the need for buried layers/
collector plugs as well as significantly reducing the parasitic capacitances and resistances of the device.

To be able to exploit the potentials of advanced backwafer processing, advanced backwafer lithography with accurate
alignment to the frontwafer is required. Moreover, using the same waferstepper for both the frontwafer and the backwafer
has the advantage of bringing the backwafer processing to the highest available level of precision. However, two limitations
on the accuracy with which this can be done may be encountered: first, the substrate transfer process may induce wafer
distortion and, second, the backwafer is the mirrored image of the frontwafer. The latter implies that the image field and
stage parameters are mirrored, and the waferstepper must therefore be mirror symmetrically matched to itself. In the present
work, mirror symmetric alignment marks have been developed for a PAS5000 ASML waferstepper allowing the alignment
of both the front- and backwafer to be performed with the same marker. In this manner it becomes possible to apply
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standard procedures for matching the front- to backwafer lithography, and the wafer distortion related to the substrate
transfer can be investigated quantitatively.

2. MIRROR SYMMETRIC ALIGNMENT MARKERS

The principle of the alignment system [4] of the PAS 5000 waferstepper is shown in Fig. 1.
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Fig. 1 : Principle of the PAS5000 alignment system using standard and mirror-symmetric alignment markers.

The standard alignment marker consists of 4 gratings, 2 for alignment in the X direction and 2 for alignment in the Y
direction. The marker on the wafer is illuminated by a HeNe laser (A =633 nm). A spatial filter blocks the 0, 2nd and higher
orders of diffraction. The and 1St order diffraction patterns are captured by the lens of the waferstepper and interfere at
the reticle plane. This interference pattern illuminates a corresponding grating on the reticle. During an alignment scan the
wafer is moved in X or Y direction only. The interference pattern will also move and the light transmitted by the
corresponding X or Y grating on the reticle is therefore a function of wafer displacement. This intensity-displacement
relationship is used to align the wafer to the reticle. Each grating of the alignment marker corresponds uniquely to one
specific grating on the reticle.

If the standard alignment marker is mirrored on the wafer, the interference pattern of the Y gratings are imaged on the X
grating of the reticle and vice versa. Therefore the orientation of the interference pattern and the corresponding gratings on
the reticle do not match and no alignment signal is obtained.

Superimposing a standard- and a mirrored alignment marker results in a mirror symmetric alignment marker. The Y gratings
are placed over the X gratings and since only interference patterns with the appropriate orientations are contributing to the
alignment signal, the superimposed gratings will not distort the alignment signal.
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The performance of the alignment system of the PAS 5000 waferstepper is evaluated using a standard overlay test
procedure. On a 100 mm wafer with two conventional primary alignment markers, 9 image fields are exposed using a reticle
with an array of 1 lxi 1 markers in the 15 x 15 mm2 image field. The layout on the wafer is shown in Fig. 2. Using the same
reticle, a second layer is exposed with a programmed shift of 508 m. The wafer is developed revealing images of the
markers in the photoresist. Subsequently the wafer is loaded in the waferstepper again and the alignment system is used to
measure the positions of the markers in the image fields. The nominal difference in the positions of corresponding markers
in both layers is the 508 jtm programmed shift. For the standard alignment markers a deviation of 28 nm (3c = 38 nm) in
the X direction and 18 nm (3c = 42 nm) in the Y direction is measured. The total procedure is repeated with a similar
reticle where the conventional markers are replaced by mirror-symmetric markers. The same overlay test procedure is
performed and a deviation of 22 nm (3c= 40 nm) in the X direction and 26 nm (3= 38 nm) in the Y direction isfound.
Thus the measured overlay performance for the mirror symmetric markers is comparable to that of the standard markers.
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Fig. 2: layout ot me overlay test pattern.

In Fig. 3 a method is shown for the fabrication of
mirror symmetric markers suitable for backwafer
alignment. This method was also used for the
realization of the backwafer contacted devices
described in ref. 3. First, on the locations of the
alignment markers the device silicon and the buried
oxide of the SOT wafer is removed. The locations of
these etched areas are only determined by mechanical
alignment in the same manner that the primary markers
are placed. Next the alignment markers are imaged and
etched into the substrate silicon of the 501 wafer. In
general a deposited dielectric layer or a thermal oxide
provides electrical passivation of silicon devices. This
passivation layer is also formed on the alignment
marker. It will act as an etch stop when the substrate
silicon is removed and an imprint of the marker is left
in the dielectric. After substrate transfer further
alignment is performed on the imprinted, mirrored
alignment marker.

The placement accuracy and the image field of a waferstepper are
never absolutely perfect. Deviations from the ideal situation, the
reference grid, are caused by lens distortions and placement accuracy
of the image on the wafer. The latter is determined by the accuracy of
the wafer stage and the alignment system. Most of these deviations
are constant and machine dependent. Thus, when only one
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Fig. 3: The application of mirror-symmetric alignment markers
in a substrate transfer process.
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waferstepper is used for all process layers, these constant deviations are cancelled out. However, when more wafersteppers
are used in production, each machine must be matched to a reference machine. In other words waferstepper A is used as a
reference and other wafersteppers (B , C, etc.) are adjusted to minimize the overlay errors between subsequent exposures on
A and B, on A and C, etc. For example, an alignment offset and die rotation in machine A can be "copied" in machine B,C
etc. This matching procedure is often referred to as AB matching. In the substrate transfer process the device layer is flipped
over onto a new substrate. Thus the backwafer is the mirrored image of the frontwafer (Fig. 4). Consequently the lens and
stage parameters are mirrored and the waferstepper has to be matched with itself. Conventional AB matching cannot be

applied because the lens and stage parameters of
8 • waferstepper A and mirror-A are coupled. Instead

XE X+ XE >- > >- > > the waferstepper has to be matched to the
6

>4- reference grid which is essentially minor
I symmetric. The reference grid is an ideal grid

that is determined by the position of the primary
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Reticle, stage and lens enors can contribute in the
total front- to backwafer overlay enors. The
overlay enors on the reticle used in the
experiments are less than 10 nm on wafer level.
Stage enors like orthogonality and minor
curvature are measured and conected by the XY
stage control system. The residual stage error of
the XY stage of the waferstepper used in our
experiments is less than 15 nm. The front- to
backwafer overlay enors caused by lens
distortion can be calculated by subtracting the
measured lens distortion (Fig. 5) from the
mathematically minored lens distortion. The
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0 2 4 6 8 maximum overlay vector obtained from this
calculation is 21 1 nm, which is much larger than
the stage and reticle errors.

To investigate the front- to backwafer overlay
errors in a substrate transfer process the overlay
test procedure as described in the previous

paragraph is performed. The minor symmetric
primary alignment markers and the arrays of
minor symmetric alignment markers are exposed
and etched into the silicon to form the first test
layer (layer 1). Next the wafer is coated with
photoresist and the second test layer (layer2) is
exposed with a programmed alignment offset.
After development, the etched markers and the
markers in the photoresist are measured using the
alignment system of the waferstepper. The
resulting overlay errors of layer 1 to layer 2 are
shown in Fig. 6.

To simulate the influence of substrate transfer,
the measured marker positions of layer 1 (etched
in the silicon) are mathematically minored
around the Y axis as indicated in Fig. 4. Next the
distances of the corresponding marker positions
in layer 2 are calculated. The resulting overlay
errors of mirrored-layer 1 to layer 2 are shown in
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Fig. 5:. Lens distortion plot and mirrored lens distortion plot.
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Fig. 7. The simulated back- to frontwafer overlay errors (mirrored-layer 1 to layer 2) are larger than the measured front- to
frontwafer overlay errors (layer 1 to layer 2). This is a result of non-mirror symmetric lens errors.
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Fig. 7: Simulated front- to backwafer overlay. Fig. 8: Overlay test wafer process sequence.

The wafer used for the simulated minored layer 1 to layer 2 overlay characterization is now subjected to substrate transfer
(Fig. 8). First 1 jtm of PECVD silicon dioxide is deposited on the silicon at 350°C.Next the wafer is glued onto a glass
wafer and the silicon is removed by wet chemical etching in a 25% TMAH solution [5J. The etch rate of silicon to silicon
dioxide is 1000: 1 . After the silicon is removed, the backwafer is coated with 0. 1-jtm aluminum at room temperature to
enhance the optical reflection of the substrate. The wafer is coated with photoresist and overlay test layer 2 is exposed.
Again the marker positions are measured and the overlay errors are calculated as given in Fig. 9.

The experimental front to backwafer overlay errors are larger compared to the simulated front to backwafer overlay errors.
Apparently the substrate transfer causes extra overlay errors.

Fig. 9: Measured front- to backwafer overlay. Fig. 10: Calculated substrate distortion.
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These extra overlay errors can be characterized by comparing the mathematical mirrored layer 1 before substrate transfer
with the measured layer 1 after substrate transfer. In theory, both operations (mathematical mirroring and substrate transfer)
are equivalent so any differences measured between these layers are caused by distortion of the substrate. The overlay errors
related solely to the latter have been extracted and are show in Fig. 10.

4. DISCUSSION

After substrate transfer the front- to backwafer overlay accuracy is deteriorated, plausibly due to wafer distortion as a result
of the substrate transfer process. If the 97.3% portion of the data is considered as the 6 value associated with a Gaussian
distribution, then the measured front- to backwafer overlay accuracy has a 3 value of 300 nm. This limits the practical
minimum device feature on the backwafer to 0.9 — 1 .2 rim, depending on the design rules.

Not only does the use of mirror symmetric markers make it possible to determine the front- to backwafer overlay accuracy
by using standard overlay test procedures, but it also permits a quantitative characterization of the actual wafer distortion
originating from the substrate transfer process. This is illustrated by the example shown in Figs. 1 1 and 12, where four
layers have been determined:

- (layer i)front 5 layer 1 (the first overlay test layer) as measured on the frontwafer before substrate transfer,
- (layer i)front,inored 5 the mathematically mirrored image of layer 1,
- (layer l)back S layer 1 as measured after substrate transfer,
- (layer2)back S layer 2 (the second overlay test layer) exposed in the photoresist and measured after substrate transfer.
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The direct front- to backwafer overlay can be calculated by comparing (layer 2)back to (layer l)back.

In Fig. 1 1 the (layer l)back S compared to (layer 1)front,mirrored The mathematical mirroring used to create the latter is in
principle the same operation as substrate transfer. In this layer only lens distortion reticle- and stage errors (if any) are
determining the position of the markers in the image field, but not the distortion due to the physical wafer transfer process.
The (layer l)back 5 the same image as (layer l)front,mirrored but now subjected to substrate transfer. This layer includes both
sources of overlay errors so Fig. 1 1 gives a picture of the wafer distortion due to the substrate transfer process. Local
distortions over a range of several mm are observed.

In case of severe wafer distortion like bow or wafer unflatness, the position measurement of the alignment markers of (layer
1)back and (layer 2)back becomes unreliable. Therefore the following comparisons have been made, in Fig. 12 (layer 2)back 5
compared to (layer l)front, which is basically a long term overlay test. Any severe wafer distortions that affect the
measurement will show irregularities in the marker positions. If the position measurement of the alignment markers is
affected by sever wafer distortion, the pattern of deviations in Fig. 12 and Fig. 1 1 should match. The latter is clearly not
playing a role in Fig. 11.
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Fig. 12: The difference between Layer 2 (non-mirrored) after substrate transfer and Layer 1 (non-minored)
before substrate transfer.
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5. CONCLUSIONS

Mirror symmetric alignment markers for the ASML PAS 5000 waferstepper have been developed by superimposing a
standard marker on a mirrored marker. The performance of the mirror symmetric alignment markers is comparable to that of
the standard alignment markers. They make it possible to perform back- to frontwafer alignment in situations where the
primary markers are made visible on the backwafer. This is, for example, the case in the substrate transfer process that has
been implemented in this work. The backwafer is the minored image of the frontwafer, so the lens and stage parameters are
minored and the waferstepper must be matched with itself. The theoretical front- to backwafer overlay accuracy is mainly
reduced by lens distortion. Nevertheless the measured front- to backwafer overlay accuracy is less than the theoretical value.
This is caused by a distortion of the wafer due to the substrate tranfer process. Because the markers are mirror symmetric,
the standard overlay test procedures already available for the waferstepper can used to characterize the substrate transfer
process. The procedures described here provide a quantitatively precise method of describing the wafer distortion and can as
such play an important role in the development of substrate transfer processes.
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