
High accuracy dual side overlay with KOH through wafer etching. 

 

Introduction 

Through wafer etching of silicon using anisotropic wet chemical etchants like KOH is a 

key process in the fabrication of many types of MEMS devices. Using wet anisotropic 

etching the direction of through wafer etching and hence the front to backwafer overlay 

(FTBO) is determined by the crystal orientation. With deep reactive ion etching (DRIE), 

the FTBO depends on many parameters like equipment properties and settings. 

In this work, a dual side 2 mask process is used in combination with an advanced front to 

back side alignment (FTBA) system to characterize the precision (see figure 1) of KOH 

through wafer etch processes. It was found that the pattern shift of the front side of the 

wafer (frontwafer), compared with the back side of the wafer (backwafer) is 2-3 m, 

determined by the crystallographic tilt of the wafers. However, the 3 sigma value of the 

FTBO is less than 350 nm. This indicates that when the crystal orientation of a batch of 

wafers is precisely known, high accuracy through wafer etch using anisotropic wet 

chemical etching is made possible in a high volume production environment. 

 

Experimental 

The FTBO is measured using electrical overlay test structures [1], (see figure 2). The 

process flow is summarized in figure 3. Wafers with electrical overlay test structures are 

fabricated on double side polished silicon Czochralski grown wafers, diameter 100 mm. 

The front side and backside exposures are performed with an ASML PAS5500 

waferstepper equipped with an FTBA system. The conductive film required for the 

electrical overlay test structures is made of 100 nm PVD TiN, virtually not etched in KOH 

33% at 85 
o
C.  

To discriminate the FTBA shift from the front to back offset caused by the crystallographic 

tilt (crystal  shift), the backwafer pattern is exposed in two groups; group I with 0
o
 rotation 

and group II with 180
o
 rotation of the flat edge (see figure 4). By this, FTBA shift and 

crystal shift can be numerically solved. 

 

Results and discussion 

The electrical overlay test structures are measured on 5 wafers, the result are summarized 

in table I. The calculated FTBA shift and crystal shift are given in table II. For the 

calculation of the crystal shift, the average FTBA shift is used. The 3sigma values on the 

FTBO (table I) can be as low as 232 nm. Compared with deep reactive ion etching (DRIE) 

[2] (see figure 5) the precision of KOH etching is much better, however, the accuracy is 

lower. As can be seen in table II, the FTBA shift is, as expected very low hence the crystal 

shift is by far dominating the front to back overlay error. Consequently, if the crystal shift 

can be precisely specified by the wafer manufacturer or measured by X-ray, etch tests etc., 

through wafer KOH etching can be both very precise and very accurate. The combination 

of high accuracy FTBA exposures with KOH through wafer etch on wafers with known 

crystal shifts will facilitate cost effective fabrication of MEMS that requires high overlay 

precision and accuracy. 
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Figure 1. Examples of accuracy and 

precision, (a) accurate but not very 

precise and (b) precise but not very 

accurate.
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Figure 1. Examples of accuracy and 

precision, (a) accurate but not very 

precise and (b) precise but not very 

accurate.
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Figure 2. Principle of electrical overlay measurements. In (a)  

a resistor pattern is etched in a TiN (layer 1), in (b) layer 2 is 

exposed (b) and etched (c). The overlay of layer 2 to layer 1 is

determined from electrical line width measurements on R1, .., R4. 

Note that WX>W0 and WY>W0 .

Figure 3. Process overview of the electrical 

overlay test device test device, 

Figure 4. Two sets of exposures on the same wafer to 

discriminate the FTBA shift form the crystal shift.
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Figure 5. Front to back wafer overlay for KOH through 

wafer etch (a) and DRIE through wafer etch (b).
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Table I. Measured front to back wafer overlay for two 

wafer orientations

Table II. Calculated FTBA shift and crystal 

shift
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