Economic production of submicron ASICs with laser beam direct write lithography
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The Heidelberg Instruments Mikrotechnik (HIMT) DWL2.0 direct write laser lithography system is designed to provide cost-effective writing of submicron ASICs using a multi beam 442 nm HeCd laser with acousto-optical micro deflection. During the investigation of the machine performance at the Institute for Microelectronics Stuttgart (IMS) a resolution of 0.8 µm was achieved for irregular patterns. The DWL2.0 was successfully applied for 2.0 µm, 1.2 µm and 0.8 µm CMOS double metal ASIC personalisations with standard optical resist processes.





�
1. INTRODUCTION





Not only as reticle writers but also for direct write on wafer applications laser pattern generators offer a number of inherent advantages:


the flexible maskless lithography is economical for the ASIC production


the field size is virtually unlimited, making the method suitable for wafer scale integration and applications such as MCMs


the relatively simple construction (compared to e-beam writers) without restrictions due to vacuum systems, leads to compact machines, less capital investment, high up-times, simpler installation and lower operating costs


the complete know-how of standard optical resist technologies is usable directly


The DWL2.0 was installed in 1992 at IMS within the framework of the ESPRIT project “Quickchips“. The machine performance was evaluated and the application for 2.0 µm, 1.2 µm and 0.8 µm ASIC personalisations was demonstrated by fabrication of various chips with different complexities (5 k to 100 k active transistors). Due to its ability to align e.g. to buried alignment marks the DWL2.0 is also applied for process development and research projects. Meanwhile more than a hundred designs were exposed with the DWL2.0. Additionally it is used for automatic overlay measurements.





2. PRINCIPLE OF OPERATION





The write principle of the DWL2.0 is illustrated in Fig. 1. An exposure field is divided in x-direction in 200 µm wide write stripes. The stage controlled by interferometer moves continously in y-direction while the laserbeam is scanned in x-direction by fast acousto-optical deflection.


The HeCd laserbeam with 442 nm wavelength and a gaussian intensity distribution exposes pixelwise in a 0.2 µm address grid. A 120 mW Liconix laser with an average lifetime of about 4000 hours is currently used. The beam is focussed by a microscope objective using 0.5 NA into the image plane.


An acousto-optical modulator with a rise time of less than 10 ns is used for beam splitting (up to four beams), for beam on/off-switching and also for the intensity correction.


The substrate is exposed field by field with die to die alignment. Alignment is done through the write lens (using the full 0.85 NA) with a high resolution CCD camera, white light illumination and fast grey scale processing.
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Fig. 1: Write principle of the DWL2.0
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Fig. 2: Resolution of the DWL2.0 with 442 nm HeCd laser


The DWL2.0 evaluation was performed with a specially designed test pattern of different feature sizes consisting of isolated lines, isolated spaces and lines and spaces in a grid.


Standard optical g-line resists (AZ 7115 B, AZ 6615 and AZ 6215 B) and standard TMAH-based developers (AZ 524 or AZ 826 in case of the AZ 6215 B) from Hoechst were used.


The developed laser lithography resist process was applied for the four backend layers contact, metal 1, via and metal 2.


CD-measurements were performed with the Hitachi S6000 in-line SEM.


After a calibration with the Nanomaster UV-ALARM tool, the DWL2.0 was also applied for automatic overlay measurements.


The achieved results were compared with e-beam direct write lithography (Hitachi HL 700D variable shaped beam writer operating at 30kV).





4. RESULTS AND DISCUSSION





4.1. DWL2.0 performance


HIMT has shown that the imaging property of the direct write laser system is purely incoherent [1]. This results in a higher depth of focus as compared to mask imagers and a two times higher spatial resolution as compared to the coherent case. This means that a laser direct write system has the potential to deliver at least the same resolution as phaseshift masked steppers at the same wavelength.


These observations have been confirmed by our evaluation of the DWL2.0. We achieved with the 442 nm wavelength a resolution of 0.8 µm for irregular patterns on flat wafers in 1.5 µm resist thickness (Fig. 2).


The stitching accuracy between scan stripes was determined as approximately 60 nm with a 3s deviation of 40 nm. The edge roughness in direction of the stage movement was investigated to be about 70 nm with a 3s deviation of 30 nm.


Although the DWL2.0 has the possibility to write with four parallel beams, we could operate only in the two beam mode limited by the power of the HeCd laser and the sensitivity of standard resists. The resulting write speed was 40 mm2 per minute.





4.2. DWL2.0 as overlay measurement tool


Due to features like interferometer controlled positioning and image recognition with data processing algorithms, the DWL2.0 can also be used for automatic overlay measurements.


With the DWL2.0, an automatic overlay measurement run, measuring 50 dies with four box in box structures per die, lasts about 40 minutes.


A calibration wafer was used to determine the overlay measurement accuracy of the DWL2.0. Box in box structures with pre-defined displacements in 100 nm steps in the range of -2.0 µm...+2.0 µm were exposed with the HL700D e-beam writer and  etched


in a thin oxide layer (Fig. 3).


For every shift the concerned box was measured in 96 dies and the mean values and 3s deviations were calculated. Comparative measurements were done with a Nanomaster UV-ALARM tool.


The reproducibility of the DWL2.0 was also tested by a total of 20 measurements per box in box structure, the stage was moved inbetween the measurements.


Table 1 lists some of the results (Nom. = nominal shift, A = ALARM, D = DWL2.0 and R = DWL2.0 reproducibility).
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Table 1: Overlay measurement results in nm
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Fig. 3: Calibration structures (offsets in µm)





4.3. Application for ASIC fabrication


The 2.0 µm personalisations were carried out on 4“ wafers, the 1.2 µm and 0.8 µm personalisations on 6“ wafers.


Table 2 lists the design rules for the IMS Gate Forest 0.8 µm personalisation process.
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�
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Table 2: IMS 0.8 µm design rules


1.5 µm resist thickness was used for the contact and metal 1 layer. 2 µm were used for the via and metal 2 layer due to the local planarisation of the intermetal oxide. In spite of the slight planarisation which causes topographic steps up to 1.5 µm, the laser direct write technique can produce CD-accurate resist masks for the 0.8 µm CMOS technology (Fig. 4).


A sizing depending on the topography was applied for the two contact layers. The size of contact holes located on high topography above poly was reduced by 0.2 µm to 1.0 µm x 1.0 µm for the contact layer and to 1.2 µm x 1.2 µm for the via layer. Fig. 5a shows a contact hole located on poly, Fig. 5b a contact hole located on active area.


Only a standard aSi-ARC layer was used for the metal layers in order to avoid reflective notching. The average CD-variation due to topography was 0.11 µm for metal 1 and 0.23 µm for metal 2 lines.


Table 3 and 4 list typical CD- and overlay measure-ment results obtained for 0.8 µm personalisations with the DWL2.0 (13 point measurements).





�
Mean�
Min�
Max�
3s�
�
Contact layer�
1.253�
1.162�
1.328�
0.139�
�
Metal 1 layer�
2.038�
1.997�
2.081�
0.090�
�



Table 3: CD-measurement results in µm





�
Xmean�
3s�
Ymean�
3s�
�
Contact layer�
-30�
133�
-4�
167�
�
Metal 1 layer�
23�
117�
3�
131�
�



Table 4: Overlay measurement results in nm





4.4. Comparison with e-beam direct writing


Due to the necessity of a proximity correction, the GDSII data conversion for the e-beam writer takes with commercially available proximity correction programs like CAPROX in case of a 0.8 µm personalisation up to ten times longer than for the laser scanner. Typical data conversions using the DWL2.0 data conversion program “Convert“ for a 0.8 µm personalisation with a die size of 200 mm2 last up to 40 minutes for a contact layer and up to 60 minutes for a metal layer.


The DWL2.0 needs about 6 hours to expose a 6“ wafer. Due to its vector scan write principle the exposure time of the HL700D depends on the design complexity and results in 45...90 minutes for 0.8 µm backend layers.





In contrast to e-beam direct writing at 30 kV, the laser lithography does not require special resist technologies like top surface imaging or multilayer at the 0.8 µm level even at high topographies [2].


The achieved CD-accuracy and yield are comparable to the e-beam technique.


The investment costs for a laserwriter are about 10...15% of the costs for an e-beam writer. Furthermore, the laser system requires no vacuum system, no special environmental chamber and no preventive maintenance. Operating costs of the DWL2.0 are only determined by the laser exchange after about 4000 hours of operation.
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Fig. 4: metal 1 lines in resist


4.5. Other Applications
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Fig.5: a) contact hole located on poly


           b) contact hole located on active area


The laser writers of HIMT are not only used in the field of semiconductor technologies. In the last few years HIMT developed machines for various other applications like writing of flat panel displays, shadow masks, lead frame masks or integrated optics. Depending on the application the address grid 


is 50...1000 nm, the substrate size varies from 6“x6“ up to 43“x61“ and the minimum feature size is between 0.5 and 8 µm. New developments include higher throughput (up to 32 parallel beams) and shorter wavelength systems (e.g. with 363 nm Ar+-laser).








5. OUTLOOK





Based on our investigations regarding resolution it can be concluded that future machines using deep UV lasers will be able to push the resolution limit into the quarter micron region.


Different solutions exist in case of the laser technique to overcome the relatively low throughput of the direct write techniques which has prevented a profitable market introduction for industrial wafer processing applications. The use of several acousto-optical modulators in parallel is a first step, a fundamental throughput improvement could be obtained by a parallel transfer of large structure complexes e.g. by devices such as dynamic switchable pixelarrays [3].
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