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Optimization of SPR-220-3.0-Photoresist Photolithography Process using CGA Stepper (the 
old one) 

 
Purpose: Optimization of SPR-220-3.0 photoresist photolithography process with the variation of exposure time and focus 
offset using the CGA Stepper (the old one). 
 
Methods:  

 Wafer (4-inch Si wafer) solvent (acetone: 2 minutes; methanol: 1 minute) clean, DI water resin, and N2 blow dry. 
 Wafer dehydration at a hot-plate temperature of 110 0C for 5 minutes. 
 Spin-on HMDS at 4000 rpm for 30s. 
 Spin-on SPR-220-3.0 photoresist at 2500 rpm for 30 s. 
 Soft bake at a hot-plate temperature of 115 0C for 90 s. 
 Expose the resist using the CGA Stepper (the old one): 6×6 dice with the exposure time ranging from 2 to 3.5 s, step 

size=0.3 s; the focus offset ranging from -15 to 10, step size=5. 
 Post-exposure bake at a hot-plate temperature of 115 0C for 90 s. 
 Develop the exposed resist using MF-701 developer for 60 s. 

 
Results: 
1) Trenches 
 
Figure 1. (a) Photoresist profile of nominal trench width of 1.0 µm with (a) exposure time=2.0 s and focus offset= -15; (b) 
exposure time=2.3 s and focus offset= -15; (c) exposure time=2.6 s and focus offset= -15; (d) exposure time=2.0 s and focus 
offset= -10; (e) exposure time=2.3 s and focus offset= -10; (f) exposure time=2.6 s and focus offset= -10; (g) exposure 
time=2.0 s and focus offset= -5; (h) exposure time=2.3 s and focus offset= -5; (f) exposure time=2.6 s and focus offset= -5 
(nominal trench width of 0.9 µm). 

Nanofabrication Laboratory, ECE Department, University of California at Santa Barbara 



ningcao Page 2 8/9/2007                 

            
                            (a)                                                          (b)                                                         (c) 
 

   
                            (d)                                                          (e)                                                        (f) 
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                            (g)                                                         (h)                                                          (i) 
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2) Dense Lines 
 
Figure 2. Photoresist profile of dense lines with (a) nominal pitch=2.0 µm (nominal 1.0 µm trench and nominal 1.0 µm line 
widths on the mask), exposure time=2.0 s and focus offset=-15; (b) nominal pitch =2.0 µm, exposure time=2.3 s and focus 
offset=-15; (c) nominal pitch=2.0 µm,  exposure time=2.6 s and focus offset=-15; (d) nominal pitch=2.0 µm, exposure 
time=2.0 s and focus offset=-10; (e) nominal pitch=2.2 µm,  exposure time=2.3 s and focus offset=-10; (f) nominal 
pitch=2.2 µm, exposure time=2.6 s and focus offset=-10; (g) nominal pitch=2.0 µm, exposure time=2.0 s and focus offset=-
5; (h) nominal pitch=2.2 µm, exposure time=2.3 s and focus offset=-5; (i) nominal pitch=2.8 µm, exposure time=2.6 s and 
focus offset=-5. 
 

   
                            (a)                                                          (b)                                                         (c) 
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                            (d)                                                         (e)                                                          (f) 
 

   
                            (g)                                                         (h)                                                          (i) 
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3) Extended Lines 
 
Figure 3. Photoresist profile of extended lines with (a) nominal line width=0.80 µm, exposure time=2.0 s and focus offset=-
15; (b) nominal line width =0.85 µm, exposure time=2.3 s and focus offset=-15; (c) nominal line width=0.95 µm,  exposure 
time=2.6 s and focus offset=-15; (d) nominal line width=0.95 µm, exposure time=2.0 s and focus offset=-10; (e) nominal 
line width=1.1 µm,  exposure time=2.3 s and focus offset=-10; (f) nominal line width=1.1 µm, exposure time=2.6 s and 
focus offset=-10; (g) nominal line width=1.0 µm, exposure time=2.0 s and focus offset=-5; (h) nominal line width=1.1 µm, 
exposure time=2.3 s and focus offset=-5; (i) nominal line width=1.4 µm, exposure time=2.6 s and focus offset=-5. 
 

   
                            (a)                                                          (b)                                                         (c) 
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                            (d)                                                         (e)                                                          (f) 
 

   
                            (g)                                                         (h)                                                          (i) 
 
Conclusions: 
As one can see from above profiles, the optimized combination of exposure time and focus offset for the SPR-220-3.0 
photoresist is 2.0 s and -15, respectively, when using the old CGA Stepper. The resist thickness is 3 µm when using these 
spin-on speed and post exposure bake temperature (2500 rpm and 115 C, respectively) I do not show the resist profiles for 
the positive values of focus offset, 0, 5, 10, because the profiles with those focus offset values are not consistent. 
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