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Abstract- T b i  paper presents a new innovative way of teaching undergraduate program using low cost masks. In MOSFET 
fabrication, the cost to produce a complete mask set for pattern transfer process is cxtrcmely high and not cost effective for 
undergraduates program. The purpose of these masks is to define certain functional region on a wafer. I .  this work, low cost masks 
have been tnbricated with a simple technology. An economical solution of masks using transparency films with various channel 
lengths from 300 p to 500 pm has been produced. Six layer photolithography masks of MOSFET were designed using AutoCAD 
drawing tools and then printed using high r~solution laser printer on the transparency film. Contact printing method has been 
utilizcd to transfer the mask layouts onto a 4-inch silicon wafer using standard photolithography techniques to check the line 
uniformity. Optical observation using high power microscope shows that the mask layouts were successN1y transferred onto 
photoresist with minimum variation. These masks are used to fabricate an n-well CMOS transistor and then tested using Keitbley 
2400 source meter with Lab-view measurement software. The cost effective mask design proposed was really practical for teaching 
miemfabrication undergraduates program 
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In IC fabrication process, there are many steps involved such as photolithography, oxidation, diffusion and 
metallization. Photolithography is used to transfer a designated pattern onto a wafer [I], [2]. This process is similar to the 
process of transferring an image fivm a camera film onto a photo paper. 

However, in photolithography process, several masks will be required to tranifer the device pattern onto the wafer. 
Unfortunately, the masks available in market are really expensive and not practical for teaching purposes [I], [3]. 

An economical solution was developed to substitute the expensive masks to a low cost masks using simple 
technology. Hence, six level masks were designed with various channel lengths h m  300 pm to 500 pm using transparency 
film 111, [41. 

The masks were designed using AutoCAD 2002 and printed onto standard transparency using high resolution 
Hewlett Packard printer. This simple mask design and generation procedure allows process flexibility at minimum cost. This 
low cost mask design is very suitable for education, research purposes and fabrication process. 

11. MASK DESIGN AND CREATION 

The n-well CMOS process flow Wig developed is tailored for the processing of 4-inch wafer in the UTHM 
cleanroom. The process flow consists of total 56 process steps including process measurements. The flow starts with 
definition of starting wafer, followed by photolithography, diflksion, etching, and metallization steps. 
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For photolithography process, the pmess development of CMOS transistor started h m  mask design. Figure 1 
show all the six masks of n-well CMOS transistor integrated together. There were a total of six photolithography masks. 
There were 3 set of masks with various channel length comprised of 300 pm, 400 pm and 500 pm. 

Figure 1: Integrated n-well CMOS transistor 

The photolithography masks were designed by using AutoCAD 2002 drawing tools. These masks were printed on 
transparencies film using high resolution Hewlett Packed Laser Printer. The steps of designing mask set are depicted in figure 
2. 

I Step 1: Frame and wafer I 
I Step 2: Drawing alignment I 
I Step 3: Designing Nwell mask I 

I Step 4: Designing source and drain mask (N+) I + 
Step 5: Designing source and drain mask (Pt-) 

Step 6: Designing gate mask & 
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Step 7: Designing contact mask 

I Step 8: Designing metal mask I 

Figure 2: The steps of mask design 

The first step is designing size of the frame and wafer. The sizes of the frame and wafer diameter are 150 millimeter 
x 150 millimeter and 100 millimeter. The second step in producing the mask was drawing the alignment mark. This 
alignment mark is used as a reference for alignment between layers. The alignment mark shown in figure 3 (a) was designed 
for the first mask. The dark field would leave cross island on the wafer after lithography process. This island would act as an 
indicator for the following masks in the alignment process. Figure 3 (b) shows the mark design for mask 2 to mask 6. The 
cross is made bright, while the outer cross is made dark. It is simply to make a window tramparent so that alignment can be 
made by looking the cross island b u g h  the window. 



The third step of designing the CMOS transistor was designing nwell mask to separate the NMOS and PMOS 
transistor. The nwell diameter is designed to 8500pm x6000pm on the mask as shown in figure 4 (a). 
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(a) (b) 
Figure 4: (a) Dimension of Nwell (b) Layout impressions of Nwell mask CMOS transistor on silicon 
wafer. 

(a) (b) 
Figure 3: Alignment mark; (a) mask 1 @) mask 2, mask 3, mask 4, mask 5 and mask 6 

The fourth and fiRh steps were designing the source and drain (SD) region. The SD region was designed in the p 
substrate as depicted followed with designing the SD region in n substrate. The channel length is varied from 300pm, 400pm 
and 500pm for both NMOS and PMOS as shown in figure 5(a). Figure 5@) and (c) show the source and drain mask for both 
N+ and P+. 

MASK 2 

(c) 
Figure 5: (a) Dimension of three (3) different channel length of CMOS (b) Layout impressions of @) 
source and drain (N+) (c) source and drain (P+) mask CMOS transistor on silicon wafer. 



The next step is designing the gate length which is same length as the channel. The gate mask is depicted in figure 6. 
The sixth step in this mask design was to create the contact hole mask as shown in figure 7 (a). The diiension for the entire 
contact region is 800 pm x 800 pm. 

MASK 4 
I_ 

Figure 6: Layout impressions of gate mask CMOS transistor on silicon wafer. 
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Figure 4: (a) Dimension of Nwell (b) Layout impressions of Nwell mask CMOS transistor on silicon 
wafer. 

The fml  step of mask design was creating the metallization mask. This mask is designed to create a routing for 
contact and gate to probing pads. The diiension of the pad is lrnrn x lrnm. The metallization mask pattern on transparency 
film is shown in figure 8. 

MASK 6 

Figure 8: Layout impressions of metal mask CMOS transistor on silicon wafer. 

All the masks produced are used in photolithography process to transfer a complete CMOS pattern using photoresist 
to define source drain region, gate region, contact hole and Aluminum routing. 

111. RESULT AND ANALYSIS 

ARer the photolithography process, the pattern is transf- one after another onto the wafer to produce CMOS 
transistor. The image of the patterned aRer utilizing the masks has been captured using high power optical microscope. The 
critical stages are step 4 and 5 which are transferring source and drain pattern onto the wafers. It is hard to do because of the 
source and drain in P+ and N+ are difficult to place manually using mask aligner system. It is require very clear and precise 
observation and repeated many times before the desired patterns obtained. The observation aRer patter transferring for each 
stages are shown in figure 9 (a)-@. 



The photolithography process consist of several repeated steps which are resist coating, soft bake, align expose, 
develop and oxide etching. For metal masking there is a difference in its final step namely metal etching. The solution used in 
metal etching is ALUM Etchant. Figure 9 (a) shows the image of nwell region after nwell masking process. The image taken 
is after oxide etching. The light grey area is an oxide layer for nwell region. Figure 9(b) shows the whole wafer &r mask 1- 
nwell masking. Figure 9(b) depicted the images of source and drain region (N+) after photoresist strip. The source and drain 
region we successllly transferred onto the wafer. 

Figure 9(c) depided the images of source and drain region (N+) afkr photoresist strip. The transferred pattern 
shows the P+ source and drain in rectangle shape. Figure 9 (d) shows the irnage of gate region after etching process. The 
region on the center is the high quality gate oxide while the outer region is the thick oxide layer. The gate region is placed in 
between source and drain region. Figure 9 (e) shows the image of contact region after oxide etching. The contact region is in 
the center of image taken with square dimension. This contact is placed inside source and drain region for both N+ and P+ 
and act as a route for metal. 

ARer metallization process completed, the aluminum routing is formed as shown in figure 9 (f). The bright region is 
the aluminum region while the dark region is the oxide layer. The problems occurred in the metal masking process were some 
of the metal was not properly placed in the desired position. It touched the unwanted region such as the metal on the gate also 
contact the metal on the source or drain region. This error affected the devices performance and the short circuit problem will 
occurred if the voltage is supplied to the devices. Because of that, the metal masking process must be repeated to get the 
required pattern. 

After the CMOS transistor has been fabricated, the device was then tested to check the IV characteristic using 
electrical probe station and device characterization soRware. The result obtained shows that the source-drain voltage, VDs 
starts at 1 Volt and stop at 10 Volt. 



IV. CONCLUSION 

In microelectronic fabrication, the industrial way of producing mask sets are very expensive and not cost effective 
for teaching undergraduates. The concept of utilizing transparency film is an alternative to the mask making and significantly 
reduces the cost of mask design. Although the process has its limitation in producing structures of an order of magnitude 
smaller than described, it is sufficient for essential electrical characterization work. In this manner, the student will be more 
flexible to design a circuit and allow them to fabricate their own device. 
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