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1. Objectives

In this lab, we introduce the photolithography method. We will learn to clean and
cleave silicon wafers manually, spin coat positive photoresist films on silicon, expose
the resist under UV radiation using a mask aligner, develop the resist, observe and
measure the photoresist patterns.

2. Introduction

Silicon wafers and cleavage

Silicon is the most commonly used substrate material for microfabrication in
semiconductor industry. It is widely used to form integrated circuits and photovoltaic
cells. A silicon wafer is a single crystalline thin slice with a specific orientation, like
(100), (110) or (111). Commonly used silicon wafers have diameters of 4 inch (100
mm), 6 inch (150 mm), 12 inch (300 mm), and even 18 inch (450 mm).
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Photographs of silicon wafers, typical wafer types and flats, cleavage planes for a
(100) wafer.

Due to its single crystalline structure, silicon wafers crack along specific
directions under external forces. The separation planes are called cleavage planes. For
example, (100) wafers cleave along two perpendicular [110] directions. In contrast,
amorphous materials (for example, glasses) form cracks with random directions.



Cracks formed on a broken silicon wafer and a broken glass plate.

Silicon wafer clean

Impurities on silicon wafers will severely affect the product yield and device
performance during the subsequent fabrication processes. For example, some metal
ions can easily diffuse into the silicon crystals and create deep doping levels in the
lattice, which work as carrier traps and degrade transistor performance. Unwanted
particles on the sample surfaces will also form defects during lithographic steps and
affect the designed patterns. Commonly used cleaning chemical recipes include:

- piranha etch (concentrated H,SO4 + H,0;): remove metal ions and organic
residues;

- hydrofluoric acid (HF): remove native SiO»;

- SC-1 (standard clean 1: NH,OH + H,0,): remove organic residues;

- SC-2 (standard clean 2: HCI + H,0,): remove metal ions;

- acetone / isopropanol / ethanol: remove organic residues;

- deionized water: remove water soluble ions and organics.
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3. Materials and Equipments
Materials

silicon wafers 4 inch (> 1)

glass slides 1x3 inch (>1 box)
acetone (a full bottle)

ethanol (a full bottle)

Deionized (DI) water (a full bottle)
large beakers (>3)

plastic funnels (>2)

petri dish, 4 inch (>10)

aluminum foil

paper cups (>5)

gloves (>2 boxes)

face masks (>20)

cleanroom white papers (>1 bag)
dust blowers (>2)

rulers (>5)

wafer tweezers (>5)

diamond pens (>5)

SPR220-3.0 photoresist (>1 bottle)
plastic pipette (>10)

photoresist developer MIF-300 (>1 bottle)
photomask 3 inch (>1)

Stop watches (>4)

cleanroom gowns (>7)

safety glasses (>5)

Equipments

hot plate

mask aligner

spare UV bulbs (>1)

UV dosimeter

N, gas gun

chemical hood

SC-1B spin coater
optical microscope
Dektak-150 profilometer



4. Procedures

Preparation

- turn on chemical hood

- turn on gas tank valve, test the N, gun

- prepare bottles of acetone, ethanol and DI water

- turn on hot plate, set at 110 °C

- turn on the spin coater, test it

- turn on mask aligner’s vacuum pump and trigger power supply
- turn on the microscope and the computer

- turn on the Dektak profilometer and the computer

Silicon and glass sample preparation

- use diamond pens to cleave silicon wafers, obtain silicon pieces with a size of
about 1 cm X1 cm, make at least 2 pieces per person

- use diamond pens to cut glass slides. Note the differences between silicon and
glass

Silicon sample clean

- hold silicon pieces with tweezers

- clean them with acetone, alcohol, DI water, in turn

- dry with N; gun (the silicon should be placed at dust-free paper)
- dehydration bake on the hot plate at 110 °C for ~ 10 mins

- clean and blow dry the photomask

Photolithography

- place silicon onto the spin coater

- drop SPR220-v3.0 onto the sample surface

- spin coat, 500 rpm 5 sec, then 3000 rpm 40 sec (SPR220-v3.0 thickness 3 um)

- take out the sample, move it onto the hot plate, soft bake at 110 °C for 1.5
mins

- install the photomask onto the mask aligner

- put the sample onto the mask aligner

- align, contact, and expose (exposure dose 300 mJ/cm?) (note: our mask aligner
has a power density of about 1.5 mW/cm?, the exposure time should be around
200 s)

- post-exposure bake the sample, 110 °C for 1.5 mins

- place the sample into the MIF300 developer for 1 min, take out and clean with
DI water, dry it with N, gun

Sample characterization
- observe the developed sample under microscope, take photos

- make sure the exposed photoresist part is fully developed. If not, put it into the
developer for additional time and check again



- measure the photoresist step height using the Dektak profilometer, record the
results

- hard bake the samples at 110 °C for 30 mins

Lab cleanup

- turn off hot plate, N, gas valve, chemical hood, spin coater, mask aligner,
microscope, profilometer, and computers

- dispose the trash
- save the silicon samples with photoresist patterns for future use

5. Results

Thickness of photoresist films = nm
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