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Introduction 

 

The AL-X series of advanced electronic 

photodefinable thermoset polymers have 

been formulated for use as dielectric and 

stress buffer layers in flip chip and wafer 

level packaging applications.  AL-X 

polymers are negative tone and are I-line, 

and broadband-sensitive for 

compatibility in both mask aligner and 

stepper lithography processes.  Some of 

the features and advantages of AL-X 

polymers include: 

 Long shelf life and room 

temperature viscosity stability 

 Wide process latitude 

 Excellent coated thickness 

uniformity 

 High throughput, with short 

develop time and no post-exposure 

bake 

 Low cure temperature (190°C) 

capability 

 Excellent material properties, 

including high elongation for 

increased reliability 

 Stable electrical properties ideal 

for high frequency applications 

 

Two formulations of AL-X polymer are 

available. Table 1 shows the general 

range of thicknesses possible.  Table 2 

shows the electrical, thermal, and 

mechanical properties of AL-X. 

 

AL-X 

Formulation 

Cured Thickness 

Range 

2010 3-10µm 

2030 7-25µm 

Table 1:  AL-X formulation thickness 

ranges (guideline only, not product 

specification) 

 

 

 

 

Property Value 

Dielectric Constant 

(1kHz-1GHz) 

2.6 

Dissipation Factor 0.003 

Breakdown Voltage 5.5 MV/cm 

Volume Resistivity > 10
16

 Ω-cm 

Modulus 2.4 GPa 

Elongation 28-30% 

Tensile Strength 100 MPa 

CTE 60 ppm/°C 

Tg (DMA method) 230°C 

Stress on Si at 25°C 32 MPa 

Isothermal Weight 

Loss 

< 0.5%/hr at 

300°C 

~2%/hr at 350°C 

Moisture Absorption <0.2% at 23°C, 

50%RH 

<0.4% at 85°C, 

85%RH 

Table 2: Electrical, mechanical, and 

thermal properties of AL-X (190°C/2 

hour cure) 

 

Material Shipping and Storage 

 

AL-X polymers are shipped in dry ice 

and should arrive at the customer 

location still cold.  If a shipment arrives 

with no dry ice remaining in the 

container, please notify the Asahi Glass 

Co. technical support contact given at 

the end of this document. 

 

AL-X polymers should be stored at -

20°C for long term storage and thawed 

when needed.  Storage life at -20°C is at 

least 6 months from the date of 

manufacture.  AL-X polymers can also 

be stored in a refrigerator or at room 

temperature to reduce or eliminate the 

thawing time needed immediately before 

use.  Figure 1 shows the change in 

viscosity of AL-X2010 as a function of 

time for different storage conditions. 
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Figure 1:  AL-X storage condition and 

time effect on viscosity 

 

Processing 

 

AL-X polymers have a wide processing 

window for coating, exposure, and 

development.  Processing should be 

carried out under standard cleanroom 

conditions under yellow light and with 

controlled temperature and humidity to 

ensure consistency of process. 

 

1.  Substrate Preparation 

Substrates should be clean and dry prior 

to coating with no organic contaminants 

or residues present, which can negatively 

impact adhesion.  The use of an oxygen 

plasma cleaning step to remove organic 

contaminates followed by a dump rinse 

in DI water and spin rinse/dry is 

recommended as one method of cleaning 

substrates prior to coating. 

 

2.  Adhesion Promoter Application 

In order to maximize AL-X adhesion to 

the substrate, application of AP903 

adhesion promoter (available from 

AGC) is recommended prior to coating. 

AP903 is an organo-silane based 

solution which is supplied ready to use 

without any additional preparation.  

AP903 should be applied over inorganic 

passivations (i.e. silicon oxide and 

silicon nitride) and metals (i.e. copper, 

aluminum, titanium).  In addition, the 

use of AP903 is recommended between 

AL-X polymer layers for multilayer 

structures. 

 

AP903 is applied by dispensing either 

statically or dynamically so that the 

entire wafer surface is covered by the 

solution.  The wafer should then be spun 

dry at 2000-3000 RPM for 20-30 

seconds.  A hot plate bake following the 

spin dry step is recommended at 100°C 

for 90 seconds. 

 

3.  AL-X Coating 

AL-X polymer is applied by spin coating 

onto the substrate.  Typical spin speed 

curves for AL-X2010 and AL-X2030 on 

planar substrates after softbake 

following coating are shown in Figure 2.  

Final cured thickness of AL-X polymer 

will depend on the coater, spin speed, 

spin time, exposure and develop 

conditions, and other factors.  Data in 

Figure 2 are provided only as a 

processing guideline and are not 

intended to serve as product 

specification.  The pre-exposure 

thickness should be 1-2 µm thicker than 

the final desired cured thickness to allow 

for develop loss, and should be 

determined experimentally as it will vary 

depending on the exposure and 

development conditions used (see 

following sections for more information). 

 

 
 

100%

110%

120%

130%

140%

150%

160%

170%

180%

0 30 60 90 120 150 180 210 240 270 300

C
h

a
n

g
e

 in
 V

is
c

o
si

ty

Storage time (days)

Bottle life of AL-X2010

(r.t.)

(2-5C)

(-20C)



Processing Guidelines for Asahi Glass ALX Dielectric Polymer 

Rev 1.0 (Dec 2010) 

 

  
Page 3 

 
  

 
Figure 2:  Typical spin speed curves for 

AL-X2010 and AL-X2030 (30 second 

spin) 

 

 Dispense 1-5 ml of AL-X 

polymer onto the center of the 

substrate to be coated (actual 

dispensed volume may vary 

depending on substrate size, 

topography, coating conditions, 

and AL-X formulation used).  

Either static or dynamic (i.e. 100 

RPM) dispense may be used. 

 Increase the spin speed to 500 

RPM for 5-10 seconds to begin 

spreading the polymer over the 

substrate surface.  After the 

initial spread, increase the 

substrate spin speed to the rate 

that will result in the desired pre-

exposure thickness.  This spin 

speed should be maintained for 

approximately 30 seconds.   

 Edge bead removal (EBR) and 

backside rinse (BSR) may be 

done following the spin coating 

step.  PS-201 developer 

(available from AGC) may be 

used for EBR and BSR as well as 

development of the exposed film.  

Decrease the substrate spin speed 

to 500-1000 RPM and dispense 

the backside solvent.  EBR can 

be done by either top or bottom 

side processes, depending on the 

customer’s tool capability or 

preference.  After EBR and BSR, 

discontinue the solvent dispense, 

increase the spin speed, and spin 

for 10-20 seconds to dry the 

wafer (do not exceed the speed 

used for the spin to thickness 

step). 

 A soft bake should be done 

following coating to stabilize the 

film and to remove the remaining 

solvent.  For typical substrates 

(i.e. silicon) the bake temperature 

for AL-X2010 is 60°C and for 

AL-X2030 is 60-80°C.  The soft 

bake time is 90 seconds for both 

polymers 

 

Removal of AL-X polymer after soft 

bake can be done with PS-201 develop 

solvent. Alternatively, acetone or 

PGMEA may also be used to remove 

unexposed AL-X polymer. 

 

4.  Exposure 

AL-X polymers have an extremely wide 

exposure process window.  Lower 

exposure doses can be used to achieve 

high resolution features and higher 

exposure doses can be used to achieve a 

higher thickness retention percentage 

after develop.  The typical exposure dose 

range for AL-X2010 and AL-X2030 is 

100-400mJ/cm
2
 for 5 – 25 µm thickness 

films (as measured after soft bake).  This 

dosing range is for broadband sources 

and is measured at i-line (365 nm).  

Exposure on single wavelength tools, 

such as i-line steppers, generally requires 

an increased dose.  Insufficient exposure 

dose leads to distortion of features, 

wrinkling, or delamination of the film 

during develop.  For multilayer 

structures, the exposure dose for the 

second and subsequent layers may need 

to be increased to compensate for the 

lower reflectivity and light absorption of 
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the first polymer layer.  This should be 

determined experimentally, and as for 

single layers of AL-X, inadequate 

exposure will result in wrinkling or 

delamination of the polymer. 

 

The exposure gap used will impact not 

only the resolution but also the sidewall 

profile of vias imaged in AL-X polymer.  

In general, smaller exposure gaps result 

in higher resolution and more vertical 

sidewall angles.  Figure 3 shows SEM 

cross sections of AL-X2010 polymer 

samples exposed with proximity gaps 

between 10-100 µm. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:  Proximity exposure gap effect 

on via sidewall profile 

 

Dosing may be increased or decreased 

based on a number of factors to achieve 

the desired feature resolution and/or 

post-develop film thickness retention.  

Users should also be aware that substrate 

topography will impact the thickness of 

the film over features and that 

reflectivity of substrate materials will 

vary; therefore, experimentation is 

suggested to determine the optimal 

exposure conditions for a given 

application.  A delay time of at least 24 

hours between coating soft bake and 

exposure can be tolerated but may result 

in a slight loss of resolution, particularly 

for smaller features. 

 

Exposure dose will also affect final film 

thickness after develop.  Higher 

exposure dose results in a higher post-

develop film retention, as shown in the 

example in Figure 5. 
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Figure 5:  Exposure dose effect on post-

develop film thickness retention 

 

5.  Develop 

PS-201 Develop Process 

 

Standard development of AL-X films is 

done using PS-201. PS-201 is 

recommended for most applications and 

provides a wide processing window.    

 

The standard AL-X development process 

uses a double puddle process performed 

on a spin coater or track system to 

remove unexposed areas of polymer.  

This process is outlined below and is 

common to both AL-X2010 and AL-

X2030.  Dwell times for the puddle and 

rinse steps are given in Table 3.  The 

amount of developer to dispense for the 

puddles varies depending on the size of 

the substrate and should be determined 

for the equipment being used for the 

develop. 

 

 1
st
 puddle dispense at wafer 

center, static or dynamic (50-

100RPM) dispense 

 
10 µm Gap 

 
50 µm Gap 

 
75 µm Gap 

 
100 µm Gap 
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 1
st
 puddle dwell time (per Table 

3) 

 5 second rinse with developer 

 2
nd

 puddle dispense at wafer 

center, static or dynamic (50-

100RPM) dispense 

 2
nd

 puddle dwell time (per Table 

3) 

 Rinse with constant stream of 

developer dispensed at center at 

500 RPM (time per Table 3) 

 Spin dry @ 2000 RPM for 30 

seconds 

 

 AL-X2010 AL-X2030 

Puddle 1 

Dwell 

10 s 20 s 

Puddle 2 

Dwell 

10 s 20 s 

Final Rinse 10 s 30 s 

Table 3:  Standard puddle and rinse 

times for AL-X develop 

 

Following the develop, the wafer should 

be baked on a hot plate to stabilize the 

film and drive off residual solvent.  This 

bake should immediately follow the 

development step.  This bake should be 

done at 100°C for 90 seconds. 

 

Delay times between exposure and 

develop of up to 24 hours have been 

shown to have no effect on the final 

resolution of features imaged in the film. 

 

 

PS-202 Develop Process 

PS-202 is recommended for high 

resolution applications and/or thicker 

films. When used in conjunction with 

lower exposure doses, PS-202 should be 

used to improve feature resolution. 

 

 

Rework After exposure/develop and 

before cure 

 

THF (tetrahydrofuran) or hot (80-85 C) 

DMAC (dimethylacetamide) can strip an 

exposed and developed film.  For THF 

removal, a 10 minute immersion at room 

temperature followed by a 10 second 

acetone rinse, DI water quick dump rinse, 

and spin rinse/dry cycle is recommended.  

For DMAC removal, a 10 minute 

immersion at 80°C followed by a 1 

minute rinse in IPA, DI water quick 

dump rinse, and spin rinse dry cycle is 

recommended.  After cure, AL-X 

polymers cannot be removed through 

typical chemical means without damage 

to other materials.  In the event that 

rework of cured films is needed, oxygen 

plasma removal is recommended. 

 

6.  Cure 

Typically, curing is carried out in a 

nitrogen atmosphere. Therefore, the 

heating ramp rate should be coupled to 

the purge rate of the chamber to prevent 

oxidation of the film during cure. 

 

Cure percentage is a function of time 

and temperature.  The standard cure 

condition is 190°C for 2 hours, which 

results in a cure of ~65%.  Higher 

temperatures will result in higher cure 

percentages, as shown in Figure 6 below. 
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Figure 6:  AL-X % cure vs. temperature 

(2 hour cure time) 

 

When multiple layers of AL-X polymer 

are being applied, the use of the standard 

190°C/2 hour cure process is 

recommend for all layers.  The last AL-

X layer in the structure may be cured at 

a higher temperature to provide a higher 

final cure %. 

 

The standard cure conditions of 190°C/2 

hours have been shown to be compatible 

with higher temperature wafer level 

packaging processes such as reflow 

processes for Pb-free solders (typically 

~260°C) with no adverse affects. 

 

7.  Descum 

After cure, a plasma descum is required 

to remove the thin layer of residual 

polymer scum that remains after 

development.  An oxygen plasma 

process is recommended for the descum, 

targeting a removal of ~3000Å of 

polymer.  Alternatively, a CF4/O2 

plasma descum process (i.e. 80:20 

CF4/O2 ratio) may be used, which 

typically provides a faster polymer 

removal rate.  A quick dump DI water 

rinse and spin rinse dry are 

recommended after plasma descum to 

prevent corrosion and discoloration of 

metal surfaces, particularly copper.  For 

additional corrosion/oxidation protection, 

the quick dump rinse and dry can be 

preceded by a 30 second immersion a 

10% acetic acid. 

 


