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Aqueous Photoresist
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by Robert E. Smith

photoresist can be used without fear of damaging
even if there is unusually high leaching.

9000 computer from Hewlett-
Packard (Avondale, PA). An HPLC
grade acetonitrile from J.T. Baker
(Philipsburg, NJ) was also used.

A column packed with polystyrene/
divinylbenzene (PS/DVB) was used
in the study to analyze the fluoroboric
acid-based tin-lead plating solution
for photoresist content. The different
chemicals present in a photoresist
before it is exposed to UV light can be
retained on the PS/DVB for different
lengths of time and produce different
peaks when detected with a diode
array detector. After exposure to UV
light, the photoresist produces one
peak, the size of which is directly
proportional to the photoresist’s con-
centration. Therefore, reverse-phase
HPLC with a PS/DVB column was
used to quantitate the photoresist in
the tin-lead bath.

To determine the concentration of
photoresist in the bath, four standards
ranging in concentrations from 1.59
to 8.0 grams per liter were injected
into an NG1 guard column. This
column was connected to an NS1 (a
column packed with PS/DVB) sepa-
rator column pre-equilibrated with
90’% acetonitrile plus 10’% water,
flowing at 1.0 ml per min. Channel
one on the diode array detector was
set at 252 nanometers (rim), and the
peaks produced (eluting at 3.4 min.)
were integrated. The peak areas were
plotted vs. photoresist concentration,
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Figure 3. Carbon-13 NMR spectrum of aqueous-processable photoresist.
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Figure 1. UV spectrum of aqueous-processable photoresist before exposure to UV light.

A n industry-wide effort is cur-
rently underway to reduce
the use of chlorinated hydro-
carbon (CHC) solvents be-

cause of their hazardous effect on the
environment. In the past, negative
photoresists were usually processed
with CHCs, but now the availability
of aqueous-processable photoresists
offers an alternative to CHC use.

One such product is developed in
aqueous sodium carbonate, which dis-
solves the photoresist on the areas of a
PCB that are not exposed to ultravio-
let (UV) light. In exposed areas, the
UV light cross-links the low-molecu-
lar-weight, water-soluble chemicals
to form a higher-molecular-weight
polymer that is insoluble in the sodi-
um carbonate solution.

Although it is important to reduce
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the use of CHCs, it is also important
to ensure the quality of PCBs pro-
duced with aqueous-processable pho-
toresists. In this attempt, the aqueous
sodium carbonate product was chemi-
cally analyzed using three methods:
ultraviolet spectrophotometry, nucle-
ar magnetic resonance (NMR) spec-
troscopy, and high-performance liq-
uid chromatography (HPLC). These
and other test types are defined in the
sidebar “Description of Analytical
Methods,”

ANALYTICAL FINDINGS
Ultraviolet spectrophotometry re-

vealed that the negative aqueous pho-
toresist contains the same bis azo
groups found in most negative photo-
resists commercially available.1 NMR
spectroscopy identified an acrylate

Figure 2. The reactive nitrene
formed by exposure to UV light can
abstract a proton from a carbon in
the p polymeric component to create
a covalent bond.

polymer an ethoxylate, and phenyl
groups in the photoresist. Finally,
reverse- base HPLC analysis indi-
cated t at the photoresist contained
three components before exposure to
UV light , but only one after exposure.

One of the processing solutions the
photoresist will encounter is a tin-lead
bath, which deposits a tin-lead alloy
as an et h resist on the copper circuit-
ry. Photoresist can leach into this
bath, but the amount of damage, if
any, it could do to the quality of the
electrodeposit was undetermined.

To test how aqueous photoresist
leaching would affect a tin-lead bath,
12 square feet of photoresist were
shredded and put into a three-liter
tin-lead solution. After agitation, a
sample ‘of the bath was taken for
HPLC analysis to determine how
much photoresist had dissolved. In
addition , the appearance of the elec-
trodeposit was evaluated with a Hull
cell test. Then, the alloy composition
and thickness on the Hull cell panel
were measured using X-ray fluores-
cence. he HPLC and Hull cell anal-
yses were repeated during the next
several days.

THE EXPERIMENT
The equipment used in this experi-

ment included a model 4000 liquid
chromatograph from Dionex (Sunny-
vale, C ), equipped with a model
1040A diode array detector and a
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Figure 4. Proton NMR spectrum of aqueous-processable photoresist.

and the data were fit to a straight line area of the peak at 3.4 min. was
using least squares analysis. The stan- measured and substituted into the
dards were prepared by diluting ali- straight line equation, obtained using
quots of a 159-grams-per-liter stock the standards, to determine the con-
solution of exposed photoresist dis- centration of photoresist in the dilut-
solved in tetrahydrofuran (THF). ed bath.

Next, 10.0 ml of the tin-lead bath To measure the volubility of pho-
were diluted to 25.0 ml in a volumet- toresist in the tin-lead bath, 12 square
ric flask and then injected into the feet of photoresist were shredded and
same NG1 plus NS1 columns. The stirred into three liters of a used bath,
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Figure 5. HPLC o f  aqueous-processable
photoresist before exposure to UV light.

which had plated 24 12“ X 12“ PCBs.
After the undissolved photoresist set-
tled out , an aliquot was taken f o r
analysis. After sitting for three days,
the bath sample was agitated thor-
oughly and another aliquot was taken
for analysis once the undissolved pho-
toresist settled out. This procedure
was repeated each day for five days.
The HPLC analysis procedure was
then performed.

A GN 300 spectrometer from Gen-
eral Electric (Fremont, CA) procured
N M R  spectra. A 90° pulse width, an
eight-sec ond pulse dela y, and 32 tran-
sients were obtained for proton spec-
tra of ph otoresist dissolved in deuter-
ated THF(d8 — THF). A 300 pulse
width, a 0.5-second pulse delay, and
4,000 transients were obtained for the
carbon-. .3 spectrum of photoresist in
d8–THF.

UV-vi sible spectra were recorded
using a model 320 spectrophotometer
from Perkin-Elmer (Overland Park,
KS) with 0. l-nm resolution and pho-
tometric  accuracy of 0.001 ‘%. Quartz
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cuvettes with a 1-cm path length were
used.

RESULTS AND DISCUSSION
The Uv-visible spectrum of the

photoresist before exposure to light is
shown in Figure 1. Negative photore-
sists typically contain a bis azide
compound that acts as a photoinitia-
tor and exhibits the characteristic
peak at 360 nm. Ultraviolet light
causes a reactive nitrene to form,
which can abstract a proton from a
carbon in the polymeric component to
create a covalent bond (Figure 2).

In previous negative photoresists,
the polymeric component was usually
a polyisoprene that was soluble in the
chlorinated solvents used in develop-

ing the resist.
Carbon-13 NMR analysis of the

aqueous processable photoresist re-
vealed the presence of alkyl, phenyl,
and carbonyl carbons (Figure 3). The
small, broad peaks from 45.3 to 46.5
ppm and 51.6 to 55.0 ppm are due to
Ca and CBH2 carbons of polymetha-
crylate, for example:

CH3

( CBH, -  Ca  )
O  = C — O —  R

where the carbonyl carbon produces
the peak from 175.5 to 180.0 ppm and
the a-methyl carbon produces a peak

at 20 ppm. In addition, the peaks near
73 ppm are due to ethoxylate carbons,
for exam de, –CH2– CH2– O–.

The ethoxylate carbons and the
polymethacrylate are  soluble in aque-
ous sodium carbonate. In addition,
there are sharp peaks at 19.7, 20.1,
31.3,31.6 ,64.0, and 64.3 ppm, which
arc due to butyl and other alkyl
groups corresponding to the – R in
the polym ethacrylate structure being
shown.

The chemical composition of the
photoresis t is further elaborated by
the proton NMR spectrum (Figure
4). The peaks at 1.7 and 3.6 ppm are
due to the THF solvent. The peaks
from O ‘.0 2 ppm are due to the
C H3 – CH2– CH2 protons from butyl
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and the B—CH2— of the acrylate.
The peaks from 3.9 to 4.2 ppm are due
to ethoxylate protons. The peak at 5.1
ppm is due to an acrylate – CHa –;
thus, there are acrylates that do not
have an attached methyl group. The
peaks from 5.8 to 6.4 ppm are due to
– CH = groups, and the peaks from
7.1 to 7.8 ppm are due to phenyl
protons.

To summarize, the photoresist con-
tains a bis azide, polyacrylates, and
alkyl phenol ethoxylate groups. Be-
fore exposure to light, these materials
are present in at least three compo-
nents that are separable by reverse-
phase HPLC on the PS/DVB-based
NS1 column (Figure 5). The absor-
bance at 252 nm, due to phenyl

groups, was monitored in the chroma-
togram. After exposure to light, only
one peak is seen (Figure 6), indicating
that the three components have been
cross-linked.

Using the same chromatographic
conditions, the tin-lead bath (diluted
from 10 to 25 ml) showed no interfer-

ing peaks (Figure 7). After adding
photoresist, however, the peak at 3.6
min. appears (Figure 8). The relative
standard deviation from five replicate
injections of this bath sample was
4.63%. No photoresist was detected
immediately after adding shredded
resist (Table 1). But after sitting for
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three days, 3.3 grams per liter of
photoresist were detected. During the
following days, more photoresist dis-
solved until 8.9 grams per liter were
found.

Hull cell analysis of the electrode-
posit showed the desired matte grey
appearance. In addition, X-ray flu-

orescence showed that the thickness
of the electrodeposit was greater than
the required minimum of 300 mi-
croinches and the composition was
within 2% of the 6390 tin and 37% lead
requirement for the desired infrared
reflow process.

CONCLUSION
Ultraviolet-visible and NMR spec-

tra were useful when analyzing the
chemical composition of the aqueous-
processable photoresist. The UV-visi-
ble peak at 360 nm identified the
photoresist as a bis azide material,
and the NMR spectra signaled the
presence of polymethacrylate, alkyl
phenol ethoxylate, and alkene groups.

The reverse-phase HPLC process,
using a PS/DVB-based column and
UV detection, quantified the amount
of photoresist in the fluoroboric acid-
based tin-lead bath. Hull cell and X-
ray fluorescence analysis showed that
the presence of unusually high levels
of the aqueous photoresist studied
(8.9 grams per liter) did not adversely
affect the quality of the electrodeposit.

Therefore, it is possible to produce
quality PCBs while minimizing the
use of hazardous CHC solvents. ■
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Figure 6. HPLC of aqueous-processable
photoresist after exposure to UV light. Figure 7. HPLC offresh tin-lead bath.

Diluted 10/25
Tested October 2

Figure 8. HPLC of tin-lead bath after the
aqueous-processable photoresist has


