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ELECTRO-PLATING OF CERTAIN METALS

This chapter addresses specifically the electro-plating of certain metals, which are often used in microelectronics
or micro-mechanics due to their specific properties. For each metal, possible electrolytes and the corresponding
electro-chemical processes in the electrolytes and the electrodes are explained.

Gold Plating

Application Areas

Due to their very high corrosion resistance, good electrical conductivity, low contact resistance, as well as
the good solderability of the gold, gold coatings find wide use in electronics and electrical engineering. Typi-
cal layer thicknesses at a few 100 nm (e.g. for a soldering aid) to a few pm is used as a corrosion protection.

Alkaline Cyanide Deposition of Gold

The electrolyte here is based on the highly toxic potassium dicyanoaurate(l) = K[Au(CN),]. This solution
contains approximately 68% gold and dissociates in aqueous solution in K- and [Au(CN),] ions. The latter
migrate to the anode and dissociate there to Au*- and (CN) ions. The gold ions migrate back to the cath-
ode, where they are neutralised and deposited on the cathode.

The anode used is either soluble gold or gold-copper electrodes, or insoluble platinum-plated titanium
electrodes.

Neutral Cyanide Deposition of Gold

This electrolyte is also based on potassium dicyanoaurate but does not contain any free cyanide (no free
(CN) ions). Insoluble platinum-plated titanium electrodes are used as an anode.

Acidic Cyanide Deposition of Gold

Here too, potassium dicyanoaurate is the gold source in the electrolyte, which additionally contains co-
balt or nickel, as well as citric acid. As a result, shiny gold layers can be obtained, which are comparatively
hard because of their relatively large proportion of organic constituents and have a low ductility.

As anodes, either insoluble platinum-plated titanium or stainless steel is used.

Strongly Acidic Cyanide Deposition of Gold

For this purpose, trivalent potassium tetracyanoaurate(lll) = K [Au(CN),], which is also stable in strongly
acidic solutions, forms the metal supply of the electrolyte. Furthermore, mineral acids such as sulphuric
or phosphoric acid are added.

Cyanide-free Deposition of Gold with Gold Sulphites

Instead of the highly toxic cyano compounds, the electrolyte is based on Ammonium disuffitoaurate(l) =
(NH,),[Au(S0,),] or sodium disulphitoaurate(l) = (Na),[Au(SO,),] (alkali metal sulphite). The [Au(SO,),]* ions
of the solution decompose near the cathode into Au* and (SO,)* ions, the gold ions are reduced to gold
on the cathode and deposited.

In addition to dispensing with the highly toxic cyanidic baths, gold layers deposited from sulphite electro-
lytes have the advantages of excellent macro-scattering ability (= high deposition rates also at current-de-
graded points of the electrode) and high ductility.

For this reason, our gold bath NB SEMIPLATE AU 100 is based on a sulphite electrolyte.

Gloss Formation

A high brilliance of the deposited gold requires a smooth surface with fine, defined crystalline structure.
For this purpose, it is necessary to promote the formation of nuclei during the growth of the gold, while at
the same time suppressing the growth of crystals.

This requirement is met, depending on the electrolyte, by the addition of elements such as arsenic, thalli-
um, selenium and lead as well as ethylenediamine, which control the growth of the crystallites by means
of a locally selective passivation or a chemical buffering directly at the location of gold deposition.
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Nickel Plating

Nickel Plating with Nickel Sulphate

The main metal supplier is nickel sulphate as hexahydrate with the formula NiSO,-(H,0),, or as heptahy-
drate (NiSO,:(H,0O),). Nickel chloride as hexahydrate = NiCl,-(H,O), serves to improve the anode solubility
as well as conducting salt to increase in the electrical conductivity of the electrolyte. Boric acid (H,BO,)
serves as a chemical buffer to maintain the pH value.

The nickel sulphate dissociates in aqueous solution into N#* + and (SO,)* ions. The Ni** ions are reduced
to nickel on the cathode, which is deposited there as a metallic coating. The sulphate ions migrate to the
copper anode and form new copper sulphate there, which is dissolved in solution, by consuming the an-
ode.

Deposition of Nickel with Chloride Electrolytes
Pure (i.e. nickel sulphate-free) chloride electrolytes consist of NiCl,:(H,O), as a metal supplier and con-
ducting salt in one, and boric acid as a chemical buffer.

Compared to nickel sulphate electrolytes, nickel chloride baths allow for a deposition with lower electrical
power because of their higher electrical conductivity. However, nickel chloride baths are more expensive
and more corrosive than nickel sulphate baths.

Nickel Deposition with Nickel Sulphamate

The main metal supplier of this electrolyte is nickel sulphamate 4-hydrate with the formula Ni(SO,N-
H,),-(H,0),, nickel chloride = NiCl, to improve anode solubility and boric acid (H,BO,) as a chemical buffer
for maintaining the pH value.

The nickel sulphamate dissociates in aqueous solution into N#* and (SO,NH,) ions. The Ni** ions are re-
duced to nickel on the cathode, which is deposited there as a metallic coating. The sulphate ions migrate
to the nickel anode and form new nickel sulphamate there by consuming the anode.

Nickel sulphamate has a very high solubility in water, so that very metal rich baths with high current
densities and deposition rates can be prepared, which nevertheless achieve nickel layers with good me-
chanical properties. The use of a nickel sulphamate-based electrolyte is particularly recommended when
thick and stress-free layers are required at the same time. The deposited nickel layer is very ductile and
provides good protection against wear and corrosion.

For this reasons, our nickel bath NB SEMIPLATE AU 100 is based on a nickel sulphamate-based electrolyte.

Prerequisites for Shiny Nickel Films

Which surface properties lead to a bright (nickel) surface is not yet fully understood for nickel, even if a
very smooth, fine-crystalline structure plays an important role.

A fine crystalline surface requires, on the one hand, a high nucleation density, on the other hand, that the
growth of these nuclei to larger crystallites is suppressed.

Brightening Agent (primary Brighteners)

Additives such as sulphonamides, sulphonimides and sulphonic acids cause a grain refinement of the
growing nickel layer, which has a generally high ductility.

Brighteners and Levellers (secondary Brighteners)

Brighteners and levellers as additives enable shiny layers, although less ductile.

Tin Plating

Deposition of Tin with Tin(ll)-sulphate

Here the electrolyte solution consists of a sulphuric acid tin(ll)-sulphate. The tin sulphate dissociates in
aqueous solution into Sn** and (SO,)* ions. The Sn** ions are reduced to tin on the cathode, which is de-
posited there as a metallic coating. The sulphate ions migrate to the tin anode and form new tin sulphate
there, which is dissolved in solution, by consuming the anode.
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Deposition of Tin with Tin(ll)-methane Sulphate

Here the electrolyte consists of methane sulphonic acid (CH,SO,H) and its salt, tin(ll)-methane sulphonate.
This salt dissociates in aqueous solution to Sr** and (CH,SO,) ions. The Sn* ions are reduced to tin on the
cathode, which is deposited there as a metallic coating. The methane sulphate ions migrate to the tin an-
ode and form new tin(ll)-methane sulphate there, which is dissolved in solution, by consuming the anode.
Our tin electrolyte NB SEMIPLATE SN 100 is based on tin(ll)-methane sulphonate and methane sulfonic acid.

Copper Plating

Application Areas

In electronics, electro-chemical copper-plating is used, among other things, for the construction of print-
ed circuit boards as well as through-connections.

Alkaline Cyanidic Deposition of Copper

In this case, the metal carrier is copper(l)cyanide (CuCN), which is not soluble in water, but in aque-
ous solutions of NaCN or KCN, with soluble cyanide complexes being formed via CUCN + 2 NaCN®
Na,[Cu(CN),]. The deposited copper layers show a very good adhesion strength.

Sulphuric (acidic) Deposition of Copper

As an alternative to the highly toxic copper(l)cyanide, the electrolyte for sulphuric based deposition con-
sists of copper sulphate (CuSO,) dissolved in diluted sulphuric acid. The copper sulphate dissociates in
Cu?*and (SO,)* ions in aqueous solution. The Cu* ions are reduced on the cathode to copper, which is de-
posited there as a metallic coating. The sulphate ions migrate to the copper anode and form new copper
sulphate there, which is dissolved in solution, by consuming the anode.

The sulphuric acid not only serves to improve the conductivity of the electrolyte, but is the prerequisite
for a coherent, uniform layer deposition.

Our nickel bath NB SEMIPLATE CU 100 is made of copper sulphate dissolved in diluted sulphuric acid.

Electro-plating Deposition of Silver

Application Areas

In (micro)electronics, silver layers are used because of their good electrical properties: Among all metals,
silver has the highest electrical conductivity.

Cyanidic Deposition of Silver

Since silver cyanide (AgCN) is almost insoluble in water, potassium cyanide (KCN) is added to the electro-
lyte, increasing the concentration of free cyanide. Depending on the concentration of free cyanide, the
equilibrium concentrations of the soluble cyanide complexes dicyanoarate = [Ag(CN),], tricyanoarate =
[Ag(CN),]* and tetracyanoarate = [Ag(CN),]* adjust.

Cyanide-free Deposition of Silver

As an alternative to the highly toxic silver cyanide, a whole series of less or non-toxic complexing agents,
for example iodide, sulphite, ethylenediamine or thiourea.

PHOTORESIST PROCESSING IN THE MICRO-ELECTROPLATING

Photoresist masks for electrochemical plating are usually subject to very specific requirements with regard to
chemical resistivity and resist profile. This chapter describes how these requirements can be met by using suited
resists and applying optimized resist processing.

Optimally Suitable Photoresists

Acidic and Alkaline Resistivity of the Resist Mask
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The phenol and acrylic resins used as the resist matrix of all current AZ° and TI resists make these pho-
toresists predominantly stable in acidic plating solutions as long as they do not contain higher concentra-
tions of strongly oxidising media such as nitric acid.

Alkaline solutions, on the other hand, can attack a non-cross-linked (positive) resist mask from a pH value
of about 10 on which deteriorates the solution with organic compounds from the resist, depending on
temperature and duration of the solution and plating process. It should be noted that the pH value meas-
ured in the bath does not have to agree with that at the location of the metal deposition (and therefore at
the location of the resist structures).

A hardbake can increase the alkaline resistance of positive resists only from temperatures of approx.
140°C. These are above the softening point of all the positive resists, as a result of which the resist pro-
files are roughened after such a hardbake and thus are generally no longer suitable for electroplating.

Cross-linking negative resists like the AZ® nLOF 2000 series, the AZ® 15 nXT or the AZ® 125 nXT have a
significantly higher alkaline stability compared to positive resists.

Resist Adhesion to The Substrate

Due to the swelling of photoresist, the adhesion to the substrate during plating can be reduced and metal
can infiltrate the resist film undercutting it. The resist adhesion can be optimised via the resist selection,
its processing as well as the substrate pretreatment.

The AZ® 1500, 4500, 9200 and ECI 3000 resist series show a fundamentally improved adhesion to the sub-
strate compared to resists optimised for dry-chemical processes. Cross-linking negative resists such as
the AZ® nLOF 2000 series or the AZ® 15 nXT or AZ® 125 nXT also have very good adhesion.

Optimisation of the Resist Adhesion

Adhesive Layer

In general, a thin metal film as an adhesion promoter is highly recommended for applications in electro-
plating, since in many cases a metallic seed layer is required in any case: A few nm thin titanium or chro-
mium film significantly improves the resist adhesion especially compared with gold or platinum. Such
a thin metal film may be removed, if necessary, after development on the freely developed sites in the
appropriate media. Care must be taken here to ensure that the metal film is not etched too far laterally
under the resist, i.e. the etching process does not take much longer than required for the removal of the
freely developed metal film.

Softbake and Hardbake

Optimal softbake parameters (for most common resists, we recommend 100°C for one minute per pm of
resist film thickness on the hotplate, a few minutes longer in oven processes) also improve the adhesion
of the resist. It is especially important for thick resist films to prevent an abrupt cooling of the substrate
after the softbake in order to prevent cracking in the photoresist film. A baking step after development
can improve the adhesion of the resist, but in the case of positive resists, the temperatures necessary for
this - 120-140°C - are mostly above the softening point of the resist used, which allows the resist struc-
tures to be softened. In the case of negative resists, such a hardbake can be carried out without the risk
of softening the resist profile. However, as the hardbake temperature increases, the later removability of
the resist mask in common strippers decreases.

Residual Solvent

Photoresist layers baked under conventional softbake parameters still have a remaining solvent concen-
tration of a few percent. If the solvent contaminates the plating solution, the chemistry of the electrolyte
can be disturbed or the plating solution completely deteriorated.

In this case, a more intensive (i.e. longer or hotter) softbake is recommended. In the case of thick resist
films, which even after a long softbake show a rel. high remaining solvent content especially close to the
substrate, a baking step can be helpful after development. In order to attain the resist sidewalls when
using positive resists, this should be carried out no higher than 20°C below the softening temperature of
the photoresist used. In the case of cross-linked negative resists, no subsequent softening of the resist
structures is to be feared, but the removability of the resist mask after electroplating is decreased when
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baking temperatures are too high.

Optimisation of the Adhesion of the Deposited Metal

Development

If the photoresist is developed with an unsuitable developer or is not sufficiently rinsed after the devel-
opment, a few nm thin, difficult-to-detect resist residuals can prevent an optimal growth of the deposited
metal.

If such resist residuals are present despite a sufficiently long development and subsequent rinsing, the
use of the TMAH-based developer AZ® 826 MIF (either as a developer for the entire resist film, or applied
in an approx. 30 second dip after the actual development) can remedy this through its special additive.

Adhesion Promoter

Incorrectly applied adhesion promoters such as, for example, liquid HMDS can also reduce the adhesion
of the grown metal to the seed layer.

Metal organic adhesion promoters such as Tl PRIME can also degrade the adhesion of the grown metal if
they are not removed in the developed regions by, for example, an HF dip.

Resist Profile

Vertical Sidewalls

If vertical resist sidewalls are desired, the positive resists of the AZ® ECI 3000 are recommended for a few
pm thick photoresist masks. The AZ® 4562 or AZ® 9260 or the AZ® 15 nXT negative resists are also suitable
for 5 to 30 pm thick films. The positive AZ® 40 XT or the negative resist AZ® 125 nXT allow very large resist
film thicknesses of 30 - 150 um with very steep sidewalls.

Negative Sidewalls

If the deposited metal structure is to have a positive sidewall profile which requires negative sidewalls
for the resist mask, the AZ® nLOF 2000 negative resist series is recommended as a resist mask for film
thickness up to approx. 20 um, for even greater film thicknesses, the negative resist AZ® 15 nXT is recom-
mended. For both resists, the shape of the undercut can be adjusted over a wide range via the exposure
dose and the post exposure bake.
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APPLICATION EXAMPLES

In this last chapter on electroplating, we would
like to present some technological "highlights",
which were realised with the electrolytes and
in part, the photoresists which we sell.

These application examples and the illustra-
tions shown originate from our co-operation
partner and manufacturer of the plating
solutions NB Technologies (www.nb-technol-
ogies.com).

Micro Switches

Fig. 140 shows a CCD microscope photo
of a thermal, laterally actuatable, bi-stable
micro switch. The mechanically movable
elements consist of 12 pm thick electro-  Fig. 140: CCD microscope image of a thermal, laterally actuatable, bi-sta-
plated nickel (plating solution used: NB ble micro switch.

Semiplate Ni 100). The smallest dimension

of the Ni bars is 4 ym. The contact ele-

ments consist of gold (electrolyte: NB Semiplate Au 100).

Polymer

= S ‘ Eelyfer

|

—— 200 pm — nh technologies é — 200 pm — nh technologies é

consulting engineers consulting engineers

Fig. 141: REM images of a thermal actuator and a contact of a micro switch, manufactured using the gold and copper elec-
trolyte NB Semiplate Au 100 and NB Semiplate Cu 100

www.MicroChemicals.com info@MicroChemicals.com


http://www.MicroChemicals.com
mailto:info@MicroChemicals.com
http://www.microchemicals.com/downloads/application_notes.html

Basics of Microstructuring

www.microchemicals.com/downloads/application_notes.html | |

MicroChemicals

The transparent elements consist of a cross-linked nega- —
tive resist and serves the mechanical connection. _ Polymer

Essential requirements for electroplating are to avoid
stress gradients, thickness irregularities, in particular with
different structural dimensions, and the long-term stabili-
ty of the properties under mechanical and thermal stress.

The different planes can be clearly seen by the overgrowth
of the nickel as a bond to gold structures as well as the
overgrowth of the nickel bars over the edge of the sacri-
ficial film (from approx. 4 pm thick Cu, already removed).
These different levels place a high demand on the resist
process (here AZ® 9260).

Fig. 141 shows several SEM images of a thermal actuator

and a contact of a micro switch. _
. . . . Fig. 145: REM photo of the actuator structure of the
Mechanical elements consist of bright nickel (electrolyte:  micro switch of nickel (electrolyte: NB Semiplate Ni

NB Semiplate Ni 100). For the purpose of achieving the ver-  100)
tical deflection, a stress gradient in the nickel film is set by
the deposition parameters.

Again, the stability of the grain structure is of fundamental
importance. The contact area is made of bright gold (elec-
trolyte: NB Semiplate Au 100). In order to expose the mov-
ing elements, sacrificial films of copper (electrolyte: NB
Semiplate Cu 100) with very good thickness uniformity and
surface quality is used.

Elements of cross-linked negative resist are used for elec-
trical separation and mechanical bonding.

Fig. 145 shows a REM image of the actuator structure of
the micro switch of nickel (electrolyte;: NB Semiplate Ni
100).

The narrow nickel bars were deposited on a sacrificial
layer made of copper (electrolyte: NB Semiplate Cu 100)

Fig. 142: (right) view of a structured nickel deposition (FIB cut)

Fig. 143: (below) REM image of lateral micro-contacts of gold (NB
Semiplate Au 100) on copper upper film (NB Semiplate Cu 100)

Fig. 144: (right below) REM image of the contact area of the micro
switch.

nb technologies é nh technologies
consulting engineers consulting engineers
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with good thickness uniformity and high surface quality.

The thickness of the sacrificial layer is here about 3 um. The overgrowth of the nickel structure over the
edge of the sacrificial layer is clearly visible. The width of the nickel bars is about 4 pm, the edge steep-
ness is almost 90°. Such conditions and requirements place high demands on the resist process. Here, a
resist process with 18 um of AZ® 9260 was optimised with an aspect ratio of 4.5 with almost vertical side-
walls over a copper edge of about 3 um. The differently strong reflections of the film underneath (copper
sacrificial layer and gold seed layer) require a careful adjustment of the exposure parameters.

Fig. 142 shows the cross section of a structured Ni deposition (FIB section). The nickel was processed with-
out the brightness additive. The grain structure and the typical “stem growth” can be seen. The smaller
grain structure is clearly visible in the lower film area, where the adaptation to the substrate takes place.

In some applications, special attention should be given to the film growth properties. Brightness, stress
and grain growth can be influenced within certain limits by supplements, but also by process manage-
ment. An admixture of Mn, for example, protects the grain structure from changes in mechanical or ther-
mal stress. A fine grain structure such as here with 4 ym in width can be preferred for narrow “spring
elements”, but only if it is ensured that the grains are stable and do not increase or change under me-
chanical or thermal stress.

Fig. 143 shows the REM image of a lateral micro-contact made of gold (NB Semiplate Au 100) on copper

sacrificial layer (NB Semiplate Cu 100). The copper sacrificial layer shows a very good thickness uniformity
and surface quality.

It is remarkable that the slight, but recognisable, higher roughness of the sacrificial layer is levelled out
again by the gold deposition.

Fig. 144 shows the REM image of the contact area of the micro switch. The contacts are made of bright
gold (NB Semiplate Au 100). If necessary, the NB Semiplate Au 100 can be modified with a palladium addi-
tion (to NB Semiplate AuPd 100) in order to improve the contact properties.

The nickel of the thermal actuator (NB Semiplate Ni 100) is bonded to the gold contact by overgrowth. The
nickel is processed with low brightness with respect to the adhesion to the polymer. A certain fineness of
the grain size with respect to the mechanical properties in the spring element with a small width of only 4
pm (Fig. 142) is, however, processed.

Multilayer Wiring on Thin Films.

Fig. 146: NB Semiplate Au 100 is used for the metallisation of multilayer wiring in combination with thin
films.

Shown here are 12 pm thick polyimide films with two metallisation planes. Particular requirements apply
here with regard to adhesive strength, film stress, stability of the properties and levelling of topographies.

Pl-Folie (12
100mm Waferformat olie (12pm)

nh technologies 4 b technologie

Fig. 146: 12pum thick polyimide foils with two levels of metallisation
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Our Photoresists: Application Areas and Compatibilities

i i Recommended Re-
Recommended Applications * Resist Family Photoresists 'I'?r?lscllf;zc,@ Recommended Developers FEVETS
Azg 1505 = 0.5 um
® AZ® 1512 HS =1.0-15um| e ® ® ®
AZ" 1500 AZ® 1514 H ~12-20um AZ® 351B, AZ® 326 MIF, AZ® 726 MIF, AZ® Developer
AZ® 1518 =15-2.5pum
® = -
Improved adhesion for wet etching, no | AZ® 4500 g@ 3222 ;531 13 Em AZ® 400K, AZ® 326 MIF, AZ® 726 MIF, AZ® 826 MIF
focus on steep resist sidewalls Azg PA110 ~1-2um
AZ® P4000 g@ Eiggg :631 2;’ Em AZ® 400K, AZ® 326 MIF, AZ® 726 MIF, AZ® 826 MIF
2 AZ® P4903 ~ 10 - 30 um AZ" 100 Remover,
2 AZ"PL177 AZ"PL177 = 3-8 um [ AZ” 3518, AZ” 400K, AZ” 326 MIF, AZ" 726 MIF, AZ" 826 MIF__| 1 2ChniStiP, P1316
a Spray coating AZ" 4999 =1-15 um | AZ® 400K, AZ® 326 MIF, AZ® 726 MIF, AZ" 826 MIF P
Dip coating MC Dip Coating Resist =2-15um | AZ® 351B, AZ® 400K, AZ® 326 MIF, AZ® 726 MIF, AZ® 826 MIF
AZ® ECI 3007 = 0.7 um
Steep resist sidewalls, high resolution AZ®ECI3000 |AZ®ECI3012 = 1.0-1.5pum | AZ® 351B, AZ® 326 MIF, AZ® 726 MIF, AZ® Developer
and aspect ratio for e. g. dry etching or AZ® ECI 3027 =2-4pum
plating ® AZ® 9245 =3-6um| e ® ®
AZ® 9200 AZ® 9260 ~5-20m AZ® 400K, AZ® 326 MIF, AZ® 726 MIF
Elevated thermal softening point and ® . AZ® 701 MiR (14 cPs) = 0.8 um ® ® ® ®
high resolution for e. g. dry etching AZ 701 MIR AZ® 701 MiR (29 cPs) =2-3pum AZ" 351B, AZ" 326 MIF, AZ" 726 MIF, AZ" Developer
R Azg 12 XT-20PL-05 =3-5um
2 £ B | steep resist sidewalls, high resolution | A7® XT AZ 12 XT-20PL-10 =6-10pum AZ® 100 Remover,
% S £ | and aspect ratio for e. g. dry etching or AZ 12 XT-20PL-20 =10 -30 um | AZ® 400K, AZ® 326 MIF, AZ® 726 MIF TechniStrip® P1316
2 < £ | plating AZ_ 40 XT =15-50 pm TechniStrip® P1331
S AZ® IPS 6050 =20 - 100 ym
® ~
.8 Elevated thermal softening point and AZ® 5200 ﬁé@ ggcl)‘gl =1- ; ﬁf’mﬂ ® ® ® TechniStripz Micro D2
e 2
E o ’§ undercut for lift-off applications T TI 35ESX =3-4pum AZ" 351B, AZ" 326 MIF, AZ" 726 MIF Egm:gg:p@ Eigéi
= TI xLift-X =4-8um P
AZ"” nLOF 2020 ~15-3um
Negative resist sidewalls in combination | AZ® nLOF 2000 | AZ® nLOF 2035 =3-5um
| with no thermal softening for lift-off AZ® nLOF 2070 ~ 6 - 15 um | AZ® 326 MIF, AZ® 726 MIF, AZ® 826 MIF TechniStrip® NI555
= not =
o | AR AZ® nLOF 5500 | AZ® nLOF 5510 ~0.7-1.5um TechniStrip” NF52
> < . TechniStrip® MLO 07
B = AZ® 15 nXT (115 cPs) =2-3um| __ o o
2 AZ® 15 nXT (450 cPs) ~5.-20 um | AZ" 326 MIF, AZ® 726 MIF, AZ® 826 MIF
Zo Improved adhesion, steep resist side- —
O, | walls and high aspect ratios for e. g. dry | AZ® nXT TechniStrip 'P1316
etching or plating AZ® 125 nXT = 20 - 100 um | AZ® 326 MIF, AZ® 726 MIF, AZ® 826 MIF TechniStrip P1331
TechniStrip~ NF52

TechniStrip® MLO 07

! In general, almost all resists can be used for almost any application. However, the special properties of each resist family

makes them specially suited for certain fields of application.

2 Resist film thickness achievable and processable with standard equipment under standard conditions. Some resists can

be diluted for lower film thicknesses; with additional effort also thicker resist films can be achieved and processed.

3 Metal ion free (MIF) developers are significantly more expensive, and reasonable if metal ion free development is re-

quired.

Our Developers: Application Areas and Compatibilities

Inorganic Developers

(typical demand under standard conditions approx. 20 L developer per L photoresist)

AZ® Developer is based on sodium phosphate and —metasilicate, is optimized for minimal aluminum attack and is typically used diluted 1 : 1 in DI water for high contrast or undiluted for high development rates. The dark erosion of
this developer is slightly higher compared to other developers.

AZ® 351B is based on buffered NaOH and typically used diluted 1 : 4 with water, for thick resists up to 1 : 3 if a lower contrast can be tolerated.

AZ® 400K is based on buffered KOH and typically used diluted 1 : 4 with water, for thick resists up to 1 : 3 if a lower contrast can be tolerated.

AZ® 303 specifically for the AZ® 111 XFS photoresist based on KOH / NaOH is typically diluted 1 : 3 - 1 : 7 with water, depending on whether a high development rate, or a high contrast is required

Metal lon Free (TMAH-based) Developers

AZ® 326 MIF is 2.38 % TMAH- (T etraMethylAmmoniumHydroxide) in water.

(typical demand under standard conditions approx. 5 - 10 L developer concentrate per L photoresist)



AZ® 726 MIF is 2.38 % TMAH- (TetraMethylAmmoniumHydroxide) in water, with additional surfactants for rapid and uniform wetting of the substrate (e. g. for puddle development)

AZ® 826 MIF is 2.38 % TMAH- (TetraMethylAmmoniumHydroxide) in water, with additional surfactants for rapid and uniform wetting of the substrate (e. g. for puddie development) and other additives for the removal of poorly solu-
ble resist components (residues with specific resist families), however at the expense of a slightly higher dark erosion.

Our Removers: Application Areas and Compatibilities

AZ® 100 Remover is an amine solvent mixture and standard remover for AZ® and Tl photoresists. To improve its performance, AZ® 100 remover can be heated to 60 - 80°C. Because the AZ® 100 Remover reacts highly alkaline
with water, it is suitable for this with respect to sensitive substrate materials such as Cu, Al or ITO only if contamination with water can be ruled out..

TechniStrip® P1316 is a remover with very strong stripping power for Novolak-based resists (including all AZ® positive resists), epoxy-based coatings, polyimides and dry films. At typical application temperatures around 75°C,
TechniStrip® P1316 may dissolve cross-linked resists without residue also, e.g. through dry etching or ion implantation. TechniStrip® P1316 can also be used in spraying processes. For alkaline sensitive materials, TechniStrip®
P1331 would be an alternative to the P1316. Nicht kompatibel mit Au oder GaAs.

TechniStrip® P1331 can be an alternative for TechniStrip® P1316 in case of alkaline sensitive materials. TechniStrip® P1331 is not compatible with Au or GaAs.

TechniStrip® NI555 is a stripper with very strong dissolving power for Novolak-based negative resists such as the AZ® 15 nXT and AZ® nLOF 2000 series and very thick positive resists such as the AZ® 40 XT. TechniStrip® NI555
was developed not only to peel cross-linked resists, but also to dissolve them without residues. This prevents contamination of the basin and filter by resist particles and skins, as can occur with standard strippers. TechniStrip
® NI555 is not compatible with GaAs.

TechniClean™ CA25 is a semi-aqueous proprietary blend formulated to address post etch residue (PER) removal for all interconnect and technology nodes. Extremely efficient at quickly and selectively removing organo-metal
oxides from Al, Cu, Ti, TiN, W and Ni.

TechniStrip™ NF52 is a highly effective remover for negative resists (liquid resists as well as dry films). The intrinsic nature of the additives and solvent make the blend totally compatible with metals used throughout the BEOL
interconnects to WLP bumping applications.

TechniStrip™ Micro D2 is a versatile stripper dedicated to address resin lift-off and dissolution on negative and positive tone resist. The organic mixture blend has the particularity to offer high metal and material compatibility
allowing to be used on all stacks and particularly on fragile 1lI/\V substrates for instance.

TechniStrip™ MLO 07 is a highly efficient positive and negative tone photoresist remover used for IR, IlI/\V, MEMS, Photonic, TSV mask, solder bumping and hard disk stripping applications. Developed to address high dissolution
performance and high material compatibility on Cu, Al, Sn/Ag, Alumina and common organic substrates.

Our Wafers and their Specifications

Silicon-, Quartz-, Fused Silica and Glass Wafers

Silicon wafers are either produced via the Czochralski- (CZ-) or Float zone- (FZ-) method. The more expensive FZ wafers are primarily reasonable if very high-ohmic wafers (> 100 Ohm cm) are required.
Quartz wafers are made of monocrystalline SiO,, main criterion is the crystal orientation (e. g. X-, Y-, Z-, AT- or ST-cut)

Fused silica wafers consist of amorphous SiO,. The so-called JGS2 wafers have a high transmission in the range of = 280 - 2000 nm wavelength, the more expensive JGS1 wafers at = 220 - 1100 nm.
Our glass wafers, if not otherwise specified, are made of borosilicate glass.

Specifications

Common parameters for all wafers are diameter, thickness and surface (1- or 2-side polished). Fused silica wafers are made either of JGS1 or JGS2 material, for quartz wafers the crystal orientation needs to be defined. For silicon
wafers, beside the crystal orientation (<100> or <111>) the doping (n- or p-type) as well as the resistivity (Ohm cm) are selection criteria.

Prime- ,Test-, and Dummy Wafers

Silicon wafers usually come as ,Prime-grade” or , Test-grade®, latter mainly have a slightly broader particle specification. ,Dummy-Wafers" neither fulfill Prime- nor Test-grade for different possible reasons (e. g. very broad or missing
specification of one or several parameters, reclaim wafers, no particle specification) but might be a cheap alternative for e. g. resist coating tests or equipment start-up.

Our Silicon-, Quartz-, Fused Silica and Glass Wafers

Our frequently updated wafer stock list can be found here: & www.microchemicals.com/products/wafers/waferlist.html
Further Products from our Portfolio

Plating

Plating solutions for e. g. gold, copper, nickel, tin or palladium: & www.microchemicals.com/products/electroplating.html

Solvents (MOS, VLSI, ULSI)

Acetone, isopropyl alcohol, MEK, DMSO, cyclopentanone, butylacetate, ... € www.microchemicals.com/products/solvents.html

Acids and Bases (MOS, VLSI, ULSI)

Hydrochloric acid, sulphuric acid, nitric acid, KOH, TMAH, ... €& www.microchemicals.com/products/etchants.html
Etching Mixtures

for e. g. chromium, gold, silicon, copper, titanium, ... & www.microchemicals.com/products/etching_mixtures.html


http://www.microchemicals.com/products/wafers/waferlist.html
http://www.microchemicals.com/products/electroplating.html
http://www.microchemicals.com/products/solvents.html
http://www.microchemicals.com/products/etchants.html
http://www.microchemicals.com/products/etching_mixtures.html

Further Information
Technical Data Sheets: www.microchemicals.com/downloads/product_data_sheets/photoresists.html

Material Safety Data Sheets (MSDS): www.microchemicals.com/downloads/safety_data_sheets/msds_links.html

Our Photolithography Book and -Posters
- - " ®  Photoresist Processing

retreatment

Silicon Wafers Ml \We see it as our main task to make you understand all
aspects of microstructuring in an application-oriented way.

At present, we have implemented this claim with our book
Photolithography on over 200 pages, as well as attractively
designed DIN AO posters for your office or laboratory.

Development

We will gladly send both of these to you free of charge as our
customer (if applicable, we charge shipping costs for non-
European deliveries):

www.microchemicals.com/downloads/brochures.html
www.microchemicals.com/downloads/posters.html
Thank you for your interest!

Resist Removal

Disclaimer of Warranty & Trademarks

All information, process descriptions, recipes, etc. contained in this document are compiled to the best of our knowledge. Nevertheless, we can not guarantee the correctness of the information. Particularly with regard to the
formulations for chemical (etching) processes we assume no guarantee for the correct specification of the components, the mixing conditions, the preparation of the batches and their application.

The safe sequence of mixing components of a recipe usually does not correspond to the order of their listing. We do not warrant the full disclosure of any indications (among other things, health, work safety) of the risks associated
with the preparation and use of the recipes and processes. The information in this book is based on our current knowledge and experience. Due to the abundance of possible influences in the processing and application of our
products, they do not exempt the user from their own tests and trials. A guarantee of certain properties or suitability for a specific application can not be derived from our data. As a matter of principle, each employee is required to
provide sufficient information in advance in the appropriate cases in order to prevent damage to persons and equipment. All descriptions, illustrations, data, conditions, weights, etc. can be changed without prior notice and do not
constitute a contractually agreed product characteristics. The user of our products is responsible for any proprietary rights and existing laws.

Merck, Merck Performance Materials, AZ, the AZ logo, and the vibrant M are trademarks of Merck KGaA, Darmstadt, Germany

MicroChemicals GmbH Fon: +49 (0)731 977 3430
Nicolaus-Otto-Str. 39 Fax: +49 (0)731 977 343 29
89079, Ulm e-Mail: info@microchemicals.net

Germany Internet:  www.microchemicals.net
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