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INTODUCTION 

Complex, precision metal components are found in a variety of 
applications within the aerospace, defense, medical, automotive, 
electronics, and many other industries. The demand for smaller 
parts with intricate designs and geometries continues to rise with 
advancements in technology. However, traditional manufacturing 
processes such as stamping, computer numerical control (CNC) 
machining, and laser cutting can negatively affect the metal’s 
integrity and compromise the performance of critical parts 
resulting in catastrophic failure.  

Photochemical machining (PCM), or chemical etching, is a 
subtractive metal fabrication alternative for production of critical 
parts. The technique falls within the rapid prototyping 
classification and uses baths of temperature-regulated chemicals 
and a photoresist to define selective material removal.  

The process of PCM answers the demand for low-cost, burr-free 
parts including hardened metals, without inducing stress. It 
reliably produces intricate, close tolerance-patterns in a variety 
of flat, metal materials. It eliminates the heat transfer issue of 
laser cutting and the physical impact force of mechanical 
techniques such as stamping. 

 

 

 

HISTORY 

PCM is also known as photochemical etching, industrial etching, chemical blanking, and microchemical milling. 
Sometimes PCM is confused with chemical milling due to the chemicals involved to remove metal and similar steps 
that are required in both processes. However, chemical milling alters the shape of formed parts whereas 
photochemical etching creates new parts from thin materials.  

In its earliest form chemical etching was used by ancient Egyptians in 2500 BCE to create jewelry for nobility. Around 
the 1st Century CE alkaline etchants were introduced, and during the mid-1500s, erosive chemicals and compounds 
like vinegar, sodium, and charcoal were used to create intricate designs in armor, weaponry, and furniture without 
damaging the integrity of the material.  

During the Industrial Revolution, newspapers and periodicals used photochemical etching to create printing plates, 
and around the 1960s, the creation of photoresist film was promoted by Kodak with more complex chemicals and 
stronger materials. Kodak hosted a PCM seminar to increase their film and photoresist sales. The seminar focused on 
the production of sheet metal parts via photoetching, and as a result, several photochemical etching companies were 
born.  
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PHOTOCHEMICAL MACHINING PROCESS 

The traditional PCM process involves a series of steps including: 

 

Drawing Review of Customer Component 

Before the photochemical etching process begins, a customer needs 
to provide a computer-aided design (CAD) drawing, blueprint, or 
even a napkin sketch. A design engineer then applies 
tolerances, metal type and thickness, and other design 
parameters such as the etch factor, etch band, and tabs to 
convert that CAD file into a modified file to plot the phototool. 

Etch Factor 

When analyzing a drawing for photochemical etching, 
adjustments may need to be added to the design to produce parts 
within specific tolerances. This is known as etch factor (see Figure 1). 
Etch factor is determined by the depth of etch divided by the undercut 
and is evaluated by the following quantities:  

 
• Width of the line (or slot) in the developed photoresist stencil 
• Width of the slot at the metal surface after etching 
• Depth of etch measured when etching is stopped before breakthrough of the 

metal sheet 

Line Width Stencil 

During the preparation of the drawing file, provisions are made for the reclaiming of parts after 
etching. Each part must have an etch line (see Figure 1) surrounding it so the part can eventually be 
separated from the metal sheet. The usual width chosen is twice the metal thickness. The line width determines 
the rate of etching, obtains uniform profiles, and helps conserve etchant. 
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Figure 1 shows the etch line, etch factor, and tab       Figure 2 shows the external and recessed tabs. 
design parameters. 
 

Tabs 

To provide the tightest tolerances possible, tabs are added to produce connections that hold the parts in place after 
etching (see Figure 1). Tabs also allow for safer handling and easier inventory. Parts are later removed from the 
webbing by cutting or manually twisting. There are two types of tab design based on the edge requirements of a part: 
external and recessed (see Figure 2). As the names suggest, an external tab protrudes from the part, while the 
recessed part recedes into the part slightly.  

When requirements of the part prevent the use of a tab, the parts may be processed untabbed, which is referred to as 
“dropout” parts. Again, as the name would suggest, the parts are designed to drop out during etching and onto a 
carrying screen. Dropout parts are etched less consistently than tabbed parts; therefore, they have a wider tolerance 
and additional design considerations may be needed on the front end.  

The main advantages of tabbed parts include: 
• Improved dimensional consistency across the panel of parts 
• Advantages for secondary processes such as plating and electropolishing 
• Higher yields due to reduced handling damage (thin delicate parts) 
• Ease of flat sheet packaging and shipping 

 

Phototool Development 

After the CAD file is reviewed, it is plotted and developed onto a set of phototools--one for the top side and one for 
the bottom side. Top and bottom phototools are either registered to each other using punched holes and pins or using 
an exposure machine camera system. In recent technology advancements, machines featuring UV lasers or UV LEDs 
directly plot the image onto a photoresist coated panel without the need of a phototool. 
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DI Machine 

Direct Imaging (DI) machines are a recent development in exposure technology that enables 
direct plotting of the image onto a photoresist without the need of a phototool, substantially 
decreasing the total process time. They also allow for consistent light intensity across the entire 
area being exposed. Depending on the model of the machine, most common light sources are 
UV-Laser or UV-LEDs. Sheets are exposed one side at a time, thus subsequent alignment of 
the second side image is required. Some DI machines expose marks on the photoresist along 
with first side exposure and some take fingerprint photos of the surface to enable second side 
alignment. DI machines eliminate use of phototools, removing dimensional changes of 
phototools that can expand or contract with changing temperature and humidity. 

 

 

 

 

 

 

CBT-MLI-5800 from Chime Ball Technologies. Digital 
imaging machines eliminate the cost and time required 
to develop a phototool, and substantially increase the 
speed and accuracy of the side-to-side alignment 
process. 

 

Material Selection 

There are several types of non-metallic materials that can be photochemically machined such as glass, ceramics, and 
some plastics. This paper focuses solely on metal components that can be etched including:  

• Aluminum 
• Brass 
• Bronze 
• Copper 
• Monel 
• Nickel Alloys 
• Carbon Steel 
• Stainless Steels 

• Kovar 
• MuMetal  
• Spring Steel 
• Beryllium Copper 
• Phosphor Bronze 
• Nickel 
 

 
More exotic metals and alloys such as Titanium, Molybdenum, and Zirconium can also be etched but require more 
sophisticated chemistry and operator knowledge. Metals that are high tempered or brittle make great candidates for 
PCM, because traditional machining processes such as stamping or laser cutting can cause breakage or stress-
concentration points, adding to loss of materials. PCM also works well for spring materials that are difficult to punch.  

The PCM process is mainly used to etch flat metal sheets or panels within the thickness range of 0.0004” to 0.125”. 
The metal thickness is generally related to the tolerance needed on the finished part. When selecting a standard-sized 
sheet, consider the following questions:  

• How wide a coil is available or is pre-cut material available? 
• What are the limitations of the processing equipment? 
• How will the dimensional stability of the master affect the overall quality? 
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The panel size must be matched with the capabilities of the production line. The most common size is 300 x 450 mm 
(12 x 18 in), but larger production capability is available.  

Mechanical properties of the metal are largely unimportant to the photo etch process. Qualities of a metal that 
produce good parts with PCM include:  

• Fine grain size – essential for parts that require a smooth edge because the smoothness of an edge decreases 
with increased grain size 

• Soluble in the etchant chosen 
• Flat material with a uniform thickness 
• Uniform surface finish and free from surface contamination (scratches, embedded particles, or inclusions)  

The use of poor-quality metal will result in substandard products (see Table 1), and the etchability of a metal is 
dependent on its chemical composition (see Table 2). 

 
Table 1: Effects of poor-quality metal on PCM 

Metal Defect Effect on PCM Process 

Coil set (metal curved along its length) 
and dents 

Difficult to coat with photoresist and to contact print against the phototool, 
resulting in loss of registration and detail 

Gauge variation (for example, crown, 
where the thickness increases from the 
edges to the center of a strip of metal) 

Difficult to determine optimum etching time as this is dependent on metal 
thickness 

Too large of a grain size Loss of resolution in etched features 

Surface scratches 
Difficult to coat with photoresist, with the result that etchant flows into the 
scratches and produces cosmetic defects on the surfaces of the product 

Embedded particles and inclusions such 
as oxides, sulfides, and silicates 

Can create defects on etching (for example, pits, pimples, and the loss of 
resolution in product) because they etch at different rates compared with the 
base material 

   Source: D.M Allen, The Principles and Practice of Photochemical Machining and Photoetching, Adam Hilger, 1986  

 
Table 2: Etchability ratings of some selected metals and alloys used in PCM 

Good Good to Fair Fair to Poor Poor 

Copper (rolled) AISI 215 Stainless Steel Molybdenum Tungsten 

Copper (electrolytic) AISI 301 Stainless Steel Nichrome (Ni, 20% Fe, 15% 
Cr) 

Hastelloy C (Ni, 15% Mo, 
14% Cr, 5% Fe, W, 2.5% 
Co, 0.08 % C) 

Beryllium Copper AISI 302 Stainless Steel Udimet alloys (for example, 
Ni, 42% Fe, 12.5% Cr, 
2.7% Ti) 

Titanium 

Brass (Cu, Zn) AISI 304 Stainless Steel Vanadium René 41 (Ni, 19% Cr, 11% 
Co, 10% Mo, 3% Ti, 1.5% 
Al) 

Oxygen-free high-
conductivity Copper 

AISI 305 Stainless Steel Chromium  Niobium (Columbium) 
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Phosphor Bronze (Cu, 10% 
Sn, ≤5% P) 

AISI 316 Stainless Steel Gold Tantalum 

90-10 Copper-Nickel AISI 321 Stainless Steel Lead  

Zinc AISI 347 Stainless Steel Manganese  

Carbon Steel PH 15-7 Stainless Steel Rhenium  

Kovar (54% Fe, 29% Ni, 
17% Co) 

PH 17-7 Stainless Steel Zirconium  

Nickel  AISI 410 Stainless Steel   

Monel (for example, Ni, 
31.5% Cu, 1.3% Fe) 

AISI 420 Stainless Steel    

Nickel Silver (Cu, 25% Zn, 
10% Ni) 

AISI 430 Stainless Steel   

Magnesium Inconel alloys (Ni, 15% Cr, 
7% Fe) 

  

Aluminum  Hastelloy B (Ni, 28% Mo, 
5% Fe, 2.5% Co, 1% Cr, 
0.5% V, 0.05% C) 

  

Aluminum (anodized)    

   Source: D.M Allen, Photochemical Machining and Photoelectroforming, Cambrian Way Trust, 2015  
   Visser A and Weissinger D, 1193, Spray Etching of Stainless Steel, PCMI Publication #4000. 

Metal Surface Preparation 

After the type of metal is selected, sheets are cut to size (or produced reel to reel for some high-volume production 
parts) and cleaned to remove any residual oils, oxides, or surface contaminants so the resist adheres successfully to 
the metal surface when applied. There are a variety of cleaning methods including, degreasing, pumice scrubbing, 
mechanical brushing, electro-cleaning, and chemical cleaning. See Table 3 for cleaning contaminant-based strategies. 

Some metal sheets may need to go through a pre-etching process depending on the requirements of the finished 
product. Pre-etching is also done when increased adhesion of photoresist is required. This may be due to longer 
etching times of thicker and slow etching metals or specific part designs that do not have enough surface area for 
resist to hold on to. The drawback for pre-etching is an undesirable surface finish that may impact part functionality.   

The quality of the finished parts depends greatly on the care taken during this step. Most common processing cycles 
that comply with local environmental regulations appear to be:  

• Alkaline or emulsifying soak cleaner to remove organic contamination 
• Tap water rinse 
• Acidic removal of inorganic contaminants 
• Deionized water rinse  
• Drying 
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Table 3: Cleaning strategies for type of contaminant 
Contaminant Cleaners Equipment Requirements 

Oils, waxes, greases, and 
other organic materials 

• Chlorinated hydrocarbons (e.g., 1, 1, 1, trichloroethane) 
most effectively used in vapor degreasing equipment 

• Alkaline soak cleaners which saponify fatty acids esters or 
the milder 

• Emulsifying soak cleaners containing anionic or non-toxic 
wetting agents, detergents; builder (such as sodium 
metasilicate which provide a source of alkalinity buffering 
and improve rinsability) and chelating agents (which 
soften hard water) 

Standard vapor degreasing 
plant 

Light organic 
contamination 

Acid emulsifying soak cleaners containing cationic wetting 
agents and phosphate ‘builders’ 

Tanks or conveyorized spray 
or brush cleaning systems 

Organic and particulate • Alkaline 
• Neutral  
• Acidic anodic or cathodic (most effective) electro cleaners 

Standard electroplating plant 

Rust oxides and 
inorganic contaminants 

• Neutral emulsifying soak cleaners 
• Acidic aqueous solutions which convert in soluble 

contaminant to aqueous - soluble products 

Tanks or conveyorized spray 
or brush cleaning systems 

   Source: D.M Allen, Photochemical Machining and Photoelectroforming, Cambrian Way Trust, 2015 

Depending on a job shop’s set up, washing and rinsing may be required between processing stages to prevent 
contamination from one station to the next. Drying of the wet sheet can be done with air knives, squeegee rollers, or 
by hand. More thorough drying can be done in a conventional oven or infrared heaters at temperatures ≥120°C. 

Coating 

Next, the sheets are coated with a photosensitive resist that is sensitive to ultraviolet (UV) light and resistant to acid 
(etchant). It provides a tightly adhering protective coating that defines the shape of the part that must not break 
down or lift off during etching.  

The photoresist can either be a positive- or a negative-working resist. In the positive acting system, the area that is 
exposed to UV light washes away during development. In the more commonly used negative acting system, the UV 
exposed areas are made insoluble and will be retained during development. In either case, the result is a panel in 
which the areas to be etched are bare metal, and the area representing the part is covered with a tightly adhering, 
acid-resistant coating. Table 4 lists the advantages and disadvantages of positive- and negative-working resists. 

Table 4: Advantages and disadvantages of positive- and negative-working resists 
 Positive-Working Resists Negative-Working Resists 

Advantages • Very high resolution due to 
intermolecular photolytic reactions 

• Easily stripped as stencil composition is 
identical to original photoresist 
formulation 

Stencil tougher than that formed from 
photoresist as polymers have been cross-
linked during exposure by intermolecular 
photolytic reactions 

Disadvantages • Incompatible with alkaline etchants 
• Can be brittle and chip easily 
• Needs exposure in humidity-controlled 

environment 

• Can ‘heat fog’ 
• More difficult to strip 
• Reduced photosensitivity in the presence 

of oxygen 
   Source: D.M Allen, Photochemical Machining and Photoelectroforming, Cambrian Way Trust, 2015 



 
 
 
 

 

 
 
 
 

 www.fotofab.com  |  © 2021 Fotofab, LLC  |  Page 9 
 

Photoresists can be applied in thin liquid form or laminated as a solid Dry Film Resist (DFR). DFRs are easy to apply 
and have short exposure times, making them popular among job shops. However, DFRs result in a lower feature 
resolution than liquid resists due to film thickness limitations and higher costs. 

There are several ways to apply liquid photoresists including dipping, whirl-coating, or spraying. Dipping is the 
simplest method, but whirl-coating gives the most uniform thickness, and spraying is the most versatile method. It is 
best to coat and expose photoresists in a clean room environment to minimize particulate contamination under amber 
colored lights to prevent inadvertent exposure.  

Applied liquid resists are dried at room temperature and then baked for a maximum 15 minutes. Baking temperature 
is not critical. Longer baking times can be used at lower temperatures. Drying is not required for applied DFRs. 

Note: Application of the photoresist to the workpiece is best done immediately after metal surface preparation. Photoresist coated 
materials can be covered or stored in a dark room in a controlled environment for a couple days before exposure. As a general rule, 
the recommendations of the photoresist manufacturer should be closely followed. 

Exposing 

Resist-covered sheets are placed between a top and bottom phototool and exposed to a UV light source to create the 
desired image. For a negative acting resist, the UV light shines through the clear areas of the phototool and the 
exposed resist becomes hardened and the light shielded areas remain unchanged. 

PCM exposure equipment consists of a vacuum contact printing frame and a source of high-intensity UV light. In some 
cases, a highly collimated light source will resolve and reproduce finer detail. Ideally, the wavelength of the light 
source should correspond to the maximum of the photoresist absorption spectra.  

 

 

 

Commonly used light sources 

• High pressure mercury lamps 
• Metal halide lamps 
• Mercury xenon lamps 
• Pulsed xenon lamps 

  
• Pulsed xenon and actinic fluorescent tubes  
• Light emitting diodes (LEDs) 
• Laser light sources 

 

Each side of the workpiece panel can be exposed individually, or the two sides can be exposed simultaneously 
between a pair of image masters in precise register. Most commercial exposure units typically contain an upper and 
lower light source for this purpose. The vacuum printing frame is used with the emulsion side of the master pattern 
toward the work panel. A vacuum ≥ 500 mmHg (20 inHg) will ensure good contact between the master and the panel. 
Over-exposure of the photoresist may produce variations in line widths or blend adjacent features. Under-exposure of 
the photoresist leads to development problems of the image resulting in missing features or lines not completely 
opening. 
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Developing 

After the photoresist is exposed, it goes through a development process. This step can be accomplished in trays filled 
with a developer solution but is usually completed on conveyor spray equipment for increased efficiency. As the 
sheets pass through the developer spray chamber the unpolymerized soft resist dissolves away and the hardened 
resist remains. The sheet of material will then have resist remaining in the areas where the material needs to remain, 
while the rest of the sheet has exposed metal where the material needs to be removed.  

Developer solutions are often proprietary mixtures including aqueous alkaline solutions, organic solvents, or just 
water. Developer solution temperature, spray pressure, spray pattern, oscillation rate, and similar rinse water 
variables are all important developing parameters.  

Developing conditions and duration are determined by the nature and thickness of the photoresist. Solvent developers 
typically operate at 20±2°C, whereas DFRs usually require higher solution temperatures. It is 
important to note that if recommended temperatures are exceeded, then the chance 
of a solvent attack on the hardened photoresist is increased. High 
temperature deviations during development are known to increase the 
porosity and decrease the protective barrier required during etching. 

Once the panel has been developed it should be rinsed in running 
water or spray rinsed to remove the developer solution along 
with any soft resist residuals. If the non-image areas are still 
not clean (not fully developed), the development and rinse 
processes can be repeated without damaging the image. 

In some cases, it is desirable to bake the panels in convection or 
infrared ovens after development. Post-development baking helps 
to evaporate water and solvents in the hardened photoresist and 
produces a stronger molecular bond to the resist-metal interface. This 
improves acid resistance and is particularly important when using a 
solvent-base photoresist in which swelling occurs during development. Care 
must be taken not to exceed the recommended baking temperature and times. 
Overdried photoresist can become brittle and difficult to remove after etching. 

Etching 

Etching can be done either by immersion in a mechanically agitated or air agitated chemical 
bath, or by spraying with heated acid in a conveyorized system. The required speed of travel varies 
with the strength of the solution, the etchant type, metallurgical properties of the metal sheet, and 
metal thickness. The etchant solution is sprayed on one or both sides of the sheet, causing a chemical 
reaction to take place, in which the acid reacts with the exposed metal and oxidizes it to form a soluble reaction 
product. The force of the spray washes away the reaction products so that a fresh metal surface is always in contact 
with fresh etchant. The areas covered by the hardened resist are protected from the etchant. 

When etching has proceeded to a point at which penetration from each surface has gone halfway through the sheet, 
the breakthrough occurs (Figure 3, pg. 14). After this happens, the etchant can run through the opening, causing the 
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edges to smooth out and produce a nearly vertical sidewall. It should be noted that while the etchant is penetrating 
the metal, the lateral width of the etch line is increasing and undercutting the photoresist. The thicker the metal, the 
greater the amount of undercut. A properly designed phototool compensates for this undercut so that the resulting 
part features are all within tolerances. It is this portion of the process that requires good statistical process control.  

Parts can also be selectively etched so that a portion can be approximately half the thickness of the original metal 
sheet. This technique allows for chemically engraving identification numbers or company logos and integrating bend 
(score) lines onto a part’s design. Complex flow channels or semiconductors and RF shields for surface mount boards 
are typical applications for this feature. 

In most production operations, the composition and concentration of the etchant and other process conditions are 
regulated for a removal rate of about 0.01 to 0.05 mm/min (0.0005 to 0.002 in/min). Typical rates for ferric chloride 
etchants are 0.02 mm/min (0.0008 in/min). Faster rates can be obtained, particularly in spray etching, but usually 
only at the cost of reduced accuracy, more frequent failure of the resist by penetration, or by bond failure at pattern 
edges and accelerated corrosion of equipment. 

 

 

 

Etching Machine 

Etching machines that dispense ferric chloride or copper chloride are made from plastic 
materials, such as PVC and/or polypropylene, with titanium heaters and cooling coils to 
maintain a constant etchant temperature and withstand corrosion from the etchant. The 
temperature of the etchant must be maintained below 55°C (130°F) to avoid distortion of the 
plastics used in the machine’s construction. If higher temperatures are needed, then titanium 
sheets are included in the machine’s structure.  

Etchant is pumped through a manifold system to spray nozzles pointing to both surfaces of the 
panel being etched. Depending on the machine, the spray bars will oscillate or be fixed. Etchers 
with conveyor systems allow continuous processing and are the most widely used, while batch-
type machines, in which one sheet is processed at a time, are used for short runs and high-
precision parts. 

Etchant 

There are a variety of etchants that are used for PCM and are selected depending on cost, quality, depth of etch, and 
speed of material removal. Table 5 lists them with their operating characteristics. Etch factor for the PCM process 
equals depth of cut (from one side) divided by undercut. It is important to note that in chemical machining, the same 
term, etch factor, means just the opposite (undercut divided by depth of cut). 

 
 
 
 
 
 
 
 
 



 
 
 
 

 

 
 
 
 

 www.fotofab.com  |  © 2021 Fotofab, LLC  |  Page 12 
 

Table 5: Etchants for sheet metals and foils 

Metal (Composition) Etchant Formulation(a) Temperature 
°C (°F) 

Alfenol (Fe, 16% Al) 42 °Bé FeCl₃ 49 (120) 
 Conc HNO₃:conc HCl:H₂O (1:1:2) 38-49 (100-120) 
Aluminum Conc HCl:H₂O (1:4) 22-65 (72-150) 
 20% NaOH solution 60-90 (140-190) 
 12-20 °Bé FeCl₃ 49 (120) 

 

Alkaline potassium ferricyanide solution, for example,  
     K₃Fe(CN)₆ (329 g/L, or 44 oz/gal.):NaOH (16  
     g/L, or 2 oz/gal.): Na3PO₄·12H₂O (30 g/L, or 4  
     oz/gal.) 

55 (131) 

 Conc HCl:conc HNO₃:H₂O (10:1:9) 49 (120) 
 40 °Bé FeCl₃: conc HCl (100:9) 43 (110) 
Anodized Aluminum 20% NaOH solution 60-90 (140-190) 
 12-20 °Bé FeCl₃ 49 (120) 
Beryllium Ammonium bifluoride (NH₄HF₂) (90-180 g/L, or 12-24  

     oz/gal) 
27-32 (80-90) 

Beryllium Copper See copper alloys . . . 
Chromium 42 °Bé FeCl₃: conc HCl (2:1) 32 (90) 
Constantan (55% Cu, 45% Ni) 35-42 °Bé FeCl₃ 49 (120) 
Copper and Copper Alloys 30-40 °Bé FeCl₃ 43-49 (110-120) 
 33 °Bé CuCl₂ (acidic) 54 (129) 

 
Modified chromic acid (for example, Hunt Multi-Circuit  
     Etch) 

27-38 (80-100 

 
Ammonium persulfate (220 g/L, or 29 oz/gal) 
Cupric ammonium chloride [Cu(NH₃)₄]Cl₂(2M)  

32-49 (90-120) 

 
Hydrogen peroxide/sulfuric acid (for example,  
     Shipley Hydro-etch 536) 

45-50 (113-122) 

Germanium  HF + HNO₃ . . . 
Gold Aqua regia, that is, conc HCl:conc HNO₃ (3:1) 20-32 (68-90) 

 
Potassium iodide (saturated) + iodine (20 g/L, or  
     3 oz/gal.) 

50 (122) 

HyMu 80, 800 (80% Ni, 4% Mo,  
      Rem Fe) 42 °Bé FeCl₃: conc HCl (9:1) 43-49 (110-120) 
Inconels (Ni, Cr, Fe) 42 °Bé FeCl₃ 54 (129) 
Kovar (Fe, 29% Ni, 17% Co) 42 °Bé FeCl₃ 49 (120) 
Lead 33 °Bé CuCl₂ (acidic) 54 (129) 
Magnesium 10-20% conc HNO₃ (plus additive such as Hunt X-flex  

     to improve etch factor if required) 
35 (95) 

Molybdenum Alkaline potassium ferricyanide solution, for example, 
K₃Fe(CN)₆ (200 g/L, or 27 oz/gal.):NaOH (20g/L, or 3  
     oz/gal.): sodium oxalate (5 g/L, or 0.7 oz/gal.) 

55(131) 

 
40 °Bé Fe (NO₃)₃ 
Conc HNO₃:HF:H₂O 

40-55 (104-131) 

 
Conc HNO₃:conc H₂SO₄:H₂O (1:1:3) 
Conc HNO₃:conc HCl:H₂O (3:3:4) 

50-54 (122-129) 

Moly Permalloy (Ni, 13% Fe, 5%  
      Cu, 4% Mo) 42 °Bé FeCl₃:conc HCl (9:1) 54 (129) 
Monel (67% Ni, 33% Cu) 42 °Bé FeCl₃ 49-54 (120-129) 
MuMetal (Ni, 16% Fe, 5% Cu,  
      1½% Cr) 43 °Bé FeCl₃ 49-54 (120-129) 
Nickel 38-42 °Bé FeCl₃ 

Conc HNO₃:conc HCl:H₂O (1:1:3) 
49 (120) 

Nickel-Iron alloys (for example, 
Invar, Alloy 42) 42 °Bé FeCl₃ (with HNO₃ additions if necessary) 49 (120) 
Nimonics (~80% Ni, 20% Cr) FeCl₃:HNO₃:HCl  
Niobium Conc HNO₃:HF:H₂O (7:1:2)  
Phosphor Bronze (Cu, 5% Sn,  
      0.5% P) 42 °Bé FeCl 25-49 (77-120) 
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Metal (Composition) Etchant Formulation(a) Temperature 
°C (°F) 

Platinum Aqua regia, that is, conc HCl:conc HNO₃ 3:1 20-25 (68-77) 
Silver 36 °Bé Fe(NO₃)₃ 

50-90% HNO₃ 
43-54 (110-129) 
38-49 (100-120) 

Stainless Steels 35-48 °Bé FeCl₃ 35-55 (95-131) 
Stainless Steels (containing  
      molybdenum) 36-42 °Bé FeCl₃ with HNO₃ additions 35-55 (95-131) 
Steels (mild, spring, silicon, and  
      tool) 36-42 °Bé FeCl₃ 52 (126) 
Tin 42 °Bé FeCl₃ 54 (129) 
Titanium 10-50% HF (optionally with additions of HNO₃) 30-49 (86-120) 
 Ammonium bifluoride (NH₄HF₂):conc HCl:H₂O 30-49 (86-120) 
Tungsten Alkaline potassium ferricyanide solution, for example,  

     K₃Fe(CN)₆ (200 g/L, or 27 oz/gal.):NaOH (20 g/L,  
     or 3 oz/gal.): sodium oxalate (5 g/L, or 0.7 oz/gal.) 

55 (131) 

Vanadium Conc HNO₃:H₂O (1:1) 25 (77) 
Zinc 20-25% conc HNO₃ (plus additives such as Hunt  

     Rocket Etch to improve etch factor if required) 
36 (97) 

Zirconium Conc H₂SO₄:HF 36 (97) 
 Conc HNO₃:HF:H₂O 36 (97) 
(a) Volume ratios if known, except where stated. °Bé, Baumé scale; conc, concentrated; rem, remainder. 

   Source: D.M Allen, The Principles and Practice of Photochemical Machining and Photoetching, Adam Hilger, 1986 

Ferric chloride solutions are used for a variety of metals, as indicated in Table 5, and have become the most widely 
used etchant in the PCM industry. The range of etchants is usually restricted to the less dangerous ones, namely ferric 
chloride (often modified with additives), cupric chloride, diluted mineral acids, and some alkaline etchants based on 
sodium hydroxide or ammonium salts. Sodium hydroxide is used extensively on aluminum and aluminum alloys.  

Most acid etchants can be maintained by the addition of fresh acid until their chemical activity is altered excessively 
by the dissolved metal content, at which point they are safely discarded. Sodium hydroxide etchants can be 
maintained by additions and regenerated when aluminum content becomes excessive. The effect of aging on etching 
rate and uniformity varies with the etchant and the work metal.  

Etchant compositions can be adjusted to meet the requirements of specific applications, and proprietary additives can 
be included to control foaming or wetting characteristics, increase, or decrease etching rate, or make etching more 
uniform. Many formulations resemble those used in bright dipping, chemical polishing, or electropolishing.  

Stripping 

After etching, the panels go through a stripping phase where resist stripper is applied to dissolve the remaining 
photoresist. There are at least two different ways to strip the metal--through a conveyor like the etcher or a bath 
(dipping method). The art of good stripping involves the complete removal of the photoresist without staining or 
corroding the metal surface. Some formulas only soften and lift the coatings, which then need to be gently brushed off 
the surface. Methylene chloride base strippers will completely dissolve the photoresists but require proper ventilation 
care and handling.  

Handling of parts during stripping is easier when the parts remain attached to the metal sheet. Generally, one or more 
small connecting tabs are located in such a manner that they do not interfere with the function of the part.  
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Inspection 

The best methods of inspection involve the use of automated optical measurement instruments, plug and pin gauges, 
and horizontal optical comparators. The use of statistical process controls, especially during etching, can reduce final 
inspection requirements. 

D E S I G N  C O N S I D E R A T I O N S  

The photochemical etching process has some limitations in regards to part size and material thickness. The size of a 
part is limited to the size of the panel that can be handled through a job shop’s etching process. There also may be 
limitations to the width of material available from their mills. The maximum material thickness depends on the metal 
etched and edge profile requirements, e.g., the usual thickness limit for metals is 2.0 mm for easy-to-etch metals and 
1.5 mm for difficult-to-etch metals. 

The mechanical properties of the work metal have little effect on the etching rate, as does workpiece shape (unless it 
prevents uniform access of fresh etchant to the surface). The maximum thickness of a sheet from which parts are 
photochemically etched on a production basis is 1.6 mm (0.0625 in). However, cold-rolled steel parts 3.2 mm (0.125 
in) thick have been etched to a tolerance of ±0.4 mm (±0.015 in) under special conditions.  

Figure 3 shows progressive stages of metal removal and the effect of undercut on design. Undercut is the main factor 
governing tolerances that can be held and refers only to attack just below the resist edge on one side of the cut, 
because photochemical etching is primarily concerned with the etched surfaces that become the edges of the etched 
part.  

The etch factor is defined as depth of cut divided by undercut; higher values are preferred to lower values. In Figure 3 
stock 150 µm (6 mil) thick is shown blanked with an undercut of 12 µm (0.5 mil) and an etch factor of 3.0. 
Straightness of the side walls of the cut can be improved substantially by overetching, as shown in Figure 3 Allowance 
is made for the undercut and the etch factor in the layout of artwork, based on trial processing or experience. 

 

Figure 3 Progressive stages of metal 
removal in photochemical machining. Metal 
is removed from all surfaces not covered 
by resist. Metal can be taken from etchant 
as soon as blanking is completed, for an 
undercut of 0.025 mm (0.001 in); or 
etching can be continued to improve 
straightness of side walls, for an undercut 
of 0.05 mm (0.002 in). Workpiece 
dimensions depend on resist dimensions 
and control of undercut. 

Metal with exposed and
developed photores is t

Partially etched metal Metal under-etched in
regard to normal dimens ions

Metal etched to
normal dimens ions

Metal over-etched in
regard to normal dimens ions
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Dimensional Limitations 

The photochemical etching process places no limit on the complexity of a part’s configuration; however, there are 
some limits to the size of the etched features in relation to the thickness of the material. Figure 4 shows the typical 
relationships between metal thickness (T) and various dimensional limitations.  

Hole Size/Slot Width  

Depending on parameters like design layout and metal thickness, the smallest hole diameter that can be produced by 
the PCM process ranges from 90% to 120% of the metal of a given component (exceptions to this occur as the 
thickness decreases). The minimum practical hole diameter or slot that can be etched is 0.102 mm (0.004 in). The 
minimum slot size is slightly smaller than the minimum diameter as etchant replenishment is better in slots compared 
to holes. Minimum slot width or hole diameter may also 
depend on the workpiece.  

Radii 

In PCM, all corners in a part, whether within or along an 
outside edge, will have an associated radius. The smallest 
inside corner radius is directly proportional to the thickness of 
the metal. The smallest outside radius recommended by some 
job shops is approximately equivalent to 0.6 times the metal 
thickness. If requirements for a radius smaller than material 
thickness are necessary, other specific conditions are 
achievable. 

Corner Radii and Reliefs 

For most applications, basic inside and outside corner radii are suitable. If a part design requires a sharp-cornered 
object to fit into a photochemically machined square hole, then corner reliefs can be incorporated into the design as 
shown in Figure 5. Part designs that require a narrow lead can be compensated for the basic radii by providing the 
base of the lead with “relief radii” on either side as shown in Figure 6.

Figure 5 Figure 6

Tolerances  

It is not possible to establish hard-and-fast rules regarding etching tolerances because too many factors are involved 
such as the type of metal, size of the sheet, type of exposure equipment, type of etching equipment, condition of the 

Figure 4 
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etchant, and the skill of the operator. However, some typical PCM tolerances of various metals are listed in Table 6 for 
thickness of 0.05 to 1.5 mm (0.002 to 0.060 in). 

Table 6: Tolerances in photochemical machining of various metals 
  Tolerance (±)    

Stock Thickness Aluminum Alloys Copper & Alloys Nickel Stainless Steel 

mm mm (in) mm (in) mm (in) mm (in) 

0.05 (0.002) 0.05 (0.002) 0.03 (0.001) 0.03 (0.001) 0.03 (0.001) 

0.13 (0.005) 0.08 (0.003) 0.04 (0.0015) 0.05 (0.002) 0.04 (0.0015) 

0.25 (0.01) 0.1 (0.004) 0.05 (0.002) 0.13 (0.003) 0.05 (0.002) 

0.5 (0.02) 0.15 (0.006) 0.08 (0.003) 0.1 (0.004) 0.08 (0.003) 

1 (0.04) 0.3 (0.012) 0.15 (0.006) 0.2 (0.008) 0.18 (0.007) 

1.5 (0.06)  0.2 (0.008)  0.25 (0.01) 

Note: The tolerances in Table 6 are applicable for a dimension that is 50 mm (2 in) or less for parts produced using standard 
phototool technology and 200 mm (8 in) or less for parts produced with Direct Imaging technology. Tighter tolerances are 
possible depending on the feature type and control plans. 

 
 

Center-to-Center Tolerances  

Center-to-center accuracy is determined from the accuracy of the phototool rather than by the etching time. This 
tolerance is typically considered to be within ±0.013 mm (±0.0005 in) for dimensions less than 150 mm (6 in). Larger 
dimensions depend on the storage conditions of the phototool as phototools expand and shrink with temperature and 
humidity. It is possible to produce within ±0.013 mm (±0.0005 in) over larger dimensions using glass tools or direct 
imaging technology. 

Edge Quality  

Although burrs are not produced in photochemical machining, the edges obtained at the instant of complete 
breakthrough may be irregular and rough to varying degrees. Edge uniformity depends on the uniformity and fineness 
of the grain structure of the workpiece, local stresses, edge orientation, uniformity of resist edge, and adherence of 
resist, as well as on local variation in etchant concentration, impingement velocity, and direction of flow against the 
surface being cut. Slower etching rates usually produce more uniform edges. Edge quality can be improved by 
controlled over-etching (see Figure 3) or by subsequent bright dipping or chemical or electropolishing. 

A D V A N T A G E E  A N D  D I S A D V A N T A G E S  

The PCM process is great for complex patterns or low production volumes. It offers a variety of advantages compared 
to other machining processes, but also has some disadvantages.  
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Advantages  

• Magnetically soft materials can be fabricated and retain optimum 
permeability 

• Setup and tooling costs are extremely low 
• Initial quantities of newly designed parts can be produced on 

short notice--sometimes within a few hours after the 
design has been conceived 

• Design change costs are low because only the artwork is 
altered 

• Burr-free process 
• Extremely thin metal can easily be etched without 

distortion--accuracy actually increases as metal thickness 
decreases because the extent of undercutting is decreased 

• Metal hardness has no significant effect on ease of etching 
• The temper, stress, and other physical properties of the 

metal are not changed 
• Brittle metals (such as the silicon electrical steels, which often 

fracture during conventional blanking) are etched without 
difficulty 

• The process allows great design flexibility 
• Quick turnaround times 

Disadvantages 

• Relatively high level of operator skill is required 
• Special safety precautions are needed in handling chemicals; the etchant vapors are 

very corrosive  
• Etching equipment must usually be isolated from other plant equipment  
• Suitable photographic facilities are not always available 
• Sharp radii cannot be produced 

I N D U S T R I E S  +  A P P L I C A T I O N S  

PCM suits a range of applications in various markets, including:  

• Shielding (RF and Electromagnetic Interference 
(EMI)) 

• Screens 
• Brackets 
• Contacts 
• Covers 
• Lids 

• Shims 
• Spacers 
• Encoder Wheels 
• Lead Frames 
• Laminates 
• Flat Springs 
• Heat Sinks 

 

One of the major applications of the PCM process is the manufacture of burr-free, intricate, thin “stampings.” The PCM 
process is often more economical than punch-press or press-brake blanking for quantities up to 5,000, depending on 
the size of the part. 
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Photochemical etching is sometimes used to eliminate deburring or to reduce assembly time. Electronic chassis are 
made in small-to-medium quantities by using punch presses for routine holes and chemical blanking for odd-shape 
holes and slots. Intricate parts that are impractical to blank mechanically because of hardness or brittleness of the 
work material can often be made with ease by photochemical etching.  

 
Table 7: Top Rivals of PCM 

Production Method Photographic 
PCM 

Photographic 
PEF 

Machine Shop 
Stamping 

Machine Shop 
Microdrilling 

Max Material 
Thickness 

1.5 to 2 mm 
(6 mm for low-res work) 2 mm 13 mm Depends on drill 

size 

Deviation from a 
Straight-Line 
Profile 

<20% of material 
thickness. 

Dependent on 
material thickness 
(T) to resist 
thickness 

A slight taper with 
burr 

A slight taper with 
burr 

Min Aperture Size 

⌀min 1.1T for most 
metals (but this is not 
absolute limit as it is 
dependent on hole 
profile. 

⌀min = 0.1T - 0.5T 

• ⌀min =0.5T (low 
carbon steel 

• ⌀min =0.75T (high 
carbon steel) 

⌀min =0.025 mm 

Material All metals (but these 
vary in etchability 

Usually Nickel, 
Copper, Silver, or 
Gold 

Non-brittle 
materials 

Non-brittle 
materials 

Process 
Advantages 

• Produces burr-free and 
stress-free components 

• Physical and chemical 
characteristics of metal 
not altered during 
processing 

• Variable edge profile 

May be the only 
viable process 
capable of achieving 
very high resolution 

• Forming 
operations can be 
carried out whilst 
blanking 

• Fast 

Fast 

Process 
Disadvantages 

• Multi-stage process 
• Thickness lamination 

• Multi-state process 
• Restricted range of 

metals 
• Thickness 

lamination 

• Long lead times 
• Deburring required 

• Deburring required 
• Drill fragility 
• Difficult to locate 

drill 
• Skilled operatives 

required 
   Source: D.M Allen, Photochemical Machining and Photoelectroforming, Cambrian Way Trust, 2015 
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