	ETCHING SOLUTIONS                                                                                                  
Those are a list of solutions specific for etching metallic films
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 ALUMINUM ETCHANT
 Aluminum Etchant Type A (Transene Co., Inc.)
 For VLSI aluminum etching, there is available a pre-mixed phosphoric/acetic acid mixture. 
Etch rate: ~ 100 Å/sec at 50ºC.
Corrosive. Avoid contact with eyes, skin and clothing. Avoid inhalation.

Aluminum Etchant for VLSI
Etch rate ~ 2000 Å/min.
Solution: 16 phosphoric acid / 2 DI Water / 1 Acetic acid / 1 Nitric Acid

Aluminum Etchants - Others
  These will not etch gold, etc.
         Phosphoric acid at 60ºC
        Sodium hydroxide (10% solution)
        Trisodium phosphate at 190ºC
  These will not etch ZnO. Etch rate ~ 100 Å/sec.
        10 g K3Fe(CN)6
        1 g Potassium hydroxide (KOH) in 100 ml water at room temperature.
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  BRASS
Use brass dip (Turco) for etching and cleaning.
Ferric chloride (etch)
Ammonium persulfate: 20 g to 100 ml H2O
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 CHROMIUM ETCHANT
HCl : H2O2 (3:1) - This will also etch gold film.
HCl : H2O (1:1) - Heat to 50ºC, immerse substrate and touch with aluminum wire.

Chromium/Nichrome Etchant
HCl : H2O2 (3:1) - This will also etch gold film.
HCl and touch with aluminum wire.
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  COBALT
H2O : HNO3 (1:1)
HCl : H2O2 (3:1)
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  COPPER
 Brass Dip, RT-2 Resist Stripper, FeCl solutions
    H2O : HNO3 (1:5)
 Oxide removal - cold solution of ammonium carbonate (slight etch)
 Dislocation Etchants
Sirtl Etchant: 1conc. HF / 1 CrO3 (5 M) / 500 g/L of solution
                      Etch rate ~ 3.5 µm/min. Good on {111}, poor on {100}, faceted pits.

 Secco Etchant: 2 conc. HF / 1 K2Cr2O7 (0.15 M) / 44 g/L of solution
                          Etch rate ~ 1.5 µm/min. Best with ultrasonic agitation. Good on all orientations. Non-crystallographic pits.

 Wright-Jenkins Etchant: 2 conc. HF / 2 conc. acetic acid / 1 conc. nitric acid / 1 CrO3 (4M) / 400 g/L of solution

 2 Cu(NO3)2 + 3 H2O (0.14 M) / 33 g/L of solution
Etch rate ~ 1.7 µm/min. Ultrasonic agitation not required. Good on all orientations. Faceted pits, good shelf life.

 ASTM Dislocation Etchant
600 ml HF / 30 ml HNO3 / 0.2 ml Br2

28 g Cu(NO3)2 + 3 H2O
Dilute 1:10 with H2O
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  CALLIUM ARSENIDE
1-2% Br2 in ethanol
H2SO4 : H2O2 : H2O (5:1:1)
Good polishing etches

Fused KOH at 300ºC
Good crystallographic dislocation pits on the (100) surfaces

1 ml HF / 2 ml H2O / 8 mg AgNO3 / 1 g CrO3
Dislocation lines and striations
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  GERMANIUM ETCHANT (AND GERMANIUM SILICON)CALLIUM ARSENIDE
H2O2 (30%) at 90ºC
Etch rates:  100% Ge 4000 Å/min
                    80% Ge 1000 Å/min
                    60% Ge and less do not etch

H2O at 90ºC
Etch rates: 100% Ge ~ 200 Å/min
                   < 60% Ge does not etch

RCA SC-1 (NH4OH : H2O2 : H2O) at 75ºC
Etch rates: 100% Ge ~ 4 um/min
                   80% Ge ~ 9000 Å/min
                   60% Ge ~ 500 Å/min
                   40% Ge ~ 30 Å/min
                   20% Ge ~ 10 Å/min
                   0% Ge ~ 5 Å/min
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  GOLD 
Aqua Regia: HCl : HNO3 (3:1)
Saturated solution of KI in H2O, 1 iodine crystal
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  IRON
H2SO4 : H2O (1:1)
HCl : H2O (1:1)
HNO3 : H2O (1:1) To remove rust: saturated oxalic acid solution.
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  NICKEL
HF : HNO3 (1:1)
Electrolysis: dc nickel electrode. H2SO4 or H3PO4. Reverse polarity several times, finish with nickel part as electrode.

Nickel Etchant (Transene Co., Inc.)
Contains nitric acid. Highly irritating to eyes, skin and mucous membranes, avoid inhalation of vapors.
Avoid contact with reducing agents.

Nickel Oxides
HCl
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  NIOBIUM
HF: HNO3 (1:1)
P-Etchant (Phospho-Silicate Glass [PSG] Etchant): 3 HF / 2 HNO3 / 60 DI water
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  PALLADIUM 
HC l : HNO3 (3:1) Hot
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  PLATINUM 
HCl : HNO3 (3:1) Hot
Dissolves in Aqua Regia
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  SILICON ETCHANT - POLYCRYSTALLINE SILICON
Etch rate ~ 100 Å/sec
33% DI water / 3% NH4F / 64% HNO3
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  SILVER
 NH4OH: H2O2 (1:1)
 Remove with HNO3
Clean with dilute HNO3 : NH4 (1:1)
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  STAINLESS STEEL
HF: HNO3
Aqua Regia (depends upon grade of stainless steel)
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  TANTALUM 
HF: HNO3 : H2 (1:1:1)
10 of 30% KOH solution at 90ºC
1 of 30% H2O2
This mixture etches Ta2O5 and tantalum nitride at rates of 1000-2000 Å/min. Attacks photoresists and must therefore be used with a metal mask (e.g. gold).


