Lecture 6

Microfabrication
— Wafer-Level Processes (1V)

« Wafer-Level Processes
- Thin-Film Deposition
Electrodeposition
Additives
Gold, Nickel, Copper, Ni-Fe
Electrodeposited Photoresists

Electrodeposition Mechanisms
DC and Pulsed Electroplating

Spin Casting
Sol-Gel Deposition
Thin Film Stress
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Electrodeposition
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(1) One-step reduction (Copper sulfate solution)

Cu’" +2e~ — Cu(s)
(2) Two-step reduction (Gold cyanide solution)
a) Gold cyanide ionZ} neutral, reducible speciesZtoll H& & 0| &.
AU(CN); <> AUCN +CN"

b) A slow charge transfer reaction.

AUCN +e” — Au(s)+CN~
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Additives
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Gold, Nickel and Copper

- Gold ( )
Potassium gold cyanide (dicyanoaurate) (KAu(CN),) 20 g/l
Potassium citrate (K;CzH;O,°H,0) 150 g/l
Potassium phosphate (dibasic) (HK,O,P) 40 g/l

(used with a current density of 100 mA/cm?)

- Nickel ( )
Nickel sulfate (NiSO,*6H,0) 330 g/l
Nickel chloride (NiCl,*6H,0) 45 g/l
Boric acid (H;BO,) 38 g/l

(used at 60 °C with a current density of 100 mA/cm?)

- Copper ( )
Copper sulfate (CuSO,*5H,0) 120 g/l
Sulfuric acid (H,SO,) 100 g/l

(used with a current density of 10 mA/cm?)
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Nickel - Iron

- Nickel sulfate (NiSO,*6H,0) 200 g/l
Nickel chloride (NiCl,*6H,0) 5 g/l
Ferrous sulfate (FeSO,*7H,0) 8 g/l
Boric acid (H;BO,) 25 gl
Sodium saccharin (C;H,NNaO;S2H,0) 3 gl

Sulfuric acid (H,SO,) to bring the pH to 2.5
(used with a current density of 5 to 10 mA/cm?)
- 2= 2 2 99.9 % nickel foil AFZ (7 cmx 10 cm).
- 20| A 10 mA/cm2 2| M /RE T,
-0.2 ~ 0.3 um/min8| &= 8.

(Note that other Ni-Fe, or Permalloy™ electroplating references include
Liu, et al. (1995), Castellani, et al. (1978), Anderson and Grove (1981),
Komaki (1993), and Grande and Talbot (1993).)
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Electrodeposited Photoresists

 Negative electrodepositable photoresist (2100 ED Shipley) AFZ, 365 nmoi| BH3.
* Photoresist : water-based emulsion with a solid content of around 10 %.
 Solid : stable organic particles, 100 nm in size and soluble in water.

* Micelle : a polymer, a monomer for crosslinking, photoinitiators and contrast-
enhancing dye.
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Experimental Set-up
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Experimental Results

- Prebake : convection oven 50 °CO{| A 15&.

- 200 pm X7 /U= A7 L MHESZ 13
umZt & o &I,

- Developer : 40 °CA| A Shipley 2005 ALE.

7 pm FH 4ol 1= ZE.

Cross-section of the as-deposited photoresist.

!

200 um

54.7°
R S A

Schematic drawing of the test samples.

SEM imag the test sample after development.
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Electrodeposition Mechanisms
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-mjabA, Fojal 2z M HE Uzel 0
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37|17t 28 =, 582 o 2~of et Normalized plot showing that of the total

a applied current density, only a fraction
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o40 T = 5 is available for metal ion reduction, wi
=<2 morphology &= 11243} Of BFCt. the balance being consumed by unwanted
reactions such ~as water “hydrolysis.
Modified after Andricacos, et. Al. (1977).
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DC and Pulsed Electroplating

- DC electroplating : DC Mt o|Lt HEFHE ALE.

- Pulsed electroplating : 8- F& sl &l duty cycleol| 2} on/off£ =22 =.

- Gold2| & : 1 kHz2| pulse frequencyZ 10 % duty cycle AFE

-DCe| 4t &2 SEE= ¥V oA peak B /It 2.

- Pulse AtO[2] A[Zt0l| cathode 2 &2| BFSHIZF A SH E .

HHol| A2l gtEX s =& 571 Electroplated Metal

- Pulsed electroplating2| &H&.
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Pulsed Electroplating and Agitation

Pulsed electroplating2| =&
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“Black” Metal Films
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- Typical platinum black solution with 30 mA/cm?.

Chloroplatinic acid (H,PtCl; (anhydrous)) 2 g é|||é'§'%%|at?gg a‘{’rﬁfgﬁe?.ﬂﬁj'

Lead acetate (Pb(CH,COOH), 3H,0) 16 mg ROIntS After Bockris and

Water 58 m eddy(1970).

- “Black” metal fim2 <2 42| ALt Pel_ =% 7[0l A SZof °|6HHE
AdECh 10 Torre| =0l M ==5% A= background gasoll 2|5 &H2fst
MZ H7 M porous “snow like"S= & otCt
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Spin Casting

« The material to be deposited, typically a polymer or chemical precursor to a
polymer, is dissolved in a suitable solvent.

« Solution is applied to the wafer, and the wafer is spun at high speed.
 Centrifugal forces, in combination with the surface tension of the solution
and the viscosity of the solution, spread the film to a uniform thickness.

« The spinning also allows for some of the solvent to evaporate, which
increases the film viscosity.
«  After spinning, baking in an oven is used to remove the remaining solvent

and, depending on the material, to perform further chemical reactions.

(continued)
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Spin Casting

Spinning is the standard method for depositing photoresist, a

photosensitive polymer layer used in photolithography.

e It can also be used to deposit polyimide films, which are insulating
polymers that can withstand temperatures to about 400 °C.

« Polyimide: LHE A =Xt

 The deposited polymer is a polyamic acid.

« The post-spinning bake removes solvent and also converts the amic acid
to an imide, with the loss of a water molecule.

« Some polyimides are also photosensitive, and can be patterned
lithographically and then used as molds for plating of HARM (High Aspect
Ratio MEMS)structures.
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Sol-Gel Deposition

e Sol: YXNE ZMOHZ ot UHE =4 X2 6= colloid.

e OIS FJ]:1-500 nm.

« Gel: Sol O] 22| &= J=H(E1E)et A

« Some materials, especially various oxides, can be formed form the
sintering of a deposited gel layer that contains a suitable precursor.

« An example is a partially polymerized gel of organosiloxane compounds
that can be dissolved in a solvent and spin-cast onto the wafer.

Subsequent baking crosslinks the siloxane with the removal of the volatile
organic moiety, and further densifies the siloxane into silicon dioxide.

« Spin-on glasses are examples of silicon dixoide deposited in this manner.

« PZT(lead zirconate titanate) can be deposited by this method.
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Thin Film Stress

« A major problem with deposited thin films is the control of the state of
mechanical stress.

It is sufficient to state that virtually all deposited thin films have some
degree of in-plane stress and that the stress distribution is sensitive to
processing conditions, and to subsequent thermal history such as post-
deposition anneals.

« Thermally grown silicon dioxide also is stressed.

 Thin-film stresses can lead to curvature of the wafer itself and to warpage

and bending of suspended structures.
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Stony Formula
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(continued)
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Stony Formula
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