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Background Diffusion & Reaction Rate Electroless Copper

*Via plating is ideal for electronic equipment and medical device implants Linear Voltametry of Copper Bath, Gold RDE vs. Hg/HgCl,, 25 mV/sec Levich Plot of Copper Bath, Gold RDE vs. Hg/HgCl,, 15 mV/sec Cu> + 2HCHO +40H —>Cu+2HCO0O +2H O+ H
*Vias can range from10-100 microns in diameter with 75-225 micron thick substrates, aspect ratios >5.5:1 Potential [mV] 08 2 2
*Substrate wafers can be up to 6 in. diameter with 100,000°’s of vias -600 -500 -400 -300 -200 -100 0 . 0 R I
*It is difficult to achieve uniform depositions throughout each via and across the area of the substrate | | ' e T e
Strategies include reverse pulse plating, altering bath chemistries using organic additives, and using an electroless 50
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bath to deposit a seed layer y = 0.0436x + 0.0423
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*Determine the electrochemical surface area and use this to determine the diffusion and reaction rates for the || |__ .. / g 03
Copper (1) ion in the el.ectro.plating bath | | | | —s00rPM | Limiting Current Mixed “Activation | > E 0
'US? the Copper (1I) d%ffus.lon. and reaction rates to develop and tailor direct current and reverse pulse plating :;gz gx Density Region Current Current | L, :
regimes for ele.ctroformmg In via arrays o //‘/.,A —~— Density Density ) o1 |
*Experiment with electroless Copper as a seed layer for electroplating in via arrays | / Region Region - -350 +
*Experiment with various setup methods to achieve a hermetic seal and uniform via filling across the sample 0
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Levich Equation: Koutecky-Levich Plot of Copper Bath, Gold RDE vs. Hg/HgCl,, 15 mV/sec *Electroless Copper provides a thin seed layer with variable adhesion
62nF C. D?/3 /2 « Using the Levich Equation the diffusion - 100y °
== I; - coefficient can be determined by plotting 45 - o
v x pproaches for Uniform
Jr, = Limiting Current Density [mA/cm?] * The diffusion coefficient can be used to 40 .i3-140 my
F = Faraday's Constant, 96,485 J/C determine the time needed for Cu?* to diffuse 35 ®
n = # of e Transferred, 2 e across the diffusion layer j-4-160 mV *
v = Kinematic Viscosity, 9.43E-3 cm?/sec g 30 - o Lim 400 Y u a ln
o = Rotational velocity [rad/sec] Diffusion coefficient = 4.74E-6 cm?/sec iz m e
Cyclic Voltametry of Copper Bath, Gold RDE vs. Hg/HgCl, 15 mV/sec &: 2
400 * The Diffusion Layer Thickness is the length | = 50 - Glass substrate with vias
Ditfusion Layer Thickness: that the concentration gradient at the working Setup 1- Growing copper from a Ti-Goldseed [ ...l . 20nm Titanium
350 T _nFDC, 5 _ (TDt)/> electrode extends out into the solution 15~ layer - éi?irﬁrensfs‘iil buck
300 1 g * Applying a current density of 20 mA/cm? for o
& = Diffusion Layer Thickness [cm] 100 ms yields a diffusion layer of 137 _
250 + t = Plating Time [sec] microns, requiring 12.6 seconds for the 1ons to 5 - o
T diffuse across to the working electrode N Setup 2- Using passivated stainless steel for — gtlzsil :::::?etle wltlil vias
4 0 . . . . . . . . u
> 200 -0.05 0 0.05 0.1 0.1 0.2 0.25 0.3 0.35 backside plating P
E -1 1 1
2 150 T Koutecky-Levich Equation: « Using the Koutecky-Levich Equation the o' [s"/rad?] o cubstrate with i
‘@ 1 | 1 1 if . . . . . . . . . / ass substrate with vias
£ 100 1 = d1ffu§10n Cf)efﬁ01ent can be determined by Overpotential vs. Reaction Rate of Copper Bath with Gold RDE vs. Hg/HgCl, Setup 3- Using conductive copper tape to seal TN 20 nra Titanium
= jeot Je Ji  Jr B2 plotting 1/j,,, vs. 1/®! the back side — < 150 nm Gold
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5 J:or = Total Current density [mA/cm*] . . . ) , , . . . 6.8 Stainless steel puck
\ B =Slope of Levich Plot Diffusion coefficient = 8.41E-6 cm-/sec .
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Ji= Kinetic Current Density [mA/cm?] * The Kinetic Current Density can be
-50 Jp, = Limiting Current Density [mA/ cm?] determined by looking at the y-intercept of the 7| Se tup 4- Using thin copper foil for backside < 8})%ssesruflz)sﬁrate with vias
10 Koutecky-Levich plots at various plating Y ot steel puck
_ Overpotential: overpotent.ials . . 4 7.2
2150 n=E—Epg, * The Reaction Rate increases exponentially as E y =-17.068x - 8.8349 Serun 5- Usine rubber in contunction with o Glass substrate with vias
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E = Measured Potential [mV] linear plot M g gl0g = : seal for backside plating Stainless steel puck
E, = Equilibrium potential, 46.5 mV
S f A - ¢ || Setup 6- Using conductive copper or silver < 8las§ Slibstr%te with Vizésl .
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Chrono Potentiometry of 10 mM Fe3*, Gold RDE vs. Hg/HgCl,, - _ : RT 0.0091 4.42E-05 | -10.03 Setup 7- Vacuum sealing Gold coated & Glass substrate with vias
k = Reaction Rate [cm/sec] 00131 6.35E-05 2966 * . _ < Gold coating on tape
. 1 mA Sand’s Eauati o = Transfer Coefficient 0'0190 9.25E 05 9'29 polyimide tape to the back of the via Polyimide tape (vacuum sealed)
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n = Overpotential [mV] .
N VT = 85.Sn./.16b vD R = Gas Constant, 8.314 J/mol K Reaction Rate = 1.46E-4 cm/sec
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Sidewall plating ,with good adhesion, was achieved using direct current and a reverse pulse plating regime using

D = Diffusion Coefficient [cm?/sec] d d | tatic and potentiostatic plati d
A = Electrochemical Surface Area [cm?] l eW a a n u a ln e s u S galvanostatic and potentiostatic plating modes
*Sidewall plating was achieved using an electroless copper bath

Potential [V]

= i - 3+
,C_b C BulktCorj:entratlon, 1E-5 mol/mL Fe | | - B *Copper tape and copper foil yielded uniform sidewall plating, but it was difficult to achieve plug plating
1= Current [mA] ._ sl o~ «F 7 g S 3 (A B W B it O & || *Copper and Silver paints worked well for achieving copper plugs but the plating was non-uniform
' | | *It was difficult to get the copper to adhere to and plate into the vias without the Ti-Gold coating on the substrate

Future Work

*Continue to experiment with new or different ideas to improve the fixture to get a better backside seal and
improve plating uniformity

*Develop a fixture for plating larger area via arrays

* Experiment with higher aspect ratio vias
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Time [sec] *By applying a constant current and
1 : determining the transition time T Sand’s
T2 vs. 1/i . .
Equation can be used to determine the
electrochemical surface area of a electrode

y=0.826x-0.1363
R*=0.999
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* Uniform copper deposition throughout the length of the via and across the area of the «Uniform deposition throughout via with no voids

substrate *High Aspect Ratio >5.5:1 Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a
0 | > 3 4 s 6 *Non-uniform depo.sition around the circumference of the via *Good Copper adhesion wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy’s National Nuclear
1/i [1/mA] *Good copper adhesion Security Administration under contract DE-AC04-94A1.85000.




