Zbgs — V5 o—VOY amio IFAQ (o liaal oY o5locd e alr Q) oyl 05lecds (SKilSo it aloro

DOI: 10.22034/jmeut.2020.10093

)10 2 5l ool b (SigNa) Wil yis 9Sbemw sladozbu o (Slo (650 gil )|
(CMP) (Silso - (o1 Lot

Al g smsb i axlss ieio olRtils (Sl sitige 08, ¢ Lol ¥ S99 31 o0
Olpl oyl s ‘gs""ﬁb MJJI)ZVAJ 42195 (Sxo iy (Sl (W 05; (S 1SS Gezmidls ob}ilf ‘S.LALC J»)LC»\M
oduS>

s

B 5 1 oS (slotazrbs ale w3l slo g 5 Itz 5l (6 K518 (slags, 51 52 (CMP) SlSe — plonch (55250
Cye )0 Al jsabsd Il 40 )ls Sankd 4 s (558 Bew a5 (ZrOz, CeOz, F&0s5) sunle &lyd wild ol o ol o Sl s
e ge Syl Saakd mhu g5, (SI02) Ko S35 Y G g o0l olonds (2STs (HE9, b 5 ST OT dga (D) il Jlow b Sanki >
—oberd SN 50 JSae Jelse 0,8 oo plodil askad mhaw 5l gl (STl a0 anle OlyS lawgs ceadanST SHL 4Y cuils
slelss A0S 2 i b a5 ol ol O3 g5 —F 5 (o K00 oleg —F 158 etle S oles Sy <Y wodile O3 Clle -) ol Sl
Wl G laderls (Sl —(plend S0y Sln ol a0 S (oe esd )l pedln 5 T g e S Y e g ) wile
S5 b wosle o &5 5 IS s Blo 2 o 55 (sla gyt sl elaf] TF Dra 5 a4l 5 ol alStlef] ol
5 e o sl gy St 25 a5 ol VT 51 o 5 05 el s 9 2516 oS o sl 5 il 5 >, Miniteb
5 38 Oedle (SAS g e (o) S35 loy Gaal38l b ceansle 03 4w o sl eslatul b ol pledl Slagioles] jo el cavss sole cuils (&)
ol asdllae (SOl g, Sleicds 1 eoliiul b gzl (55 ewlidco, Cdl Sey s phaw CokaS g 0dd jiiog oole sy e canle @l)d cdale
slaszles ag ooy Gl @la)lel; aleds w05 s S ST 3 olae b plord lagtiSTy el il (rizes
S5 gt aieSs,y (slotazl gl (5,25 45 08 (L5 gm0 bS5 dlin b Sl Gl ly 5T 5 GASELeS] Il 4 Azgi b SSaal

(Ra= 69 nm) sl ;555 sasslu 90 5l s ilpe 4 FE203 sossle

Wl eSliws wole il 7 5 b Slo (Sl - pleands (5, 5y 1 gudS” gWdolg

Nano-Metric Enhancement of Surface Roughness of Silicon tde balls (SisNg4) by
Chemical Mechanical Polishing (CMP)

M. Vahdati Department of Mechanical Engineering, K.N. Toosi University of Technology, Tehran, Iran
S. A. Ameli Kalkhoran Department of Mechanical Engineering, K.N. Toosi University of Technology, Tehran, Iran
Abstract

Chemical Mechanical Polishing (CMP) is one of the nano-metric polishing processes of non-metal balls and wafers such as silicon
nitride balls and various ceramics. In this process, abrasive particles (Fe&;0s;, CeO, and ZrO;) which have lower hardness than
workpiece are floated in some fluid. In this state, the workpiece reacts chemically with base fluid (water, air, hydrogen peroxide and
or ail), forming a thin layer of silica (SiO,) on the surface of the workpiece. Removal of the thin oxidized surface layer of the
workpiece by abrasive particles, as a result of the chemical reaction, is easily done. Effective parameters of Chemical- Mechanical
Polishing include 1- density of abrasive particles, 2- spindle speed of milling machine, 3- polishing time and 4- kind of abrasive
particles which by altering of each, factors such as 1- surface roughness, 2- sphericity and 3- material removal rate change. In the
present research, a laboratory device is designed and manufactured for chemically- mechanically polishing of silicon nitride balls
and 24 experiments are designed by Minitab software and done to investigate effects of the mentioned factors on surface roughness
and material removal rate. For each of the factors two levels is set, after variance analysis of the experimental results, regression
equations of the surface roughness and material removal rate were achieved. By increase of polishing time, spindle speed of milling
machine and density of al three kinds of abrasives during experiments, material removal rate increased and surface roughness
enhanced. Morphology of surface roughness by X-Ray photo-electron spectroscopy (XPS) was studied. Probability of chemical
reactions by Gibbs free energy equations was also investigated. Eventually, approaches for optimized polishing of ceramic balls
were proposed due to the experimental conditions and analysis of variance. Comparison of the experimental results showed that the
surface roughness of balls polished by the Fe,Os abrasive particles (Ra= 69 nm) was far better than the other two abrasives, and
equals.

Keywords: Chemical- Mechanical Polishing (CMP), Surface Roughness, Material Removal Rate (M.R.R.), Silicon Nitride.
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