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Abstract: Diamonds are used in various industries due to their excellent performance, but the rough-
ness of synthetic diamonds has always been a challenge. This article proposes a composite process for
polishing chemical vapor deposition diamonds. The first step involves achieving dynamic friction pol-
ishing with the assistance of a heat-assisted robot, reducing the diamond’s Rq from the original 101 nm
to 10 nm. By using a combination of heat assistance and robotic processing, the first step of polishing
can be completed quickly. Subsequently, a polishing liquid is formulated using K,FeO,, deionized water,

glacial acetic acid, and W0.25 diamond abrasive for chemical mechanical polishing, ultimately achieving



a further reduction in Rq to 3.9 nm. By examining the surface structure and composition of diamonds, a
comprehensive analysis of the composite polishing process has been conducted. The experiment demon-
strates that in the initial processing step, both mechanical and thermal assistance aid in the graphitization
process on the diamond surface. In the subsequent step, CMP facilitates the conversion of C-C bonds
on the diamond surface into C-OH, C-O-C, and C=0O bonds, thereby reducing bond energy and further
smoothing the diamond surface. This represents the inaugural integration of dynamic friction polishing
and chemical mechanical polishing processes, offering a novel approach to diamond polishing.

Keywords: CVD polycrystalline diamond, DFP, CMP

1. iIRE

SNIAR—FERIMAME, BAEERSE. 1% #Or%, BEREIT N SR, a5
B EE (100 GPa)  EGH (2X 107 Wem ' =K' L BB (5.5 eV) . & (1. 04X 10"
Pa) . B AR AR 5. LN PG AR T A, M e oes i DAk k. Ri, BRE
WA PR R P B A BR ] 1 AR R A CRE R o 1954 48, H. Tracy Hall ff &k
THBNEERG, A RSN E T A ARSI &R T RARENA ", REmt, &
NI RS R I A AR, mRl EEAIEE T >k 7 Pk, F5EAT P b 28 DUE T & P s R
B BT, EASEEX CVD GNIA D H AR LT 1T 285, AAE3hESEEME (DFP) .
UG (MP) AL Z UG (CMP) b2 4ils (TP « Bokdls (LP) « BF W3l (IBP) |
JSEES Tz (RIEP) &5 B SR, AERI 5 VE#E 26 B SRR, M DA AT AR AR et e A0
RE L RS BERNR T A5 55 0] . SEIL CVD 4 WA 1R v RIS 25 i X T-AFART B — Pl AR R 13
e — ki

ASCHEH T #AHB) DFP 454 CMP 24 T 2T &NIAFRAIN T, FHHT THLEE 5.

plil

2. HRRAE

W 1 AR, SRR SRDRERE Ra A 101nm, RIHATRAEEINLEE A DFP N T )5, RHEA
Frek, (AW, Rq W] AREARE) 81nm. it BRLLAY S3 FE M ERA BIHLAS AN TR 19 DFP 2 J5
Rq FTRABEARE] 11nm, $RJE%56 20 CMP I TG, &WIARMEPTEY 2o, RqiLF] 3. 9nm.

K 2a 7R T #VH B DFP B2 & FIHLEI R B . BN SRBAKMEL T, &NIAE sp3 4
WG AR Ny sp2 25k, TR AR ARG 2840 . AES NI sp2 45 H) i I Ae 5 1 L BB e il e 2 o
I 5 F R B A R C0/C0, AR . sl HUMRAE R . 9 HOFI A, SNIA R £, B 2b J&
T CMP A FIMLEI R B B . FERRYEMR I, K FeO, MK A E H13E <0 Al <OH, 44k &RIfT
RMMBKIEF, B C-0H. C-0-C. C=0. C-HZEDhRektMl. Bhj5, XLLD)ResEHITE CMP I 2 hiE



0. 25
SR B RHRE TR BL CO, 1 CO HITB ARk 25 B

+2.70905 I +0.55232

wave

wave

I -2.41968

-1.43631

[ev 5.129 _ wave | [ev 1.988 _ wave |
[ens 101. 633 nm | [ens 81.552 [ |
[power 0.00L__wave | [power 0.001 _ wave |
Size X 0.5 mm Size X 0.5 mm

[s2ze v 0.5 mm | [s2ze ¥ 0.5 mm |

+0.05674

I +0.04297

wave wave

-0.13681

[Ev 0.160 _ wave | [ 0.080__ wave |
rms 10.822 nm rms 3.905 nm
Power =0.001 wave Power 0.000 wave
Size X 0.5 mmn 8ize X 0.5 mm
gize ¥ 0.5 mm 8ize ¥ 0.5 mm

B 1 JRdsH s S1, DFP #£4 S2, #4#H8) DFP 5% S3, COMP 4 S4 4iké F 14
Figl The roughness values of the original sample S1, DFP sample S2, heat-assisted DFP sample S3,
and CMP sample S4

Polishing pressure

W polishing disc

Carbon-oxygen reaction

.09 — " layer of W metal
L T
}\) Diamond graphitization
Diffusion and oxidation
of diamond phase C
) ) Diamond

A L
Diamond g Sturry

Glass disc

B 2 #48h DFP F= CMP = TE & R £ R A
Fig2 Schematic diagram of thermal-assisted DFP (a)/CMP (b) equipment and removal mechanism of

carbon atoms in DFP (a)/CMP (b) process



i PG B AL 38 NHEAT DFP 455 OMP 25 12, 343 1 Rq A 3. 9nm G NIA R EFT &, If
AT T P R NALEE, S T IR W] DA S B WA R T

SE 30k

[1] Jun R, Kailiang Z, Fang W, et al. Investigation of Diamond Films Polished by Thermal Chemical
Mechanical Polishing[J]. ECS. Transactions, 2013, 52, 1, 517-522.

[2] Yuan Z, Yan H, Jin Z, et al. Prediction of the Interface Temperature Rise in Tribochemical Polishing
of CVD Diamond[J]. Chin. J. Mech. Eng-En, 2017, 30, 2, 310-320.

[3] Ay P. Philos T R Soc B. Diamond thin films: A 21st-century material[J]. Philos. T. R. Soc. B,2000,
358, 1766, 473-495.

[4] Puttick K.E. “The properties of natural and synthetic diamond: Ed. J. E. Field[J]. Tribol. Int, 1994,
27,3, 2085-2009.

[5] Iwai M, Uematsu T, Suzuki K, et al. High efficiency polishing of PCD with rotating metal disc[J].
Adv. In. Abr. Tech, 2001, 235, 231-238.




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     范围： 所有页
     胶带坐标： 相对水平位置：62.18，相对垂直位置：759.43，胶带宽：507.93，胶带高22.25（单位：points）
     来源： 底左
      

        
     1
     0
     BL
            
                
         Both
         7
         AllDoc
         20
              

       CurrentAVDoc
          

     62.1821 759.4272 507.9295 22.2546 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

        
     0
     4
     3
     4
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     范围： 所有页
     胶带坐标： 相对水平位置：-12.65，相对垂直位置：46.07，胶带宽：579.14，胶带高19.88（单位：points）
     来源： 底左
      

        
     1
     0
     BL
    
            
                
         Both
         7
         AllDoc
         20
              

       CurrentAVDoc
          

     -12.6489 46.0684 579.1411 19.8769 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

        
     0
     4
     3
     4
      

   1
  

 HistoryList_V1
 qi2base





