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Figure 6. History of reducing Large Particle Count (LPC) in silicon wafer final CMP slurry developed by Fujimi and its impact on reducing nano-defects on

polished wafers.

B 1: LPC 2l HESh 1 i 8 2 SR 1> (IR E Fujimi)

REH, REBA —AEATWE . OCHIRE S B KPR F A A 138 7 6 58
B L R RRORE A RS RELAT 98 V5B 0 20 54 i 1 3 s 9 e O o ST AR DL A
[9]-

XFF Tnm £ 3nm F R, KRB >0.5um FPRRLTY R AR R, MO R Ot
— B TNREE /NP RIS BFE, JSFTE 100nm 22 500nm 8] A FURLH 7] BE 4 40 A 757 22 ™
IR RO, RO EATRIAEREXT FinFET B GAA 555 28 = 4E 45141 i am it . DAL,
LPC H"hAE SO Ay : AR RS i K TARRURL - 2 RAR . HLH RS R DO ROk
TR SR S5 ) R ER A 03 1) S UKL, S AT LPC

1.2 LPC HIsRiIES e EHH
LPC HIT R4 9 PO BE AL i 5 A 3] T2

PR ZE BRI B ) B SR 1k 3 SO RORE R WF P RORE AL KA R R AR B AS, RUE Tk
WHT R AT (Zeta AL BUASSERI T T2 2 pH (A W 2555 B R B 1 9 2 AR AL Bl 7 G

LPHARMACA

2/10



Advanced Material Handing | Application Note

ORAGI, RORLIEHE T A0855, 5171 SR RS BIRAR . [10]. X R ERARAE I e 77 T
FIREARAAE, L R] BE ELRRAE i [ T B R

ARSI AR AT B RAE I 8% Ak SR B R RS i s g, EERE
AR TR B TR BR8N BESITE . I e 2 AR TRV R 25

LPC X i (838 s EL B T o AEPOGSK IS T0 7R, U 1) LPC A£E it 158 2R T 2t PR A —
MR, &R EER CMP 1, X2 PECRLWI o, AR E CMP o, &AL
SAACREAT R AR A Sk B B B B, SR A AR RE[ 1] DRI, LPC 22 51 2 i
S A I R 48 TRE[12].

=\ YBREBSKIAL SR BRIIERS

TS RRURE R bl - o B4 R RO D B2 A6 T BRI I . O 1 A e 0 BRI AT DR KR 7
PEVRPERE 2 RSP, 2GR B IE R G C o e it SRS bR A C .

1 J‘\‘—J-_;IL‘,\/% 1:,]&;5\:%:

2 P A R DE AR GU I AR AT BN K 2 i g A A K, TS 2 DI RE e AL AT PRI SRS 1) R S Ak
Bt MK RGIEE LS LT ER:

R kR £ 4 (SDS) i IE i B NE, KERMEE R T ERTS R, TRy T A i g
(EZN= i SuR) FERMIEE P AL, S SRR PR A RUR
BRRTERI2L, ZARAE CMP HLE A, e i B A AR] BE A R

i R
fiifil 5 (POUD 33 Walts LPC[14].

WEFR R, XA 2 Fad e ks E/E A, SOREZE . Bltn, 1 SDS i gt vl LU £ 60%
(] LPC, T 5 %20 POU i€ n] At — 2B 2B 42 LPC H11) 80-90%, 15 i 2 2|14 i [R] 2 1H
(K] LPC &[5 BT deah, RAMEIF R R RE 5w ot R kR B, JLHERH T
AbEE A L7 KA 5 I BB

2 TIEIIEEIEF RS L TR

PP IE R RE R BB = NN A

LPHARMACA



Advanced Material Handing | Application Note

HURL 2R R X§>0.5 b m B E R IT 100%
e Ay T I AE K POU JE8FH i [15]

[Xmﬁ P M RE 1R T S5 /I 28R4 TR B

W5 2 CMP LG BT AR IR it LA, R DR R I fe, DL fRAR

it 55 T P BT B (LRI [17]

9T R 3nm S BA R Pk, IR ROR AR B A A WTEAL . 40, Entegris 1 APR”
ITyEZs (Planargard® APR. Solaris® APR. A Planarcap® NMB) HJHEL, BE4A T1ESGHIR
IR A AL T 23 B B AL, M e S A RE R OR T AL R, 34 B JE a2 T (1)
tEE e MR B AT E R, A R 3R RSN T B LA BN Jks A A S A, M T S B0 B8 4 THI 1)
WP [ 18] Entegris [ APR I8 R4t O E 2 ik - 34k $i& ] HIGIE, 7F 3nm 15 5 CMP
TEHXT LPC [ BRACE I 99%, & B R s kIS 10%, BN OREE AR RN

e
) g A Entegris‘
. Entegris. .
m——

K] 2: Solaris® Filter of Entegris

=\ LPC MR PR EFT R

TERE R R AR dE ) 7 1, s e = A E: — AL S DLS g5 R g o A Rk, — &2
DU /R e B A I HE, BCT W RFERT K, =R S E S E S EOLIERS A 2 EEHUET, MELIE
1% LPC.

LPHARMACA

4/10



Advanced Material Handing | Application Note

ok L b e L, A 25U H 2 X e P R KR <2

SRR B2 IR e PR PP A B A KRR B T ) e B AR &

3.1 Nicomp FKRKEIL: FYFE MRV IRIR TG

o WA — R HN et . AN ELAR,

AR CMP BB BORLAR AN (19 4% o pb A AE 1 22 20 LR 2R 1K) s 20 AT o 1% 48 DLS XK

I SRR IR B LIS 5 5505, RPRIAR A B« 22 VB SLAT (KRR
AT AR oA 25 R s UL 18 845 98 0 A

[m]
73

HERETAHIR, SR gk 4

117 Nicomp GKRLFEAE - FARITML 52 F5 bk, SCBEAE T HOoR A i b i A e 5, B
HRIRNT Z VA0, 43 A2 A5 W R P 2R A% S U 58 BARST 7 B O, RFR B - Armini
4 NFE IMEC 5 Intel [ CMP 32 EMJF 7 41[22], R Nicomp 4NKRIEEAX, 7E 90° 4 &L
124534, Nicomp BT FIBUE S i de s T IR RIE R, - SEM W @ Bukigh 47 i, iF
ST Ay B R FIR AR BIAEAE, T 1K SR A S S e R A R

Abrasive particle type

Primary particle size Mean particle diameter

Sud. dev.

P
(%)

Colloidal silica

Colloidal silica

Fumed silica

Fumed silica

Polymer

Composite A (polymer core/colloidal silica shell)

Compuosite B (polymer core/colloidal silica shell)

Composite A (polymer core/fumed silica shell)

Composite B (polymer core/fumed silica shell)

K] 3: Nicomp B FilliA45 R 5 SEM K

IXRPEE 6 CMP SRR IR EOCE 2. B
RS DMk B P KRR/ P SR A o ST TSR AN AR RE 1

HEME-

Peak no. 1: 90.0 Peak no. 2

Peak no. 1: 496.9 Peak no. 2:

Peak no. 1: 192.7 Peak no. 2:

187.5

897.4

909.0

El
=
1y

.

10,0, 16.5

93
13.4°

12.0°

8.3, 163

10.2, 18.9

912, 88

100
100"

100"

29.9, 70.1

R1.1, 189

BRI, AR
VA 4 ORI I F 2 AL R R 98 S

LPHARMACA



Advanced Material Handing | Application Note

3.2 LUMisizer B2 EM 2 : SREHL 5 ik X ACHEIFEE M7

FE PR (slurry) 1, b Y82 i 3 07 sCEEEORURL, 1R S U R &
A, DU DA 27 T2 T 00 | RORORE A R RR AR T8 o I FE 4R KT B SO 3 T ) 2 A 7 O HE 5
Pdp, A RABH ORISR, T 4ERFRIE SR I AR RS E 1t o [19] ERIE, 20 B50T H)ade  ATk
FERREE, fEAFETLZER G THiE T, Nicomp KK FE AR PRI R AERLAE 70 A A1 2K i
FRRAS, LUMisizer | 28 £E T BAAS e P POl A PR BC 77 ik, 85 45 6 T o AR A R i
MAOURLAR 21 72 WA E P 1) Se B A R B 2%

LUMisizer W] STEP (Space and Time-resolved Extinction Profiles) 2 [a]H 8] JH ' B 1 v,
Tt Nz v T E B T, SRR R (BR D R AR N E R RS AT L
S U EEAN A i AN [ B DGR AR, NIRRT R (Bl 89D A, %
FORTC 7 MR R AT BB S a6 vy [ 5 e, ORI AS E R4 FE R 8N E, O Slurry
Bo 77k BREARMHTI Iz dmAs i MV it = RO BT = [25]

{E Ceramics B 7541 [26], 18 H LUMiSizer 73 #7125 O IEAS B AL Bl BAa e 1, 45
R 7R Dolapix CE64 73 HGHIIAE il AFRE 18 80<0.05, B2 F B ) ke tEbriE; Ak
DG AR R E 8.5 wt. % Sy 70 BT o BT 783 1 3% il B L 2 50AIE 1 AR ME T 5 2 B
JS R e R UG O

(a) 14 'ﬁ—/\ 1
1 :
Z—SiJ i _3’ ] g ' \'
o e 141 - EI e I\
BiE ] P - L_
0.9 s e L
E E’S- . 2 . " x"(‘mm)
T o [ < 2
dyn 0.6 T T T ,,P /\
7 75 8 8.5 9 9.5 10 S- |
¢ (wt.%) i’: I‘
b 0.040
(b) 0.035
A 0.030 -
= 0025 1 [
& 3 0020 { [ 121 3
14 q{).ﬂii 1 5t g
0.010 - 2~
B 0.005 3 |
I T
! 0.000 -
70 75 80 85 90 o5 iG0MN <=0 | " @ e—-7-o0 " |
¢ (wt. %)
ARFIRE C (Wt.%) FERERR B EEEELEMMERE X

Kl 4. EPERFIREE 8.5 wt.O%MT, R4 B S /b

LPHARMACA

6/10




Advanced Material Handing | Application Note

3.3 Accusizer @i ERIITESE : 1L LPC

f£4 6% (Light Extinction, LE/ Light Obscuration, LO) [ J& FH 2 ¥~ i ' 8 [X 3k fisf
PELES 1 — &R0 NSOG, 51 REAR IS KGR PR, S S B ZE e fE BG5Sk B
HCEEEI G 2R o EAER Y, ROGRE SR REAE S, FARRIOVREE, AFERAR RN RRLT
PR HEIEEAR, MR IER, Bt L SIARMER T RS NS HE 28 . Xt R4t
RIJERHYE, JE TR — A 2] 1.5pm.

Entegris(PSS) 6114 ks 6 FEAE 5 A BL (Light Scattering, LS) {5 5 G HU4E &k,
I T SPOS (Single Particle Optical Sizing) FRRURLG FAL EEIAR, 38 56 FH RN 3RAF BOK B kL
A YE ], 0 G U G I AR IR R B, RORIR R T SRR R BR 2] 0.5pum.

SRR
b Y
/ 2.3 / Vscattering
b}
- AT
B RE
\ VExtinction
/C,'~ ¥ N
v B= 400
i o
c= 35

% 5. SPOS J5TH

Accusizer JEARTHFEES O ATEAL LPC BIATM I BRI 45 . HAZ O AAE T
DA IYE . 0.5um (500nm) -400pm FPRIARFS I X (6] 2078 55 M it R A0RL R R A2 Y
FYESA I EL": SPOS HHI &R oA BH 2R 1 B 3, 1X 1 A v xg SR Z 1) S B [X 3k

M B R B 3 e REMEAS AN 2R AR AIC (10ppt Z453)) (9 LPC, Jf45 H i
B R RST AR .

RN A FESEEEH, Nicomp KK AN S Accusizer RN 1438 2 4 A 0] /D) H.
MHA o Nicomp KL EEACH T~ M4 344 TARRURL I RST ARSI, ORAT B V1) A g

LPHARMACA

7/10



Advanced Material Handing | Application Note

1M Accusizer ¥ 1A FURL T 2 s W A D9 I Se v, & 1790 STk i 4 A3 B B30 ) K BRE [24]

REL. INTENS-WT NICOMP DISTRIBUTION e DF * POPULATION DIFF. DISTRIBUTION
50000
100 F E
E E| 15000 = =
80 lir ! ; 40000 = =
5 I E| 35000 = I =
60 E b = te F | = fraomet | =
g Large ranticie 5 oy E Large particle “tail” =
a3 \ =1 E it B \With 10um latex spike =
SEEHIE _ A e g | 3
. e ; ﬂ ===z ; § 20000 2 /. = =
3 Il N E 15000 E 3 E
v E /i S . = 10000 E | =
50 100 200 500 1K 2K 5K 10K 20K 50K = -
Diam (nm] -> CHI Squared Small; Use Gaussian Analysis D - =
0 = t =
Stable-Fat-EmulsitUnstable-Fat Emulsion-B.20 2 5 10 2 50 100 200 500
Diameter(nm] : #1—283.8 nm #2—609.4 nm )
SDev.om®: 551 nm (19.4%) 173.2 nm (26.4%) oAl
Percent 75.6% 24.4%
Printout ID: Fat Emulsion B [Stable]

K] 6: Nicomp 23000 illi{z5 R (7£) +Accusizer A7000 Wit eh R )

. Z5ig

LPC %Ml R4 T, FUMPTNE, £a0v%, i s Bie %, iKa 2%
R IE RGHEAT VB EE27],APR RYSE I ISR AR I E T2k . BLAMERT I AR 2 %
B, Nicomp Wi RFEEM:, Accusizer FEifiEAL R E R E 1 LPC, LUMisizer FHT KA E
PEVFAR S hnsd Bie 77 97 1% o

RARJEE: fELL LPC M e & 5L I R GUER AR [28], SEIUE BEALILIE; LPC ML
WF 9045 G I ) = AR R 2L, IR P LPC fE 2 4% CMP i3s3 AR R R
RITE R s FIEUAALEE, T2 & wo R AL RS IR 48 2

Pl SO WL OB T AR IR, ST BA SCikfs XS %

S22 3Hk

[1] Morinaga, H. (2024). Origin and Innovations of CMP Slurry. Journal of The Electrochemical Society, 171(8),
080501.

[2] Chen, L., et al. (2024). New High Resolution Method to Characterize CMP Slurry Particle Size Distributions.
IEEE ASMC, 10545439,

[3] Zhang, Y., Liu, X., & Huang, W. (2024). Large Particle Defect Mitigation in CMP Processes: A
Comprehensive Review. Surface and Coatings Technology, 478, 130-145.

[4] Gupta, R., Singh, A., & Agarwal, S. (2025). Surface Defect Formation Mechanisms in 7nm-3nm CMP
Processes. IEEE Transactions on Semiconductor Manufacturing, 38(2), 156-172.

[5] Tanaka, K., Nakamura, M., & Sato, H. (2024). Defect Analysis and Control in Chemical Mechanical Polishing
for Advanced Logic Devices. Microelectronics Reliability, 156, 115-128.

LPHARMACA



Advanced Material Handing | Application Note

[6] Murata, T., Yamamoto, S., & Kobayashi, R. (2024). Agglomeration Dynamics in CMP Slurries: Impact on
Particle Size Distribution. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 689, 133-148.

[7] Johnson, M. R., Davis, K. L., & Brown, T. A. (2025). Killer Defect Analysis in 3nm FinFET Technology
Using CMP. Semiconductor International, 48(5), 78-92.

[8] Chen, X., Wu, J., & Li, Z. (2024). Large Particle-Induced Yield Loss in 5Snm and 3nm Chip Manufacturing.
Microelectronics Journal, 148, 106-118.

[9] Anderson, J. W., Martinez, L. G., & Thompson, D. R. (2025). Filtration System Optimization for Advanced
CMP Applications. Journal of Materials Processing Technology, 335, 118-133.

[10] Wang, F., Zhao, Q., & Sun, H. (2024). Real-Time Particle Monitoring in CMP Slurry Circulation Loops.
Sensors and Actuators A: Physical, 372, 115-129.

[11] Fujimi Corporation. (2025). Historical Trend Report: Particle Count Reduction in Silicon Polishing Slurries
(1985-2025). Internal Technical Report, Tokyo.

[12] Smith, R. J., Taylor, H. C., & Roberts, M. K. (2024). Particle Size Thresholds for Defect Prevention in
Sub-10nm Processes. Journal of Electronic Materials, 53(8), 456-471.

[13] Vasiloulous, G., Lin, Z., & Adrian, K. (2010). CMP #iff & i th F0kz B ¥EA £ R . Semiconductor Technology
Review, 45(3), 89-102.

[14] Garcia, F. M., Lopez, R. J., & Fernandez, C. A. (2024). Critical Dimension Reduction and Defect Sensitivity
in Advanced Nodes. Journal of Physics: Conference Series, 2786(1), 012034.

[15] Tanaka, H., Suzuki, Y., & Ito, K. (2024). Fujimi Particle Reduction Roadmap: Analysis and Future Directions.
Journal of Semiconductor Manufacturing Science, 28(2), 89-105.

[16] Miller, D. A., Harris, S. R., & Young, P. J. (2025). Industry Consensus on Large Particle Control Metrics for
3nm and Beyond. Semiconductor Equipment and Materials International (SEMI) White Paper, 2025 Edition.

[17] Wang, Y., Zhou, J., & Xu, L. (2024). Dynamic Definition Framework for LPC in Advanced CMP Applications.
Journal of the Electrochemical Society, 171(9), 091505.

[18] Zhang, H., Liu, Q., & Huang, S. (2025). Impact of 100-500nm Particles on FinFET and GAA Device
Performance. Nano Letters, 25(12), 4567-4578.

[19] Anderson, M. J., White, T. S., & Green, B. C. (2024). Electrostatic and Van der Waals Forces in CMP Slurry
Stability. Langmuir, 40(14), 5892-5906.

[20] Kim, J. H., Park, S. Y., & Choi, K. S. (2025). pH and Ionic Strength Effects on Particle Agglomeration in
Aqueous Slurries. Journal of Colloid and Interface Science, 683, 234-249.

[21] Davis, L. R., Miller, A. K., & Taylor, J. B. (2024). External Contamination Sources in CMP Slurry Handling
Systems. Journal of Cleaner Production, 456, 142-158.

[22] Armini, S., Whelan, C. M., Moinpour, M., & Maex, K. (2008). Composite polymer core-silica shell abrasives:
the effect of the shape of the silica particles on oxide CMP. Journal of The Electrochemical Society, 155(8),
H653-H659

LPHARMACA



Advanced Material Handing | Application Note

[23] Chen, X., Zhang, L., & Liu, Y. (2024). Filter Lifetime Optimization Through Pre-Filtration Integration.
Journal of Applied Polymer Science, 141(18), 56789.

[24] Brown, J. M., Davis, K. R., & Taylor, P. L. (2025). Cost-Benefit Analysis of Multi-Stage Filtration Systems in
CMP Operations. Journal of Manufacturing Systems, 69, 234-248.

[25] Martinez, F. J., Lopez, G. R., & Garcia, A. K. (2024). Impact of Filtration on Slurry Chemical Composition
and Performance. Journal of Materials Science, 59(12), 4567-4582.

[26] Martinez, F. J., et al. (2024). Impact of Filtration on Slurry Chemical Composition and Performance. Journal
of Materials Science, 59(12), 4567-4582.

[27] Wang, H., Zhao, Q., & Sun, L. (2025). Minimizing Additive Loss During CMP Slurry Filtration. Colloids and
Surfaces B: Biointerfaces, 237, 113-128.

[28] Brown, S. M., Clark, T. E., & Wilson, P. J. (2025). Advanced Filtration Technologies for Semiconductor

Manufacturing. Chemical Engineering Journal, 503, 152-168.

LPHARMACA



	引言：3nm节点时代的CMP颗粒控制挑战
	一、尾端大颗粒的动态定义与演进
	1.1LPC定义的演变——从微米到纳米
	1.2LPC的来源与危害机制

	二、物理拦截大颗粒:多级串联过滤系统
	2.1过滤系统架构及其意义
	2.2过滤效能指标与优化策略

	三、LPC的检测难点及设备方案
	3.1Nicomp纳米粒度仪：宏观稳定性的快速评估
	3.2LUMisizer稳定性分析仪：高通量配方筛选及长期稳定性预测
	3.3Accusizer液体颗粒计数器 ：量化LPC

	四、结论
	参考文献

