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Research on optimization of chemical mechanical polishing process
for titanium nitride electrodes
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Abstract: During the CMP of titanium nitride (TiN) blade electrodes for phase-change memory (PCM),
silica-based slurries are employed to remove excess dielectric layers. However, the TiN surface is
susceptible to oxidation, forming a high-resistance oxide layer that adversely affects device performance.

This study addresses post-polishing surface oxidation through process optimization, without modifying
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the slurry formulation. Polishing experiments were conducted to investigate the influence of mechanical
action on the oxide layer. The results confirm that TiN removal during CMP follows an oxidation-
removal cyclic mechanism, wherein mechanical removal critically controls the oxide layer. Following
optimization, the resistivity of the TiN thin film decreased from 2510.3 pQ-cm to 238.0 pQ-cm,
representing a 90.5% reduction. The optimized process was further validated on patterned wafers. The
surface oxide layer thickness on TiN patterned-wafer electrodes decreased from 2.17 nm to 1.09 nm, a
49.8% reduction. Under identical optimized conditions, the oxide layer thickness on polished TiN blade
electrode patterned wafers was 1.09 nm, which is 17.4% lower than the 1.32 nm observed on TiN thin
film wafers. Consequently, it is inferred that the resistivity reduction for the polished TiN blade electrode

patterned wafers also exceeds 90.5%. This study provides a viable optimization strategy for the CMP of

blade electrodes in phase-change memory, offering a reference for improving device yield.
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AR £7 it # ( phase-change memory, PCM) J&—
T R F B 1 Ak A5 0 AR S R RLE SRS S AR S 2 (]
(R ] A B A ) R B 25 S S BB A
SBEMIAE S R AA A o HBEA TR JEFE A 3 LIS
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XXXXXX-2



Ve, 2 RALBCHE B A AL AL T Z a7

FIHL - fE 1 4 2% % (electron energy loss spectroscopy,
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FALREL T DI-109(pH {E Ky 4~5, B} 3] 14 5 i
LR 10%~20%) o ARHEH AR UL, DI-107 B HEE{f
R T, DI-109 T AR BB S 5 e i .

%5 B 7 B B% ( transmission electron
microscope, TEM) A i il 8 % FH 58 £ 25 7 3 (focused
ion beam, FIB) &4t 5¢ L, JF-7E TiN KT 24
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Fig. 1 Schematic diagram of the CMP process for the TiN blade
electrode structure
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Table 1 Polishing process parameters

LS HER 28
LUy SUBA 800
PSS A 90/90 rpm
CE T 2.0 psi
P 100 mL/min
PEHHE 1 min
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Fig. 2 Resistivity of TiN before and after polishing
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Fig. 3 Cross-sections of TiN after polishing with different
slurries. (a) DI-107, HRTEM image; (b) DI-109, HRTEM
image; (c) DI-107, EELS mayp; (d) DI-109, EELS map
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WA BUE T . KT AR AL RS TiN 1
WA EALZ, R LR, 7 % TiN 1 CMP #L
HHATIRA ST -

TiN E N —Fh & A, e m S 4
POBHI AL RSP o HCSE IO RS B2 3k 8~9, HLBH R
B, HFE 2K 20~200 uQ-em. 3k — 4¢P i 7R
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Fig. 4 Schematic diagram of the CMP removal principle for the
TiN blade electrode structure
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Table 2 Optimized polishing process parameters

WS EEA 24
E/5) IC 1010
Sk A S e 90/90 rpm
EES 3.5 psi
PG 100 mL/min
E[UDIRINEIS 1 min

K5 Jen THAE T 2S804 T, TiN i 4
S48 DI-107 1 DI-109 6 #6 f5 14 8% 1 4 45
o Hr, & 5(a)~(b) 4350 4 {# F DI-107 #1 DI-
109 #15% J5 TiN # i () HRTEM E 1%, %/~ TiN 3%
T T8 B A0 2 8 B2 4393 O 1.54 nm A1 2.01 nm.
F 5(c)~(d) R X 07 FE i (1% EELS T 43 A &, U454
A6 )JZIEEE 53 510 1.50 nm 1 1.95 nm, %#4 HRTEM
5 BELS %4, 4 DI-107 fl DI-109 #l /¢ J5 , TiN &
HEALZEE 9N 1.52 om f1 1.98 nm. 5 T. 25
2B AT A HE, DI-107 A DI-109 $il 5% J5 /9 A4k
JZIEFE 438N 0.72 nm A1 0.25 nm, 0] T. 2251
My eCAs g5 T HLMAE ] . AHE T DI-109, DI-107 i
S5 A A2 B B i T A, 3k I R SR A e 1 s et

Pt Pt

.~ 20lnm \
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(d)
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1.50 nm I
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5 TiNAEAFRICREA T ZS8M0E 8. (a)DI-
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Fig. 5 Cross-sections of TiN polished using optimized process
parameters with different slurries. (a) DI-107, HRTEM image;
(b) DI-109, HRTEM image; (c) DI-107, EELS map; (d) DI-109,
EELS map

[l 4% J5 3 %5

Nk — 2 R TIN AL 2, TG T 205 1
PKERTT . BAAIESHnk 3 FizR, TiN 724
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Table 3 Process parameters for the added water-only polishing

step
b 2 e S 28
bl IC 1010
P A e 90/90 rpm
MCE T 3.5 psi
POCHR i 100 mL/min
G 1 min + 1 min (ZK3)

& 6 7% T TiN 7£ DI-107 1 DI-109 # 6% b
WOEIT 28 )5 2K AL B S A AR M 4 . Ho
& 6(a)~(b) 43 5] A fifi FH DI-107 Fil DI-109 #il 3¢ 5
TiN # [ i HRTEM K14, W7~ TiN 1m0 2 50 &
A2 R 43 320 1.29 nm A1 1.70 nm. & 6(c)~(d)
S X I RE ) EELS T 4347 B, AR SR A0 2 R B 4y
%124 1.35 nm il 1.65 nm. %54 HRTEM 5 EELS %4
i, £ DI-107 F1 DI-109 6 K KMl f=, TiN 2 1 /4
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Fig. 6 Cross-sections of TiN after polishing with an additional
water polishing step. (a) DI-107, HRTEM image; (b) DI-109,
HRTEM image; (c) DI-107, EELS map; (d) DI-109, EELS map.
EACZ RS 31 1.32 nm Al 1.68 nm. 5 KT
JK 4t Ak B PG TN 3% I 4R AL 2 R AT, DI-107 A1
DI-109 #l15 J& 19 %A AL 2 )& B 43 51 Ik /h T 0.20 nm
H1°0.30 nm, 2 WK 4l 4 TiN 5 6 H 2 18] 1)
HUBEE 5 0E— 2P AR 1 R 48 AR R

VA AR AN 1A B K IR X 2 1 o A 5
Wi, % TIN5 B9 R m AT 1 ORURE B2, &1 7
XFLE T K TS TIN 1 /Y )51 ) 8308 (AFM)
A, Hr, 15 7(a)~(b) 435104 DI-107 KRG &
AR T, D75 3% HLRE B2 1 0.569 nm [ 2 0.297 nm;
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POCIRHEAT G, X TIN FE S AT H BH A8 005
Il L an 1l 8 T, TiN i S A Fi L% M P 4k i
) 2510.3 pQ-cm [& AL )5 19 238.0 pQ-ecm. HLFH
R F FEARR M, U5 B9 MOL T2 e A Rk
3 CMP J5 iR T A AL Rl

ARSI 25 I, TIN %5 A % 1 AL
SEOLH AR EIH R sl i T 2SS,
TiN 6 J5 19 2 i %2040 )2 = 1 2.24 nm Al 2.23
nm 43 HIFEAKE 1.32 nm 1 1.68 nm, TiN B3 AR

Ra 0.297 nm

S = N W R~ W
g - y

S = N W A~ W
e

K7 TiN FHHEERE . (a)DI-107 K3 AT; (b)DI-107 Kl
Jei; (¢)DI-109 7KH#lFiif; (d)DI-109 7KHlJF

Fig. 7 Surface roughness of TiN. (a) Before water-only
polishing for DI-107; (b) after water-only polishing for DI-107;
(c) before water-only polishing for DI-109; (d) after water-only
polishing for DI-109
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Fig. 8 Resistivity of TiN before and after polishing with the
optimized process
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A AL )2 B AR S PEH TIN e B 30 6 850 4 s 7
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43590 R AR AL T RE B 9 EELS %k T 2 MLE JC 2 40 A
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FER ST R i
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Fig. 9 TiN blade electrode structure. (a) HRTEM image before process optimization. (b) EELS oxygen elemental map before process
optimization. (c) EELS titanium elemental map before process optimization. (d) EELS nitrogen elemental map before process
optimization. (¢) HRTEM image after process optimization. (f) EELS oxygen elemental map after process optimization. (g) EELS

titanium elemental map after process optimization. (h) EELS nitrogen elemental map after process optimization.
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