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Figure 1 (a) Schematic diagram of transistor layers and copper interconnection layers of chips; (b) Scanning electron microscope image of multilayer
copper interconnect structure electroplated by the Damascene process [6] (color online).
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Figure 2 Schematic diagram of the via filling behavior of copper
electroplating (color online).
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Figure 3 Molecular structures of three representative organic addi-
tives (color online).
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Figure 4 Three models of copper electrodeposition for via filling [6,28,32] (color online).
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Figure 5 (a) Inhibition films on the copper surface by adsorbed
PEG™; (b) The CI” effect on PEG critical potential® (curves 3 and 4
correspond to 10° M and 107 M CI", respectively; (c) Role of Cl” in
suppression of copper electrodeposition by PEG [46,47].

1478

Pritzker&s A FBFR R 22 0 £ 35 T I LRTAR 22 20 7
LGN EIRW ST T e, L R AR S S
o PR 7 T % B X R AR AR (T PEG—Cu™ —C1 4 i
BEAT AR, 193 T 5CVHEIS S M) & B 5 I A 0
200 K TAE R Zdunek 2 A% PEG-
CIT[IEISHILS VI £33 4T 7 B4, DaniatZ A1*1)
XPEG-CI™JCV i e b AT T AN SESE, w98 T )4
i B IR B

22 M LA 22 T VR AR I AR S T AR AL TR &
58, Hai & R THEINE 7 AT% Cu-PEG-C1 i
PR R IA TR, [FIRERE, A Ak 2 7 V2t R F 50 i 7 F
SRR E T A, TanZs AR HHGMES T T
CI XA IR BB, 25 RO T-CU R, SPS/
MP SV 58 i 1 A1) R B I A AR i e A
Dianat® A"'%5 & DFTH 5 AIMD 0 % SPS HIPEG £
Cu(111)ZR H IR AT AT THFFE, T 45 SRR
SPSTECu [ [1) W fff B 71 AH 4 T-PEGIT & B 5 — L&,
117 H.SPS (17 S—SH# 2> Wi 2T Ji 95 /> MP S Wit B £ 7] — A
Culfir k. HEER|CIKIMEH, AR 1N HDFT T IF
FRAEHIT AT T HRICT A0 2 T8I P L B i) AL, B 5 P
(pH~0) ¥ 75 1 C 1 R 1 1 B 35 i 5 Fi A e A7 5 A
FI M8 HR 2, Broekmann Al 58 Fnk k-
RS R B B B S (Imep) 5 SPSTE i 2 4 4% ik 18
HRAR A R H IR AL IR IR, 455 %4k RAT
e PEAR Z 1 (Linear Sweep Voltammetry, LSV)75%!
(RINTR 28, Broekmann A7 FINZE 47 4443 FEL A7t
(N-type Negative Differential Resistance, N-NDR)¥! i
RARBXFIRFHAT N, ImepEARHLAL X HEAS LI H #
IR I BLS, B FLAZBE— 20 61 FE EN-NDRIX 1,
I J5 LIRS P B HLE (0 SRS TR K, X PR R LA
AT BRI P HTRUSE, Broekmann! A i it iy
F L IE {35 PE 177 Imep—Cu(1)-MP St &9 4= i it
(8] )5 AT S 8. £F Broekmann 3k, N-NDRH £ fEf%
BT (1 R Imep FI SPSTEFE R H H IR B FELAT IR 54T 9,
gl HAR TR I 7). TR 00 1) 79 R0 LT85 2
1%, ImepfE 77 BE A8 6% 70K H I 2 B T R 128
I EBAIE TR S, XA Em IR E A TR
P TR0 SR P BT R 0, I R B B T
25 HL U R E I B 0 H AR AR (&16)). Broek-
mann ¥ 78 BE B A IS S 30AkBE, 8 T ImepfE
AR AR LR P F Ak 2 B g Ak B, SR DI N



FRERE: B 2021 4E 0 BB 51 % 211

1. Initial stage 2. Advanced stage 3. Final stage FIB/SEM

(a)

@ Ssuppressor-Cu(l)-Cl ensemble O SPS reaction cycle

(b) ° (c)
Type-|
2 yp Type-l ‘ Type-Il Type-IIT
e srvog spevific | weak noe-specific | iromg mom-specific | strong noa-specific | strong specific | weak pom-specific
E = auborps bon adsorption adsornticn. adrpton. adrorpton
§ i
< . ;
E VS i -
: -6 }", !l.“ ‘:"N_NDR 5 '.'.’. WL ERAAAAARAL Ly 1. BRAAAAAR]
8 / e low-k dielectric
Type-ll -
" A fast SPS slow SPS
é ecl T mps 5 PP interdiffusion  interdiffusion
02 0.1 00 01
E../V

Bl 6 (a) FIMAIRA I AL R KT (b) LSV
PEAEFIN-NDRZESET™; () =R [R5 75 (s 750 3 L0 B
17 R T (R ROR )

Figure 6 (a) Schematic diagram of copper electrodeposition for via
filling affected by additives [73]; (b) N-NDR curve produced by LSV;
(c) the effect of low concentration Cl™ to PEG critical potential [73];
(d) diagram of three types of suppressors and their adsorption behaviors
[72] (color online).
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Figure 7 Schematic diagram of (a) experimental setup used for
simultaneous EQCM measurements; (b) disk and ring electrodes on the
quartz crystal [94].
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(a) Micro scope

B 8 (a) BfifictsE R (b) PEGHI SRR & B (7
LTV

Figure 8 (a) Schematic view of the microfluidic device [104]; (b)
schematic diagram of PEG desorption process [98] (color online).
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Figure 9 Leveling mechanism of product A decomposed by JGB
[107] (color online).
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Figure 10 Electroplating setup corresponding to ToF-SIMS and

proposed mechanism of adsorption of the PEG(Na") complex on the

copper surface covered by a Cl™ adlayer [123] (color online).
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Figure 11 STM image of MPS and CI™ co-adsorption and schematic
diagram of the co-adsorption structure [128] (color online).
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Figure 12 Schematic diagram of (a) PEG-Cu—Cl structure on copper
surface; (b) MPS—Cu—Cl structure on copper surface [53,109].
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Advances in mechanistic understanding of additives for copper
electroplating in high-end electronics manufacture
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Abstract: Copper interconnect electroplating is one of the core technologies for the manufacture of high-end electronic
devices including but not limited to chips. To promote the development of advanced copper interconnect process, it is
necessary to clarify the mechanisms of copper electroplating additives. Herein, we provide a brief overview of the
research progress on the interfacial structures and mechanisms of the three types of additives (accelerator, suppressor
and leveler) in copper sulfate plating baths from a methodological perspective. Besides, the advantages and limitations
of different research methods are discussed and the scientific issues related to the Damascene copper electroplating are
summarized, to afford a hint for the further research and development of the additives in advanced chip fabrication.
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