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H.O +150mL HF + 0. 2g PdCl2.

HF ,Pd

Pd

850mL
Imin

[6]

2HCHO + 40H° ——2HCOO" + 2H20 + 2e

(1)
CU*" +2¢ —<Cu (2)
Cu’" + 2HCHO + 40H" ——
Cu + 2HCOO™ + 2H.0 + H: (3
, (ED-
TA). pH
(
RE610
[3] )
60 12 13.

1

Table 1 Recipe of electroless copper-plating solution

CuSO4 - 5H20 70/ L
EDTA( 15g/L
KOH 18g/L

25ma/ L

RE610 2.4mg/ L
HCHO 5mi/L

2.2

Ni?* + H2PO; + 20H —H>PO3 + H20 + Ni
(4)

H2PO2 + H2O —H2 + H2POs (5)

3H:PO; +2H" —2P + 3H20 + H2POs (6)

(6) : :
Ni- P . (6)
4 (5 :
1% 15%( ) o,
2 :
, pH 7 8
60

2
Table 2 Recipe of electroless nickel-plating solution

NiSO4 - 6H20 19¢g/L
20g/L
20g/L

pH=7 8
2.3
, Cu/ Ni Ni/ Cu/ Ni
3
3.1
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1(& (b)

30 60s,
3.3
, :S =
) (b) 0. 543 ,Cu = 0. 361 ,Ni =0. 352nm.
1 (a) :(b) ’
Fig.1 Plated copper surfaceson the devices without ’ ! (6)
pretreatment (a) and with acid immersion pretreat- P . Ni
ment (b) ,respectively Nisz P 1 'Ni + NisP
3.2 '
_ ! (scanning elec- :9=26%x10° "' ,Cu=165x10"° " Ni=
tron microscope ,SEM) , 133x10°° “(
2 0 10 113 8x10°° 14 5x
) ’ 10‘ 6 - 1[8])
. 3(a) émin , 3
(b) 1min, 6min
3 ) 1]
2 3.4
Fig.2 Extruded cora crysta on surface of plated cop- 4

per
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(a) (b)

3 (@
(b)
Fig.3 Surfaces of plated copper (a) and plated cop-
per/ nickel (b) inionimplanted region

Fg.4 Sectionof sanglecrystal-slicon beam after elec-
troless plating

4
4.1

, 1 61Q - cm (20
25 ), 03m :

d=0 13 m,
Ro =0 12/ 0O p=23Q - -cm,

[9] ;

04 m, Ro <0 1Q/ O,
1’lm ’
ym ’
4.2 MEMS
5 MEMS
2min,
10min.

09

0 19/ O.

5

Fig. 5 Snglecrysta-dlicon spiral inductor ater the

electroless plating

Qf

1min,

25.
MEMS

30 60s.
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Fig.6 Measured Qf curveof an inductor ater 10min
electroless copper plating and then 1min electroless

nickel plating
) , Ro <
01Q/0 ; , 09
¥m; / :
Im , 0 12/ O.
MEMS , / , Q
25.

[1] Wang Yangyuan,Kang Jinfeng. Development of UL Sl inter-

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

connect technology —eopper interconnect with low k dielec
trics. Chinese Journa of Semiconductors,2002,23(11) : 1126
(in Chinese) [ ,

— k Cu . s
2002 ,23(11) :1126]
Liu Guangyu,Chen Ming,Wu Zhihe,et a. New transducer
technology and its applications. Beijing: Bel Hang Universty
Press,1995:1 ,25[ , , )

,1995:1 ,25]
Yeh J L A Jiang H,Neves H P,et a. Copper-encapsulated
dlicon micro-machined structures. J Microelectromech Syst,
2000,9(9) :281
Jiang H,YehJ L A ,Wang Y ,et a. Electromagnetically shiel-
ded high-Q CMOS compatible copper inductors. In: Tech Dig
1EEE Int Solid-State Gircuits Conference(1SSCC) ,2000 :330
Jiang H,Wang Y,YehJ L A ,et a.Onchip spira inductors
suspended over deep copper-lined cavities. IEEE Trans Mi-
crow Theory Tech,2000,48(12) :2415
Paunovic M. Hectrochemical aspects of electroless depostion
of metals. Plating,1968 ,55(11) :1161
Jiang Xiaoxia, Shen Wei. The fundamentals and practice of
electroless plating. Beijing: National Defence Industry Press,
2000:3,31,100,156] ,
,2000:3,31,100,156]
Crehan W J. Hectroless nickel deposits. Meta Fnishing,
1975,73(1) :38
Zhang Guoha ,Qian He,Xia Yang,et a. Eectroplating tech-
nology for copper interconnection in UL Sl. Chinese Journal of
Semiconductors,2001 ,22 (8) : 1093 (in Chinese) [ ,
, , .uLsl
,2001 ,22(8) :1093]



1064 26

Electroless Copper and Nickel Plating on Single-Crystal Silicon
for MEMS Applications’

Han Xiang, Li Yi, Wu Wengang, Yan Guizhen, and Hao Yilong

(National Key L aboratory of Micro/ Nano Fabrication Technology, Instituteof Microelectronics,

Peking University, Beijing 100871, China)

Abstract : The process of electroless copper and nickel plating on single-crystal siliconis developed. In the process,two pretreat-
ment methods ,acid immerson and oxygen plasma bombardment ,are applied to improve the quality of plated film. The activation
time using paladium chloride is optimized. The stressin plated copper/ nickel film can be reduced using of nickel as an interface
layer. Through an optimal processing flow obtained ,the copper film withp =2 MQ - cm as well as copper/ nickel compound
film with 0 12/ O are plated success ully on single-crystal slicon surface ,respectively. The achieved films also have good cov-
erage. The sngle-crysta-slicon M EM Sinductors are well plated by electroless copper and nickel plating ,and their quality fac-
tors exceed 25.
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