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The Influence of Microstructures of Electroless Co(W,P) and Ni(P)

Layers on the Diffusion Barrier Capability to Solder

Student - N.-H. Huang Advisor : Dr. Tsung-Eong Hsieh

Abstract

This work studies the diffusion barrier properties of electroless Co(W,P) and
Ni(P) layers to lead-free SnAgCu or eutectic PbSn solder so as to explore their
applicability to under bump metallurgy (UBM) for flip-chip Cu-ICs. First, Co(W,P) or
Ni(P) layers with various phosphorous contents i.e., the electroless layers with various
microstructures including amorphous, or polycrystalline, was grown on the Si
substrate coated with a Ti/Cu layer. After depositing the SnAgCu or PbSn solder, the
samples were subjected to liquid-state aging at 250°C for 1 hr and solid-state aging at
150°C up to 1000 hrs, respectively. Interfacial reactions between electroless layers
and solder were then analyzed and the diffusion barrier mechansim was discussed.

For the samples subjected:to liquid-state aging,-annealed at 250°C, about 5-um
thick CoSn; intermetallic compound (IMC) formed at SnAgCu/poly-Co(W,P)
interface and its thickness increased with:the time of aging treatment. A tungsten-rich
(W-rich) layer formed in between IMC and poly-Co(W,P). As to the
SnAgCu/amorphous-Co(W,P), the CoSn; IMC spalled into the solder and a
phosphorous-rich (P-rich) layer formed in between IMC and morphous-Co(W,P). In
the Co(W,P) samples subjected to solid-state aging, about 2~3 um thick (Cu,Co)sSns
IMC formed at interface regardless of the microstructure of Co(W,P). In the case of
Ni(P), about 2~3 um NizSny IMC formed at PbSn/Ni(P) interface regardless of the
microstructure of Ni(P) and aging test type. A P-rich layer was also observed in
between IMC and Ni(P) and its phosphorous content was related to that in Ni(P) layer.
Analytical results indicated that both Co(W,P) and Ni(P) mainly serve as the
sacrificial type barrier; however, the amorphous layers the preliminary choice of
diffusion barrier since it exhibited the slowest consumption rate in comparison with

the polycrystalline layers.

II



F%sz/ I e = Fﬁ,%—df AOSEARF o E L2 M AR - Fiet o SSRGS
FOFRERI R AT - [N ERAPIAREL - [ M T 2
= A R AT A g R RS
MAYBRIEPRRE e~ R T PSR i
YR Sy PIRFORE S PO RS RS A - RS
NN PR R 1B

HWIS RIS ARV T FE > PR E SR H R
F e iﬁ%ﬁ‘&? = Effmiﬁ%@m@wiﬁ ARG TR
FRUGCFR W ﬂeﬁr PR P RATPRER Pﬂt» el gl

HERE IR ?“ “‘i IR PR A T B R RN R TR
SIS T %TE;%[H o BV Qgglﬁu AR lelxl%F[ F{rj fpL Y
Rﬁn;lﬁ SLEAS| J:{Ff . j by R J Wﬁ@p’g‘ﬁﬁeﬁwﬁﬂﬁvﬂgﬁ FRlET T V| £l

R IET 2ET

S RIRBITSIE * o SESIIE IEIPA Y o P R RS
g I o et W BRESIE L ST 91 R A ISR St
GRS ok S

I



BB ol ettt s i
B OO ii
B ettt ettt ettt e ettt ettt et ete et e te et e eneerens iii
E L R e e ettt e e e et e et e e et e e et e e eae e e iv
@‘E L e et e et e et e et e e te e et ae et ae e ae et ae e et e e et eeaeaeaaaaas vii
TR TR ettt ettt ettt et st e et ee e e eeaaes ix
CA (I I?“ﬁ ................................................................................................................ 1
BT T RRIFIVER . 3
2-1 HAGIAH T TT oo e 3
2-2 FHFEHIREE 5 st e 5
2-2-1 P PHEEHASL TR R B, 5
2-2-2 ?EFE[[!,}% F’ﬁjfirj?? .............................................................................................. 5
PRI i L I~ N 5185 — 6
2-2-4 PERETE IR e CTHIIRIRE s 7
2-3 & \,/F,%:EF% ................................................................................................................. 9
2-4 Sh-E-Ef( SnAgCu ) Q‘%%@%ﬂ VAT T, 11
2-5 f”f%%}firv .......................................................................................................... 14
2-5-1 L FHSHBEIREAE T e 14
2-6 fﬁﬁ%@?ﬁﬁﬁﬁﬁﬁy 5@%7}‘% ............................................................... 15
P 17
BT BB IR s 18
31 B RBEITRTHE ettt s 18
3-1-1 FEVEZFB I BN oo 19
312 FH TR e 19

v



3-1-3 EFET’%‘E Co(W,P)Z2 Ni(P)EARL oo 20

3-2 EJJ‘WYEH;% ............................................................................................................... 21
3-2-1 ifﬁﬁfﬁﬂjiﬂﬁﬂg% ............................................................................................. 21
3-2-2 WF&E\JJ‘T%EH% ............................................................................................ 22

3 B T T T e 22
331 RIS IS 35 55 P 22
332 BEHIREREEEA 53 51 Mttt 2
3-3-3 Xkt (X-ray Diffraction * XRD ) 75T, 23

ST FE’%%}J?%‘% .................................................................................................... 24

4-1 SnAgCu ==X ?Ei% Co(W,P)FU I T 26
4-1-1 ifﬁﬁfﬁﬂjiﬂﬁﬂg% ............................................................................................. 26

4-1-1-1 SNAGCUHEf COWP). oo L 26
4-1-1-2 SnAgCu/EIEFEI#I ¢ ATAN AR EE LI I USRS 28
4-1-2 WF&E\JJ‘T%EH% ............................................................................................. 31
4-1-2-1 SNAGCWHE COWR) saiiieororoc oo 31
4-12-1 SNAGCWZH COWP) oo 32
4-1-3  Co(W,P)== SnAgCu ™~ &, I/jﬁ FERNARFIEE e, 33

4-2 PbSn =T F%ﬁ% NI(PYFY P 1 s 35
4-2-1 ¥V F%%NKP)E%'{ ............................................................................ 35
4-2-2 ifﬁﬁfﬁﬂjiﬂﬁﬂg% ............................................................................................. 36

4-2-2-1 PbSn/JFETFE[[lI NA(P) e 36
4-2-2-2 PbSn/E’EFEI[lI NA(P) e 38
4-2-2-3 PbSn/JEFEFI(ﬁ )Nl(P) .................................................................... 39
4-2-3 WF&E\JJ‘ BTN e 40
4-2-3-1 PbSn/JFETFE[[lI NA(P) e 40
4-2-3-2 PbSn/E’EFEI[lI NA(P) e 41



4-2-3-3 PbSn/JIEFE[!I(ﬁ BEENI(P) oo 43

4-2-4  Ni(P)FRARCE B R ISR R 43
4-2-5 2l P SRR LY AT S SR 44
e 47
BT H 7 JHIEII e 49
e 50

VI



i 2-2.
M 2-3.
H 2-4.
H 2-5.
i 2-6.
27,
il 3-1.
 3-2.
i 4-1.
i 4-2.
i 4-3.
il 4-4.
i 4-5.
il 4-6.
il 4-7.
i 4-8.
i 4-9.
il 4-10.
il 4-11.
f 4-12.
i 4-13.
il 4-14.

I 54

[f;ﬂ[Zl [y 5 SRR R [ R EJF%JMQ%I .................................................... 4
L O 7
PRI b P TR T 8
ﬁ‘wﬁ:ﬁ,ﬁ EL P B T 9
S-BEL-E T 240°C /3 35 E oo 12
7 240°C [ 15 55 80 Sn-Ag-xCu ™ SR TP Y 13
I E SRER R Sn-3.0Ag-0.5CU Y 1 TSR e 13
B A [faﬂ ..................................................................................................... 18
24 [ﬁ[ ..................................................................................................... 19
ﬁg“ P frﬁi[ﬁi ........................................................................................ 24
SLET T f T TV N 25
o R U [ ) C——————————— 25
REREF 5 SnAgCu/HEH COOWRYA P 4122 EDX A A ... 26
Eiffzﬁfﬁﬂj ¥V SnAgCu/kd FE‘I’E'? = Co(W,P) XTEM JY/ (..o, 27
,%’xif?fﬁfﬁﬁﬂj 1/ SnAgCu/? EFEI[}, Co(W,P) /i 217 4I=" EDX 7574 i]ﬂ}ﬁ .......... 29
TR EEANY E eE S T OAVAIT R D €N Y E 770 T— 30
ILFER I SnAgCu/ZHfil CoOWP)ZEH [0SR /1 & o 31
LR35 SnAgCwHLL Co(W.P) /i [P 402 EDX A hfiff........ 32
e [l ﬁtﬁﬂjiﬂ/ SnAgCu/—’EFE[! Co(W,P) /i [-17% 5% EDX 7 2 ]ﬂ}ﬁ ........
FEl*l K —’EFE[! Co(W,P)# 5 150°C[iil ﬁtﬁﬂji IR S AL - 34
ZHfilh Co(W,P)AE 250°C 40 53 SHRFEFT ISV T Lo 35
2B 2 B B 2 22 TS NPT L 36
‘.\\Fj“:%Nl(P) T P BRI [ [ 36
FENRTERY 5 POSI/HLfL Ni(P) /7 [ 505 EDX RO kT v 37

[f;ﬂ[ 4-15.

VI



[l 4-16.
[l 4-17.
[l 4-18.
[l 4-19.
A1 4-20.
[l 4-21.
[l 4-22.
[l 4-23.
[l 4-24.
[l 4-25.

[f;ﬂ[ 4-26.

FEVEFERG P POSZHY Ni(P) fi [0 BDX A8 T 38

i
REVEFER P POSZHL(HNICP) /1% 502 EDX 87 Sk fifff.... 40
FEIFER 2 POSW/HLL NiCP) fi [0 0% BDX A T 41
FEIFER 2 POSZHL NiCP) fi [0 BDX A Sl 42
FEIER 5 POSIVZRG, NI(P)REH XTEMEY v 42
RSP POS/Z L (Y HNICP) /[ 02 EDX A% i 43
P ALY NPT R S50 T AR ™ 44
IO T IR T L — 45
S 7 (A 45
FE-B 7 B A 46
BT T A A 46

VI



ENAES

He

Fe 21 RFERIIITE T 11
e 31 B ECE VARG S IR o 20
F3-2. ZFHHE COWPIFHNEDS (] oo 21

#3-3. 1 [ﬁJ%’xE’%‘ﬁ N 5?%% NI(P)FEVRFITY 5T e 21

e Bl FUIITITETE ) s 22

IX



