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Abstract

The size and number of nano-size defects of thin trivalent chrome layers were determined by small angle
neutron scattering (SANS) without breaking the thin chrome layers. Most of defect size of the trivalent chro-
mium prepared in this test conditions is in the range of about 40 nm. The number of nano-size defects
less than about 40 nm of the trivalent chromium layer increases with plating voltage at constant current
density. From this study, SANS is proved as one of useful techniques to evaluate nano-size defects of thin

film layer.
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AHdu o] B vlad ulAg =279
(micro-cracks)2 gA #HE=E -/1: 9oL} ZFnx
& (nano-size cracks)> T2 . E3,
oA FEg ) Ho}oq T3 HAERA
o]_Q_aL Tl vy 9)\01,]_ 3JE T F=e E/\-]/\]- _1;1_37,}_
2FE w73 ¢] A]HE-S- jet-polishing®] -} ion-milling &
Fog FuEy|7t Hlug 7itEer 53] AlE
| Py ol v oAl By (non—destructive method)
ol FRHQ FHY FFAste EAH AHE
T 34 Fo A vAFES -‘&%}0}7101]
oeiwol Bth waEtd =5 34 S 4484
)M #<E (nano-size cracks)S H|u}F]F oz =4
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Z7HE 3 ok A7z FAAA AR S FRE e
H] 4 5}2] ?JRM A2 a1 BT A7 A
o] Ade gg3k A Wyo|nE EAE, 3,
NEE, ta3d 72EH A A8 722 35S
dsled W Hgo] AlLHT Yok, wehd B o
Fo] B 4zt FAA AlEH e E83)
Z70 = 32 w335 Uy FuAH =279 2%
o] A7|e} B E AHgHow FA3Al =t
AT}, o2 Bl mEFEH v AA) JYHe F
ujd] #Ee 24 uhHe g5t s
2. dEdH

¥ 12 2 AFoA A&d FstEA 37 ZE
EFde] Aot} AL 120X 120X200 mm =

719] =F &7]94 EElE A=5E ARt 20X
100X2 mme] AISI 1002 7 9l AAF FF7]
(HBS Co., MUP-100)2% 3= At} 371 &<
AF =78 25°C, pH=2.010.1, 40 mA/dm’>, 4-5
Vo ]oﬁ;]_ ::Lon_q ZHO iy 1_.,]. 7h;]_ =g=0
ujA| %28 33} &v] A (Nikon-700), FAFAAFE V]
73 (scanning electron microscope, Jeol 35 C), T3}
A} @ 7) 73 (transmission electron microscope, Jeol
2120 AHEsidh FaAR; dn) & AlHE B
% 3E =7 & o] U (jon milling)dte] FH
A =85 W FSHA g #EE s
s FAF AA} #u]7(field emission scanning electron
microscope, Jeol JSM 6700F)E4 F=UTt =7
Z Je] FulAd g8 Z7|¢ BE= =AAE
249 HANARO Wl 27t S22k A3
(small angle neutron scattering)S ©]-&-3}d =73}
At 043-0.85nm S ze FAEAAAAA 221
92 A= 7\(two-dimensional position sensitive
detector)S ©]-&3l] S5t 48 S/W= ILL
(Institut Laue Langevin)®] 2738 ALg-sto] £

S&Ar).

Table 1. Chemical composition of trivalent chromium
bath{M]

CrCl; | HCOOH |NH.Cl| KCl |H;BO;|NH,Br{ KOH

0.5 1.0 1.0 1.0 | 065 | 0.1 0.1

(b)

Fig. 1. Typical photographs of trivalent chrome layer
observed by (a) optical microscopy and (b)
scanning electron microscopy.
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E3ted WMy Wi B =4 3"4_'73:1'35’— %LCL
w2z} #go] =YEY Aok 2¥ 2= FHA
duFoz PAF AE =55 HA B/ (bright
field image)® =% 3 T (selected diffraction
pattern)°]T}. L8 20lx9} o] BHEH-L H(ring)
zero g Algrt H¥AR] vlAl YA H(fine particle)
2 FAHY deS B Fi ok T3 A 3
u7d Ao AFe] Y== oF 30-100 nm =L
712 o) - 2A odEP o uA A2 HEI)
71ele FEJUT
a9 3 &7t A ARPEe R 24 40 mA/
amsl 97 WF AEAN gl wet A 2
F =ud e 249 A7 ExEolnh a2d 3
oAl A wH A (absolute cross section)@ FHF
o] Akt WE(momentum transfer scattering vector)



] &/e=EHT

B8] 37 (2004) 175-178 177

Fig. 2. TEM image and SAD pattern of trivalent chromium

layer.
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Fig. 3. Distribution of nano-size defects in trivalent
chromium layer.
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FEL °F 40 nm V|2 F2 XS lon] o
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Azl FulA FEe AFe F7hele Ade B
o3 Qlth. ole} Zro] A AR/ FelM Aol T
7hell whebr gdo] A7t Fol Frkske B
g oFlate AL AF 5%%0 mA A Ao
7] siste] i =
ol wM =3

sto] AEz ATen, %12% %oﬂ 019} é‘% Wé

& aA Ast o] I (charge transfer reaction),
AAte] & 2Hadatom formation), —“?i EAk(surface
diffusion) @ Al7H(growth)2 2 &F Eo}. =F &
A ol A AR BEE °]i—4 $H = (fonic
reduction potential)>} ©]-2] "H X (ionic densny)gl'
Ad ok LA FoA ZEY Yol B

2 o]22] o]FX(ionic mobility)7} ZHEZ 3,‘— 7]
Ao} ¥l (hydrogen evolution)©] =w°] ==
7] A (substrate) EHANA F& o] o] FYHE F
o} ﬁzgx-l o= z]sg;h:}_ o]u_]] o ];21]94 bﬂ-"‘.O_
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zo(growth)oﬂ AT Qe ARYAo T u|x=
F & WFo= S04 € (nano-size crack)
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Fig. 4. Typical image of (a) inner cracks and (b) nano-
size defect in trivalent chromium layer observed
by field emission scanning electron microscopy.
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ANA Agte] Lol AV BA Aol FFHY
o B3 dNe] 9FS WA Hol 4 A
Lol3tAl HiL FFHOE FEo| “‘VJQ
= FE(crack free chrome)®] VA EA Hr}

I8 4= ISl FAF HAEU] A (field emission
scanning electron microscopy)S ©]-&-3l] #&S A
v =5 "—4 gio|ty, 2¥ 4olxjef Zo] AE
v 23 W AA #E8& 23 Uk
H]%, 1%1 4= FHA Y 9HE B FA
ZFE g 271 9 40 nm YWY E A FHE
2 ol &7t FAA =gl o5t S48 #
ARSI} wheba] &7t SR A AR d&
40 mA/dm*e] 4 AR/ =UE, 4649 V HHY A
& FHNA FAT FuA FEY F7E % 40
nm FeolH Aol FobAFE 40nm 2718 &
29 A7t F7HEE & 4 AU
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373 A 2FE 37 2FFY URe S0A
¥ (nano-size crack)e] 37|19} £
EA4317] flstd a7t FA4A Ak
é/\}ﬂ 754 oS3 22 488 9%
4 Hu)A, FAF AR Hn)A

aﬂtllﬁ" o]g3st Al FEe A WY vl&
vz o] ofd Al FH] WHo A Fn|
Al Fge) AA 2718 BxE S ofggol At
2. &7F FAA ARPEE o838t 25°C, 40 mA/
dm2 4649V94 = 5_7401]*1 Azd 37t 2§
Z Yo FuA #E9L FE 40 nm 7| E 7
9,1 o H¢to]l F718HH 40nm 27|19 #E9

K l-l'l

Fo| F7tske Zlo] #FEHIJUT o] Ae LE3
T FAF AR or EE F9he A9 &
At ch.

3. B d3E E35 47 A AEhH(small
angle peutron scattering)> =53 We| SwuAl
& (nano-cracks)®] A7|9} BEXE HE3I= &

g AHE YSHA.
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