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Phosphor Bronze Blackening Process Applicable to Camera Spacer

Yeli Lee

Department of Chemical Engineering, The Graduate School,

Pukyong National University

Abstract

Blackened copper was considered for a candidate for the spacers in camera
modules, because of its better mechanical properties compared to the
currently used polymer materials for spacers. The key point now is that the
closer the spacer is to black, the less light interference and flaring occurs.
Thus, the blackness of the resulting blackened copper samples (including
typical copper sheets and mechanically processed copper spacers shaped with
flattened donuts with a hole at the center), measured by a colorimeter, was
optimized with respect to the operating conditions. The copper blackening
process is composed of washing, deoxidation, activation, blackening and
sealing, and the influence of operating parameters such as the temperature,
activator concentration, etc. was considered. The featured spiky CuO columnar
structure was grown uniformly on the surface, as well even as in the inner wall

of the hole of spacers.
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Figure 1 A lens module in mobile phone [5]
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Figure 2 (a) 3D CIE LAB color space [21] (b) (a*Xb*) domoain in CIE LAB color space with a
rectangular inset of data selection range
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Cleaning Deoxidize Activating Blackening Seal

WL~ T 8-
70t 0% 93¢ 93¢
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Figure 3 Schematic illustration of blackening process
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Table 1 Summary of patent analysis on the Cu blackening process conditions

Process Temp.(°C) Duration Solution
[13] Blacken 70~80 2~3min 48-52%NaCl+40-50%NaOH+Na,PO,(handful)
Pre-di Room Imin 30wt.%BF300A(Kensco,surface activator)
P f +70wt.%DW (deionized water)
; 55wt.%BF400A(Kensco,oxidant)
[15] \
Blacken §9 ' +25wt.%BF400B(Kensco,base)+20wt.%DW
8 i +
Post-dip 45 n 20 wt.%BF300A(Kensco,reducing agent)

10wt.%BF500B(Kensco,base)+70wt.%DW

40g sodium persulfate+90g NaOH
[16] Blacken 55 2min +1g p-phenolsufonic acid
+1g koremul-LB(nonionic sufactant)+1L DW

30-100g chonite+10-30gNaOH+0.1-10g H,NaPO,
[17] Blacken 40~90 0.5~10min +0.01-10g HCI+0.2-10g amino acid
+0.1-0.4g ethylen glycol+0.1-10g Cu,P,0,

Deoxidize 20~50 10~60s 10-50%dilute solution of crude solution
[20]

Blacken 70~90 3~15min NaOH+NaClO,
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Table 2 Composition of crude solution

Cride solution Ingredients Chenucal formmla Asnount
Water H,O 1L
Cleaning Sodinm hydroxide WNaOH i5Tg
Sedium gluconate C:H; MNaO- Mg
Water H,O 1L
Decxidizing Sodinm bisulfate NaHS04 o g
Sodinm floride NaF g
Blackening Water H,O 1L
Sodmm chlornte NaC10: 467 g
Manganese Naphthenate (CpHO) Mn 15g
Sealing Xylene CsHue 5g
Solvent naphtha - B0 g

-17 -
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Figure 4 Effect of process temperatures on the Cu

blackness(T1: the temperature of cleaning & deoxidizing

processes, T2: the temperature of activating & blackening

processes)

-20 -




4.1.2 3742 99N (crude solution) 2] &%

a2 ¥ (crude solution) 9 F& (e HE F7HAA 7HH
F3kEel vAlE ddFe Aot BRn AviAs @43t Il
AHEEE AA & Fol dde & Figure 30 FEAE
FE=FNA Z2b 28(2X), 3B X) F7HAIZ e, L Fhol o

F7heke oy

mlo

Qshedtt. BB BN ALgshe Ade

‘1 I

=3} A AFgste A TUd Lol 53 FH o HlE|
7 %S g Al (< 0.1%) #H7}3He

Akl Td 3FCA #As ¥ 244 vn 94

A 2 SR Asre] @435 Tl

_t
_IZi
ruZi
FﬂJ
Hm
m

Hu

Edo]  AREAI27E (CuO) A= dAH, xR 33}
TAANA wmEHsE  FEe  AgAI 2] (CuO) ARl AEE
Aoz Fuldk(vertica) ¥ X HuFek(lateral) & F  wWE)

A wEd ZA4s 34 &Y R SUMESsE



AbstA| 28] (CuO) AlE=7F H Wo] FFshAl e S8 =i

53 T AbsA 2 (Cud) Z2Aol ERE wWE)
o]

A8 FAEFS 20D Asts dA4E

TRAIA Bk ou Lx gkl

ot

=l
ok
o
okl
o,
=
R
bl
ne
12
1o,
off
bl
ki
ofN

Al ko] wiRel FE@EA 6.7~7.7 Alo]R Z xpolE HOIA
orokth 3k gM AFFH axgl bxo FE AHE 5 AE #;} (-
2.5 ~ 255 Hoju Foust goz el 53 T U 9
SEd de7l Qe R BHFHAH.

olgigt F/IX ANZFEH L3 FAHol A FHAA JHE

=23t ¥4 (key process)dS & F it}

22 -



L*(brightness)
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Figure 5 Effect of solution concentration in the activating process on

the Cu blackness
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Table 3 Comparison of the degree of blackening (L*) according to the
addition of a stabilizer (Na3PO4) during the activating process and the
blackening process

24533 =53}

L 5 503
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9.0
8.0
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‘@ 6.0
£ 5o 5.53
240 5.12
= 4.25
30
2.0
1.0
0.0
0.2¢g 0.5g 1g
Amount of
Na:PO, (g) 0.2 0.5 1.0 | 3.0 5.0
Lx* 4.25 5.12 5.53 4.66 4.69

Figure 6 Effect of addition of NasPO, as a stabilizer in the
blackning process on Cu blackness
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Figure 7 left side is a strip and spacer before blackening, and right side is a strip and spacer after

blackening.
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(@) (b) (©

Figure 8 (a) Cu surface before blackening and microscopic surface morphologies with top (b) and hole
side (c) views after blackening process.
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Figure 9 XRD patterns of blackened Cu strip with distinctive peaks of Cus1Sni;

and CuO..
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