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Abstract: [Objective] This study aims to develop a high-performance organic solderability preservative (OSP) for
copper using 5-chloro-2-(2-chloro-4-fluorobenzyl)- 1 H-benzimidazole as the primary film-forming agent. /Method] The
linear relationship between OSP film thickness and absorbance was determined by focused ion beam scanning electron
microscopy (FIB-SEM) and ultraviolet-visible (UV-Vis) spectroscopy. The effects of different components on properties
of OSP film were studied through thickness measurement and multiple reflow test. The properties of OSP films were
analyzed by electrochemical test, SEM characterization, contact angle measurement and solderability test. /Result] The
OSP formulation was optimized as follows: primary film-forming agent 2.0 g/L, acetic acid 200 g/L, formic acid 50 g/L,
heptanoic acid 2.0 g/L, copper chloride 1.0 g/L, zinc acetate 1.0 g/L, and pH 3.0 (adjusted with ammonia water). The
resulting OSP film with the optimized formulation was compact, smooth, and hydrophobic, achieving a corrosion
inhibition efficiency of 95.4% in 3.5% NaCl solution and maintaining excellent solderability even after several cycles of
high-temperature reflow soldering. /Conclusion] This study not only demonstrates the advantages of fluorinated
benzimidazole in enhancing the comprehensive performance of OSP film but also provides new insights for developing
high-performance OSP materials for electronic packaging applications.

Keywords: organic solderability preservative; printed circuit board; fluorinated benzimidazole; film thickness; heat
resistance; corrosion resistance; solderability
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Figure 1 Cross-sectional FIB-SEM images of OSP films with different thicknesses
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Table 1 Thicknesses of OSP films on different specimens

CHLAL: pm)
FE s frE 1 7 2 frE 3 A
a 0.057 88 0.066 27 0.070 28 0.064 81
b 0.268 70 0.235 70 0.306 00 0.270 13
c 0.359 70 0.351 40 0.372 10 0.361 07
d 0.434 20 0.425 90 0.380 40 0.413 50
e 0.376 20 0.429 90 0.529 20 0.445 10
05
y=0.406 4x
04k R*=0.999 0
g 03r
3
© 02t
0.1F
0.0 1 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

A
2 OSP BEE-RtEinfEiLk

Figure 2 Standard curve of OSP film thickness vs. absorbance

®2 HBRMIEBEI OSP Ei&REMHRIE

Table 2 Effect of formic and acetic acid dosage on stability of OSP solutions
p(BIR)/ (gL  p(ZB)/ (gL  p(FR)/(gL™) B/ um  BEESAM BEEBUKE pH BRY

150 150 0 02321 2] ik 25
150 100 50 0.2433 AN Tz 2.5
200 200 0 0.379 2 5] IF 2.8
200 150 50 0.402 3 %) It 2.8
250 250 0 0.454 8 5] I 32
250 200 50 0.4759 ¥%) It 3.1
300 300 0 0.4320 5] I 33
300 250 50 0.4532 %) It 32
300 200 100 0.470 2 5] IF 3.1

Y UK OSP ¥R pH Z %, R R 0T I WUASA S pH EIR, pH @6 T RBRIN, MRS ST, SEURBACREZ.
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Figure 3 Effect of mass concentration ratio of formic acid

to acetic acid on thickness () and heat resistance (b) of
OSP film
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Figure 4 Effect of pH on thickness () and heat resistance (b)
of OSP film
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Figure 5 Effect of mass concentration of primary
film-forming agent on thickness () and

heat resistance (b) of OSP film
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Figure 6 Effect of mass concentration of n-heptanoic acid
on thickness (¢) and heat resistance (b) of OSP film
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0.16
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Figure 7 Effect of mass concentration of zinc acetate on
thickness () and heat resistance (b) of OSP film
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Figure 8 Effect of treatment time on thickness () and heat
resistance (b) of OSP film
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Figure 11 SEM images of copper surface before () and after (b) treatment with OSP
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Figure 12 Water contact angles of copper surface
before (a) and after (b) treatment with OSP

A JERERTR AR AS AL A2 2508 3 i S AL B
1L JE N2 M 25 5y A, XG4 S BB IR 71 3 L
Fkr, M EBACR . T BRSO B
PCBs /i AT SEdE, KL PRAl OSP I S BR
WrE s B B AR . 18] 13 JeoR 1 OSP 4b
B PCB RZeid 3 it Bl a1 LB Ok T
R ese i, T = MREk, R Y] OSP L =i A]
PHR G AT A AL, I H OSP BRAR 7 5 it O
B LR, R R AT

g

G G
SRR

163
»GIsrGT

=3

G3 G3
G3 G3 G3 G3
»GIAreGTe
*ETo oG a
sGAo 3T s |
oGTGT N
»G3 s oG53
>G5 63
»GI 53
»G31 2363 o)

C3 G3 G3 G3.

GAGIGIG3
CICGIGICGI

G3 G3 G3 G3
GIGIGIGI

g

53> s3I+ G363 3G
E3~ +yE3)» GIGIGIGI |
E3» 33> G3G3G3G3I

3+ +E3s
G 53

GBI s
s3I sGE I

53+ sG3s

53> +53»

E3]> s3>

5 3 >BE 3§
B 3 3@ 3
G 3 2@ 3
G s oG s
»C 3 s[= 3]s
‘G 3» oG 3s
G oG 3s
B 3s oF 3

G sF3

®
== I =

= MImmn- o

oLl elile
sEdaeGily
*sEGdseEds
sEilv oGl |
sEdeefidle
*sEJv oG
B s

>
"
=
L4
e
m
[ RLRT]
L N 4

> il

>

s{ N o[ N N
*sE I +FFe
‘G sE T
sFE I +F e
sE 3 +F 3]s
B I oG T
‘B3 sE b
B 3 -5 3
Ea]ls sE3]»
B3> ~E3s -
MG -G53
3> »G3)s -
"ETs 2
3> B3> +
E3> »G s
E3» B3>
sG>

G3»
E3» »G3»
3 3]

A 13 &owﬂﬂ%wmﬁ&s&@ﬁﬁﬁ%t%ﬁ%
Figure 13 Solder wetting effect on OSP-treated PCB
after three reflow soldering cycles

3 &g

il T LA 5—8—2- Q-4 K ) -1 H-2K5F
WK M Sy = RSB 7] ) s M RE A LT SRR TR), A T
AR 43R FE X OSP S BE I BE A, 45 R
BoJ7 M. EREF] 2.0 g/L, ZF& 200 g/L, FEE
50 g/L, IEPFRR 2.0 g/L, &AL 1.0 g/, ZR4E:
1.0 g/L, pH 3.0 (FHZU/KIHTY) .

K FHALEC 77 1 £ 1 OSP BB 4 5] 8 . iK1tk
Rif, BIEEEIL 0.126 8 um, 1IRELZEIL 4 Ik
() i R A, R B SR B . 1% OSP
JEETE 3.5% NaCl ¥ IR MR =k 95.4%, &
FZIRTE T AR I . eAh, 1% OSP IS A
AR, RS 3 R R 7 BE AR
RUFIIEENE, NG FE S T 2504 T
R SR
S :

[1] DURAINATARAJAN P, PRABAKARAN M, RAMESH S, et al. Self-
assembly on copper surface by using imidazole derivative for corrosion
protection [J]. Journal of Adhesion Science and Technology, 2018,
32 (16): 1733-1749.

[2] DURAINATARAJAN P, PRABAKARAN M, RAMESH S, et al.
Surface protection of copper in 3% NaCl solution by using 1-(n-butyl)
imidazole self-assembled monolayer [J]. Materials today: proceedings,
2018, 5 (8): 16226-16236.

[31 GARG V, ZANNA S, SEYEUX A, et al. Interfacial bonding and
corrosion inhibition of 2-mercaptobenzimidazole organic films formed
on copper surfaces under electrochemical control in acidic chloride
solution [J]. Electrochimica Acta, 2024, 484: 144114.

[4] RAMIREZ M, HENNEKEN L, VIRTANEN S. Oxidation kinetics of
thin copper films and wetting behaviour of copper and Organic
Solderability Preservatives (OSP) with lead-free solder [J]. Applied
Surface Science, 2011, 257 (15): 6481-6488.

[5] NEEE. PCB H#RIH FIHLEA AL T VA[D]. BIa: IRt TR,
2015.

KAN L L. Surface treatment on the oxidation resistance property of
PCB [D]. Nanjing: Nanjing University of Science & Technology, 2015.

(6] #avE, B4, BYVE, 55 EN B A ML AT ORI T A
J[I]. BN HLEEAE R, 2019 (5): 58-62.

YANG Z, MA S C, LI F X, et al. Research progress on organic
solderability protective for PCB [J]. Printed Circuit Information,
2019 (5): 58-62.

[71 2R BRR, SEE. BRI OSP Hr AR S R[], BN
il FL 45 2, 2011 (8): 38-41.

CHENG J, CHEN L, WU P C. PCB surface OSP treatment and
application production [J]. Printed Circuit Information, 2011 (8): 38-41.

[8] HEZE, B, N, S5 LB LR CR AR B L
R A < R TR P PEVTARHLBR[T]. LT 24K, 2017, 68 (HETI 1):
232-239.

XIAO D J, ZHAO M Y, YE S M, et al. Depositing mechanism of
selective OSP on copper and gold surface of PCB board [J]. SIESC
Journal, 2017, 68 (Suppl.1): 232-239.

[9] M. 3L A HURARFIRI BT FL[D]. MR E:
2013.

SUN S. Study of organic solderability preservatives on copper surface
[D]. Harbin: Harbin Institute of Technology, 2013.
[10] SALIM R, ECHHBI E, FERNINE Y, et al. Inhibition behavior of new

W& IR Tl K2,

ecological corrosion inhibitors for mild steel, copper and aluminum in
acidic environment: theoretical and experimental investigation [J].
Journal of Molecular Liquids, 2024, 393: 123579.

[11] SHIYT,FUY, XU S, et al. Strengthened adsorption and corrosion
inhibition of new single imidazole-type ionic liquid molecules to
copper surface in sulfuric acid solution by molecular aggregation [J].
Journal of Molecular Liquids, 2021, 338: 116675.



B R L A AR IR A AT G AP 80 ) AL

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

2025 Vol.44 No.8

ORASH N, CHERMAHINI A N. A DFT study on 2X- imidazole
derivatives (X = OH, NH,, and SH) as corrosion inhibitors on Cu
tautomerism effect [J]. Colloids
Physicochemical and Engineering Aspects, 2023, 677: 132336.
KUMAR D, JAIN V, RAI B. Imidazole derivatives as corrosion
inhibitors for copper: a DFT and reactive force field study [J].
Corrosion Science, 2020, 171: 108724.

EL-ASRI A, IMIAI A, BOURZI H, et al. Chemistry of the interaction

between Imidazole derivatives as corrosion inhibitors molecules and

surfaces: and Surfaces A:

copper/brass/zinc surfaces: a DFT, reactive and classical molecular
force fields study [J]. Surfaces and Interfaces, 2024, 44: 103799.

B, EXRR, 0y, 4. PCB A s A ML AT SR ORGP 7R (KR ],
P8 55341, 2021, 40 (15): 1193-1199.

MIAO H, WANG L F, HE W, et al. Preparation of high-temperature-
resistant organic solderability preservative for PCB [J]. Electroplating &
Finishing, 2021, 40 (15): 1193-1199.

LERANDOWSKI G, MEISSNER E, MILCHERT E. Special
applications of fluorinated organic compounds [J]. Journal of
Hazardous Materials A, 2006, 136 (3): 385-391.

KRAFFT M P, RIESS J G. Highly fluorinated amphiphiles and
colloidal systems, and their applications in the biomedical field. A
contribution [J]. Biochimie, 1998, 80 (5/6): 489-514.

ERE. BAERER & S FANID]. TrEE: B R, 2016.
WANG Q. Preparation of fluorinated organic compounds by using
electrochemical fluorination [D]. Ji’nan: University of Jinan, 2016.
DENGD S, TANG S Q, YUAN Y T, et al. C—F insertion reaction sheds
new light on the construction of fluorinated compounds [J]. Chinese
Chemical Letters, 2024, 35 (8): 109417.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

NI C F, HU J B. Selective nucleophilic fluoroalkylations facilitated by
removable activation groups [J]. Synlett, 2011 (6): 770-782.

XU W, WANG W, HAO L F, et al. Synthesis and properties of novel
triazine-based fluorinated chain extender modified waterborne
polyurethane hydrophobic films [J]. Progress in Organic, 2021, 157:
106282.

HUHL, HE X, ZENG X Y, et al. The functional electrolyte containing
fluoride (2FF) additive enhances the
performance of LiNig sCoo.1Mny ;O,/graphite batteries by stabilizing the
cathode interface [J]. Journal of Power Sources, 2024, 592: 233914.
DLOUHY M, KOKALJ A. How adsorbed H, O, OH, and Cl affect plain
adsorption of imidazole on copper [J]. Corrosion Science, 2022, 205:
110443.

HOANR, AT, RIS, & AU A HLBIAR CRY R R[]
FLBY 540, 2021, 40 (7): 551-554.

ZHANG X C, LI Z Y, ZHAO P, et al. Preparation of a novel high-
temperature-resistant organic solderability preservative [J]. Electroplating &
Finishing, 2021, 40 (7): 551-554.

FIEIK, TKIFHE. OSP HUAFIRNALIR JR A G ROFRIF (], BN A5 1,
2007 (1): 51-54.

LI X M, ZHANG Z H. Discoloration of OSP on PCB surface after
soldering [J]. Printed Circuit Information, 2007 (1): 51-54.

HOU Y G, ZHU L M, HE K, et al. Synthesis of three imidazole
derivatives and corrosion inhibition performance for copper [J]. Journal
of Molecular Liquids, 2022, 348: 118432.

ARTAKI I, RAY U, GORDON H M, et al. Corrosion protection of
copper using organic solderability preservatives [J]. Circuit World,
1993, 19 (3): 40-45.

2-fluorobenzenesulfonyl

[ %%E: AHA ]



	5_2508
	2508008_045-054_2400394


