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Abstract : Poly (4 —vinyl pyridine) (PVP) and its copolymers, poly (4 —vinyl pyridine— co—acrylamide) and
poly (4 —vinyl pyridine —co—allylamine), were synthesized and evaluated for application to organic solder—
ability preservatives (OSP). The copolymers were synthesized by radical polymerization of vinyl pyridine
in the presence of acrylamide or allylamine as a comonomer. Various kinds of polymers with different
chemical composition were synthesized by varying the feed ratio of monomers and their low My
polymers can be obtained by adding 2—mercaptoethanol as a chain transfer agent during poly—
merization. All the polymers showed good adhesion properties on Cu pad when they were spin—coated.
Especially, allylamine—containing copolymers showed both good adhesion and solubility properties. Also,
they exhibited better thermal stability than PVP homopolymer and such thermal properties were changed
depending on the chemical composition and their A4y, which were evidenced by the measurement of
oxygen induced temperature (OIT). From the OIT measurement, poly (4 —vinyl pyridine— co—allylamine)
was thermally stable up to 230 C for 70 min in the 100% oxygen environment. As a result, allylamine—~
containing copolymers can be considered as a promising OSP coating material that has excellent thermal
and adhesive properties applicable to the present microelectronic package processes.

Keywords : organic solderability preservatives, poly (vinyl pyridine), allylamine, thermal stability,

solubility.
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flip—chip BGA (ball grid array) 52 SMT (surface mounting
technology) EFJ¢] Az} #7127} 58 o|Fx glow Fuld A
Fo= gt gl wetr] A B Ve F drop test
g} e FAYAES] FaAo] AX T Yk HA A7)H] BE
2 &£l 2ste] A71H, €202 gkwmA] A substrate A1)
£ dZEAIER &uid Aex g Azldo) Hx; 7| FE
AA A=dE haE B F 930 peHT Qloh FH2ol A

© WEA £EE2 08 A= A70] 300 umoldH(0.53] A
olsh 2 FAstEwA &0 Ade EAdo] AgwAe 4% F
%3] FHokllF 1 E3] drop test} T FHHAEE XA
o7 okl BAS vehdith wlebA AldAlIME old S
B3] A3k 22 71E9) £ dl=of A= 1 0| Ni/Au 2
Bel tiA ARE 7] AR

71& Ni/Au 82 Cu pad$t £6E Al0]9] NisSny = (Ni—
Au),Sny—2 FE57F 3kES B4 28y (Ni—-Aw) Sy«
2] #A2oF Q51 drop test X bending test®} B2 27 Al
dellX Azt 5o B4 2t fEEEE Cu pade] M2&
EAAE] Wi B Cu padst £TE Alololx] Aug X8skA] o
B 2457 8380 d4E 5 gl Aol diFEm glck’S

S §7140 BEAE N/Au ZHE tiilE & 9l 37

A AE U Hedoldt. 714 BEAE Cu pad9dl #71
222 100~400 nm A2 #Eso] #7124 £l Cu pad
AR, @ @ukA] T QS e FFACEE £UE HEF
7 % Cu pad$} €& Alolol] Aug XA o2 CugSns 2
CuzSn?) 431 SIPES FYAROEZHN FHIE A} wj7)4%
F9 H%e ML Ue RoE ZEn’ T, #A AL
|E1 3= N/AU TiAE 771460 BREAs BHE a7 )X 2=
ARgo] FAgE o7 Qo] g} ol2{dt AL =} =y
AT F 378 2zl g3} g2 wzp) 2gsin 43
/do] "olR)7] wiEel™ 1 ARE Cu pad?] B, &6il v|HE,
ATt 39 9714 FAEZE sk Cu paddl Wi FAE
FRHE 7180 BEAE WA 34 F ARE B T =F
Hojo} ab, wl7]#] 378 F<t Cu padollX] 84 7 Zsflok 3t
2, =5 EuE HETANA post—fluxell &lste] GA AAH
ofof itk 7} AW O RS T Qi f71EH BEAE F
9 ol#gl a7l $59] USHA| K3t 9leH, #7)A F
A F nESA, BA%, L pitting 59 o7 7] Aoz <l
alo] AXA 71 FF AN A Fdsta ik

mahd, 2 AqeldE vl ggske 7Y BEA
FRAER! AR} imidazoleAl f718E thAHE 4= 212, Cu pad
o} EUE Abo] HaF 548 F¥EH Aol Cu pad9] Aks) v
A4, & WA D Post—fluxe] AF B G7E vl gt 4
Al 88lEE BAEE 2 2ERE sk, HEEA 97|28 o
EIIAZA Y S-8498 HktaA itk V1S REAS
7|1 1AZE Cush B2 257 743 JFE e 2t E(d 9
2l 2 AhgaglT, S 9 e SulelMe] g B
A& 2837 {3 d¥olvl(allylamine) ¥} o} ™ol = (acryl—
amide) & ¥F L FFAZ AME3IGIch
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A2t gl JfE2 2 Ao ek 2 4—vinyl pyridine (VP ;
Aldrich, 95%)& 2%+ SR3le] ARgSlaL, 3584 39S A9
kx| 24 acrylamide (AAm ; Aldrich, 99+ %) 9} allylamine
(AA ; Aldrich, 98%)-& 217} AMEsIiT). 7INAIRAM AR a0 -
azobis (isobutyronitrile) (AIBN ; JUNSEIL 98.0%)-& ogh&<f 1
3] g3l AREERITE SAFE A8 AR SEE me-
thanol(J. T. Baker, 99.9%)& Z53to] AME3llon, ¥ =
& 938 2—mercaptoethanol (Aldrich) & ¥ ZZ A (chain
transfer agent) 4] AR&319ITh 718 Aok AASEA] &1 1
U2 ARSIt

IEXle| g, VP 3.44 g(32.7 mmoD 2} AIBN 88.8 mg
(0.54 mmol) & 15 mL9] wgh&o] o3le 5 Fekide|
W1 WX E Faglon ALE 71FAIZ H 60 TollA 244
b B} 71dsl FEEIth T ERES Y 55 T O
2] A ol Ze) HAAAHch FHAEL A7 U Felsl] JAF
sl AZE] HF: YFEQ] PVPE L & A0THEE 1 56%
o). FFEAR S oladen| Tt Lol dHEE F
7kste] 2 2AoA F5E 9SSl ARAEY 1wt
2 ) Qalre Bl 2842 2—mercaptoethanol s &
A% F7lste] u-eAIZT E4949E 'H-NMRUEOL Ltd,
INM—-AL400) 3 FTIRINICOLET spectrometer) ©]-&3}o
g1, LA BRHE2 Shodex GPC KD—-804 Z+&
A8 GPC(Agilent 1100 series) & o438t £t

FTIR ¥4 (KBr, cm™"). PVP: 3300—-3500(N—H), 3050
(aromatic C—H), 2920 (aliphatic C—H), 1690(C=N), 1600,
1415, 800 (pyridine), 1230(C—N), P(VP—co—AAm): 3300—
3500(N—H), 3050 (aromatic C—H), 2920(aliphatic C—H),
1690(C=N), 2350—2450(—NHy), 1580—1650(—NHy), 1600,
1415, 800 (pyridine), 1230(C—N), P(VP—co—AA): 3300—
3500(N—H), 3050 (aromatic C~H), 2920 aliphatic C—H),
1690(C=N), 1620—-1680(C=0, —NHy), 1600, 1415, 800
(pyridine), 1230(C—N).

XY W HEZ EY. 7122 Cu padE 2o AAE o]
g3l 3ug AR F B9 4 2R AEE 1 wihE -
Hekg E3hgdlo) %l ¥ A3 FE (Midas system, Korea) &
ol g3lo] A~ FRSIGITE A FE2 2vA ZA(B00 rpm, 20
Z; 5000 rpm, 60%)& 53 35t A A2 sessile
drop P& o]-&3 HE2Z 2417 (Drop shape analyzer, DSA
100, Kriiss, Germany) £ o833t A&7 574 Aol ZE Al
2 o A AFEE 5 vixgog 2 AAE 083l
MRS B 92 F B4 siich B Ao S48 o ¢
A8 o8 3-8 4 (intra—variation) 31511 ThE A|EE 3H o]
*+ &7 (batch to batch variation) 31] 7 H#gtS Bastch

DR GRM {715y HEAS 18R 48 BEAAEAS
3 Az} FAF QA (differential scanning calorimeter)
(TAAE model DSC 2910) & AH8-3t] 7,8 S43i6in 45
2 BA)7](thermogravimetric analysis TAAL model autoTGA
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2950) & AMESIO] A e AL #B9V)SHIA diE 22E
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induced temperature) & &7435te] Aol WE d S &
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flux®] AF = dTE AR 9Jsto) g4 glEs S4S VA
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Figure 1. 'H-NMR spectra of poly (4 —vinyl pyridine), poly (4—
vinyl pyridine—co—acrylamide), and poly(4—vinyl pyridine—
co—allylamine).
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Table 1. Chemical Composition of 4-Vinyl Pyridine Copolymers

Feed composition® [s]/IM]°  Yield

Samples (VP/AAm/AA)  (wi®) (%)
#1. PVP 100/0/0 - 56
#2. P(VP—co—AAm) 93/7/0 - 57
#3. P(VP—co—AAm) 86/14/0 - 78
#4, P(VP—co—AAm) 50/50/0 - 59
#5. P(VP—co—AA) 94/0/6 - 75
#6. P(VP—co—AA) 50/0/50 - 51
#7. P(VP—co—AAm) 90/10/0 - 74
#8. P(VP—co—AAm) 70/30/0 2 59
#9. P(VP—co—AAm) 50/50/0 2 65
#10. P(VP—co—AA) 90/0/10 2 81
#11. P(VP—co—AA) 70/0/30 2 51
#12, P(VP—co—AA) 50/0/50 2 21

“Feed composition by weight. bReed weight ratio between monomer
and chain transfer agent.
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Figure 2. Contact angle measurements after spin coating on Cu

pad.
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Figure 3. Solubility test of P(VP—co—AA) in the mixture
solution of water and methanol{methanol content,%: 36, 37,
38, 39, 40, 41, 42, 43, 44, and 45 from left side).
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Figure 4. DSC thermograms of P(VP—co—AA).
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Table 2. Thermal Properties of P(VP-co-AA)

No. AA“wt%)  T72(C) T(C) My (g/mol)
#1. 0 - 394.9 33000
#5. 6 154.0 395.0 49000
#6. 50 139.0 403.5 35000
#10. 10 137.8 385.4 30000

#11. 30 114.5 381.2 16000

“The weight ratio of allylamine. *Glass transition temperature.
“Thermal degradation temperature. “Molecular weight determined
by GPC.
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Figure 5. OST analytical diagram of P(VP—co—AA) under O
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Figure 8. TGA measurements at 200 C as a function of time
under Oy environment.
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