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A Study on the Improvement of the Coating Technology of
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SUMMARY

The purpose of this study is to improve the quality of pal-
ladium coating layer on copper made by the Pulse Current Electro-
plating Method (PCEM) rather than the DC method (DCM} which has
many limitations in its applications. For this purpose we vary
the pulse current electroplating parameters such as duty cycle,
average current density and bath temperature to obtain a optimum
quality of coating layer.

The PCEM is mainly used for the platings of noble and preci-
ous metals. In recent, the PCEM is widely employed in the manu-
facturing electronic materials owing to renovative method of
electroplating. In the near future most electroplating will be
performed with the pulse current electroplating method.

The development of the PCEM in Korea, however, has been
retarded due mainly to the insufficient capitals and low techni-
cal levels, This research project for palladium plating includes
the elucidation of the pulse current plating mechanism and the
improvement of the deposit. The results of this project will
give a great impulse not only to the general electrochemical
technology and the surface treatment technology, but also to the
technical development of domestic electroplating industries.

In this work, various palladium platings on copper have been

7



carried out by using the PCEM. The plating conditions are as

follow;

1. Temperature: 40, 50, 65 and SOOC
2. Current Density: 1, 2 and 3 mA/cm2
5. Duty Cycle: 20, 40, 60, 80% and DC (100%)

4. Pulse period: 10 ms

Properties and behaviors of the Pd-coated copper, such as

cathodic current efficiency, thickness of deposits, hydrogen

content, surface morphology, prefttred orientation, corrosion

rate, charge transfer resistance have been examined to obtain a

optimum condition of palladium plating.

The main result of this study are as follows:

The optimum pulse current plating conditions were found out

to be the duty cycle of 40 and 60%, the bath temperature of
65°c and the average current density of 2 mA/cm2 for palladium
coating on copper.

The amount of absorbed hydrogen in the palladium deposit
decreased with decreasing duty cycle. Also, in - situ hydro-
gen permeation tests indicated that the palladium deposit does
not act as a barrier material for the hydrogen entry into the

base metal.



3. The corrosion rate and the charge transfer resistance of the
palladium deposit decreased with decreasing duty cycle.
This is due to the decrease of absorbed hydrogen in the de-

posit.

An excellent palladium coating layer of high cathodic current
efficiency, low hydrogen content, and good corrosicn resistance
and electrochemical properties was obtained using the PCEM.

The following papers have been published in the course of
this project.
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Aoz AgRE FAAEE Ge¥ e HASg oI
shojop ghul
1) Axdel gatol s Ad waAHA elel

AAE 4A(stzgd F)o Azsdor o

5) AEe7 23dm UAsor st

oleidt AHdEel wEZHW A F2A da olgxE FANE
€& cobalt U4 nickel 59 9std #sw BT Solu (9,
10). Z28v 1970 dd Sojetd Fr1Zo) XEaA wHo] A
Re AMEE dAAEY] Aol guHoIm 9

:":
O FUE IFYIN FPEoE o gRNE F AlLBL

Table.lol Yehigith T o 282} Folz FHAz 2
b7t g E vEg AASD A/ wRe F AEune A

08 Fol7l HA#AE F TF 999 M2TE ARE olsgs B

BARY FAgel ddsool @it

(1) 5% 3 ( Gold Alloys)
T T8 AA AR AEE @yl g Eed AAdsE "

AEZ §&o] E7ssd AF7NA= e cobalt 1} nickel



Table 1. Gold Consumption in the U.S. Electronics Industry,

troy oz
Application 1980 1981
Conneclions/Contacts 475,830 430,820
Printed Circuits 186,474 192,904
Semiconductors 250,775 221,840
Electron Tubes 38,580 35, 366
Relays & Switches 64,301 b4 ,656
Thin Films 70,732 70,732
Thick Films 83,592 77,162
Qther 70,732 64,301
Total 1,241,016 1,147,781

T HA/MNA HAdHoz olgo va HA AYH am A
A& 21 U a5y Fe H7E cobaltu nickel To )
59 solderability ¢¢ 2& 9AANL 74 dsA7idz B
= ok

T BEe Hil®e 29424 cobalt ¢ nickel Al
Y8 AR7EHe] R HE olgddEe dAF= JAHT  Ud (11).
°f M= wtx AgAol HEHAHdol £M3W cobaltel o
W2-&3 ( internal stress) o] 40 %A
Bue Aoz 4d4 Adn
d o] phosphorous(12)7} #7/HojAE Aodw
cobaltel ojste] Zat®l FBr 93 FAF AA Y w vl
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Table 2. Physical properties of palladium

Atomic weight J06.7
Crystal Structure F.C.C.
lonic Radius (10-8cm) 6.65
Density (gm/cm3) 12.02
Melting Temperature (°C) 1552
Thermal Expansion 11.7
Coefficient {cm/cmeC)
Thermal Conductivity 0.17
(cal cm/cm? sec oC) |
Specific Heat {(cal/gmeC) 0.058
Young’s Modulus (106psi) 16.3

gtal HelFe =FAINA4 9
Alell =539 44 FAzE
(16) = e Hxxg =zded 23 22$d wils Dsq
#etEe 223 AHdd =9 2de 43dAA daa nIAY

o,
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i

g BIAR QAL FAAA7 dsd BAE =2F Aol
2 overplate A7k ZEE Ytk ol Ao slE 43

bzt RAMAR A FAAT

gE
2

(4) Palladium-Silver
AV 30y Eor F2zIE 13 palladium-silver &F

To ASEA okl switch A2 ®Wol ol&5ojA stuh

Cohen 5(16) & acidic chloride £ 994 palladium

silver ¥32 H/EFHA AW AZRPe Aws  Polxn

Hir
re

4 AgAdel Yeidotn B udHtk I3y dsi o] A

22 Zrlol7] uwfEo] base FHL HEst?] 89  nickel
%% underplate AJHoF F= wHo] Utk HIoe= ol B

Asg 28 + de AMEE T30 AEEHo Pd-Ag EF
o] ol& ekt Huiyu otk (17).

HA7A palladium-silver §3& 7]&9 HEAAREQ
cobalt ¢ nickel- hardened gold, Pd, Pd-Nid H]dd H
HAs2A Hided Ao umr] wgo] A4 $&FTe AoA

Aok 3= FAE] AAAZA UG
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(5} Palladium—Nickel
Palladium— nickel =52 J8FL2 dH37] A FHHe
AEEN ZA ZHLE w3ACct (15). ¥F wlE AP Aol cobalt

o o3 #3F T FgFo HaEld Pwon RuEz YA &

2 overplate A|AH o]|y3F AHARELE IZA TAANI Ut FEF
Pd-Ni 5322 #gF =4 vIo $& porosity. &
Az elm AFgHS zu Yo gd A Atk Table.3 2 X

F7AA A7Edz ZaEAd FPAEY AR AAdES PInd

o Jehy s

Table 3. Characteristics of Contact Material of Pd and

Pd Alloys
Palladium Palladiun Palladium
— Nickel - 8ilver
Hardness 250 a50 235
(kg/mm2 )
Density 12.0 10.8 11.1
(g/cm?)
Elongation > 6.0 > 6.0 3.5
(%)
Contact
Re'sistance 1.1 ~ 1.4 1.5 ~ 1.8 1.6 ~ 1.9
{mohms)
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Fig. 1 AC waveforms of applied potential and resltanting

current.
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I‘.I
Fig. 2 Vector in terms of {(a) X and Y coordinate. (b)) angle,®
and magnitude,l. {¢) Coordinate of real (1I’) and

imaginary {I").
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o714 Fir Faraday AFolw Dy Asjde #HaALg g
Zlth
22003 (2108 (1524 wustHA

d_-"E 7 1s2 :
Pk ( Req +W“2) Iwcos wt 4+ Tow¥2sinwt e (22)
o 7] M
1 180 ﬁr
— nFA\/'z‘(D =, 57 ) ERETELTET TP PT RO IYPERTRETTRPRIPERD (23)

Hellr dL AAE FTHsA =HA



1
C, = W ......................................................... (25)

R.9% C.& AH#sA Addr7l Aside Ret, o,9% r
o #BAE AHFsA colsistedeol gk GwkHE Q) A8 ERES o] A
charge transfer resistancey FE2 heterogeneous cha-
rge transfer kinetics ol o&sty 1/wVPEge Had el
mass trasfer o 93t AAHGY A= dFadL FHo st
T3 A= charge transfer resistance 9 Warburg imped-
ance o 715 WMLHEE oldd=dl HHI Fad 247t d
=3

A g gely 3" total UYAALE Re s} Cp o A

BAZARE HIEA "9 olgd 2458 YodLol real @ im-

R,
Zre:RB:Rel‘}—m ................................................... (26)
A714 A= (C4/Cs)+13 B = wR,Cqolth

22 Y=
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Rt ’i“fw_l/z
Zre—Re1+ - g e 28
(Caow' 2+ D +wCi (Ree +ow™ 7%)

WC 4 (R cetow D) 2how H(w *Caot1)
Lim= oreennE (29
(Caow'’2 +1)* +W2C5(Ree +ow™ ' /5)*

eHH @S Foe dHez vFe] UERRY 7+t 3 A
Ed g 5 Ao
(a) Low-Frequency Limit

Za 47t zero ol 7R A O wed

Zre = Ret +Rer F oW 1/2 s (30)
o] £ @AM Fas Fg AAINA

o)W Z: % ZimS Fig.4°ld AP unit slope g Rom
Aol uvedr A& mAsE AFLS Rer+HReeol T
o] Aoy Fuf EAHL FAFANA fEEHE Warburg o
Adse A% otk FaHFrt FH Sl wE Warburg
doad 2 FHE Ae uUehdx @3 charge transfer A3

double layer capacitance 7} 83 <EZ& 34 Eoh
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Zim

Slope = 1

Zre = Rel + Rct — 202Cd Zre

Fig. 4 Impedance plane plot in the low frequency range.
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(b) High-Frequency Limit

e Ze F3d4 9944 charge transfer #do] A

FEE T o#Hg AFAAM doydzs o
=% #& #AES ZAE"
Rt
Z = Re1 — il LTy T T P E P PP Y P PP PR (33)
1 J(R“de_J)

Ret
Zre:Re + ................................................ (34)
! 1+W2Cd2Rct2

WCdRctz
Zim:l—}»wzCﬁR"’ct ............................................................ (35)
ZrzkeltA  Fabgr o]l AAHY
Rct R.C I
(Z”—R”_z )2+zim2_—_(2‘)2 .................................... (36)

Warburg Hdd£7t A9 uUehtzal g T4 Ggoa
Z re 9']‘ Zim ‘1%‘ Flg- 5 °ﬂ }"1 i-] %1] 1{!_}»2]%-0] R ct/z o] T‘q %‘:’;‘:] OI(R01+
Ree/2) 1l W+l eyl dok oW A7 sd w39 T 2+

%
Fig.6o] Jved 3 ge Fes
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Zim

w = 1/Ret Cd

Fig. 5 Impedance plane plot for the kinetically controlled

electrochemical system.

cd
A1
‘ i}
Rel .
MV Rot
AWV~

Fig. 6 Equivalent circuit of an electrochemical cell in the

high frequency range.
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Table 4. Example of pulse plating system

plaling system reference plating system reference

Cr 28,30,31 Pb-Sn 40

Au 6, B Pd--Ni 18

Ni 32-34 Pd-Ag 16, 17
Cu 35, 36 Ni-P 29, 41
Pd 14, 15 Cd 42

Sn 37

Rh 13

Zn 38

Ag 39

{1l Connectors and contact material
BAXFL electronic connector$ switch cotacts

o Fxwd dd ol&yHy gtk zegu 197049y o3 o = 4}
3E

A9 FTeR <dsto] AAFe TAE Fokr EAE 2 dAL
23 Ut ol A AT HA oI 2L 4 9ltl
T2 Egoa B8 AHE gifo] FAYW s)E T 19



(2)

Lead frames

utT Aol A8 5= lead framed wireg] ZAE A A

AR&xg F7HA917] st H2 =ofs clgdd it

{3} Fine patterns
AL A2 AgelMe 1R FHEE TEE XA a2 &
& ol&t B FdeE I I AFEE LT =
22¢ 9717 dE8x @A Hx HAFE =FdE AFdw be
A "
{4) Decorative work
Au, Rh, Ag5 e FEE& =T Fa BWE/ ClgHW  F
g8 Td3e 9 4 dou Fua 2o HIE e g
ok
A £F9 nde 55 THE ok, 53 T EFFY
43 Adel =g FAY HAwelw A Ag-Cd, Cr-Mo, Ni-
P, Ni-B% %3 5 Zad ozt HEel AxsHu 3t
3 "Agel HPATF9 olf W AFI FTd HIgT HAAA

=
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Az 4 3 ¢

A1d Ax R dagey EF

= E5E AVRE d7dME JIges =77 0.5mm el
AEFRS AMgatgdoer Agd WAL IomX Icmz 3Pt 71 &
e CHMELR EAF F, /19 de @A LHYE N8 gue
AAsZ] Yt &£3L FHBoz so ZE2 300ml 9 phosp-
heric acid 700ml & ETA1Z £994 DCE 1.7VE 108 =
&t FASA A dutAgTh olzg AL A AHL AR

A, FFez Agsa

2. 487%3

T A7 Ag® H2a =FZAE Fig.Tol uUsd A
X o &, temperature controller, pulse current power supply
(PCPS, LWD Scientific, PULSIR 1210R) & 34 sojgtl =z
&< 500ml HlolAE AlE3Pom temperature controller &

EFA EFL&Y L2E dAstA A7 Yy 4R Pgy x

& ETde B¢ AT ZHY =FadA LHE TERI Y
3& AAS7] 5o mechanical stirrerg olgdd T FaL
Ay AR

PCPSE= H2 Rg9 HFE FTEE7] A8 A &5e



Temp.

controller [_A
Y
Pulse curr
1 — Afr ent
et el power supply
7
Anode /// Specimen
Temp. Solution
sensor ,‘;cj @ Outlet
Heater

Fig. 7 Schematic diagram of electroplating system.

PCPS ¢} YU¥rA ¢ block diagram& Fig.8¢ Jelugg 2 <
Tl A}& ¥ PCPS9 pulse period HWaE 0.lmsolA  10sec
742 Jbssts AW AFE 100tk x&@ o] AXiE  pulse off

AN7+e gzeroz W FE 2o sy

Pulse Generator

|

BC Power — Electronic — Plating
Supply Switch Cell

Fig. 8 Block diagram of the equipmenl. used to proceduce a

pulsed current.

47



EE a¥siA stz fete, 59 & WS polymer tape o F

dAsy clEdHeldt ZF 3%k

Table. 5 Bath conditions for palladium plating

pPdC1, ig
Naj3;P04-12H,0 111.24 g
(NHq) 3P04-3H,0 14.99 g
Ce¢HegCOOH 0.7 ¢
NH40H to make pH = 11
H,0 132.77 g
Plaling time 5 min
Plating temperature 65 <C

gx EF4A Be wsr QAW o sted BRF &4
d8g Ft pulse-on timed} pulse period ¥ H|
9 duty cyclen ## JFYL & LEZT 95tk AP ¥

g Hx E&  i0mseco|gier duty cycleg& 100, 80, 60, 40,

20%, I AFLEE 1,2,3mA/om’ 2 Z4Z7 wWIAZY £33 X
589 &£E& 40, 50, 65, 80CE MY &en EF AR 5
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&

A2 weld gebre 42712 d2guzn Lea go4s)
WeEbd R 23 E ool My A E 2709 A=Ay =
S3tA H2zE #

5 Ao 29 Astges TeE & Hspgo

)

E Y¥olFd 2FTHFE&E ( Cathodic Current Efficiency ) &

Weight ( in grams ) of Pd

C.E(% )= X100 e (37)
I Xt XM
ZXF
1! HTAFE% ( average current density )
t: EEAZ
Mo z=w3e A

F ! Faraday constant ( = 96500 coul )

4717 WH2e] AL balanceF Algsed 10- gAA =

A3 2472 o $44AS =487 Pobed X — Ray
Diffractometer (Rikaku D-Max )& &3ttt 7 target

¥} graphite monochromator = Ab&-3lol 30kV, 15mA 2]  tube
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& % HFE 7Fstd A)HE X —Ray peakg$ @ S}

3. A&ZE ®EWH2 morphology
A7t HAE ol&3lg Z A HEF Al AJEE o}
HqEoz M3 Fo Scanning Electron Microscope( SEM )&

Ab-gstel 100080 8] sl& & HAFe surface morphology & &

4. £ EZF

A71st8r el 93 A5 WY F4&2F 53 WHL Dev-
anathan® Stachurski(44) 7} A& A7g oldf &%  UolAy
T4 AgE dFdted FHASA ol% Huuh ArIEH &
A owye zzE: ve e F£4 flux( 107t atom/m® sec)
NAE #4Ag = dof ALdA ¥ Fi £3=% ( solubility)
§ Z+t systemo] FEHU(45). o] Wy T& uvre =
ZoA F2E AUsH, MAHUYLE Fi2E udld 93 ( anodic

cell ol A gdd AFdHE Fie Fi fluxz2 8E F 3

o
F AMNE F Add

A8 FAEZE Fig.99 AFAHoz JgyAr &7 FECAA=
getFol AY Z=oHE FEon ALdE ARE gadtdAlsrst 1078
cm?®/sec AEQ FA7 0.1mme £FBoUT =F

Table 5o YEgd =A% gor =g 2EE 66TE dF
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stAl FAAZET =257 9 HWFAFUEE 2mA/cm? o] Yo
duty cycle-& 20, 40, 60, 80, 100 %2 €s9xn T3 Alze 5

ol w3 FAC AlE Uz AYEHE 49 fluxs

Az

,

potentiostat( WENKING LT-78 ) & A}£3to 200mV sme H322
JE Aol Fol EysHtk
L=

Anodic cell o] AHsjde (.1 NaOH F&AL A}

L= Y344 (anodic potential

&
output F oA deolyd £ gl F2 slbEukg o9 ©E g

o7

&S A&7l st AHe g3 RES FaFozm g =

ot At ( 46, 47 ). o4 EFHe FTFEE Table 5 vehd A

# A% mawve Ay =
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AEgo F24 dPe) AgE A AL 1IN H,S50, 89090
TEEL, avln B FRE=( counter electrode)
cE2e HEgd AMgodTh FALdE 2ERE O 28KE RAAAT
T4 AHL duty cycle® WEHAIHEA & ZFFolen B
AEA g RYE polymer tapeoZ A Fstr)
FAEEE SAscH olfHr HAAWEE EGKG 273 pot-
entiostatE o]£39 0.2mV/sec® scanning rate® poten-
AA HAHAFE FAHSAGN £ A7l olgd #
A celle Fig.lited A=dez JEUY
g4 gdoly HEEE2 REH IR gart A9 ey
5

] goemy TFTHRL ZTRI

H

Ao A =EEdN RAe @

A& A Yot A "rh oy R A ZAAME tafel extrapol-
ation¥H 3= linear polarization Wyoz Rilsgg =

CRT Potentiostal

display

IBM XT Electrometer

computer

Print Corrosioen
cell

Fig. 11 BRlock diagram of the electrochemical corrosion systenm.
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date ol A AHSA Ha B ATFdME o WY

s BA&E ZEHgHT

o
-9
o

6. 99~ &% ( Impedance Measurement )
gyl A &% & (.IN NaOH £ ddx 3o working
F& #etF EFFol%ern HERAFez WMFHAFTSE AEstdth

%74 potentiald 7]Fo] =H¥E reference AL calomelH

A A Ao Alg="E AHAxp4AH =  potentiostat/Galvan-
ostat{EG&G, 273) ¢ Tock-in amplifier(EG&G, 5208) o] ict
AelFE DHAYY HuyRZe smvE 5olA 100000Hz 7HA] 5
F55 @AM "7 celld dFAExE & FHIUL
W 493Ae AgEF Fig.12el Uehhsch

goty 224 A2 e ANSY wee 2AE 4

st AF RAAM HAE JhFEA ¥ AHd BIF AN
EE 483 ¥
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IBM XT Lock—1in
computer Amplifier
Print

Electrometer

Impedance
cell

Fig. 12 Block diagram of the electrochemical impedance system.
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’g ——off time
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Fig. 13 Schematic diagram of applied current / voltage vas. time

by oscilloscope trace.

T #HoF FIwgol dAHE Ao}

Tos  tor® HESA WHAA FE PATE waq
duty cycle S ¥WaAlgd = gAEY TAEZ DFdy Toms
24 AF olgHt duty cyclee Bastyy § e ga
pulse-on time 9 ul&24 UEdC Duty cycleeo] 100% 7} =

e AREITES YU 20% duty cycledA: 23 3t

rir
_[
rl

oA AR ZE2E REol 20%0H Jroix: AR7F 48 5

o
22ET #FAA duty cycleo] MatA HwW EAd peak
Current density &= Falz vgd we wasg =F4, HaF
BAYEE A4 FAsdA duty cycle S #AAAW o o
dE&39 peak current density = ZJlatA "o peak current

density v ZAFEF ol&HE HEFUE v Ads =) uf &
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Azl el goAdolr] wRe FIFME G 2L BT
dojubA  Frh(43).

PACLl, 4+ 2e7 = Pd + 2C17 ot e (38)

HyoO b @™ = OH™ 4 1/2 Hy  cvrrrrrrreoieie e (39)

AF A% wgoly BANom g FaE HAHEY 24 @

Figure 4 E9& 2% 65Tc)d HAZol 0msol 7
Fol FAHRYES duty cycled] mE My T wazE U

B2 itk Duty cycleo]l 100%¢ ARz ddis IgAdsug
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Fig. 14 Weight of palladium deposits vs. duty cycle of pulse

period of 10 ms for various average currenl densities of

65 °cC,
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Fig. 15 Current efficiency of palladium vs. duty cycle of pulse

period of 10 ms for various average current densities at

65 0C.
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Table 6. X-ray diffraction patterns of Pd{a) and Cu(b)

(a) (b)
d (A) I/lo| hkl d (A) 1/Io| hkl
2.246 100 111 2.088 100 111
1.945 a2 200 1.808 46 200
1.376 25 220 1.278 20 220
1.173 24 311 1.090 7 311
1.123 8 222 1.044 5 222
0.972 3 400 0.904 3 400
0.892 13 331 0.829 9 331
0.869 11 420 0.808 8 420
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