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Analysis of Alloy Electroplated Film by Glow Discharge

Spectrometry

Yoshiro MATSUMOTO, Nobukatsu FUJINO and Shinichi TsucHIYA

Synopsis:

Glow discharge spectrometry (GDS) was used to analyze Fe-Zn and Ni-Zn alloy films. In the analysis of
the Fe-Zn alloy film, composition and coating weight of the alloy film were accurately determined from
the relationship between the normalized Fe intensity ratio, Ire/(IretIzs), and Fe% and that between the
sputtering rate, gre-zn, and Fe%. The region of low wattage discharge in the abnormal glow discharge, in
which high depth resolution was obtained, was used for the experiments. This method was also applied to
the analysis of Ni-Zn alloy film. In addition, depth-direction analysis of the Fe-Zn alloy film was

investigated.
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Fig. 1. Cross section diagram of the glow dis-
charge source.
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Table 1. Glow discharge conditions.

Ar gas pressure 4 Torx
20 mA
Current Constant

current mode

Electrode Cu ¢6 mm

o

‘LS um

Sample : Fe-Zn alloy electroplated steel sheet (Fe : 22.19% coating
weight : 45.2 g/m?) Sputtering time : 240s

Fig. 2. Profile of sputtered crater.
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Fig. 3. Voltage-current characteristics for iron
and zinc at various inner diameters of the elec-
trode. Ar pressure is 4 Torr.
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Fig. 4. Relationship between discharge voltage
and the composition of the Fe-Zn alloy film.

Table 2. Analytical lines.

Wavelength Excitation s
Element (am) energy (eV) Sensitivity*
Fe 371.994 I 3.33 U,
Zn 334, 502 I 7.78 U,
Cu 327. 396 I 378 U,
Ni 341. 477 I 3.65 U,

* For the neutral atom, the most sensitive line
is indicated by U,, and other lines by Ui, Us,
etc., in order of decreasing sensitivity.?®
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Fig. 7. Definition of measurement values from
intensity—time profiles.
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Fig. 8. Relationship between the normalized Fe
intensity and the Fe weight percentage for the
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Fig. 9. Relationship between the sputtering rate
and the Fe weight percentage for the Fe-Zn alloy
film.

— 88 —

L)



ru —WMERENKBCILIDEEELED O HIEONH 1755

x103 x 104 x103
100y s trate p 100__
on | U*é
Oﬂuﬁﬁwd

)

IFe (Counts/s)
IFe/9Fe-Zn (Counts/

IZn (Counts/s)

8

1Zn/9Fe-Zn (Countsl-,.gz)

0 Fig. 10. Intluence of the sputtering

BD AL, 2Y v 7R E (W) 2T, RFES
X AR SY, Fe 1hd Zn OFAKkEV. &
GDAN Y B Y Y TEEOEBITERA <y 5 ) v 71
b EdD, RHILENED 5, Fe-Zn £4E&TCIM&RE
TAA, 2 Y)Y VEHEDNZ W Fe &L HEEINDE
E, TOELEHAMTD 22, 20 v 7 #EX NS i
D, TRETKHREINRTOLEHAS L—HT5H.
fo, Aty 2 v SEECIIRELED, AE&HEOKMATY
fLOEW, HOXROKEI®, FHREREDOHIROE
LD AHMDEN EOFENE L DD, KERT
WA, 2 ) v 7EEL FeZ W RVGCHBELAS D, R
HOBE R U THS D, RBETOZALDOEED
EZRNEWboEEZLRD.

Fig. 8 @ Ipe/(Upe+1z0) & FeZ D BRE% Ire &
SO Izn OEELE Fely OBZTHRE TS L Fig. 10
DEMDOED LD, Ipe X IO ETRD Izn 1
TrMOMBEEL 2T A. ZOXBE DMK XA
S, B Y IEEEOBRERND, A, YV IR
ETLOL L TRRESBEERER» bBRHE TR FOM
BHWREY ADEA + v 1 i oW TRIEOEZT 5
PERBIRFOA <, 2 RKEHRLTBY. Fio, B
HEASTT CREMBERBIDICA S, 2 ) Vv 78 NBE
X, BPAHVCIEENHCDR, R, 2 v IEE LR
LTWw5h., A2y 2 Y v ZREORIEXBEIMEH DD
Ay ZY) Y 73R BEEEHE? 55V IHIH
EWZ LY TWEHRIh TV,

AT HRE LI DOEIHPRE L OO XHERED EX
((FEE) HEMTHR D, DOXFEHD 22, x
Vv VI E N BDOEBO AR, &2 ) v SEEYER
Lz, Fi2, A2y 2 Y v 7EEXBEARROR 2, 5
) v ZEX (Bl pm/min®), HBHWIE e —KE

100 rate on the intensity-composition
curves for Fe and Zn lines.

CHV B RS —EDOBMUC BT 5 ALK D 2

R, a2 Y v 7 EE Bz i mg/min!®) 5k BT

Befd, BALEROBE AR, 2 ) v 7E (Bl pg/

min/mA®Y) TEIh5., KHETE, HOZHEKODHD

XEHEE, BMEEHILIONBRETEIRL LD

Aoty B v SEEREMNER, BVEEL)OEERE

(g/cm?/s) CTERLI.

RICHBRE L A2, 2 Y v ZHEL OGBS,
WaBEI PR, 2 Yy VIR T T ARICEAINSE
TR IATAHY LEETDH. ZOBEY Fe-Zn &
ESHOEXBLERTAHEKROEBEONS. L, ##
WA, 2 Y v A3 bDETED,

Ire=a-Wpe gre-zn=a"qre "
IZn:b'WZn’QFe—Zn:b'an

Z T,

Ipe, Izn @ BT 7- 0 @ Fe 5 XU Zn OYEoEE

qre-zn : Fe-Zn EE&DHOERBDO A, 2 ) v IEE

gre, qzn : Fe-Zn &£4&H>%xBD Fe, Zn ThTh

DAL, RY v FHEE

Wge, Wzn : REL AR, 2 ) v 7BED Fe X Zn

DR

a, b B, (BAA, 2 ) v 73X BEFLTEIS

2, XEEORIER 2s HFET 0.5s i@ TH B D

BIEINS HE L OBRIL(RE o & THWIEIHh

%)

(DB Xo(2)Rix
IFe/qu—Zn:a‘WFe""""“"""""""”""( 3)
]Zn/qu_Zn:b.WZn..............................(4)

LrhrhnEHcE 5. Fig. 10 kT, ZoBFRK

& Fig. 9 oAty 2 ) v 7EE L HBR OGRS VT

R EMETL LHEBOERBERIIELNE. BIEX

NG
e (2)



1756 g &

% 72 4 (1986) H1l=

n% Fe %108 Zn ONHBERABEOMR L A<y
VY IEEORCIEAITS L, Tihibbh, A, %
Vv SRR ERFORCHGTE D bbb, T,
0 XFOSTFICRHT 5 BRI, T5e, 15 13 2
Sy 2V IR DO WTRES L,

T T
[?gwl;/‘ 2IFe-a’tzaf 2qua’tza-(pt)Fe
. T1 . Tl
v (5)
T T
7ol f 2 IZ,,-dt:bf 2 gandt=b- (08) 72
J T J T,

)]

Ligh. ChHORIZTHETEB LA E DD L
CElkE b2, 22T, IR IR (2o XBA <,
2V 7 (R, T~ Ty 75 B JCmE,

x 105

Fe T 371.99 nm
100 |

Integrated intensity of Fe line (Counts)

50
Substrate
Steel
Copper
0 | |
0 5 10

Fe coating weight (g/m?)

Fig. 11. Relationship between the integrated in-
tensity of Fe line and the Fe coating weight per
unit area.
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Fig. 12. Relationship between the integrated in-
tensity of Zn line and the Zn coating weight per
unit area.
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Zn alloy double layers film.

Fig. 17. Comparison of Fe percentage of upper
layer film obtained by GDS and X-ray fluorscence
analysis method for Fe-Zn alloy film composed
of different compositional two layers.
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Fig. 18. Comparison of Fe percent of under layer
film obtained by GDS and X-ray fluorescence
analysis method for Fe-Zn alloy film composed
of different compositional two layers.
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