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Quantitative Analysis of Electroplated Films and Chromate Film by Glow

Discharge Spectrometry

Ken-ichi SUZUKI, Shuichi YAMAZAKI, Takashi MORI and Takashi OHTSUBO

Synopsis:

Factors which determine the Grim glow discharge characteristics, sputtering rate and emission yield
were studied in order to obtain quantitative depth profiles of surface films on steel sheets using the glow

discharge spectrometry (GDS).

1) The sputtering rate of a specimen (with a constant composition) depends on the product of the effective
discharge voltage and the courrent, being indifferent of the Ar pressure and the discharge modes (constant

voltage, constant current and constant power).

2) The emission yield (within the abnormal glow discharge reange) on the three modes increases depend-

ing on the Ar pressure.

3) Some matrix effects are observed in the emission yield of zinc and iron for Zn-Fe alloy plating. The
emission yield, therefore, should be corrected according to approximate alloy composition in order to obtain

accurate results.

4) GDS can also be applied for the analysis of very thin layers, such as chromate film on the top of tin
plates. The coefficient of variance of the analysis of Ni, Su and Cr (chromate) layers (the total thickness

100 nm) is less than 5%.
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Table 1. Chemical compositions of samples.

(a) Zn-Fe alloy plated layers

(b) Sn plated layers

Sample Coating weight (g/m?) Fe (wt%) Sample Sn (g/m?) Ni (g/m?) Cr (g/m?)
A 18.7 82.1 G 0.84 0.009 0.019
B 17.4 65.3 H 0.69 0.012 0.014
C 15.1 44.5 I 0.80 0.032 0.012
D 18.6 . 22.4 J 0.56 0.150 —
E 18.1 10.5 K 1.12 0.200 —
F (Upperg 3 85 L 0.60 — 0.030
(Lower 25 15
Constant current ( 40mA) 150} Constant voltage ( 900V )
10007 - Par (Torr)
6.7 120H
800 71 <
g . \ Par (Torr)
o / ) £ 9o} N 8.8
s > 77| 3 k;%—\Q__—_BA
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layer , layer h and discharge current during depth analy-
0 L . L L 0 ! L L ! sis of Zn-Fe alloy double layered plate.
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Table 2. Analytical lines.

Element Wavelength (nm)
Fe (I 371.99
Zn (I 334.50
Sn (I 326.23
Ni (L 341.48
Cr (I 425.43
0 ! 130.22
S I 180.73
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Fig. 2. Relation between Ar pressure and discharge vol-
tage/discharge current of 85% Zn-15% Fe alloy.
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Fig. 3. Relation between discharge characteristics

(current and voltage) and sputtering rate of 85% Zn-15%
Fe alloy.
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Fig. 5. Relation between discharge characteristics and
sputtering rate, and relation between chemical composition
and f(Cyg,) value of Zn-Fe alloys.

—HKED RNy FEEE, TITH Ar E4 S PICHE
- FEERBIC, NEER i LBE (V-V,) OfF
TEHTEL., 2720 (4) RoplEHK k&M
BARGEHESA SRS, Ld2oT, (4) Rig= by
7 AR IS T 5% f(C) 2fE>T (5) RNicE S
bbbiEhb.
U:f(C)'i'(V—Vo) .............................. (5)
L7242 CTH¥ f(C) #ERIITRHTB &
X0, WEOCER, BEH,»S (5) REFOTRNy ¥
HELFEHETHILLEETH 5.
—%, BEHBOBCICELIMBELEOLEE L, Zn
BLU Fe DAY MVEOBKINERLE ORFZ % Fig. 6
ICRY. HAFoE#HIZ, b)) v 7 AN —ETAr£%

— 166 —

-\



7O —EBEBRBETHECLLDD2EBB IOy 02— PEBEOERST 569

Const. current (35mA)
_ 20k Fe g gg Torr Ar
3 o 8.
K]
E S Wi
K z
>
s 101 Zn
a
E m
0 ! 1 1 1
500 600 700 800
Discharge voltage (V)
Const. voltage (600V)
A 63 Torr Ar Fe
_WFE o 72
g o 8.1 LR
; A((‘:’mo/c
s 10k Zn
4 B _ @
E A % Ao t—"C
0 1 i 1
0 30 40 50

Discharge current (mA)

Fig. 6. Relation between discharge voltage/discharge cur-
rent and emission yield under various Ar pressures of
Zn-Fe alloys.
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Fig. 7. Relation between chemical composition of Zn-Fe
alloys and emission yield.
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Table 3. Comparision of sputtering, light emission and
discharge parameters between TiH; and Ti layers.

Constant Constant
voltage current
TiHp Ti TiHp Ti

Sputtering rate (xg/s) 1.3 4.2 1.6 3.9
Light intensity of Ti II 337.3 nm 2.56 8.84 3.01 1.74
Emission yield of Ti II 337.3 nm 2.0 2.1 2.0 0.47
Voltage (V) 600 904 584
Current (mA) 54.1 81.9 50.0

BEBBPEIKEL DTS, EBHRBIEER
BLXUBEEREICHE L T, FBIEED#EARTER
PEDRIEN TS,

Zn BL U Fe iBEN 0~100% 3 CELL-BOR
FINFEOEH) HxtE) 1, Fe T 10%, Zn T 40%
WKk, ZhHOfED, #FENEL2—EL LT (4) X
PHOROOLND ANy SEEOBEL LD, —F, K
FHECATHEEEE, Zn & Fe ORKPRDORDHFIC
LOTHRLE DD (Migh, MESHORPNELfH L3
EDREV), HxHMETH 10% LLTICEME 5. Lal,
SO EMZDMEIT 57201213, BBIEROHBAKLE
HEHOPLOMNTEBE, BRI HBOE L L
TRIETIT X v, EBONO X518, ST
FIC—E L TWAEAITIE, EBMOEMIEVED S
TR Z LKL D BRELTIETREL 25 9.

Fig. 6 BX U TWERENDERL O, EERNE
CEBEMBLICHABESZIEAE ALV, —F,
Fe, Ni BX U Cr ® 10~100% DEE&FICBIT S
TROENRWNFEOERME Y, EEERED £5% 0%
By (HMHME) LT, EBRBEERLOKE LS
(Ni: £10%, Cr:£20%) »RBOLNLEHDEH KX
o729 $7-ERBERE X, Fe &BIKRE L BALY,
Ti DLBIREEEL KFEWOBTH, Fe BLU Ti DR
N7 MVOREFEINEICRBIF 2~ % A TWw5b. Table 3
I Ti & TiH, DB ZRY. EE513 GDS BT A%
FINRIHF LT, WMEBEMRL D BBEOH LY FEH
EEZ, NRERSEC LRI HNEETTICELT
BEBEREELZRHAL WS,

4. %ﬁmwﬁm

ERHFIC BT A GDS 1, FEWITHEV RSy 7 HE
PELNDZ EhD, EEEOMA % M o T
XL EDPRRKOFRESEZ S, —F, BRI HE
HOMPHALEELTBY, KEREOEEDSH b R
Thh. FIHLOERSGMHE (R85 yHE L 7— 7R

Intensity (a.u.)

0
0 0.2 0.4 0.6 0.8 1.0
Sputtering time (sec)

Fig. 8. Depth profile Ni evaporated layer.
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Fig. 9. Relation between Ar pressure and emission yield/
emission yield ratio of Sn, Ni, Cr, O and S in Sn plated
layer.
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AR (B B Sn oo &Mz g4t & bEBML (~
0.8g/m? # 100nm) 2$EM & h, BEHMEO 2D
DN FICLLTHLEE, REKmEDZDD s O
X— MLEASHEESNDL, L5 TEAOREE BT
EEREEICEOTwAS, Nig (Y yuo—gi) &
70 x— FEBIZIEFICH Y (Table 1). 2h oo
DFELFMEETM %, GDS ONIRERESEIC L DK
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Fig. 10. Relation between discharge characteristics and
sputtering rate of Sn platd layer.
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Fig. 11. Relation between coated weigth of Sn, Ni and Cr

and integrated intensity.
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Fig. 12. Depth profiles of Sn plated layer.

. Before reflowing
B Sn
c
2
E
€
QO
=
o
)
Depth (pm)
S After reflowing
100 —_—
Fe—
8 Sn ’
<
e
@
e
o
(S}
i

Depth (pm)

Fig. 13. Depth profiles of Sn plated layer.
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Table 4. Repeatability of Sn plated layers (n=10).

Sample L K

Element Sn Cr Sn Ni Cr

Chemical analysis |0.60 g/m? 0.030 g/m?| 1.12 g/m® 0.20 g/m> ——

GDS, X} 0.58 0.033 1.22 0.20 0.008
o 0.024 0.002 0.059 0.007 0.0004
CV(%)] 4.2 4.6 4.8 3.5 5.0

Kbh b ¥ 100V OMELEMCBITAEHRETO
Ar £ > DI 3V F—13 100~200 eV FREIZAR D, L
P OTABAF YIZEBTFI v 7 -3 FT 0 7hUT
EAEEMTE LOREE OGRS KR EERzERT
WhHLDEHEFE SRS, Fig. 13 12 Ni THALE L 72 Sn
o EMGE 1) ©Y 7o —WLEFi£O GDS a7 4
VERT., V70— MEICXDOCTHO Fe 250D &/E
CiEER (B4 RARD) L, 72, Nid SnBICHEL
TWABTFHFHEICHELATYWA., HBKBXULIZD
W, 10[E] < DR LillE DM HEEE % Table 4 127R7.
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