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Surface Analysis of Steels by Modified Glow Discharge Spectrometry

Yoshihary OHASHI,

Synopsis :

Yasuko FURUNUSHI, and Kozo TsuNOovama

Grimm-type glow discharge spectrometry (GDS) utilizing both sub-and pre-discharge techniques is
capable of providing a rapid and accurate method for determining the elemental composition of iron
and steel surfaces, and also for determining in-depth concentration profiles in thin surface layer (within
1 000A from surface). By using GDS with the preliminary discharge technique (modified GDS), the
influence of abnormal fluctuation at the first stage of discharge was completely excluded, and the
unstable region of the intensity profile at the beginning of discharge was restricted to 10A or so. This
modified GDS provides a means for measuring the correct depth profile at the uppermost surface layer
of steels, and also provides the capability for an important application of GDS to surface analysis.
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Fig. 1. Schematic diagram of Grimm type glow
discharge spectrometry.
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Fig. 2. Relationship between sputtering weight
loss and sputtering time under discharge condi-
tion of 4 Torr-50mA.
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Fig. 3. Relationship between sputter rate and
discharge current under various vacuum conditions.
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Fig. 4. Reiationship between sputter rate and Fe
(11, 271 .4nm) intensity under various vacuum
conditions. '

—— -
- -

4Torr 50mA

=7
\
Y
\

Intensity of Fe (271.4nm)
Ij

0 5 T 75
Sputtering Time(min)

Fig. 5. Relationship between sputtering time and
Fe (II, 271.4nm) intensity under discharge con-
ditions of 4 Torr-50mA and 5 Torr-80mA with

preliminary discharge technique.
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Fig. 6. Typical example of Fe (II, 271.4nm)
intensity fluctuation by sputtering a cold-rolled
steel sheet with usual GDS equipment.
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Fig. 7. Cross-section diagram of glow discharge
source with sub-electrode.
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Fig. 8. Voltage-current characteristic curve for
low-pressure glow lamp.
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Fig. 9. Fe (II, 271.4nm) intensity fluctuation
curve by using sub-discharge method before mea-

surement. The sample is the same as used in
Fig, 6.
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Fig. 10. Fe (II, 271.4nm) intensity fluctuation
curve by using pre-discharge method before mea-
surement. The sample is the same as used in
Fig. 6.
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Fig. 11. Fe (II, 271.4nm) intensity fluctuation
curve by using sub-discharge and pre-discharge
continuously before measurement. The sample is
the same as used in Fig. 6.
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Fig. 12. In-depth analysis of a cold-rolled steel
sheet annealed in dry H, atmosphere (the dew
point is —40°C) for 5 hours at 700°C.
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Fig. 13. Distribution curve on segregation of Si,
Mn, P, and Al to transverse direction of box-
annealed steel sheets. The figure under the data
is the outside view of the sample surface. (E)
coil edge; (C) coil center; (A) white temper
color area.

DEEEBIRETLEEMAL TN B LEL LRS. &
DRH LEIRERE TIRREEC Si 2MEH L, F ORI
BOBER# 100A Brchy, zoFEs 500A
<HBWEHH2T Mn 2HEH LTWB 2 Eaibhns.
DX RO B, T IMMA TREZ IR
T 353, GDS iz kg 700~800 A o F#ifE% 1 min
P& 5 ER RO 5 2 A TE L Z L3 GN
Ligot. TOEEZ, HBEE GDS o fE e HEOHT
FEELTOFRA%EZRTLOTH 5.

HRE GDS oM ERTAH~D L 5 — oD A%
Fig. 13 Rl 7. BRI PR S LEREDMR T, Bl
RERELIT v =9 5B OERMT LT oD
DTHbB. yv7 ) v 7 LIBE=2 1 3, RIEHA
=y VL HLHRRETE 20 H5 1, KRB OfRd
GDS CcHIE L. GDS @ X3 HIER, Bijch ~X7-Hi
BB BEY T o5&, 4 Torr-50mA = 20s BEL,
LTOEDETLED AN P LVEBEXENL, F—x &L
fo. LEAoT, & 0 F — 2 3RHOmERE 330A
BIRDO £ TR DO EHREC AT BEE tOT0 B, &
DR, ZLRORERITEL 2 A AD=, S D
IR R D CIER B L TV BFE2—HBCRTE
BTENTED. COELROERMBLEOELE, K
DFMERLIc2 4 L OREIRBEIGL TSR D &, =
vy PEHOBBT vi—h 5 — (A) KiZP L Mn ok
ShERERITVRED SRS, ¥iz Al & Si wowTii,
LLAHT V=3 5 —HCERBHEL/DE L oD TW
L Ebnd. ChLDRERITOBEFIRT v -9
7 —DERDOFERE TS 5 2 COERBEIEFH R

T530EELX RS, FHER GDS Tz oRKRE
Lic—HEHOBERT 5 DI U I-FrIL# 1 B ch
b, MEOREM: 7~ 2 DEAMIE, KBEE GDS o
KE DO —DOTH 5.

5. & E]

R & FHEREL O Uil BE R ER S B
HEA GDS 2, MEETEE (~10004) ofzEc
BWELOFEE LTERCFERTEL Ll bnE
note. CORBHHFEOR#E LT

(1) FiAEKEELYEVDC ET, KEMMORE
EHEEY 10A BEX Ck 25 EATEL L.

(2) BWEHE(Omme) OFHHT — 2238 bR,

(3) BEEEE~AFF .+ v BSKBREHLEDH
BB EREDT, ETLERORBSRIENAHE L /5.

(4) BRECRETDHZ ENTES.
REDENRDT BRD, hE CHEAMBOEE I
EFIHIhT& 7z IMMA, AES, ESCA S04t
BREZEPCEEE OGRS Pk L URBET LB
TV HRDS. LarL, ZoOEEIM—F D
BER L OB ERREEYET S E VIR 5.
—HERHC L oTiL, $REEThie b RWERORE
SHE S ORI OV THRETT 5 LEHE L2 0
2Hy, LESWEBCREFOERTEL bR\, %
hestl, fBifEd, BEHEVCOIESEYE T 2HRE
GDS BB ERVEHETAIDOTHY, SHEES
K ORKBORELRELER IS TEMEREDF = »
IOMEBECIELFIB IR T bDEEZLBRS,

8 B

1) D.J. Buicwebe: Trans. ASM, 61 (1968), p.
653

2) J.P. Servais, H. Graas, and V. LEroY:
CRM Rep., 44 (1975), p. 29

3) H. Lieeer: J. Phys., E8 (1975), p. 797

4) J.M. Moragrro: Thin Solid Films, 19
(1973), p. 21

5) W. Grimm: Spectrochem. Acta Part B, 23
(1968), p. 443

6) C.J. BeLLE and J.D. Johnson: Appl.
Spectosc., 27 (1973), p. 118 , ;

7) M.E. WAITLEVERTCH and J.K. Hurwirz:
Appl. Spectrosc, 30 (1976), p. 510

8) G.T. Marcyk and B.G. STREETMAN: J. Vac.
Sci. Technol, 14 (1977), p. 1165

9) G.T. Marcyk and B.G. STREETMAN: Solid-
State Sci, Technol., 123 (1976), p. 1388

10) P.W.J.M. Boumans: Anal. Chem., 44

— 135 —

(1972). p. 1219



