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Abstract : A conventional Grimm-type glow discharge source was constructed and applied
to radio-frequency(13.56MHz) discharge for metal and ceramic analysis. We investigated
the emission spectrum for aluminium and aluminium oxide and the influence of discharge
operating paramaters including argon pressure, rf-power and DC-bias voltages at the
sample-side electrode. Scanning Electron Microscope (SEM) also was used to investigate the
effect of rf-sputtering on the microstructure formation of the aluminium oxide. Linear ana-
Iytical calibration curves were constructed for Manganese and zinc element in samples of
low alloy steel(BAS 401-405) and brass(NIST 1108-1117).

Key words : rf-Glow Discharge, Ceramic analysis, Emission spectrometry, Absorption
spectrometry.
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Fig. 1. Simplified circuit and potential distribution
at the inner space of rf glow discharge chamber. (L,
inductor : Cl, C2, capacitors ; Es, sample electrode .
Ec, counter electrode : Vo, DC self-bias voltage : Ve,
voltage drop between plasma and counter electrode ;
Vs, Voltage drop between plasma and sample
surface.)
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Fig. 2. Voltage at generator (a), Voltage at sample
surface (b) and Expected current at sample surface

(e).
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Fig. 3. Schematic diagram of glow discharge lamp for
emission and absorption Spectrometry. (A, quartz
window for AES :; B. cooling block : C, vacuum
pump : D, gas inlet ; E, sampleside electrode : F,

counter electrode : G, rf lead wire : H, pushing rod :

I, brass block : J, sample : K, insulator : L, teflon .
M, quartz window for AAS.)

RS FTLT YL 2HE P E3p 9
A& ool 27 27} AN}, & he) Hedne
Aasiglch of 292 A2 Ao e FEA
ARSI of HAE W) Aol dAsbAT) LA
geo] A WEE 918t 7 ATl WA}
EspA HEgon, if 2¥gie] dAW AR F o
#5HNE W57t B HEUh WA AHE
A B9 hARE B FhARA 1EES FTE
ALg-8laAr}.

3.2. A2 7|7

rf A A% 2} matching & 5 #e| 77§ A48}
st 1 8lte] #L monochromatorst g7 Al&-%
RFS-002A (ULVAC, 13.56MHz, 250W)%} MB-002
M(ULVAC)e]¥, }& & &2 Polychromator, L
22 Y AEFFEA o A-4-%] RS-5S(RF Plasma Pro-
duct, 13.56MHz, 500W)$} AM-5(RF Plasma Pro-
duct, Auto-matching Unit)¢]c}. Tuning¥-2) 3| 2+
W& capacitor®} coil, 2213 A ¥ capacitor® 1A
5 "L"¥ejch MB-00ZM2| 7 -$-olle, AgE ofnict
Hkatsgls) 0.5W widte 2 §-31= 2 & o)

A3} FA 2 Nikon P-250(f =250mm, 1200
grooves /mm)& Ahg-3le W A Edg dgch

Journal of the Korean Society of Analytical Sciences



2ET F2$ S o] 4% GRIMMY Wudle] 54 % i/ F3EAY 47 159

Hepidol] AL4¥ 22 W ICP w¢ 3 247]
(Labtam Inc.)ol A3ts Z& Abg3lged, 349
wWaAs o] 717]18] F2E Table 1 Astdch ¥
A3 A& ¢aA e WAE2 £47] (Instrumen-
tation Laboratory Inc., IL-251)2] burner#& ]+
3t b P A F ARGt AlRAS) U
8l DC A #4337 Y8 A& choke coil
(80xH), 28] A =¥ 1000 pF capacitor Al°]E in-
put impedance”} 10 Mchm<¢l DVM 2.2 &3 3}¢ic}.

Thble 1. Wavelength and Specificaiton of the poly-
chromator used for quantitative appliation.

Specification style Vacuum-type, direct
-reading spectrometer
grating 2160 grooves /mm
focal length lm

primary slit  20um

secondary slit 40, 75 and 150um

Wavelength  Carbon 191.10
(unit, nm) Chromium 267.72
Copper 324.75
Manganese 257.61
Molybdenum 202.03
Nickel 341.47
Phosphorus 178.20
Sulfur 180.70
Silicon 288.15
Vanadium 311.07
3.3. A2 713

Ajg}e] X|& £ alumina, zirconia, 12| 3L silicon
nitridets 22 A& °]&3td29, Imm T2 #H
# oz 7EEr] HaMde cojelix rlEvle)
paste® A}831%] T, AF8-38}7] A acetonel & M A3}
Aok A7 Y 5 Alge FAC AR gle] 700
mesh alumina &o]& dv} ¥ A}14s}gc).

4. = 9 @
4.1. 7| A
Grimm¥ 9] 2% WA A8k of 2 10~

S50W WA 27 A& st o e M E

Vol. 7, No. 2, 1994

Yo 7}%9) sputtering Fx7l ¥AFZEN 2] B3
o Hgrsta gskel 27t ¥ A7 2FelHE 4F9
arzigteo] ¢F 2 torrell 4] sputtering Sx7} Hdir}
o, of AY-g F7MAR whel 2r1E 22y 0
olc} olofl wma} wha-R-A 9 FRFAA] B we)
ol ES 22N A FE AT, 200W7HA] ¢
W eleld AYS & A= b Feh=vlE YA
A17 4= gt

if F2% WA Ao yleo|rl ubd A A%
< X A golodl GRAE MATE AL 2 &
23 AtAdolth & AP A Fejzule] xgH A8
7L ole oF 0.5m* (A A, oF Tmm)o]d, w4
el fE gole oF 20em’ A =ith WA} o] F
29 A ylo] ul&-2 40015t} £ AgelA 89
impedence matching A]2=®-& “L"3eo}d], o]2j¥t +
Zoll X 200W7HR] bRt EefxohE HAAH 5 )l
sdch

EL ARG A Agske ASele AY Fol %A
¥, tuning box B ALl $H =l &Y im-
pedance’} o] Wale A& WAL, 200We rf
29 AYPA of 3-go] FH 2 2] control¥ E+= 3
Feloll A4 e 713 gel uE BREA
AR, ol#q f g 4% Hspr] A3d
Faraday cage’} 9322 @ g 8tgc) ¥ Ay
e d-g s Al-4% polychromatored& ICP$
Faraday cage”} 9l ZlololA £ ¥ Fol A14-3t
on, 200We} 2 of FEol A% 4T B5 A
3o] WA il =3}, UAFFEA/E of
ol o8 AR 2] wshy] oo, 49712 Wt
3 F9lol Faraday cage® A3l FA=E FA4 3}
st

=g, & a2FolAe Alzby A gk of $Hd
3 75} vjA e A) X859 sputtering X+ FAC vt
vl sk A& Bt vl sl old) whe} o shA
ceramicel] HH & of AEA] ¥v]TH ¢FA lmme) FAZ
7VEEte] Al 822 AbE-Ehg ol

4.2. M2t9 A|&o| J8 XI7| p7|Het

AadFe dAAshs A A7) Wr1AHGL o &l
A v wiel o), of W Ayl A, AF A7)H 2
2 gdeso e Al8dF Edd veptA " A
2}2] A|82} Grimm®¥ HH Y of HH oA 2} g}



160 A A 7|

Yol A9 AF A7) WAVHYE A3t7T 918k sili-
con nitride A|E& o] &3l A3yt Aoz
A AR 2H) HAse AF 2] #r1HsRe
Alg7t A&tz dve AT AF B2 2pelrt
A& & A, vaAE ghg et MR
4= qle}. alebA] silicon nitrided WA A1715 A4
A 150We HA7A 7z deglel A W52 AR/ A
st 2oz AF A7) #r) AskE A4kt
B Ago A Mzg b de) F AF gol gL 40
o, o] Wi ol WA sl= A F H7) HA-E Fig. 49
Helstgich AF Wr)HGL A el rf 1Ho)

200

2 ton ‘,’
3
e .
o i
5 4
G 4
100 | 4 torr
> /,l .a
2 S
2 d
-
(%3
2
w

0 100 200

rf power(W)

Fig. 4. Dependence of the voltage at sample side-elec-
trode. The voltage was measured with silicon nitride
sample with lmm in thickness.
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Fig. 5. (a) A Spectrum of aluminium in the range of 200~600nm. (b) A spectrum of aluminium oxide in the
range of 200~600nm. (rf discharge with 150W, 2 torr in argon pressure.)
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(b)

Fig. 6. (a) A SEM picture of pure copper (b) A SEM picture of aluminium oxide. (rf discharge with 150W, 2
torr in argon pressure ;. Magnitude, about 250.)
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Fig. 8. Calibration curve of manganese by rf-GD/
AES. (rf discharge with 200W, 2 torr in argon press-
ure : Sample, BAS 401405 : Pre-discharge time, 5

min.)
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Fig. 9. Calibration curve of zinc by rf-GD /AAS. (rf

discharge with 80W, 1.5 torr in argon pressure .
Sample, NIST 1108-1117 ; Pre-dscharge time, 3 min.)
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