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New techniques for controlling the excitation source in glow discharge

optical emission spectrometry
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This paper describes three advanced detection techniques in glow discharge optical emission
spectrometry: (a) an applied voltage modulation method for a d.c.-powered glow discharge
emission source, (b) a bias-current introduction method and (c) an amplitude modulation
method for an r.f-powered glow discharge emission source. In the applied voltage modulation
method, an alternating component superimposed on a d.c. bias voltage is applied to the excita-
tion source. Only the emission component corresponding to the alternating frequency can be
selectively detected at very low noise levels with a lock-in amplifier, thus contributing to an
improvement in the signal-to-noise ratio. In the bias-current introduction method, a d.c. cur-
rent driven by the self-bias voltage is conducted through the plasma body by connecting a low-

~ pass filter circuit and a load resistor with the glow discharge lamp. The electrons introduced
into the plasma can cause various excitation processes more actively and, as a result, the emission
intensities increase, which yields a better detection limit in the quantitative analysis. In the
amplitude modulation of an r.f. voltage, the emission detection with a lock-in amplifier enables
the measurement to be performed with a better signal-to-noise ratio, whereas the sputtering rate
and the sampling amount are reduced. This method can be successfully applied to determine
depth elemental composition of nm-order thin films.

Keywords : atomic emission spectrometry; glow discharge plasma; lock-in amplifier; bias
current; voltage modulation ; amplitude modulation ; signal-to-noise ratio; signal-to-
background ratio ; detection limit.
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Fig. 1 Voltage pattern for a conventional method (a)

and an applied voltage modulation method (AVM) (b)
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Fig. 2 Performance of the signal detection with a
lock-in amplifier
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Fig. 3 Schematic block diagram of the apparatus employed for the applied voltage modulation method
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Fig. 5 Emission spectra of an iron sample obtained
with a conventional amplification method (a) and the
applied voltage modulation method (b)

After Ref. (10). Discharge voltage: 450 = 60 V; mod-
ulation frequency: 205 Hz; plasma gas pressure: Ar at
530 Pa
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Fig. 6 Caliblation curve of the lock-in output at P I
177.49 nm and their relative standard deviations
(RSD)

After Ref. (10). Discharge voltage: 500 = 60 V; mod-
ulation frequency: 205 Hz; plasma gas pressure: Ar at
530 Pa; time constant of lock-in amplifier: 10s
(24dB/oct)
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Fig. 8 Schematic diagram of the apparatus employed for a bias-current introduction method
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Fig. 9 Spectra of a Fe-0.97 wt.% Mn sample in the
wavelength range from 395.7 to 408.2 nm at d.c. bias
current of 28.7 mA(b) and no bias current(a)

Ar pressure: 330 Pa (2.5 Torr); r.f. discharge power:
80 W

n, PEBBEL Y ETHIHICTI Avhicitish s,
ZORRELT, 79 AORBRHEHICKREREILE 5 2,
ZOBEFHEERERICE )RR L CEEElLE £
TEHIENTED.

Fig. 9%, Fe-0.97 mass% Mn B2 HW7235E5D, =
SHVEFOZBHEBROWYRERFED AT MV EUE
LD THAE, BEDOSOWEEERESS X~ (a) &
B L TN, 7 AEHRE 287 mA T L72HE (b) 121,
T VB BORNGEEIL 10 B EBKTS 2 AR
oD, Tz, TOREERICDH OB LD HREN

KAGAKU Vol. 52 (2003)
WIS B0, TIVIT U A F VREEIRRAT B EMICH 5.
HIZ, Fig. 9 2 5EHEITIIFHARN L VA, N4 7 2E
LNy 2759 FEELHMMTLIEBHESR
b5, UL, 20MMEEGI~ TV ETFHRELETS L
NS 2BERETHAD. L7z oT, "4 TABHKDE
ALY A BERED SBRIZ R L, FERICSHE
SEOWMKIZZOWELHRBOBKT2b7256¢. 2ok
I IR REAITIC BT 2 RIBBROUEICEST 5D
DTHY, N4 T7AEREALEE O THONBDORIRE
TEmODLIEIILD, MEBSTROERSIICHEATE
55D LEFEINS.

NA T ABRGEHE O SGEWE 7 0 —E T T X< FhRiE
ZBWTEIR S N2 REE OBBRAEIZ, Mn 1 403.08,
Mn 1403.31 X" Mn 1403.45 nm £5 ) Th <, HEWE
VI AN F -2 FOoOREE TR THEETHY, Al
394.40 nm, Al I 396.15nm, Cr I 42543 nm, Cr I 427.48
nm, CrI428.97 nm, CulI 324.75 nm, Cu I 327.40 nm,
Fe I 371.99 nm, Fe I 373.71 nm, Fe I 374.56 nm, Fe I
374.83nm, Nil 341.48nm, Nil 351.15 nm, Nil 352.45
nm FTHERINTWE'™TY, ryo—RERLGSFIET
BB EALDERITED G E L THREEF OB A
BHENRTWE™, ZhH6DARY FUKIE, wFnd N
A7 AEFEANEL ) ERERRIERA SN L I0TH S
72, KEZL#EZABOERSICERTE L DL E
AoNB. NATABRIRIBET mABRETH), BOT
SROEFHIREENBICEASNS. BTORITER
BEIOABTOTHL-DETFIXITEALMHES N
V. Fhi T AEMN (I0VEE) T3, Zhb
EEEFIZBEMEESHENKRE , 77 XN
WCEELREPR-T L0 EIOND, BEETFIZ, 2
NSRS 2R EIC BV THEMEVERED AL F—
DEEEEZEY T e TFHEENS. LEEOE T B
DOBEBAVHETHLERIE, 20k 2BFOHE
B AN F—HEIC X BT LTS,

Fig. 1013, ®EMKES 80 W51 % Mn 1 403.08 nm
RIBEDNA T ABRIIHTHEFEEZRLA-DDTH
b, RUTVRERBEL B mARET TN, 7 AEBRD
BMmE EBIZEAL, ZOBRBAICEL A, FEMER
RKTBHBEOWANRDOLENL., ZOBE, A TAE
JEENA 7 ABROBEIMZ - TIHRA2 WA T 2. Zhid
B OEHICE > T4 TABREOBRTOPERERE L
THBEND-DTHE, N TABEORTIZERS —
AEGTOMBERBEMEL/NELTH20, WETSIFX
REFNEEETHAERE LD, T, ANy Y v rER
BT AMEBLELHET 570, KB 7Y v rEd
BA$T 5. Z0X)LRAERDPHL720IT, Fig. 10D &
) RREABBEDO A T ABRKEUELFRHT2b0LHE

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

a8
o>
N
x

Intensity /arb. unit

ission

Em

0 10 20 30 40
DC Bias Current/ mA

Fig. 10 Variation in the emission intensity of the Mn
I 403.08 nm line as a function of the d.c. bias current
conducted

R.f. forward power: 80 W; Ar pressure: 233 Pa(2.5
Torr); sample: Fe-4.02 mass% Mn alloy
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Fig. 11 Calibration curves of the emission intensity at

Mn 1 403.08 nm at d.c. bias currents of 34.6 mA (square)
and 0 mA(circle)

R.f. power: 80 W, 13.56 MHz; Ar pressure: 332 Pa(2.5
Torr); sample: FXS Fe-based binary alloys (The Iron
and Steel Institute of Japan)
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Fig. 12 Wave pattern of radio-frequency voltages with
a 2 Hz amplitude modulation (a) and without an
amplitude modulation (b)
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Fig. 13 Variation in the emission intensity of Ni I
352.4 nm measured with a DSP lock-in amplifier as a
function of the degree of modulation

After Ref. (15). Argon pressure: 400 Pa; r.f. power:
70 W at the maximum ; peak-to-peak voltage: 445V at
70 W; modulation frequency: 2 Hz
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Fig. 14 Variation in the sputtering rate as a function
of the degree of modulation

The experimental conditions are the same as in Fig.
13.
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Fig. 15 Time dependence of the emission intensity
of Ni I 352.4 nm when the degree of modulation(DM)
is 8% (a), 22% (b), and 35% (c)

After Ref. (15). Argon pressure is fixed at 400 Pa.
R.f. power: 70 W at 2 maximum ; peak-to-peak voltage :
445V at 70 W; modulation frequency: 2 Hz; A/D
sampling interval: 1 ms; A/D ‘sampling number:
5000 ; low-pass filter: 100 Hz
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Fig. 17 Depth profiles of electroplated nickel layers in the r.f-AM mode (a) and (b),
and in the conventional detection mode (c)

After Ref. (15). Argon pressure: 400 Pa; analytical line: Ni I 352.45 nm; r.f. power:
70 W (at the maximum); modulation frequency: 2 Hz; degree of modulation: 32%
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