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Effect of Dopants on Electrical Properties of SnO2 Thin Film Resistors

T BEr, Y HE
( Bon-Keup, Koo , Byung-Don, Kang™)

Abstract

Sb and Sb-Fe doped SnO; film resistors were prepared by spray pyrolysis technique. The effects of Sb and Sb-Fe
addition on TCR and electrical properties of SnO; film resistors were studied. Also the dependence of electrical
properties on the substrate temperature and substrate-nozzle distance was investigated. The Sn-Sb system with 7.9
mol% SbClz (STO-406) and Sn-Sb-Fe systems with 7.3 mol% SbCls + 7.3 mol% FeClL(STO-407) and with 3.4 mol%
SbCls + 7.7 mol% FeCls (STO-408) were prepared. Both of the systems, Sn-Sb and Sn-Sh-Fe, represented
nonlinearity of TCR with temperature. As the amount of Fe increased, TCR was shifted to positive direction.
Decreasing Sb or increasing Fe caused resistivity to increase. Also increasing Fe caused the crystallization degree of
rutile structure in SnQ; film to decrease. The electrical resistivity decreased with increasing substrate temperature,
The resistivity decredsed with increasing substrate-nozzle distance in the ranges from 15 to 25 ¢m and increased
rapidly at the distance over 25 cm.
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Fig. 1. Schematic diagram of reaction furnace
for spray pyrolysis.
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Table 1. Raw materials used as precursors.
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Item Grade Maker
SnCls - 5H20 | 98 % Nihon Kagaku, Japan
SbCls 98 % | Junsei Chemical, Japan
FeCls 98 % | Acros Organics, US.A
CH30H P % Duksan Parm., Korea
HCI 3H % Duksan Parm., Korea

p:3 2. 7k A9 2udse =4

Table 2. Specimens and content of raw

materials.
Weight and
Specimen| Materials |{Volume in 1L| mol %
CH:0H
SnCls - 5H20 1,000 g 92.08
SbCls 5 g 792
TO-406
S FeCls - -
HCI 100 mé -
SnCls - 5H20 1,000 g 85.33
SbCls 56 g 7.33
STO-407
FeCls 40 g 7.33
HCI 100 md ~
SnCly - 5H20 1,000 g 88.9¢
SbCls 25 g 3.40
STO-408
FeClz 0 g 7.65
HCI 100 mé -
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Fig. 2. Typical manufacturing process of SnO;
thin film resistors.
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Fig. 3. SEM photographs of ; (a) STO-406,
(b) STO-407, and (c) STP-408 surface,
respectively.
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Fig. 4. XRD patterns of STO-406, 407 and
408 deposited at 600 T.
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Fig. 5. Variation in resistivity with the
substrate - nozzle distance at a
substrate temperature of 600°C.
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Fig. 7. Hot-cold TCR curves of STO-406,
407 and 408.
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Table 3. Resistance variation ratio with test

664



conditions.
Specimen
T e s t| STO-406| STO-407| STO-408
conditions
(a) Short time
over load(%) 0.23 0.03 0.23
(b)Intermittent
0.04 -0. -1.02
over load(%) 0.48 10
T
()Temperature o | 902 | -026
cycling(%)
(d)Solder
0.02! -0.0 -0.
heating(%) 025 0.024 0.005

a9 8 9%

}Rstel o %ol A
Fig. 8. Photograph of defected film by over
load.
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Mt wWE BAE &3, vzdd o F2
AL AU
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t A% YA

2. 7189 &E7t FHESFE g @EEA =9
4, Aol %, & olFEg W o] FU}
3 AgEL FLHAT

3. Sn-Sb 2A ¥ A9} Sn-Sb-Fe 34 ¥A 25 ul 3
A4 TCRE YelUiglen, Fe A7t#9 F7}
o w2} TCRE -90, 25, 120 ppm/TE 443
o

4. TCR Aol & 4% H7/HAZ 713 AAHEY 9
2 e A Fed g ¢ # UG

5. Fed] =& H7le A7R3 WEE #F2A4d 7}
T4l A+S Ut

6. Rutile 7%9] Sn-Sb &4 ¢] Sn-Sb-Fed] 3
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dojF & & F UAT
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