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Abstract
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Sample preparation and varistor physical properties measurement of

ZnO+0.01Sb
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Songklanakarin J. Sci. Technol., 2003, 25(1) : 133-140

The disc-shape ZnO+0.01Sb
2
O

3
 samples were prepared by standard ceramic techniques.  The sample

indicates white colour and was characterized by XRD. The prepared sample is varistor which shows break-

down field strength of  87.18 V/mm and non-linearity exponent (ααααα) of 38.179.  It is worth noting that the high

electric field strength of 5128.2 V/mm causes sample resistance changing.  Sample resistance before and

after poling were 189.13 kΩΩΩΩΩ and 6.516 kΩΩΩΩΩ, respectively.
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∫∑§«“¡π’Èπ”‡ πÕ°“√‡µ√’¬¡ “√°âÕπ√Ÿª®“π ZnO+0.01Sb
2
O

3
  ‚¥¬«‘∏’‡∑§π‘§‡´√“¡‘° å¡“µ√∞“π   “√¡’≈—°…≥–

 ’¢“«·≈–»÷°…“‚§√ß·∫∫°“√®—¥«“ßµ—«¢Õß “√¥â«¬ XRD    “√∑’Ë‡µ√’¬¡‰¥âπ’È‡ªìπ«“√’ ‡µÕ√å∑’Ë¡’ π“¡‰øøÑ“‡∫√§¥“«πå∑’Ë

87.18 V/mm ·≈–‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ (α) ¡’§à“‡∑à“°—∫ 38.18    ‘Ëß∑’Ëπà“ π„®®“°°“√»÷°…“°Á§◊Õ§«“¡‡¢â¡¢Õß

 π“¡‰øøÑ“·√ß Ÿß™π“¥ 5128.2 Vdc/mm  “¡“√∂∑”„Àâ§«“¡µâ“π∑“π‰øøÑ“¢Õß “√‡ª≈’Ë¬π·ª≈ß  §«“¡µâ“π∑“π

‰øøÑ“¢Õß “√°àÕπ·≈–À≈—ß‚æ≈‘ß¡’§à“ 189.13 kΩ ·≈– 6.516 kΩ µ“¡≈”¥—∫

«“√’ ‡µÕ√å (varistor) ‡ªìπ “√∑’Ë§«“¡µâ“π∑“π¢÷Èπ
°—∫·√ß¥—π‰øøÑ“À√◊Õ‡ªìπµ—«µâ“π∑“π∑’Ë¢÷Èπ°—∫·√ß¥—π‰øøÑ“
(voltage dependent resistor ,VDR)  §«“¡ —¡æ—π∏å
√–À«à“ß°√–· ‰øøÑ“ (I) °—∫·√ß¥—π‰øøÑ“ (V) ‡ªìπ·∫∫
‰¡à‡ªìπ‡™‘ß‡ âπ´÷Ëß Õ¥§≈âÕßµ“¡ ¡°“√  I = kV

α  ‚¥¬∑’Ë k
‡ªìπ§à“§ß∑’Ë·≈– α ‡ªìπ‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ (non-

linearity exponent)   ‚¥¬∑—Ë«‰ª§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡Àπ“·πàπ°√–· ‰øøÑ“ (J) °—∫ π“¡‰øøÑ“ (E) ®–
 Õ¥§≈âÕßµ“¡ ¡°“√ J = kEα     π“¡‡∫√§¥“«πå (break-

don field,  BE)  ¡’§«“¡ —¡æ—π∏å°—∫·√ß¥—π‡∫√§¥“«πå
(breakdown voltage, BV)   ¥—ß ¡°“√  BE = BV/L ‚¥¬
∑’Ë L ‡ªìπ§«“¡Àπ“¢Õß “√    “√®–¡’§«“¡µâ“π∑“π‰øøÑ“
 Ÿß∑’Ë·√ß¥—π‰øøÑ“µË”·≈–¡’§«“¡µâ“π∑“π‰øøÑ“µË”∑’Ë·√ß¥—π
‰øøÑ“ Ÿß  æƒµ‘°√√¡·∫∫π’È∑”„Àâ«“√’ ‡µÕ√å “¡“√∂ªÑÕß°—π
·√ß¥—π‰øøÑ“ Ÿß‡°‘π„π«ß®√À√◊Õ‡§√◊ËÕß„™â‰øøÑ“ (overvol-

tage protection)    “√™π‘¥·√°∑’Ëπ”¡“∑”«“√’ ‡µÕ√å¡’
 Ÿµ√‡ªìπ SiC ´÷Ëß α ¡’§à“πâÕ¬    “√™π‘¥∑’Ë Õß´÷Ëß· ¥ß
 ¡∫—µ‘¢Õß«“√’ ‡µÕ√å¥’¡“° §◊Õ ZnO ∑’Ëº ¡°—∫µ—«‚¥äªµà“ßÊ
(Moulson ·≈– Herbert, 1990)   “√∑’Ë„™â∑” ‡™àπ

96.5ZnO + 0.5Bi
2
O

3 
+ 1.0CoO + 0.5MnO +

1.0Sb
2
O

3 
+ 0.5Cr

2
O

3

«“√’ ‡µÕ√å —ß°– ’ÕÕ°‰´¥å‡ªìπ “√°÷Ëßµ—«π”™π‘¥‡ÕÁπ  (n-

type semiconductor)  æƒµ‘°√√¡¢Õß«“√’ ‡µÕ√å‡°’Ë¬«¢âÕß
°—∫¢Õ∫‡¢µ¢Õß‡°√π  (grain boundaries) «“√’ ‡µÕ√å∑’Ë

„™â‡µ√’¬¡‰¥â‚¥¬«‘∏’‡∑§π‘§‡´√“¡‘° å¡“µ√∞“π  (Standard

ceramic techniques)  ÷́Ëß¡’Õÿ≥À¿Ÿ¡‘°“√‡º“‡ªìπ 900/

1180 oC (Buchanan, 1991) «“√’ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“
¡’§à“ α > 30 (Fan, 1993)

«“√’ ‡µÕ√å‰¥â√—∫°“√»÷°…“«‘®—¬‡æ◊ËÕæ—≤π“¡“µ“¡
≈”¥—∫‚¥¬π—°«‘®—¬°≈ÿà¡µà“ßÊ ¥—ßπ’È

Shr-Nan Bai (1993) ‰¥â‡µ√’¬¡«“√’ ‡µÕ√å®“° à«π
º ¡¢Õß 97.5 mol % ZnO °—∫ .5 mol % ¢Õß (Bi
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 ) ‡º“∑’Ë 1150 oC ·≈–

æ∫«à“ α =52

Fan (1993) ‰¥â‡µ√’¬¡ ZnO+0.01Bi
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+ 0.01

Ag
2
O varistor «—¥§«“¡ —¡æ—π∏å J vs E §”π«≥§à“ α ®“°

 Ÿµ√ α = (logJ
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1
) / (logE
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- logE
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) ‚¥¬°”Àπ¥ J
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·≈– J
2
 ¡’§à“ 0.1 ·≈– 1 mA/cm

2 µ“¡≈”¥—∫§«“¡ —¡æ—π∏å
√–À«à“ß α °—∫ª√‘¡“≥¢Õß Ag

2
O ·≈–æ∫«à“ α = 35

Bi-Shiou Chiou (1993) ‰¥â‡µ√’¬¡ MnO
2
-doped

ZnO-Bi
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3
 varistor ·≈–æ∫«à“ α = 14

Tomasevic-Canovic (1993) ‰¥â‡µ√’¬¡ ZnO-

based varistor ·≈–æ∫«à“ α = 30

Narayanan (1995) ‰¥â‡µ√’¬¡ ZnO-Bi
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3
-Co
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varistor  «—¥§«“¡ —¡æ—π∏å√–À«à“ß°√–· ‰øøÑ“°—∫·√ß¥—π
‰øøÑ“·≈–√–À«à“ß§«“¡®ÿ‰øøÑ“°—∫·√ß¥—π‰øøÑ“  «—¥§à“§ß∑’Ë
‰¥Õ‘‡≈Á°µ√‘°∑’Ë¢÷Èπ°—∫§«“¡∂’Ë  ‰¥â α = 40

Kuang (1995) ‰¥â‡µ√’¬¡ ZnO-V
2
O

5
 varistor

·≈–æ∫ ¡∫—µ‘∑’Ë‰¡à‡ªìπ‚ÕÀå¡¡‘° (non-ohmic property)

Kutty (1996)  ‰¥â‡µ√’¬¡ 94.5ZnO+3.0Bi
2
O

3
+
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∏ß™—¬ æ—π∏å‡¡∏“ƒ∑∏‘Ï ·≈–§≥–135

2.5CoO ·≈–«—¥‰¥â§à“ α = 65

Meyer (1996)  ‰¥â‡µ√’¬¡«— ¥ÿº ¡«“√’ ‡µÕ√å∑’Ë¡’
·√ß¥—π‡∫√§¥“«πåµË” low-voltage varistor composite

«— ¥ÿº ¡π’Èº ¡°—π√–À«à“ß ZnO+0.01Bi
2
O

3
 °—∫‚æ≈‘‡Õ∑’≈’π

(polyethylene)  «—¥§à“ ¿“æµâ“π∑“π‰øøÑ“ (ρ) ‰¥â§à“
4.0 × 10

11
 cm   «—¥‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ‰¥â α ~ 10

«—¥§à“ π“¡‡∫√§¥“«πå ·≈–æ∫«à“ BE = 190 V/m

Pianaro (1997)   ‰¥â‡µ√’¬¡  (98.95-x)  mol%

SnO
2
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5
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«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È§◊ÕµâÕß°“√‡µ√’¬¡°âÕπ
 “√®“°«— ¥ÿ‡√‘Ë¡µâπ∑’Ë‡ªìπºß  »÷°…“ ¡∫—µ‘À≈—°¢Õß«“√’ ‡µÕ√å
‚¥¬°“√«—¥§«“¡ —¡æ—π∏å√–À«à“ß°√–· ‰øøÑ“°—∫·√ß¥—π
‰øøÑ“  À“·√ß¥—π‡∫√§¥“«πå  §”π«≥ π“¡‡∫√§¥“«πå
À“ —¡ª√– ‘∑∏‘Ï∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ·≈–§«“¡µâ“π∑“π‰øøÑ“∑’Ë
¢÷Èπ°—∫·√ß¥—π‰øøÑ“    πÕ°®“°π’È°Á‰¥â∑¥ Õ∫º≈¢Õß π“¡
‰øøÑ“·√ß Ÿß∑’Ë¡’µàÕ§«“¡µâ“π∑“π‰øøÑ“¢Õß “√¥â«¬

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

1. °“√‡µ√’¬¡°âÕπ “√®“°«— ¥ÿ‡√‘Ë¡µâπ∑’Ë‡ªìπºß

‡µ√’¬¡ “√‚¥¬«‘∏’‡∑§π‘§‡´√“¡‘° å¡“µ√∞“π (Stand-

ard ceramic techniques)  ´÷Ëß‡ªìπ«‘∏’°“√∑’Ë√“¬ß“π‚¥¬
∫Ÿ™“π—π (Buchanan, 1991)   «— ¥ÿ‡√‘Ë¡µâπ∑’Ë„™â‡ªìπºß ZnO

·≈– Sb
2
O

3
 ´÷Ëß¡’§«“¡∫√‘ ÿ∑∏‘Ï 99.5 %   §”π«≥πÈ”Àπ—°

®“° à«πº ¡¢Õß  ZnO+0.01Sb
2
O

3
 ™—Ëßºß¢Õß “√   º ¡

 “√‚¥¬°“√§π„π§√° π”ºß„ à°√–ªÜÕßæ≈“ µ‘°·≈â««“ß
„π‡§√◊ËÕßÀ¡ÿπº ¡ “√  À¡ÿπº ¡‡ªìπ‡«≈“ 5 π“∑’  À¬¥
 “√¬÷¥‡Àπ’Ë¬« PVA (polyvinyl alcohol) º ¡πÈ”°≈—Ëπ
‡æ◊ËÕ –¥«°„π°“√Õ—¥‡ªìπ°âÕπ   π”ºß¢Õß “√„ à„π‡∫â“Õ—¥
Õ—¥‡ªìπ°âÕπ¥â«¬‡§√◊ËÕßÕ—¥‰Œ¥√Õ≈‘° (RIIK 25 tons)  π”
 “√„ à‡µ“À≈Õ¡‰øøÑ“  (temperature controller (FCR-

13A-R/M) ·≈– thermocouple type K (CA)  (model

JB-35))  ‡º“§√—Èß∑’Ë 1 ∑’ËÕÿ≥À¿Ÿ¡‘ 900 oC „πÕ“°“»‚¥¬
„™âÕ—µ√“°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘ 5 oC/π“∑’ ·≈– Õÿ≥À¿Ÿ¡‘¬◊π‰ø
1 ™—Ë«‚¡ß·≈â«ª≈àÕ¬ “√„Àâ‡¬Áπ‚¥¬°“√ªî¥‡µ“ À≈—ß®“°π—Èπ
π”‰ª‡º“§√—Èß∑’Ë 2 ∑’ËÕÿ≥À¿Ÿ¡‘ 1100 oC  ‚¥¬„™âÕ—µ√“°“√‡æ‘Ë¡

Õÿ≥À¿Ÿ¡‘·≈–Õÿ≥À¿Ÿ¡‘¬◊π‰ø‡À¡◊Õπ°—∫µÕπ‡º“§√—Èß·√°·≈â«
ª≈àÕ¬ “√„Àâ‡¬Áπ‚¥¬°“√ªî¥‡µ“

2. °“√»÷°…“‚§√ß·∫∫¢Õß«— ¥ÿ¥â«¬°“√‡≈’È¬«‡∫π¢Õß

√—ß ’‡Õ° ǻ

π”°âÕπ “√∑’Ëºà“π°“√‡º“‰ª∂à“¬¥â«¬‡§√◊ËÕß XRD

(X-ray diffractometer) (Philips PW3710) ‡æ◊ËÕ¥Ÿ‡ø 
(phase) ¢Õß “√·Õ‚π¥¢ÕßÀ≈Õ¥°”‡π‘¥√—ß ’‡Õ° ǻ∑”¡“
®“° Cu ·√ß¥—π‡¬‡πÕ‡√‡µÕ√å 40 kV °√–· ‡¬‡πÕ‡√‡µÕ√å
35 mA   ¡ÿ¡·∫√°°å∑’Ë∑”°“√∂à“¬  2θ  Õ¬Ÿà„π™à«ß 15.004o

∂÷ß 84.995o ·≈–§«“¡¬“«§≈◊Ëπ¢Õß√—ß ’‡Õ°´å∑’Ë„™â (λkα1
)

‡ªìπ 1.54060 A
o

3. °“√«—¥§«“¡ —¡æ—π∏å√–À«à“ß°√–· ‰øøÑ“°—∫·√ß¥—π

‰øøÑ“ ·√ß¥—π‡∫√§¥“«πå  π“¡‡∫√§¥“«πå À“‡≈¢™’È

°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ (α) ·≈–§«“¡ —¡æ—π∏å√–À«à“ß

§«“¡µâ“π∑“π‰øøÑ“°—∫·√ß¥—π‰øøÑ“

«—¥§«“¡Àπ“·≈–‡ âπºà“»Ÿπ¬å°≈“ß¢Õß “√∑’Ë‡µ√’¬¡
‰¥â¥â«¬‰¡‚§√¡‘‡µÕ√å   ∑”¢—È«‰øøÑ“¥â«¬°“«‡ß‘π (CW2400,

ITW Chemtronics)   °“«‡ß‘π∑’Ë„™âª√–°Õ∫¥â«¬ 2 À≈Õ¥
À≈Õ¥∑’Ë 1 (part A) ª√–°Õ∫¥â«¬ à«πº ¡¢Õß‡ß‘π (silver)

Õ’æÕ° ’́‡√ ‘́π (epoxy resin) ·≈–‚¡¥’ø“¬¥åÕ’æÕ°´’-
‡Õ ‡µÕ√å (modified epoxy ester)  À≈Õ¥∑’Ë 2 (part B)

ª√–°Õ∫¥â«¬ à«πº ¡¢Õß‡ß‘π  (silver) ·≈– ‚¡¥‘ø“¬¥å
Õ—≈ø“µ‘°Õ–¡’π (modified alphatic amine) π”‡ß‘π°—∫
°“«®“°À≈Õ¥∑—Èß Õßº ¡°—π¥â«¬ª√‘¡“≥∑’Ë‡∑à“°—π·≈â«∑“
≈ß∫πº‘«Àπâ“¢Õß “√µ—«Õ¬à“ß·≈–Õ∫¥â«¬‡µ“‰øøÑ“Õÿ≥À¿Ÿ¡‘
120 oC ‡ªìπ‡«≈“ 10 π“∑’    „™â≈«¥¢Õß “¬‚∑√»—æ∑åµàÕ¢“
¢ÕßÕÿª°√≥å‚¥¬°“√∫—¥°√’

°“√®—¥™ÿ¥°“√∑¥≈Õß· ¥ß¥—ß√Ÿª (Figure 1) ‡ªî¥
 «‘∑™å  ·√ß¥—π‰ø∫â“π 220 V ®–¡“‡¢â“·«√‘·Õ§·√ß¥—π
‰øøÑ“®“°·«√‘·Õ§∂Ÿ° àßµàÕ‰ª¬—ßÀ¡âÕ·ª≈ß‰øøÑ“ 220 V-

650 V  ·√ß¥—π‰øøÑ“®“°À¡âÕ·ª≈ß‰øøÑ“®–¡“¬—ß “√∑’Ë
‡µ√’¬¡ ‡æ‘Ë¡·√ß¥—π‰øøÑ“‚¥¬°“√ª√—∫·«√‘·Õ§„™â¡—≈µ‘¡‘‡µÕ√å
I (Fluke 45 Dual Display Multimeter) «—¥·√ß¥—π
‰øøÑ“µ°§√àÕ¡ “√ (V)  „™â¡—≈µ‘¡‘‡µÕ√å II (AVD M890C

+
)

«—¥°√–· ‰øøÑ“∑’Ë‰À≈ºà“π “√ (I)  ∫—π∑÷°§à“ V ·≈– I ·≈â«
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∑”°“√æ≈Õµ°√“ø     À“·√ß¥—π‡∫√§¥“«πå (BV)   §”π«≥
 π“¡‡∫√§¥“«πå (BE)  À“ —¡ª√– ‘∑∏‘Ï∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ (α)

·≈–§«“¡µâ“π∑“π‰øøÑ“∑’Ë¢÷Èπ°—∫·√ß¥—π‰øøÑ“  À≈—ß®“°π—Èπ
‰¥âπ” ¡∫—µ‘‡™‘ßøî ‘° å∑’Ë«—¥‰¥â®“° “√µ—«Õ¬à“ß∑’Ë‡µ√’¬¡®“°
 “√ ZnO+0.01Sb

2
O

3
 ‡∑’¬∫°—∫§à“∑’Ë«—¥‰¥â®“°«“√’ ‡µÕ√å∑’Ë

„™â„π‡™‘ß°“√§â“√À—  14K471U (Table 1) ‡æ◊ËÕµâÕß°“√
· ¥ß„Àâ‡ÀÁπ«à“º≈¢âÕ¡Ÿ≈®–™’È«à“ “√∑’Ë‡µ√’¬¡¢÷Èπ¡“¡’§ÿ≥ ¡∫—µ‘
¢Õß«“√’ ‡µÕ√å

4. °“√∑¥ Õ∫º≈¢Õß π“¡‰øøÑ“·√ß Ÿß∑’Ë¡’µàÕ§«“¡µâ“π

∑“π‰øøÑ“¢Õß«“√’ ‡µÕ√å ZnO+0.01Sb
2
O

3

‡æ◊ËÕ∑’Ë®–»÷°…“§«“¡‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ°—∫«“√’ ‡µÕ√å
„π¢≥–∑’Ë‰¥â√—∫ π“¡‰øøÑ“·√ß Ÿß ®÷ß‰¥â«—¥§«“¡µâ“π∑“π
‰øøÑ“¢Õß “√°àÕπ∑”‚æ≈‘ß¥â«¬ Fluke 45 Dual Display

Multimeter ·≈â«ª√–°Õ∫·ºß«ß®√‚æ≈‘ßæ√âÕ¡°—∫∑¥ Õ∫

®π„™âß“π‰¥â (Figure 2) π” “√∑’Ëºà“π°“√∑”¢—È«¥â«¬°“«
‡ß‘π‰ª√—∫ π“¡‰øøÑ“ ÷́Ëß∑”‰¥â‚¥¬°“√ªÑÕπ·√ß¥—π‰øøÑ“
10,000 V ‰ª∑’Ë¢—È«¢Õß “√‡ªìπ‡«≈“ 13 π“∑’ 13 «‘π“∑’ „π
πÈ”¡—π‰Œ¥√Õ≈‘° ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß °“√ªÑÕπ·√ß¥—π‰øøÑ“‡ªìπ
·∫∫æ—≈ å  À≈—ß®“°π—Èπ‡Õ“·√ß¥—π‰øøÑ“ÕÕ°‰ª ‚æ≈“‰√-
‡´™—π∫“ß à«π®–§â“ß„π “√  «—¥§«“¡µâ“π∑“π‰øøÑ“¢Õß “√
À≈—ß®“°∑’Ë‰¥â√—∫ π“¡‰øøÑ“·≈–‡ª√’¬∫‡∑’¬∫§«“¡µâ“π∑“π
‰øøÑ“¢Õß “√°àÕπ·≈–À≈—ß®“°∑’Ë‰¥â√—∫ π“¡‰øøÑ“

º≈·≈–°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß

1. º≈°“√‡µ√’¬¡°âÕπ “√®“°«— ¥ÿ‡√‘Ë¡µâπ∑’Ë‡ªìπºß

§«“¡√âÕπ®“°°“√‡º“∑”„ÀâÕ–µÕ¡‡°‘¥°“√‡§≈◊ËÕπ∑’Ë
®π°√–∑—Ëß‡°‘¥°“√√«¡µ—«¢Õß “√ 2 ™π‘¥°≈“¬‡ªìπ “√
 Ÿµ√„À¡à   “√∑’Ë‡µ√’¬¡‰¥â‡ªìπ°âÕπ√Ÿª®“π ’¢“«   “√¡’§«“¡

Figure 1.  Current vs voltage, breakdown voltage and non-linearity coefficient measurement

Table 1. Comparison between ZnO+0.01Sb
2
O

3
 varistor and commercial varistor

for breakdown voltage and non-linearity exponent

physical quantities            varistor (ZnO+0.01Sb
2
O

3
)   Commercial varistor (14K471U)

Breakdown voltage (V) 170.00 357.00
Breakdown field (V/mm) 87.18                                    ————
Non-linearity exponent (α) 38.18 36.35
Leakage current (mA) 2.10 0.61
Operating voltage (V) 150.00 340.00
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∏ß™—¬ æ—π∏å‡¡∏“ƒ∑∏‘Ï ·≈–§≥–137

Àπ“ 1.95 ¡¡ ·≈–‡ âπºà“»Ÿπ¬å°≈“ß 12.73 ¡¡

2. º≈°“√»÷°…“°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å

‡¡◊ËÕæ‘®“√≥“·æ∑‡∑‘√åπ°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å
(XRD pattern) æ∫«à“ “√¡’ 2 ‡ø  §◊Õ Zn

7
Sb

2
O

12
 ·≈–

ZnO º ¡°—πÕ¬Ÿà· ¥ß„π Figure 3  ‚§√ß √â“ßº≈÷°¢Õß “√
Zn

7
Sb

2
O

12
 Õ¬Ÿà„π√–∫∫ÕÕ√å‚∑√Õ¡∫‘§ √–π“∫¢Õßº≈÷°∑’Ë

æ∫‰¥â·°à (111), (201), (040), (221), (022), (311),

(202) ·≈– (241)   ‚§√ß √â“ßº≈÷°¢Õß “√ ZnO Õ¬Ÿà„π
√–∫∫‡Õ°´–‚°πÕ≈ √–π“∫¢Õßº≈÷°∑’Ëæ∫‰¥â·°à (100),

Figure 2. Block diagram of poling process

(002), (101), (102), (110), (103), (200), (112),

(201) ·≈– (004)

3. º≈°“√«—¥§«“¡ —¡æ—π∏å√–À«à“ß°√–· ‰øøÑ“°—∫·√ß¥—π

‰øøÑ“  ·√ß¥—π‡∫√§¥“«πå  (breakdown voltage)

 π“¡‡∫√§¥“«πå (breakdown field) ‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ

‡™‘ß‡ âπ (α) ·≈–§«“¡ —¡æ—π∏å√–À«à“ß§«“¡µâ“π∑“π

‰øøÑ“°—∫·√ß¥—π‰øøÑ“

°√“ø§«“¡ —¡æ—π∏å√–À«à“ß°√–· ‰øøÑ“°—∫·√ß¥—π
‰øøÑ“· ¥ß¥—ß Figure 4a ·≈– 4b  ‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß

Figure 3.  X-ray diffraction pattern
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Figure 4a. Current vs voltage and breakdown

voltage of ZnO+0.01Sb
2
O

3
 varistor

Figure 4b. Current vs voltage and breakdown volt-

age of commercial varistor (14K471U)

‡ âπ (α) · ¥ß„π Figure 5a ·≈– 5b  ”À√—∫«“√’ ‡µÕ√å
∑’Ë‡µ√’¬¡¢÷Èπ‡Õß (ZnO+0.01Sb

2
O

3
) ·≈–«“√’ ‡µÕ√å∑’Ë„™â

„π∑“ß°“√§â“ µ“¡≈”¥—∫  ·√ß¥—π‡∫√§¥“«πå  π“¡‡∫√§-
¥“«πå ·≈–‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ· ¥ß„π Table 1

°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§«“¡µâ“π∑“π‰øøÑ“°—∫·√ß¥—π

‰øøÑ“· ¥ß„π Figure 6  °√–· ‰øøÑ“∑’Ë‰À≈„π¬à“π°àÕπ
‡∫√§¥“«πå®–¡’§à“πâÕ¬   ‡¡◊ËÕ∂÷ß®ÿ¥‡∫√§¥“«πåæ∫«à“§«“¡
µâ“π∑“π‰øøÑ“¢Õß “√®–≈¥≈ßÕ¬à“ß¡“°  °√–· ‰øøÑ“®–
‰À≈ºà“π “√¡“°   “√®–√âÕπ‡π◊ËÕß®“° “¡“√∂‡°Á∫æ≈—ßß“π
§«“¡√âÕπ‰«â„πµ—«‰¥â¡“°·≈– “√®–‡ª≈’Ë¬π ’®“° ’¢“«‡ªìπ

Figure 5b. Non-linearity exponent value (ααααα) value

of commercial varistor(14K471U)

Figure 5a. Non-linearity exponent value (ααααα) of

ZnO+0.01Sb
2
O

3
 varistor
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∏ß™—¬ æ—π∏å‡¡∏“ƒ∑∏‘Ï ·≈–§≥–139

 ’‡À≈◊Õß    §«“¡µâ“π∑“π‰øøÑ“¢Õß “√¡’§à“≈¥≈ß‡√Á«¡“°
„π¢≥–∑’Ë·√ß¥—π‰øøÑ“µ°§√àÕ¡ “√¡’§à“ 170 V ́ ÷Ëß Õ¥§≈âÕß
°—∫·√ß¥—π‰øøÑ“‡∫√§¥“«πå¢Õß Figure 4a

4. º≈¢Õß π“¡‰øøÑ“·√ß Ÿß∑’Ë¡’µàÕ§«“¡µâ“π∑“π‰øøÑ“

¢Õß«“√’ ‡µÕ√å ZnO+0.01Sb
2
O

3

‡¡◊ËÕ«—¥§«“¡µâ“π∑“π‰øøÑ“¢Õß “√°àÕπ·≈–À≈—ß
®“°∑’Ë “√‰¥â√—∫ π“¡‰øøÑ“æ∫«à“§«“¡µâ“π∑“π‰øøÑ“¢Õß
 “√‡ª≈’Ë¬π·ª≈ß  ·√ß¥—π‰øøÑ“∑’Ë„™â 10000 Vdc   π“¡
‰øøÑ“·√ß Ÿß∑’Ë„™â  5128.2 Vdc/mm  §«“¡µâ“π∑“π‰øøÑ“
¢Õß “√°àÕπ·≈–À≈—ß®“°‰¥â√—∫ π“¡‰øøÑ“¡’§à“ 189.13 kΩ
·≈– 6.516 kΩ µ“¡≈”¥—∫  º≈¢Õß°“√„Àâ π“¡‰øøÑ“·√ß
 Ÿß·°à “√∑”„Àâ§«“¡µâ“π∑“π‰øøÑ“¢Õß “√≈¥≈ßª√–¡“≥
29 ‡∑à“ (Figure 7)

 √ÿªº≈°“√∑¥≈Õß

 “√°âÕπ√Ÿª®“π ZnO+0.01Sb
2
O

3
 ∑’Ë‡µ√’¬¡‰¥â‚¥¬

«‘∏’‡∑§π‘§‡´√“¡‘° å¡“µ√∞“π¡’ ’¢“« ·æ∑‡∑‘√åπ°“√‡≈’È¬«
‡∫π¢Õß√—ß ’‡Õ°´åæ∫«à“°âÕπ “√ª√–°Õ∫¥â«¬ Zn

7
Sb

2
O

12

·≈– ZnO º ¡°—πÕ¬Ÿà   “√¡’§«“¡Àπ“ 1.95 ¡¡ ·≈–‡ âπ
ºà“»Ÿπ¬å°≈“ß 12.73 ¡¡  §«“¡ —¡æ—π∏å√–À«à“ß°√–· ‰øøÑ“
°—∫·√ß¥—π‰øøÑ“¢Õß “√ ZnO+0.01Sb

2
O

3
 ‡ªìπ·∫∫‰¡à

‚ÕÀå¡¡‘° Õ¥§≈âÕßµ“¡ ¡°“√ I = 2 × 10-85V38.179 ·√ß¥—π
‡∫√§¥“«πå 170 V   π“¡‡∫√§¥“«πå 87.18 V/mm ·≈–
‡≈¢™’È°”≈—ß∑’Ë‰¡à‡ªìπ‡™‘ß‡ âπ (α) ¡’§à“ 38.18 §«“¡ —¡æ—π∏å

Figure 6. Resistance vs voltage of ZnO+0.01Sb
2
O

3

varistor

Figure 7.  Comparison between resistance before and after poling with 10,000 Vac
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√–À«à“ß§«“¡µâ“π∑“π‰øøÑ“°—∫·√ß¥—π‰øøÑ“ Õ¥§≈âÕßµ“¡
R = -117.7ln(V)+651.29   “√∑’Ë‡µ√’¬¡‰¥âπ’È‡ªìπ«“√’ -
‡µÕ√å    “√ ZnO ∑’Ë¬—ß‰¡à‡µ‘¡µ—«‡µ‘¡ (dopant) æ∫«à“¡’ α
¡’§à“πâÕ¬·≈–¡’°√–· °“√√—Ë«¡“° (Moulson ·≈– Her-

bert, 1990)   ·µà‡¡◊ËÕ‰¥â‡µ‘¡ 0.01Sb
2
O

3
 ≈ß‰ª æ∫«à“ α ¡’

§à“¡“°¢÷Èπ·≈–¡’°√–· °“√√—Ë«≈¥≈ß
§«“¡µâ“π∑“π‰øøÑ“¢Õß “√°àÕπ·≈–À≈—ß∑’Ë‰¥â√—∫

 π“¡‰øøÑ“·√ß Ÿß´÷Ëß¡’¢π“¥  5128.2 Vdc/mm  ¡’§à“
189.13 kΩ ·≈– 6.516 kΩ µ“¡≈”¥—∫  º≈¢Õß°“√„Àâ π“¡
‰øøÑ“·√ß Ÿß·°à “√∑”„Àâ§«“¡µâ“π∑“π‰øøÑ“¢Õß “√≈¥
≈ßª√–¡“≥ 29 ‡∑à“  º≈°“√«—¥≈—°…≥–π’È· ¥ß„Àâ‡ÀÁπ«à“
∂â“π”«“√’ ‡µÕ√å‰ª„™âß“π°—∫·√ß¥—π‰øøÑ“∑’Ë Ÿß‡°‘π‰ª   «“√’ -
‡µÕ√å®–¡’ ¡∫—µ‘‡ª≈’Ë¬π‰ª·≈–®–‡ ’¬À“¬¥â«¬  «“√’ ‡µÕ√å∑’Ë
‡µ√’¬¡‰¥âπ”‰ªª√–¬ÿ°µå„™âß“π‡ªìπÕÿª°√≥åªÑÕß°—π·√ß¥—π
‰øøÑ“‡°‘π¢Õß«ß®√

°‘µ‘°√√¡ª√–°“»
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°“√«‘®—¬®“°‡ß‘π√“¬‰¥â¢Õß¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å
«‘∑¬“‡¢µÀ“¥„À≠à ª√–®”ªï 2542-44  ß“π«‘®—¬π’È‰¥â„™â
‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å®“°ÀâÕßªØ‘∫—µ‘°“√øî ‘° å«— ¥ÿ  Àπà«¬
‡§√◊ËÕß¡◊Õ°≈“ß  »Ÿπ¬å‡§√◊ËÕß¡◊Õ°≈“ß·≈–∑ÿπ STDB

‡Õ° “√Õâ“ßÕ‘ß

Moulson,  A.J. and Herbert, J.M., 1990.  Electroceramics,
Chapman & Hall, London.

Buchanan Relva, C., 1991. Ceramic materials for elec-
tronics,  second edition,  Mercel Dekker Inc.,
New York.

Shr-Nan Bai, 1993.  Influence of sintering temperature
on  electrical  properties  of ZnO  varistors.  J.
Appl. Phys. 74 (1), 1 July : 695-703.

Fan, J., 1993.  Electrical properties and d.c. degrada-
tion characteristics  of silver doped ZnO varistors.
J. Mater. Sci. 28 : 1391-1395.

Bi-Shiou Chiou., 1993.  Electrical behaviour of the
MnO

2
-doped ZnO-Bi

2
O

3
 system. J. Mater. Sci:

Mater. In Elect., 4 : 38-42.
Tomasevic_Canovic, M., 1993. Synthesis of ZnO-based

varistor precursor powders by reaction spray
process. J. Mater. Sci. 28 : 5211-5217.

Narayanan, T.R.,  1995.  Influence of alkali ions in
enhancing the nonlinearity ZnO-Bi

2
O

3
-Co

3
O

4

varistor ceramics.  J. Appl. Phys.  34 : 6125-6132.
Kuang,  Tyh., 1995.  Microstructure and nonohmic

properties of ZnO-V
2
O

5
 ceramics.  J. Appl. Phys.

34 : 6452-6457.
Kutty, T.R.N., 1996.  Dependence of non-linearity co-

efficients on transition metal oxide concentra-
tion in simplified compositions of ZnO+Bi

2
O

3
+

MO varistor ceramics  (M = Co or Mn).  J. Mater.
Sci : Mater. In Elect. 7 : 137-148.

Meyer,  B., 1996.  New low-voltage varistor compo-
sites.  J. Mater. Sci.  31 : 5941-5944.

Pianaro, P.R.,1997. Effect of Bi
2
O

3
 on the microstruc-

ture and electrical properties of the SnO
2
.CoO.

Nb
2
O

5
 varistor system.  J. Mater. Sci. Lett.  16 :

634-638.


