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Abstract
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Effects of uniaxial stress on dielectric properties of ceramics

in PMN-PZT system
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In this study, effects of uniaxial stress on the dielectric properties of ceramics in PMN-PZT system

were investigated. The ceramics with a formula (1-x)Pb(Mg
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)O
3
-(x)Pb(Zr
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3
 or  (1-x)PMN-(x)

PZT when x = 0.0 0.3 0.5 0.7 and 1.0 were prepared by a conventional mixed-oxide method. Phase formation

behavior of these ceramics was studied by an X-ray diffraction (XRD) method. In addition, other physical

properties, e.g. firing shrinkage and density, were measured. The dielectric properties under the uniaxial

stress of the poled PMN-PZT ceramics were observed at low and high-stress levels using a uniaxial com-

pressometer. It was found that at low stress level (0-800 kPa) there was no significant change in the dielectric

constant and the dielectric loss tangent with the applied stress. As the stress level was raised higher (0-5

MPa), changes of the dielectric constant with the applied stress were dependent on the ceramic compositions.

On the other hand, changes of the dielectric loss tangent with the applied stress were independent of the

ceramic compositions.

Key words : uniaxial stress, dielectric properties, PMN-PZT

Advanced Ceramics Research Laboratory, Department of Physics, Faculty of Science, Chiang Mai Univer-

sity, Chiang Mai 50200 Thailand.

1
π—°»÷°…“ª√‘≠≠“‚∑ “¢“«— ¥ÿ»“ µ√å  

2
Ph.D.(Materials Science), ºŸâ™à«¬»“ µ√“®“√¬å  

3
Ph.D.(Materials Science & Engineering)

¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥‡™’¬ß„À¡à 50200

Corresponding e-mail: spnuy@hotmail.com

√—∫µâπ©∫—∫ 25 ¡’π“§¡ 2546       √—∫≈ßæ‘¡æå 22 æƒ…¿“§¡ 2546

ORIGINAL  ARTICLE



Songklanakarin J. Sci. Technol.

Vol. 25  No. 5  Sep.-Oct. 2003 630

Effects of uniaxial stress on dielectric

Wongsanmai, S., et al.

∫∑§—¥¬àÕ

 ÿæ—µ√“ «ß»å· π„À¡à   ÿæ≈ Õπ—πµ“ ·≈– √—µµ‘°√ ¬‘È¡π‘√—≠

Õ‘∑∏‘æ≈¢Õß§«“¡‡§âπ·∫∫·°π‡¥’Ë¬«µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß “√‡´√“¡‘°

„π√–∫∫ PMN-PZT

«.  ß¢≈“π§√‘π∑√å «∑∑. 2546 25(5) : 629-636

„π°“√«‘®—¬π’È°≈à“«∂÷ßÕ‘∑∏‘æ≈¢Õß§«“¡‡§âπ·∫∫·°π‡¥’Ë¬«µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß “√‡´√“¡‘°„π√–∫∫ PMN-

PZT ∑’Ë¡’ Ÿµ√‡ªìπ (1-x)Pb(Mg
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2/3
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 ‡¡◊ËÕ x = 0.0 0.3 0.5 0.7 ·≈– 1.0 ´÷Ëß‡µ√’¬¡‰¥â®“°

«‘∏’°“√º ¡ÕÕ°‰´¥å·∫∫¥—Èß‡¥‘¡ ‚¥¬‰¥â∑”°“√µ√«® Õ∫æƒµ‘°√√¡°“√‡°‘¥‡ø ¥â«¬‡∑§π‘§ XRD ·≈–µ√«® Õ∫

 ¡∫—µ‘∑“ß°“¬¿“æ ‡™àπ §à“°“√À¥µ—«À≈—ß°“√‡º“·≈–§«“¡Àπ“·πàπ ·≈–‰¥â»÷°…“Õ‘∑∏‘æ≈¢Õß§«“¡‡§âπ·∫∫·°π

‡¥’Ë¬«µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß “√‡´√“¡‘°∑’Ë∂Ÿ°∑”¢—È«·≈â« ‚¥¬·∫àß‡ªìπ§«“¡‡§âπµË”·≈–§«“¡‡§âπ Ÿß æ∫«à“„π™à«ß

§«“¡‡§âπµË” (0-800 kPa) ‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° (dielectric constant) ·≈–§à“°“√ Ÿ≠‡ ’¬

∑“ß‰¥Õ‘‡≈Á°µ√‘° (dielectric loss tangent) °—∫§«“¡‡§âπÕ¬à“ß™—¥‡®π  „π™à«ß§«“¡‡§âπ Ÿß¢÷Èπ (0-5 MPa) ®–‡ÀÁπ«à“

°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âπ¢÷ÈπÕ¬Ÿà°—∫Õß§åª√–°Õ∫¢Õß “√‡´√“¡‘°   „π∑“ßµ√ß°—π¢â“¡

§à“°“√ Ÿ≠‡ ’¬∑“ß‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âπ¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‰¡à¢÷Èπ°—∫Õß§åª√–°Õ∫À≈—°

„πªí®®ÿ∫—π¡’°“√ª√–¬ÿ°µå„™âß“π “√‡´√“¡‘°‡ø√å‚√-
Õ‘‡≈Á°µ√‘°Õ¬à“ß¡“° ‚¥¬‡©æ“– “√‡´√“¡‘°‡≈¥·¡°π’‡´’¬¡
‰π‚Õ‡∫µ (Pb(Mg
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PZT)  °“√ √â“ßµ—«¢—∫‡√â“ (actuator)  ·≈–µ—«·ª≈ß
(transducer) ‚¥¬∑’Ë “√‡´√“¡‘° PMN ·≈– PZT µà“ß¡’
¢âÕ¥’·≈–¢âÕ‡ ’¬∑’Ë·µ°µà“ß°—π  “√‡´√“¡‘° PMN ¡’§à“§ß∑’Ë
‰¥Õ‘‡≈Á°µ√‘° Ÿß  ¡’°“√ Ÿ≠‡ ’¬æ≈—ßß“πµË” (Zhao et al.,

1999) ·µà¡’¢âÕ‡ ’¬§◊Õ ¡’Õÿ≥À¿Ÿ¡‘§Ÿ√’µË” (Curie Tempera-

ture : T
c
) (Ouchi, 1968) „π¢≥–∑’Ë “√‡´√“¡‘° PZT ¡’

§à“ —¡ª√– ‘∑∏‘Ï‰øøÑ“‡™‘ß°≈§Ÿà§«∫ Ÿß°«à“ “√‡´√“¡‘° PMN

(Abe et al., 2000) ·µà¡’°“√ Ÿ≠‡ ’¬æ≈—ßß“π§àÕπ¢â“ß Ÿß
(¡’ ¡∫—µ‘Œ’ ‡∑Õ√’´’ ) ®“°¢âÕ¥’·≈–¢âÕ‡ ’¬¢Õß “√‡´√“¡‘°
∑—Èß Õßª√–‡¿∑ ®÷ß‡ªìπ∑’Ëπà“ π„®«à“√–∫∫√«¡¢Õß “√∑—Èß
 Õß (PMN-PZT) ®– “¡“√∂√«¡¢âÕ¥’·≈–≈¥¢âÕ‡ ’¬¢Õß
 “√„π√–∫∫‡æ◊ËÕ„Àâ‰¥â “√‡´√“¡‘°∑’Ë¡’ ¡∫—µ‘‡À¡“– ¡∑’Ë®–
π”‰ª„™âß“π‰¥â¥’¬‘Ëß¢÷Èπ ·µà„π°“√ª√–¬ÿ°µå„™â„™âß“π®√‘ß‚¥¬
‡©æ“–„π°“√ √â“ßµ—«¢—∫‡√â“·≈–µ—«·ª≈ßπ—Èπ  “√‡´√“¡‘°
¡—°∂Ÿ°π”‰ª„™â¿“¬„µâ ¿“«–§«“¡‡§âπ ´÷Ëß‡ªìπ ‘Ëß ”§—≠∑’Ë
µâÕß§”π÷ß∂÷ß„π°“√ÕÕ°·∫∫Õÿª°√≥å·≈–‡≈◊Õ°„™â«— ¥ÿ„Àâ
‡À¡“– ¡°—∫°“√ª√–¬ÿ°µå„™âß“ππ—ÈπÊ  ·µà‚¥¬∑—Ë«‰ª·≈â«
 ¡∫—µ‘µà“ßÊ ¡—°∂Ÿ°«—¥„π ¿“«–∑’Ë‰¡à¡’§«“¡‡§âπ ´÷Ëß‰¡àµ√ß

°—∫ ¿“æ°“√„™âß“π®√‘ß®÷ß∑”„Àâ°“√§”π«≥·≈–ÕÕ°·∫∫
Õÿª°√≥åº‘¥æ≈“¥‰¥â ÷́Ëß‰¥â¡’ß“π«‘®—¬∑’Ë„Àâ§«“¡ π„®∂÷ß
Õ‘∑∏‘æ≈¢Õß§«“¡‡§âπµàÕ ¡∫—µ‘µà“ßÊ ¢Õß “√‡´√“¡‘°„π
√–∫∫Õ◊Ëπ Ê ‡™àπ PZT ·≈– PMN-PT ‡ªìπµâπ (Zhao and

Zhang, 1996)  ·µàß“π«‘®—¬‡°’Ë¬«°—∫ PMN-PZT ¬—ß‰¡à
‡ªìπ∑’Ëª√“°Ø

¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß π„®»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß
§«“¡‡§âπ·∫∫·°π‡¥’Ë¬«µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß “√
‡´√“¡‘°„π√–∫∫ PMN-PZT ‡æ◊ËÕ„Àâ‡°‘¥ª√–‚¬™πåµàÕ°“√
π”‰ªª√–¬ÿ°µå„™âß“π·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢ÕßÕÿª°√≥å

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

1.  “√µ—«Õ¬à“ß

°“√‡µ√’¬¡ “√‡´√“¡‘° PMN-PZT  ‡√‘Ë¡®“°°“√
‡µ√’¬¡ºß¥â«¬«‘∏’º ¡ÕÕ°‰´¥å·∫∫¥—Èß‡¥‘¡ (conventional

mixed-oxide method) ºß PZT ¡’ “√µ—Èßµâπ§◊Õ ‡≈¥-
ÕÕ°‰´¥å (PbO) ‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å (ZrO

2
) ‰∑‡∑‡π’¬¡

ÕÕ°‰´¥å (TiO
2
) ¥â«¬Õ—µ√“ à«π¢Õß Zr:Ti ‡ªìπ 0.52:0.48

‚¥¬‡º“·§≈‰´πå∑’ËÕÿ≥À¿Ÿ¡‘ 850ºC π“π 2 ™—Ë«‚¡ß¥â«¬
Õ—µ√“°“√¢÷Èπ/≈ß 5ºC /π“∑’  à«πºß PMN ‡µ√’¬¡¥â«¬«‘∏’
‚§≈—¡‰∫µå (columbite method) (Tandon, 1991) ´÷Ëß‡ªìπ
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«‘∏’°“√‡µ√’¬¡·∫∫ Õß¢—ÈπµÕπ  ‚¥¬¢—ÈπµÕπ·√°‡ªìπ°“√
‡µ√’¬¡ºß·¡°π’‡´’¬¡‰π‚Õ‡∫µ (MgNb

2
O

6
) ‚¥¬„™â “√

µ—Èßµâπ MgO ·≈– Nb
2
O

5
 ‡º“·§≈‰´πå∑’ËÕÿ≥À¿Ÿ¡‘ 1100ºC

π“π 2 ™—Ë«‚¡ß ¥â«¬Õ—µ√“°“√¢÷Èπ/≈ß 5ºC /π“∑’ ®“°π—Èππ”
ºß·¡°π’‡ ’́¬¡‰π‚Õ‡∫µ∑’Ë‡µ√’¬¡‰¥â√«¡°—∫‡≈¥ÕÕ°‰´¥å·≈â«
‡º“·§≈‰´πå∑’ËÕÿ≥À¿Ÿ¡‘ 900ºC π“π 2 ™—Ë«‚¡ß ¥â«¬Õ—µ√“
°“√¢÷Èπ/≈ß 5ºC /π“∑’‡™àπ°—π ®–‰¥âºß PMN ®“°π—Èππ”
ºß PMN ·≈–ºß PZT ¡“º ¡°—π¥â«¬Õ—µ√“ à«π‚¥¬‚¡≈
µà“ßÊ °—π ®–‰¥âºß PMN-PZT ·≈â«∑”°“√Õ—¥¢÷Èπ√Ÿª¥â«¬
‡§√◊ËÕßÕ—¥√–∫∫‰Œ‚¥√≈‘° (Riken Seiki CO., LTD 137609)

‡æ◊ËÕ„Àâ‰¥â “√µ—«Õ¬à“ß‡ªìπ√Ÿª·ºàπ°≈¡ (disk) ·≈â«®÷ßπ”
‰ª‡º“´‘π‡µÕ√å∑’ËÕÿ≥À¿Ÿ¡‘´‘π‡µÕ√åπ“π 2 ™—Ë«‚¡ß¥â«¬Õ—µ√“
°“√¢÷Èπ/≈ß 5ºC /π“∑’ Õÿ≥À¿Ÿ¡‘´‘π‡µÕ√å®–·µ°µà“ß°—π‰ª
·≈â«·µà™π‘¥¢Õß “√§◊Õ  “√ PZT „™âÕÿ≥À¿Ÿ¡‘ 1250ºC

 “√ PMN „™âÕÿ≥À¿Ÿ¡‘ 1150ºC ·≈– “√ PMN-PZT „™â
Õÿ≥À¿Ÿ¡‘ 1200ºC ´÷Ëß “√‡´√“¡‘°∑’Ë‡µ√’¬¡‰¥â®–∂Ÿ°µ√«®
 Õ∫¥â«¬‡∑§π‘§  XRD  ´÷Ëßæ∫«à“ “√‡´√“¡‘°  PZT  ¡’
√Ÿª·∫∫°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ° ǻ Õ¥§≈âÕß°—∫·øÑ¡¢âÕ¡Ÿ≈
JCPDS  À¡“¬‡≈¢  33-0784  ‚¥¬¡’‚§√ß √â“ßº≈÷°‡ªìπ

·∫∫‡µµ√–°ÕπÕ≈  à«π “√‡´√“¡‘° PMN ¡’√Ÿª·∫∫°“√
‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å  Õ¥§≈âÕß°—∫·øÑ¡¢âÕ¡Ÿ≈ JCPDS

À¡“¬‡≈¢ 81-0861 ‡ªìπ‚§√ß √â“ßº≈÷°·∫∫§‘«∫‘°  ·≈–
√Ÿª·∫∫°“√‡≈’È¬«‡∫π¢Õß‡´√“¡‘° PMN-PZT π—Èπ®–¡’°“√
‡ª≈’Ë¬π·ª≈ß¢÷Èπ°—∫Õß§åª√–°Õ∫¢Õß‡´√“¡‘° ¥—ß· ¥ß„π
Figure 1.

®“°π—Èππ”‡´√“¡‘°∑’Ë‰¥â¡“µ√«® Õ∫ ¡∫—µ‘∑“ß
°“¬¿“æ‚¥¬§”π«≥§à“√âÕ¬≈–°“√À¥µ—«À≈—ß°“√‡º“·≈–
§à“§«“¡Àπ“·πàπ ÷́Ëß· ¥ß„π Table 1 ®–‡ÀÁπ‰¥â«à“§à“
§«“¡Àπ“·πàπ·≈–√âÕ¬≈–°“√À¥µ—«À≈—ß°“√‡º“¢Õß “√
‡´√“¡‘° PMN-PZT ¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‰¡à¢÷Èπ°—∫Õ—µ√“-
 à«π‚¥¬‚¡≈

2. Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

„π°“√»÷°…“Õ‘∑∏‘æ≈¢Õß§«“¡‡§âπ·∫∫·°π‡¥’Ë¬«
µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß‡≈¥‡´Õ√å‚§‡πµ ‰∑‡∑‡πµ-‡≈¥-
·¡°π’‡ ’́¬¡‰π‚Õ‡∫µ ‰¥âÕÕ°·∫∫·≈– √â“ß‡§√◊ËÕß¡◊ÕÕ—¥
·√ß‡§âπ·∫∫·°π‡¥’Ë¬« (uniaxial compressometer) ¥—ß
· ¥ß„π Figure 2 ´÷Ëß ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß‡´√“¡‘°®–∂Ÿ°

Figure 1.  XRD diffraction patterns of PMN-PZT ceramics.
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«—¥®“°À—««—¥ (spring-loaded cell) ´÷Ëß∂Ÿ°µàÕ°—∫ LCZ-

meter (Hewlett Packeard 4276A) ·≈– “¡“√∂«—¥§à“
§«“¡®ÿ¢Õßµ—«‡°Á∫ª√–®ÿ (capacitance) ·≈–§à“°“√ Ÿ≠‡ ’¬
∑“ß‰¥Õ‘‡≈Á°µ√‘° (dielectric loss tangent) ‰¥â·≈â«π”§à“
§«“¡®ÿ¢Õßµ—«‡°Á∫ª√–®ÿ¡“§”π«≥À“§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°
(dielectric constant) ¥—ß ¡°“√µàÕ‰ªπ’È

εr  =  Cd
ε0A

         (1)

‡¡◊ËÕ C §◊Õ §à“§«“¡®ÿ¢Õßµ—«‡°Á∫ª√–®ÿ, d ·≈– A

§◊Õ §«“¡Àπ“·≈–æ◊Èπ∑’ËÀπâ“µ—¥¢Õß “√‡´√“¡‘° µ“¡≈”¥—∫

·≈– ε
0
 §◊Õ  ¿“æ¬Õ¡¢Õß ÿ≠≠“°“»¡’§à“ 8.854×10-12

F/m

„π°“√∑¥≈Õß®–∂Ÿ°·∫àßÕÕ°‡ªìπ 2  à«π °≈à“«§◊Õ
 ¿“«–§«“¡‡§âπµË”·≈– ¿“«–§«“¡‡§âπ Ÿß ÷́Ëß„π°“√∑¥≈Õß
¿“¬„µâ ¿“«–§«“¡‡§âπµË”®–„™âÕÿª°√≥å„π°“√∑¥≈Õß¥—ß
· ¥ß„π Figure 3 ‚¥¬„™â¡«≈Õ¬Ÿà„π™à«ß 0-3500 °√—¡
„π°“√„Àâ·√ßÕ—¥°—∫√–∫∫‚¥¬ “¡“√∂„Àâ§«“¡‡§âπ„π™à«ß
0-800 °‘‚≈ª“ §“≈ (kPa) ·≈–„π°“√∑¥≈Õß¿“¬„µâ ¿“«–
§«“¡‡§âπ Ÿß®–¡’°“√„™â‡§√◊ËÕßÕ—¥√–∫∫‰Œ‚¥√≈‘° (Riken

Seiki CO., LTD 137609) ´÷ËßµàÕ°—∫Õÿª°√≥å¥—ß· ¥ß„π
Figure 4 ´÷Ëß„Àâ§«“¡‡§âπ„π™à«ß 0-5 ‡¡°–ª“ §“≈ (Mpa)

Table 1. Physics properties of PMN-PZT ceramics

     “√‡´√“¡‘° §à“§«“¡Àπ“·πàπ √âÕ¬≈–¢Õß§à“§«“¡Àπ“·πàπ √âÕ¬≈–°“√À¥µ—«

(°√—¡/´¡
3
) ‡™‘ß∑ƒ…Æ’ ‚¥¬ª√‘¡“µ√

PZT 7.66±0.05 95.67±0.62 39.58±0.04
0.3PMN-0.7PZT 7.56±0.12 93.87±1.48 39.06±0.11
0.5PMN-0.5PZT 7.18±0.05 88.79±0.61 38.83±0.12
0.7PMN-0.3PZT 6.10±0.17 75.14±2.09 35.97±0.35
PMN 6.54±0.07 80.09±0.86 37.60±0.20

Figure 2.  Schematic drawing of uniaxial compressometer.
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º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°°“√∑¥≈Õß¿“¬„µâ ¿“«–§«“¡‡§âπµË”¥—ß· ¥ß
„π Figure 5 ·≈– Figure 6 π—Èπ ®–‡ÀÁπ«à“‰¡à¡’°“√‡ª≈’Ë¬π
·ª≈ß∑’Ë™—¥‡®π¢Õß§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°·≈–§à“°“√ Ÿ≠‡ ’¬
∑“ß‰¥Õ‘‡≈Á°µ√‘°µ“¡§«“¡‡§âπ∑’Ë‡æ‘Ë¡¢÷Èπ  ´÷Ëß„π§«“¡‡§âπ
√–¥—∫π’È¬—ß‰¡à¡“°æÕ∑’Ë®–∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„¥Ê

„π√–¥—∫®ÿ≈¿“§„π¢≥–∑’Ëº≈°“√∑¥≈Õß¿“¬„µâ ¿“«–§«“¡
‡§âπ Ÿß· ¥ß„π Figure 7 ·≈– Figure 8  æ∫«à“¡’°“√
‡ª≈’Ë¬π·ª≈ß§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° ·≈–§à“°“√ Ÿ≠‡ ’¬∑“ß
‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âπÕ¬à“ß‡ÀÁπ‰¥â™—¥ ‚¥¬°“√‡ª≈’Ë¬π
·ª≈ß¢Õß§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘° “¡“√∂·∫àß‡ªìπ 2 °√≥’ §◊Õ
°√≥’ “√‡´√“¡‘° PMN-PZT ∑’Ë¡’ “√ PMN ‡ªìπÕß§å-
ª√–°Õ∫À≈—° (0.9PMN-0.1PZT ·≈– 0.7PMN-0.3PZT)

Figure 3. Experimental set up for studying the effect of low stress on dielectric propertied

of PMN-PZT.

Figure 4. Experimental set up for studying the effect of high stress on dielectric propertied

of PMN-PZT.
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®–¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°≈¥≈ß‡¡◊ËÕ§«“¡‡§âπ Ÿß¢÷Èπ  ·≈–
„π°√≥’ “√‡´√“¡‘° PMN-PZT ∑’Ë¡’ “√ PZT ‡ªìπÕß§å-
ª√–°Õ∫À≈—° (0.3PMN-0.7PZT 0.5PMN-0.5PZT ·≈–
0.1PMN-0.9PZT)  æ∫«à“¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ§«“¡‡§âπ‡æ‘Ë¡¢÷Èπ ®–‡ÀÁπ‰¥â«à“°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“
§ß∑’Ë‰¥‡≈Á°µ√‘° Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß∑’Ëºà“π¡“ ÷́Ëß
æ∫«à“ “√ PZT ¡’§à“§ß∑’‰¥Õ‘‡≈Á°µ√‘°≈¥≈ß‡¡◊ËÕ§«“¡‡§âπ

‡æ‘Ë¡¢÷Èπ  ¢≥–∑’Ë “√ PMN ¡’§à“§ß∑’Ë‰¥‡≈Á°µ√‘°‡æ‘Ë¡¢÷Èπ
(Zhao and Zhang, 1996) ·µà ”À√—∫°“√‡ª≈’Ë¬π·ª≈ß
¢Õß§à“°“√ Ÿ≠‡ ’¬∑“ß‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âπ¡’°“√
‡ª≈’Ë¬π·ª≈ß‰¡à·πàπÕπ

„π°“√∑’Ë®–Õ∏‘∫“¬°“√‡ª≈’Ë¬π·ª≈ß¢Õß ¡∫—µ‘
‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âππ—Èπ ®–µâÕß‡¢â“„®∂÷ß°“√‡ª≈’Ë¬π
·ª≈ß¢Õß‚§√ß √â“ß¢Õß‚¥‡¡π¿“¬„µâ§«“¡‡§âπ ´÷ËßÕ“®®–

Figure 5. The stress dependence of dielectric con-

stant on low stress (0-800 kPa).

Figure 6. The stress dependence of dielectric loss

tangent on low stress (0-800 kPa).

Figure 7. The stress dependence of dielectric con-

stant on high stress (0-5 MPa).

Figure 8. The stress dependence of dielectric loss

tangent on high stress (0-5 MPa).



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 25 ©∫—∫∑’Ë 5 °.¬.-µ.§. 2546
Õ‘∑∏‘æ≈¢Õß§«“¡‡§âπ·∫∫·°π‡¥’Ë¬«µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°

 ÿæ—µ√“  «ß»å· π„À¡à ·≈–§≥–635

‡°‘¥„π√Ÿª°“√ ≈—∫∑‘»∑“ß¢Õß‚¥‡¡π (domain switching)

·≈–°“√¬âÕπ°≈—∫¢Õß°“√‡ ◊ËÕ¡Õ“¬ÿ¢Õß‚¥‡¡π (de-aging)

÷́Ëß‡ªìπª√“°Ø°“√≥å ”§—≠∑’Ë¡’º≈µàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“§ß∑’Ë
‰¥Õ‘‡≈Á°µ√‘°¿“¬„µâ§«“¡‡§âπ„π “√‡´√“¡‘° PMN-PZT

∑’Ë¡’ PZT ‡ªìπÕß§åª√–°Õ∫À≈—° (Zhang et al., 1997 ·≈–
Yang et al., 2000-a)  à«π„π°√≥’¢Õß “√∑’Ë¡’ PMN ‡ªìπ
Õß§åª√–°Õ∫À≈—°π—Èπ „π°“√Õ∏‘∫“¬®–¡’§«“¡·µ°µà“ß°—π
ÕÕ°‰ª ‡π◊ËÕß®“° PMN ‡ªìπ “√∑’Ë¡’ ¡∫—µ‘‡ªìπ√’·≈°‡´Õ√å
(relaxor) ´÷Ëß¿“¬„π “√®–ª√–°Õ∫¥â«¬∫√‘‡«≥∑’Ë‡ªìπ “√
‰¡à¡’¢—È« (non-polar region) ·≈–∫√‘‡«≥∑’Ë‡ªìπ “√¡’¢—È«„π
√–¥—∫‰¡‚§√ (micro-polar region) ´÷Ëß„π°√≥’∑’Ë∑”°“√
∑¥≈Õß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß∑”„Àâ∫√‘‡«≥∑’Ë‡ªìπ “√¡’¢—È«„π√–¥—∫
‰¡‚§√¡’∫∑∫“∑¡“°°«à“ ∑”„Àâ “¡“√∂ —ß‡°µ‰¥â«à“§à“§ß∑’Ë
‰¥Õ‘‡≈Á°µ√‘°¡’§à“≈¥≈ß‡¡◊ËÕ¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡‡§âπ„π
 “√∑’Ë¡’ PMN ‡ªìπÕß§åª√–°Õ∫À≈—° (Yang et al., 2000-

b ·≈– Zhao et al., 1998)  à«π„π°√≥’¢Õß°“√‡ª≈’Ë¬π
·ª≈ß¢Õß§à“°“√ Ÿ≠‡ ’¬∑“ß‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âππ—Èπ
 “¡“√∂Õ∏‘∫“¬‰¥âßà“¬°«à“  ‚¥¬∑’Ë°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“°“√
 Ÿ≠‡ ’¬∑“ß‰¥Õ‘‡≈Á°µ√‘°°—∫§«“¡‡§âπ„π∫“ß “√π—Èπ‡π◊ËÕß¡“
®“°°“√‡æ‘Ë¡¢÷Èπ¢Õß°“√‡§≈◊ËÕπ∑’Ë¢Õßºπ—ß‚¥‡¡π (domain

wall mobility) „π∑“ßµ√ß°—π¢â“¡°√–∫«π°“√¬âÕπ°≈—∫
¢Õß°“√‡ ◊ËÕ¡Õ“¬ÿ (de-aging) ®–∑”„Àâ§à“°“√ Ÿ≠‡ ’¬∑“ß
‰¥Õ‘‡≈Á°µ√‘°≈¥≈ß‡¡◊ËÕ§«“¡‡§âπ‡æ‘Ë¡¢÷Èπ∫“ß “√  (Yang

et al., 2000 ·≈– Zhao et al., 1998)

Õ¬à“ß‰√°Áµ“¡ ‡ªìπ∑’Ëπà“ —ß‡°µ«à“ “√‡´√“¡‘° 0.1

PMN-0.9PZT ¡’·π«‚πâ¡°“√‡ª≈’Ë¬π·ª≈ß¢Õß°“√ Ÿ≠‡ ’¬
∑“ß‰¥Õ‘‡≈°µ√‘°°—∫§«“¡‡§âπ∑’Ë·µ°µà“ß®“° “√‡´√“¡‘°
PMN-PZT Õ—µ√“ à«πÕ◊Ëπ ∑—Èßπ’È‡ªìπ‡æ√“–«à“ “√‡´√“¡‘°
Õ—µ√“ à«ππ’È∂Ÿ°‡º“´‘π‡µÕ√å„π™à«ßÕÿ≥À¿Ÿ¡‘‰¡à‡À¡“– ¡®÷ß
∑”„Àâ “¡“√∂·πàπµ—«‰¥âπâÕ¬°«à“ “√‡´√“¡‘°Õ—µ√“ à«πÕ◊Ëπ
À√◊Õ¡’√Ÿæ√ÿπ¡“° ®÷ß àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“°“√
 Ÿ≠‡ ’¬∑“ß‰¥Õ‘‡≈Á°µ√‘°¿“¬„µâ§«“¡‡§âπ∑’Ë·µ°µà“ß‰ª

 √ÿªº≈°“√∑¥≈Õß

 “√‡´√“¡‘° PMN-PZT ∑’Ë‡µ√’¬¡‰¥â¡’ ¡∫—µ‘∑“ß
°“¬¿“æ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ªµ“¡ —¥ à«πÕß§åª√–°Õ∫√–À«à“ß
‡ø  PMN ·≈– PZT ´÷Ëß‡¡◊ËÕπ”¡“»÷°…“Õ‘∑∏‘æ≈¢Õß§«“¡

‡§âπ·∫∫·°π‡¥’Ë¬«µàÕ ¡∫—µ‘‰¥Õ‘‡≈Á°µ√‘°¢Õß “√‡´√“¡‘°
PMN-PZT ∑’Ë∂Ÿ°∑”¢—È«·≈â«æ∫«à“¿“¬„µâ ¿“«–§«“¡‡§âπ
µË”®–‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë™—¥‡®π¢Õß§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°
·≈–§à“°“√ Ÿ≠‡ ’¬∑“ß‰¥Õ‘‡≈Á°µ√‘°µ“¡§«“¡‡§âπ∑’Ë‡æ‘Ë¡¢÷Èπ
·µà¿“¬„µâ ¿“«–§«“¡‡§âπ Ÿß ”À√—∫§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°
æ∫«à“ “√‡´√“¡‘° PMN-PZT ∑’Ë¡’ “√ PMN ‡ªìπÕß§å-
ª√–°Õ∫À≈—°æ∫«à“®–¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°≈¥≈ß‡¡◊ËÕ¡’
§«“¡‡§âπ‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë “√‡´√“¡‘° PMN-PZT ∑’Ë¡’
 “√ PZT ‡ªìπÕß§åª√–°Õ∫À≈—°®–¡’§à“§ß∑’Ë‰¥Õ‘‡≈Á°µ√‘°
‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡‡§âπ‡æ‘Ë¡¢÷Èπ  ·µà§à“°“√ Ÿ≠‡ ’¬∑“ß‰¥-
Õ‘‡≈Á°µ√‘°®–¡’°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‰¡à¢÷Èπ°—∫Õß§åª√–°Õ∫À≈—°
÷́Ëß°“√»÷°…“π’È™’È„Àâ‡ÀÁπ«à“§«“¡‡§âπ¡’∫∑∫“∑µàÕ ¡∫—µ‘

‰¥Õ‘‡≈Á°µ√‘°¢Õß “√‡´√“¡‘° PMN-PZT Õ¬à“ß™—¥‡®π

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬®“°ß∫ª√–¡“≥
‡ß‘π√“¬‰¥â §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à ª√–®”
ªï 2544  ·≈–∑ÿπ àß‡ √‘¡π—°«‘®—¬√ÿàπ„À¡à ªï 2545  ®“°
 ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬ ( «°.)
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