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Sample preparation, physical properties measurement and application of

MnO+0.4CuO’s thermistor
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Disc-shape MnO+0.4CuO samples were prepared by standard ceramic techniques with firing

temperature of 500 
o

C and 900 
o

C, respectively.  The physical property relation of resistance (R) vs tempera-

ture (T) corresponds to R = 7.0544e
-0.0218T

.  The prepared samples are very sensitive to temperature
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response and can be used as temperature sensor application. A self constructed temperature reading system

interfacing with a computer and a prepared sample temperature sensor can measure temperature ranging

from 26 
o

C to 100 
o

C.

Key words : NTC thermistor,  MnO+0.4CuO,  temperature sensor
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‰¥â‡µ√’¬¡°âÕπ “√√Ÿª®“π¥â«¬«— ¥ÿ MnO+0.4CuO ‚¥¬«‘∏’‡∑§π‘§‡´√“¡‘° å¡“µ√∞“π  ‚¥¬°“√‡º“ Õß§√—Èß∑’Ë

500 
o

C ·≈– 900 
o

C µ“¡≈”¥—∫    ¡∫—µ‘‡™‘ßøî ‘° å√–À«à“ß§«“¡µâ“π∑“π‰øøÑ“¢Õß “√ (R) ∑’ËÕÿ≥À¿Ÿ¡‘ (T) µà“ßÊ ‡ªìπ

‰ªµ“¡ ¡°“√ R = 7.0544e
-0.0218T

 ·≈–æ∫«à“ “√¡’§«“¡‰«µàÕ°“√µÕ∫ πÕßÕÿ≥À¿Ÿ¡‘   ¥—ßπ—Èπ®÷ß‡À¡“– ”À√—∫∑”‡ªìπ

À—««—¥Õÿ≥À¿Ÿ¡‘  √–∫∫°“√Õà“πÕÿ≥À¿Ÿ¡‘∑’Ë‡™◊ËÕ¡µàÕ°—∫§Õ¡æ‘«‡µÕ√∑’Ë √â“ß¢÷Èπ‡Õß‚¥¬„™â “√∑’Ë‡µ√’¬¡‰¥â‡ªìπÀ—««—¥  “¡“√∂

«—¥Õÿ≥À¿Ÿ¡‘‰¥â „π™à«ß 26 
o

C ∂÷ß 100 
o

C

„πªï 1833 ø“√“‡¥¬å (Faraday) ‰¥â§âπæ∫·≈–
√“¬ß“π‡°’Ë¬«°—∫æƒµ‘°√√¡°÷Ëß°“√π”‰øøÑ“ (semiconduc-

ting behaviour) ¢Õß Ag
2
S À—««—¥Õÿ≥À¿Ÿ¡‘∑’Ë∑”¡“®“°

‡´√“¡‘° å∑’Ë„™â„π∑“ß°“√§â“‡√‘Ë¡„πªï 1940 ·≈–¡’°“√º≈‘µ
‡ªìπÕÿµ “À°√√¡°—πÕ¬à“ß°«â“ß¢«“ß„π√–À«à“ßªï 1950-

1960 (Buchanan, 1991)

‡∑Õ√å¡‘ ‡µÕ√å (thermistor) §◊Õ µ—«µâ“π∑“π∑’Ë¡’
§«“¡µâ“π∑“π‡ª≈’Ë¬π·ª≈ß„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘‡ª≈’Ë¬π‰ª
‡∑Õ√å¡‘ ‡µÕ√å‡ªìπµ—«µâ“π∑“π∑’Ë‰«µàÕ§«“¡√âÕπ (thermally

sensitive resistor) ´÷Ëß¡’™◊ËÕ¬àÕ‡ªìπ TSR ‡∑Õ√å¡‘ ‡µÕ√å∑’Ë
®–»÷°…“π’È‡ªìπ·∫∫ NTC (negative temperature co-

efficient of resistance) ‡∑Õ√å¡‘ ‡µÕ√å·∫∫π’È®–¡’ NTCR

(negative temperature coefficient of resistance, α)

 Ÿß (Moulson and Herbert, 1990) §«“¡µâ“π∑“π¢Õß
‡∑Õ√å¡‘ ‡µÕ√å·∫∫ NTC ∑’Ë¡’§à“≈¥≈ßÕ¬à“ß√«¥‡√Á«„π¢≥–
∑’ËÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ‡°‘¥®“°º≈¢Õß≈—°…≥– ¡∫—µ‘Õ‘π∑√‘π´‘§
(intrinsic characteristics)

 “√∑’Ë„™â∑”‡∑Õ√å¡‘ ‡µÕ√å·∫∫ NTC ‡ªìπ “√°÷Ëßµ—«
π” (semiconductor) ´÷Ëß≈—°…≥– ¡∫—µ‘‡™‘ß‰øøÑ“¢ÕßÀ—«
«—¥‡°’Ë¬«¢âÕß°—∫ ρ = RA/L  ‡¡◊ËÕ ρ ‡ªìπ ¿“æµâ“π∑“π
‰øøÑ“¢Õß«— ¥ÿ (material resistivity)    R ‡ªìπ§«“¡
µâ“π∑“π‰øøÑ“ (resistance)    A ‡ªìπæ◊Èπ∑’Ë¬—ßº≈ (effec-

tive area) ·≈– L ‡ªìπ§«“¡Àπ“¢Õß “√   ¿“æµâ“π∑“π
‰øøÑ“ (ρ) ¡’§à“¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘¥—ß ¡°“√

ρ(T)  =  ρα exp(B/T) À√◊Õ
R(T) = Rα exp(B/T)           (1)

‡¡◊ËÕ ρ(T) ‡ªìπ ¿“æµâ“π∑“π‰øøÑ“∑’ËÕÿ≥À¿Ÿ¡‘ T „¥Ê
ρα ‡ªìπ§à“∑’Ë‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘‚¥¬ª√–¡“≥ ·≈– B ‡ªìπ§à“
§ß∑’Ë∑’Ë¡’§«“¡‡°’Ë¬«¢âÕß°—∫æ≈—ßß“π∑’Ë„™â‰ª‡æ◊ËÕ„ÀâÕ‘‡≈Á°µ√Õπ
π”°√–·  ‡¡◊ËÕ∑”°“√À“Õπÿæ—π∏å¢Õß ¡°“√∫π®–‰¥â α ¥—ß
 ¡°“√

    α = (1/ρ)(dρ/dT) À√◊Õ α = (1/R)(dR/dT) À√◊Õ
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 ¿“æ°“√π”‰øøÑ“¢Õß “√‡°’Ë¬«¢âÕß°—∫Õ‘‡≈Á°µ√Õπ·≈–
Õ‘ÕÕπ∫«°-≈∫¢ÕßÕ–µÕ¡·≈–‡°’Ë¬«¢âÕß°—∫™àÕß«à“ß·∂∫
æ≈—ßß“π¢Õß “√ (Moulson and Herbert, 1990)
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0.20CuO (Buchanan, 1991)

‡∑Õ√å¡‘ ‡µÕ√å·∫∫ NTC  “¡“√∂π”‰ªª√–¬ÿ°µå
∑”‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘ (temperature sensor), À—««—¥°“√
‰À≈¢Õß§«“¡√âÕπ (heat flow sensor),  À—««—¥°“√·ºà√—ß ’
(radiation sensing sensor), À—««—¥ ÿ≠≠“°“» (vacuum

gauge), À—««—¥§«“¡¥—π  (pressure gauge) ·≈–À—««—¥°“√
™¥‡™¬Õÿ≥À¿Ÿ¡‘ (temperature compensation sensor)

(Buchanan, 1991)

°“√»÷°…“«‘®—¬‡°’Ë¬«°—∫‡∑Õ√å¡‘ ‡µÕ√å·∫∫ NTC ‰¥â
¡’°“√»÷°…“‚¥¬π—°«‘®—¬°≈ÿà¡µà“ßÊ ¥—ßπ’È

Soliman (1993) ‰¥â»÷°…“‡∑Õ√å¡‘ ‡µÕ√å„π∑“ß
°“√§â“´÷Ëß‡µ√’¬¡¡“®“° à«πº ¡¢Õß NiO,  Mn
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´÷Ëß‡ªìπ‡∑Õ√å¡‘ ‡µÕ√å·∫∫ NTC  “√ Ÿµ√π’ÈÕ¬Ÿà„π°≈ÿà¡‡øÕ√å-
‰√µå ‰¥â«—¥ ¿“æµâ“π∑“π‰øøÑ“∑’Ë à«πº ¡µà“ßÊ ·≈–»÷°…“
‡ ∂’¬√¿“æ∑“ß‰øøÑ“‚¥¬°“√«—¥°“√·ª√§à“§«“¡µâ“π∑“π
‰øøÑ“°—∫‡«≈“

®“°°“√µ√«®‡Õ° “√æ∫«à“¡’ºŸâ∑¥≈Õß‡∑Õ√å¡‘ ‡µÕ√å
·∫∫ NTC °—ππâÕ¬   ºŸâ«‘®—¬‰¥â∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√
øî ‘° å«— ¥ÿ  ¿“§«‘™“øî ‘° å  ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å
æ∫«à“ “√ MnO+0.4CuO ¡’§«“¡‰«µàÕÕÿ≥À¿Ÿ¡‘¡“° ¥—ß
π—Èπ ®÷ß π„®∑’Ë®–»÷°…“ ¡∫—µ‘‡™‘ßøî ‘° å·≈–°“√ª√–¬ÿ°µå„™â
ß“π¢Õß “√π’È

«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡ªìπ°“√‡µ√’¬¡°âÕπ “√
MnO+0.4CuO  ‚¥¬«‘∏’‡∑§π‘§‡´√“¡‘° å¡“µ√∞“π ∑¥ Õ∫
°“√µÕ∫ πÕßµàÕÕÿ≥À¿Ÿ¡‘‚¥¬°“√«—¥‡æ◊ËÕÀ“ ¡°“√∑’Ë· ¥ß
§«“¡µâ“π∑“π‰øøÑ“¢Õß “√∑’ËÕÿ≥À¿Ÿ¡‘„π™à«ß  24  ∂÷ß
140 oC ·≈–§”π«≥À“§à“ —¡ª√– ‘∑∏‘ÏÕÿ≥À¿Ÿ¡‘¢Õß§«“¡
µâ“π∑“π‰øøÑ“∑’Ë‡ªìπ≈∫¢Õß “√   πÕ°®“°π’ÈµâÕß°“√π”
 “√∑’Ë‡µ√’¬¡‰¥â‰ª„™âß“π‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘‚¥¬°“√ √â“ß

‡§√◊ËÕß¡◊Õ«—¥Õÿ≥À¿Ÿ¡‘¥â«¬§Õ¡æ‘«‡µÕ√å∑’Ë„™â “√∑’Ë‡µ√’¬¡‰¥â
‡ªìπÀ—««—¥  °“√ √â“ß§√Õ∫§≈ÿ¡‰ª∂÷ß°“√ª√–°Õ∫«ß®√‡™◊ËÕ¡
µàÕ     °“√ª√—∫‡∑’¬∫·≈–‡¢’¬π‚ª√·°√¡§«∫§ÿ¡°“√«—¥
Õÿ≥À¿Ÿ¡‘ „π™à«ß 26 oC ∂÷ß 100 oC

«— ¥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 MnO

·≈– CuO ´÷Ëß¡’§«“¡∫√‘ ÿ∑∏‘Ï 99.5%  §”π«≥πÈ”Àπ—°‚¥¬
„™â à«πº ¡ MnO+0.4CuO ™—Ëßºß¢Õß “√ º ¡ “√‚¥¬
°“√§π„π§√° π”ºß„ à°√–ªÜÕßæ≈“ µ‘°·≈â««“ß„π‡§√◊ËÕß
À¡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) ¥â«¬§«“¡
¥—π 533.65 MPa π” “√„ à‡µ“À≈Õ¡‰øøÑ“ (HEYTECH

25P) ‡π◊ËÕß®“° MnO ¡’®ÿ¥À≈Õ¡‡À≈« 535 oC ·≈–
CuO ¡’®ÿ¥À≈Õ¡‡À≈«¡“°°«à“ 1100 oC ¥—ßπ—Èπ®÷ßµâÕß‡º“
2 §√—Èß  ‡º“§√—Èß∑’Ë 1 ∑’ËÕÿ≥À¿Ÿ¡‘ 500 oC „πÕ“°“»‚¥¬„™â
Õ—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¡‘ 900 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“·≈–π”°âÕπ “√ÕÕ°
®“°‡µ“

2. °“√»÷°…“≈—°…≥–¢Õß “√¥â«¬‡∑§π‘§°“√‡≈’È¬«‡∫π¢Õß

√—ß ’‡Õ°´◊‚¥¬„™â‡§√◊ËÕß XRD

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¥∑”¡“®“°  Cu  §«“¡
µà“ß»—°¬å‰øøÑ“ 40 kV  °√–· „πÀ≈Õ¥√—ß ’‡Õ°´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 Ao
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3. °“√∑”¢—È«‰øøÑ“·≈–«—¥§«“¡µâ“π∑“π‰øøÑ“¢Õß “√∑’Ë

Õÿ≥À¿Ÿ¡‘„π™à«ß 24 ∂÷ß 140 
o

C

π” “√∑’Ë‡µ√’¬¡‰¥â¡“∑”¢—È«¥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 “√·≈–Õ∫¥â«¬‡µ“‰øøÑ“Õÿ≥À¿Ÿ¡‘ 120 oC

‡ªìπ‡«≈“ 10 π“∑’  ·≈â«„™â≈«¥¢Õß “¬‚∑√»—æ∑åµàÕ¢“¢Õß
Õÿª°√≥å‚¥¬°“√∫—¥°√’ ®—¥™ÿ¥∑¥≈Õßµ“¡ Figure 1

‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢Õß‡µ“‰øøÑ“   „™â¡—≈µ‘¡‘‡µÕ√å (Fluke

45 Dual Display Multimeter) «—¥§«“¡µâ“π∑“π‰øøÑ“
¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë‡µ√’¬¡‰¥â„™â«—¥‡§√◊ËÕß«—¥Õÿ≥À¿Ÿ¡‘ (Union

305) «—¥Õÿ≥À¿Ÿ¡‘„π™à«ß 24 ∂÷ß 140 oC  π”º≈„ à„πµ“√“ß
æ≈Õµ °√“ø·≈–· ¥ß ¡°“√¥â«¬ EXCEL „π°“√∑¥≈Õßπ’È
‰¥â«—¥§«“¡µâ“π∑“π‰øøÑ“∑’Ë™à«ßÕÿ≥À¿Ÿ¡‘ 24 ∂÷ß 120 oC

¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“¥â«¬‡æ◊ËÕ„™â ”À√—∫‡ª√’¬∫
‡∑’¬∫  §”π«≥·≈–‡ª√’¬∫‡∑’¬∫§à“ α ¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë
‡µ√’¬¡‰¥â°—∫‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“‚¥¬„™â ¡°“√ (2)

4. °“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¢Õß “√‡æ◊ËÕª√–¬ÿ°µå„™â‡ªìπÀ—«

«—¥Õÿ≥À¿Ÿ¡‘„π™à«ß 26 
o

C ∂÷ß 100 
o

C

π” “√∑’Ëºà“π°“√«—¥§«“¡ —¡æ—π∏å R vs T ¡“∑¥ Õ∫

„Àâ∑”Àπâ“∑’Ë‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘‚¥¬°“√®—¥™ÿ¥∑¥≈Õß  ¥—ß
· ¥ß„π Figure 2a „™â¡—≈µ‘¡‘‡µÕ√å (Triplett 2202) «—¥
„π¢≥–®—¥™ÿ¥°“√∑¥≈Õß ‡¢’¬π‚ª√·°√¡¿“…“‡∑Õ√å‚∫ª“ -
§“≈‡æ◊ËÕ§«∫§ÿ¡°“√Õà“πÕÿ≥À¿Ÿ¡‘  °“√∑¥≈Õß¡’ 4 ¢—ÈπµÕπ
¥â«¬°—π

1) ª√–°Õ∫«ß®√‡™◊ËÕ¡µàÕ ADC0809 ≈ß∫π‚ª√-
‚µ∫Õ√å¥·≈â«µàÕ°—∫ ET-PC8255 Card ·≈–§Õ¡æ‘«‡µÕ√å
·≈–∑¥ Õ∫®π„™â‰¥â (Figure 2a, 2b, 2c)

2) ‡¢’¬π‚ª√·°√¡§«∫§ÿ¡°“√«—¥¥â«¬¿“…“‡∑Õ√å‚∫-
ª“ §“≈

3) ∑”°“√ª√—∫‡∑’¬∫‡§√◊ËÕß¡◊Õ (instrument cali-

bration) ‚¥¬®à“¬·√ß¥—πµ°§√àÕ¡ “√∑’Ë‡µ√’¬¡‰¥â (MnO+

0.4CuO) ´÷Ëß®–∂Ÿ°∑¥ Õ∫„Àâ∑”Àπâ“∑’Ë‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘
 —≠≠“≥µÕ∫ πÕß®–∂Ÿ°ªÑÕπ¢â“‰Õ´’ ADC 0809 ÷́Ëß∑”
Àπâ“∑’Ë·ª≈ß·√ß¥—πÕπ“≈Õ°„Àâ‡ªìπ·√ß¥—π¥‘®‘µÕ≈   ‰Õ´’
74LS244 ®–∑”Àπâ“∑’Ë‡ªìπ∫—ø‡øÕ√å (buffer)  ·√ß¥—π
‰øøÑ“µ°§√àÕ¡ “√´÷Ëß‡ªìπ·√ß¥—πÕπ“≈Õ°®–‡§≈◊ËÕπ∑’Ëºà“π
ET-PC8255 Card   ºà“π ≈Õµ (slot)  ‡¢â“‰ª„π·√¡
(RAM)  „™â§” —Ëß„Àâ§Õ¡æ‘«‡µÕ√å  (80386SX)  · ¥ß·√ß
¥—π‰øøÑ“µ°§√àÕ¡ “√ (·√ß¥—πÕπ“≈Õ°) ∫π®Õ    ‡æ‘Ë¡
Õÿ≥À¿Ÿ¡‘¢Õß “√‚¥¬„™â‡µ“‰øøÑ“ Õà“πÕÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß
«—¥®√‘ß (true) ¥â«¬‡§√◊ËÕß«—¥Õÿ≥À¿Ÿ¡‘ (Union 305) ´÷Ëß„™â
‡∑Õ√å‚¡§Õæ‡ªî≈™π‘¥ K ‡ªìπÀ—««—¥·≈–·√ß¥—π‰øøÑ“µ°
§√àÕ¡ “√ (AV) ∫π®Õ§Õ¡æ‘«‡µÕ√å  „π™à«ß 26 oC ∂÷ß
100 oC ·≈â«∫—π∑÷°º≈≈ß„πµ“√“ß·≈–· ¥ß§«“¡ —¡æ—π∏å
¢Õß Ttrue vs AV ¥â«¬‚ª√·°√¡ EXCEL ‡¢’¬π ¡°“√

Figure 1.  Resistance measurement at 24 -140
 o
C

 Prepared sample

 Multimeter

Temperature apparatus
 Electric furnace

Commercial

temperature sensor
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Figure 2a.  Interfacing circuit with computer’s preparation for temperature measurement

      by using MnO+0.04CuO ‘s prepared sample sensor

         5 Vdc
                         10 k

                      Sample

       ADC0809 Analog         74LS244   ET-8255 Card

            GND      to digital converter           Buffer         Computer
           80386

        Commercial temperature apparatus for temperature
                      Commercial         calibration
                      temperature sensor

Figure 2b.  Interfacing circuit with ADC0809 + 74LS244
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Figure 2c.  Block diagram of ET-PC 8255 Card

Program Temperature_Sensor_Testing;

uses  crt;
var  i, j, x, y, DV    : integer;
       AV,Ttrue          : real;
const    PB          = $0305;
             Pcontrol = $0307;

begin
    clrscr;
    port[Pcontrol] := $82;
    gotoxy(23,2); writeln(‘TEMPERATURE MEASUREMENT’);
    gotoxy(23,3); writeln(‘—-—————————————————————’);

    DV:=0; AV:=0; Ttrue:=0;
    for i := 1 to 100 do
    begin
        for j := 1 to 255 do
        begin
            DV := port[PB];
            AV := (5/255)*DV;
            gotoxy(26,14); writeln(‘Analog Voltage = ‘,AV:3:3, ‘ V’);\
            delay(1)
            Ttrue := (33.887*AV*AV) - (230.08*AV)+ 417.3;
            gotoxy(20,20); writeln(‘************************************’)
            gotoxy(17,22); writeln(‘Measure Temp = ‘,Ttrue:3:2, ‘ C’);
            delay(1);
            gotoxy(15,24); writeln(‘>>>**************************<<<‘);
            delay(500);
        end;
   end;
end.
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· ¥ß§«“¡ —¡æ—π∏åπ’È≈ß„π‚ª√·°√¡§«∫§ÿ¡°“√«—¥
‡æ◊ËÕ∑’Ë®–‡ª√’¬∫‡∑’¬∫√–À«à“ßÕÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß«—¥

®√‘ß (Ttrue) °—∫Õÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß∑’Ë √â“ß¢÷Èπ (Tmeasure)

‰¥â‡¢’¬π ¡°“√· ¥ß§«“¡ —¡æ—π∏åπ’È≈ß„π‚ª√·°√¡§«∫§ÿ¡
°“√«—¥·≈â«  §Õ¡æ‘«‡µÕ√å°Á “¡“√∂Õà“πÕÿ≥À¿Ÿ¡‘‚¥¬„™â “√
∑’Ë‡µ√’¬¡‰¥â‡ªìπÀ—««—¥ §Õ¡æ‘«‡µÕ√å®–∑”Àπâ“∑’Ë‡ªìπ‡§√◊ËÕß
∑’Ë √â“ß¢÷Èπ  ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘¢Õß “√‚¥¬„™â‡µ“‰øøÑ“  „Àâ‡§√◊ËÕß
«—¥®√‘ßÕà“πÕÿ≥À¿Ÿ¡‘ Ttrue ·≈–‡§√◊ËÕß∑’Ë √â“ß¢÷Èπ (§Õ¡æ‘«-
‡µÕ√å) Õà“πÕÿ≥À¿Ÿ¡‘ Tmeasure  ∫—π∑÷°º≈≈ß„πµ“√“ß·≈â«
æ≈Õµ°√“ø·∑àß

4) ‡¡◊ËÕ‰¥â∑”µ“¡¢—ÈπµÕπ 1 ∂÷ß 3 ·≈â«§Õ¡æ‘«‡µÕ√å
∑’Ë„™â “√∑’Ë‡µ√’¬¡‰¥â‡ªìπÀ—««—¥®–∑”Àπâ“∑’Ë‡ªìπ‡§√◊ËÕß«—¥
Õÿ≥À¿Ÿ¡‘‡§√◊ËÕßÀπ÷Ëß   ∑¥≈Õß‚¥¬π”‰ª«—¥Õÿ≥À¿Ÿ¡‘„π™à«ß
26 oC ∂÷ß 100 oC ‡æ◊ËÕ∑’Ë®–¥Ÿ«à“Õà“πÕÿ≥À¿Ÿ¡‘‰¥âÀ√◊Õ‰¡à

º≈·≈–«‘‡§√“–Àåº≈°“√∑¥≈Õß

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

§«“¡√âÕπ®“°°“√‡º“∑”„ÀâπÈ”·≈– “√Õ‘π∑√’¬å∑’Ë¡’
®ÿ¥À≈Õ¡‡À≈«µË”À“¬‰ª  ¡’√Ÿæ√ÿπ‡°‘¥¢÷Èπ∫â“ß  Õ–µÕ¡‡°‘¥
°“√‡§≈◊ËÕπ∑’Ë‡π◊ËÕß®“°º≈¢Õß§«“¡√âÕπ®π°√–∑—Ëß‡°‘¥°“√
À≈Õ¡√«¡µ—«¢Õß “√ 2 ™π‘¥°≈“¬‡ªìπ°âÕπ “√ Ÿµ√„À¡à∑’Ë

Figure 3.  X-ray diffraction pattern for MnO+0.04CuO

¡’‡π◊ÈÕ·πàπ  ≈—°…≥–¢Õß “√®–·¢Áß  ·µà‡ª√“–  °“√º ¡
ºß¢Õß “√„Àâ°√–®“¬ ¡Ë”‡ ¡Õ·≈–Õÿ≥À¿Ÿ¡‘°“√‡º“¡’º≈µàÕ
 ¡∫—µ‘‡™‘ß‰øøÑ“¢Õß “√ °âÕπ “√¡’°“√À¥µ—«À≈—ß®“°ºà“π
°“√‡º“ ÷́Ëß —ß‡°µ‰¥â®“°‡ âπºà“»Ÿπ¬å°≈“ß¢Õß “√∑’Ë≈¥≈ß
 “√∑’Ë‡µ√’¬¡‰¥â‡ªìπ°âÕπ√Ÿª®“π ’¥”    “√¡’§«“¡Àπ“ 0.4

¡¡ ·≈–‡ âπºà“»Ÿπ¬å°≈“ß 10.1 ¡¡

2. º≈°“√»÷°…“≈—°…≥–¢Õß “√¥â«¬‡∑§π‘§°“√‡≈’È¬«‡∫π

¢Õß√—ß ’‡Õ°´◊‚¥¬„™â‡§√◊ËÕß XRD

‡¡◊ËÕæ‘®“√≥“·æ∑‡∑‘√åπ°“√‡≈’È¬«‡∫π¢Õß√—ß ’‡Õ°´å
æ∫«à“‡ø ¢Õß “√‡ªìπ Cu

1.4
Mn

1.6
O

4
 ´÷Ëß‡ªìπ‡ø ‡¥’Ë¬«¥—ß

· ¥ß„π Figure 3  ‚§√ß √â“ßº≈÷°¢Õß “√Õ¬Ÿà„π√–∫∫
§‘«∫‘° (cubic system)  √–π“∫¢Õßº≈÷°∑’Ëæ∫‰¥â·°à (111),

(220), (311), (222), (400), (422), (511), (440) ·≈–
(533)

3. º≈°“√∑”¢—È«‰øøÑ“·≈–°“√«—¥§«“¡µâ“π∑“π‰øøÑ“¢Õß

 “√∑’ËÕÿ≥À¿Ÿ¡‘„π™à«ß 24 ∂÷ß 140
 o

C

°“«‡ß‘π∑’Ë„™â∑”‡ªìπ¢—È«‰øøÑ“‰¥â §«“¡µâ“π∑“π‰øøÑ“
¢Õß‡ß‘π„π¢≥–∑’ËÕ¬Ÿà„π ¿“æ¢Õß¢—È«¡’§à“ª√–¡“≥ 0.2Ω
§«“¡µâ“π∑“π‰øøÑ“∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ  ¢Õß “√∑’Ë‡µ√’¬¡
· ¥ß„π Figure 4  à«π§«“¡µâ“π∑“π‰øøÑ“∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ
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¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“· ¥ß„π Figure 5

§«“¡µâ“π∑“π‰øøÑ“¢Õß “√∑’Ë‡µ√’¬¡‰¥â≈¥≈ß§àÕπ
¢â“ß‡√Á«„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ    “√∑’Ë‡µ√’¬¡‰¥â· ¥ß
 ¡∫—µ‘¢Õß‡´√“¡‘° å°÷Ëßµ—«π” (semiconducting ceramics)

·≈–¡’§«“¡‡°’Ë¬«¢âÕß°—∫™àÕß«à“ßæ≈—ßß“π¢Õß “√·≈–°“√
π”‰øøÑ“ ‡°‘¥®“°æ“À–‰øøÑ“∑’Ë‡ªìπÕ‘‡≈Á°µ√Õπ  “‡Àµÿ∑’Ë
§«“¡µâ“π∑“π‰øøÑ“≈¥≈ß„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ‡°‘¥
®“°Õ‘‡≈Á°µ√Õπ¬â“¬®“°·∂∫«“‡≈π´å‰ª¬—ß·∂∫°“√π”

(Moulson ·≈– Herbert, 1990)   §«“¡µâ“π∑“π¢Õß
‡∑Õ√å¡‘ ‡µÕ√å∑’Ë∑”¡“®“° “√∑’Ë‡µ√’¬¡·≈–‡∑Õ√å¡‘ ‡µÕ√å∑’Ë
„™â„π∑“ß°“√§â“∑’ËÕÿ≥À¿Ÿ¡‘„π™à«ß  24  ∂÷ß  140 oC  ¡’§à“
· ¥ß¥—ß ¡°“√ R = 7.0544e-0.0218T  (sample’s thermis-

tor) ·≈– R = 18.01e-0.025T  (commercial thermistor)

§«“¡ —¡æ—π∏å√–À«à“ß R °—∫ T  Õ¥§≈âÕß°—∫ ¡°“√ (1)

πÕ°®“°π’È  ‡¡◊ËÕæ‘®“√≥“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡µâ“π
∑“π‰øøÑ“°—∫Õÿ≥À¿Ÿ¡‘¢Õß “√‡∑Õ√å¡‘ ‡µÕ√å∑’Ë∑”¡“®“° “√
MnO+ 0.4CuO ·≈– ‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“ º≈
ª√“°Æ«à“¡’≈—°…≥–§≈â“¬°—π  ‡¡◊ËÕπ”º≈°“√§”π«≥§à“ α
Õÿ≥À¿Ÿ¡‘¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë∑”¡“®“° “√ MnO+0.4CuO

‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“·≈–‡∑Õ√å¡‘ ‡µÕ√å∑’Ë¡’ºŸâ
√“¬ß“π„πÀπ—ß ◊Õ (Buchanan, 1991) ¡“‡ª√’¬∫‡∑’¬∫°Á‰¥â
º≈„°≈â‡§’¬ß°—π¥—ßπ’È

α = -0.021 oC-1 (MnO+0.4CuO’s prepared

thermistor)

α = -0.026 oC-1 (commercial thermistor)

α = - 0.01 ∂÷ß - 0.06 oC-1 (Buchanan, 1991)

§«“¡µâ“π∑“π‰øøÑ“ “√ MnO+0.4CuO ‰¡à§àÕ¬‡ª≈’Ë¬π
·ª≈ßµ“¡‡«≈“„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë  ‰¡à‡ª≈’Ë¬π·ª≈ßµ“¡
§«“¡‡¢â¡· ß·≈–· ¥ß ¡∫—µ‘‡ÕÁπ∑’ ’́ (NTC effect) ®÷ß
‡À¡“– ”À√—∫π”‰ªª√–¬ÿ°µå∑”‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘‰¥â

4. º≈°“√∑¥ Õ∫ “√‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘„π™à«ß 26
o

C ∂÷ß

100 
o

C

º≈°“√∑¥ Õ∫· ¥ß„π Figure 6, 7 ·≈– 8 ‚¥¬
„π Figure 6   · ¥ß§«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘®“°
‡§√◊ËÕß®√‘ß (Ttrue) °—∫·√ß¥—π‰øøÑ“∑’Ëµ°§√àÕ¡ “√ (AV)

¥—ß ¡°“√

Ttrue = 33.887*AV*AV - 230.08*AV + 417.3

 ¡°“√π’È„™â ”À√—∫°“√ª√—∫‡∑’¬∫ “√∑’Ë‡µ√’¬¡‰¥â‡æ◊ËÕ„Àâ∑”
Àπâ“∑’Ë‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘ Figure 7 · ¥ß°“√‡ª√’¬∫‡∑’¬∫
§«“¡·µ°µà“ß√–À«à“ßÕÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß®√‘ß (Ttrue) °—∫
Õÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß √â“ß (Tmeasure)  Figure 8  · ¥ß
‡ªÕ√å‡ Á́πµå§«“¡·µ°µà“ß√–À«à“ßÕÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß®√‘ß°—∫
Õÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß √â“ß

Figure 4. Resistance vs temperature for MnO+

0.4CuO

Figure 5. Resistance vs temperature for commer-

cial thermistor
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Figure 6. Temperature vs analog voltage at

26 
o
C - 100 oC

Figure 7. Comparison between true temperature(Ttrue) and measured temperature (Tmeasure)

at 26 
o
C - 100 

o
C

‡¡◊ËÕæ‘®“√≥“®“°√Ÿªæ∫«à“Õÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß®√‘ß
°—∫Õÿ≥À¿Ÿ¡‘ ®“°‡§√◊ËÕß √â“ß¡’‡ªÕ√å‡´Áπµå§«“¡·µ°µà“ßÕ¬Ÿà„π
™à«ß -7.85 oC ∂÷ß +5.74 oC  (Figure 8)   “√ MnO+

0.4CuO ¡’ ¡∫—µ‘‡™‘ßøî ‘° å‡ªìπ‡∑Õ√å¡‘ ‡µÕ√å·∫∫ NTC

·≈– “¡“√∂π”‰ª∑”‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘„π™à«ß 26 oC ∂÷ß
100 oC ‰¥â

 √ÿªº≈°“√∑¥≈Õß

 “√∑’Ë‡µ√’¬¡‰¥â¡’≈—°…≥–‡ªìπ°âÕπ√Ÿª®“π∑’Ë¡’§«“¡
Àπ“·≈–‡ âπºà“»Ÿπ¬å°≈“ß 0.4 ¡¡ ·≈– 10.1 ¡¡  §«“¡
µâ“π∑“π‰øøÑ“¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë∑”¡“®“° “√∑’Ë‡µ√’¬¡
·≈–‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ · ¥ß
¥—ß ¡°“√

R = 7.0544e-0.0218T (sample’s thermistor)  ·≈–
R = 18.01e-0.025T (commercial thermistor) ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫ ¡°“√ R vs T ¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë‡µ√’¬¡‰¥â
°—∫‡∑Õ√å¡‘ ‡µÕ√å∑’Ë„™â„π∑“ß°“√§â“æ∫«à“√Ÿª·∫∫ ¡°“√‡ªìπ
·∫∫‡Õ°´‚ª‡ππ‡™’¬≈´÷Ëß§≈â“¬°—π¡“°   §«“¡µâ“π∑“π
‰øøÑ“¢Õß “√¡’§à“≈¥≈ßÕ¬à“ß√«¥‡√Á«„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡
¢÷Èπ„π≈—°…≥–∑’Ë§≈â“¬°—π    §à“ —¡ª√– ‘∑∏‘ÏÕÿ≥À¿Ÿ¡‘¢Õß
§«“¡µâ“π∑“π‰øøÑ“∑’Ë‡ªìπ≈∫ (α) ¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë∑”
¡“®“° “√ MnO+0.4CuO  ¡’§à“ -0.021 oC-1 ‡π◊ËÕß®“°
§à“ —¡ª√– ‘∑∏‘ÏÕÿ≥À¿Ÿ¡‘¢Õß§«“¡µâ“π∑“π‰øøÑ“‡ªìπ≈∫
¥—ßπ—Èπ “√∑’Ë‡µ√’¬¡‰¥â‡ªìπ‡∑Õ√å¡‘ ‡µÕ√å™π‘¥ NTC   “√¡’
§«“¡‰«µàÕ°“√µÕ∫ πÕßµàÕÕÿ≥À¿Ÿ¡‘¡“° ¥—ßπ—Èπ®÷ß‡À¡“–
 ”À√—∫∑”‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘  π”‰ª„™â„π°“√‡√’¬π°“√ Õπ
‰¥â  “√∑’Ë‡µ√’¬¡·≈–√–∫∫°“√Õà“πÕÿ≥À¿Ÿ¡‘¥â«¬§Õ¡æ‘«‡µÕ√å
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MnO+0.4CuO's thermistor

Panmatarith,  T.,  et al.

 “¡“√∂«—¥Õÿ≥À¿Ÿ¡‘‰¥â„π™à«ß 26 oC ∂÷ß 100 oC ‚¥¬¡’
‡ªÕ√å‡´Áπ§«“¡§≈“¥‡§≈◊ËÕπ°“√«—¥Õ¬Ÿà„π™à«ß -7.85 oC ∂÷ß
+5.74 oC

≈—°…≥–‡©æ“–¢Õß‡∑Õ√å¡‘ ‡µÕ√å∑’Ë∑”¡“®“° “√
MnO+0.4CuO ¡’¥—ßπ’È

1) Õÿ≥À¿Ÿ¡‘°“√‡º“°âÕπ “√‰¡à Ÿß¡“°´÷Ëß®–ª√–À¬—¥
§à“„™â®à“¬„π°“√ √â“ßÀ√◊Õ´◊ÈÕ‡µ“À≈Õ¡

2) ¡’‡ ∂’¬√¿“æ∑“ß‰øøÑ“ (electrical stability,

∆R/∆t) ¥’
3) ‰¡à· ¥ß ¡∫—µ‘¢Õß‰¥Õ‘‡≈Á°µ√‘°
4) ‰¡àµÕ∫ πÕßµàÕ· ß
5) ¡’§«“¡‰«µàÕ°“√µÕ∫ πÕß§«“¡√âÕπ
6) ‡ âπ‚§âß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡µâ“π∑“π

‰øøÑ“ °—∫Õÿ≥À¿Ÿ¡‘¡’≈—°…≥–‡√’¬∫À√◊Õ‰¡à¡’æ’§
7) ¡’§à“ α = -0.021 oC-1 ´÷Ëß„°≈â‡§’¬ß°—∫¢Õß∑“ß

°“√§â“ (α = -0.026 oC-1)

8) ¡’§«“¡µâ“π∑“π‰øøÑ“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‰¡à Ÿß (4.26

kΩ) ´÷Ëß –¥«°µàÕ°“√ÕÕ°·∫∫«ß®√‡§√◊ËÕß«—¥Õÿ≥À¿Ÿ¡‘
9)  “¡“√∂∑”‡ªìπÀ—««—¥Õÿ≥À¿Ÿ¡‘∑’Ë„™â§Õ¡æ‘«‡µÕ√å

Õà“πÕÿ≥À¿Ÿ¡‘‰¥â

Figure 8. Relation between % temperature difference and true temperature(Ttrue) of commercial

   thermistor at 26 
o
C - 100 

o
C

°‘µ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°‚§√ßß“ππ—°»÷°…“
¢Õß¿“§«‘™“øî ‘° å ∑ÿπ∑”ß“π·≈°‡ª≈’Ë¬π·≈–∑ÿπ π—∫ πÿπ
°“√«‘®—¬®“°‡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
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