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    ¥»¬ã̈s¥H»É·í¤¤¤ßª÷ÄÝ¡A¥Hª«²z®ð¬Û»]Áá
ªk±NCuPc ¤Î»]Áá¦b¬Á¼þ°òªO¡Bª÷°ò½è­±¥H¤Î¹q
·¥¤W¡AÂÇ¥Ñ§ïÅÜ¼ö³B²z±ø¥ó̈Ó»s³ÆÁ¡½¤¡Ä Ã§Q
¥ÎX¥úÂ¶®gªk(XRD)¤Î±½́y¦¡¹q¤lÅã·LÃè¡]SEM¡^
¤ÀªR̈ äÁ¡½¤́¹¬Û¤Îªí­±µ²ºc¡Ä Ã±°́Q̈ ä¹ï¤G®ñ
¤Ǽá®ðÅé·Ṕ ú̄S©Êªº¼vÅT¡C

´NÁ¡½¤µ²ºc¦Ó̈¥¡A̧ g¼ö³B²z«áCuPc ªí­±§Î
ºA¥ÑµLµ²́¹¤è¦VÅÜ¬°»P°òªO¶É±×ªºµ²́¹¤è¦V¡C
¦b¤G®ñ¤Ǽá®ðÅé·Ṕ úªºµ²ªGµo²{¡A¥¼̧g¼ö³B²z
ªºÁ¡½¤¦]µLµ²́¹©Ê¦Ó¦³̧û¤jªºªí­±¿n¡A¬GÆF±Ó
«×³Ì¤j¡A¦ý©Ò»Ýªº¦^́ _®É¶¡¤]³Ìªø¡C

Abstract
(Keywords: Copper phthalocyanine, gas
sensor,film structure. Response characteristics)

Copper phthalocyanine (CuPc) was vacuum
deposited onto substrates of glass, gold, and
electrode to study the effects of heat treatment on
the film structure and the related sensing
properties to NO2. The surface morphology and
the crystal structure are investigated by scanning
electron microscopy (SEM) and X-ray diffraction
(XRD), respectively. The films without heat
treatment showed an amorphous and fine-grain
structure. Due to its looser structure, a higher
surface area and thus, higher sensitivity were
resulted. However, the recovery time is longer,
which is related to the in-diffusion of NO2 into the
bulk phase.

¤G¡B­p¹º½t¥Ñ»P¥Øªº
¦³¾÷¥b¾ÉÅé§÷®Æ¦]»Ý̄S©wªº®ðÅé¤À¤l¤~·|

¸ò¥¦§lªþ²£¥Í¤ÏÀ³¡A©Ò¥Ḧ ä¿ï¾Ü©Ȩ̂ûª÷ÄÝ®ñ¤Æ
ª«¥b¾ÉÅé§÷®Æ̈Î¡C̈ ä®ðÅé¿ï¾Ü©Ê«Ü®e©ö̧g¥Ñ§ï
ÅÜ¤Æ¾Çµ²ºc¦Ó¼W¥[¡A¥B¥i¦b̧ û§C·Å«×¤U·Ṕ ú®ð
Åé¡]Sadaoka, 1992¡¡̂C

Ügªá«C¡]Phthalocyanine¡¡̂A¦]̈ ã¦³«Ü±jªº
§l¥ú̄à¤O¡A¤S̈ ã¥b¾ÉÅé©Ê½è¡A¦]¦¹±³̀Q¥Î̈Ó°µ
¬°¥ú¾ÉÅé¡A¦³¾÷¤Ó¶§¹q¦À¡B¥ú°O¿ý¾¹µ¥¤§§÷®Æ¡A
ªñ¦~̈ Ó§ó³Q¼sªxªº±°́Q°µ¬°®ðÅé·Ṕ ú¾¹ªº¥ī à
©Ê¡C·íÜgªá«C±µÄ²̈ì®ñ¤Æ©Ê®ðÅé¡A¡]¦p¡GO2, NO,
NO2¡¡̂Ä ä¾É¹q«×·|¼W¥[̈ Ã­°§C¬¡¤Ǣà¡F·í±µÄ²̈ì
ÁÙ­ì©Ê®ðÅé¡]¦p¡GNH3¡^̈ ä¾É¹q«×·|­°§C̈ Ã¼W¥[
¬¡¤Ǣà¡C©Ò¥HÜgªá«C³Q©w̧ q¬°p-«¬¥b¾ÉÅé
¡]Leznoff and Lever, 1992¡¡̂C

Ügªá«Cªºµ²ºc¡A¤¤¶¡ª÷ÄÝ¥i¬°Cu¡APb¡ACo… …
µ¥¡A·í¤¤¶¡ª÷ÄÝM ¤£¦P®É¡A©Ò±ö ìªº®ðÅéÀ³µª
¦æ¬°¥ç·|¦³©Ò¤£¦P¡]Moriya et al., 1993;
Sadaoka et al., 1990¡¡̂C­Y±µ¤Ẅ ú¥N°òR «á¡A
±N¥iÀ°§UÜgªá«C·»©ó¦³¾÷·»¾¡̄Ä ÏÜgªá«C¥i¥Î
L-B ½¤̈H¿nªkÁá½¤¡C®ðÅéÀ³µª¦æ¬°¥ç·|¦]¬°̈ú¥N
°òªº¤£¦P¦Ó¦³©Ò¤£¦P¡]Nabok et al., 1995;
Travis et al., 1995¡¡̂C¥Ñ©óÜgªá«Cµ²ºcªº¦hÅÜ
©Ê¡A§Ú­Ì¥i¥H¿ï¾ǕS©wªº¤¤¤ßª÷ÄÝ¤Î̄S©wªº̈ú
¥N°ò¡AÂÇ¥H±ö ì³Ì̈Îªº®ðÅé·Ṕ ú̄S©Ê¦æ¬°¡C

¤T¡B¬ã̈s¤èªk¤Î¦ª̈G

3.1 °ò½èªº»s³Æ
    ¥»¬ã̈s©Ò̈Ï¥Îªº°ò½è¥]¬A¬Á¼þ¡Bª÷­±¤Î®Þ



 
 
 
 
 
 
 
 
 
 
 
 

     

ª¬¹q·¥¹ï¦]̈ ä¬Á¼þªºªí­±̄à¶q«Ü°ª¡A©Ò¥H®e©ö
ªþµÛªō ×¡B¦³¾÷©ÎµL¾÷µ¥Âø½è¡A¦Ó³ö Ç¦Ã¬Vª«
ªº§lªþ³£·|¼vÅTÁá½¤ªº©Ê½è¡A¬°±±̈îÁá½¤ªº«~
½è¡A»]Áá«e¬Á¼þ°òªO¥²»Ý¥ý̧g¤@©wµ{§Çªº²M
¬~¡C²M¬~«á́Á«e¶i±µÄ²̈¤¬°0,¦Óª÷°ò½è­±«h§Q
¥Î²M¬~«áªº°®²b¥ú¾Ç¬Á¼þ°òªO̧ m©ó̄uªÅ̈t²Î
¤¤¡A¥Hª«²z®ð¬Û»]Áá¦b5×10-5torr ªºÀ£¤O¤U»]
Áá11nmÜg¤Î110nmª÷¡Ä ä»]Áá³t²v¬°0.3nm/¬í¡C
®Þª¬¹q·¥ªº»s³Æ¬O¥H·L¼v»k̈ èªº¤è¦¡»s³Æ¹q
·¥¡C»s³Æªº®Þª¬¹q·¥¡A¶¡¶Z¬°200µm¡A¦@¦³50
¹ï®Þª¬¹q·¥¡C

»s³Æ¦nªº¹q·¥¦b»]Áá«e¥ý®û¤J¤þà¬¬ù12 ¤p
®É«á¡A¦A¥H¤G¬q¤ô̈R¬~¡A³Ì«á®û¤J¤G¬q¤ô¬ù12
¤p®É«á¥Ñ°ª̄Â«×́á®ð§j°®«á̧m©ó¹q¿Oªw·Ó®g°®
Àê¡C
3.2 ¦³¾÷ª÷ÄÝÁ¡½¤ªº»s³Æ
    Ügªá«C·Ṕ ú§÷®Æ¥Hà»¡]Mo¡½̂èKnudsen cell
»]µo·½²±̧ü¡A»]µo·½³»³¡¦³ª½®|1mm ªº¤Õ¬}¡C
±N»s³Æ¦nªº°ò̧m¤J̄ uªÅ̈t²Î¡A¹ï»]µo·½³q¥Hª½
¬y¹q·½¡A§Q¥Î¹qªýµo¼ö¤è¦¡̈Ï»]Ááª«̈ü¼ö¦Ó»]
µo¡C»]Ááª«½¤«p¤§¦ô­p¬O±Ä¥Î½¤«p°»́ú¾¹¡Ä ä
­ì²z¬O§Q¥Î¥Û­®̂¶Àú¤ù¦b»]Áá®É®¶ÀúÀW²vªº§ï
ÅÜ¦Ó¦ô­p»]Ááª«¤§«p«×»P»]Áá³t²v¡A§Q¥Îª½¬y
¹q·½ªº±±̈î¡Ä Ï»]Áá³t²v±±̈î¦b0.3nm/¬í¤U¦Ó
±o½¤«p200nm¡C
3.3 ¼ö³B²z

»]Áá«á¤§Á¡½¤©ñ¦b¾Tºä¤W̧ m¤J°ª·ÅÄl¤¤¡A¥Ñ
PID ±±̈î̈Ï°ª·ÅÄl«O«ù¦b300¢J©Î250¢J¡A°ª·Å
Älªº̈âºÝ¥H­@¼ö́Ö«Ê¦í¥ï Ï°ª·ÅÄl¤ºªº·Å«×§¡
¤Ã¡C¼ö³B²z®É¶¡¥Ñ¼Æ¦ì¦¡¦h¥\̄ à©w®É¾¹±±̈î¡A
¥[¼ö®É¶¡¤@̈ ì§Y°±¤î¥[¼ö¡A±N°ª·ÅÄl̈ âºÝªº­@
¼ö́Ö̈ú¤U¡A¦ÛµM§N«o¦Ü«Ç·Å¡C

3.4 ¤G®ñ¤Ǽá¤§·Ṕ ú
¤G®ñ¤Ǽá®ðÅé·Ṕ ú¾¹̈t²Î¦p¹Ï1©Ò¥Ü¡C¥Ñ©ó

¦³¾÷Á¡½¤ªº¹qªý«Ü°ª¡A«ÜÃøª½±µ¶q±o¡A¬G§Ú­Ì
±NÁ¡½¤»P°ªºë±K¹qªýRr¡]10M£[¡¦̂êÁp¡A¥Hª½¬y
¹q·½̈ÑÀ³¾¹́£̈Ñ¹qÀ£¡]VD¡A2.00V¡¡̂A¥H¤T¥Î¹qªí
´ú¶qºë±K¹qªýRr¨âºÝªº¹qÀ£Vr¡A«h¦³¾÷Á¡½¤ªº
¹qªýRs¥i¥Ñ¡]1¡¦̂¡­pºâ̈D±o
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¥|¡Bµ²ªG»P°Q½×

4.1 ¼ö³B²z¹ï»ÉÜgªá«CÁ¡½¤µ²ºcªº¼vÅT
¹Ï2¬O¦b¤£¦P°òªO¤W¦ª̈øªºCuPcÁ¡½¤¦b300

¢J¤U¼ö³B²z«áªºXRD ¹ÏÃÐ¡C¹Ï2 Åã¥Ü¡A¼ö³B²z
«áCuPc Á¡½¤¦b2θ=6.92¢X¡]D=12.77Å ¡§̂¡¦³¤@
±jªºÂ¶®g®p¡A¦¹ªí¥Ü¼ö³B²z«eβ¬ÛªºCuPc ¸g¥Ñ
¼ö³B²z«á̈ä́¹¬Û¤£·|§ïÅÜ¡A¦ý̈äµ²́¹«×«hÀH¼ö
³B²z®É¶¡¼W¥[¦ÓÅÜ¤j¡C

¦bª÷°ò­±¤W¦ª̈øªºCuPc Á¡½¤̧g¥Ñ¼ö³B²z
«á¡A¦b2θ=7.03¢X¡]D=12.57Å ¡¦̂³¤@±jªºÂ¶®g
®p¡A§YÁ¡½¤¥ÑµLµ²́¹©ÊÅÜ¬°β¬Ûµ²́¹¡C

SEM Æ[¹î¹Ï¦p¹Ï3©Ò¥Ü¡C¦b¬Á¼þ°òªO¤W¦ª̈ø
¤§CuPc¡A§Î¦·̈L¤pÁû²Éµ²́¹(¬ù65nm)¡Á ¹²É»P
´¹²É¶¡̈Ã¤£¬Û³s¡AÁ¡½¤¥Ñ³ö Ç·L¤ṕ ¹²É°ïÅ|¦Ó
¦¡̈A¥ÑXRD ¤ÀªR¦¹§ÎºA¬°β¬Ûµ²́¹¡C¼ö³B²z«áÁ¡
½¤ªºªí­±§ÎºA¦³©úÅã§ïÅÜ¡A¼ö³B²z2 ¤p®É«á¡A
Á¡½¤¥ÑµLµ²́¹¤è¦VÂàÅÜ¦¦̈³©úÅã¤è¦Vµ²́¹²£
¥Í¡C̈ äµ²́¹°ïÅ|¤è¦V̈ Ã¤£¬O¥­¦æ©Î««ª½¬Á¼þ°ò
ªO¡A¦Ó¬O»P¬Á¼þ°òªO§¤̈@§¨̈¤¡A¥ç§YÁ¡½¤¬O¶É
±×¦a¥Ñ¬Á¼þ°òªO©¹¤Wµ²́¹°ïÅ|¡A¦ý¾ã­ÓÁ¡½¤̈Ã
¤£¬O¥u¦³¤@­Óµ²́¹°ïÅ|¤è¦V¡A¥ÑSEM ·Ó¤ù¤¤¥i
ª¾¦Ü¤Ö¦³¥|­Óµ²́¹¤è¦V¡C¼ö³B²z4 ¤p®É«á¡Aµ²
´¹°ïÅ|¤è¦V¤£ÅÜ¡Aµ²́¹¥Ñ¼ö³B²z2 ¤p®Éªº¤ùª¬
µ²́¹ÅÜ¦¬̈Wª¬µ²́¹¡C¼ö³B²z6 ¤p®É«á¡Aµ²́¹§Î
ª¬¤è¦V¤£ÅÜ¡A¦ý¦³̧û¤jªº¬Wª¬µ²́¹¡C

¦bª÷°ò½è­±¦ª̈ø¤§CuPc ªí­±§ÎºA»P¬Á¼þ°ò
ªO¤Wªº¬Û¦ü¡A¦ý¥ÑXRD ¤ÀªR¥iª¾¦¹§ÎºA¬°µLµ²
´¹©Ê¡Ç g¼ö³B²z2 ¤p®É«á¡AÁ¡½¤¤¤Áû²Éª¬µ²́¹
ÂàÅÜ¦¤̈ùª¬µ²́¹¡Aµ²́¹°ïÅ|¤è¦V»Pª÷°ò½è­±ªº
§¨̈¤¤ñ¦b¬Á¼þ°òªO¤W¦ª̈øªº¤p¡Aµ²́¹°ïÅ|¤è¦V
´X¥G¥­¦æª÷°ò½è­±¡C¼ö³B²z4 ¤p®É«á¡Aµ²́¹°ï
Å|¤è¦V§ïÅÜ¡A»Pª÷°ò½è­±ªº§¨̈¤ÅÜ¤j¡ASEM ·Ó¤ù
¤¤¥k¤Ü ¤³Bªºµ²́¹°ïÅ|¤è¦V««ª½ª÷°ò½è­±¡Aµ²
´¹¥Ñ¼ö³B²z2 ¤p®Éªº¤ùª¬µ²́¹ÅÜ¦¬̈Wª¬µ²́¹¡C
¼ö³B²z6 ¤p®É«á¡Aµ²́¹¤è¦V»P§Îª¬¤£ÅÜ¡A¬Wª¬
µ²́¹§ó©úÅã¡A¦ý́¹²ÉÅÜ¤p¡C

4.2 ¼ö³B²z¹ï»ÉÜgªá«C·Ṕ ú¤G®ñ¤Ǽáªº¼vÅT
¹Ï4 ¬°¤£¦P¼ö³B²z±ø¥óªºCuPc Á¡½¤¹ï

100ppm ¤G®ñ¤Ǽá®ðÅé·Ṕ úªº¹qªýÅÜ¤Æ±¡§Î¡C¦b
³q¤J30 ¤ÀÄÁ¤G®ñ¤Ǽá®ðÅé«á¡A¥u¦³¥¼̧g¼ö³B²z
ªºCuPc ¹F̈ ìÃ­©w¹¡©M¹qªý¡A̧ g¥Ñ¼ö³B²z«áªº
CuPc «h§_¡C¥ÑXRD ¤ÀªR¥iª¾¼ö³B²z«e«áÁ¡½¤§¡
¬°β¬Ûµ²́¹¡A¦ý¥ÑSEM ¥iª¾¡A¥¼¼ö³B²zªºCuPc
Á¡½¤¡Aµ²́¹̧ûµL¤è¦V©Ê¡A¥ç§Yµ²ºç ûÃṔ ²¡A¬G
¥i¥H«Ü§Ö¦a¹F̈ ì¹¡©M¡C



 
 
 
 
 
 
 
 
 
 
 
 

     

¹Ï5(a)¬°¼ö³B²z¹ïCuPc ·Ṕ ú¤G®ñ¤ǼáÆF±Ó
«×ªº¼vÅT¡A¦b¦¹ÆF±Ó«×ªº©w̧ q¬°

  

sRGySens i t i vi t0==

,¨ä¤¤

G0¡BR0¡G¦b́ á®ð¤¤Á¡½¤ªº¹q¾É»P¹qªý
Gs¡BRs¡G¦b¤G®ñ¤Ǽá®ðÅé¤¤Á¡½¤ªº¹q¾É»P¹qªý

¥Ñ¹Ï¥iª¾¡A¥¼¼ö³B²zCuPc ·Ṕ ú¤G®ñ¤Ǽá®ð
ÅéªºÆF±Ó«×³Ì¤j¡A̧ g¥Ñ¼öªº³B²z«áCuPc ªºÆF±Ó
«×·|¤U­°¡AÀHµÛ¼ö³B²z®É¶¡ªº¼W¥[¡AÆF±Ó«×¥ç
¼W¥[¡C¥ÑSEM ¥iª¾¡A¥¼¼ö³B²zªºCuPc Á¡½¤µ²ºc
¸ûÃṔ ²¦Ó¦³̧û¤jªºªí­±¿n¡A¬GÆF±Ó«×̧û°ª¡C¼ö
³B²z«áÀHµÛ¼ö³B²z®É¶¡¼W¥[¡Ä ä́¹¬Û¤Îªí­±§Î
ºÄ Ã̈S¦³©úÅã§ïÅÜ¡A¬GÆF±Ó«×ÀHµÛ¼ö³B²z®É¶¡
¼W¥[ªº́T«×¤£¬O«Ü¤j¡C

¹Ï5(b)¬°¼ö³B²z¹ïCuPc ·Ṕ ú¤G®ñ¤Ǽá¦^́ _
®É¶¡ªº¼vÅT¡A¦b¦¹¦^́ _®É¶¡ªº©w̧ q¬°Á¡½¤¹qªý
¦^́ _¦Ü°_©l¹qªýªº¬Y¤@̄ S©w¦Ê¤À¤ñ©Ò»Ýªº®É
¶¡¡C¥Ñ¹Ï¥iª¾¡A¦^́ _¦Ü25%»P50%ªºÁÍ¶Õ¬Û¦P¡A
¥¼¼ö³B²zªºCuPc ¦^́ _®É¶¡³Ìªø¡A̧ g¥Ñ¼ö³B²z«á
¦^́ _®É¶¡ÅÜµu¡A¦ýÀHµÛ¼ö³B²z®É¶¡ªº¼W¥[¡A¦^
´_®É¶¡¥çÅÜªø¡CCampbell and Collins (1997)
«ü¥X¥u­n¼ÉÅS®É¶¡¤£­n̈ Ï®ðÅéÂX́ ²¦Ü§÷®Æ¤º¡A
PbPc ¹ïNO2ªºÀ³µª¤Î¦^́ _®É¶¡§Y¥i¦³³Ì̈Î­È¡C­Y
ÃnÅS®É¶¡¤Óªø¡Ä Ï®ðÅéÂX́ ²¦Ǘ¹Åé¤º³¡́N·|̈ S
¦³¦^́ _©Ê¡C50%®ðÅé¦s¦b©ó½¤ªºªí­±©Îªþªñ¡Ä ä
¾lªº®ðÅé¥H¬Û¹ïºCªº³t«×(one molecular layer
/ hr )ÂX́ ²¦Ü½¤¤º¡CNO2»PPbPc ¤À¤l¦b½¤¤ºªº¤ñ
¨Ò¬°4:1¡A¦Ó®ðÅé«h¦s¦b©óPb2

+©ÎPbPc ªºÃä½t¡C
¥Ñ¦¹¥iª¾¡A¥¼¼ö³B²zªºCuPc Á¡½¤¦]³Ì¦­¹F̈ ì¹¡
©M¡A©Ò¥H¤G®ñ¤Ǽá®ðÅéÂX́ ²¦Ü§÷®Æ¤º¦Ó²æªþ¤£
©ö¡A¬G¦^́ _®É¶¡³Ìªø¡C¥Ñ©ó¼ö³B²z«áªºÆF±Ó«×
¬OÀHµÛ¼ö³B²zªº®É¶¡¼W¥[¦Ó¤W¤É¡A¬G̈ ä¦^́ _®É
¶¡¤]́ NÀHµÛ¼ö³B²zªº®É¶¡¼W¥[¦Ó¼W¥[¡C
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¤»¡B¹Ïªí

¹Ï1 ¤G®ñ¤Ǽá®ðÅé·Ṕ ú̈t²Î

¹Ï2 ¼ö³B²z¹ïCuPc ¦b¤£¦P°òªO¤W¦ª̈ǿ¹¬Ûªº¼vÅT
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¡]a¡^ ¡]b¡^

¹Ï3  ¼ö³B²z¹ïCuPc ¼vÅTªºSEM ·Ó¤ù¡C¡]a¡-̂¡]d¡¬̂Á¼þ°òªO¡A¡]e¡-̂¡]h¡ª̂÷°ò½è­±¡C¼ö³B²z®É¶¡¡G¡]a¡¡̂]e¡0̂ ¤p®É;
(b)(f¡2̂ ¤p®É¡F¡]c¡¡̂]g¡4̂ ¤p®É¡F¡]d¡¡̂]h¡6̂ ¤p®É¡C©ñ¤j­¿²v¬°15K¡C

¹Ï4 ¼ö³B²z®É¶¡¹ïCuPc ·Ṕ ú¤G®ñ¤Ǽáªº¼vÅT¡C
¹Ï5 ¼ö³B²z®É¶¡¹ïCuPc ·Ṕ ú¤G®ñ¤Ǽáªº¼vÅT(a)ÆF±Ó
«×¡A(b)¦^́ _®É¶¡¡C

04000800012000tme (sec)0.0E+01.0E+82.0E+83.0E+8
Resstance(ohm)

0 hr2 hr4 hr6 hr
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