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Abstract
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Diamond film growth with modification properties of adhesion

between substrate and diamond film
Songklanakarin J. Sci. Technol., 2004, 26(2) : 259-268

Diamond film growth was studied using chemical vapor deposition (CVD). A special equipment was

build in-house, employing a welding torch, and substrate holder with a water-cooling system. Acetylene and

oxygen were used as combustion gases and the substrate was tungsten carbide cobalt. It was found that

surface treatments, such as diamond powder scratching or acid etching, increase the adhesion and prevent

the film peel-off. Diamond powder scratching and combined diamond powder scratching with acid etching

gave  the  similar  diamond  film  structure  with  small  grain  and  slightly  rough  surface.  The  diamond  film

obtained with both treatments has high adhesion and can withstand internal stress better than ones obtained

by untreated surface or acid etching alone. It was also found that higher substrate temperature produced

smoother surface and more uniform diamond grain.
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°“√«‘®—¬π’È‰¥â»÷°…“°“√ —ß‡§√“–Àåøî≈å¡‡æ™√‚¥¬«‘∏’ Chemical Vapor Deposition (CVD) ́ ÷Ëß‰¥âÕÕ°·∫∫æ—≤π“

·≈– √â“ß‡§√◊ËÕß¡◊Õº≈‘µøî≈å¡‡æ™√¢÷Èπ¡“‚¥¬‡©æ“– ª√–°Õ∫¥â«¬À—«‡™◊ËÕ¡·°ä ‚¥¬„™â°ä“´Õ–‡´∑‘≈’π·≈–°ä“´ÕÕ° ‘́‡®π

√–∫∫À≈àÕ‡¬Áπ¥â«¬πÈ”‡æ◊ËÕ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢Õß∞“π√Õß∑’Ë‡ªìπ∑—ß‡ µπ§“√å‰∫¥å‚§∫Õ≈∑å  º≈°“√∑¥≈Õß æ∫«à“ °“√

‡µ√’¬¡æ◊Èπº‘«Àπâ“∞“π√Õß¥â«¬°“√°—¥°√¥·≈–¢—¥¥â«¬ºß‡æ™√∑”„Àâ “¡“√∂ªÑÕß°—π°“√À≈ÿ¥√àÕπ¢Õßøî≈å¡‡æ™√®“°

∞“π√Õß‰¥â ‚¥¬æ∫«à“°“√¢—¥¥â«¬ºß‡æ™√·≈–°“√°—¥°√¥ ·≈–µ“¡¥â«¬°“√¢—¥¥â«¬ºß‡æ™√„Àâøî≈å¡‡æ™√∑’Ë¡’≈—°…≥–

§≈â“¬°—π °≈à“«§◊Õ º≈÷°¡’¢π“¥‡≈Á°·≈–¡’º‘«Àπâ“À¬“∫‡≈Á°πâÕ¬ øî≈å¡¡’§«“¡·¢Áß·√ß¢Õß°“√¬÷¥‡°“– ŸßæÕ∑’Ë “¡“√∂

∑π§à“§«“¡‡§âπ¿“¬„π‰¥â Ÿß°«à“∞“π√Õß∑’Ë‰¡à‰¥â‡µ√’¬¡º‘«Àπâ“·≈–∞“π√Õß∑’Ë°—¥°√¥Õ¬à“ß‡¥’¬«  πÕ°®“°π’È°“√ª≈Ÿ°

øî≈å¡‡æ™√∑’Ë∞“π√Õß¡’Õÿ≥À¿Ÿ¡‘ Ÿß‰¥âº≈÷°‡æ™√∑’Ë‡≈Á°·≈–º‘«Àπâ“øî≈å¡‡æ™√§àÕπ¢â“ß‡√’¬∫·≈– ¡Ë”‡ ¡Õ°«à“°“√º≈‘µ

øî≈å¡∑’Ë∞“π√Õß¡’Õÿ≥À¿Ÿ¡‘µË”

‡æ™√πÕ°®“°‡ªìπÕ—≠¡≥’∑’Ë¡’§à“ Ÿß¡“°·≈â« ¬—ß‡ªìπ
«— ¥ÿ∑’Ë “¡“√∂π”‰ª„™â„πß“πÕÿµ “À°√√¡ ‡π◊ËÕß®“°‡æ™√
‡ªìπ«— ¥ÿ·¢Áß∑’Ë ÿ¥∑’Ë‡√“√Ÿâ®—°  ‡æ™√®÷ß¡’ ¡∫—µ‘‡À¡“– ¡
 ”À√—∫ß“πª√–‡¿∑°“√µ—¥ °≈÷ß ª“¥ ‡®’¬√ ¥â«¬«‘∏’‡™‘ß°≈
·µà‡π◊ËÕß®“°‡æ™√∑’Ë‡°‘¥µ“¡∏√√¡™“µ‘·≈–‡æ™√∑’Ë —ß‡§√“–Àå
¢÷Èπ¡’√“§“·æß ∑”„Àâ¡’°“√„™âß“π‡æ™√„πß“π‡©æ“–¥â“π
‡∑à“π—Èπ  °“√§âπæ∫°“√¢÷Èπ√Ÿªøî≈å¡‡æ™√¥â«¬«‘∏’ chemical

vapor deposition (CVD) ∑”„Àâ°“√π”‡æ™√¡“„™âß“π„π
«ß∑’Ë°«â“ß¢÷Èπ„π√Ÿª¢Õßøî≈å¡‡æ™√∑’Ë‡§≈◊Õ∫Õ¬Ÿà ‡π◊ËÕß®“°°“√
„™âß“π„π‡™‘ß°≈π—Èπ„™â‡©æ“–∫√‘‡«≥æ◊Èπº‘« —¡º— ‡ªìπ à«π
 ”§—≠ ®÷ß‰¡à®”‡ªìπµâÕß„™â‡æ™√∑—Èß™‘Èπ Àπ÷Ëß„π«‘∏’ CVD ∑’Ë
 “¡“√∂ √â“ßøî≈å¡‡æ™√¢÷Èπ§◊Õ «‘∏’°“√‡º“‰À¡â„π√–∫∫´’«’¥’
(combustion flame CVD)  ´÷Ëß¡’µâπ∑ÿπµË”∑’Ë ÿ¥·≈–¡’
¢—ÈπµÕπ∑’Ë‰¡à¬ÿàß¬“°´—∫´âÕπ ·µà‰¥âº≈÷°‡æ™√∑’Ë‰¡à ¡∫Ÿ√≥å
‰¡à‡À¡“– ¡°—∫ß“π∑“ß¥â“πÕ‘‡≈Á§∑√Õπ‘° å ´÷Ëß‡ªìπ°“√„™â
ß“π∑’Ë ”§—≠Õ’°¥â“πÀπ÷Ëß¢Õßøî≈å¡‡æ™√ ·µà‰¡à¡’ªí≠À“„π
°√≥’π”‰ª„™âß“π∑“ß¥â“π‡™‘ß°≈ ¥—ßπ—Èπøî≈å¡‡æ™√∑’Ë‰¥â®“°
°√–∫«π°“√π’È®÷ß‡À¡“– ”À√—∫°“√π”‰ª„™âß“πµ—¥‚≈À–
πÕ°°≈ÿà¡‡À≈Á° (non-ferrous metal)  Õ¬à“ß‰√°Áµ“¡‰¡à
 “¡“√∂®–π”‰ª„™â°—∫ß“π∑’ËµâÕß°“√§«“¡∑π∑“πµàÕ¿“√–∑’Ë
Àπ—°Àπà«ß (heavy duty) ‰¥â (Murakawa and Takeuchi,

1995; Kanda et al., 1995)  ‰¡à‡À¡“– ”À√—∫µ—¥‚≈À–
°≈ÿà¡‡À≈Á° (ferrous metal) ‡æ√“–«à“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‡°‘¥°“√
ÕÕ°´‘‡¥™—Ëπ·≈–¡’·π«‚πâ¡¢Õß§“√å∫Õπ∑’Ë®–·æ√à‡¢â“‰ª„π
º‘«¢Õß‚≈À–°≈ÿà¡‡À≈Á° (Kanda et al., 1995)

°“√¬÷¥‡Àπ’Ë¬«¢ÕßÕ–µÕ¡§“√å∫Õπ¥â«¬æ—π∏–‚§«“-
‡≈π´å·∫∫µà“ßÊ §◊Õ SP 3 ·≈– SP 2 ∑”„Àâ‡°‘¥‚§√ß √â“ß¢Õß
§“√å∫Õπ„πÀ≈“¬Ê Õ—≠√Ÿª ´÷Ëß “¡“√∂„™â√“¡“π ‡ª°‚µ√-
 ‚§ªï (Àπà«¬‡ªìπ Raman Shift cm-1) ·¬°§«“¡·µ°µà“ß
¢Õß‚§√ß √â“ß§“√å∫Õπ·µà≈–·∫∫‰¥â ´÷Ëß‚§√ß √â“ß§“√å∫Õπ
·µà≈–·∫∫¡’¥—ßµàÕ‰ªπ’È 1. ‡æ™√ (Diamond) ‡°‘¥®“°
Õ–µÕ¡§“√å∫Õπ¬÷¥‡Àπ’Ë¬«°—π¥â«¬æ—π∏–‚§«“‡≈π ǻ·∫∫ SP3

‚¥¬¡’Àπà«¬‡´≈‡ªìπ·∫∫‡ªìπ§‘«∫‘°·≈–æ—π∏–¢ÕßÕ–µÕ¡
§“√å∫Õπ¡’°“√¬÷¥‡Àπ’Ë¬«·∫∫‡µµ√–Œ’¥Õ≈ (tetrahedral)

¡’§à“§ß∑’Ë‚§√ßº≈÷° 3.567 Õ—ß µ√Õ¡ §«“¡¬“«Õ–µÕ¡¢â“ß
‡§’¬ß∑’Ë„°≈â∑’Ë ÿ¥‡∑à“°—∫ 1.54 Õ—ß µ√Õ¡ ·≈–¡’§à“ Raman

Shift ¢Õß§‘«∫‘° 1332 cm-1 ·≈– 1284 cm-1 ´÷Ëß‡ªìπ¢Õß
§“√å∫Õπ 12 ·≈–§“√å∫Õπ 13 µ“¡≈”¥—∫ 2. °√“‰øµå
(Graphite) ‡°‘¥®“°Õ–µÕ¡§“√å∫Õπ¬÷¥‡Àπ’Ë¬«°—π¥â«¬
æ—π∏–‚§«“‡≈π´å·∫∫ SP2 ·≈–Õ–µÕ¡§“√å∫Õπ¡’°“√¬÷¥
‡Àπ’Ë¬«°—∫Õ–µÕ¡¢â“ß‡§’¬ß 3 Õ–µÕ¡„π√–π“∫‡¥’¬«°—π  ¡’
§à“§ß∑’Ë‚§√ßº≈÷° 6.707 Õ—ß µ√Õ¡  §«“¡¬“«Õ–µÕ¡¢â“ß
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‡§’¬ß∑’Ë„°≈â∑’Ë ÿ¥‡∑à“°—∫ 1.42 Õ—ß µ√Õ¡ ·≈–¡’§à“ Raman

Shift ‡∑à“°—∫ 1580 cm-1 (Davis, 1993)  3. ‡æ™√‡ ¡◊Õπ
§“√å∫Õπ (diamond like carbon; DLC) æ∫«à“‡ªìπ
Õ —≥∞“π  ‚§√ß √â“ß¬÷¥°—π¥â«¬Õ—µ√“ à«π¢Õßæ—π∏– SP3/

SP 2 ·≈–¡’§à“ Raman Shift ‡∑à“°—∫ 1550 cm-1  4. º≈÷°
‰¡‚§√°√“‰øµå (microcrystalline graphite) ‡ªìπ‚§√ß √â“ß
∑’Ë¬÷¥°—π¥â«¬æ—π∏– SP 3 ·µà°Áæ∫æ—π∏– SP 2 ∫√‘‡«≥„°≈âÊ
°—∫∫√‘‡«≥¢Õ∫‡°√π·≈–¡’§à“ Raman Shift  ‡∑à“°—∫ 1355

cm-1  5. §“√å∫ÕπÕ —≥∞“π (amorphous carbon) ¡’§à“
Raman Shift „°≈â 1140 cm-1 ´÷ËßÕ“®‡ªìπæ—π∏–·∫∫ SP 3

‡ªìπµâπ (Pierson, 1993)

°“√»÷°…“°“√∑”‡æ™√∑’Ë‡§≈◊Õ∫∫π«— ¥ÿ‡§√◊ËÕß¡◊Õ
(cutting tool) π—Èπ‰¥â√—∫§«“¡ π„®‡æ‘Ë¡¢÷Èπ‡π◊ËÕß®“°‡°‘¥
«— ¥ÿ™π‘¥„À¡à∑’Ë¡’ª√–‚¬™πå ‡™àπ ‡ âπ„¬‡ √‘¡·√ß„πæÕ≈‘‡¡Õ√å
«— ¥ÿ„π√∂¬πµå  Õÿª°√≥åÕ‘‡≈Á§∑√Õπ‘° å∑’Ë¡’§«“¡µâ“π∑“π
µàÕ°“√‡ ’¬¥ ’·≈– ÷°À√Õ Ÿß ·≈–‡§√◊ËÕß¡◊Õ∑’Ë¡’§«“¡·¡àπ¬”
 Ÿß (Kanda et al., 1995)  °“√ —ß‡§√“–Àåøî≈å¡‡æ™√¥â«¬
«‘∏’ combustion flame CVD ‡µ√’¬¡„π∫√√¬“°“»ÀâÕß
æ≈—ßß“π§«“¡√âÕπ∑’Ë„™â„π°“√ —ß‡§√“–Àåøî≈å¡‡æ™√‰¥â®“°
°“√‡º“‰À¡â¢Õß “√µ—Èßµâπ ‡ªìπ√–∫∫‰¡à´—∫´âÕπ °“√∫”√ÿß
√—°…“‰¡à·æß  Õ—µ√“°“√‡°‘¥ Ÿß∑”„Àâ “¡“√∂‡µ√’¬¡øî≈å¡
‡æ™√∫π∞“π√Õß‰¥â„π√“§“∑’Ë‰¡à·æß  ®“°‡Àµÿº≈¥—ß°≈à“«
„πß“π«‘®—¬π’È®÷ß‰¥â∑”°“√ —ß‡§√“–Àåøî≈å¡‡æ™√¥â«¬‡∑§π‘§
combustion flame CVD (Murakawa and Takeuchi,

1993) ®“°ß“π«‘®—¬∑’Ëºà“π¡“‰¥â»÷°…“°“√ —ß‡§√“–Àåøî≈å¡
‡æ™√‚¥¬«‘∏’ combustion flame CVD „™â·°ä ÕÕ°´‘‡®π
·≈–Õ–‡´∑‘≈’πº ¡°—π∑’ËÀ—«‡™◊ËÕ¡·°ä  (Murakawa et al.,

1989, 1989 and 1997) À√◊ÕÕ“®‡ª≈’Ë¬π·°ä Õ–‡´∑‘≈’π‰ª
‡ªìπ‚æ√‡æπÀ√◊Õ¡’‡∑π·≈–º ¡‰Œ‚¥√‡®π‡æ‘Ë¡ (Moriyoshi

et al., 1991) ‡æ◊ËÕ‡æ‘Ë¡Õ—µ√“ à«π¢Õß‡æ™√/Õ —≥∞“π (dia-

mond/amorphous) (Oakes et al., 1991) ‚¥¬ “¡“√∂
 —ß‡§√“–Àåøî≈å¡‡æ™√∫π∞“π√Õß‰¥âÀ≈“¬™π‘¥ ‡™àπ ∑—ß‡ µπ
§“√å‰∫¥å °—∫ 1 ∂÷ß 6.5 ‡ªÕ√å‡´Áπ‚¥¬πÈ”Àπ—°¢Õß‚§∫Õ≈
(WC 1-6.5%wt. Co) (Kikuchi et al., 1988; Murakawa

et al., 1989 and 1990; Peters and Cummings, 1996;

Murakawa and Takeuchi, 1993; Shibuki et al., 1994)

‚¡≈‘∫¥’π—¡  (Garci’a  et  al.,  1996;  Murakawa  et  al.,

1997) «“ßÕ¬Ÿà∫π√–∫∫À≈àÕ‡¬Áπ¥â«¬πÈ” ∞“π√Õß¡’°“√∑”

§«“¡ –Õ“¥¥â«¬‰µ√§≈Õ‚√‡Õ∑∏‘≈’πÀ√◊ÕÕ–´‘‚µπ ·≈–≈â“ß
¥â«¬πÈ”ª√“»®“°‰ÕÕÕπ (Peters and Cummings, 1996)

·≈–¡’°“√‡µ√’¬¡æ◊Èπº‘«¥â«¬°“√¢—¥ºß‡æ™√ (Murakawa

et al., 1989 and Shibuki et al., 1994) ·≈–≈â“ß¥â«¬
‰µ√§≈Õ‚√‡Õ∑∏‘≈’π Õ–´‘‚µπ ·≈–·Õ≈°ÕŒÕ≈å ‡æ◊ËÕ°”®—¥
 “√¡≈∑‘π∑’Ë‡°‘¥®“°°“√¢—¥¥â«¬ºß‡æ™√ (Garci’a et al.,

1996) º≈∑’Ë‰¥â “¡“√∂ —ß‡§√“–Àå‡æ™√‰¥â„πÕ—µ√“ 100-150

‰¡§√Õπ/™¡. (Oakes et al., 1991;  Sarin and Arya,

1995; Murakawa et al., 1989; Matsui et al., 1990)

øî≈å¡‡æ™√∑’Ë‡°‘¥·∫àßÕÕ°‡ªìπ 2  à«π ‰¥â·°à ∫√‘‡«≥µ√ß
°≈“ß·≈– à«π∑’Ë‡ªìπ«ß·À«π√Õ∫Ê µ√ß°≈“ß ‡ªìπ√–¬–∑“ß
0.5-1.0 ¡¡. ‚¥¬∫√‘‡«≥µ√ß°≈“ß‡ªìπ∫√‘‡«≥æ∫‡æ™√∑’Ë¡’
§ÿ≥¿“æ¥’¡“°  ·µà‚¥¬¡“°®–æ∫√Õ¬·µ°∫√‘‡«≥µ√ß°≈“ß
‡π◊ËÕß®“°«à“‡ªìπ∫√‘‡«≥∑’ËÕ¬Ÿà„°≈â‡ª≈«‰ø™—Èπ„π ÷́Ëß¡’Õÿ≥À¿Ÿ¡‘
 Ÿß ÿ¥  ‡¡◊ËÕ¥—∫‰ø∑—π∑’À≈—ß®“°°“√∑¥≈Õß  ∫√‘‡«≥π’È®÷ß¡’
°“√‡¬Áπµ—«Õ¬à“ß√«¥‡√Á« ∑”„Àâ‡°‘¥°“√·µ°¢Õßøî≈å¡‡æ™√
(Garci’a et al., 1996)

°“√»÷°…“°“√ —ß‡§√“–Àåøî≈å¡‡æ™√‚¥¬°“√ª√—∫ª√ÿß
º‘«Àπâ“∞“π√Õß   ªí≠À“·√°§◊Õ Õÿ≥À¿Ÿ¡‘®–¡’°“√≈¥≈ß
Õ¬à“ß√«¥‡√Á«À≈—ß®“°∑’Ë∞“π√ÕßÀ≈ÿ¥®“°‡ª≈«‰ø  àßº≈„Àâ
‡°‘¥°“√·¬°™—ÈπÀ√◊Õ√Õ¬·µ°¢π“¥‡≈Á° ∑’Ë‡ªìπº≈®“° —¡-
ª√– ‘∑∏‘Ï¢Õß°“√¢¬“¬µ—«∑“ßÕÿ≥À¿Ÿ¡‘‰¡à‡∑à“°—π¢Õß∞“π
√Õß°—∫øî≈å¡‡æ™√ ∑”„Àâ§«“¡·¢Áß·√ß¢Õß°“√¬÷¥‡°“–≈¥≈ß
(Spear and Dismukes, 1994; Peters and Cummings,

1996; Murakawa et al., 1989) ªí≠À“∑’Ë Õß§◊Õ „π°“√
∑¥≈Õß∑’Ë¡’°“√‡≈◊Õ°„™â∞“π√Õß™π‘¥∑—ß‡ µπ§“√å‰∫¥å∑’Ë¡’
‚§∫Õ≈∑åº ¡Õ¬Ÿà æ∫«à“‡°‘¥øî≈å¡‡æ™√∫π∞“π™π‘¥π’È√Õß‰¥â
¬“° (Pual, 1995) ‚¥¬æ∫«à“∂â“ª√‘¡“≥‚§∫Õ≈∑å∑’Ë„™â‡ªìπ
µ—«¬÷¥ (binder) Õπÿ¿“§¢Õß∑—ß ‡µπ ¡’§à“πâÕ¬°«à“ 1%wt

®–∑”„Àâ∞“π√Õß¡’§«“¡·¢Áß·√ß‰¡àæÕ∑’Ë®–„™â‡ªìπ¡’¥µ—¥™π‘¥
∑’Ë‡√’¬°«à“ insert ·µà∂â“‚§∫Õ≈∑å¡“°°«à“ 4%wt ∑”„Àâ‡°‘¥
‡ªìπ‡æ™√‰¥â¬“° (Kikuchi et al., 1988)  „π°“√∑”ß“π
∫“ßÕ¬à“ß∑’Ë¡’§«“¡®”‡ªìπµâÕß„™â∞“π√Õß∑’Ë∑”®“°∑—ß‡ µπ
§“√å‰∫¥å-‚§∫Õ≈ (WC-Co) „™â∑”¡’¥µ—¥™π‘¥ insert (Mu-

rakawa and Takeuchi, 1995) °“√°”®—¥‚§∫Õ≈∑å«‘∏’ßà“¬
∑’Ë ÿ¥‚¥¬°“√°—¥°√¥¥â«¬ “√‡§¡’ ∑”‚¥¬™ÿ∫∞“π√Õß≈ß„π
1-10% °√¥‰πµ√‘° °√¥‰Œ‚¥√§≈Õ≈‘° ·≈–°√¥ —́≈øŸ√‘°
„π‡«≈“ 1-30 π“∑’ (Kikuchi et al., 1988) À√◊Õ‚¥¬„™â
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°“√°—¥°√¥¥â«¬‰øøÑ“ (electrolytic polishing) „π°√¥
‰Œ‚¥√§≈Õ≈‘°‡¢â¡¢âπ (Murakawa and Takeuchi, 1995)

°“√»÷°…“°“√ª√—∫ª√ÿßæ◊Èπº‘«‚¥¬„™â murakami’s reagent

(Peters and Cummings, 1996) ‡ª√’¬∫‡∑’¬∫°—∫°“√
‡µ√’¬¡º‘«‚¥¬°√¥‰πµ√‘° ‡æ◊ËÕ°”®—¥‚§∫Õ≈∑åÕÕ°®“°∞“π
√Õß æ∫«à“™‘Èπß“π∑’Ëºà“π°“√‡µ√’¬¡º‘«¥â«¬ murakami’s

reagent ¡’°“√¬÷¥‡°“–°—∫∞“π√Õß¥’·≈– “¡“√∂‡µ√’¬¡
§«“¡Àπ“¢Õßøî≈å¡‡æ™√‰¥â∂÷ß 50 ‰¡§√Õπ ‚¥¬‰¡à‡°‘¥°“√
À≈ÿ¥√àÕπ ´÷Ëß‚¥¬ª°µ‘æ∫«à“∑”‰¥â‰¡à‡°‘π 20 ‰¡§√Õπ ‚¥¬
‰¡à‡°‘¥°“√À≈ÿ¥√àÕπ (Peters and Cummings, 1996) ·≈–
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ “√‡§¡’∑’Ë„™â°”®—¥‚§∫Õ≈∑å√–À«à“ß elec-

trolytic  polishing  -  pretreatment  (E-pretreatment)

·≈– murakamis’s reagent-pretreatment (M-pretreat-

ment) (Poloni et al., 2000) º≈∑’Ë‰¥â®“°°“√∑¥ Õ∫
§«“¡ “¡“√∂„π°“√¬÷¥‡°“– ‡√’¬°«à“ °“√∑¥ Õ∫°“√°¥
(Indentation test) ‚¥¬„™â rockwell hardness scale A

æ∫«à“°“√‡µ√’¬¡º‘«¥â«¬ E-pretreatment æ∫√Õ¬·µ°∑’Ë
πÈ”Àπ—°°¥ 60 °°.  à«π M-pretreatment æ∫√Õ¬·µ°∑’Ë
πÈ”Àπ—°°¥ 150 °°. · ¥ß«à“øî≈å¡∑’Ë‡µ√’¬¡¥â«¬ M-pre-

treatment ¡’°“√¬÷¥‡°“–¥’°«à“ E-pretreatment (Poloni

et al., 2000) °“√»÷°…“¢π“¥øî≈å¡‡æ™√∑’Ëπ”‰ª∑¥ Õ∫
§«√¡’§«“¡Àπ“ 5-10 ‰¡§√Õπ (Murakawa et al., 1990;

Peters and Cummings, 1996) ∑”„ÀâÕ“¬ÿ°“√„™âß“ππ“π
¢÷Èπ ́ ÷ËßÕ“¬ÿ¢Õß‡§√◊ËÕß¡◊Õ·ª√º—πµ√ß°—∫§«“¡Àπ“¢Õßøî≈å¡
øî≈å¡‡æ™√∑’Ë¡’¢π“¥‡°√π„À≠àÊ ∑”„Àâ∑Õ√å§‡æ‘Ë¡ ®÷ßµâÕß°“√
ª≈Ÿ°øî≈å¡‡æ™√∑’Ë¡’¢π“¥‡°√π¢Õß‡æ™√‡≈Á°Ê ‡æ◊ËÕ≈¥∑Õ√å§
·µà∂â“¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß‡æ™√∫π¥Õ° «à“ππâÕ¬
°«à“ 1 ‰¡§√Õπ ∑”„Àâº≈÷°‡æ™√·µ°¿“¬„µâ‡ß◊ËÕπ‰¢Õ’Ëπ ‡™àπ
§«“¡‡√Á« Ÿß·≈–À≈ÿ¡≈÷° (Kanda et al., 1995)

ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“ ¿“«–‡∫◊ÈÕßµâπ„π°“√ª√—∫
ª√ÿß ¡∫—µ‘¥â“π°“√¬÷¥‡°“–¢Õßøî≈å¡‡æ™√°—∫∞“π√Õß·≈–
≈—°…≥–º≈÷°∑’ËÕÿ≥À¿Ÿ¡‘µË”·≈– Ÿß ‡æ◊ËÕ∑’Ë®–‡ªìπ·π«∑“ß„π
°“√æ—≤π“øî≈å¡‡æ™√∑’Ë‡§≈◊Õ∫∫π¡’¥µ—¥™π‘¥ insert „Àâ¡’
§«“¡∑π∑“π·≈–Õ“¬ÿ°“√∑”ß“π∑’Ë¬“«¢÷Èπ ‚¥¬„™â‡§√◊ËÕß¡◊Õ
Õÿª°√≥å„π°“√∑¥≈Õß∑’Ë √â“ß¢÷Èπ‡Õß µ“¡®ÿ¥ª√– ß§åÀ≈—°∑’Ë
®–π”‰ª Ÿà°“√„™âß“πøî≈å¡‡æ™√„πÕÿµ “À°√√¡µàÕ‰ª

«‘∏’°“√∑¥≈Õß

1. «— ¥ÿ·≈–Õÿª°√≥å„π°“√∑¥≈Õß

°“√∑¥≈Õßπ’È‰¥â»÷°…“°“√‡µ√’¬¡øî≈å¡‡æ™√‚¥¬„™â
‡§√◊ËÕß¡◊Õ∑’Ë √â“ß¡“‚¥¬‡©æ“– ‚¥¬· ¥ßµ“¡ Figure 1

‡§√◊ËÕß¡◊Õª≈Ÿ°øî≈å¡‡æ™√∑’Ë √â“ß¢÷Èπ‡æ◊ËÕ„™â„π°“√∑¥≈Õß ‚¥¬
„Àâ·°ä ÕÕ°´‘‡®π 99.8% ·≈–·°ä Õ–‡´∑‘≈’π 99.5% ºà“π
‡§√◊ËÕß«—¥Õ—µ√“°“√‰À≈·°ä ∫√‘…—∑ Gilmunt Instruments

√ÿàπ GF-6541-1215 ÕÕ°¡“∑“ßÀ—«‡™◊ËÕ¡·°ä ÕÕ° ‘́‡®π-
Õ–‡´∑‘≈’π ‚¥¬„™âª≈“¬À—«‡™◊ËÕ¡·°ä ‡∫Õ√å 8 ¢Õß∫√‘…—∑
Comet √ÿàπ 3   ·≈–„™â‡§√◊ËÕßÕà“π§à“Õÿ≥À¿Ÿ¡‘¢Õß∫√‘…—∑
Carlo Gavazzi Instruments SPA √ÿàπ LDI 35 ´÷Ëßª≈“¬
À—«‡™◊ËÕ¡·°ä «“ßÀà“ß®“°º‘«Àπâ“∞“π√Õß‡ªìπ√–¬– 1 ¡¡
∞“π√Õß«“ßÕ¬Ÿà∫π√–∫∫À≈àÕ‡¬Áπ°≈àÕß∑Õß·¥ß¥â«¬πÈ”

2.  “√‡§¡’„™â‡µ√’¬¡º‘«∞“π√Õß

 “√‡§¡’∑’Ë„™â„π°“√‡µ√’¬¡æ◊Èπº‘«∞“π√Õß ASTM

E407 ¡’Õß§åª√–°Õ∫¥—ßµàÕ‰ªπ’È
1. °√¥‰πµ√‘° 15 ¡≈.
2. °√¥Õ–´‘µ‘° 15 ¡≈.
3. °√¥‰Œ‚¥√§≈Õ≈‘° 60 ¡≈.
4. πÈ”ª√“»®“°‰ÕÕÕπ 15 ¡≈.

3. ‡§√◊ËÕß¡◊Õ„π°“√µ√«® ¡∫—µ‘¢Õßøî≈å¡‡æ™√

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√«‘‡§√“–Àå‚§√ß √â“ßæ◊Èπº‘«§◊Õ
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning Elec-

tron Microscope; SEM, ∫√‘…—∑ Jeol √ÿàπ JSM-5400

·≈– JSM-5800/energy dispersive; EDS) ·≈–°≈âÕß
®ÿ≈∑√√»πå·∫∫· ß (Light Microscope, ∫√‘…—∑ Olympus

Optical √ÿàπ BHM-112 KL) ·≈–‡§√◊ËÕß¡◊Õ∑’Ë„™â®”·π°
§«“¡·µ°µà“ß√–À«à“ß‡æ™√°—∫°√“‰øµå  (Raman Image

Microscope, ∫√‘…—∑ Renishaw √ÿàπ Renishaw Rama-

scopy System 2000)

4.  ¿“«–∑’Ë„™â„π°“√∑¥≈Õß

‡¡◊ËÕ„Àâ·°ä Õ–‡´∑‘≈’π (C
2
H

2
) ‰À≈ºà“π‡§√◊ËÕß«—¥



«.  ß¢≈“π§√‘π∑√å «∑∑.
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°“√»÷°…“°“√ª≈Ÿ°øî≈å¡‡æ™√°—∫°“√ª√—∫ª√ÿß ¡∫—µ‘

∏π¿—°…å  ‡¡∏π“«‘π ·≈–§≥–263

Õ—µ√“°“√‰À≈ 1.21 ≈‘µ√/π“∑’  ·≈–·°ä ÕÕ°´‘‡®π (O
2
)

1.37 ≈‘µ√/π“∑’  ·°ä º ¡∑’Ë‰¥â¡’Õ—µ√“ à«π (O
2
/C

2
H

2
) 1.13

(∂÷ß·¡â«à“Õ—µ√“ à«π·°ä ¡“°°«à“ 1 ·µà‡ª≈«‰ø∑’Ë‰¥â°Á¬—ß§ß
¡’ 3 ™—Èπ) ∞“π√Õß‡ªìπ¡’¥µ—¥™π‘¥ insert ∑’Ë¡’ à«πº ¡¢Õß
WC-Co (2-6wt. %Co)  √–¬–∑“ß√–À«à“ß‡ª≈«‰ø™—Èπ„π
°—∫∞“π√Õß 1 ¡¡.

5. °“√»÷°…“µ—«·ª√„π°“√∑¥≈Õß

5.1 °“√‡µ√’¬¡º‘«∞“π√Õß

°“√∑¥≈Õßπ’È„™â ¿“«–°“√∑¥≈Õßµ“¡¢âÕ 4 ‡æ◊ËÕ

»÷°…“§«“¡·¢Áß·√ß¢Õß°“√¬÷¥‡°“–¢Õßøî≈å¡‡æ™√°—∫∞“π
√Õß ‚¥¬‡µ√’¬¡∞“π√Õß 4 ™ÿ¥ ™ÿ¥∑’Ë 1 ∞“π√Õß∑’Ë‰¡à‡µ√’¬¡
æ◊Èπº‘« ™ÿ¥∑’Ë 2 ∞“π√Õß∑’Ë‡µ√’¬¡æ◊Èπº‘«‚¥¬°“√°—¥°√¥ ‡ªìπ
‡«≈“ 180 «‘π“∑’  ™ÿ¥∑’Ë 3 ∞“π√Õß∑’Ë‡µ√’¬¡æ◊Èπº‘«‚¥¬°“√
¢—¥¥â«¬ºß‡æ™√¢π“¥ 1 ‰¡§√Õπ ‡ªìπ‡«≈“ 60 «‘π“∑’·≈–
™ÿ¥∑’Ë 4  ∞“π√Õß∑’Ë‡µ√’¬¡æ◊Èπº‘«‚¥¬°“√°—¥°√¥ 30 «‘π“∑’
·≈–¢—¥ºß‡æ™√¢π“¥ 1 ‰¡§√Õπ ‡ªìπ‡«≈“ 180 «‘π“∑’
°“√∑¥≈Õßπ’Èª≈Ÿ°øî≈å¡‡æ™√‡ªìπ‡«≈“ 30 π“∑’ ‡π◊ËÕß®“°
«à“‚¥¬ª°µ‘ “¡“√∂ —ß‡§√“–Àåøî≈å¡‡æ™√‰¥â‡µÁ¡æ◊Èπ∑’Ë‚¥¬„™â
‡«≈“ª√–¡“≥ 15 π“∑’ ·µàµâÕß°“√‡æ‘Ë¡§«“¡‡§âπ¿“¬„π

Figure 1. a An experiment apparatus of the diamond coating (back view)

b A schematic of the diamond coating apparatus used in the experiment (top view)

1(a)

1(b)
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‡æ◊ËÕ¥Ÿ§«“¡·¢Áß·√ß¢Õß°“√¬÷¥‡°“–¢Õßøî≈å¡‡æ™√  ·≈–
°“√∑¥≈Õßπ’È‰¥â‡≈◊Õ°„™âÕÿ≥À¿Ÿ¡‘∞“π√Õß 690ºC ÷́Ëß‡ªìπ
Õÿ≥À¿Ÿ¡‘„π‡∫◊ÈÕßµâπ∑’Ëæ∫«à“ “¡“√∂ª≈Ÿ°º≈÷°‡æ™√‰¥â °àÕπ
∑’Ë®–»÷°…“º≈°√–∑∫¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ‰ª

5.2 °“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘°—∫¢π“¥¢Õßº≈÷°‡æ™√

°“√∑¥≈Õßπ’È„™â ¿“«–°“√∑¥≈Õßµ“¡¢âÕ 4 ‡æ◊ËÕ
»÷°…“¢π“¥º≈÷°øî≈å¡‡æ™√∫π∞“π√Õß∑’Ë¡’Õÿ≥À¿Ÿ¡‘·µ°µà“ß
°—π °“√∑¥≈Õßπ’È‰¥â°”Àπ¥™à«ßÕÿ≥À¿Ÿ¡‘µË”§◊Õ™à«ß 600ºC-

700ºC ·≈–™à«ßÕÿ≥À¿Ÿ¡‘ Ÿß§◊Õ™à«ß 701ºC-900ºC ´÷Ëß„π
°“√∑¥≈Õßπ’È‰¥â‡≈◊Õ°Õÿ≥À¿Ÿ¡‘ 650ºC ·≈– 800ºC ¡“∑”
°“√∑¥≈Õß ‚¥¬∑’Ë°àÕπ∑”°“√∑¥≈ÕßµâÕß¡’°“√‡µ√’¬¡º‘«
Àπâ“∞“π√Õß¥â«¬°“√¢—¥ºß‡æ™√¢π“¥ 1 ‰¡§√Õπ‡ªìπ‡«≈“
60 «‘π“∑’  ·≈–„™â‡«≈“„π°“√∑¥≈Õßª≈Ÿ°øî≈å¡‡æ™√‡ªìπ
‡«≈“π“π 30 π“∑’

º≈°“√∑¥≈Õß·≈–°“√«‘‡§√“–Àåº≈

1. °“√‡µ√’¬¡øî≈å¡‡æ™√·≈–º≈¢Õß°“√‡µ√’¬¡º‘«Àπâ“

∞“π√Õß∑’Ë¡’µàÕ ¡∫—µ‘°“√¬÷¥‡°“–

º≈°“√∑¥≈Õß∑’Ë‰¥â®“°°“√‡µ√’¬¡„π™ÿ¥∑’Ë 1 ∑’Ë„™â
∞“π√Õß∑’Ë‰¡à‰¥â‡µ√’¬¡º‘«Àπâ“ æ∫«à“øî≈å¡‡æ™√¡’°“√√àÕπ
·µ°ÕÕ°®“°∞“π√ÕßÀ≈—ß®“°¥—∫‡ª≈«‰ø∑—π∑’ ´÷ËßÕ“®®–
‡°‘¥®“° —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‰¡à‡∑à“°—π · ¥ß∂÷ß°“√¬÷¥
‡°“–∑’Ë‰¡à¥’  º≈°“√«‘‡§√“–Àåº‘«Àπâ“∞“π√Õß„µâøî≈å¡‡æ™√
∑’Ë√àÕπ∑’Ëæ∫ ≥ µ”·ÀπàßÀπ÷Ëß¥â«¬‡∑§π‘§√“¡“π ‡ª°‚µ√
 ‚§√ªï· ¥ß¥—ß Figure (2a) æ’§‡æ™√ (diamond peak)

·≈–æ’§ diamond like carbon (DLC peak) ·≈– Figure

(2b) · ¥ß∂÷ßæ’§º≈÷°‰¡‚§√°√“‰øµå (microcrystalline

graphite peak) ·≈–æ’§°√“‰øµå (graphite peak) ·≈–
º≈°“√«‘‡§√“–Àå¥â“πÀ≈—ß¢Õßøî≈å¡‡æ™√∑’Ë√àÕπ  ∑’Ëæ∫ ≥
µ”·ÀπàßÀπ÷Ëß¥â«¬‡∑§π‘§√“¡“π ‡ª°‚µ√ ‚§√ªï· ¥ß¥—ß
Figure (3a) · ¥ß∂÷ßæ’§‡æ™√·≈–æ’§ DLC ·≈– Figure

(3b) · ¥ß∂÷ßæ’§º≈÷°‰¡‚§√°√“‰øµå·≈–°√“‰øµå ®“°
Figure 2 ·≈– Figure 3 æ∫«à“¿“¬„µâøî≈å¡‡æ™√∑’Ë ¡∫Ÿ√≥å
¡’∑—Èß DLC °√“‰øµå·≈–º≈÷°‰¡‚§√ °√“‰øµå ∑”„Àâøî≈å¡∑’Ë
‚µ¢÷Èπ¡’®ÿ¥¬÷¥¢Õß‡æ™√°—∫∞“π√ÕßπâÕ¬   àßº≈„Àâ¡’§«“¡
·¢Áß·√ß„π°“√¬÷¥‡°“–°—∫∞“π√ÕßµË” ‡π◊ËÕß®“°«à“§«“¡
·¢Áß·√ß√–À«à“ß DLC À√◊Õ°√“‰øµå°—∫‡æ™√¡’§à“πâÕ¬°«à“

‡æ™√°—∫‡æ™√
º≈°“√∑¥≈Õß∑’Ë‰¥â®“°°“√∑¥≈Õß„π™ÿ¥∑’Ë 2 ∑’Ë„™â

∞“π√Õß∑’Ë‡µ√’¬¡æ◊Èπº‘«‚¥¬°“√°—¥°√¥‡ªìπ‡«≈“ 180 «‘π“∑’
‚§√ß √â“ß®ÿ≈¿“§¢Õß‡æ™√· ¥ß‰¥â¥—ß Figure (4a) æ∫«à“
¡’°“√°√–®“¬µ—«¢Õßº≈÷°‡æ™√‡µÁ¡∞“π√Õß  º≈÷°‡æ™√¡’
¢π“¥§àÕπ¢â“ß„À≠à·≈–¡’°“√‡™◊ËÕ¡°—π¢Õßº≈÷°‡æ™√∫“ß
º≈÷°‡ªìπ°≈ÿà¡Ê  ·≈–®“°°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§ EDS

¬◊π¬—π«à“∞“π√Õß∑’Ë°—¥°√¥ (°àÕπª≈Ÿ°øî≈å¡‡æ™√) ‰¡àæ∫
‚§∫Õ≈∑å  ®“°°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§√“¡“π ‡ª°‚µ√
 ‚§√ªï‰¥â Raman shift -1 ∑’Ë 1333 ´÷Ëß‡ªìπ§à“¢Õß‡æ™√
 à«π Raman shift -1 ∑’Ë 1550 cm-1 ´÷Ëß‡ªìπ§à“¢Õß DLC

¡’§«“¡‡¢â¡µË”¡“°‡¡◊ËÕ‡∑’¬∫°—∫‡æ™√®π‰¡à¡’π—¬ ”§—≠ º≈
°“√∑¥≈Õß∑’Ë‰¥â®“°°“√∑¥≈Õß„π™ÿ¥∑’Ë 3 ∑’Ë„™â∞“π√Õß∑’Ë
‡µ√’¬¡æ◊Èπº‘«‚¥¬°“√¢—¥¥â«¬ºß‡æ™√¢π“¥ 1 ‰¡§√Õπ ‡ªìπ
‡«≈“ 60 «‘π“∑’  ‚§√ß √â“ß®ÿ≈¿“§¢Õß‡æ™√· ¥ß‰¥â¥—ß
Figure (4b) æ∫«à“øî≈å¡‡æ™√∑’Ë‡°‘¥∫π∞“π√Õß∑’Ë¢—¥¥â«¬
ºß‡æ™√ 1 ‰¡§√Õπ ‰¥âº≈÷°‡æ™√¢π“¥‡≈Á°·≈–¡’§«“¡
À¬“∫¢Õßº‘«Àπâ“§àÕπ¢â“ßµË” ®“°°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§
√“¡“π ‡ª°‚µ√ ‚§√ªï‰¥â Raman shift -1 ∑’Ë 1333 ´÷Ëß
‡ªìπ§à“¢Õß‡æ™√   à«π Raman shift -1 ∑’Ë 1550 cm-1 ´÷Ëß
‡ªìπ§à“¢Õß DLC ¡’§«“¡‡¢â¡µË”¡“°®π‰¡à¡’π—¬ ”§—≠ ·≈–
º≈°“√∑¥≈Õß∑’Ë‰¥â®“°°“√∑¥≈Õß„π™ÿ¥∑’Ë 4 ∑’Ë„™â∞“π√Õß
∑’Ë‡µ√’¬¡æ◊Èπº‘«‚¥¬°“√°—¥°√¥ 30 «‘π“∑’ ·≈–¢—¥ºß‡æ™√
¢π“¥ 1 ‰¡§√Õπ‡ªìπ‡«≈“ 180 «‘π“∑’ ‚§√ß √â“ß®ÿ≈¿“§
¢Õß‡æ™√· ¥ß‰¥â¥—ß Figure (4c) ´÷Ëßæ∫«à“¡’≈—°…≥–§≈â“¬
°—∫°“√∑¥≈Õß∑’Ë¢—¥ºß‡æ™√Õ¬à“ß‡¥’¬«§◊Õ ‰¥âº≈÷°‡æ™√∑’Ë¡’
¢π“¥‡≈Á° ·µà¡’º‘«Àπâ“¢Õßøî≈å¡À¬“∫‡≈Á°πâÕ¬  ®“°°“√
«‘‡§√“–Àå¥â«¬‡∑§π‘§√“¡“π ‡ª°‚µ√ ‚§√ªï‰¥â Raman

shift -1 ∑’Ë 1333 ´÷Ëß‡ªìπ§à“¢Õß‡æ™√  à«π Raman shift -1

∑’Ë 1550 cm-1 ´÷Ëß‡ªìπ§à“¢Õß DLC ¡’§«“¡‡¢â¡µË”¡“°®π
‰¡à¡’π—¬ ”§—≠

°“√∑’Ë‡µ√’¬¡æ◊Èπº‘«¥â«¬°“√°—¥°√¥·≈–¢—¥¥â«¬ºß
‡æ™√ ∑”„Àâøî≈å¡‡æ™√¡’§«“¡·¢Áß·√ß¢Õß°“√¬÷¥‡°“– πà“
®–‡ªìπº≈¡“®“°°“√‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß∞“π√Õß°—∫ºß‡æ™√
·≈–°“√‡°‘¥ªØ‘°‘√‘¬“‡§¡’‰ª°√–µÿâπæ◊Èπº‘«∞“π√Õß·≈–À≈ÿ¡
‡≈Á°Ê ́ ÷Ëßºß‡æ™√ “¡“√∂‡æ‘Ë¡µ”·Àπàß„π°“√‡°‘¥π‘«‡§≈’¬ 
‰¥â ∑”„Àâ®”π«π°“√‡°‘¥π‘«‡§≈’¬ ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫«— ¥ÿ
¢—¥™π‘¥Õ◊Ëπ πÕ°®“°π’È°“√°—¥°√¥‡æ◊ËÕ°”®—¥‚§∫Õ≈∑å ‡π◊ËÕß
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Figure 2. a Raman Spectrum on surface substrate under breakaway diamond film at one

position: diamond peak and  DLC peak

b Raman  Spectrum  on  surface  substrate  under  breakaway  diamond  film  at

another position: microcrystalline graphite peak and graphite peak

2(a) 2(b)

3(a) 3(b)

Figure 3. a Raman Spectrum on back side of breakaway diamond film at one position:

diamond peak and  DLC peak

b Raman Spectrum on back side of breakaway diamond film at another position:

microcrystalline graphite peak and graphite peak

®“°‚§∫Õ≈∑å¡’°“√¬÷¥‡°“–°—∫‡æ™√‰¡à¥’ ∑”„Àâ‰¥âæ◊Èπº‘«∑’Ë¡’
§«“¡À¬“∫  àßº≈∑”„Àâ‡°‘¥°“√¢—¥≈ÁÕ°‡™‘ß°≈ (Murakawa

and Takeuchi, 1995) ´÷Ëß°“√‡µ√’¬¡º‘«∑—Èß 2 «‘∏’§«√„™â
√à«¡°—π‡æ◊ËÕ‡ªìπ°“√‡ √‘¡ ÷́Ëß°—π·≈–°—π

2. º≈¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß∞“π√Õß∑’Ë¡’º≈µàÕ≈—°…≥–¢Õßøî≈å¡

‡æ™√

°“√∑¥≈Õß»÷°…“°“√ —ß‡§√“–Àåøî≈å¡‡æ™√∑’ËÕÿ≥À¿Ÿ¡‘
∞“π√Õß‰¡à‡∑à“°—π ‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß∞“π
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4(a) 4(b)

4(c)

Figure 4. a Microstructure of diamond crystal on the substrate surface at etching time 180

second

b Microstructure of diamond crystal on the substrate surface at scratch treatment

with 1 micron diamond powder using 60 seconds

c Microstructure of diamond crystal on the substrate surface at etching time 180

second and after scratch treatment with 1 micron diamond powder for 60 seconds

√Õß∑’Ë¡’º≈µàÕ≈—°…≥–øî≈å¡‡æ™√∑’Ë‡°‘¥¢÷Èπ ®“°º≈°“√∑¥≈Õß
æ∫«à“‚§√ß √â“ß®ÿ≈¿“§¢Õßøî≈å¡‡æ™√∫π∞“π√ÕßÕÿ≥À¿Ÿ¡‘
µË”§◊Õ 650ºC ¥—ß· ¥ß„π Figure (5a) ‰¥âøî≈å¡‡æ™√∑’Ë
‡™◊ËÕ¡µàÕ‡π◊ËÕß·≈–¡’æ◊Èπ∑’Ë„π°“√‡°‘¥øî≈å¡‡æ™√‡≈Á°°«à“ ‚¥¬
øî≈å¡‡æ™√¡’º≈÷°∑’Ë¡’¢π“¥·≈–√Ÿª√à“ß·µ°µà“ß°—π¡“°°«à“
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√„™â∞“π√Õß∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ·≈–‡π◊ËÕß
®“°º‘«Àπâ“¡’§«“¡ ŸßµË”∑’Ë·µ°µà“ß°—π ®÷ß∑”„Àâ¡’§«“¡À¬“∫

 Ÿß·≈–≈—°…≥–Àπâ“¢Õßº≈÷° (crystal face) ∑’Ëæ∫¡’∑—ÈßÀπâ“
 ’Ë‡À≈’Ë¬¡·≈– “¡‡À≈’Ë¬¡  º≈°“√»÷°…“‚§√ß √â“ß®ÿ≈¿“§
¢Õßøî≈å¡‡æ™√∫π∞“π√ÕßÕÿ≥À¿Ÿ¡‘ Ÿß§◊Õ 800ºC · ¥ß„π
Figure (5b) æ∫«à“øî≈å¡‡æ™√∑’Ë‰¥â¡’≈—°…≥–‡™◊ËÕ¡µàÕ‡π◊ËÕß
·≈–¡’æ◊Èπ∑’Ë„π°“√‡°‘¥øî≈å¡‡æ™√¡“°°«à“°“√„™â∞“π√Õß∑’Ë
Õÿ≥À¿Ÿ¡‘µË” øî≈å¡‡æ™√¡’º≈÷°∑’Ë¡’¢π“¥·≈–√Ÿª√à“ß„°≈â‡§’¬ß
°—π·≈–‰¥âº‘«Àπâ“§àÕπ¢â“ß‡√’¬∫  ≈—°…≥–Àπâ“¢Õßº≈÷°∑’Ë
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æ∫¡’Àπâ“ “¡‡À≈’Ë¬¡‡ªìπ à«π„À≠à ®“°°“√«‘‡§√“–Àå¥â«¬
‡∑§π‘§√“¡“π  ‡ª°‚µ√ ‚§√ªï‰¥â Raman shift -1 ∑’Ë 1333

cm-1 ·≈– 1550 cm-1 ´÷Ëß‡ªìπ§à“¢Õß‡æ™√·≈– DLC µ“¡
≈”¥—∫  ∞“π√ÕßÕÿ≥À¿Ÿ¡‘µË”‰¥âøî≈å¡‡æ™√∑’Ë¡’º≈÷°∑’Ë¡’¢π“¥
·≈–√Ÿª√à“ß·µ°µà“ß°—π¡“°°«à“∞“π√ÕßÕÿ≥À¿Ÿ¡‘ Ÿß πà“®–¡’
 “‡Àµÿ¡“®“°Õÿ≥À¿Ÿ¡‘∞“π√Õß‰¡à‡À¡“– ¡ ”À√—∫°“√‚µ
¢Õß‡æ™√ (Kikuchi et al., 1988) ´÷Ëß®“°ß“π«‘®—¬∑’Ëºà“π
¡“æ∫«à“‡æ™√‚µ‰¥â¥’„π™à«ßÕÿ≥À¿Ÿ¡‘ª√–¡“≥ 700-1200ºC

(Oakes et al., 1991; Moriyoshi et al., 1991)

∫∑ √ÿª

®“°°“√»÷°…“º≈°√–∑∫¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß∞“π√Õß
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Figure 5. a Microstructure of diamond crystal grown on substrate at low temperature 650ºC
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