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°√–∫«π°“√‡®◊Õ “√§◊Õ °√–∫«π°“√∑’Ë∑”„Àâ “√∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï  Ÿ≠‡ ’¬§«“¡∫√‘ ÿ∑∏‘Ï ‡æ◊ËÕ‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ

¢Õß “√π—ÈπÊ °“√‡®◊Õ “√„π«— ¥ÿ “√°÷Ëßμ—«π” ®—¥∑”¢÷Èπ‡æ◊ËÕ‡ª≈’Ë¬π·ª≈ß§ÿ≥ ¡∫—μ‘°“√π”‰øøÑ“¢Õß “√π—Èπ„Àâ¥’¢÷Èπ °“√‡®◊Õ “√π‘¬¡„™â Õß«‘∏’

§◊Õ «‘∏’°“√·æ√à “√‡®◊Õ (Diffusion) ·≈–«‘∏’°“√¬‘ßΩíßª√–®ÿ “√‡®◊Õ (Implantation) „π∫∑§«“¡π’Èπ”‡ πÕ°“√‡®◊Õ “√‚¥¬‡∑§π‘§

°“√¬‘ßΩíßª√–®ÿ‰ÕÕÕπ (Ion Implantation) ª√–°Õ∫‰ª¥â«¬ ‡∑§‚π‚≈¬’°“√‡®◊Õ “√‚¥¬°√–∫«π°“√¬‘ßΩíßª√–®ÿ‰ÕÕÕπ ‡§√◊ËÕß¬‘ßΩíßª√–®ÿ

¢—ÈπμÕπ°“√‡®◊Õ “√ º≈°“√‡®◊Õ “√ °“√«‘‡§√“–Àåº≈ ª√–‚¬™πå·≈–°“√ª√–¬ÿ°μå„™âß“π°“√¬‘ßΩíßª√–®ÿ ´÷Ëß°√–∫«π°“√¥—ß°≈à“«∑”¢÷Èπ

≥ »Ÿπ¬å‡∑§‚π‚≈¬’‰¡‚§√Õ‘‡≈Á°∑√Õπ‘° å (∑’‡¡§) ́ ÷Ëßπ—∫‰¥â«à“¡’§«“¡æ√âÕ¡„π°“√ √â“ßÕÿª°√≥å “√°÷Ëßμ—«π”∑’Ë¡’¢π“¥≈“¬«ß®√„π√–¥—∫μË”°«à“

1 ‰¡§√Õπ ∫π·ºàπº≈÷°´‘≈‘°Õπ¢π“¥ 6 π‘È« (¿“«—π   ¬“¡™—¬ ·≈–§≥–, 2547)
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Abstract

Doping is a process of introducing impurities in order to change physical properties of material. In

semiconductor, this process is normally used to change electrical properties. The two methods, commonly used, are

diffusion and ion implantation techniques. This paper presents an ion implantation technology, an implantation machine,

a doping technique, doping results, analytical results, benefits and applications of  implantation process. This process

is currently used for submicron IC fabrication technology at Thai Microelectronic Center (TMEC).

Keyword : Doping process, Ion Implantation, Ion Implanter
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∫∑π”

°“√‡®◊Õ “√„π “√°÷Ëßμ—«π”®—¥∑”¢÷Èπ‡æ◊ËÕ‡ª≈’Ë¬π·ª≈ß

§ÿ≥ ¡∫—μ‘°“√π”‰øøÑ“¢Õß “√π—Èπ„Àâ¥’¢÷Èπ ‡™àπ°“√‡æ‘Ë¡Õ‘‡≈Á°μ√Õπ

(Electron) ‚¥¬°“√‡®◊Õ “√øÕ øÕ√—  (Phosphorus: P) À√◊Õ

∏“μÿÀ¡Ÿà∑’Ë 5 ·≈–°“√‡æ‘Ë¡‚Œ≈ (Hole) ‚¥¬°“√‡®◊Õ “√‚∫√Õπ
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(Boron: B) À√◊Õ∏“μÿÀ¡Ÿà∑’Ë 3 „π “√°÷Ëßμ—«π”´‘≈‘°Õπ (Silicon: Si)

´÷Ëß‡ªìπ∏“μÿÀ¡Ÿà∑’Ë 4 ∑—Èßπ’È ‚Œ≈·≈–Õ‘‡≈Á°μ√Õπ‡ªìπæ“À–π”‰øøÑ“

„π “√°÷Ëßμ—«π” · ¥ß¥—ß¿“æ∑’Ë 1

‡∑§‚π‚≈¬’°“√‡®◊Õ “√„πªí®®ÿ∫—π¡’ 2 «‘∏’ ‰¥â·°à «‘∏’°“√·æ√à

(Diffusion) ·≈– «‘∏’°“√¬‘ßΩíßª√–®ÿ (Implantation) «‘∏’°“√

·æ√à “√‡®◊Õ ∑”‚¥¬Õ“»—¬°“√·æ√à®“° “√∑’Ë¡’§«“¡‡¢â¡¢âπ¡“°

‰ª Ÿà “√∑’Ë¡’§«“¡‡¢â¡¢âππâÕ¬¿“¬„μâÕÿ≥À¿Ÿ¡‘ Ÿß„π∫√√¬“°“»

‰π‚μ√‡®π À√◊Õ°ä“™‡©◊ËÕ¬ «‘∏’°“√¬‘ßΩíßª√–®ÿ∑”‚¥¬°“√ √â“ß

ª√–®ÿ‰ÕÕÕπ¢Õß “√‡®◊Õ·≈â«∑”°“√¬‘ßΩíßª√–®ÿ¥â«¬æ≈—ßß“π∑“ß

‰øøÑ“ ‚¥¬‰¡à®”‡ªìπμâÕß∑”¿“¬„μâÕÿ≥À¿Ÿ¡‘ Ÿß „πªí®®ÿ∫—π«‘∏’°“√¬‘ß

Ωíßª√–®ÿ‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß¡“°„π°√–∫«π°“√ √â“ß«ß®√√«¡

(Integration Circuit: IC) ‡æ√“–«‘∏’°“√¬‘ßΩíßª√–®ÿ “¡“√∂

§«∫§ÿ¡°“√·æ√à¥â“π¢â“ß (Lateral Diffusion), §«∫§ÿ¡ª√‘¡“≥

 “√‡®◊Õ (Dose Control), §«∫§ÿ¡§«“¡≈÷° (Junction Depth

Control), §«∫§ÿ¡°“√ªπ‡ªóôÕπ∫√‘‡«≥æ◊Èπº‘«·≈–°“√‡≈◊Õ°„™â

Àπâ“°“°ªÑÕß°—π (Mask) ‰¥â¥’°«à“«‘∏’°“√·æ√à ≈—°…≥–°“√

°√–®“¬μ—«¢Õßª√‘¡“≥ “√‡®◊Õ∑—Èß Õß«‘∏’· ¥ß¥—ß¿“æ∑’Ë 2
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¿“æ∑’Ë 1 °) °“√‡°‘¥Õ‘‡≈Á°μ√ÕπÕ‘ √–„π°“√‡®◊Õ “√øÕ øÕ√— „πº≈÷°´‘≈‘°Õπ   ¢) °“√‡°‘¥‚Œ≈„π°“√‡®◊Õ “√‚∫√Õπ„πº≈÷°´‘≈‘°Õπ

¿“æ∑’Ë 2 ‡ª√’¬∫‡∑’¬∫≈—°…≥–°“√°√–®“¬μ—«¢Õßª√‘¡“≥ “√‡®◊Õ„π°√–∫«π°“√·æ√à (Diffusion) ·≈–°“√¬‘ßΩíßª√–®ÿ‰ÕÕÕπ (Ion

Implantation) ‚¥¬„π∑’Ëπ’È C §◊Õ§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥ “√‡®◊Õ ·≈– X §◊Õ§«“¡≈÷°®“°º‘«Àπâ“º≈÷°´‘≈‘°Õπ
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®“°¿“æ∑’Ë 2 æ∫«à“°“√°√–®“¬¥â«¬«‘∏’°“√·æ√à®–°√–®“¬μ—«

∑ÿ°∑‘»∑ÿ°∑“ß ´÷Ëß∑”„Àâ°“√·æ√à¥â“π¢â“ß¡’∫√‘‡«≥‡∑à“°—∫°“√·æ√à

¥â“π≈÷° ‡¡◊ËÕ°“√·æ√à¥â“π¢â“ß¡’∫√‘‡«≥°«â“ß àßº≈„Àâ°“√ √â“ß

Õÿª°√≥å¡’¢π“¥„À≠àμ“¡  ”À√—∫°“√‡®◊Õ “√¥â«¬«‘∏’¬‘ßΩíßª√–®ÿ

æ∫«à“°“√°√–®“¬μ—«¢Õß “√‡®◊Õ¥â“π¢â“ß‡°‘¥¢÷Èπ‡æ’¬ß 30 ‡ªÕ√å‡´Áπμå

¢Õß§«“¡≈÷° ¥—ßπ—ÈπÕÿª°√≥å∑’Ë √â“ß‰¥â®–¡’¢π“¥‡≈Á°≈ß ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫∑’Ëæ◊Èπ∑’Ë‡∑à“°—π ®”π«π¢Õßμ—«Õÿª°√≥å‚¥¬«‘∏’¬‘ß

Ωíßª√–®ÿ®–¡’¡“°°«à“«‘∏’°“√·æ√à ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√∑”ß“π„π

«ß®√√«¡°Á®–¡’§«“¡‡√Á«„π°“√∑”ß“π∑’Ë‡√Á«°«à“  àßº≈„ÀâÕÿª°√≥å

¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’°«à“ ‡™àπ°“√ √â“ß CPU ¢Õß§Õ¡æ‘«‡μÕ√å ‡¡◊ËÕ

®”π«π∑√“π´‘ ‡μÕ√å‡æ‘Ë¡¡“°¢÷Èπ§«“¡‡√Á«„π°“√∑”ß“π®–¡’§à“

‡æ‘Ë¡¢÷Èπ∑’Ë¢π“¥ CPU ‡∑à“‡¥‘¡ π—ËπÀ¡“¬§«“¡«à“∑√“π´‘ ‡μÕ√å¡’

¢π“¥‡≈Á°≈ß μ“¡°Æ¢Õß¡—«√å (Mooreûs Law)

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

‡§√◊ËÕß¬‘ßΩíßª√–®ÿ “¡“√∂·∫àßμ“¡°“√„™âß“π‰¥â‡ªìπ 3

ª√–‡¿∑ ‰¥â·°à 1. ‡§√◊ËÕß¬‘ßΩíßª√–®ÿ°√–·  Ÿß (High Current

Ion Implanter) 2. ‡§√◊ËÕß¬‘ßΩíßª√–®ÿ°√–· ¢π“¥°≈“ß (Medium

Current Ion Implanter) À√◊Õ√ÿàπ¡“μ√∞“π (Standard Ion

Implanter) ·≈– 3. ‡§√◊ËÕß¬‘ßΩíßª√–®ÿæ≈—ßß“π Ÿß (High Energy

Ion Implanter) ´÷Ëß·μà≈–√ÿàπ®–‡À¡“– ¡°—∫ß“π‡©æ“–¥â“π ‡™àπ

‡§√◊ËÕß¬‘ßΩíßª√–®ÿ°√–·  Ÿß ‡À¡“– ”À√—∫°“√ √â“ß “√°÷Ëßμ—«π”

∑’ËμâÕß°“√ ¿“æ°“√π”‰øøÑ“ Ÿß ¥—ß‡™àπ°“√ √â“ß‚æ≈’‡°μ (Poly-

gate) ¢Õß∑√“π ‘́ ‡μÕ√ǻ ’¡Õ  (Complementary Metal Oxide

Semiconductor: CMOS) ∑’ËμâÕß°“√§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥

 “√‡®◊Õ Ÿß„π√–¥—∫ 10x10
20
 atoms/cm

3
 ·μà§«“¡≈÷°„π°“√¬‘ß

®–μ◊Èπ ‡ªìπμâπ ‡§√◊ËÕß¬‘ßΩíßª√–®ÿ°√–· ¢π“¥°≈“ß‡À¡“– ”À√—∫

°“√ √â“ß “√°÷Ëßμ—«π”∑’ËμâÕß°“√§«“¡‡¢â¡¢âπ√–¥—∫°≈“ß·≈–

§«“¡≈÷°√–¥—∫μË”°«à“‰¡§√Õπ ‡™àπ°“√ √â“ß N
+
s/d (N

+
 Source

/ Drain) ∑’ËμâÕß°“√§«“¡≈÷°‰¡à‡°‘π 0.44 ‰¡§√Õπ „π°“√ √â“ß

CMOS ¢π“¥‡°μ 0.8 ‰¡§√Õπ (A. Ruangphanit, et al., 2004)

‡ªìπμâπ ·≈–‡§√◊ËÕß¬‘ßΩíßª√–®ÿæ≈—ßß“π Ÿß ‡À¡“– ”À√—∫°“√

 √â“ß “√°÷Ëßμ—«π”∑’ËμâÕß°“√§«“¡≈÷°„π°“√‡®◊Õ “√¡“° ·μà

§«“¡‡¢â¡¢âπ “√‡®◊ÕπâÕ¬ ‡™àπ°“√ √â“ß N-well „π°“√ √â“ß CMOS

¢π“¥‡°μ 0.8 ‰¡§√Õπ ́ ÷ËßμâÕß°“√§«“¡≈÷°ª√–¡“≥ 1.8 ‰¡§√Õπ

(°“√ÿ≥  ·´à®Õ° ·≈–§≥–, 2548) ‡ªìπμâπ

„π°√–∫«π°“√‡®◊Õ “√¥â«¬‡§√◊ËÕß¬‘ßΩíßª√–®ÿ ª√–®ÿ∑’Ë„™â

‡ªìπª√–®ÿ∫«° ‡°‘¥®“°°“√·¬° ≈“¬°ä“´„Àâ‡ªìπæ≈“ ¡“„π∫√‘‡«≥

Ion Source ®“°π—Èπª√–®ÿ∫«° ®–∂Ÿ°·¬°ÕÕ°¡“¥â«¬»—°¬å‰øøÑ“

‚¥¬ Extraction Electrode ºà“π‡¢â“ Ÿà Analyzer Magnet ‡æ◊ËÕ

§—¥·¬°‡©æ“–ª√–®ÿ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈∑’ËμâÕß°“√ (Atomic Mass

Unit : AMU) ‡™àπ B = 11, P = 31, Ar = 40, As = 75 ·≈–

BF
2
 = 49 ‡ªìπμâπ ‡¢â“ Ÿà Acceleration Tube ‡æ◊ËÕ‡æ‘Ë¡æ≈—ßß“π

„π°“√‡§≈◊ËÕπ∑’Ë¢Õßª√–®ÿ∫«° ºà“π√–∫∫‡≈π å (Quadrupole lens)

·≈– X-Y Scanner „π∫√‘‡«≥ à«π Beam Line ‰ª‚ø°— ·≈–

¬‘ß°«“¥≈ß∫π·ºàπº≈÷°´‘≈‘°Õπ∫√‘‡«≥ Target „π à«π End Station

°“√‡§≈◊ËÕπ¢Õß‰ÕÕÕπ„π‡§√◊ËÕß¬‘ßΩíßª√–®ÿ‡°‘¥¢÷Èπ„π√–∫∫ ÿ≠≠“°“»

∑—ÈßÀ¡¥ Õß§åª√–°Õ∫À≈—°Ê ¢Õß Medium Current Ion Implanter

· ¥ß¥—ß¿“æ∑’Ë 3

 

 

¿“æ∑’Ë 3 Õß§åª√–°Õ∫À≈—°¢Õß Medium Current Ion Implanter
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æ≈—ßß“π„π°“√¬‘ß∂Ÿ°§«∫§ÿ¡®“° 2  à«π §◊Õ Extraction

Electrode ·≈– Acceleration Tube ‡™àπ ‡§√◊ËÕß¬‘ßΩíßª√–®ÿ

°√–· ¢π“¥°≈“ß æ≈—ßß“π¢Õßª√–®ÿ “¡“√∂°”Àπ¥‰¥â¥â«¬

§«“¡μà“ß»—°¬å ‰øøÑ“¢Õß Acceleration Tube ́ ÷Ëß “¡“√∂·ª√§à“

‰¥âμ—Èß·μà 0 ∂÷ß 170 °‘‚≈‚«≈μå ´÷Ëß‡¡◊ËÕ√«¡°—∫»—°¬å‰øøÑ“¢Õß

Extraction Electrode ÷́Ëß “¡“√∂·ª√§à“‰¥âμ—Èß·μà 0 ∂÷ß 30

°‘‚≈‚«≈μå „π°“√·¬°ª√–®ÿ¿“¬„π à«π Ion Source ¥—ßπ—Èπ

§à“æ≈—ßß“π¢Õßª√–®ÿ “¡“√∂§«∫§ÿ¡‰¥â„π™à«ß 0 ∂÷ß 200 °‘‚≈

Õ‘‡≈Á°μ√Õπ‚«≈μå (0-200 keV)

°√–∫«π°“√¬‘ßΩíßª√–®ÿ “¡“√∂À“§«“¡ —¡æ—π∏å√–À«à“ß

√–¬–°“√‡§≈◊ËÕπ∑’Ë (x) ¢ÕßÕ–μÕ¡ “√‡®◊Õ„πº≈÷°¢Õß·¢Áß·≈–

æ≈—ßß“π (E) ‚¥¬æ‘®“√≥“‰¥â®“°Õ—μ√“°“√ Ÿ≠‡ ’¬æ≈—ßß“πμàÕ

√–¬–∑“ß ∑’Ë§”π«≥‰¥â®“° ¡°“√∑’Ë 1 (Heiner Ryssel and

Ingolf Ruge. (1986))

                          ...(1)

‚¥¬∑’Ë Z1 = Charge Number, Z2 = Atomic Number,    = Ion

velocity, N = Atomic density, M1= Atomic mass, me =

Electron mass,  q  = Electron charge,

fi = Strength of the oscillator.     = Frequency of the i th
electron,               = Velocity of light.

®“° ¡°“√∑’Ë 1 æ∫«à“‰ÕÕÕπ∑’Ë„™â„π°“√¬‘ßΩíßª√–®ÿ∂â“¡’¡«≈

(M1) μà“ß°—π ®–∑”„Àâ√–¬–°“√‡§≈◊ËÕπ∑’Ë¡’§à“μà“ß°—π √–¬–°“√

‡§≈◊ËÕπ∑’Ë¢Õß‰ÕÕÕπ “√‡®◊Õ®–Õ“»—¬æ≈—ßß“π®≈πå®“°æ≈—ßß“π

„π°“√¬‘ß ·≈–≈¥æ≈—ßß“π≈ß‡√◊ËÕ¬Ê ®π‡ªìπ»Ÿπ¬å‡¡◊ËÕ‡¢â“ Ÿà¿“¬„π

«—μ∂ÿ∞“π√Õß ‡π◊ËÕß®“°‰ÕÕÕπ‡°‘¥°“√™π°—∫Õ–μÕ¡∞“π√Õß ∑”„Àâ

√–¬–°“√‡§≈◊ËÕπ∑’Ë¢Õß‰ÕÕÕπÀ√◊ÕÕ–μÕ¡ “√‡®◊Õ (R) ¢÷ÈπÕ¬Ÿà°—∫

Õ—μ√“°“√ Ÿ≠‡ ’¬æ≈—ßß“πμàÕ√–¬–∑“ß ¥—ß ¡°“√∑’Ë 2

...(2)

‚¥¬∑’Ë R §◊Õ √–¬–‡©≈’Ë¬∑’Ë‰ÕÕÕπ‡¢â“‰ª„π‡π◊ÈÕ´‘≈‘°Õπ (m), E §◊Õ

æ≈—ßß“π„π°“√¬‘ßª√–®ÿ (eV), Sn(E) §◊Õ Nuclear Stopping

‡ªìπÕ—μ√“°“√ Ÿ≠‡ ’¬æ≈—ßß“πμàÕ√–¬–∑“ß„π°“√™π°—∫Õ–μÕ¡

μàÕ√–¬–∑“ß (eV/m), Se(E) §◊Õ Electronic Stopping ‡ªìπ

Õ—μ√“°“√ Ÿ≠‡ ’¬æ≈—ßß“πμàÕ√–¬–∑“ß„π°“√ interaction °—∫

Õ‘‡≈Á°μ√ÕπμàÕ√–¬–∑“ß (eV/m), N §◊Õ ‡≈¢Õ–μÕ¡

°“√‡®◊Õ “√‚¥¬«‘∏’¬‘ßΩíßª√–®ÿ®”‡ªìπμâÕß∑”°“√·Õππ’≈

(Anneal) ‡æ◊ËÕ∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß‰ÕÕÕπ “√‡®◊Õ°—∫

Õ–μÕ¡∞“π√Õß·∫∫ ¡∫Ÿ√≥å (Activation) ‡¡◊ËÕæ—π∏–√–À«à“ß

 “√‡®◊Õ·≈–∞“π√Õß‡°‘¥°“√®—∫§Ÿà®–„Àâæ“À–π”‰øøÑ“  ́ ÷Ëß§«“¡√âÕπ

¥—ß°≈à“«∑”„Àâ “√‡®◊Õ‡°‘¥°“√·æ√à (Diffusion) ÷́Ëß§à“§«“¡≈÷°„π

°“√·æ√à (Xj) ¡’§«“¡ —¡æ—π∏å¥—ß ¡°“√∑’Ë 3 (Stanley Wolf and

Richard N. Tauber., 1986)

...(3)

‚¥¬∑’Ë Xj §◊Õ §«“¡≈÷°„π°“√·æ√à (m), D §◊Õ  —¡ª√– ‘∑∏‘Ï°“√

·æ√à, t §◊Õ ‡«≈“ (sec), Qo §◊Õ ª√‘¡“≥ “√‡®◊Õ À√◊Õ‚¥  (Dose)

(ions/cm
2
), Csub §◊Õ §«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥ “√‡®◊Õ„π∞“π√Õß

(atoms/cm
3
)

¥—ßπ—ÈπÀ≈—ß°“√¬‘ßΩíßª√–®ÿ·≈–·Õππ’≈®–¡’§à“§«“¡≈÷°

√«¡„π°“√‡®◊Õ “√§◊Õ Xjtotal = R + Xj °“√‡®◊Õ “√‡æ◊ËÕ≈¥À√◊Õ

‡æ‘Ë¡§«“¡μâ“π∑“π¢Õß∞“π√Õß ®”‡ªìπμâÕß∑√“∫§à“ ¿“æμâ“π∑“π

(Resistivity: p) „π°“√‡®◊Õ “√ ‚¥¬∑’Ë§à“ ¿“æμâ“π∑“π “¡“√∂

§”π«≥‰¥â¥—ß ¡°“√∑’Ë 4 (Varian Ion Implantation Systems.,

1990)

...(4)

‚¥¬∑’Ë q §◊Õª√–®ÿÕ‘‡≈Á°μ√Õπ¡’§à“ 1.6 x 10
-19

 C, un §◊Õ ¿“æ§≈àÕß

¢ÕßÕ‘‡≈Á°μ√Õπ (cm
2
/V-sec), up §◊Õ ¿“æ§≈àÕß¢Õß‚Œ≈ (cm

2
/

V-sec), n §◊Õ§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥Õ‘‡≈Á°μ√Õπ (atoms/cm
3
),

p §◊Õ§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥‚Œ≈ (atoms/cm
3
)

§à“§«“¡μâ“π∑“π‡™‘ß·ºàπ (Rs)  “¡“√∂§”π«≥‰¥â¥—ß

 ¡°“√∑’Ë 5

... (5)

‚¥¬∑’Ë t §◊Õ§«“¡Àπ“¢Õß«—μ∂ÿ À√◊Õª√–¡“≥‰¥â«à“§◊Õ§«“¡≈÷°„π

°“√‡®◊Õ “√ (cm)

 ”À√—∫°“√«—¥‚¥¬‡∑§π‘§ Four Point Probe ‚¥¬∑—Ë«‰ª

∑’Ë¡’§à“√–¬–Àà“ß√–À«à“ßÀ—«‡¢Á¡ (Probe Spacing: s) ¡“°°«à“

§«“¡Àπ“‡ªìπ®”π«π¡“°Ê (s>>t)  “¡“√∂§”π«≥¥—ß ¡°“√∑’Ë 6

...(6)
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‚¥¬∑’Ë     §◊Õ Rs ∑’Ë¡’§à“ t πâÕ¬°«à“ s ¡“°Ê               §◊Õ

§«“¡≈÷°„π°“√‡®◊Õ “√ (cm), V §◊Õ§«“¡μà“ß»—°¬å‰øøÑ“ (Volt), I
§◊Õ°√–· ‰øøÑ“ (Ampere)

¥—ßπ—Èπæ∫«à“§«“¡μâ“π∑“π‡™‘ß·ºàπ∑’ËμâÕß°“√®–‡°’Ë¬«¢âÕß

°—∫§«“¡≈÷°„π°“√‡®◊Õ “√ ¥—ß ¡°“√∑’Ë 5

§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥ “√‡®◊Õ (Dopant Concentration

(Cp): atoms/cm
3
)  “¡“√∂À“‰¥â®“°‚¥ ∑’Ë∑”°“√¬‘ßΩíßª√–®ÿ

¥—ß ¡°“√∑’Ë 7 (Varian Ion Implantation Systems., 1990)

...(7)

( ), Xj  

)/(*
4.0

2

)/( 2
2

cmionsdose
RpRp

cmionsdose
Cp

‚¥¬∑’Ë Cp §◊Õ§«“¡‡¢â¡¢âπ¢Õßª√‘¡“≥ “√‡®◊Õ (atom/cm
3
),

ΔRp §◊Õ One Standard Deviation; çStraggle.é

‡¡◊ËÕ “√‡®◊Õ‡°‘¥°“√ Activate ∑’Ë ¡∫Ÿ√≥å ®–æ∫«à“ Cp = n
À√◊Õ Cp = p „π ¡°“√∑’Ë 4 ´÷Ëß®–¡’º≈∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

 ¿“æμâ“π∑“π¢Õß«— ¥ÿπ—Èπ ¥—ßπ—Èπ°“√§«∫§ÿ¡§«“¡μâ“π∑“π¢Õß

 “√°÷Ëßμ—«π”  “¡“√∂§«∫§ÿ¡‰¥â¥â«¬ª√‘¡“≥ “√‡®◊Õ„π°“√¬‘ßΩíß

ª√–®ÿ

¢—ÈπμÕπ°“√‡®◊Õ “√‚¥¬«‘∏’¬‘ßΩíßª√–®ÿª√–°Õ∫‰ª¥â«¬

3 °√–∫«π°“√ §◊Õ 1. °√–∫«π°“√¬‘ßΩíßª√–®ÿ 2. °√–∫«π°“√

·Õππ’≈ ·≈– 3. °√–∫«π°“√«‘‡§√“–Àå

R s a n d  X j  im p lan t  B F 2  40 , 6 0   80  k eV
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S im u la t io n

40 keV, dose 2.5, 3, 3.5 

and 4E15 ions/cm2 

80 keV, dose 2.5, 3, 3.5 

and 4E15 ions/cm2 

60 keV, dose 2.5, 3, 3.5 

and 4E15 ions/cm2 

¿“æ∑’Ë 4 ≈—°…≥–§«“¡ —¡æ—π∏å¢Õß§à“ Rs ·≈– Xj „π°√–∫«π°“√¬‘ßΩíßª√–®ÿ BF
2
 ·≈–®”≈Õß·∫∫°“√ √â“ß¥â«¬‚ª√·°√¡

TSUPREM-4 (¡πμ√’  · π≈–¡Ÿ≈ ·≈–§≥–, 2548)
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Junction Depth (x10-6m)

¿“æ∑’Ë 5 ≈—°…≥–°“√°√–®“¬μ—«¢Õß§«“¡‡¢â¡¢âπ “√‡®◊Õ (Concentration) °—∫§«“¡≈÷°„π°“√‡®◊Õ “√ (Junction depth) „π

°√–∫«π°“√¬‘ßΩíßª√–®ÿ BF
2
 ª√‘¡“≥ “√‡®◊Õ 3.0x10

15
 cm

-2
 ∑’Ëæ≈—ßß“π 40 keV ·≈–∑”°“√·Õππ’≈ ∑’ËÕÿ≥À¿Ÿ¡‘ 900 ÌC

‡ªìπ‡«≈“ 40 π“∑’ ‚¥¬‡§√◊ËÕß¡◊Õ«—¥ SRP ‡∑’¬∫°—∫º≈°“√®”≈Õß·∫∫°“√ √â“ß (Simulation) (¡πμ√’  · π≈–¡Ÿ≈ ·≈–§≥–,

2548)

Montree Saenlamool*  Karoon Saejok  Suwat Sopitpan  Charndet Hruanun and Amporn Poyai / Burapha Sci. J. 13 (2008) 2 : 3-9 7



°√–∫«π°“√¬‘ßΩíßª√–®ÿ  “¡“√∂‡≈◊Õ°™π‘¥¢Õß‰ÕÕÕπ

 “√‡®◊Õ ‡æ◊ËÕ°”Àπ¥™π‘¥ (Type) ¢Õß “√°÷Ëßμ—«π”À≈—ß°“√‡®◊Õ “√

π—ÈπÊ °“√°”Àπ¥ª√‘¡“≥ “√‡®◊Õ ‡æ◊ËÕ§«∫§ÿ¡§«“¡‡¢â¡¢âπ¢Õß

ª√‘¡“≥ “√‡®◊Õ °“√°”Àπ¥æ≈—ßß“π„π¬‘ßΩíßª√–®ÿ ‡æ◊ËÕ§«∫§ÿ¡

§«“¡≈÷°„π°“√‡®◊Õ “√ ·≈–°“√°”Àπ¥¡ÿ¡ (Tilt) „π°“√¬‘ßΩíßª√–®ÿ

‡æ◊ËÕ≈¥ª√“°Ø°“√≥å Channeling Effect (R. Simonton and

L. Rubin., 2000) ·≈– Channeling Tail „π™—Èπ‚æ≈’‡°μ

(Polycrystalline Si Gates) (Kunihiro Suzuki and Yuji Kataoka.,

2004)

°√–∫«π°“√·Õππ’≈ À≈—ß®“°∑”°√–∫«π°“√¬‘ßΩíßª√–®ÿ

‡ √Á®·≈â« ∫√‘‡«≥∑’Ë∂Ÿ°¬‘ßΩíßª√–®ÿ ®–¡’°“√‡ª≈’Ë¬π√Ÿª√à“ß®“°

‚§√ß √â“ßº≈÷°‰ª‡ªìπÕ —≠∞“π (Amorphous) ́ ÷ËßÕ–μÕ¡ “√‡®◊Õ

®–Õ¬Ÿà¿“¬πÕ°·≈∑∑‘  (Lattice) ¢ÕßÕ–μÕ¡∑’Ë∑”°“√‡®◊Õ

°√–∫«π°“√«‘‡§√“–Àåº≈ À≈—ß®“°ºà“π°√–∫«π°“√¬‘ß

Ωíßª√–®ÿ ·≈–°“√·Õππ’≈ ®–∑”°“√«—¥§à“§«“¡μâ“π∑“π‡™‘ß·ºàπ

(Sheet Resistance: Rs) ¥â«¬‡§√◊ËÕß¡◊Õ«—¥ Four Point Probe

·≈–§à“§«“¡Àπ“·πàπ “√‡®◊Õ (Dopant Density) §à“§«“¡≈÷°

„π°“√‡®◊Õ “√ (Junction Depth: Xj) ¥â«¬‡§√◊ËÕß Spreading

Resistance Profiling (SRP)

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈

º≈°“√‡®◊Õ “√‚¥¬«‘∏’¬‘ßΩíßª√–®ÿ‰ÕÕÕπæ∫«à“ ‡¡◊Ë Õ

ª√‘¡“≥ “√‡®◊Õ‡æ‘Ë¡¡“°¢÷Èπ §à“§«“¡μâ“π∑“π‡™‘ß·ºàπ®–≈¥≈ß

¥—ß ¡°“√∑’Ë 5 ‡π◊ËÕß®“°§à“ p „π ¡°“√∑’Ë 4 ≈¥≈ß ·μà§«“¡≈÷°

„π°“√‡®◊Õ “√®–‡æ‘Ë¡¢÷Èπ ¥—ß ¡°“√∑’Ë 3 ‡π◊ËÕß®“°ª√‘¡“≥ “√‡®◊Õ

(Qo) ¡“° ‡°‘¥°“√·æ√à¡“°°«à“ª√‘¡“≥ “√‡®◊ÕπâÕ¬  àßº≈„Àâ

§«“¡≈÷°„π°“√·æ√àÀ≈—ß°“√·Õππ’≈¡’§à“¡“°°«à“

‡¡◊ËÕÕÿ≥À¿Ÿ¡‘„π°“√·Õππ’≈¡“°¢÷Èπ¡’º≈∑”„Àâ§à“§«“¡

μâ“π∑“π≈¥≈ß ¥—ß¿“æ∑’Ë 6 ‡π◊ËÕß®“°°“√°√–μÿâπ∑’Ë ¡∫Ÿ√≥å¡“°

¢÷Èπ·≈–§«“¡≈÷°„π°“√·æ√à∑’Ë¡“°¢÷Èπ

 √ÿª

°“√‡®◊Õ “√„π°“√ √â“ßÕÿª°√≥å “√°÷Ëßμ—«π”„π«ß®√√«¡

π‘¬¡„™â«‘∏’°“√¬‘ßΩíßª√–®ÿ ‡æ√“– “¡“√∂°”Àπ¥§«“¡μâ“π∑“π

∑’ËμâÕß°“√‰¥âÕ¬à“ß·¡àπ¬” ‚¥¬ “¡“√∂§«∫§ÿ¡™π‘¥¢Õß “√‡®◊Õ

‡™àπ  “√°÷Ëßμ—«π”™π‘¥‡ÕÁπ„™â°“√¬‘ßΩíßª√–®ÿøÕ øÕ√—  À√◊ÕÕ“´‘π‘° å

(As)  “√°÷Ëßμ—«π”™π‘¥æ’„™â°“√¬‘ßΩíßª√–®ÿ‚∫√Õπ ·≈–¬—ß “¡“√∂

„™â‚∫√Õπ‰¥ø≈ŸÕÕ‰√¥å (BF
2
) ‰¥â (¡πμ√’  · π≈–¡Ÿ≈ ·≈–§≥–,

2550) ‡ªìπμâπ  “¡“√∂§«∫§ÿ¡ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡®◊Õ‚¥¬

§«∫§ÿ¡ª√‘¡“≥ “√‡®◊Õ„π°“√¬‘ßΩíßª√–®ÿ  “¡“√∂§«∫§ÿ¡§«“¡≈÷°

„π°“√‡®◊Õ‚¥¬°“√§«∫§ÿ¡æ≈—ßß“π„π°“√¬‘ß

∑’‡¡§ “¡“√∂∑”°“√‡®◊Õ “√ P, As, B ·≈– BF
2
 „π

ª√‘¡“≥ “√‡®◊Õ™à«ß 10
11
-10

17
 cm

-2
 ∑’Ëæ≈—ßß“πμ—Èß·μà 10-200 keV

·≈– “¡“√∂∑”°“√·Õππ’≈∑’ËÕÿ≥À¿Ÿ¡‘ 200-1200 ÌC ·≈–¡’

§«“¡æ√âÕ¡„π°“√º≈‘μ·≈–ÕÕ°·∫∫°“√ √â“ß«ß®√√«¡∑’Ë¡’≈«¥≈“¬

μË”°«à“‰¡§√Õπ ‰¥â

ª√–‚¬™πå·≈–°“√ª√–¬ÿ°μå„™âß“π

ªí®®ÿ∫—π∑’ ‡¡§æ—≤π“°“√ √â“ßÕÿª°√≥å “√°÷Ëßμ—«π”

À≈“°À≈“¬™π‘¥ ‡™àπ ∑√“π´‘ ‡μÕ√å¡Õ ‡ø∑™π‘¥´’¡Õ  À—««—¥§à“

§«“¡‡ªìπ°√¥-¥à“ß (pH-sensor) Õÿª°√≥å«—¥ π“¡·¡à‡À≈Á°

(Magnetic transistor sensor) Õÿª°√≥å«—¥§«“¡¥—π (Pressure

sensor) ·≈– Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ß (Power Electronic)

∫π∞“π√Õß´‘≈‘°Õπ °“√ √â“ßÕÿª°√≥å¥—ß°≈à“«ª√–°Õ∫‰ª¥â«¬

°√–∫«π°“√‡®◊Õ “√À≈“¬Ê ¢—ÈπμÕπ ‡™àπ °“√ √â“ß∫àÕ‡ÕÁπ (N-

well) °“√ √â“ß´Õ -‡¥√π (Source-Drain) ·≈–°“√ √â“ß‚æ≈’‡°∑

(Polycrystalline gate) „π°“√ √â“ß CMOS ÷́Ëß·μà≈–¢—ÈπμÕπ

°“√ √â“ß¡’‡ß◊ËÕπ‰¢°“√ √â“ß∑’Ë·μ°μà“ß°—π‰¥â·°à ª√‘¡“≥ “√‡®◊Õ

(Dose) æ≈—ßß“π°“√¬‘ß (Energy) ·≈–™π‘¥¢ÕßÕ–μÕ¡ “√‡®◊Õ

(Impurity Atom) ¢÷ÈπÕ¬Ÿà°—∫°√–∫«π°“√π—ÈπÊ

§à“ Rs ·≈– Xj ‡ªìπμ—«°”Àπ¥∑’Ë ”§—≠„π°“√ √â“ß ‡™àπ

N-well ¡’ Rs ª√–¡“≥ 2400            ·≈– Xj ª√–¡“≥ 1.8 m

¥—ßπ—Èπ®÷ß®”‡ªìπμâÕß¬‘ßΩíßª√–®ÿ∑’Ëæ≈—ßß“π Ÿß 140,000 ‚«≈μå ∑’Ë

ª√‘¡“≥ “√‡®◊ÕμË”∑’Ë 4.0x10
12
 cm

-2
 ́ ÷Ëßμà“ß®“°°“√ √â“ß´Õ -‡¥√π

∑’ËμâÕß°“√§à“ Rs πâÕ¬ª√–¡“≥ 50       ·≈– Xj ª√–¡“≥

0.44 m ¬‘ßΩíßª√–®ÿ∑’Ëæ≈—ßß“πμË” 40,000 ‚«≈μå ∑’Ëª√‘¡“≥ “√‡®◊Õ

¿“æ∑’Ë 6 §à“§«“¡μâ“π∑“π‡™‘ß·ºàπ ́ ÷Ëß‡ªìπøíß°å™—Ëπ¢ÕßÕÿ≥À¿Ÿ¡‘

„π°“√¬‘ßΩíßª√–®ÿ‰ÕÕÕπ Decaborane À√◊Õdecaboron

tetradecahydride ∑’Ëæ≈—ßß“π 4 ·≈– 7 keV ª√‘¡“≥

 “√‡®◊Õ 1x10
13
 ·≈– 1x10

14
 cm

-2
 ·≈–·Õππ’≈ ¥â«¬

‡∑§π‘§ RTA (Rapid Thermal Annealing) ‡ªìπ‡«≈“

5 «‘π“∑’ (Majeed A. Foad, et al., 2000)

( ) 

( ) 
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