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Abstract

This article reviews electronic circuit revolution, from bulky discrete era to miniature integrated circuit technology.

This transformation has brought us smaller yet more functional and cheaper electronics systems, which nowadays

permeate every aspect of our daily life, from the inner space of our bodies to the outer space of the cosmos. Among the

vast variety of electronic utilizations, we are focusing on wireless communication systems as they have significant impact

on improving global industry as well as personal quality of life. We also discuss about mainstream subjects of leading

research groups around the world, competitive opportunities for Thailand researches and developments, and active

topics in our research group.
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∫∑π”

‡ªìπ‡«≈“°«à“»μ«√√…π—∫μ—Èß·μà ‚∑¡—  Õ—≈«“ ‡Õ¥‘ —π

(Thomas Alva Edison) ‰¥âª√–¥‘…∞åÀ≈Õ¥‰ø¥«ß·√°¢÷Èπ ∑”„Àâ

‚≈°‡√“ «à“ß‰ «¢÷Èπ‰¥â„π¬“¡§Ë”§◊π ¡“ Ÿà°“√æ—≤π“À≈Õ¥ Ÿ≠-

≠“°“»¢÷Èπ„π√“«ªï §.». 1904 ‚¥¬ ®ÕÀåπ ·Õ¡‚∫√  ‡ø≈¡¡‘ß

(John Ambrose Fleming) ´÷Ëß‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß Ÿß„π√–∫∫

«‘∑¬ÿ ◊ËÕ “√¬ÿ§‡√‘Ë¡μâπ ™à«¬„Àâ°“√μ‘¥μàÕ ◊ËÕ  “√∂÷ß°—π∑”‰¥âßà“¬¢÷Èπ

·μà‡π◊ËÕß®“°«ß®√À≈Õ¥ Ÿ≠≠“°“»¡’¢π“¥„À≠à ‡ª√“–∫“ß ·≈–

°‘π°”≈—ß‰øøÑ“¡“° μ—«Õ¬à“ß‡™àπ ‡§√◊ËÕß§Õ¡æ‘«‡μÕ√åÕ‘‡≈Á°∑√Õπ‘° å

‡Õπ°ª√– ß§å‡§√◊ËÕß·√° ENIAC (Electronic Numerical

Integrator and Computer)  √â“ß¢÷Èπ‚¥¬ ®ÕÀåπ ¡Õ™≈’Ë¬å (John

Mauchly) ·≈– ‡® ‡æ√ ‡æÕ√å ‡ÕÁ§‡§‘√åμ (J. Presper Eckert)

·Ààß¡À“«‘∑¬“≈—¬‡æπ´‘≈‡«‡π’¬ „π√“«ªï §.». 1946 ª√–°Õ∫¥â«¬

À≈Õ¥ Ÿ≠≠“°“»‡°◊Õ∫ 18,000 À≈Õ¥ Õÿª°√≥åÕ◊ËπÊ Õ’°°«à“

80,000 μ—«  “¬‡™◊ËÕ¡μàÕÀ≈“¬≈â“π‡ âπ ¡’¢π“¥‡∑à“ÀâÕß¢π“¥„À≠à

Àπ—° 27 μ—π ·≈–°‘π°”≈—ß‰ø∂÷ß 150 °‘‚≈«—μμå (http://en.wiki-

pedia.org/wiki/ENIAC) π—°«‘®—¬®÷ßæ¬“¬“¡À“Õÿª°√≥å∑’Ë‡≈Á°≈ß

·≈–∑”ß“π‰¥â¥’¢÷Èπ ÷́Ëßπ”¡“ Ÿà°“√‡√‘Ë¡μâπ»÷°…“°“√‡§≈◊ËÕπ∑’Ë¢Õß

Õ‘‡≈Á°μ√Õπ„πº≈÷°¢Õß·¢Áß (Solid-State) Õ¬à“ß®√‘ß®—ß ®π„πªï §.».

1947 π—°«‘®—¬¢ÕßÀâÕßªØ‘∫—μ‘°“√‡∫≈≈å (Bell Labs) ‰¥â·°à «‘≈‡≈’¬¡

™Õ°≈’¬å (William Shockley), ®ÕÀåπ ∫“√å¥’π (John Bardeen)

·≈– «Õ≈‡μÕ√å ·∫√μ‡μπ (Walter Brattain) °Áª√– ∫§«“¡ ”‡√Á®

„π°“√ª√–¥‘…∞å∑√“π´‘ ‡μÕ√åμ—«·√° ‚¥¬¡’‚§√ß √â“ß‡ªìπ·∫∫

®ÿ¥μàÕ (Point-Contact Transistor) ∑’Ë √â“ß®“° “√‡®Õ√å‡¡‡π’¬¡

(Germanium) ¥—ß· ¥ß„π√Ÿª∑’Ë 1 (Brinkman, W. F. et al., 1997)

´÷Ëß∑—Èß 3 ∑à“π‰¥â√—∫√“ß«—≈‚π‡∫≈ (Nobel Prize)  “¢“øî ‘° å„πªï

§.». 1956 ®“°°“√§âπæ∫π’È μàÕ¡“™Õ°≈’¬å‰¥âæ—≤π“∑√“π´‘ ‡μÕ√å

·∫∫√Õ¬μàÕ (Junction transistor) ¢÷Èπ (Bondyopadhyay, P.K.,

1998) ÷́Ëß‡ªìπæ◊Èπ∞“π¢Õß∑√“π ‘́ ‡μÕ√å∑’Ë„™âß“πÕ¬Ÿà„πªí®®ÿ∫—π

πÕ°®“°π’È º≈æ«ß®“°§«“¡æ¬“¬“¡æ—≤π“∑√“π´‘ ‡μÕ√å„π‡™‘ß

æ“≥‘™¬å¢Õß™Õ°≈’¬å ¬—ß‡ªìπ à«πÀπ÷Ëß∑’Ë°àÕ„Àâ‡°‘¥´‘≈‘°Õπ·«≈‡≈¬å

(Silicon Valley) ·À≈àßÕÿμ “À°√√¡‰Œ‡∑§∑’Ë¬‘Ëß„À≠à∑’Ë ÿ¥„π‚≈°

Õ’°¥â«¬

∂÷ß·¡â«à“∑√“π ‘́ ‡μÕ√å·∫∫μ—«‡¥’Ë¬« (discrete transistor)

®–™à«¬·°âªí≠À“¢ÕßÀ≈Õ¥ Ÿ≠≠“°“»‰¥â‡ªìπÕ¬à“ß¥’ ·μà‡¡◊ËÕ¡’

°“√æ—≤π“«ß®√Õ‘‡≈Á°∑√Õπ‘° å∑’Ë¡’¢π“¥„À≠à·≈–´—∫´âÕπ¡“°¢÷Èπ

ªí≠À“‡√◊ËÕß°“√‡™◊ËÕ¡μàÕÕÿª°√≥åμà“ßÊ ºà“π “¬‚≈À–¥â«¬¡◊Õ‰¥â

°≈“¬‡ªìπÕÿª √√§ ”§—≠ ‡æ√“–π—ËπÀ¡“¬∂÷ß§à“„™â®à“¬¡À“»“≈

‹

¿“æ∑’Ë 1 ∑√“π´‘ ‡μÕ√åμ—«·√°¢Õß‚≈°

·≈–¡’‚Õ°“ º‘¥æ≈“¥ Ÿß °“√ÕÕ°·∫∫«ß®√Õ‘‡≈Á°∑√Õπ‘° å‰¥â

«‘«—≤π“°“√‰ªÕ’°¢—ÈπÀπ÷Ëß „πªï §.». 1958 ‡¡◊ËÕ·®ä§ §‘≈∫’ (Jack

Kilby) ·Ààß∫√‘…—∑ ‡∑Á°´—  Õ‘π∑√Ÿ‡¡π∑å (Texas Instrument)

‰¥â‡ πÕ·π«§‘¥°“√ √â“ß«ß®√Õ‘‡≈Á°∑√Õπ‘° å∑—ÈßÀ¡¥∫π “√°÷Ëß

μ—«π”™‘Èπ‡¥’¬«°—π ‚¥¬«ß®√μâπ·∫∫∑’Ë§‘≈∫’ √â“ß¢÷Èπ§◊Õ«ß®√

°”‡π‘¥ —≠≠“≥ (Oscillator) ¥—ß· ¥ß„π¿“æ∑’Ë 2 ́ ÷Ëßª√–°Õ∫¥â«¬

∑√“π´‘ ‡μÕ√å 1 μ—«°—∫Õÿª°√≥å·æ ´‘øÕ’° 4 μ—« ∫π™‘Èπ “√°÷Ëß

μ—«π”‡®Õ√å‡¡‡π’¬¡ ·μà°“√‡™◊ËÕ¡μàÕ°—π¬—ß§ß„™â≈«¥‚≈À–Õ¬Ÿà ´÷Ëß

‰¡à‡À¡“–°—∫°“√º≈‘μ«ß®√√«¡¢π“¥„À≠à „π‡«≈“‰≈à‡≈’Ë¬°—π ‚√‡∫‘√åμ

πÕ¬´å (Robert Noyce) ·≈– ®’π ‡ÕÕ√åπ’ (Jean A. Hoerni) ®“°

∫√‘…—∑ ·ø√å™“¬¥å ‡´¡‘§Õπ¥—°‡μÕ√å (Fairchild Semiconductor)

‰¥âæ—≤π“°√–∫«π°“√º≈‘μ·∫∫ æ≈“π“√å (Planar Process) ¢÷Èπ

´÷ËßÕ“»—¬À≈—°°“√ √â“ß™—Èπ©π«π·≈–μ—«π” ấÕπ∑—∫∫π “√°÷Ëß

μ—«π”´‘≈‘°Õπ ‚¥¬ “¡“√∂ª√—∫·μàß≈«¥≈“¬‰¥âμ“¡μâÕß°“√ ™à«¬

·°âªí≠À“°“√‡™◊ËÕ¡μàÕ¿“¬„π (interconnection) ‰¥â ”‡√Á® ·≈–

°≈“¬¡“‡ªìπ°√–∫«π°“√ ∑’Ë„™â ”À√—∫°“√ √â“ß«ß®√√«¡μ√“∫

®π∂÷ß∑ÿ°«—ππ’È ·¡â«à“μà“ß§πμà“ßæ—≤π“¢÷Èπ‚¥¬‰¡à‡°’Ë¬«¢âÕß°—π ·μà

°Á‡ªìπ∑’Ë¬Õ¡√—∫·≈–¬°¬àÕß„Àâ §‘≈∫’·≈–πÕ¬´å ‡ªìπºŸâ§‘¥§âπ°“√

ª√–¥‘…∞å«ß®√√«¡√à«¡°—π (Lee, T. H., 2007) À“°‡æ’¬ß‡æ√“–

πÕ¬´å ‰¥â‡ ’¬™’«‘μ‰ª°àÕπ ®÷ß¡’‡æ’¬ß§‘≈∫’‡∑à“π—Èπ∑’Ë ‰¥â√—∫°“√

ª√–°“»„Àâ√—∫√“ß«—≈‚π‡∫≈  “¢“øî ‘° å„πªï §.». 2000
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¿“æ∑’Ë 2 «ß®√√«¡μ—«·√°¢Õß‚≈° (Courtesy of Texas Instruments)

 

‡∑§‚π‚≈¬’«ß®√√«¡
«ß®√√«¡ À√◊Õ ‰Õ´’ À√◊Õ ‰¡‚§√™‘ª §◊Õ √–∫∫«ß®√∑“ß

Õ‘‡≈Á°∑√Õπ‘° å¢π“¥‡≈Á° ∑’Ë∂Ÿ°ÕÕ°·∫∫ √â“ß·≈–º≈‘μ≈ß∫π

æ◊Èπº‘«¢Õß “√°÷Ëßμ—«π”™‘Èπ‡¥’¬« ÷́Ëß‚¥¬∑—Ë«‰ª®–ª√–°Õ∫¥â«¬

Õÿª°√≥å “√°÷Ëßμ—«π” ‡™àπ ∑√“π ‘́ ‡μÕ√åÀ√◊Õ‰¥‚Õ¥ ·≈–

Õÿª°√≥å·æ  ‘́ø ‡™àπ μ—«μâ“π∑“πÀ√◊Õμ—«‡°Á∫ª√–®ÿ ‡ªìπÀ≈—°

‡™◊ËÕ¡μàÕ°—πÕ¬Ÿà¥â«¬™—Èπ¢Õß©π«π·≈–μ—«π” ¥â«¬§«“¡ “¡“√∂

„π°“√º≈‘μÕÿª°√≥å∑’Ë¡’¢π“¥‡≈Á°®‘Î«π’È  àßº≈„Àâ√–∫∫«ß®√

Õ‘‡≈Á°∑√Õπ‘° å∑’Ë·μà‡¥‘¡¡’¢π“¥„À≠àμàÕ°—πÕ¬à“ß´—∫ ấÕπ ¡’ “¬μàÕ

‡™◊ËÕ¡°—πÕ¬à“ß¡“°¡“¬ Õ“∑‘ Àπà«¬ª√–¡«≈º≈°≈“ßÀ√◊Õ´’æ’¬Ÿ

„π§Õ¡æ‘«‡μÕ√å ·≈–·ºß«ß®√„π‡§√◊ËÕß‚∑√»—æ∑å¡◊Õ∂◊Õ  “¡“√∂

À≈Õ¡√«¡≈ß∫π “√°÷Ëßμ—«π”‡≈Á°Ê ™‘Èπ‡¥’¬« ´÷Ëßπ—∫«—π‡∑§‚π‚≈¬’

°“√º≈‘μ°Á ‰¥â√—∫°“√æ—≤π“„Àâ¥’¬‘Ëß¢÷Èπ ∑”„Àâ™‘Èπ à«πμà“ßÊ ∂Ÿ°

≈¥ à«π®π¡’¢π“¥‡≈Á°≈ß‡√◊ËÕ¬Ê ·μà°≈—∫¡’ª√– ‘∑∏‘¿“æ„π°“√

∑”ß“π∑’Ë Ÿß¢÷Èπ·≈–√“§“∑’Ë∂Ÿ°≈ß ¥—ß‡™àπ §Õ¡æ‘«‡μÕ√å„π¬ÿ§‡√‘Ë¡μâπ

∑’Ë¡’¢π“¥„À≠à‚μ‡∑à“°—∫ÀâÕß °≈—∫¡’¢π“¥‡≈Á°≈ß‡À≈◊Õ‡æ’¬ß¢π“¥

„°≈â‡§’¬ßÀπ—ß ◊Õ‡≈à¡‡≈Á°Ê ‡∑à“π—Èπ ª√–°Õ∫°—∫°“√∑’Ë‡∑§‚π‚≈¬’

«ß®√√«¡‰¥â™à«¬„Àâ√–∫∫°“√ ◊ËÕ “√ ·≈–√–∫∫ª√–¡«≈º≈¢âÕ¡Ÿ≈

(Data Processing) ∑’Ë´—∫´âÕπ¡’¢π“¥‡≈Á°≈ß ∑”„Àâ “¡“√∂π”

‡Õ“§Õ¡æ‘«‡μÕ√å¡“°¡“¬¡“‡™◊ËÕ¡‚¬ß°—π‡ªìπ‚§√ß¢à“¬ ‡°‘¥‡ªìπ√–∫∫

Õ‘π‡∑Õ√å‡πμ¢÷Èπ ·≈–‡¡◊ËÕ°“√ ◊ËÕ “√¢âÕ¡Ÿ≈ “¡“√∂∑”‰¥âÕ¬à“ß

À≈“°À≈“¬·≈–¡’ª√– ‘∑∏‘¿“æ Ÿß ®÷ß°≈“¬¡“‡ªìπ¬ÿ§∑Õß¢Õß

‡∑§‚π‚≈¬’ “√ π‡∑» (Information Technology) ¥—ß‡™àπ„πªí®®ÿ∫—π

 ‘Ëß‡À≈à“π’È‡ªìπº≈®“°æ—≤π“°“√¢Õß°“√ÕÕ°·∫∫«ß®√√«¡∑—Èß ‘Èπ

À√◊ÕÕ“®°≈à“«Õ’°π—¬Àπ÷Ëß‰¥â«à“ ‡∑§‚π‚≈¬’°“√ÕÕ°·∫∫«ß®√√«¡

‡ªìπ‚§√ß √â“ßæ◊Èπ∞“πÀ≈—° (Infrastructure) ∑’ËÕ¬Ÿà‡∫◊ÈÕßÀ≈—ß

§«“¡ ”‡√Á®‡À≈à“π’È

„πªí®®ÿ∫—π °“√ √â“ß«ß®√√«¡π‘¬¡°√–∑”≈ß∫π·ºàπ

´‘≈‘°Õπ‡«‡øÕ√å (Silicon Wafer) ‡π◊ËÕß®“° “√ ‘́≈‘°Õπ¡’

Õ¬Ÿà¡“°¡“¬„π∏√√¡™“μ‘ ∑”„Àâ¡Ÿ≈§à“«—μ∂ÿ¥‘∫μË” °Õª√°—∫

°√–∫«π°“√ √â“ß™—Èπ©π«π§ÿ≥¿“æ Ÿß “¡“√∂∑”‰¥âßà“¬ ·≈–

Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å∑’Ë √â“ß‰¥â°Á¡’ª√– ‘∑∏‘¿“æ∑’Ë¥’¡“°¥â«¬

( ‘∑∏‘™—¬ ‚¿‰§¬Õÿ¥¡, 2520; Rabaey, J. M., 2003; Hastings, A.,

2001; Geiger, R.L., et al., 1990) ‚¥¬∑‘»∑“ß°“√æ—≤π“®–

¡ÿàß‡πâπ‰ª∑’Ë°“√≈¥¢π“¥¢Õßμ—«Õÿª°√≥å„Àâ‡≈Á°≈ß‡√◊ËÕ¬Ê ‡æ◊ËÕ∑’Ë®–

 “¡“√∂‡æ‘Ë¡®”π«πÕÿª°√≥åμàÕÀπà«¬æ◊Èπ∑’Ë Õ—π‡ªìπ°“√™à«¬≈¥

¢π“¥¢Õß«ß®√À√◊Õ‡æ‘Ë¡§«“¡ “¡“√∂„À¡àÊ „Àâ°—∫√–∫∫‡¥‘¡ ®÷ß

™à«¬≈¥μâπ∑ÿπ°“√º≈‘μ≈ß‰¥â ¢âÕ¡Ÿ≈‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß

‡∑§‚π‚≈¬’°“√º≈‘μ´’¡Õ ∑√“π´‘ ‡μÕ√å (CMOS Transistor) · ¥ß

¥—ßμ“√“ß∑’Ë 1

«—≈≈¿   ÿ√–°”æ≈∏√ ·≈– Õ¡√  ®‘√‡ √’Õ¡√°ÿ≈ / «“√ “√ «‘∑¬“»“ μ√å∫Ÿ√æ“ ©∫—∫æ‘‡»… 2552 : 8-1810



μ“√“ß∑’Ë 1 ‡ª√’¬∫‡∑’¬∫°√–∫«π°“√º≈‘μ ’́¡Õ ∑√“π ‘́ ‡μÕ√å [9]

μ“√“ß∑’Ë 1 · ¥ß°“√‡ª√’¬∫‡∑’¬∫°√–∫«π°“√º≈‘μ

´’¡Õ ∑√“π ‘́ ‡μÕ√å  ́ ÷Ëß‡ªìπ‡∑§‚π‚≈¬’À≈—°¢Õß°“√º≈‘μ«ß®√√«¡

„πªí®®ÿ∫—π ‡π◊ËÕß®“°‚§√ß √â“ß·∫∫ ’́¡Õ π—Èπ “¡“√∂ √â“ß‰¥âßà“¬

§«“¡Àπ“·πàπ¢ÕßÕÿª°√≥å Ÿß ®÷ß‡À¡“– ¡°—∫°“√º≈‘μ‡ªìπ

®”π«π¡“° ®–‡ÀÁπ‰¥â«à“¢π“¥¢Õß‡∑§‚π‚≈¬’ ÷́Ëß«—¥®“°™àÕß

∑“ß‡¥‘π°√–· ¢Õß∑√“π´‘ ‡μÕ√å∑’Ë‡≈Á°∑’Ë ÿ¥∑’Ë “¡“√∂ √â“ß‰¥â ¡’

·π«‚πâ¡‡≈Á°≈ß‡√◊ËÕ¬Ê ‚¥¬§“¥À¡“¬«à“®–¡’¢π“¥‡≈Á°∂÷ß√–¥—∫ 11

π“‚π‡¡μ√¿“¬„πªï §.». 2022  (http://www.itrs.net/reports.html)

„π¢≥–∑’Ë‡¡◊ËÕμ—«Õÿª°√≥å‡≈Á°≈ß°Á®–„™â√–¥—∫·√ß¥—π‰ø‡≈’È¬ßπâÕ¬

≈ß·≈– “¡“√∂∑”ß“π‰¥â‡√Á«¢÷Èπ ‚¥¬æ‘®“√≥“®“°§à“§«“¡∂’Ë

∑√“π´‘™—π (Transition frequency, f
T
) ¥â«¬§ÿ≥ ¡∫—μ‘‡À≈à“π’È

®÷ß∑”„Àâ√–∫∫«ß®√Õ‘‡≈Á°∑√Õπ‘° å¡’√“§“∂Ÿ°≈ßÕ¬à“ßμàÕ‡π◊ËÕß ·μà

°≈—∫¡’ª√– ‘∑∏‘¿“æ Ÿß ·≈–¡’ª√–‚¬™πå„™â Õ¬À≈“°À≈“¬¡“°¢÷Èπ

‡ÀÁπ™—¥«à“ªí®®ÿ∫—π‡ªìπ¬ÿ§∑’Ë‡∑§‚π‚≈¬’Õ‘‡≈Á°∑√Õπ‘° å ‰¥â

‡¢â“¡“‡°’Ë¬«æ—πÕ¬Ÿà„π™’«‘μª√–®”«—π¢Õß‡√“Õ¬à“ß¡“°¡“¬ «‘∂’™’«‘μ

¢Õß§π‡√“‰¥â∂Ÿ°‡ª≈’Ë¬π·ª≈ß‰ª®“°„πÕ¥’μ‡ªìπÕ¬à“ß¡“° ‡√“¡’

Õÿª°√≥åÀ√◊Õ ‘Ëß∑’Ë™à«¬‡Õ◊ÈÕÕ”π«¬§«“¡ –¥«°¡“°¢÷Èπ ‚¥¬‡©æ“–

√–∫∫∑’Ë‡ªìπ·∫∫Õ—μ‚π¡—μ‘ μ—Èß·μà√–∫∫∑’Ë¡’¢π“¥„À≠à®π∂÷ß√–∫∫

∑’Ë¡’¢π“¥‡≈Á°Ê μ—«Õ¬à“ß‡™àπ °“√‡¥‘π∑“ß∑’Ë¡’√–∫∫Õ”π«¬§«“¡

 –¥«° ∫“¬·≈–√«¥‡√Á«¥â«¬¬“πæ“Àπ–μà“ßÊ °“√ √â“ß √√§å

§«“¡∫—π‡∑‘ß®“°√–∫∫‡§√◊ËÕß‡ ’¬ß «‘¥’ ‚Õ ‡§√◊ËÕß„™â ‰øøÑ“

§Õ¡æ‘«‡μÕ√å ·≈–√–∫∫¿“æ¬πμ√å∑’Ë∑—π ¡—¬ °“√μ‘¥μàÕ ◊ËÕ “√

√–À«à“ß°—π∑’Ë√«¥‡√Á«¥â«¬√–∫∫‚§√ß¢à“¬§«“¡‡√Á« Ÿß ·≈–

‡æ‘Ë¡§«“¡§≈àÕßμ—«‰¥â¥â«¬√–∫∫°“√ ◊ËÕ “√‰√â “¬ ‡ªìπμâπ ´÷Ëß

‡∫◊ÈÕßÀ≈—ß¢ÕßÕÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å‰Œ‡∑§Õ”π«¬§«“¡ –¥«°

∑’Ë™“≠©≈“¥‡À≈à“π’È μà“ß∂Ÿ°¢—∫‡§≈◊ËÕπÕ¬Ÿà¥â«¬‡∑§‚π‚≈¬’«ß®√√«¡

∑—Èß ‘Èπ ‚¥¬„π√–∫∫∑’Ë¡’§«“¡ —́∫ ấÕπ Ÿß ¬—ß®”‡ªìπ®–μâÕß¡’√–∫∫

ªØ‘∫—μ‘°“√¡“§«∫§ÿ¡°“√∑”ß“π¥â«¬ ´÷ËßÕÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å

·∫∫π’È®–∂Ÿ°‡√’¬°«à“ Õÿª°√≥åΩíßμ—« (Embedded) (Jerraya, A. A.,

2004; Delpoux, A., 1997; ∏π“√—°…å ∏’√–¡—Ëπ§ß, 2549) Õÿª°√≥å

‡∑§‚π‚≈¬’ ªï∑’Ë‡√‘Ë¡º≈‘μ ‰ø‡≈’È¬ß §«“¡∂’Ë f
T

0.18 μm 2000 1.8 V 70 GHz

0.13 μm 2002 1.2 V 132 GHz

65 nm 2006 1.0 V 140 GHz

45 nm 2008 1.0 V 200 GHz

Ωíßμ—«π’È ‰¡à„™à‡§√◊ËÕß§Õ¡æ‘«‡μÕ√å‡Õπ°ª√– ß§å à«π∫ÿ§§≈ (Personal

Computer, PC) ∑’Ë‡√“§ÿâπ‡§¬ ·μà‡ªìπ√–∫∫«ß®√√«¡∑’Ë∂Ÿ°

ÕÕ°·∫∫¡“‡æ◊ËÕ„™â°—∫Õÿª°√≥åπ—ÈπÊ ‚¥¬‡©æ“– ¡’√–∫∫ªØ‘∫—μ‘

°“√μ“¡‡«≈“®√‘ß (Real-time operating system, RTOS) §Õ¬

§«∫§ÿ¡°“√π”¢âÕ¡Ÿ≈‡¢â“¡“®“° à«π√—∫¢âÕ¡Ÿ≈μà“ßÊ ‡™àπ Õÿª°√≥å

μ√«®®—∫ —≠≠“≥ À√◊Õ ‡´π‡´Õ√å (Sensor) À√◊ÕÕÿª°√≥å√—∫

§” —Ëß®“°ºŸâ„™â ·≈â«π”¡“ª√–¡«≈º≈°àÕπ®– àß —≠≠“≥ÕÕ°μàÕ‰ª

‡æ◊ËÕ§«∫§ÿ¡Õÿª°√≥åμà“ßÊ Õ“∑‘  «‘μ™å‰øøÑ“ Õÿª°√≥å‡ªî¥-ªî¥¡Õ‡μÕ√å

√–∫∫μÕ∫‚μâ¥â«¬‡ ’¬ß ·≈–Àπâ“®Õ· ¥ßº≈ ‡ªìπμâπ ·≈–∂â“

À“° “¡“√∂‡™◊ËÕ¡‚¬ß°—∫°“√ ◊ËÕ “√‰√â “¬‰¥â °Á®–∑”„Àâ√–∫∫

§«∫§ÿ¡Õ—μ‚π¡—μ‘¡’§«“¡À≈“°À≈“¬¡“°¢÷Èπ ‡™àπ √–∫∫∫â“π

Õ—®©√‘¬–∑’ËÕÿª°√≥åμà“ßÊ ∑”ß“π‰¥â‡Õß¥â«¬‚ª√·°√¡∑’Ëμ—Èß‰«â

ªí®®ÿ∫—π “¢“«‘™“°“√ÕÕ°·∫∫ √–∫∫Õÿª°√≥åΩíßμ—« À√◊Õ∫“ß∑’Ë

‡√’¬°  ¡Õß°≈Ωíßμ—« ¡’§«“¡ ”§—≠Õ¬à“ß¡“°‚¥¬‡©æ“–„π√–¥—∫

Õÿμ “À°√√¡¢Õßª√–‡∑»  ∑—Èßπ’È‡π◊ËÕß®“°‡ªìπ°“√ÕÕ°·∫∫«ß®√√«¡

‚¥¬‡©æ“–‡®“–®ß¢Õß·μà≈–º≈‘μ¿—≥±å ‡ªìπ∑√—æ¬å ‘π∑“ßªí≠≠“

μâÕß°“√π—°ÕÕ°·∫∫∑’Ë¡’§«“¡ “¡“√∂ Ÿß ‡™’Ë¬«™“≠ ·≈–‰¥â√—∫

°“√Ωñ°Ωπ¡“‡ªìπÕ¬à“ß¥’ ´÷Ëß‡ªìπ∑’Ëπà“‡ ’¬¥“¬«à“ª√–‡∑»‰∑¬¬—ß

¢“¥·§≈ππ—°ÕÕ°·∫∫„π¥â“ππ’ÈÕ¬ŸàÕ’°¡“°

¥—ß∑’Ë‰¥â°≈à“«‰ª·≈â««à“ «ß®√√«¡∑“ßÕ‘‡≈Á°∑√Õπ‘° å‡ªìπ

 à«πª√–°Õ∫À—«„® ”§—≠„πÕÿª°√≥å ¡—¬„À¡à‡°◊Õ∫∑ÿ°™π‘¥ ¥—ßπ—Èπ

°“√«‘®—¬·≈–æ—≤π“°“√ÕÕ°·∫∫«ß®√√«¡¢Õß√–∫∫ª√–¡«≈º≈

 —≠≠“≥ ®÷ß¡’∫∑∫“∑ ”§—≠Õ¬à“ß Ÿß μàÕ°“√æ—≤π“∑“ß¥â“π

«‘∑¬“»“ μ√å·≈–‡∑§‚π‚≈¬’ μ≈Õ¥®π¬—ß‡ªìπª√–‚¬™πå μàÕ°“√

æ—≤π“∑“ß‡»√…∞°‘®¢Õßª√–‡∑»¥â«¬ ‡π◊ËÕß®“°Õÿμ “À°√√¡

‡§√◊ËÕß„™â ‰øøÑ“·≈–·ºß«ß®√√«¡ Õ“∑‘‡™àπ √–∫∫«ß®√Õ‘‡≈Á°-

∑√Õπ‘° å Œ“√å¥¥‘ °å‰¥√øá ‚∑√»—æ∑å¡◊Õ∂◊Õ ·≈–§Õ¡æ‘«‡μÕ√å

ªí®®ÿ∫—π‡ªìπ ‘π§â“ÕÕ°Õ—π¥—∫Àπ÷Ëß¢Õßª√–‡∑» ¡’¡Ÿ≈§à“√«¡°«à“ 1.7

≈â“π≈â“π∫“∑  ·μà ‘π§â“ àßÕÕ°‡À≈à“π’È™‘Èπ à«π ”§—≠ à«π„À≠àπ”‡¢â“

®“°μà“ßª√–‡∑» ‡æ◊ËÕπ”¡“ª√–°Õ∫‡ªìπº≈‘μ¿—≥±å„πª√–‡∑»

‚¥¬Õ“»—¬ªí®®—¬¥â“π§à“·√ß∑’Ë∂Ÿ° ¥—ßπ—Èπ°“√ àßÕÕ°º≈‘μ¿—≥±å‡À≈à“π’È

ª√–‡∑»‰∑¬®–‰¥âª√–‚¬™πå‡©æ“–„π à«π§à“·√ßß“π‡∑à“π—Èπ °“√

ÕÕ°·∫∫«ß®√√«¡®÷ß‡ªìπ√“°∞“π∑’Ë ”§—≠ μàÕÕÿμ “À°√√¡Õ‘‡≈Á°-

∑√Õπ‘° å¢Õßª√–‡∑» ‡æ√“–À“°ª√–‡∑»‰∑¬¡’‡∑§‚π‚≈¬’

∑“ß°“√ª√–¥‘…∞å ·≈–ÕÕ°·∫∫«ß®√√«¡ ÷́Ëß¢Õ‡√’¬°√«¡Ê «à“

‡∑§‚π‚≈¬’‰¡‚§√Õ‘‡≈Á°∑√Õπ‘° å À√◊Õ Õß§å§«“¡√Ÿâ∑“ß°“√

ÕÕ°·∫∫«ß®√√«¡¢Õßμπ‡Õß º≈‘μ¿—≥±å®“°ª√–‡∑»°Á®–¡’

¡Ÿ≈§à“‡æ‘Ë¡·≈–¡’√“§“∑’Ë·¢àß¢—π‰¥â„πμ≈“¥‚≈° ‡π◊ËÕß®“°‰¡à¡’§à“

≈‘¢ ‘∑∏åÀ√◊Õ§à“‡∑§‚π‚≈¬’∑’ËμâÕß∫«°‡æ‘Ë¡‡¢â“¡“„π√“§“ ‘π§â“

Wanlop Surakampontorn and Amorn Jiraseree-amornkun / Burapha Sci. Special Volume 2009 : 8-18 11



 

¿“æ∑’Ë 3 ‚§√ß √â“ßæ◊Èπ∞“π¢Õß√–∫∫ ◊ËÕ “√‰√â “¬

et al., 2006; Kabashi, A. H. & Elmirghani, J. M. H., 2008) ‡æ◊ËÕ

 √â“ß‡ªìπ‡§√◊Õ¢à“¬μ√«® Õ∫∑—Èß„π‚√ßß“πÕÿμ “À°√√¡ ∏ÿ√°‘®∫√‘°“√

∏ÿ√°‘®¢π àß ‘π§â“ (Tran- sportation Logistic) À√◊Õ„π‡™‘ß

™’«¿“æ∑“ß°“√·æ∑¬å (Biology and Medicine) μà“ßÊ ‡æ◊ËÕ°“√

μ√«®·≈–√—°…“æ¬“∫“≈¥â«¬°“√·æ∑¬å∑“ß‰°≈ (Telemedicine)

À√◊Õ ∑“ß¥â“πÕÿμ “À°√√¡‡°…μ√·≈–Õ“À“√ ‚¥¬°“√‡æ‘Ë¡

º≈º≈‘μ∑“ß‡°…μ√¥â«¬°“√μ√«®«—¥ª√‘¡“≥∑’Ë∫àß™’È ¿“æ·«¥≈âÕ¡

‡æ◊ËÕ √â“ß√–∫∫‡°…μ√°√√¡§«“¡·¡àπ¬” Ÿß (Precision

Agriculture) À√◊Õ√–∫∫μ‘¥μ“¡º≈‘μº≈∑“ß°“√‡°…μ√ Õ“À“√

·ª√√Ÿª Õ“À“√·™à·¢Áß ·≈–Õ◊ËπÊ (Agriculture and food

traceability system) ´÷Ëß®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–μâÕß¡’°“√æ—≤π“

Õß§å§«“¡√Ÿâ¥â“π‡∑§π‘§ °“√ÕÕ°·∫∫«ß®√√«¡¢—Èπ Ÿß ”À√—∫°“√

 ◊ËÕ “√„Àâ¡’§«“¡ “¡“√∂„π°“√ àß¢âÕ¡Ÿ≈‰¥â¡“°¢÷Èπ·μà°‘π°”≈—ß

‰øøÑ“πâÕ¬ ́ ÷Ëß„π·μà≈–Õß§åª√–°Õ∫π—°«‘®—¬°“√ÕÕ°·∫∫«ß®√√«¡

®”‡ªìπμâÕß¡’Õß§å§«“¡√Ÿâ ∑—Èß„π¥â“πÕÿª°√≥åμ√«®®—∫ §«“¡√Ÿâ¥â“π

√–∫∫°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈ ·≈–√–∫∫°“√ª√–¡«≈ —≠≠“≥

°“√ ◊ËÕ “√ À√◊Õ √–∫∫¡—≈μ‘¡‘‡¥’¬μà“ßÊ ́ ÷Ëß¡’§«“¡À≈“°À≈“¬ ·≈–

¡’æ—≤π“°“√‰ªÕ¬à“ß¡“°¡“¬ ‡æ◊ËÕ∑’Ë®– “¡“√∂ÕÕ°·∫∫√–∫∫„Àâ

‡À¡“– ¡°—∫°“√ª√–¬ÿ°μåπ—ÈπÊ ‰¥â

¥—ßπ—Èπ °“√«‘®—¬°“√ÕÕ°·∫∫«ß®√√«¡ ”À√—∫°“√ ◊ËÕ “√

‰√â “¬ ®÷ß¡’§«“¡ ”§—≠μàÕª√–‡∑»‡ªìπÕ¬à“ß¡“° ‡æ√“–‰¡à‡æ’¬ß

∏ÿ√°‘®Õÿμ “À°√√¡‡∑à“π—Èπ∑’Ë®–‰¥âª√–‚¬™πå ·μà¬—ß√«¡∂÷ß¥â“π

‡°…μ√°√√¡∑’Ë‡ªìπæ◊Èπ∞“π ”§—≠¢Õß™“μ‘ °“√æ—≤π“¥â“π

 “∏“√≥ ÿ¢Õπ“¡—¬ μ≈Õ¥®π°“√æ—≤π“§ÿ≥¿“æ™’«‘μ¢Õß

ª√–™“™π§π‰∑¬∑—Èßª√–‡∑»Õ’°¥â«¬ ∑—Èßπ’È‡π◊ËÕß®“°„πÕπ“§μ

Õÿª°√≥å∑—ÈßÀ≈“¬®–∂Ÿ°‡™◊ËÕ¡μàÕ°—π·∫∫‰√â “¬ ®÷ß¡’§«“¡

§≈àÕßμ—« Ÿß·≈– “¡“√∂ª√–¬ÿ°μå„™âß“π‰¥â¡“°¡“¬ ‡°’Ë¬«¢âÕß°—∫

»“ μ√å„πÀ≈“¬ “¢“«‘™“ ‡™àπ °“√ ◊ËÕ “√‚∑√§¡π“§¡ ‡∑§‚π‚≈¬’

 “√ π‡∑» √–∫∫°“√»÷°…“∑“ß‰°≈ °“√¢π àß ‘π§â“ √–∫∫

Õ”π«¬§«“¡ –¥«° √–∫∫§«∫§ÿ¡ √–∫∫°“√√—°…“∑“ß°“√·æ∑¬å

√–∫∫∑“ß∏ÿ√°‘® ·≈–√–∫∫∑“ß°“√‡°…μ√·≈–Õ“À“√

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß¢≥–π’È ‰∑¬¡’ à«π·∫àß„πμ≈“¥‚≈°‡æ’¬ß 2%

‡∑à“π—Èπ ¬—ß¡’™àÕß«à“ßÕ’°¡“°∑’Ë®”‡ªìπμâÕß‡√àßæ—≤π“‡æ◊ËÕ‡ √‘¡ √â“ß

§«“¡‡¢â¡·¢Áß„Àâ°—∫‡»√…∞°‘®¢Õß™“μ‘„πÕπ“§μ

«ß®√√«¡ ”À√—∫°“√ ◊ËÕ “√‰√â “¬
„π√Õ∫μ—«‡√“∑ÿ°«—ππ’È √“¬≈âÕ¡‰ª¥â«¬Õÿª°√≥åÕ”π«¬

§«“¡ –¥«°·≈–‡∑§‚π‚≈¬’Õ‘‡≈Á°∑√Õπ‘° å∑’Ë∑—π ¡—¬ ∑’Ë™à«¬„Àâ

°‘®°√√¡μà“ßÊ „π™’«‘μª√–®”«—πºà“πæâπ‰ªÕ¬à“ß√“∫≈◊Ëπ –¥«° ∫“¬

Õ“∑‘‡™àπ √–∫∫°“√ ◊ËÕ “√ºà“π„¬·°â«π”· ß √–∫∫Õ‘π‡μÕ√å‡πÁμ

√–∫∫‚∑√»—æ∑å‰√â “¬ √–∫∫‚§√ß¢à“¬ ◊ËÕ “√¢âÕ¡Ÿ≈‰√â “¬ (Wireless

Local Area Network, WLAN) ·≈– √–∫∫ ◊ËÕ “√ à«π∫ÿ§§≈

‰√â “¬ (Wireless Personal Area Network, WPAN) ´÷Ëß‰¥â·°à

Bluetooth, Home Radio Frequency ·≈– √–∫∫ UWB (Ultra

Wideband) ‡ªìπμâπ ‚¥¬‡©æ“–√–∫∫°“√ ◊ËÕ “√‰√â “¬π—Èπ ‰¥â

Õ”π«¬§«“¡ –¥«°„Àâ°—∫ºŸâ„™â‡ªìπÕ¬à“ß¡“° ∑”„Àâ°“√‡™◊ËÕ¡μàÕ

∂÷ß°—π∑”‰¥â‚¥¬‰¡à®”‡ªìπμâÕß„™â “¬μàÕ„Àâ¬ÿàß¬“° °≈ÿà¡«‘®—¬™—Èππ”

∑—Èß„π√–¥—∫¡À“«‘∑¬“≈—¬·≈–Õÿμ “À°√√¡∑—Ë«‚≈° ®÷ß∑ÿà¡§«“¡

æ¬“¬“¡‡μÁ¡∑’Ë„π°“√æ—≤π“√–∫∫ ◊ËÕ “√‰√â “¬ „Àâ‡°‘¥§«“¡

À≈“°À≈“¬„π°“√ª√–¬ÿ°μå„™âß“π·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√

∑”ß“π„Àâ¡“°¢÷Èπ ∑’Ë ”§—≠§◊Õ°“√æ—≤π“√–∫∫ ◊ËÕ “√‰√â “¬ ‡æ◊ËÕ

°“√‡™◊ËÕ¡‚¬ß¢âÕ¡Ÿ≈¢Õß Õÿª°√≥åμ√«®®—∫ (Sensor) À√◊Õ Õÿª°√≥å

·ª≈ß —≠≠“≥ (Transducer) ·∫∫μà“ßÊ ‡™àπ Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ

‡ªìπμâπ ‡¢â“°—∫√–∫∫ª√–¡«≈º≈ —≠≠“≥ °≈“¬‡ªìπ‚§√ß¢à“¬

Õÿª°√≥åμ√«®®—∫ —≠≠“≥‰√â “¬ (Wireless Sensor Network)

∑’Ë¡’ª√–‚¬™πå„™âß“π‰¥â¡“°¡“¬ (Gudnason, G. & Bruun, E., 1997;

Hafez, A. A., et al., 2009; Sovlukov, A. S. & Tereshin, V. I.,

2004; Barrows, G. L. & Krantz, B., 2000; Yuce M. R., et al.,

2007) ·≈–π—∫«—π®–¡’°“√¢¬“¬°“√ª√–¬ÿ°μå„™âÕÕ°‰ª°«â“ß¢«“ß¢÷Èπ

∑—Èß„π¥â“π«‘∑¬“»“ μ√å (Sovlukov, A. S. & Tereshin, V. I., 2004;

Barrows, G. L. and Krantz, B., 2000) ¥â“π°“√·æ∑¬å (Yuce

M. R., et al., 2007; Zhen, B., et al., 2009) ¥â“πÕÿμ “À°√√¡

(Flammini, A., et al., 2009) ·≈–¥â“π°“√‡°…μ√ (Wang, N.

«—≈≈¿   ÿ√–°”æ≈∏√ ·≈– Õ¡√  ®‘√‡ √’Õ¡√°ÿ≈ / «“√ “√ «‘∑¬“»“ μ√å∫Ÿ√æ“ ©∫—∫æ‘‡»… 2552 : 8-1812



‚§√ß √â“ßæ◊Èπ∞“π∑—Ë«‰ª¢Õß√–∫∫°“√ ◊ËÕ “√‰√â “¬

 “¡“√∂· ¥ß‰¥âμ“¡·ºπ¿“æ¿“æ∑’Ë 3 ´÷Ëß¡’Õß§åª√–°Õ∫À≈—°

∑’Ë ”§—≠ Õß à«π π—Ëπ§◊Õ  à«π¿“§√—∫ (Receiver, Rx) ·≈– à«π

¿“§ àß (Transmitter, Tx) ÷́Ëß‡√’¬°‚¥¬√«¡«à“‡§√◊ËÕß√—∫- àß

(Transceiver, Tx/Rx) ‚¥¬∑—Èß Õß à«π®–‡™◊ËÕ¡μàÕ°—∫ “¬Õ“°“»

(Antenna) ºà“πÕÿª°√≥å∑«‘ —≠≠“≥ (Duplexer) ÷́ËßÕ“®®–

 √â“ß¢÷Èπ®“° «‘∑™å (Switch) À√◊Õμ—«°√Õß§«“¡∂’Ë (Filter) ¢÷ÈπÕ¬Ÿà

°—∫¡“μ√∞“π¢Õß°“√ ◊ËÕ “√∑’Ë‡≈◊Õ°„™â (Carols, J. & Steyaert,

M., 2008; Sun, Y. ed., 2004; Srisuchinwong, B., et al., 2001;

Lee, T. H., 2004; Caverly, R., 2007)

„π à«π°“√∑”ß“π¢Õß¿“§√—∫ À≈—ß®“° “¬Õ“°“»√—∫

·≈–·ª≈ß§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“‡ªìπ —≠≠“≥‰øøÑ“ «ß®√°√Õß¿“§μâπ

(Pre-filter) ·∫∫°√Õß·∂∫§«“¡∂’Ëºà“π (Bandpass, BP) ®–

∑”°“√≈¥∑Õπ™à«ß§«“¡∂’Ë —≠≠“≥πÕ°¬à“π∑’Ë π„® ‡æ◊ËÕªÑÕß°—π

°“√∑”ß“π„π™à«ß¿“√–‡°‘π (Overload) ¢Õß à«π«ß®√¢¬“¬

 —≠≠“≥√∫°«πμË” (Low noise amplifier, LNA) ®“°º≈¢Õß

 —≠≠“≥¿“¬πÕ°¬à“π§«“¡∂’Ë∑’ËμâÕß°“√ ÷́ËßÕ“®®–¡’¢π“¥„À≠à

°«à“ —≠≠“≥„π¬à“π∑’ËμâÕß°“√¡“° «ß®√ LNA ∑”Àπâ“∑’Ë„π°“√

¢¬“¬ —≠≠“≥ ‚¥¬¡’°“√‡æ‘Ë¡ —≠≠“≥√∫°«π®“°¿“¬„π«ß®√∑’ËμË”

∑—Èßπ’È ‡π◊ËÕß®“° —≠≠“≥∑’Ë√—∫‰¥â®“° “¬Õ“°“»ºà“πμ—«°√Õßπ—Èπ

 à«π„À≠à·≈â«®–¡’√–¥—∫∑’ËμË”¡“° °àÕπ®– àß‡¢â“ Ÿà«ß®√º ¡ —≠≠“≥

(Mixer) ÷́Ëß®–º ¡ —≠≠“≥«‘∑¬ÿ∑’Ë√—∫‰¥â‡¢â“°—∫ —≠≠“≥®“°

«ß®√°”‡π‘¥ —≠≠“≥∑âÕß∂‘Ëπ (Local Oscillator, LO) ‡æ◊ËÕ

∑”°“√‚Õπ¬â“¬™à«ß§«“¡∂’Ë®“°¬à“π Ÿß≈ß¡“∑’Ë¬à“πμË”„π™à«ß

§«“¡∂’Ë°≈“ß (Intermediate frequency, IF) ∑’Ë°”Àπ¥ (´÷ËßÕ“®

Õ¬Ÿà∑’Ë‰øμ√ß) ∑—Èßπ’È „π¬à“π§«“¡∂’Ë∑’ËμË”≈ßπ—Èπ °“√ √â“ß«ß®√°√Õß

‡≈◊Õ°™àÕß —≠≠“≥ (Channel select filter) √«¡∂÷ß°“√ª√–¡«≈

º≈ —≠≠“≥ (Signal processing)  “¡“√∂∑”‰¥âßà“¬·≈–¡’

ª√– ‘∑∏‘¿“æ∑’Ë Ÿß¢÷Èπ ·≈–¡’ à«π«ß®√«—¥§à“§«“¡·√ß¢Õß —≠≠“≥

(Received signal strength indication, RSSI) ‡ªìπ à«π™’È«—¥

√–¥—∫°”≈—ß¢Õß —≠≠“≥‡æ◊ËÕ„™âª√—∫Õ—μ√“¢¬“¬¢Õß¿“§√—∫„Àâ

‡À¡“– ¡°—∫ —≠≠“≥¥â«¬ ®“°π—Èπ —≠≠“≥®–∂Ÿ°·ª≈ß‡ªìπ¢âÕ¡Ÿ≈

‡™‘ß¥‘®‘μ—≈¥â«¬«ß®√·ª≈ß·Õπ–≈ÁÕ°‡ªìπ¥‘®‘μ—≈ (Analogue to digital

converter, ADC) ‡æ◊ËÕ∑”°“√ª√–¡«≈º≈ ‡™àπ °“√¥’¡Õ¥Ÿ‡≈μ

(Demodulation) °“√∂Õ¥√À—  (Decoding) ·≈–Õ◊ËπÊ μàÕ‰ª ‡æ◊ËÕ

„Àâ ‰¥â¢âÕ¡Ÿ≈∑’ËμâÕß°“√

„π à«π¢Õß¿“§ àß®–¡’°“√‡¢â“√À—  (Encoding) À√◊Õ°“√

¡Õ¥Ÿ‡≈μ (Modulation) ¢âÕ¡Ÿ≈‡™‘ß¥‘®‘∑—≈ „π√Ÿª·∫∫∑’ËμâÕß°“√

°àÕπ∑’Ë®–·ª≈ß‡ªìπ —≠≠“≥·Õπ–≈ÁÕ°ºà“π à«π·ª≈ß¥‘®‘∑—≈‡ªìπ

‹

·Õπ–≈ÁÕ° (Digital to analogue converter, DAC) ·≈– àßºà“π

‰ª¬—ß à«π°√Õß‡æ◊ËÕ∑”°“√ª√—∫ ‡ª°μ√—¡ —≠≠“≥¢âÕ¡Ÿ≈ „Àâ

®”°—¥Õ¬Ÿà„π™à«ß§«“¡∂’Ë·≈–√–¥—∫∑’ËμâÕß°“√  ®“°π—Èπ∑”°“√‚Õπ¬â“¬

 —≠≠“≥¢âÕ¡Ÿ≈¢÷Èπ Ÿà§«“¡∂’Ë§≈◊Ëπæ“Àå ¥â«¬«ß®√º ¡ —≠≠“≥

∑—Èßπ’È °àÕπ∑’Ë —≠≠“≥®–∂Ÿ° àß‰ª¬—ß “¬Õ“°“»‡æ◊ËÕ∑”°“√·æ√à

°√–®“¬„π√Ÿª¢Õß§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ ‡√“®”‡ªìπμâÕß∑”°“√

¢¬“¬ —≠≠“≥„Àâ¡’°”≈—ß ŸßæÕ¥â«¬«ß®√¢¬“¬°”≈—ß (Power

amplifier, PA) ‡æ◊ËÕ„Àâ§≈◊Ëπ “¡“√∂‡¥‘π∑“ß§√Õ∫§≈ÿ¡√–¬–∑“ß

„π∫√‘‡«≥°«â“ß ‚¥¬∑—Ë«‰ª°”≈—ß àß∑’ËμâÕß°“√®–¡’§à“μ—Èß·μà√–¥—∫

‰¡à°’Ë ‘∫¡‘≈≈‘«—μμå „π√–∫∫‰√â “¬√–¬– —Èπ (‡™àπ √–∫∫ WPAN)

‰ª®π∂÷ßÀ≈“¬√âÕ¬¡‘≈≈‘«—μμå (‡™àπ√–∫∫ WLAN) ·≈–À≈“¬«—μμå

(‡™àπ√–∫∫ GSM) ¢÷ÈπÕ¬Ÿà°—∫°“√„™âß“π ‚¥¬Õ“®‡√’¬°√–∫∫·∫∫π’È

‚¥¬√«¡«à“ «ß®√√«¡«‘∑¬ÿ‰√â “¬ (Radio-frequency integrated

circuits, RFIC) (Lee, T. H., 2004; Caverly, R., 2007)

‚¥¬¢âÕ°”Àπ¥°“√ÕÕ°·∫∫√–∫∫«ß®√√«¡ ”À√—∫°“√

 ◊ËÕ “√‰√â “¬ ®–¡’®ÿ¥‡πâπ∑’Ëμà“ß°—π‰ªμ“¡°“√ª√–¬ÿ°μå„™âß“π Õ“∑‘

Õÿª°√≥å√–∫ÿμ—«μπ¥â«¬§≈◊Ëπ«‘∑¬ÿ (Radio Frequency Identification

Card, RFID) ·∫∫ªÑ“¬√–∫ÿ (Tag) (Domdouzis, K. et al., 2007;

Seemann, K. & Weigel, R., 2005) À√◊Õ ∫—μ√ºà“πª√–μŸ (Access

Control System) (Lee, Y. W., 2006) ‡ªìπÕÿª°√≥å∑’Ë‰¡àμâÕß°“√

°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¡“° ‡æ√“–¡’°“√‡°Á∫¢âÕ¡Ÿ≈∫“ßª√–°“√‰«â

‡∑à“π—Èπ ·μà¡’§«“¡μâÕß°“√„™â‡ªìπ®”π«π¡“° √“§“®÷ßμâÕß∂Ÿ°

‡™àππ’È°Á ¡§«√‡≈◊Õ°‚§√ß √â“ßª√– ‘∑∏‘¿“æμË”∑’Ë¡’§«“¡´—∫´âÕππâÕ¬

„π¢≥–∑’ËÕÿª°√≥åæ«°∫—μ√‡Õπ°ª√– ß§å À√◊Õ Smart Card μà“ßÊ

Õ“®μâÕß¡’°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¡“°¢÷Èπ μâÕß„™â ‚§√ß √â“ß∑’Ë¥’

¢÷Èπ¥â«¬  à«π√–∫∫Õÿª°√≥å∑’Ë„™â„π∑“ßÕÿμ “À°√√¡ À√◊Õ ∑“ß

™’«¿“æ°“√·æ∑¬å (Biology and Medicine) μâÕß¡’°“√ª√–¡«≈º≈

¢âÕ¡Ÿ≈À≈“¬√Ÿª·∫∫ ‡™àπ º≈°“√μ√«®®—∫Õÿ≥À¿Ÿ¡‘ º≈°“√μ√«®

«—¥§«“¡¥—π À√◊Õ º≈°“√μ√«®®—∫ —≠≠“≥‰øøÑ“μà“ßÊ (Conghui,

X., et al., 2009; Hierold, C. et al., 1999) Õÿª°√≥å‡À≈à“π’ÈÕ“®

μâÕß¡’°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈∑’Ë´—∫´âÕπ πÕ°®“°π’È¬—ß¢÷ÈπÕ¬Ÿà°—∫

≈—°…≥–°“√ª√–¬ÿ°μå„™âß“π ‡™àπ √–∫∫Õÿª°√≥å‰√â “¬·∫∫Ωíßμ—«

(Implantable or Embedded) (Suster, M. et al., 2002; Tin, S.,

et al., 2008) ´÷Ëß∫“ß·∫∫ “¡“√∂¡’·∫μ‡μÕ√’Ë∑’Ë∂Õ¥‡ª≈’Ë¬πßà“¬

¿“¬„πμ—«‡Õß‰¥â ·μà„π∫“ß°“√ª√–¬ÿ°μå„™â ‡™àπ °“√ΩíßÕÿª°√≥å

μ√«®®—∫‰√â “¬„π√à“ß°“¬§πÀ√◊Õ —μ«å °“√‡ª≈’Ë¬π∂à“¬·∫μ‡μÕ√’Ë

Õ“®‰¡à –¥«° ®÷ßμâÕßÕÕ°·∫∫„Àâ‡ªìπÕÿª°√≥å∑’Ë‰¡à¡’·∫μ‡μÕ√’Ë

„πμ—«‡Õß (Batteryless devices) ·μà„™â«‘∏’°“√π”‡Õ“ —≠≠“≥

®“°¿“¬πÕ° ¡“ √â“ß‡ªìπ»—°¬å‰øøÑ“‡æ◊ËÕ®à“¬„Àâ«ß®√ À√◊Õ¡’

‹

Wanlop Surakampontorn and Amorn Jiraseree-amornkun / Burapha Sci. Special Volume 2009 : 8-18 13



ª√–À¬—¥‡«≈“ ·≈–‰¡à¬÷¥μ‘¥°—∫‡∑§‚π‚≈¬’∑’Ë „™âÕÕ°·∫∫

(Technology Independent) ‡√’¬°«à“ °√–∫«π°“√ Top-Down

Design ‚¥¬°√–∫«π°“√„π°“√ÕÕ°·∫∫‡ªìπ√–∫∫«ß®√π’È  “¡“√∂

„™â ‚ª√·°√¡∫√√¬“¬Œ“√å¥·«√å (Hardware Description

Language) ‡™àπ VHDL À√◊Õ VerilogHDL ´÷Ëß¡’≈—°…≥–§≈â“¬

°“√‡¢’¬π‚ª√·°√¡§Õ¡æ‘«‡μÕ√å„π°“√ÕÕ°·∫∫  ·≈â«„™â‚ª√·°√¡

™à«¬ —ß‡§√“–Àå«ß®√¢÷Èπ¡“‰¥â ®“°π—Èπ °“√®”≈Õß°“√∑”ß“π·≈–

∑¥ Õ∫«ß®√∫πŒ“√å¥·«√å “¡“√∂∑”‰¥â∑—Èß·∫∫∫π™‘ª ”‡√Á®√Ÿª

‡™àπ ‡Õøæ’®’‡Õ (Field Programmable Gate Arrays, FPGA) ·≈–

∫π™‘ª —Ëßº≈‘μ‡©æ“–·∫∫‡Õ´‘° (Application Specific Integrated

Circuits, ASICs) (Anara, A., et al., 2006)  ∑”„Àâ°“√«‘®—¬·≈–

æ—≤π“„π à«π°“√ª√–¡«≈º≈ —≠≠“≥¥‘®‘μ—≈‚¥¬∑—Ë«‰ª ¡ÿàß‡πâπ

‰ª∑’ËÕ—≈°Õ√‘∏÷¡ (algorithm) ¢Õß°“√ª√–¡«≈º≈ ¡“°°«à“°“√

æ—≤π“√Ÿª·∫∫«ß®√ ´÷Ëß·μ°μà“ß®“°«ß®√√«¡ª√–¡«≈º≈

 —≠≠“≥·Õπ–≈ÁÕ° ∑’Ë ‰¡à “¡“√∂∑”‡™àππ—Èπ‰¥â ®÷ß‡ªìπ§«“¡

∑â“∑“¬ ”§—≠∑’Ë®”‡ªìπμâÕß‰¥â√—∫°“√æ—≤π“Õ’°¡“°

∑’Ëºà“π¡“∑“ß°≈ÿà¡«‘®—¬‰¥â¡’°“√μ‘¥μ“¡°“√æ—≤π“ ·≈–

¡’ à«ππ”‡ πÕÀ≈—°°“√ÕÕ°·∫∫«ß®√ √â“ßøíß°å™—π∑“ß¥â“π

·Õπ–≈ÁÕ°¢Õß√–∫∫ª√–¡«≈ º≈ —≠≠“≥‰«â·≈â«À≈“°À≈“¬

À≈—°°“√ (Jiraseree-amornkun, A., et al., 2008; Jiraseree-

amornkun, A. & Surakampontorn, W., 2008; Kumwachara,

K., et al., 2000; Surakampontorn, W., 1992; Surakampontorn,

W. & Kumwachara, K., 1992; Surakampontorn, W., et al.,

1991) ·μà‡π◊ËÕß®“° ‡∑§‚π‚≈¬’°“√º≈‘μ«ß®√√«¡¡’°“√‡ª≈’Ë¬π·ª≈ß

‰ªÕ¬à“ß√«¥‡√Á« ¥—ß· ¥ß„πμ“√“ß∑’Ë 1 ·≈–‡¡◊ËÕ‡∑§‚π‚≈¬’‡ª≈’Ë¬π

Õß§åª√–°Õ∫„π°“√ÕÕ°·∫∫«ß®√√«¡·Õπ–≈ÁÕ°°Á®–μà“ß°—πÕÕ°‰ª

¥—ßπ—Èπ ∑“ß°≈ÿà¡«‘®—¬®÷ß¡ÿàß‡πâπ‰ª∑’Ë°“√»÷°…“·≈–æ—≤π“ ‡∑§π‘§

°“√ÕÕ°·∫∫«ß®√√«¡¥â«¬‡∑§‚π‚≈¬’́ ’¡Õ   ”À√—∫°“√ÕÕ°·∫∫

 √â“ßøíß°å™—π∑“ß·Õπ–≈ÁÕ° ∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß ·μà„™â°”≈—ßß“π

·≈–√–¥—∫‰ø‡≈’È¬ßμË” (Low-Power Low-Voltage) (Casallo, R.

et al., 1995; Coban, L., et al., 1995; Zele, R. H. & Allstot,

D. J., 1996; Shen, S. & Brodersen, R., 1998)

®“°·ºπ¿“æ«ß®√¿“æ∑’Ë 3 ®–‡ÀÁπ«à“ «ß®√ ◊ËÕ “√‰√â “¬

∑—Ë«‰ªª√–°Õ∫¢÷Èπ®“° «ß®√æ◊Èπ∞“πÀ≈—° (Circuit Building Block)

À≈“¬Ê  à«πª√–°Õ∫°—π «ß®√‡À≈à“π’È®”‡ªìπμâÕß‰¥â√—∫°“√

æ—≤π“Õ¬à“ßμàÕ‡π◊ËÕß‡æ◊ËÕ„Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß¢÷Èπ „π¢≥–∑’Ë„™â

æ◊Èπ∑’Ë·≈–°”≈—ßß“π≈¥≈ß ·≈– Õ¥§≈âÕß°—∫‡∑§‚π‚≈¬’∑’Ëª√—∫

‡ª≈’Ë¬π‰ª ªí®®ÿ∫—π °“√æ—≤π“√–∫∫„Àâ∑”ß“π‰¥â∑’Ë‰ø‡≈’È¬ß√–¥—∫

μË”°«à“ 0.5 ‚«≈μå °”≈—ß‰¥â√—∫§«“¡ π„®®“°π—°«‘®—¬π“π“™“μ‘

‹

√–∫∫ª√–®ÿ‰ø®“°¿“¬ πÕ°‚¥¬„™âÀ≈—°°“√‡Àπ’Ë¬«π” π“¡·¡à‡À≈Á°

(Sodagar, A. M. & Najafi, K., 2006; Sauer, C., et al., 2005)

‡ªìπμâπ ¥â«¬§«“¡À≈“°À≈“¬π’È∑”„Àâ¡’ª√–‡¥Áπ°“√«‘®—¬Õ¬Ÿà¡“°

„πÀ≈“°À≈“¬ “¢“«‘™“

∑‘»∑“ß°“√«‘®—¬æ—≤π“
‡π◊ËÕß®“°¢âÕ¥’¢Õß∏“μÿ´‘≈‘°Õπ ∑—Èß„π‡√◊ËÕß√“§“·≈–

ª√– ‘∑∏‘¿“æ ¥—ß∑’Ë‰¥â°≈à“«‰«â„πμÕπμâπ ∑”„ÀâÕÿμ “À°√√¡°“√

ÕÕ°·∫∫«ß®√√«¡∂Ÿ°«“ßÕ¬Ÿà∫πæ◊Èπ∞“π¢Õß°√–∫«π°“√º≈‘μ

 “√°÷Ëßμ—«π”´‘≈‘°Õπ ‚¥¬√Ÿª·∫∫¢Õß∑√“π´‘ ‡μÕ√å∑’Ëπ‘¬¡„™â¡’Õ¬Ÿà

¥â«¬°—π 2 ™π‘¥À≈—° π—Ëπ§◊Õ ‡∑§‚π‚≈¬’‰∫‚æ≈à“√å (Bipolar

technology) ·≈–‡∑§‚π‚≈¬’́ ’¡Õ  (CMOS technology) ‡¥‘¡π—Èπ

‡∑§‚π‚≈¬’‰∫‚æ≈à“√å¡—°„™â°—∫°“√ÕÕ°·∫∫«ß®√√«¡·Õπ–≈ÁÕ°

 à«π‡∑§‚π‚≈¬’´’¡Õ π‘¬¡„™â„π°“√ÕÕ°·∫∫«ß®√√«¡¥‘®‘μ—≈

‚¥¬‡©æ“–Àπà«¬§«“¡®”·≈–Àπà«¬ª√–¡«≈º≈°≈“ß  ·μà‡π◊ËÕß®“°

‡∑§‚π‚≈¬’´’¡Õ ¡’°“√æ—≤π“Õ¬à“ß√«¥‡√Á«¡“° √“§“∂Ÿ°·≈–

 √â“ß‰¥âßà“¬ °Õª√°—∫¡’§«“¡μâÕß°“√√«¡ à«πª√–¡«≈º≈ ∑—Èß

·∫∫·Õπ–≈ÁÕ°·≈–¥‘®‘μ—≈‡¢â“¥â«¬°—π ∑”„Àâ§«“¡π‘¬¡„π°“√

ÕÕ°·∫∫«ß®√√«¡¥â«¬‡∑§‚π‚≈¬’‰∫‚æ≈à“√å¡’πâÕ¬≈ß ·μàÕ¬à“ß‰√

°Áμ“¡ „π∫“ß°“√ª√–¬ÿ°μå„™âß“π ¬—ß§ß¡’§«“¡μâÕß°“√„™â

‡∑§‚π‚≈¬’‰∫‚æ≈à“√åÕ¬Ÿà∫â“ß ‚¥¬‡©æ“–«ß®√√«¡∑’Ë„™âß“π¥â“π

§«“¡∂’Ë Ÿß ·≈–«ß®√∑’ËμâÕß°“√„™â ‰ø‡≈’È¬ß·≈–°”≈—ßß“πμË”

(Grebene, B., 1978; Meyer, R. G., 1978; Gray, P. R. & Meyer,

R. G., 1993; Gregorian R. & Temes, G. C., 1986) πÕ°®“°π’È

¬—ß¡’‡∑§‚π‚≈¬’ “√°÷Ëßμ—«π”™π‘¥Õ◊Ëπ ‡™àπ ·°≈‡≈’¬¡Õ“√å‡´‰π¥å

(Gallium Arsenide, GaAs) (Harrold, S. J., 1997) ·≈–

´‘≈‘°Õπ‡®Õ√å‡¡‡π’¬¡ (Silicon Germanium, SiGe) ∑’Ëπ‘¬¡„™â

ÕÕ°·∫∫«ß®√Õ‘‡≈Á°∑√Õπ‘° å„π¬à“π§«“¡∂’Ë Ÿß¡“°Ê ·μà

‡π◊ËÕß®“°°√–∫«π°“√º≈‘μ¢Õß “√°÷Ëßμ—«π”¢â“ßμâπ¡’¡Ÿ≈§à“ Ÿß

°“√æ—≤π“ à«π„À≠à ®÷ß¬—ß§ßπ‘¬¡°√–∑”∫π‡∑§‚π‚≈¬’´‘≈‘°Õπ

·∫∫´’¡Õ π—Ëπ‡Õß

®“°À—«¢âÕ∑’Ëºà“π¡“ Õ“®°≈à“«‰¥â«à“ °“√ÕÕ°·∫∫«ß®√

ª√–¡«≈º≈ —≠≠“≥Õ‘‡≈Á°∑√Õπ‘° å ª√–°Õ∫¥â«¬ 2  à«π ”§—≠

§◊Õ ¿“§ª√–¡«≈º≈ —≠≠“≥·Õπ–≈ÁÕ° (Analog Signal

Processing) ·≈–¿“§ª√–¡«≈º≈ —≠≠“≥¥‘®‘μ—≈ (Digital Signal

Processing) ‡ªìπ∑’Ë¬Õ¡√—∫°—π«à“ °“√ÕÕ°·∫∫√–∫∫«ß®√

ª√–¡«≈º≈ —≠≠“≥¥‘®‘μ—≈π—Èπ  ‰¥â¡’°“√æ—≤π“°â“«Àπâ“‰ªÕ¬à“ß¡“°

‚¥¬¡’°“√æ—≤π“‡´≈¬àÕ¬ À√◊Õ°≈ÿà¡«ß®√¡“μ√∞“π∑’Ë‡√’¬°„™â ‰¥â

§√Õ∫§≈ÿ¡‡°◊Õ∫∑—ÈßÀ¡¥ ¡’°√–∫«π°“√ÕÕ°·∫∫∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß

«—≈≈¿   ÿ√–°”æ≈∏√ ·≈– Õ¡√  ®‘√‡ √’Õ¡√°ÿ≈ / «“√ “√ «‘∑¬“»“ μ√å∫Ÿ√æ“ ©∫—∫æ‘‡»… 2552 : 8-1814



¿“æ∑’Ë 4 ‚§√ß √â“ßæ◊Èπ∞“π¢Õß«ß®√√«¡º “π RFID&IC [56]
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‡ªìπÕ¬à“ß¡“° (Chatterjee, S., et al., 2007; Daly D. C. &

Chandrakasan; A. P., 2008) ‡π◊ËÕß®“°™à«¬¬◊¥Õ“¬ÿ°“√„™âß“π

¢Õß·∫μ‡μÕ√’Ë‰¥â¥’¬‘Ëß¢÷Èπ ª√–‡¥Áπ ”§—≠Õ’°Õ—πÀπ÷Ëß§◊Õ §ÿ≥ ¡∫—μ‘

¢Õß«ß®√·μà≈–¿“§ à«π ®–·μ°μà“ß°—π‰ªμ“¡¡“μ√∞“π·≈–

°“√ª√–¬ÿ°μå„™âß“π ¥—ßπ—Èπ®÷ß‡ªìπ‡√◊ËÕßπà“ π„®À“°‡√“ “¡“√∂

ÕÕ°·∫∫√–∫∫∑’Ë “¡“√∂ª√—∫‡ª≈’Ë¬πμ—«‡Õß‰¥â (reconfigurable)

‡æ◊ËÕ √â“ß√–∫∫ ◊ËÕ “√¥â«¬§≈◊Ëπ«‘∑¬ÿ∑’Ë “¡“√∂§«∫§ÿ¡‰¥â¥â«¬

´Õ√åø·«√å (Software-Defined Radio, SDR) (Giannini, V.,

et al., 2008; Mitola, J., 2000) Õ—π®–™à«¬≈¥μâπ∑ÿπ°“√º≈‘μ

·≈–æ—≤π“ ‡π◊ËÕß®“° “¡“√∂„™â√–∫∫‡¥‘¡‰¥â°—∫∑ÿ°Ê ¡“μ√∞“π

°“√ª√–¬ÿ°μå„™âß“π

Õ’°‚§√ß°“√∑’Ë∑“ß°≈ÿà¡«‘®—¬°”≈—ß¥”‡π‘π°“√ §◊Õ°“√ √â“ß

«ß®√√«¡ ◊ËÕ “√∑’ËÕ“»—¬°“√º ¡º “π®ÿ¥‡¥àπ¢Õß√–∫∫ RFID

´÷Ëß∑”ß“π‚¥¬Õ“»—¬°“√ àßºà“π°”≈—ßß“π·∫∫‰√â “¬ (Wireless

power) ∑”„Àâ ‰¡à®”‡ªìπμâÕßÕ“»—¬·∫μ‡μÕ√’Ë ‡¢â“°—∫§«“¡ “¡“√∂

„π°“√ ◊ËÕ “√¢âÕ¡Ÿ≈·∫∫‚§√ß¢à“¬¥â«¬Õ—μ√“§«“¡‡√Á« Ÿß·≈–¡’

√–¬–√—∫- àß∑’Ë‰°≈¢Õß√–∫∫ RFIC (Õ¿‘»—°¥‘Ï «√æ‘‡™∞ ·≈– «—≈≈¿

 ÿ√–°”æ≈∏√, 2552; Harisson, R., et al., 2007) ¿“æ∑’Ë 4 · ¥ß

‚§√ß √â“ßæ◊Èπ∞“π¢Õß«ß®√√«¡º “π RFID&IC ́ ÷Ëßª√–°Õ∫‰ª¥â«¬

1) ¿“§·ª≈ß —≠≠“≥¬à“π§«“¡∂’Ë Ÿß (High frequency, HF)

‡ªìπ°”≈—ßß“π®à“¬„Àâ°—∫«ß®√√«¡ºà“π°“√‡™◊ËÕ¡‚¬ß·¡à‡À≈Á°  2) ¿“§

ª√—∫§ÿ≥≈—°…≥– —≠≠“≥ (Signal conditioner) ∑’Ë∑”Àπâ“∑’Ë¢¬“¬

°√Õß§«“¡∂’Ë ·≈–·ª≈ß —≠≠“≥¢âÕ¡Ÿ≈„ÀâÕ¬Ÿà„π√Ÿª·∫∫∑’Ë‡À¡“– ¡

°—∫°“√ ◊ËÕ “√√—∫- àß‰√â “¬ 3) ¿“§√—∫- àß«‘∑¬ÿºà“π§≈◊Ëπ·¡à‡À≈Á°

‰øøÑ“ ∑’Ë∑”ß“π„π¬à“π§«“¡∂’Ë Ÿß¬‘Ëß¬«¥ (Ultra-high frequency,

UHF) ·≈– 4) ¿“§§«∫§ÿ¡°“√∑”ß“π (Control unit) ¢Õß

Õß§åª√–°Õ∫√–∫∫„Àâ Õ¥§≈âÕß°—π

®“°‚§√ß √â“ß¢Õß«ß®√√«¡ ◊ËÕ “√·∫∫º “π∑’Ë· ¥ß

¢â“ßμâπ ®–‡ÀÁπ«à“ §ÿ≥≈—°…≥–‡¥àπ§◊Õ°“√·¬°¬à“π§«“¡∂’Ë

 ”À√—∫°“√ àßºà“π°”≈—ßß“π‰√â “¬ (Power frequency band)

·≈–¬à“π§«“¡∂’Ë ”À√—∫°“√ ◊ËÕ “√¢âÕ¡Ÿ≈ (Communication

frequency band) ÕÕ°®“°°—πÕ¬à“ß ‘Èπ‡™‘ß ∑—Èßπ’È √–∫∫‡≈◊Õ°∑’Ë

®–Õ“»—¬¬à“π§«“¡∂’Ë HF „π°“√‚Õπ∂à“¬°”≈—ßß“π ‡π◊ËÕß®“°¡’

ªí≠À“°“√¥Ÿ¥´—∫·≈– –∑âÕπ§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“ ®“° ¿“æ·«¥≈âÕ¡

‚¥¬‡©æ“–«— ¥ÿ®”æ«°‚≈À– ‚¡‡≈°ÿ≈πÈ” ·≈–‡π◊ÈÕ‡¬◊ËÕ ‘Ëß¡’™’«‘μ∑’ËμË”

„π¢≥–∑’ËÕ“»—¬¬à“π§«“¡∂’Ë UHF „π°“√ ◊ËÕ “√¢âÕ¡Ÿ≈ºà“π§≈◊Ëπ

·¡à‡À≈Á°‰øøÑ“´÷Ëß¡’√–¬–‰°≈·≈–¡’Õ—μ√“¢âÕ¡Ÿ≈ Ÿß

„π·ßà°“√ª√–¬ÿ°μå„™âß“π√–∫∫º “π RFID&IC π—Èπ

 “¡“√∂π”‰ª·∑π∑’Ë√–∫∫ RFID  à«π„À≠à∑’Ë¡’§«“¡μâÕß°“√

∫√‘‡«≥ ◊ËÕ “√∑’Ë§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë°«â“ß‰¥â∑—π∑’ ‡™àπ„π°√≥’¢Õß

‚§√ß¢à“¬‡´π‡´Õ√å‰√â “¬ ‡æ◊ËÕ°“√μ√«®«—¥Õÿ≥À¿Ÿ¡‘ §«“¡™◊Èπ

·≈–Õ◊ËπÊ πÕ°®“°π’È ®“°§«“¡ “¡“√∂„™âß“π„π ¿“«–·«¥≈âÕ¡

∑’Ë¡’°“√¥Ÿ¥´—∫·≈– –∑âÕπ§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“∑’Ë Ÿß √«¡∂÷ß§«“¡

 “¡“√∂„π°“√‡™◊ËÕ¡‚¬ß¢âÕ¡Ÿ≈„π·∫∫‚§√ß¢à“¬ ®÷ß∑”„Àâ«ß®√«¡

º “π RFID&IC ‡À¡“– ¡ ”À√—∫°“√ ◊ËÕ “√ —≠≠“≥™’«¿“æ

„π√–∫∫ª≈Ÿ°Ωíß (Implanted bio telemetry system) ‡æ◊ËÕ°“√

μ√«®μ‘¥μ“¡·≈–«‘π‘®©—¬∑“ß°“√·æ∑¬å∑“ß‰°≈ √«¡∂÷ß°“√‡°Á∫

¢âÕ¡Ÿ≈‡™‘ßæ—π∏ÿ°√√¡„π‡™‘ß‡«≈“®√‘ß (Real-time genetic data

recording) ∑’Ë®”‡ªìπμâÕß¡’°“√ª≈Ÿ°Ωíß‡´π‡´Õ√å¿“¬„π ‘Ëß¡’™’«‘μ

∑—Èßπ’È °“√„™âß“π√–∫∫º “π¬—ß√«¡∂÷ß√–∫∫μ‘¥μ“¡º≈‘μº≈

∑“ß°“√‡°…μ√ Õ“À“√·ª√√Ÿª Õ“À“√ ”‡√Á®√Ÿª ·≈–Õ◊ËπÊ ´÷Ëß¡’

Õß§åª√–°Õ∫¢Õß‚¡‡≈°ÿ≈πÈ”‡ªìπ à«π„À≠à ‚¥¬∑’Ë°“√„™âß“π√–∫∫

RFID ‡æ’¬ß≈”æ—ß„πªí®®ÿ∫—π¬—ßª√– ∫ªí≠À“·≈–¡’√“§“∑’Ë Ÿß¡“°

∫∑ √ÿª
‡∑§‚π‚≈¬’«ß®√√«¡‰¥â‡ª≈’Ë¬π‚©¡Àπâ“¢Õß«ß°“√Õ‘‡≈Á°-

∑√Õπ‘° å ‰ªÕ¬à“ß¡“° ·≈–‰¥â°≈“¬‡ªìπÕÿμ “À°√√¡À≈—°∑’Ë

‹¢—∫‡§≈◊ËÕπ«‘∂’™’«‘μ¬ÿ§¥‘®‘μ—≈¢Õß‡√“ Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å‡À≈à“π’È

√«¡∂÷ß√–∫∫ª√–¡«≈º≈ —≠≠“≥ „πÕπ“§μ®–‡¢â“¡“¡’∫∑∫“∑

 ”§—≠„π™’«‘μª√–®”«—π¡“°¬‘Ëß¢÷Èπ‚¥¬‡©æ“–√–∫∫°“√ ◊ËÕ “√‰√â “¬
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