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Structure and Mask Design for 3D RESURF Schottky Diode
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∫∑§—¥¬àÕ

∫∑§«“¡π’Èπ”‡ πÕ‚§√ß √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘ ÷́Ëß‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘π’È

¡’ª√– ‘∑∏‘º≈„π°“√‡æ‘Ë¡·√ß¥—πæ—ß∑≈“¬„Àâ Ÿß¢÷Èπ°«à“‚§√ß √â“ß√’‡ ‘́ø 2 ¡‘µ‘ ¥â«¬°“√‡æ‘Ë¡‚§√ß √â“ß‡√’¬ß ≈—∫

√–À«à“ß™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå (n-drift Schottky diode) ·≈–™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå (p-drift Schottky

diode) µ“¡·π«√“∫ πÕ°®“°π’È‡√“‰¥â∑”°“√®”≈Õß°√–∫«π°“√ √â“ß ·≈–ÕÕ°·∫∫°√–®°µâπ·∫∫ ”À√—∫°“√

 √â“ßÕÿª°√≥å®√‘ßµàÕ‰ª„πÕπ“§µ ́ ÷Ëß°“√®”≈Õß°√–∫«π°“√ √â“ß∑”„Àâ‡√“∑√“∫∂÷ß‡ß◊ËÕπ‰¢µà“ßÊ„π°√–∫«π°“√ √â“ß

‡æ◊ËÕ„Àâ‰¥â°“√°√–®“¬µ—«¢Õß “√‡®◊Õ∑’Ë‡À¡“– ¡µ“¡‡ß◊ËÕπ‰¢¢Õß‚§√ß √â“ß√’‡´‘ø  √«¡∑—Èß‰¥â∑”°“√®”≈Õß

°√–∫«π°“√ √â“ß ”À√—∫‚§√ß √â“ß‡√’¬ß ≈—∫¢Õß™—Èπ p+ ·≈–™—Èπ n+  ´÷Ëß‡ªìπ à«πª√–°Õ∫∑’Ë ”§—≠¢Õß‚§√ß √â“ß

√’‡´‘ø 3 ¡‘µ‘  πÕ°®“°π’È‡√“‰¥â¡’°“√π”‡ πÕ·π«§‘¥„À¡àÊ„π°“√ÕÕ°·∫∫°√–®°µâπ·∫∫  ‡™àπ„™â‚§√ß √â“ß·∫∫≈Ÿà«‘Ëß

‡æ◊ËÕ°“√‡√’¬ß ≈—∫√–À«à“ß™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå°—∫™π‘¥‡ÕÁπ-¥√‘øµå∑’Ë ¡∫Ÿ√≥å ∑—Èßπ’È‡æ◊ËÕ™à«¬„Àâ‚§√ß √â“ß

™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡ ‘́ø 3 ¡‘µ‘π’È¡’·√ß¥—πæ—ß∑≈“¬∑’Ë Ÿß¢÷Èπ

Abstract

This paper presents a 3D RESURF Schottky diode structure which is known to have

a higher breakdown voltage than that of the conventional 2D RESURF structure. This has been done by adding

an alternative pattern of the n-drift Schottky diode and the p-drift Schottky diode in the horizontal direction.

In addition, a process simulation has been done, and the masks have been designed for the fabrication of real

devices in the future. The simulation results suggest the optimized fabrication process conditions in order to

obtain the appropriate dopant distribution required for the realization of the RESURF structure. A process

simulation has also been done for a p+/n+ alternative pattern which is the important part of 3D RESURF

structures. Several new ideas, such as using a racetrack structure to facilitate the smooth alternative pattern of

the n-drift and p-drift Schottky diodes, have been introduced in the mask design. The goal of the mask design

is to further increase the breakdown voltage of this 3D RESURF Schottky diode structure.

1ºŸâ™à«¬»“ µ√“®“√¬å  ¿“§«‘™“«‘»«°√√¡Õ‘‡≈Á°∑√Õπ‘° å·≈–‚∑√§¡π“§¡  §≥–«‘»«°√√¡»“ µ√å   ∂“∫—π‡∑§‚π‚≈¬’ª∑ÿ¡«—π
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∫∑π”

«ß®√√«¡‡ªìπ·π«‚πâ¡∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß∑“ß

Õ‘‡≈Á°∑√Õπ‘° å ·≈–‡∑§‚π‚≈¬’¥â“π«ß®√√«¡ª√–‡¿∑

°”≈—ß (power integrated circuit) π—∫‡ªìπ ‘ËßÀπ÷Ëß ∑’Ë¡’

 à«π™à«¬„π°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ¢Õß√–∫∫‰øøÑ“„π

ß“πª√–¬ÿ°µåµà“ßÊ  ‚¥¬‡©æ“–„πß“πª√–¬ÿ°µå∑’Ë„™â

°”≈—ß™à«ß 1 «—µµå ∂÷ß 1 °‘‚≈«—µµå ‡™àπ „π·À≈àß®à“¬

‰ø¢Õß§Õ¡æ‘«‡µÕ√å·≈–Õÿª°√≥å∑“ß “√ π‡∑»µà“ßÊ

À√◊Õ„™â„πÀπà«¬§«∫§ÿ¡¡Õ‡µÕ√å¢Õß√∂¬πµå·≈–‡§√◊ËÕß

„™â‰øøÑ“„π∫â“π™π‘¥µà“ßÊ (Udrea, 2002) ÷́Ëß¿“¬„π

«ß®√√«¡ª√–‡¿∑°”≈—ßπ—Èπ ®–√«¡‡Õ“∑—Èß ‘Ëßª√–¥‘…∞å

 “√°÷Ëßµ—«π”ª√–‡¿∑°”≈—ß «ß®√§«∫§ÿ¡ ·≈–«ß®√

Õ◊ËπÊ‡¢â“‰«â¥â«¬°—π ‚¥¬¡’ ‘Ëßª√–¥‘…∞å “√°÷Ëßµ—«π”

ª√–‡¿∑°”≈—ß‡ªìπÕß§åª√–°Õ∫∑’Ë ”§—≠

‚§√ß √â“ß√’‡ ‘́ø (RESURF) ‡ªìπ‚§√ß √â“ß

∑’Ë¡’®ÿ¥‡¥àπÀ≈“¬ª√–°“√‡™àπ §«“¡°«â“ß¢Õß‡¢µª≈Õ¥

æ“À–∑’Ë∫√‘‡«≥√Õ¬µàÕ∑’Ë®–‡°‘¥°“√æ—ß∑≈“¬ ®–‡æ‘Ë¡¢÷Èπ

‡√Á«°«à“„π‚§√ß √â“ß∑—Ë«‰ª ∑”„Àâ¡’·√ß¥—πæ—ß∑≈“¬∑’Ë

 Ÿß°«à“  Õ’°∑—Èß¬—ß¡’§«“¡µâ“π∑“π ∂“π–ÕÕπ

(on-resistance) ∑’ËµË”°«à“ ·≈–¡’≈—°…≥–‚§√ß √â“ß∑’Ë

‡À¡“– ¡°—∫°“√π”¡“„™â„π«ß®√√«¡ (Appels and

Vaes, 1979; Ludikhuize, 2000)  ∑”„Àâ‡ªìπ

‚§√ß √â“ß∑’Ë‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß¡“° „π°“√π”¡“

ª√–¬ÿ°µå„™â‡ªìπ ‘Ëßª√–¥‘…∞å “√°÷Ëßµ—«π”ª√–‡¿∑°”≈—ß

™π‘¥µà“ßÊ ·≈–∂Ÿ°π”„™â„π«ß®√√«¡ª√–‡¿∑°”≈—ß

Õ¬à“ß·æ√àÀ≈“¬ π—∫µ—Èß·µà∂Ÿ°§‘¥§âπ¢÷Èπ¡“„πªï 1979

 ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π™à«ß√–¬–ª√–¡“≥ 10 ªï∑’Ëºà“π¡“π’È

‡™àπ„™â°—∫ LD-MOSFET (Khemka, et al., 2003;  Xie

and Han, 2001) À√◊Õ„™â°—∫ “√°÷Ëßµ—«π”™π‘¥Õ◊ËππÕ°

‡Àπ◊Õ®“°´‘≈‘§Õπ (Noborio, et al., 2007;  Karmalkar,

et al., 2001)

πÕ°®“°π’È¬—ß¡’·π«‚πâ¡„À¡à∑’Ëπà“ π„®

Õ’°ª√–°“√Àπ÷Ëß „π°“√æ—≤π“∑”„Àâ‚§√ß √â“ß

√’‡´‘ø¡’·√ß¥—πæ—ß∑≈“¬∑’Ë Ÿß¢÷Èπ‰ªÕ’° ‚¥¬°“√‡æ‘Ë¡

√Õ¬µàÕ¢Õß‚§√ß √â“ß√’‡´‘ø‡¢â“‰ªÕ’° 1 ¡‘µ‘ ´÷Ëß®– àß

º≈°√–∑∫∑”„Àâ§«“¡°«â“ß¢Õß‡¢µª≈Õ¥æ“À–®–

‡æ‘Ë¡¢÷Èπ‡√Á«¢÷ÈπÕ’° ‚§√ß √â“ß™π‘¥„À¡àπ’È‰¥â√—∫°“√π”

‡ πÕ‡ªìπ§√—Èß·√° ‚¥¬°≈ÿà¡¢Õß F. Udrea ‚¥¬„™â™◊ËÕ

«à“‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘ ®“°º≈°“√®”≈Õß¥â«¬´Õ

ø·«√åæ∫«à“‚§√ß √â“ß√’‡ ‘́ø 3 ¡‘µ‘  ¡’·√ß¥—πæ—ß

∑≈“¬∑’Ë Ÿß°«à“ (Udrea et al., 1998) ·≈–¡’§ÿ≥ ¡∫—µ‘

¥â“π RF ∑’Ë¥’°«à“ (Pathirana et al., 2003) ‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫‚§√ß √â“ß√’‡´‘ø 2 ¡‘µ‘  ´÷Ëßµ“¡∑ƒ…Æ’®–

∑”„Àâ·√ß¥—π∑≈“¬ Ÿß¢÷Èπª√–¡“≥ 5 ‡∑à“ ·≈–§«“¡

µâ“π∑“π ∂“π–ÕÕπ≈¥≈ßª√–¡“≥ 5 ‡∑à“‡™àπ‡¥’¬«°—π

(Udrea et al., 1998)

‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘∑’Ë°≈ÿà¡¢Õß F. Udrea

π”‡ πÕπ—Èπ ¡’≈—°…≥–‡¥àπ§◊Õ„™â∞“π√Õß·∫∫ SOI

´÷Ë ß · ¡â «à “ ® – ¡’ §ÿ ≥  ¡∫— µ‘ „ π ° “ √ · ¬ ° ‚ ¥ ¥∑’Ë ¥’

·µà°Á®–∑”„Àâ√’‡´‘ø∑’Ë‰¥â∫‘¥‡∫◊Õπ‰ª®“°‚§√ß √â“ß

√’‡´‘øæ◊Èπ∞“π (Appels and Vaes, 1979) ‚¥¬°≈ÿà¡¢Õß

F. Udrea ·°â‰¢ªí≠À“π’È¥â«¬°“√ª√—∫§«“¡Àπ“·πàπ

¢Õß “√‡®◊Õ„π·µà≈–™—Èπ À√◊Õ§«“¡Àπ“¢Õß·µà≈–™—Èπ

„π‚§√ß √â“ß„Àâ‡À¡“– ¡ ÷́Ëß«‘∏’°“√π’È®–∑”„Àâ°“√

ÕÕ°·∫∫°√–∫«π°“√ √â“ß¬ÿà ß¬“°·≈–§«∫§ÿ¡

º≈≈—æ∏å∑’Ë‰¥â¬“°¢÷Èπ ‡π◊ËÕß®“°µâÕßÀ“‡ß◊ËÕπ‰¢§«“¡

Àπ“·πàπ¢Õß “√‡®◊Õ ·≈–§«“¡Àπ“¢Õß™—Èπ “√∑’Ë

‡À¡“– ¡ πÕ°®“°π’È   °≈ÿà¡¢Õß F. Udrea

‰¥â¡’°“√π”‡ πÕ‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘‡©æ“– à«π∑’Ë

 ”§—≠‡∑à“π—Èπ  ®÷ß¬—ß‰¡à “¡“√∂ √â“ß‡ªìπÕÿª°√≥å∑’Ë„™â

ß“π®√‘ß‰¥â ‡π◊ËÕß®“°ª√–‡¥Áπ ”§—≠Õ’°ª√–°“√Àπ÷Ëß

¢Õß‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘§◊Õ  ®–µâÕß¡’°“√‡√’¬ß

 ≈—∫°—πÕ¬à“ßµàÕ‡π◊ËÕß ¢Õß™—Èπ√’‡´‘ø™π‘¥æ’·≈–™—Èπ√’

‡´‘ø™π‘¥‡ÕÁπµ≈Õ¥∑—Èß‚§√ß √â“ß
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ß“π«‘®—¬∑’Ëπ”‡ πÕ„π∫∑§«“¡©∫—∫π’È  ‡ªìπ°“√

æ—≤π“‚§√ß √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘

™π‘¥„À¡à  µàÕ®“°‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘ ¢Õß°≈ÿà¡

F. Udrea ‚¥¬‡ªìπ„™âÀ≈—°°“√‡¥’¬«°—∫‚§√ß √â“ß

¥—∫‡∫‘È≈‡°µ¥’¡Õ ‡øµ·∫∫√’‡´‘ø 3 ¡‘µ‘™π‘¥„À¡à

(æ’√»—°¥‘Ï, 2551) ·≈– ‚§√ß √â“ßæ’-‡ÕÁπ‰¥‚Õ¥·∫∫√’‡´‘ø

3 ¡‘µ‘™π‘¥„À¡à (æ’√»—°¥‘Ï, 2551) ∑’ËºŸâ‡¢’¬π‰¥âπ”‡ πÕ

‰ª·≈â«°àÕπÀπâ“π’È ‚¥¬¡’®ÿ¥ª√– ß§å‡æ◊ËÕ„Àâ “¡“√∂

π”‰ª √â“ß‡ªìπÕÿª°√≥å‡æ◊ËÕª√–¬ÿ°µå„™âß“π®√‘ß‰¥âßà“¬¢÷Èπ

·≈–¡’·√ß¥—πæ—ß∑≈“¬∑’Ë Ÿß¢÷Èπ °≈à“«§◊Õ‰¥âæ—≤π“„Àâ

‡ªìπ‚§√ß √â“ß∑’Ë¡’°√–∫«π°“√ √â“ßßà“¬‰¡à´—∫´âÕπ

‡™àπ„™â°“√·¬°‚¥¥¥â«¬√Õ¬µàÕ (junction isolation)

·∑π SOI ·¡â«à“®–¡’§ÿ≥ ¡∫—µ‘„π°“√·¬°‚¥¥

∑’Ë¥âÕ¬°«à“ √«¡∑—Èß‰¥âÕÕ°·∫∫‚§√ß √â“ß„Àâ¡’™—Èπ

‡¥√π‡ÕÁ°‡∑π™—Ëπ (drain extension) ·≈–¡’øï≈¥å‡æ√µ

(field plate) ‡ªìπµâπ πÕ°®“°π’È ß“π«‘®—¬™‘Èππ’È¬—ß‰¥â

∑”°“√®”≈Õß°√–∫«π°“√ √â“ß Õ’°∑—Èß∑”°“√ÕÕ°·∫∫

°√–®°µâπ·∫∫ ‡æ◊ËÕª√–‚¬™πå„π°“√ √â“ßÕÿª°√≥å

®√‘ßµàÕ‰ª„πÕπ“§µ  ‚¥¬„Àâ√’‡´‘ø 3 ¡‘µ‘¡’≈—°…≥–

‡ªìπ‚§√ß √â“ß·∫∫≈Ÿà«‘Ëß ‡æ◊ËÕ°“√‡√’¬ß ≈—∫∑’ËµàÕ‡π◊ËÕß°—π

¢Õß™—Èπ√’‡´‘ø™π‘¥æ’·≈–™—Èπ√’‡´‘ø™π‘¥‡ÕÁπ ‡π◊ÈÕÀ“¢Õß

∫∑§«“¡©∫—∫π’Èª√–°Õ∫¥â«¬ ∑ƒ…Æ’æ◊Èπ∞“π¢Õß

‚§√ß √â“ß√’‡´‘ø‚¥¬∑—Ë«‰ª„πÀ—«¢âÕ∑’Ë 2 ‚§√ß √â“ß

·≈–À≈—°°“√∑”ß“π¢Õß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘

„πÀ—«¢âÕ∑’Ë 3  °“√®”≈Õß°√–∫«π°“√ √â“ß„πÀ—«¢âÕ∑’Ë 4

°“√ÕÕ°·∫∫°√–®°µâπ·∫∫„πÀ—«¢âÕ∑’Ë 5 ‚¥¬„π·µà≈–

À—«¢âÕ‰¥â¡’°“√Õ¿‘ª√“¬√«¡Õ¬Ÿà¥â«¬  ·≈– √ÿª„πÀ—«¢âÕ∑’Ë 6

∑ƒ…Æ’æ◊Èπ∞“π¢Õß‚§√ß √â“ß√’‡´‘ø

√’‡´‘ø (RESURF) ¡“®“°§”«à“ REduced

SURface Field  ‚¥¬√Ÿª∑’Ë 1 · ¥ß∂÷ß√ŸªÀπâ“µ—¥¢Õß

‚§√ß √â“ß·∫∫√’‡´‘ø 2 ¡‘µ‘ ·≈– π“¡‰øøÑ“„π°√≥’

∑’Ë§«“¡Àπ“¢Õß™—Èπ‡Õæ‘µ“´’Ë (epitaxy) ·≈–·√ß¥—π

‰∫·Õ ·µ°µà“ß°—π (Appels and Vaes, 1979)

´÷Ëß®“°√Ÿª®–‡ÀÁπ«à“‚§√ß √â“ß·∫∫√’‡´‘øπ’È¡’√Õ¬µàÕ

∑’Ë ”§—≠Õ¬Ÿà 2 √Õ¬µàÕ §◊Õ„π·π«µ—Èß®–‡ªìπ√Õ¬µàÕ√–À«à“ß

n- °—∫ p+   à«π„π·π«πÕπ®–‡ªìπ√Õ¬µàÕ√–À«à“ß n-

°—∫ p-  „π√Ÿª∑’Ë 1 (a) ‡ªìπ°√≥’∑’Ë™—Èπ‡Õæ‘µ“´’Ë n- Àπ“

∑”„Àâ‡¢µª≈Õ¥æ“À–¢Õß√Õ¬µàÕ·π«µ—Èß ‰¡à‰¥â√—∫

º≈°√–∑∫„¥Ê®“°‡¢µª≈Õ¥æ“À–¢Õß√Õ¬µàÕ·π«πÕπ

¥—ßπ—Èπ·√ß¥—πæ—ß∑≈“¬®÷ß∂Ÿ°°”Àπ¥¥â«¬ π“¡‰øøÑ“

E
s
 ∑’Ë√Õ¬µàÕ p+/n- „π·π«µ—Èß‡¡◊ËÕ π“¡‰øøÑ“

E
s
  ¡’§à“‡∑à“°—∫ π“¡«‘°ƒµ (critical field) E

cr
 æÕ¥’

‚¥¬§à“ π“¡«‘°ƒµ§◊Õ§à“§«“¡‡¢Á¡¢Õß π“¡‰øøÑ“∑’Ë

∑”„Àâ‡°‘¥°“√æ—ß∑≈“¬¢Õß√Õ¬µàÕ √Ÿª∑’Ë 1 (b)

‡ªìπ°√≥’∑’Ë™—Èπ‡Õæ‘µ“ ’́Ë n- ∫“ß≈ß ∑”„Àâ‡¢µª≈Õ¥

æ“À–¢Õß√Õ¬µàÕ·π«µ—Èß p+/n- °«â“ß¢÷Èπ®“°º≈

°√–∑∫¢Õß‡¢µª≈Õ¥æ“À–¢Õß√Õ¬µàÕ·π«πÕπ n-/p-

∑”„Àâ π“¡‰øøÑ“ E
s
 ∑’Ë·√ß¥—π‰∫·Õ ‡¥’¬«°—∫·√ß¥—π

æ—ß∑≈“¬„π√Ÿª∑’Ë 1 (a) ¡’§à“πâÕ¬°«à“ π“¡«‘°ƒµ E
cr

°≈à“«§◊Õ∑”„Àâ¡’·√ß¥—πæ—ß∑≈“¬ Ÿß°«à“„π√Ÿª∑’Ë 1 (a)

‚¥¬„π°√≥’π’È°“√æ—ß∑≈“¬®–‡°‘¥¢÷Èπ∑’Ë√Õ¬µàÕ·π«

πÕπ‡¡◊ËÕ π“¡‰øøÑ“ E
b
 ¡’§à“‡∑à“°—∫ π“¡«‘°ƒµ E

cr

¥—ß√Ÿª∑’Ë 1(c) ·µà„π°√≥’∑’Ë§«“¡Àπ“¢Õß™—Èπ‡Õæ‘µ“ ’́Ë

∫“ß¡“° ®π‡¡◊ËÕ‰¥â√—∫·√ß¥—π‰∫·Õ ·≈â«‡°‘¥‡¢µ

ª≈Õ¥æ“À–∑—Ë«∑—Èß™—Èπ‡Õæ‘µ“´’Ë n-®–∑”„Àâ π“¡‰øøÑ“

∑’Ë∫√‘‡«≥√Õ¬µàÕ√–À«à“ß n+/n- ¡’§«“¡‡¢â¡¡“°¢÷Èπ

¥—ßπ—ÈπÀ“°™—Èπ‡Õæ‘µ“´’Ë∫“ß¡“°‡°‘π‰ª ®–∑”„Àâ‡°‘¥°“√

æ—ß∑≈“¬¢÷Èπ∑’Ë√Õ¬µàÕ n+/n- π’È·∑π ´÷Ëß®–∑”„Àâ·√ß¥—π

æ—ß∑≈“¬¢Õß‚§√ß √â“ß√’‡ ‘́øµË”≈ß (Appels and Vaes, 1979)
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‚§√ß √â“ß·≈–°“√ÕÕ°·∫∫°√–®°µâπ·∫∫
 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥·∫∫√‡ ‘́ø 3 ¡‘µ‘

√Ÿª∑’Ë 1. √ŸªÀπâ“µ—¥¢Õß‚§√ß √â“ß·∫∫√’‡´‘ø   (a) °√≥’∑’Ë™—Èπ‡Õæ‘µ“´’ËÀπ“ (·√ß¥—π‰∫·Õ  370 V)   (b)

°√≥’∑’Ë™—Èπ‡Õæ‘µ“´’Ë∫“ß (·√ß¥—π‰∫·Õ  370 V)    (c) °√≥’∑’Ë™—Èπ‡Õæ‘µ“´’Ë∫“ß (·√ß¥—π‰∫·Õ  1150 V)

 ‘Ëß∑’Ë ”§—≠  ”À√—∫‚§√ß √â“ß·∫∫√’‡´‘ø§◊Õ

§«“¡Àπ“¢Õß™—Èπ‡Õæ‘µ“´’Ë n- ·≈–§«“¡Àπ“·πàπ¢Õß

 “√‡®◊Õ„π™—Èπ‡Õæ‘µ“ ’́Ë́ ÷Ëß∑”Àπâ“∑’Ë‡ªìπ™—Èπ√’‡´‘ø (RESURF

layer) ®“°°“√§”π«≥·∫∫ 2 ¡‘µ‘ „π°√≥’∑’Ëº≈§Ÿ≥

¢Õß§à“∑—Èß Õß¡’§à“ª√–¡“≥ 1012 cm-2 ®–∑”„Àâ π“¡

‰øøÑ“∑’Ë∫√‘‡«≥º‘«¥â“π∫π  §◊Õ∑’Ë√Õ¬µàÕ n+/n- ·≈– p+/n-

¡’§«“¡ ¡¡“µ√¥—ß„π√Ÿª∑’Ë 1 (c)  ∑”„Àâ‰¥â‚§√ß √â“ß

√’‡ ‘́ø∑’Ë¡’·√ß¥—πæ—ß∑≈“¬ Ÿß ÿ¥ (Appels and Vaes, 1979)

™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘

®“°§ÿ≥≈—°…≥–‡¥àπ§◊Õ¡’·√ß¥—πæ—ß∑≈“¬ Ÿß

§«“¡µâ“π∑“π ∂“π–ÕÕπµË” ·≈–≈—°…≥–‚§√ß √â“ß

∑’Ë‡À¡“– ¡°—∫°“√π”¡“„™â„π«ß®√√«¡ ∑”„Àâ√’‡´‘ø

‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß¡“°„π°“√π”¡“ª√–¬ÿ°µå„™â„π

«ß®√√«¡ª√–‡¿∑°”≈—ß ·≈–„πªï 1998 æ«° F. Udrea

‰¥â‡ πÕ‚§√ß √â“ß¡Õ ‡øµ·∫∫√’‡´‘ø 3 ¡‘µ‘¢÷Èπ¡“ ‚¥¬

‰¥â¢¬“¬‚§√ß √â“ß√’‡´‘øÕÕ°‰ªÕ’° 1 ¡‘µ‘  ÷́Ëßµ“¡

∑ƒ…Æ’®–∑”„Àâ·√ß¥—πæ—ß∑≈“¬ Ÿß¢÷Èπª√–¡“≥ 5 ‡∑à“

·≈–®–∑”„Àâ§«“¡µâ“π∑“π ∂“π–ÕÕπ≈¥≈ßª√–¡“≥

5 ‡∑à“‡™àπ‡¥’¬«°—π (Udrea, Popescu, and Milne, 1998)

∫∑§«“¡©∫—∫π’Èπ”‡ πÕ‚§√ß √â“ß¢Õß™äÕµµå§’¬å

‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘ ÷́Ëß‚§√ß √â“ß¢Õß™äÕµµå§’¬å

‰¥‚Õ¥π—Èπ ¬—ß‰¡à‡§¬ª√“°Ø°“√π”‡ πÕ·π«§‘¥∑’Ë‡ªìπ

‚§√ß √â“ß·∫∫√’‡ ‘́ø 3 ¡‘µ‘¡“°àÕπ

1. ‚§√ß √â“ß¢Õß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘

√Ÿª∑’Ë 2  · ¥ß‚§√ß √â“ß¢Õß™äÕµµå§’¬å

‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘  ‚¥¬„π√Ÿª‰¡à‰¥â· ¥ß™—Èπ

‚≈À–‰«â ·µà ‡√“ “¡“√∂„™â‚≈À–™π‘¥‡¥’¬«°—π

∑—Èß ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å·≈–√Õ¬µàÕ‚ÕÀå¡¡‘°

„π‚§√ß √â“ßπ’È‰¥â  ‚¥¬°“√°”Àπ¥„Àâ§«“¡Àπ“·πàπ

¢Õß “√‡®◊Õ Ÿß∑’Ë√Õ¬µàÕ‚ÕÀå¡¡‘° ´÷Ëß®–∑”„Àâ‡°‘¥

ª√“°Ø°“√≥åÕÿ‚¡ß§å (tunneling effect) ·≈–‡°‘¥‡ªìπ

√Õ¬µàÕ‚ÕÀå¡¡‘° „π¢≥–∑’Ë°”Àπ¥„Àâ§«“¡Àπ“·πàπ

¢Õß “√‡®◊ÕµË”∑’Ë√Õ¬µàÕ™äÕµµå§’¬å ®“°¿“æ 3 ¡‘µ‘„π√Ÿª

∑’Ë 2 (a) ®–‡ÀÁπ«à“™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘π’È

ª√–°Õ∫¥â«¬™äÕµµå§’¬å‰¥‚Õ¥ 2 ™π‘¥‡√’¬ß ≈—∫°—πÕ¬Ÿà§◊Õ

™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå (p-drift Schottky diode)

·≈–™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå (n-drift Schottky

diode)  √Ÿª∑’Ë 2 (b)‡ªìπ√Ÿª¡Õß®“°¥â“π∫π √Ÿª∑’Ë 2 (c)

‡ªìπ√ŸªÀπâ“µ—¥¢Õß™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå

µ“¡·π«‡ âπ AB ‚¥¬™—Èπ´‘≈‘§Õπ‰¥ÕÕ°‰´¥å

¥â“π∫π ÿ¥∑”Àπâ“∑’Ë‡ªìπøî≈¥åÕÕ°‰´¥å (field oxide)

‚§√ß √â“ß∑’Ëπ”‡ πÕ„π∫∑§«“¡π’È„™â·ºàπ∞“π√Õß

∑’Ë¡’™—Èπ‡Õæ‘µ“´’Ë™π‘¥‡ÕÁπ∫π™—Èπæ’‡æ◊ËÕ°“√·¬°‚¥¥

(isolation) (Taur and Ning, 1998) ·≈– à«π∑’Ë‡ªìπ

™—Èπ√’‡´‘ø´÷Ëß„π∑’Ëπ’È§◊Õ™—Èπ p- ·≈–™—Èπ n- ®–∑”°“√‚¥äª

 “√¥â«¬«‘∏’°“√Ωíß‰ÕÕÕπ·∑π°“√„™â™—Èπ‡Õæ‘µ“´’Ë„π

‚§√ß √â“ß√’‡´‘ø 2 ¡‘µ‘ ‚¥¬∑—Ë«‰ª·√ß¥—πæ—ß∑≈“¬¢Õß

™äÕµµå§’¬å‰¥‚Õ¥ ®–∂Ÿ°°”Àπ¥¥â«¬§«“¡Àπ“·πàπ¢Õß
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‚§√ß √â“ß·≈–°“√ÕÕ°·∫∫°√–®°µâπ·∫∫

 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥·∫∫√‡ ‘́ø 3 ¡‘µ‘«“√ “√«‘®—¬ ¡¢. 14 (2) : °ÿ¡¿“æ—π∏å 2552

 “√‡®◊Õ„π∫√‘‡«≥¥√‘øµå (drift region) (Sze, 1998) ·≈–

„π°√≥’∑’Ë§«“¡Àπ“·πàπ¢Õß “√‡®◊Õ „π∫√‘‡«≥¥√‘øµå

§ß∑’Ëπ—Èπ  √–¬–Àà“ß√–À«à“ß√Õ¬µàÕ™äÕµµå§’¬å°—∫√Õ¬µàÕ

‚ÕÀå¡¡‘° °Á®– àßº≈°√–∑∫µàÕ·√ß¥—πæ—ß∑≈“¬¥â«¬

2.À≈—°°“√∑”ß“π¢Õß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ

°“√∑”ß“π¢Õß™äÕµµå§’¬å‰¥‚Õ¥∑—Èß™π‘¥

æ’-¥√‘øµå·≈–‡ÕÁπ-¥√‘øµå „™âÀ≈—°°“√¢Õß‚§√ß √â“ß√’‡´‘ø

2 ¡‘µ‘‡™àπ‡¥’¬«°—π °≈à“«§◊Õ„π°√≥’¢Õß™äÕµµå§’¬å‰¥

‚Õ¥™π‘¥æ’-¥√‘øµåπ—Èπ ™—Èπ p- ®–∑”Àπâ“∑’Ë‡ªìπ™—Èπ√’

‡´‘ø§◊Õ‡∑’¬∫‰¥â°—∫™—Èπ‡Õæ‘µ“´’Ë„π‚§√ß √â“ß√’‡´‘ø 2 ¡‘µ‘

·≈–„π°√≥’∑’Ë™—Èπ p- ¡’§«“¡Àπ“∑’Ë‡À¡“– ¡ ‡¢µ

ª≈Õ¥æ“À–∑’Ë∫√‘‡«≥√Õ¬µàÕ™äÕµµå§’¬å®–‰¥â√—∫º≈

°√–∑∫®“°‡¢µª≈Õ¥æ“À–∑’Ë∫√‘‡«≥√Õ¬µàÕ√–À«à“ß™—Èπ

p- °—∫™—Èπ‡Õæ‘µ“´’Ë ∑”„Àâ·√ß¥—πæ—ß∑≈“¬ Ÿß¢÷Èπµ“¡

À≈—°°“√¢Õß‚§√ß √â“ß√’‡´‘ø

√Ÿª∑’Ë 2. ‚§√ß √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘™π‘¥„À¡à (a) √Ÿª ¡‘µ‘ b) √Ÿª¡Õß®“°¥â“π∫π

(c) √ŸªÀπâ“µ—¥µ“¡·π«‡ âπ AB

·≈–‡π◊ËÕß®“°‚§√ß √â“ß¢Õß™äÕµµå§’¬å‰¥

‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘ ª√–°Õ∫¥â«¬™äÕµµå§’¬å‰¥‚Õ¥™π‘¥

æ’ -¥√‘øµå ‡√’¬ß ≈—∫°—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥

‡ÕÁπ-¥√‘øµå  ∑”„Àâ‡¢µª≈Õ¥æ“À–∑’Ë∫√‘‡«≥√Õ¬µàÕ

™äÕµµå§’ ¬å ‰¥â√—∫º≈°√–∑∫®“°‡¢µª≈Õ¥æ“À–

∑’Ë∫√‘‡«≥√Õ¬µàÕ√–À«à“ß™—Èπ p- ¢Õß™äÕµµå§’¬å‰¥‚Õ¥

™π‘¥æ’-¥√‘øµå °—∫™—Èπ n- ¢Õß™äÕµµå§’¬å‰¥‚Õ¥

™π‘¥‡ÕÁπ-¥√‘øµå  ∑”„Àâ π“¡‰øøÑ“¡’°“√°√–®“¬µ—«¡“°

¢÷Èπ·≈–¡’·√ß¥—πæ—ß∑≈“¬ Ÿß¢÷Èπ ́ ÷Ëß®“°º≈°“√®”≈Õß¢Õß

F. Udrea · ¥ß„Àâ‡ÀÁπ«à“·π«§‘¥π’È¡’ª√– ‘∑∏‘º≈®√‘ß

(Udrea et al., 1998)
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‚§√ß √â“ß·≈–°“√ÕÕ°·∫∫°√–®°µâπ·∫∫
 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥·∫∫√‡ ‘́ø 3 ¡‘µ‘

°“√®”≈Õß°√–∫«π°“√ √â“ß

 ‘Ëß∑’Ë ”§—≠ ”À√—∫‚§√ß √â“ß·∫∫√’ ‡´‘ø

§◊Õ §«“¡Àπ“¢Õß™—Èπ√’ ‡´‘ø·≈–§«“¡Àπ“·πàπ

¢Õß “√‡®◊Õ„π™—Èπ√’‡ ‘́ø  ́ ÷ËßµâÕß‰¥â√—∫°“√§«∫§ÿ¡Õ¬à“ß

·¡àπ¬”„Àâº≈§Ÿ≥¢Õß∑—Èß Õß¡’§à“ª√–¡“≥ 1012 cm-2

¥— ßπ—Èπ ‡æ◊Ë Õ „Àâ°√–∫«π°“√ √â “ß ‡ªìπ‰ªÕ¬à “ß¡’

ª√– ‘∑∏‘¿“æ ·≈–‡æ◊ËÕ„Àâ‰¥â‚§√ß √â“ß™äÕµµå§’¬å‰¥

‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘µ“¡µâÕß°“√ ‡√“®÷ß‰¥â∑”°“√

®”≈Õß°√–∫«π°“√ √â“ß¥â«¬ TSUPREM4 ´÷Ëß‡ªìπ

´Õøµå·«√å ”À√—∫®”≈Õß°√–∫«π°“√ √â “ß ‘Ë ß

ª√–¥‘…∞å “√°÷Ëßµ—«π”‚¥¬‡©æ“–

‡ß◊ËÕπ‰¢¢Õß°√–∫«π°“√ √â“ß∑’Ë„™â„π°“√®”

≈Õß¡’¥—ßµàÕ‰ªπ’È§◊Õ „™â°√–∫«π°“√Ωíß‰ÕÕÕπ¥â«¬

øÕ øÕ√— ∑’Ë‚¥  5x1015 cm-2 ¥â«¬æ≈—ßß“π 50 keV

 ”À√—∫™—Èπ n+ ´÷Ëß∑”Àπâ“∑’Ë‡ªìπ√Õ¬µàÕ‚ÕÀå¡¡‘°

 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå ·≈–¥â«¬

‚∫√Õπ∑’Ë‚¥  5x1015 cm-2 50 keV  ”À√—∫™—Èπ p+ ÷́Ëß

∑”Àπâ“∑’Ë‡ªìπ√Õ¬µàÕ‚ÕÀå¡¡‘° ”À√—∫™äÕµµå§’¬å‰¥

‚Õ¥™π‘¥æ’-¥√‘øµå À≈—ß®“°π—Èπ∑”°“√·Õ≈π’≈∑’ËÕÿ≥À¿Ÿ¡‘

550 oC ‡ªìπ‡«≈“ 30 π“∑’  ·≈â«µ“¡¥â«¬°√–∫«π°“√

‰¥√åøÕ‘π∑’ËÕÿ≥À¿Ÿ¡‘ 950 oC ‡ªìπ‡«≈“ 30 π“∑’  ¢—Èπ

µÕπµàÕ‰ª‡ªìπ°“√ √â“ß™—Èπ “√ ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å

´÷Ëß„™â°√–∫«π°“√Ωíß‰ÕÕÕπ¥â«¬‚∫√Õπ ”À√—∫

™äÕµµå§’¬å‰¥‚Õ¥™π‘¥ æ’-¥√‘øµå ·≈–¥â«¬øÕ øÕ√— 

 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå∑’Ë‚¥  2x1012

cm-2 ¥â«¬æ≈—ßß“π 80 keV À≈—ß®“°π—Èπ∑”°“√·Õ

≈π’≈∑’ËÕÿ≥À¿Ÿ¡‘ 650 oC ‡ªìπ‡«≈“ 30 π“∑’·≈â«µ“¡

¥â«¬°√–∫«π°“√‰¥√åøÕ‘π∑’ËÕÿ≥À¿Ÿ¡‘ 1100 oC ‡ªìπ‡«≈“

30 π“∑’  ·≈â«®÷ß∑”°“√ √â“ß™—Èπøî≈¥åÕÕ°‰´¥å (field

oxide) Àπ“ 1 ‰¡§√Õπ ·≈–∑â“¬ ÿ¥‡ªìπ°“√ √â“ß

™—Èπ‚≈À–Àπ“ 1 ‰¡§√Õπ ÷́Ëß‡ªìπÕ≈Ÿ¡‘‡π’¬¡º ¡°—∫

´‘≈‘§Õπ1% ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥ ‰ª°‘ß§å (spiking)

√Ÿª∑’Ë 3 · ¥ß¢—ÈπµÕπ°√–∫«π°“√ √â“ß‚¥¬§√à“«

‚¥¬‡ªìπ√ŸªÀπâ“µ—¥µ“¡·π«‡ âπ AB „π√Ÿª (2) b

√Ÿª∑’Ë 3. ¢—ÈπµÕπ°√–∫«π°“√ √â“ß‚¥¬§√à“« (a) °“√ √â“ß™—Èπ√Õ¬µàÕ‚ÕÀå¡¡‘°  (b) °“√ √â“ß™—Èπ√Õ¬µàÕ™äÕµµå§’¬å

(c) °“√ √â“ß™—Èπøî≈¥åÕÕ°‰´¥å

‡π◊ËÕß®“°‚§√ß √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø

3 ¡‘µ‘π’È ¡’°“√‡√’¬ß ≈—∫°—π√–À«à“ß™äÕµµå§’¬å‰¥‚Õ¥™π‘¥

æ’-¥√‘øµå°—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå ¥—ßπ—Èπ®÷ß‰¥â

∑”°“√®”≈Õß ‡æ◊ËÕ¥Ÿ°“√°√–®“¬µ—«¢Õß “√‡®◊Õ

„π‚§√ß √â“ß∑’Ë¡’°“√‡√’¬ß ≈—∫¢Õß™—Èπ p+ ·≈–™—Èπ n+

∫π™—Èπ p ·≈–™—Èπ n ¥—ß· ¥ß„π√Ÿª∑’Ë 4 ¥â«¬  ́ ÷Ëß FOX

„π√ŸªÀ¡“¬∂÷ßøî≈¥åÕÕ°‰´¥å (field oxide) ∑”Àπâ“∑’Ë

‡ªìπ‡´«åøÕ–‰≈¥å¡“ å§ (self-aligned mask)  ”À√—∫

°√–∫«π°“√Ωíß‰ÕÕÕπ·≈–¡’§«“¡°«â“ß 5 ‰¡§√Õπ ‚¥¬

‚§√ß √â“ß∑’Ë∑”°“√®”≈Õßπ’È ™—Èπ p+ ·≈–™—Èπ n+ ¡’

§«“¡°«â“ß 5 ‰¡§√Õπ  ·≈–„™â‡ß◊ËÕπ‰¢„π°“√ √â“ß

™—Èπ p+, n+, p, n ‡™àπ‡¥’¬«°—∫∑’Ë°≈à“«‰ª·≈â«¢â“ßµâπ

º≈¢Õß°“√®”≈Õß‰¥â· ¥ß‰«â„π√Ÿª∑’Ë 5 ́ ÷Ëß®–‡ÀÁπ‰¥â«à“

„π°√≥’∑’Ë°”Àπ¥„Àâ§«“¡°«â“ß¢Õß·µà≈–™—Èπ‡∑à“°—∫

5 ‰¡§√Õπ ‚§√ß √â“ß‡√’¬ß ≈—∫¢Õß™—Èπ p+ ·≈–™—Èπ n+

®–ª√“°ØÕ¬à“ß™—¥‡®π ‚¥¬∑’Ë§«“¡Àπ“·πàπ¢Õß “√

‡®◊Õ Ÿß ÿ¥¢Õß∑—Èß™—Èπ p+ ·≈–™—Èπ n+ ¡’§à“ª√–¡“≥ 8x1019

cm-3 ´÷Ëß‡æ’¬ßæÕ ”À√—∫°“√‡°‘¥‡ªìπ√Õ¬µàÕ‚ÕÀå¡¡‘°

 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå°—∫™äÕµµå§’¬å‰¥‚Õ¥

™π‘¥‡ÕÁπ-¥√‘øµå
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√Ÿª∑’Ë 5 . º≈¢Õß°“√®”≈Õß°√–∫«π°“√ √â“ß‚§√ß √â“ß„π√Ÿª∑’Ë 4 ‡¡◊ËÕ§«“¡°«â“ß¢Õß™—Èπ p+ ·≈–™—Èπ

n+ ‡∑à“°—∫ 5 ‰¡§√Õπ

°“√ÕÕ°·∫∫°√–®°µâπ·∫∫

„π°“√π”‚§√ß √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’

‡´‘ø 3 ¡‘µ‘¡“„™âß“π®√‘ßπ—Èπ  ®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë≈—°…≥–

°“√‡√’¬ß ≈—∫°—π¢Õß∫√‘‡«≥¥√‘øµå (drift region)

„π™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå°—∫™π‘¥‡ÕÁπ-¥√‘øµå

®–µâÕß‡ªìπ‰ªÕ¬à“ßµàÕ‡π◊ËÕß ‚¥¬∫√‘‡«≥¥√‘øµå „π∑’Ëπ’È

°Á§◊Õ™—Èπ “√ ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å ´÷Ëß®–∑”Àπâ“∑’Ë

‡ªìπ™—Èπ√’‡´‘ø ¥—ßπ—Èπ°“√ÕÕ°·∫∫°√–®°µâπ·∫∫∑’Ë

‡À¡“– ¡ ®÷ß‡ªìπÕß§åª√–°Õ∫ ”§—≠Õ’°Õ¬à“ßÀπ÷Ëß

„π°“√ √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡´‘ø 3 ¡‘µ‘π’È„Àâ¡’

·√ß¥—πæ—ß∑≈“¬ Ÿßµ“¡∑ƒ…Æ’ ÷́Ëß„πß“π«‘®—¬™‘Èππ’È

‡√“‰¥âπ”‡ πÕ≈—°…≥–°“√‡√’¬ß ≈—∫¢Õß∫√‘ ‡«≥

√Ÿª∑’Ë 4. ‚§√ß √â“ß∑’Ë¡’°“√‡√’¬ß ≈—∫¢Õß™—Èπ p+ ·≈–™—Èπ n+  ”À√—∫°“√®”≈Õß
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‚§√ß √â“ß·≈–°“√ÕÕ°·∫∫°√–®°µâπ·∫∫
 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥·∫∫√‡ ‘́ø 3 ¡‘µ‘

¥√‘øµå„π™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå°—∫™π‘¥‡ÕÁπ-¥√‘øµå

‚¥¬„™â‚§√ß √â“ß·∫∫≈Ÿà«‘Ëß (racetrack structure) ¥—ß· ¥ß

„π√Ÿª∑’Ë 6 (a) ‚¥¬¢âÕ¥’¢Õß‚§√ß √â“ß·∫∫≈Ÿà«‘Ëß§◊Õ ∑”„Àâ

°“√‡√’¬ß ≈—∫¢Õß™—Èπ√’‡ ‘́ø™π‘¥æ’·≈–™—Èπ√’‡´‘ø™π‘¥

‡ÕÁπ¥”‡π‘π‰ª‰¥âÕ¬à“ßµàÕ‡π◊ËÕß ‚¥¬≈—°…≥–‚§âß¡π

µ√ß∫√‘‡«≥ª≈“¬¢Õß≈Ÿà«‘Ëß®–™à«¬ªÑÕß°—π°“√æ—ß∑≈“¬

°àÕπ‡«≈“Õ—π ¡§«√ (premature breakdown)  ´÷ËßÕ“®

‡°‘¥¢÷Èπ‰¥âÀ“°‡√“„™â‚§√ß √â“ß√Ÿª ’Ë‡À≈’Ë¬¡∑’Ë¡’¡ÿ¡·À≈¡

∑—Èßπ’È‡π◊ËÕß®“°§à“§«“¡‡¢â¡ Ÿß ÿ¥¢Õß π“¡‰øøÑ“µ√ß

∫√‘‡«≥¡ÿ¡·À≈¡ ®– Ÿß°«à“∫√‘‡«≥Õ◊ËπÊ¢Õß‚§√ß √â“ß¡“°

®“°º≈¢Õß°“√®”≈Õß°√–∫«π°“√ √â“ß„π

À—«¢âÕ∑’Ë 4 ‡√“‰¥â∑”°“√ÕÕ°·∫∫°√–®°µâπ·∫∫∑—ÈßÀ¡¥

6 ·ºàπ  ‚¥¬°√–®°µâπ·∫∫·ºàπ∑’Ë 1 µ“¡√Ÿª∑’Ë 6 (b)

∂Ÿ°ÕÕ°·∫∫‡æ◊ËÕ √â“ß™—Èπ n+ ´÷Ëß∑”Àπâ“∑’Ë‡ªìπ√Õ¬µàÕ

‚ÕÀå¡¡‘° ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå ·≈–

√Ÿª∑’Ë 6 (c) · ¥ß∂÷ß°√–®°µâπ·∫∫·ºàπ∑’Ë 2 ´÷Ëß∂Ÿ°

ÕÕ°·∫∫ ”À√—∫ √â“ß™—Èπ p+ ´÷Ëß∑”Àπâ“∑’Ë‡ªìπ√Õ¬µàÕ

‚ÕÀå¡¡‘° ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå  “‡Àµÿ

∑’Ë™—Èπ “√ ”À√—∫√Õ¬µàÕ‚ÕÀå¡¡‘°‰¡à¡’ à«π∑’Ë‚§âß¡π‡ªìπ

≈—°…≥–≈Ÿà«‘Ëß ‡ªìπ‡æ√“–™—Èπ “√ ”À√—∫√Õ¬µàÕ‚ÕÀå¡¡‘°π’È

‰¡à„™à à«π ”§—≠∑’Ë‡ªìπµ—«°”Àπ¥°“√æ—ß∑≈“¬ ¥—ßπ—Èπ®÷ß

∂Ÿ°ÕÕ°·∫∫¡“„Àâ¡’‡©æ“– à«π∑’Ë‡ªìπ‡ âπµ√ß¢Õß≈Ÿà«‘Ëß ‡æ◊ËÕ

„Àâ –¥«°„π°“√«—¥°√–· ·√ß¥—πÀ≈—ß®“°∑’Ë √â“ß‡ √Á®·≈â«

√Ÿª∑’Ë 6. (a) ‚§√ß √â“ß·∫∫≈Ÿà«‘Ëß (racetrack structure) (b) °√–®°µâπ·∫∫·ºàπ∑’Ë 1  ”À√—∫√Õ¬µàÕ

‚ÕÀå¡¡‘°„π™äÕµµå§’¬å‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå  (c) °√–®°µâπ·∫∫·ºàπ∑’Ë 2  ”À√—∫√Õ¬µàÕ

‚ÕÀå¡¡‘°„π™äÕµµå§’¬å‰¥‚Õ¥™π‘¥æ’-¥√‘øµå

√Ÿª∑’Ë 7 (a) · ¥ß∂÷ß°√–®°µâπ·∫∫·ºàπ∑’Ë 3

 ”À√—∫ √â“ß∫√‘‡«≥¥√‘øµå ´÷Ëß°Á§◊Õ™—Èπ “√ ”À√—∫√Õ¬

µàÕ™äÕµµå§’¬å„π‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå ·≈–‡π◊ËÕß®“°

°“√‡√’¬ß ≈—∫°—π¢Õß™—Èπ√’‡´‘ø‡ªìπ à«π ”§—≠∑’Ë‡ªìπµ—«

°”Àπ¥°“√æ—ß∑≈“¬  ¥—ßπ—Èπ®÷ßµâÕß‡√’¬ß ≈—∫°—πµ≈Õ¥

∑—Èß≈Ÿà«‘Ëß   à«π√Ÿª∑’Ë 7 (b) · ¥ß∂÷ß°√–®°µâπ·∫∫·ºàπ∑’Ë

4  ”À√—∫ √â“ß™—Èπ “√ ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å„π

‰¥‚Õ¥™π‘¥æ’-¥√‘øµå ‚¥¬¡’√Ÿª·∫∫°“√‡√’¬ß ≈—∫‡™àπ

‡¥’¬«°—∫°√–®°µâπ·∫∫·ºàπ∑’Ë 3 ·µàµ”·Àπàß®–µ√ß

°—π¢â“¡°—πæÕ¥’  ‘ËßÀπ÷Ëß∑’ËµâÕß§”π÷ß∂÷ß ”À√—∫°√–®°

µâπ·∫∫·ºàπ∑’Ë 3 ·≈– 4 π’È§◊Õ §«“¡·µ°µà“ß√–À«à“ß

§«“¡°«â“ß¥â“π„π·≈–¥â“ππÕ°¢Õß·µà≈–·∂∫µ√ß

∫√‘‡«≥ à«π‚§âß ´÷Ëß®–¬‘Ëß‡æ‘Ë¡¡“°¢÷Èπµ“¡§«“¡√—»¡’

¢Õß à«π‚§âß∑’Ë‡æ‘Ë¡¢÷Èπ¥—ß· ¥ß„π√Ÿª∑’Ë 7 (c) ´÷Ëß

À¡“¬§«“¡«à“ª√‘¡“≥¢Õßæ“À–∫√‘‡«≥¥â“ππÕ°®–

¡“°°«à“¥â“π„π·≈–§«“¡·µ°µà“ßπ’È®–‡æ‘Ë¡¡“°¢÷Èπµ“¡

√—»¡’‡™àπ‡¥’¬«°—π  ´÷Ëß§«“¡·µ°µà“ßπ’ÈÕ¬ŸàπÕ°‡Àπ◊Õ

À≈—°°“√¢Õß‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘µ“¡∑’Ë‰¥âÕ∏‘∫“¬‰«â

„πÀ—«¢âÕ∑’Ë 3 ÷́Ëß∑”„Àâ‡ªìπ‰ª‰¥â«à“Õ“®‡°‘¥°“√

æ—ß∑≈“¬°àÕπ‡«≈“Õ—π ¡§«√ ¥—ßπ—Èπ®÷ß§«√¡’°“√»÷°…“

‡æ‘Ë¡‡µ‘¡‡√◊ËÕßº≈°√–∑∫¢Õß¢π“¥¢Õß√—»¡’∑’Ë¡’µàÕ·√ß¥—π

æ—ß∑≈“¬µàÕ‰ª„πÕπ“§µ
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√Ÿª∑’Ë 8 (a) · ¥ß∂÷ß°√–®°µâπ·∫∫·ºàπ∑’Ë 5

 ”À√—∫°“√‡ªî¥™àÕß —¡º— °—∫™—Èπ‚≈À– ́ ÷Ëß·∫àßÕÕ°‡ªìπ

3  à«π¥â«¬°—π ‚¥¬™àÕß —¡º— µ√ß°≈“ß¡’‰«â ”À√—∫

√Õ¬µàÕ‚ÕÀå¡¡‘°„π‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå ·≈–√ÕµàÕ

™äÕµµå§’¬å„π‰¥‚Õ¥™π‘¥æ’-¥√‘øµå  à«π™àÕß —¡º— ∑’ËÕ¬Ÿà

¥â“π¢â“ß∑—Èß Õß¡’‰«â ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å„π‰¥‚Õ¥

™π‘¥‡ÕÁπ-¥√‘øµå ·≈–√Õ¬µàÕ‚ÕÀå¡¡‘°„π‰¥‚Õ¥™π‘¥

æ’-¥√‘øµå √Ÿª∑’Ë 8 (b) · ¥ß∂÷ß°√–®°µâπ·∫∫·ºàπ∑’Ë 6

 ”À√—∫°“√ √â“ß™—Èπ‚≈À–´÷Ëß¡’∑—ÈßÀ¡¥ 2  à«π¥â«¬°—π

§◊Õ ™—Èπ‚≈À– à«π∑’ËÕ¬Ÿà¥â“π„πµ√ß°≈“ß¢Õß‚§√ß √â“ß

®–∑”Àπâ“∑’Ë‡ªìπ¢—È« ”À√—∫√Õ¬µàÕ‚ÕÀå¡¡‘°„π‰¥‚Õ¥

™π‘¥ ‡ÕÁπ-¥√‘øµå ·≈–√Õ¬µàÕ™äÕµµå§’¬å„π‰¥‚Õ¥™π‘¥

æ’-¥√‘øµå „π¢≥–∑’Ë™—Èπ‚≈À– à«π∑’Ë Õß´÷ËßÕ¬Ÿà¥â“π

πÕ° ÿ¥∑’Ë‡ªìπ√Ÿª‡°◊Õ°¡â“§«Ë” ®–∑”Àπâ“∑’Ë‡ªìπ¢—È«

 ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å„π‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå ·≈–

√Õ¬µàÕ‚ÕÀå¡¡‘°„π‰¥‚Õ¥™π‘¥æ’-¥√‘øµå ‚¥¬®–‡™◊ËÕ¡

√Õ¬µàÕ∑—Èß ÕßΩíòß‡¢â“¥â«¬°—π ∑—Èßπ’È‡æ◊ËÕ„Àâ°“√ªÑÕπ·√ß¥—π

‰∫·Õ „Àâ°—∫´Õ ·≈–‡¥√π¢Õß∑—Èß 2 Ωíòß‡°‘¥¢÷Èπ

æ√âÕ¡°—πÕ¬à“ß ¡∫Ÿ√≥å·∫∫ πÕ°®“°π’È ™—Èπ‚≈À–π’È¬—ß

‰¥â∂Ÿ°ÕÕ°·∫∫„Àâ∑”Àπâ“∑’Ë‡ªìπøï≈¥å‡æ√µ (field plate)

´÷Ëß®–™à«¬‡æ‘Ë¡·√ß¥—πæ—ß∑≈“¬‰¥â (Baliga, 2005)  à«π

µ—«Õ—°…√çCé‡≈¢ ‘∫ 2 µ—«∑’ËÕ¬Ÿà∫√‘‡«≥¥â“π≈à“ß¢Õß°√–®°

µâπ·∫∫·ºàπ∑’Ë 6 ¡’‰«â ”À√—∫°“√Õâ“ßÕ‘ß„π°“√«‘®—¬π’È

√Ÿª∑’Ë 7. (a) °√–®°µâπ·∫∫·ºàπ∑’Ë 3  ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å„π‰¥‚Õ¥™π‘¥‡ÕÁπ-¥√‘øµå  (b) °√–®°µâπ·∫∫

·ºàπ∑’Ë 4  ”À√—∫√Õ¬µàÕ™äÕµµå§’¬å„π‰¥‚Õ¥™π‘¥æ’-¥√‘øµå  (c) ¿“æ¢¬“¬≈—°…≥–µ√ß à«π¡ÿ¡

√Ÿª∑’Ë 8 . (a) °√–®°µâπ·∫∫·ºàπ∑’Ë 5  ”À√—∫°“√‡ªî¥™àÕß —¡º— °—∫™—Èπ‚≈À– (b) °√–®°µâπ·∫∫·ºàπ∑’Ë 6

 ”À√—∫ √â“ß™—Èπ‚≈À–
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‚§√ß √â“ß·≈–°“√ÕÕ°·∫∫°√–®°µâπ·∫∫
 ”À√—∫™äÕµµå§’¬å‰¥‚Õ¥·∫∫√‡ ‘́ø 3 ¡‘µ‘

 √ÿª

‚§√ß √â“ß™äÕµµå§’¬å‰¥‚Õ¥·∫∫√’‡ ‘́ø 3 ¡‘µ‘

∂Ÿ°π”‡ πÕ‡ªìπ§√—Èß·√°  ‚¥¬Õ“»—¬º≈°“√®”≈Õß

¢Õß‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘¢Õß F. Udrea ¡“™à«¬√Õß√—∫

·π«§‘¥∑’Ë«à“‚§√ß √â“ß√’‡´‘ø 3 ¡‘µ‘¡’ª√– ‘∑∏‘º≈„π

°“√‡æ‘Ë¡·√ß¥—πæ—ß∑≈“¬„Àâ Ÿß¢÷Èπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫

‚§√ß √â“ß√’‡´‘ø 2 ¡‘µ‘ ‚¥¬‚§√ß √â“ß√’‡ ‘́ø 3 ¡‘µ‘∑’Ë

π”‡ πÕ„π∫∑§«“¡π’È„™â°“√·¬°‚¥¥¥â«¬√Õ¬µàÕ

(junction isolation) ·≈–‰¥â¡’°“√ÕÕ°·∫∫‚§√ß √â“ß

„Àâ¡’ª√– ‘∑∏‘¿“æ∑’Ë Ÿß¢÷Èπ  ´÷Ëß‚§√ß √â“ß¢Õß™äÕµµå§’¬å

‰¥‚Õ¥π—Èπ  ¬—ß‰¡àª√“°Ø°“√π”‡ πÕ·π«§‘¥∑’Ë‡ªìπ

‚§√ß √â“ß·∫∫√’‡´‘ø 3 ¡‘µ‘¡“°àÕπ πÕ°®“°π’È‡√“‰¥â

∑”°“√®”≈Õß°√–∫«π°“√ √â“ß ·≈–ª√– ∫§«“¡

 ”‡√Á®„π°“√À“‡ß◊ËÕπ‰¢¢Õß°√–∫«π°“√ √â“ß

∑’Ë‡À¡“– ¡ πÕ°®“°π’È‡√“‰¥â∑”°“√®”≈Õß‚§√ß √â“ß

‡√’¬ß ≈—∫¢Õß™—Èπ p+ ·≈–™—Èπ n+ ÷́Ëßº≈¢Õß°“√®”≈Õß

· ¥ß„Àâ‡ÀÁπ«à“  ”À√—∫°√–∫«π°“√ √â“ß∑’ËÕÕ°·∫∫

‰«âπ’È ¡’§«“¡‡À¡“– ¡ ”À√—∫„™â„π°“√ √â“ßÕÿª°√≥å
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