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ABSTRACT

An ASIC chip design for interfacing 16-bit microprocessor with 8-bit microprocessor in a digital PABX

system was reported. The main features of the chip were as follows: synchronous operation with clock frequency

of 13 MHz using +5 V power supply, and having a dual port memory with a capacity of 128 bytes. The algorithm

in transferring data between 2 microprocessors through the chip was first in - first out. The design was based

on VHDL together with drawing schematic diagram. Workview Plus software was used as simulation and

synthesis tools. Simulation results showed good agreement with the specification. After the correct circuit design

was obtained, it was programmed into FPGA chip ( XC4010 and XC4003) for testing. Experimental results

showed that the chip operated correctly.
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∫∑§—¥¬àÕ

ß“π«‘®—¬π’Èπ”‡ πÕ°“√ÕÕ°·∫∫·≈– √â“ß™‘ª

«ß®√√«¡‡©æ“–°‘® (application specific integrated

circuit : ASIC)  ”À√—∫„™â‡™◊ËÕ¡‚¬ß°“√∂à“¬‚Õπ·≈–

·≈°‡ª≈’Ë¬π¢âÕ¡Ÿ≈√–À«à“ß‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ

°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ ‡æ◊ËÕ„™â„π√–∫∫µŸâ

 “¢“‚∑√»—æ∑åÕ—µ‚π¡—µ‘·∫∫¥‘®‘µÕ≈ ‚¥¬«ß®√√«¡

π’È¡’≈—°…≥–°“√∑”ß“πÀ≈—° Ê §◊Õ ∑”ß“π„π·∫∫

´‘ß‚§√π— ¥â«¬§«“¡∂’Ë —≠≠“≥π“Ãî°“ 13 MHz

„™â°—∫·À≈àß®à“¬·√ß¥—π +5 V ·≈– ¡’Àπà«¬§«“¡®” 2

∑‘»∑“ß¢π“¥ 128 ‰∫µå∫√√®ÿÕ¬Ÿà¿“¬„π ‚¥¬°“√ÕÕ°

·∫∫„™âÕ—≈°Õ√‘∑÷¡„π°“√·≈°‡ª≈’Ë¬π¢âÕ¡Ÿ≈√–À«à“ß

‰¡‚§√‚ª√‡´ ‡´Õ√å°—∫«ß®√√«¡„π≈—°…≥–∑’Ë

¿“§«‘™“«‘»«°√√¡‰øøÑ“ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å °√ÿß‡∑æ 10900

Department of Electrical Engineering, Faculty Engineering, Kasetsart University, Bangkok 10900, Thailand.
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¢âÕ¡Ÿ≈∑’Ë∂Ÿ°‡¢’¬π‡¢â“¡“°àÕπ®–∂Ÿ°Õà“πÕÕ°°àÕπ (first in-

first out ‡√’¬°¬àÕ«à“ FIFO) °“√ÕÕ°·∫∫‰¥â„™â¿“…“

VHDL (Very High Speed Integrated Circuit Hardware

Description Language) √à«¡°—∫°“√‡¢’¬πº—ß«ß®√‚¥¬

„™â™ÿ¥‚ª√·°√¡ Workview Plus À≈—ß®“°∑”°“√

‡¢’¬π‚ª√·°√¡°“√ÕÕ°·∫∫‡ √Á®‡√’¬∫√âÕ¬·≈â«®÷ßπ”

‰ª®”≈Õß°“√∑”ß“π·≈– —ß‡§√“–Àå‡ªìπ«ß®√ ¢—ÈπµÕπ

 ÿ¥∑â“¬π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª‚ª√·°√¡≈ß∫π™‘ª FPGA ‡∫Õ√å

XC 4010 ·≈– XC 4003 ‡æ◊ËÕ √â“ß‡ªìπ«ß®√µâπ·∫∫

º≈°“√∑¥ Õ∫øíß°å™—π°“√∑”ß“πª√“°Ø«à“™‘ª«ß®√

√«¡ “¡“√∂∑”ß“π‰¥â∂Ÿ°µâÕßµ“¡øíß°å™—π∑’ËÕÕ°·∫∫‰«â

§”π”

°“√µ‘¥µàÕ ◊ËÕ “√„πªí®®ÿ∫—π “¡“√∂∑”‰¥â

Õ¬à“ß –¥«°·≈–√«¥‡√Á« ‚∑√»—æ∑å°Á®—¥‡ªìπ√–∫∫

 ◊ËÕ “√Õ¬à“ßÀπ÷Ëß∑’Ë‡¢â“¡“¡’∫∑∫“∑°—∫™’«‘µª√–®”«—π

¢Õß¡πÿ…¬å·≈–„™â°—πÕ¬à“ß°«â“ß¢«“ß®π°“√¢¬“¬µ‘¥

µ—Èß‡§√◊Õ¢à“¬‰¡à “¡“√∂°√–∑”‰¥â∑—π·≈–‡æ’¬ßæÕ°—∫

§«“¡µâÕß°“√ ·≈–¥Ÿ‡À¡◊Õπ§«“¡µâÕß°“√„™â‚∑√»—æ∑å

„πÕπ“§µ®– Ÿß¢÷Èπ‡√◊ËÕ¬ Ê ∑”„Àâ¡’°“√π”‡Õ“√–∫∫µŸâ

 “¢“‚∑√»—æ∑åÕ—µ‚π¡—µ‘·∫∫¥‘®‘µÕ≈ (Digital Private

Automatic Branch Exchange: Digital PABX) ¡“„™â

(°√°Ø, 2537) ´÷Ëß∑”„Àâ°“√„™â§Ÿà “¬¿“¬πÕ°¡’

ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ Õ’°∑—Èß¬—ß “¡“√∂‡æ‘Ë¡øíß°å™—πµà“ß Ê

‡æ◊ËÕÕ”π«¬§«“¡ –¥«°‰¥âÕ’°¥â«¬ ∑”„Àâ√–∫∫µŸâ

 “¢“‚∑√»—æ∑åÕ—µ‚π¡—µ‘·∫∫¥‘®‘µÕ≈‡√‘Ë¡‡ªìπ∑’Ëπ‘¬¡

·≈–„™â°—π·æ√àÀ≈“¬¡“°¬‘Ëß¢÷Èπ ¥—ßπ—Èπ®÷ßµâÕß

æ¬“¬“¡À“‡∑§‚π‚≈¬’∑’Ë‡À¡“– ¡¡“∑”°“√ÕÕ°·∫∫

·≈–º≈‘µÕÿª°√≥åÕ‘ ‡≈Á °∑√Õπ‘° å∑’Ë „™â „π√–∫∫

‚∑√»—æ∑å‡æ◊ËÕ∑”„ÀâÕÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° åµà“ß Ê ∑’Ë

º≈‘µ¢÷Èπ¡’¢π“¥‡≈Á°≈ßÀ√◊Õæ¬“¬“¡¬àÕ„Àâ≈ß‰ªÕ¬Ÿà„π

™‘ª‰Õ´’‡¥’¬« ‚¥¬„™â‡§√◊ËÕß¡◊Õæ—≤π“„π°“√ÕÕ°·∫∫

√ÿàπ„À¡à Ê ‡¢â“¡“™à«¬ ¡’º≈„Àâ°“√∑”ß“π¢Õßµ—««ß®√

¡’ª√– ‘∑∏‘¿“æ¥’¢÷Èπ ≈¥‡π◊ÈÕ∑’Ë∑’Ë„™â∫π·ºàπ«ß®√æ‘¡æå

πÕ°®“°π’È¬—ß‡ªìπ°“√ªÑÕß°—π°“√≈Õ°‡≈’¬π·∫∫¢Õß

«ß®√∑’ËÕÕ°·∫∫ æ√âÕ¡∑—Èß¡’ª√– ‘∑∏‘¿“æ·≈–¡’§«“¡

‡™◊ËÕ∂◊Õ‰¥â Ÿß ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‡ πÕ°“√ÕÕ°

·∫∫™‘ª«ß®√√«¡‡©æ“–°‘® ”À√—∫∑”Àπâ“∑’Ë ‡™◊ËÕ¡

‚¬ß°“√∂à“¬‚Õπ·≈–·≈°‡ª≈’Ë¬π¢âÕ¡Ÿ≈√–À«à“ß

‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ °—∫‰¡‚§√‚ª√‡´ ‡´Õ√å 8

∫‘µ (Figure 1) ‡æ◊ËÕª√–¬ÿ°µå„™â„π√–∫∫µŸâ “¢“

‚∑√»—æ∑åÕ—µ‚π¡—µ‘·∫∫¥‘®‘µÕ≈ ´÷Ëß‡ªìπ√–∫∫∑’Ë∑“ß

¿“§«‘™“«‘»«°√√¡‰øøÑ“‰¥â¥”‡π‘π°“√«‘®—¬Õ¬Ÿà ®÷ß

π—∫«à “ ‡ªìπ°“√«‘®— ¬∑’Ë µàÕ ‡π◊Ë Õß·≈–‡À¡“– ¡°—∫

 ∂“π¿“æ„πªí®®ÿ∫—π∑—Èß¢ÕßÀπà«¬ß“πµâπ —ß°—¥·≈–

Figure 1 Configuration of ASIC chip for interfacing 16-bit uP with 8-bit uP.
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¢Õßª√–‡∑» ‡Àµÿº≈∑’ËµâÕß°“√ÕÕ°·∫∫™‘ª¥—ß°≈à“«°Á

‡æ◊ËÕ¢¬“¬ª√– ‘∑∏‘¿“æ°“√∑”ß“π¢Õß√–∫∫µŸâ “¢“

‚∑√»—æ∑åÕ—µ‚π¡—µ‘∑’Ë¡’Õ¬Ÿà‡¥‘¡ ÷́Ëß„™â‰¡‚§√‚ª√‡´ ‡´Õ√å

8 ∫‘µ „Àâ‡¢â“°—∫√–∫∫µŸâ “¢“‚∑√»—æ∑åÕ—µ‚π¡—µ‘∑’Ë¡’

¢π“¥„À≠à¢÷Èπ´÷Ëß„™â‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ„π

°“√§«∫§ÿ¡°“√∑”ß“π¢Õß‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ

À≈“¬ Ê µ—« ‚¥¬‰¥â‡≈◊Õ°°“√ÕÕ°·∫∫«ß®√√«¡„π

√–¥—∫∫π (high level design) ‚¥¬„™â¿“…“ VHDL

(Perry, 1991; Smith, 1996) ™à«¬„π°“√‡¢’¬π

‚ª√·°√¡°“√ÕÕ°·∫∫ ‡π◊ËÕß®“°°“√ÕÕ°·∫∫√–¥—∫

¥—ß°≈à“« “¡“√∂„™â°—∫«ß®√¥‘®‘µÕ≈‰¥â‡ªìπÕ¬à“ß¥’

Õÿª°√≥å·≈–«‘∏’°“√

¢âÕ°”Àπ¥√“¬≈–‡Õ’¬¥¢Õß™‘ª«ß®√√«¡∑’ËÕÕ°·∫∫

- ¿“¬„π¡’ FIFO  ”À√—∫‡°Á∫¢âÕ¡Ÿ≈¢π“¥ 128

‰∫µå (FIFO ¢π“¥ 32 ‰∫µå 4 ™ÿ¥)

-  “¡“√∂√’‡ Á́µ°“√∑”ß“π‰¥â„À¡àµ“¡∑’ËµâÕß°“√

- ∑”ß“π‡ªìπ transparent mode „π°√≥’∑’Ë

‰¡‚§√‚ª√‡´ ‡´Õ√åµâÕß°“√µ‘¥µàÕ°—∫ RAM ¢Õß PABX

- ¡’µ—«∫àß™’È∫Õ° ∂“π–°“√∑”ß“πµ≈Õ¥‡«≈“

- °“√∑”ß“π‡ªìπ·∫∫´‘ß‚§√π— 

- °“√∂à“¬‚Õπ¢âÕ¡Ÿ≈‡ªìπ·∫∫¢π“π

- ∑”ß“π¥â«¬ —≠≠“≥π“Ãî°“¢π“¥ 13 MHz

- „™â°—∫√–¥—∫ —≠≠“≥¥‘®‘µÕ≈™π‘¥ TTL 5

‚«≈µå

°“√ÕÕ°·∫∫«ß®√

‡æ◊ËÕ„Àâßà“¬·°à°“√ÕÕ°·∫∫®–∑”°“√ÕÕ°·∫∫

„π≈—°…≥–®“°∫π≈ß≈à“ß (top down design) ‚¥¬

·∫àß«ß®√ÕÕ°‡ªìπ∫≈ÁÕ°À√◊Õ‚¡¥Ÿ≈µ“¡Àπâ“∑’Ë¥—ßπ’È§◊Õ

Àπà«¬§«“¡®” 2 ∑‘»∑“ß ‡π◊ËÕß®“°§ÿ≥ ¡∫—µ‘

¢Õß™‘ª∑’ËµâÕß°“√ÕÕ°·∫∫π—ÈπµâÕß “¡“√∂‡°Á∫¢âÕ¡Ÿ≈

‡¢â“·≈–∂à“¬‚Õπ¢âÕ¡Ÿ≈ÕÕ°‰¥â ¥—ßπ—Èπ ‘Ëß∑’ËµâÕßÕÕ°

·∫∫‡ªìπÕ—π¥—∫·√° §◊Õ Àπà«¬§«“¡®” 2 ∑‘»∑“ß

‚¥¬¡’§ÿ≥ ¡∫—µ‘æ‘‡»…∑’Ë·µ°µà“ß®“°Àπà«¬§«“¡®”

∏√√¡¥“§◊Õ  “¡“√∂‡¢’¬π¢âÕ¡Ÿ≈‡¢â“·≈–Õà“π¢âÕ¡Ÿ≈

ÕÕ°‰¥â„π™à«ß‡«≈“‡¥’¬«°—π·≈–‡ªìπÕ‘ √–µàÕ°—π

‚¥¬„™â‡«≈“∑’Ë —Èπ¡“° ́ ÷Ëß¡’¢“ —≠≠“≥ ”À√—∫‡¢’¬π¢âÕ¡Ÿ≈

(WRITE) ·≈–¢“ —≠≠“≥ ”À√—∫°“√Õà“π¢âÕ¡Ÿ≈

(READ) ·¬°®“°°—π Àπà«¬§«“¡®” 2 ∑‘»∑“ß

ª√–°Õ∫¥â«¬«ß®√À≈—° 2  à«π (Figure 2) ¥—ßπ’È

- RAM ‡ªìπÀπà«¬§«“¡®”∑”Àπâ“∑’Ë‡°Á∫¢âÕ¡Ÿ≈

-  à«π§«∫§ÿ¡ (controller) ®–∑”Àπâ“∑’Ë

Figure 2 Dual port memory.
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§«∫§ÿ¡·≈– √â“ß —≠≠“≥°“√‡¢’¬π/Õà“π¢âÕ¡Ÿ≈‰ª¬—ß

RAM (Wakerly, 1994) „π°√≥’¡’ —≠≠“≥°“√

‡¢’¬π¢âÕ¡Ÿ≈ (WRITE = 0) ‡¢â“¡“  à«π§«∫§ÿ¡®–

 √â“ß —≠≠“≥ ADDRESS ¢Õß°“√‡¢’¬πæ√âÕ¡°—∫

 —≠≠“≥ WR_ENABLE ́ ÷Ëß‡ªìπæ—≈ å∑’Ë·§∫¡“° (Figure

3) ¡’§«“¡°«â“ß 1/4 ‡∑à“¢Õß§“∫‡«≈“¢Õß —≠≠“≥ CLK

‡æ◊ËÕ‡¢’¬π¢âÕ¡Ÿ≈‡¢â“ RAM [RAM ∑’Ë∂Ÿ° √â“ß¢÷Èπ®“°™‘ª

FPGA ¡’§ÿ≥ ¡∫—µ‘∑’Ëæ‘‡»…§◊Õ¡’‡«≈“‡¢â“∂÷ß (access time)

∑’Ë —Èπ¡“°ª√–¡“≥ 10 ns] „π°√≥’∑’Ë‰¡à¡’°“√‡¢’¬π¢âÕ¡Ÿ≈

 —≠≠“≥ WR_ENABLE ®–‡ªìπ≈Õ®‘° 0 π—Ëπ§◊ÕÕ¬Ÿà

„π ¿“æ∑’Ëæ√âÕ¡ ”À√—∫√Õ√—∫ —≠≠“≥°“√Õà“π¢âÕ¡Ÿ≈

¥—ßπ—Èπ‡¡◊ËÕµâÕß°“√Õà“π¢âÕ¡Ÿ≈ (READ = 0)  à«π

§«∫§ÿ¡®– √â“ß —≠≠“≥ ADDRESS ¢Õß°“√Õà“π

æ√âÕ¡°—∫ √â“ß —≠≠“≥ RD_ENABLE ÕÕ°¡“¢âÕ¡Ÿ≈

∑’Ë‡°Á∫Õ¬Ÿà¿“¬„π RAM °Á®–ª√“°Ø∑’Ë DATAOUT ´÷Ëß

¡’·ºπ¿“æ‡«≈“ (Figure 4)

„π°√≥’∑’Ë¡’°“√´‘ß‚§√π— °—π√–À«à“ß —≠≠“≥

READ ·≈– WRITE ‡¡◊ËÕ¡’ —≠≠“≥°“√‡¢’¬π·≈–

Õà“π¢âÕ¡Ÿ≈‡¢â“¡“∑’ËÀπà«¬§«“¡®”æ√âÕ¡°—π®–‡°‘¥°“√

Õà“π·≈–‡¢’¬π¢âÕ¡Ÿ≈„π™à«ß‡«≈“‡¥’¬«°—π ‡π◊ËÕß®“°
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Figure 4 Read cycle of dual port memory.

2*CLK

C L K

N E G

W R I T E

A W

A D D R E S S

W R _ E N A B L E

D A T A O U T

DATAIN

(NOT CLK)  AND (NOT NEG)

AW

70ns

T ime (ns)

Time (ns)

Figure 3 Write cycle of dual port memory.
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‡«≈“∑’Ë„™â ”À√—∫‡¢’¬π¢âÕ¡Ÿ≈π—Èπ —Èπ¡“°∑”„Àâ‡«≈“

∑’Ë‡À≈◊Õ∂Ÿ°„™â ”À√—∫Õà“π¢âÕ¡Ÿ≈ ́ ÷Ëß¡’·ºπ¿“æ‡«≈“· ¥ß

(Figure 5)

°“√ÕÕ°·∫∫ FIFO ‡æ◊ËÕ„Àâ°“√‡°Á∫¢âÕ¡Ÿ≈‡¢â“

·≈–π”¢âÕ¡Ÿ≈ÕÕ°®“°Àπà«¬§«“¡®” 2 ∑‘»∑“ß¡’°“√

‡√’¬ß≈”¥—∫¢Õß¢âÕ¡Ÿ≈ ®÷ß‰¥âπ”Àπà«¬§«“¡®”π’È¡“∑”

‡ªìπ«ß®√ FIFO (Figure 6) ´÷Ëßª√–°Õ∫¥â«¬«ß®√

 à«πµà“ß Ê ¥—ßπ’È

- «ß®√™’Èµ”·Àπàß°“√‡¢’¬π (write pointer)

∑”Àπâ“∑’Ë™’Èµ”·Àπàß·Õ¥‡¥√ „π°√–∫«π°“√‡¢’¬π

¢âÕ¡Ÿ≈‡¢â“Àπà«¬§«“¡®”

- «ß®√™’Èµ”·Àπàß°“√Õà“π (read pointer)

∑”Àπâ“∑’Ë™’Èµ”·Àπàß·Õ¥‡¥√ „π°√–∫«π°“√Õà“π

¢âÕ¡Ÿ≈ÕÕ°®“°Àπà«¬§«“¡®”

- µ—«∫àß™’È ∂“π–°“√∑”ß“π (flag status)

∑”Àπâ“∑’Ë∫Õ° ∂“π–¢ÕßÀπà«¬§«“¡®”«à“Õ¬Ÿà„π
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A W
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WR_ENABLE

DATAOUT

DATAIN
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DATAOUT VAL IDXXX

A W AR
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Figure 6 Block diagram of FIFO.

2

DATAIN

PUSH

P O P

2*CLK

RESET

DUAL PORT RAM

FLAG
STATUS

READ POINTER

WRITE POINTER

READ &WRITE
CONTROL

PULSE
DETECT

DATAOUT

EMPTY

HALF

FULL

AW[4:0]

AR[4:0]

N E G

CLK

2*CLK

DATAIN[7:0]

READ

WRITE

Figure 5 Simultaneous read-write cycle of dual port memory.

Time (ns)

70 ns



478 «. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 32 ©∫—∫∑’Ë 4

 ∂“π–„¥

- «ß®√§«∫§ÿ¡°“√‡¢’¬π (write control) ∑”

Àπâ“∑’Ë§«∫§ÿ¡°“√‡¢’¬π¢âÕ¡Ÿ≈‡¢â“Àπà«¬§«“¡®” ∂â“

À“°¢âÕ¡Ÿ≈‡µÁ¡·≈â«®–‰¡à “¡“√∂‡¢’¬π‡¢â“‰ª‡°Á∫‰¥âÕ’°

- «ß®√§«∫§ÿ¡°“√Õà“π (read control) ∑”

Àπâ“∑’Ë§«∫§ÿ¡°“√Õà“π¢âÕ¡Ÿ≈ÕÕ°®“°Àπà«¬§«“¡®”

∂â “ ‰¡à¡’ ¢â Õ¡Ÿ ≈Õ¬Ÿà „πÀπà «¬§«“¡®” ‡≈¬·¡â ®–¡’

 —≠≠“≥°“√Õà“π¡“°Áµ“¡®–‰¡à “¡“√∂Õà“π¢âÕ¡Ÿ≈

ÕÕ°¡“‰¥â

- «ß®√Àπà«¬§«“¡®”·∫∫ 2 ∑‘»∑“ß ∑”

Àπâ“∑’Ë‡°Á∫¢âÕ¡Ÿ≈∑’Ë∂Ÿ° àß¡“®“°‰¡‚§√‚ª√‡´ ‡´Õ√å

- «ß®√µ√«®®—∫ —≠≠“≥°“√‡¢’¬π/Õà“π (pulse

detect) ∑”Àπâ“∑’Ë®—∫ —≠≠“≥°“√‡¢’¬π/Õà“π∑’Ë‡¢â“¡“

æ√âÕ¡∑—Èßª√—∫§«“¡°«â“ßæ—≈ å¢Õß —≠≠“≥∑’Ë‰¥â

„Àâ‡À¡“– ¡ ¥—ßπ—Èπ‰¡à«à“ —≠≠“≥°“√‡¢’¬π/Õà“π®–

¡“®“°‰¡‚§√‚ª√‡´ ‡´Õ√åµ√–°Ÿ≈„¥°Áµ“¡®–

 “¡“√∂„™â°—∫√–∫∫π’È‰¥â

- «ß®√À“√§«“¡∂’Ë „™âÀ“√§«“¡∂’Ë¢Õß

 —≠≠“≥π“Ãî°“ „ÀâµË”≈ß 2 ‡∑à“

„π°“√∑’Ë®–„Àâ “¡“√∂µ‘¥µàÕ√—∫ àß¢âÕ¡Ÿ≈°—∫

∫— ¢âÕ¡Ÿ≈ (data bus) ¢Õß‰¡‚§√‚ª√‡´ ‡´Õ√å·≈–

RAM ¢Õß PABX ‰¥âπ—Èπ µâÕßÕÕ°·∫∫«ß®√ à«π∑’Ë

∑”Àπâ“∑’Ë§«∫§ÿ¡°“√„™â∫—  ·≈– RAM ¥—ßπ’È

«ß®√∫—ø‡øÕ√å (buffer) ª√–°Õ∫¥â«¬

ADDRESS BUFFER, DATA BUFFER, STATUS

BUFFER ∑”Àπâ“∑’ËªÑÕß°—π°“√™π°—π¢Õß —≠≠“≥

¢âÕ¡Ÿ≈„π√–∫∫∫— 

«ß®√§«∫§ÿ¡ ∑”Àπâ“∑’Ë§«∫§ÿ¡°“√µ‘¥µàÕ

√–À«à“ß™‘ª«ß®√√«¡°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å·≈–°“√

‡™◊ËÕ¡µàÕ RAM ¢Õß PABX ‡¢â“°—∫√–∫∫∫— ¢âÕ¡Ÿ≈

„π°√≥’∑’Ë‰¡‚§√‚ª√‡´ ‡´Õ√åµâÕß°“√µ‘¥µàÕ¥â«¬

‡¡◊ËÕπ”«ß®√µà“ß Ê ‡À≈à“π’È¡“√«¡°—π°Á®–‰¥â

øíß°å™—π°“√∑”ß“π‡ªìπ«ß®√√«¡∑’Ë ¡∫Ÿ√≥å (Figure 7)

 ”À√—∫„™â ‡™◊ËÕ¡‚¬ß°“√∂à“¬‚Õπ·≈–·≈°‡ª≈’Ë¬π

¢âÕ¡Ÿ≈√–À«à“ß‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ °—∫

‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ ·≈– RAM ¢Õß PABX ‡æ◊ËÕ

ª√–¬ÿ°µå„™â„π√–∫∫µŸâ “¢“‚∑√»—æ∑åÕ—µ‚π¡—µ‘·∫∫

¥‘®‘µÕ≈

°“√ÕÕ°·∫∫«ß®√∑—ÈßÀ¡¥„πß“π«‘®—¬π’È‰¥â„™â

¿“…“ VHDL ‡¢’¬πÕ∏‘∫“¬·≈–∫√√¬“¬°“√∑”ß“π

√à«¡°—∫°“√‡¢’¬πº—ß«ß®√ ·≈–„™â™ÿ¥´Õøµå·«√å

Workview Plus version 5 ¢Õß∫√‘…—∑ Viewlogic

Figure 7 Internal architecture of designed ASIC chip.
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™à«¬„π°“√‡¢’¬π‚ª√·°√¡°“√ÕÕ°·∫∫  ”À√—∫√“¬

≈–‡Õ’¬¥‡°’Ë¬«°—∫«‘∏’°“√„™â´Õøµå·«√å™à«¬„π°“√ÕÕ°

·∫∫·≈–«‘∏’°“√‡¢’¬π¿“…“ VHDL  “¡“√∂Õà“π‰¥â

®“°‡Õ° “√Õâ“ßÕ‘ß (Viewlogic, 1993a, 1993b, 1993c;

Smith, 1996)

°“√‚ª√·°√¡™‘ª FPGA

À≈—ß®“°‰¥âÕÕ°·∫∫°“√∑”ß“π¢Õß«ß®√√«¡

‚¥¬°“√‡¢’¬π¥â«¬¿“…“ VHDL ·≈â«®÷ßπ”«ß®√∑’Ë

 —ß‡§√“–Àå‰¥â¡“®”≈Õß°“√∑”ß“π‚¥¬„™â‚ª√·°√¡

Viewsim (Viewlogic, 1993c) √“¬≈–‡Õ’¬¥º≈°“√

®”≈Õß°“√∑”ß“π “¡“√∂¥Ÿ‰¥â®“°Õ—¡æ√ (2541) À≈—ß

®“°‰¥âº≈°“√®”≈Õß°“√∑”ß“π∑’Ë∂Ÿ°µâÕß·≈â« ®÷ßπ”

«ß®√∑’Ë —ß‡§√“–Àå‰¥âπ’È‰ª‚ª√·°√¡≈ß∫π™‘ª FPGA

‡æ◊ËÕ°“√∑¥ Õ∫µàÕ‰ª ‚¥¬∑—Ë«‰ª “¡“√∂‚ª√·°√¡

°“√∑”ß“π¢Õß™‘ª FPGA ‰¥â 2 «‘∏’ ¥—ßπ’È§◊Õ

1. °“√‚ª√·°√¡ºà“π∑“ßæÕ√åµ RS-232

¢Õß§Õ¡æ‘«‡µÕ√å «‘∏’π’È‰ø≈å¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√ÕÕ°

·∫∫®–∂Ÿ°‚À≈¥‚¥¬µ√ß®“°æÕ√åµ RS-232 À√◊Õ

æÕ√åµÕπÿ°√¡ºà“π “¬ Xchecker Cable ¡“¬—ß FPGA

°“√‚ª√·°√¡ FPGA (°√°Ø, 2538) ‚¥¬«‘∏’π’È®–

∑”‰¥â –¥«°·≈–√«¥‡√Á« ·µà¡’¢âÕ‡ ’¬§◊Õ ‰¡à “¡“√∂

π”™‘ª FPGA ‰ª„™âß“π‰¥â‚¥¬≈”æ—ßµâÕß¡’

§Õ¡æ‘«‡µÕ√åÕ¬Ÿà¥â«¬‡ ¡Õ «‘∏’π’È®÷ß‡À¡“– ”À√—∫

°“√∑¥ Õ∫‡∫◊ÈÕßµâπ

2. °“√‚ª√·°√¡ºà“π∑“ß PROM À√◊Õ

EPROM ‡π◊ËÕß®“°™‘ª FPGA ‡Õß‰¡à “¡“√∂‡°Á∫

¢âÕ¡Ÿ≈„π°“√∑”ß“π‰«â‰¥âÕ¬à“ß∂“«√ ¥—ßπ—Èπ®÷ß‰¡à

 “¡“√∂∑’Ë®–‚À≈¥‰ø≈å¢âÕ¡Ÿ≈°“√∑”ß“π≈ß∫π™‘ª

FPGA ‰¥â‚¥¬µ√ß ®÷ßµâÕß„™âÀπà«¬§«“¡®”™π‘¥ PROM

À√◊Õ EPROM ‡ªìπµ—«‡°Á∫¢âÕ¡Ÿ≈°“√∑”ß“π¢Õß FPGA

(‰ø≈å∑’Ë‡°Á∫„π EPROM ‡√’¬°«à“‰ø≈å°“√®—¥√Ÿª≈—°…≥å

À√◊Õ configuration file) ‰«â ®“°π—Èπ®÷ß„Àâ™‘ª FPGA

Õà“π¢âÕ¡Ÿ≈¢Õß°“√ÕÕ°·∫∫®“° EPROM À√◊Õ PROM

Õ’°∑’Àπ÷Ëß °“√µàÕ™‘ª‡æ◊ËÕ„™âß“π„π∑’Ëπ’È®–µàÕ„π‚¡¥

master serial (Figure 8)  ”À√—∫√“¬≈–‡Õ’¬¥‡°’Ë¬«°—∫

‚¡¥°“√„™âß“π¢Õß FPGA  “¡“√∂Õà“π‰¥â®“°

‡Õ° “√Õâ“ßÕ‘ß (Xilinx, 1993)

„πß“π«‘®—¬π’È‰¥â‡≈◊Õ°„™â FPGA ¢Õß∫√‘…—∑ Xilinx

‡∫Õ√å XC 4010 ·≈– XC 4003  “‡Àµÿ∑’Ë„™â™‘ª FPGA

2 µ—« ‡π◊ËÕß®“°®”π«π¢“¢Õß™‘ª FPGA ‡∫Õ√å XC

4010 ´÷Ëß‡ªìπµ—«∑’Ë„™â„π°“√ÕÕ°·∫∫®√‘ß ¡’πâÕ¬°«à“

Figure 8 FPGA configuration in master serial mode.
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®”π«π¢“¢Õß«ß®√√«¡∑’ËÕÕ°·∫∫ (FPGA XC4010

™π‘¥ PLCC 84 PINS ¡’¢“∑—Èß ‘Èπ 84 ¢“  “¡“√∂

‚ª√·°√¡„Àâ„™âß“π‰¥â®√‘ß‡æ’¬ß 61 ¢“ ¢≥–∑’Ë«ß®√

√«¡∑’ËÕÕ°·∫∫¡’¢“∑—ÈßÀ¡¥ 78 ¢“) Õ—π∑’Ë®√‘ß “¡“√∂

 —Ëß´◊ÈÕ™‘ª FPGA ™π‘¥ PQFP 160 ´÷Ëß¡’ 160 ¢“ ¡“

„™â‰¥â·µà§à“„™â®à“¬„π°“√ —Ëß™‘ª‡æ’¬ßµ—«‡¥’¬«¡’√“§“

·æß¡“° Õ’°∑—Èß√–¬–‡«≈“„π°“√ —Ëß°Á„™â‡«≈“π“π¥â«¬

¥—ßπ—Èπ ®÷ßπ”‡Õ“™‘ª FPGA ‡∫Õ√å XC 4003 ´÷Ëß‡ªìπ

™‘ª∑’Ë¡’Õ¬Ÿà·≈â« ¡“„™âß“π√à«¡°—∫ XC 4010 (Xilinx,

1996) «ß®√√«¡∑’ËÕÕ°·∫∫‡ √Á®·≈â«ª√–°Õ∫¥â«¬

®”π«π¢“ —≠≠“≥∑—ÈßÀ¡¥ 78 ¢“ ¡’°“√®—¥‡√’¬ß¢“

 —≠≠“≥µà“ß Ê ¥—ß Figure 9

¢“ —≠≠“≥Õ‘πæÿµ

SRXO: ‡¡◊ËÕ‡ªìπ≈Õ®‘° 0 ®– àß¢âÕ¡Ÿ≈‰∫µå∫π

„Àâ‰¡‚§√‚ª√‡´ ‡´Õ√å∑“ß SD[7:0]

SRXE: ‡¡◊ËÕ‡ªìπ≈Õ®‘° 0 ®– àß¢âÕ¡Ÿ≈‰∫µå≈à“ß

„Àâ‰¡‚§√‚ª√‡´ ‡´Õ√å∑“ß SD[7:0]

STXO: ‡¡◊ËÕ‡ªìπ≈Õ®‘° 0 ®–√—∫¢âÕ¡Ÿ≈‰∫µå∫π

®“°‰¡‚§√‚ª√‡´ ‡´Õ√å∑“ß SD[7:0]

STXE: ‡¡◊ËÕ‡ªìπ≈Õ®‘° 0 ®–√—∫¢âÕ¡Ÿ≈‰∫µå≈à“ß

®“°‰¡‚§√‚ª√‡´ ‡´Õ√å∑“ß SD[7:0]

SSTAT: ‡¡◊ËÕ‡ªìπ≈Õ®‘° 0 · ¥ß ∂“π–¢Õß

«ß®√√«¡∑“ß SD[2:0]

R/W: ‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ„™â ”À√—∫

°“√‡¢’¬π/Õà“π¢âÕ¡Ÿ≈

RESET: ‡¡◊ËÕ‡ªìπ≈Õ®‘° 0 ®–‡ªìπ°“√√’‡´Áµ

«ß®√√«¡

SWR: ‰¡‚§√‚ª√‡´ ‡´Õ√å „™â¢“π’È ‡¡◊Ë Õ

µâÕß°“√‡¢’¬π ¢âÕ¡Ÿ≈≈ß RAM ¢Õß PABX

SRD: ‰¡‚§√‚ª√‡´ ‡´Õ√å„™â¢“π’È‡¡◊ËÕµâÕß°“√

Õà“π ¢âÕ¡Ÿ≈®“° RAM ¢Õß PABX

SCS: ‰¡‚§√‚ª√‡´ ‡´Õ√å„™â¢“π’È‡¡◊ËÕµâÕß°“√

µ‘¥µàÕ°—∫ RAM ¢Õß PABX

SATNRQ: ‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ„™â

¢—¥®—ßÀ«– (interrupt) ‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ

„π°√≥’∑’Ë‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µµâÕß°“√„Àâ

‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ ¡“√—∫¢âÕ¡Ÿ≈∑’ËÕ¬Ÿà„π FIFO

SINTACK:  —≠≠“≥µÕ∫√—∫°“√¢—¥®—ßÀ«–

®“°‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ

BRDSEL: „™â‡Õπ‡Õ‡∫‘≈™‘ª«ß®√√«¡„Àâ∑”ß“π

¢“ —≠≠“≥ Õß∑‘»∑“ß

MD[15:0]: „™â‡ªìπ¢“ —≠≠“≥¢âÕ¡Ÿ≈ 16 ∫‘µ

 Õß∑‘»∑“ß

MA[17:1]: „™â‡ªìπ¢“·Õ¥‡¥√  ‚¥¬‡ âπ∑’Ë 15-

17 „™â ”À√—∫‡≈◊Õ°øíß°å™—π°“√∑”ß“π¢Õß™‘ª«ß®√√«¡

 ”À√—∫·Õ¥‡¥√ ∑’Ë‡À≈◊Õ∂Ÿ°„™â‡ªìπ·Õ¥‡¥√ ¢Õß RAM

¢Õß PABX

SD[7:0]: „™â‡ªìπ¢“¢âÕ¡Ÿ≈ 8 ∫‘µ  Õß∑‘»∑“ß

SA[17:1]: „™â‡ªìπ¢“·Õ¥‡¥√  ”À√—∫µ‘¥µàÕ

°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ ·≈– RAM ¢Õß PABX

¢“ —≠≠“≥‡Õ“µåæÿµ

DISSLAVE: „™â„π°“√¥‘ ‡Õ‡∫‘≈‰¡‚§√‚ª√-

‡´ ‡´Õ√å 8 ∫‘µ „ÀâÕÕ°®“°√–∫∫∫— 
Figure 9 Signal pins configuration of designed

ASIC chip.
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ENSLAVE: „™â„π°“√‡Õπ‡Õ‡∫‘≈‰¡‚§√‚ª√-

‡´ ‡´Õ√å 8 ∫‘µ „Àâ‡¢â“„™â∫— 

INTM: „™â„π°“√¢—¥®—ßÀ«–‰¡‚§√‚ª√‡´ -

‡´Õ√å16 ∫‘µ

CS(RAM): „™â‡≈◊Õ° RAM ¢Õß PABX

OE(RAM): „™â‡Õπ‡π‡∫‘≈ RAM ¢Õß PABX

‡¡◊ËÕµâÕß°“√Õà“π¢âÕ¡Ÿ≈

WR(RAM): „™â‡¢’¬π¢âÕ¡Ÿ≈≈ß RAM ¢Õß PABX

MINTS: „™â„π°“√¢—¥®—ßÀ«–‰¡‚§√‚ª√‡´ -

‡´Õ√å 8 ∫‘µ

º≈·≈–«‘®“√≥å

°“√∑¥ Õ∫«ß®√

„πß“π«‘®—¬π’È‰¥â„™â‰¡‚§√§Õ¡æ‘«‡µÕ√å IBM

PC-286 ¢π“¥ 16 ∫‘µ ·≈– Z-80 Single Board ¢π“¥

8 ∫‘µ ¡“∑”°“√∑¥ Õ∫°—∫™‘ª«ß®√√«¡ „π

°“√‡™◊ËÕ¡µàÕ™‘ª«ß®√√«¡°—∫‰¡‚§√§Õ¡æ‘«‡µÕ√å IBM

PC 286 ·≈– Z-80 Single Board π—Èπ‰¥â √â“ß·ºß

«ß®√∂Õ¥√À—  (decoder) ¢÷Èπ‡æ◊ËÕ∑”Àπâ“∑’Ë∂Õ¥√À— 

 —≠≠“≥°“√‡≈◊Õ°æÕ√åµ∑’Ë ∂Ÿ° à ß¡“®“°‰¡‚§√

§Õ¡æ‘«‡µÕ√å IBM PC-286 ·≈– Z-80 Single Board

(Figure 10A, Figure 10B)

™‘ª∑’Ë √â“ß¢÷Èπ¡“π’È∂Ÿ°ÕÕ°·∫∫„Àâ “¡“√∂√—∫

 àß¢âÕ¡Ÿ≈¢π“¥ 1 ‡«‘√å¥ (word) °—∫‰¡‚§√‚ª√‡´ ‡´Õ√å

16 ∫‘µ ·≈–√—∫ àß¢âÕ¡Ÿ≈¢π“¥ 1 ‰∫µå °—∫‰¡‚§√

‚ª√‡´ ‡´Õ√å 8 ∫‘µ ‚¥¬„™âÕ—≈°Õ√‘∑÷¡¢Õß°“√√—∫ àß

¢âÕ¡Ÿ≈·∫∫‡¢â“°àÕπÕÕ°°àÕπ πÕ°®“°π’È¬—ß¡’¢“

æ‘‡»…∑’Ë§Õ¬· ¥ß ∂“π–¢Õß™‘ªµ≈Õ¥‡«≈“«à“Õ¬Ÿà„π

 ∂“π–„¥  ”À√—∫„Àâ‰¡‚§√‚ª√‡´ ‡´Õ√åµ√«® Õ∫

°àÕπ∑”°“√√—∫ àß¢âÕ¡Ÿ≈ „π°“√∑¥ Õ∫øíß°å™—π°“√

∑”ß“π¢Õß™‘ª«ß®√√«¡‰¥â∑”°“√µàÕ™‘ª«ß®√√«¡‡¢â“

°—∫‰¡‚§√§Õ¡æ‘«‡µÕ√å IBM PC-286 (‰¡‚§√‚ª√-

‡´ ‡´Õ√å ™π‘¥ 16 ∫‘µ) ·≈– Z-80 single board

(‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ) ‚¥¬‡¢’¬π‚ª√·°√¡

∑¥ Õ∫øíß°å™—π°“√√—∫ àß¢âÕ¡Ÿ≈ (´÷Ëß∂◊Õ«à“‡ªìπ

øíß°å™—π°“√∑”ß“π∑’Ë ”§—≠Õ¬à“ßÀπ÷Ëß„πÀ≈“¬ Ê

øíß°å™—π∑’Ë‰¥âÕÕ°·∫∫‰«â) ¥â«¬¿“…“ C (Schilt, 1992)

∫π‰¡‚§√§Õ¡æ‘«‡µÕ√å 16 ∫‘µ ·≈–¿“…“ Assembly

∫π Z-80 single board „Àâ‰¡‚§√‚ª√‡´ ‡´Õ√å 2

µ— «∑”° “ √∂à “ ¬ ‚Õπ·≈–·≈° ‡ª≈’Ë ¬π¢â Õ¡Ÿ ≈°— π

‚¥¬ºà“π™‘ª«ß®√√«¡‚¥¬·∫àß°“√∑¥ Õ∫øíß°å™—π°“√

√—∫ àß¢âÕ¡Ÿ≈ÕÕ°‡ªìπ 3 °√≥’ ¥—ßµàÕ‰ªπ’È

(1) °√≥’‰¡‚§√‚ª√‡´ ‡´Õ√å  16 ∫‘µ

µâÕß°“√∑’Ë®– àß¢âÕ¡Ÿ≈„Àâ°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ

‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ®– àß¢âÕ¡Ÿ≈ÕÕ°¡“∑“ß

∫— ¢âÕ¡Ÿ≈‡æ◊ËÕ‡°Á∫‰«â„π™‘ª‚¥¬ àß¡“∑’≈– 1 ‡«‘√å¥ ‚¥¬

°“√‡°Á∫¢âÕ¡Ÿ≈¢Õß™‘ª®–„™âÕ—≈°Õ√‘∑÷¡·∫∫‡¢â“°àÕπ

ÕÕ°°àÕπ ‡¡◊ËÕ‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ µâÕß°“√

¢âÕ¡Ÿ≈∑’Ë∂Ÿ°‡°Á∫‰«â„π™‘ª®–µâÕß∑”°“√Õà“π¢âÕ¡Ÿ≈ÕÕ°

∑’≈– 1 ‰∫µå®”π«π 2 §√—Èß „π°“√∑¥ Õ∫‰¥â àß

¢âÕ¡Ÿ≈®“°‰¡‚§√§Õ¡æ‘«‡µÕ√å 286 ™π‘¥ 16 ∫‘µ‰ª¬—ß

Z-80 Single Board º≈ª√“°Ø«à“ Z-80 Single Board

 “¡“√∂√—∫¢âÕ¡Ÿ≈‰¥â∂Ÿ°µâÕß

(2) °√≥’‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ µâÕß°“√

 àß¢âÕ¡Ÿ≈„Àâ‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ ´÷Ëß‰¡‚§√

‚ª√‡´ ‡´Õ√å 8 ∫‘µ µâÕß àß¢âÕ¡Ÿ≈ÕÕ°¡“∑’Ë∫— ¢âÕ¡Ÿ≈ 2

§√—Èß §√—Èß≈– 8 ∫‘µ ‡æ◊ËÕ¡“‡°Á∫‰«â„π™‘ª ‡¡◊ËÕ‰¡‚§√‚ª√-

‡´ ‡´Õ√å 16 ∫‘µ µâÕß°“√¢âÕ¡Ÿ≈°Á®– àß —≠≠“≥

°“√Õà“πÕÕ°¡“¬—ß™‘ªπ’È ¢âÕ¡Ÿ≈∑’Ë∂Ÿ°‡°Á∫‰«â°Á®–

ª√“°Ø∑’Ë∫— ¢âÕ¡Ÿ≈¢Õß‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ∑—π∑’

„π°“√∑¥ Õ∫‰¥â„Àâ Z-80 Single Board  àß¢âÕ¡Ÿ≈

ÕÕ°¡“¬—ß‰¡‚§√§Õ¡æ‘«‡µÕ√å º≈ª√“°Ø«à“‰¡‚§√

§Õ¡æ‘«‡µÕ√å IBM PC-286  “¡“√∂√—∫¢âÕ¡Ÿ≈‰¥â∂Ÿ°µâÕß

(3) °√≥’∑’Ë‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ

µâÕß°“√∑’Ë®–µ‘¥µàÕ°—∫ RAM ¢Õß PABX ‚¥¬µ√ß

(transparent mode) ™‘ªπ’È°Á®–∑”°“√¥‘ ‡Õ‡∫‘≈‰¡‚§√-

‚ª√‡´ ‡´Õ√å 8 ∫‘µÕÕ°®“°√–∫∫∫— ∑—π∑’ æ√âÕ¡°—∫
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Figure 10A Interfacing circuit between ASIC chip and 16 bit microcomputer.

Figure 10B Interfacing circuit between ASIC chip and Z-80 connectors.
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 àß —≠≠“≥‰ª‡Õπ‡Õ‡∫‘≈ RAM „Àâ‡¢â“„™â∫— ¢âÕ¡Ÿ≈·∑π

‚¥¬™‘ª«ß®√√«¡®–‡ª≈’Ë¬πÀπâ“∑’Ë‰ª§«∫§ÿ¡°“√

√—∫ àß¢âÕ¡Ÿ≈√–À«à“ß ‰¡‚§√‚ª√‡´ ‡´Õ√å 16 ∫‘µ °—∫

RAM ¢Õß PABX ∑—π∑’ „π°“√∑¥ Õ∫‰¥â àß

 —≠≠“≥≈Õ®‘° ù0û ÕÕ°¡“∑’Ë¢“ DISSLAVE ¢Õß™‘ª

«ß®√√«¡‡æ◊ËÕ¥‘ ‡Õ‡∫‘≈‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ ‚¥¬„™â

LED ‡ªìπµ—«· ¥ßº≈ º≈ª√“°Ø«à“ LED µ‘¥ «à“ß

´÷Ëß‡ªìπº≈∑’Ë∂Ÿ°µâÕßµ“¡∑’ËÕÕ°·∫∫‰«â

°“√∑¥ Õ∫™‘ª«ß®√√«¡„πøíß°å™—π°“√

∑”ß“π à«πÕ◊Ëπ Ê πÕ°‡Àπ◊Õ®“°øíß°å™—π°“√√—∫

 àß¢âÕ¡Ÿ≈π—Èπ‰¥â∑”°“√∑¥ Õ∫‚¥¬°“√‡¢’¬π‚ª√·°√¡

∑¥ Õ∫„π·µà≈–¢“ —≠≠“≥ ÷́Ëßº≈°“√∑¥ Õ∫∑’Ë‰¥â

®–· ¥ßº≈¥â«¬ LED µ—«Õ¬à“ß‚ª√·°√¡∑’Ë„™â„π°“√

∑¥ Õ∫™‘ª«ß®√√«¡»÷°…“‰¥â®“°‡Õ° “√Õâ“ßÕ‘ß (°√°Ø

·≈– Õ—¡æ√, 2540) ®“°°“√∑¥ Õ∫¥—ß°≈à“«º≈

ª√“°Ø«à“¢“ —≠≠“≥µà“ß Ê ¢Õß™‘ª«ß®√√«¡ “¡“√∂

∑”ß“π√à«¡°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å‰¥â‡ªìπÕ¬à“ß¥’

™‘ª∑’ËÕÕ°·∫∫ “¡“√∂∑”ß“π‰¥âµ“¡øíß°å™—π∑’Ë°”Àπ¥

·≈–π”¡“ √â“ß‡ªìπ«ß®√µâπ·∫∫‰¥â (Figure 11)

 √ÿª

ß“π«‘®—¬π’È‡ πÕ°“√ÕÕ°·∫∫  √â“ß ·≈–∑¥ Õ∫

™‘ª«ß®√√«¡  ”À√—∫∑”Àπâ“∑’Ë‡™◊ËÕ¡‚¬ß°“√∂à“¬‚Õπ

·≈–·≈°‡ª≈’Ë¬π¢âÕ¡Ÿ≈√–À«à“ß‰¡‚§√‚ª√‡´ ‡´Õ√å 16

∫‘µ °—∫‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ ·≈– RAM ¢Õß

√–∫∫ PABX ‡æ◊ËÕª√–¬ÿ°µå„™â„π√–∫∫µŸâ “¢“

‚∑√»—æ∑åÕ—µ‚π¡—µ‘·∫∫¥‘®‘µÕ≈ ¥—ß¡’√“¬≈–‡Õ’¬¥

1. ¿“¬„π™‘ª¡’øíß°å™—π∑’Ë ”§—≠§◊Õ ª√–°Õ∫¥â«¬

FIFO ¢π“¥ 128 ‰∫µå ”À√—∫‡°Á∫¢âÕ¡Ÿ≈ «ß®√

§«∫§ÿ¡°“√‡¢â“„™â∫—  «ß®√·ø≈°∫Õ° ∂“π–°“√∑”ß“π

«ß®√¡—≈µ‘‡æ≈Á° «ß®√∂Õ¥√À—  «ß®√∫—ø‡øÕ√å ·≈–

«ß®√π—∫ ‚¥¬„™â∑√—æ¬“°√¿“¬„π FPGA ∑—Èß ‘Èπ 310

CLB (ª√–¡“≥ 2,700 ‡°µ) ·≈–¡’®”π«π¢“∑’Ë„™âß“π

∑—ÈßÀ¡¥ 78 ¢“

2. „πß“π«‘®—¬π’È„™â«‘∏’°“√ÕÕ°·∫∫«ß®√

¥‘®‘µÕ≈„π√–¥—∫ VHDL ´÷Ëß‡ªìπ¿“…“∑’Ë„™â‡¢’¬π

Õ∏‘∫“¬°“√∑”ß“π¢Õß√–∫∫„¥ Ê ·∑π°“√ √â“ß«ß®√

¢÷Èπ¡“ ®“°π—Èπ∑”°“√®”≈Õß°“√∑”ß“π°àÕπ∑’Ë®–π”‰ª

 √â“ß‡ªìπ«ß®√®√‘ß Ê

3. ®“°°“√π”™‘ª«ß®√√«¡‰ª∑¥ Õ∫°“√

∑”ß“π√à«¡°—∫‰¡‚§√‚ª√‡´ ‡´Õ√å ‚¥¬„Àâ∑”°“√√—∫

 àß¢âÕ¡Ÿ≈√à«¡°—∫‰¡‚§√§Õ¡æ‘«‡µÕ√å 16 ∫‘µ·≈–

‰¡‚§√‚ª√‡´ ‡´Õ√å 8 ∫‘µ º≈ª√“°Ø«à“™‘ª«ß®√√«¡

 “¡“√∂∑”ß“π‰¥â∂Ÿ°µâÕßµ“¡øíß°å™—π∑’Ë°”Àπ¥

§”¢Õ∫§ÿ≥

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ »Ÿπ¬å‡∑§‚π‚≈¬’Õ‘‡≈Á°∑√Õπ‘° å

·≈–§Õ¡æ‘«‡µÕ√å·Ààß™“µ‘ (NECTEC) ∑’Ë‰¥â„Àâ∑ÿπ

 π—∫ πÿπ‚§√ß°“√«‘®—¬π’È

Figure 11 Photo of prototype including ASIC chip.
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