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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा    

    ӧԜᚒϣǴךॺஒૌ਼Нೀԋ਼ϯቫޑઈϯ᎑ㄿ/ઈ

ϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ܄ଯႝηᎂ౽ႝᡏᆶ҂ૌ਼

Нೀޑଯႝηᎂ౽ႝᡏ܄ࣁКၨǴϩޣٿჹϡҹ܄ϐ

ቹៜǴӵǺႝႝࢬᓸ܄ǵѦᙯᏤॶϷውႝᓸǶ 

  ᙖҗ Microwave Office ႝတ೬ᡏǴࡌҥႝᡏλૻဦਏኳ

ࠠǶฅԶǴӧ࣬ᜢߎܭឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽ႝᡏϐଯᓎ

ϡҹኳࠠࡌҥᆶୖኧϩϷ࣬ځၨڀܭԖ႔่ཱུᄬϐϡҹϐ໔

ϐৡ౦ᆶނځཀကǴཱུϿӧЎԖගрֹ၁ಒϐࣴز

ፕǶӢԜҁᚒࣴᔕᙖҗႝတᇶշी銦CAD)೬ᡏǴϷҗંତၮᆉ

ڗѦ፦ᆶҁ፦ϐλૻဦϡҹୖኧǴଞჹߎឦ-਼ϯނ-ъᏤᡏଯ

ႝηᎂ౽ႝᡏϷڀԖ႔่ཱུᄬଯೲϡҹ่ᄬǴࡌᄬрֹϐ

RF ϡҹኳࠠǹԶКჹϡҹ่ᄬৡ౦ǴଞჹλૻဦϡҹୖኧǴ

၁ಒځख़ाϐނཀကǶҁᚒёҗଯᓎୖኧڗǴԋфࡌҥ

ཀကϐނڀԖଯᆒྗЪڀ MOS-HEMT ଯᓎϡҹኳࠠǴࣴ܌ᔕрϐଯ

ᓎϡҹኳࠠᆶୖኧڗѳѠҭёޔௗගٮ MMIC ीೌמϐౢᔈ

ҔǶ 

    

ᜢᗖӷᜢᗖӷᜢᗖӷᜢᗖӷǺǺǺǺ ૌ਼Нǵଯႝηᎂ౽ႝᡏǵλૻဦϡҹୖኧ 
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Abstract 

    In this topic, we will explore the ozone water treatment to 

form the oxide layer of AlGaAs /InGaAs metal - oxide – 

semiconductor contemplated the crystalline high electron 

mobility transistors without ozone water treatment high electron 

mobility ratethe transistor characteristics as a comparison, 

analysis of both the impact on the device characteristics, such as: 

the current-voltage characteristic, extrinsic transconductance 

values and breakdown voltage. 

    By the Microwave Office computer software, create 

transistors small-signal equivalent model. However, in the metal 

- oxide - semiconductor high electron mobility transistors 

established with the participation of the high-frequency 

component model number analysis and compared with the 

difference between the structure of the components of the 

traditional gate and explore its physical significance, very little 

in proposed the complete details of the study discussed in the 

literature. The topic develop by computer-aided design (CAD) 

software, and gradually through the matrix operations extrinsic 
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nature of small-signal components extracted parameters for 

metal - oxide - semiconductor high electron mobility transistor 

and a traditional gate structure structure of the high-speed 

components to construct a complete RF components model; thus 

faster than the device structure differences, small signal 

components for each parameter, discussed in detail the important 

physical significance. The topic via the high-frequency 

parameters extracted successfully established with high 

precision quasi possessed the physical significance of the 

MOS-HEMT high frequency component model, which develop 

a high-frequency component model parameter extraction 

platform can also provide direct MMIC design technology of 

industrial applications . 
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ಃಃಃಃ 1 കകകക ׇፕׇፕׇፕׇፕ 

  ӧ༾ݢ೯ߞᆶঁΓՉ೯ߞคጕᆛၡسጲࠁวዊࢬᐟᓰ

ΠǴ༾ݢᑈᡏႝၡೌמᆶଯૈ܄ଯೲϡҹीǴςቶݱӦԋࣁᏢೌࣴ

วᆶౢሡϐࣴزขᗺǶЀځӧൂ༾ݢᑈᡏႝၡ(MMIC)ीБ

य़[1]-[5]ǴҗܭInGaAs ೯ၰڀԖեԖਏႝη፦ໆǵଯႝηᎂ౽ᆶ

ଯ០ႝࢬϐᓬᗺǴӢԜаInGaAs բࣁЬा೯ၰϐଯႝηᎂ౽ႝ

ᡏϡҹǴёଯႝᓸቚǵଯᒡрфᓬ౦ϡҹπբૈ܄Ƕ[6] 

  ଯႝηᎂ౽ႝᡏ(HEMT)ϡҹϐሡᆶᔈҔጄൎε൯ԋߏǴ

ᅌԋࣁᓎᑈᡏႝၡ(RFIC)ϡҹϐᜢᗖೌמǶځύ٬Ҕߎឦ-਼ϯ

ᄊǵफ़ރय़߄๓ϡҹׯъᏤᡏଯႝηᎂ౽ႝᡏ(MOS-HEMT)-ނ

եଯᓸΠ߄य़ᅅႝࢬԶε൯ගϲϡҹࣁ܄தـख़ाೌמϐǶЪ

Ԗ᠘ܭMMIC ीೌמςࣁϞคጕ೯ૻሦୱཱུࣁख़ाϐೌמᕉ

ǴӢԜૈցගֹٮ٠ྗዴޑϡҹଯᓎኳࠠςԋࣁIC ीૈց಄

ӝႣයਏૈϷೕޑᜢᗖӢનǴӢԜҁीჄᔕᙖҗMicrowave Office 

ႝတᇶշ೬ᡏ(CAD)җંତၮᆉࢬำीǴჹߎܭឦ-਼ϯނ-ъᏤ

ᡏଯႝηᎂ౽ႝᡏ(MOS-HEMT)ϷڀԖ႔่ཱུᄬଯೲϡҹ

่ᄬǴڗλૻဦҁ፦ϷѦ፦ୖኧǴ٠җኳᔕѳѠКᆶଯᓎໆ

ෳኧᏵբКჹǴаঅ҅ࢎ܌ᄬϐRFϡҹኳࠠǹЀځǴஒᆶϡ

ҹ่ᄬբКၨǴRFϡҹୖኧϐख़ाނཀကǶ 
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ၸѐΟΜԃǴଯႝηᎂ౽ႝᡏςቶ٬ݱҔܭ༾ݢϷ༾

ԯޑݢᔈҔሦୱǶᆒዴޑଯႝηᎂ౽ႝᡏኳࠠё٬ளԜϡҹ

ӧႝǶҞတᇶշी೬ᡏႝၡϐीᆶϩႝܭӝ٬Ҕ׳

တᇶշी೬ᡏύനதޑـϡҹኳࠠࣁਏႝၡኳࠠǴ٠ЪԖ

ӭزࣴޑठΚܭวϡҹϐ౯ηኳࠠϷೲނޑז׳ࡋኳࠠǶ

ฅԶǴҗځܭीᆉਏϷႝတᇶշी೬ᡏޑቶݱЍජǴӢ

ԜਏႝၡኳࠠႣයϝૈӧႝၡीޑሦୱӸࢲࢤਔ໔Ƕ 

ዴྗޑၡीႝډௗቹៜޔஒࡋᆒዴޑǴϡҹኳࠠޑᡉฅࡐ

ኳޑѸाచҹǶόྗዴޑೲीϷғౢזࢂϡҹኳࠠޑǴྗዴࡋ

ࠠஒ٬ளႝၡޑीϷᇙሡाᐕӭԛޑ၂ᒱᇤǴΨӢԜ

ගଯΑԋҁǶନԜϐѦǴϞϐ೯ૻسሡ׳ӭԖ׳λЁκ

ൂ༾ݢᑈᡏႝၡǴԶЁκޑᕭλϷТஏޑࡋቚу׳уڀΑჹ

৲ࢂሡǶԶλૻဦኳࠠᆶεૻဦኳࠠϐ໔ޑᆒዴϐϡҹኳࠠܭ

৲࣬ᜢǶλૻဦኳࠠຫྗዴǴځεૻဦኳࠠΨྗ׳ዴǶԶλૻ

ဦኳࠠჹܭ٤ϡҹޑϩӵቚǵᚇૻԖ࣬εޑᔅշǴ 

ԜѦၸλૻဦኳࠠё׳ుΕΑှϡҹӧႝၡύϐၮբǶ 

ךॺፋډଯႝηᎂ౽ႝᡏޑኳࠠϯਔǴόૈόගځډ

ӧႝၡीޑᔈҔǶӧၸѐ൳ԃǴଯႝηᎂ౽ႝᡏς

ᔈҔܭՉϷคጕ೯ૻೌמǴԜѦǴޑԏॣᐒǵᓎϷ༾ݢ
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೯ૻೌמǴςᔈҔܭคጕᆛǵঁΓ೯ૻسϷՉፁࢃ೯ૻ

ցᆒዴຑႝૈࣁλૻဦኳࠠޑளᆒዴڗॊǴ܌Ƕᆕӝय़س

ၡਏૈϷᆢեԋҁޑख़ाӢનǶ 
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ಃಃಃಃ 2 കകകക ଯႝηᎂ౽ႝᡏଯႝηᎂ౽ႝᡏଯႝηᎂ౽ႝᡏଯႝηᎂ౽ႝᡏ୷ҁ୷ҁ୷ҁ୷ҁπբচϷኳࠠπբচϷኳࠠπբচϷኳࠠπբচϷኳࠠ 

ԃ߈   Ǵٰаઈϯ᎑ㄿ/ઈϯ⥲ㄿ౦፦่ᄬࣁ፦୷ᘵϐଯႝηᎂ

౽ႝᡏ(HEMTs)ǴςቶݱᔈҔܭଯᓎ܈եᚇૻ༾ݢᑈᡏႝၡ

(MMIC)ೌמሦୱǶҗܭઈϯ⥲ㄿ೯ၰڀԖեޑԖਏႝη፦ໆǵଯ

ႝηᎂ౽ᆶଯ០ႝࢬϐᓬᗺǴӢԜаઈϯ⥲ㄿբࣁЬा೯ၰϐ

ଯႝηᎂ౽ႝᡏϡҹǴёଯႝᓸቚǵଯᒡрфᓬ౦

ϡҹπբૈ܄Ƕ 

ख़ࣁ܄ჹਏᔈႝᡏࡋ෧ϿᚆηණୢᚒǴႝηᏤೲࣁ  

ाӢનǴႝηᏤೲࡋЬाҗႝηᎂ౽ϷႫکೲࡋ(Saturation 

Velocity)ۓ،܌Ǵଯೲਏႝᡏය༾ݢ܄ёҗႝࢬቚᄒЗᓎ

(fT) 

(2.1) 
 

 fTޕελǶҗԄύёࡋߏ႔ཱུࢂ ǵ LgࡋೲکηႫႝࢂ ύVsځ  

ۓ،܌่ᄬҗ߾ࡋೲکελቹៜǴႝηႫࡋߏVs Ϸ႔ཱུډڙ

Vs ႔ཱུࡋߏҗ༾ቹۓ،܌ೌמǶ 

V
sf =

T 2πlL
g
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  җॊёޕϡҹ܄җ܄፦ᆶᇙำۓ،܌ೌמǴځ܄ёҗ

Πӈ൳ঁୖኧ،ۓǺ 

εޑΑҁ፦ᙯᏤ(Intrinsic Transcoductance, gm)ڋǺѬज़ߔႝཱུྍ (1)

λǵfT ᆶᚇૻǶ 

(2) ႔ཱུႝߔǺѬ،ۓΑ႔ཱུۯᒨਔ໔ǵᑵ୷Βཱུᡏ܄(n, ΦB, Ig)

ᆶᚇૻǶ 

(3) ᒡрႝᏤ(Output Conductance, gds)ǺѬቹៜΑࢬޔቚ(AV = 

gm/gds)Ƕ䶵ӝॊϩǺటගଯϡҹޑਏёவ่ᄬёவ

่ᄬϷଛӝᕭอ႔ཱུޑࡋߏᇙำೌמǴωёၲډեᚇૻǵଯ

ቚଯೲႝηᎂ౽Ƕ 

(4) ႔ཱུืαᇑڅ(Gate Recess)Ǻቹៜࢬႝࢬޔ㨭ǵႝᏤቚǵᖏࣚ

ႝᓸ(Threshold Voltage, Vth)ϷႝࢬᄒЗ܄ǴќѦǴ႔ཱུืα

ᇑೌמڅд෧ϿΑྍཱུႝߔ(Source Resistance, RS)ӢԜගଯᄒ

ЗᓎǴՠΨౢғΑᒡрᆄ(ཱུؕ)ჹᒡΕᆄ(ྍཱུ)ޑӣႝ

(Feedback Capacitance, Cgd)Ǵ٬ளS12ϟΕཞ (Insertion loss) Ǵ

ୖኧ෧Ͽቹៜଯᓎ܄Ƕ 
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  ќѦǴԖΟঁӢન٬ளHEMTs ԖၨեޑᚇૻǺ 

(1) ၨեྍཱུႝߔǶ 

(2) ၩη߳ज़ၨ٫Ǵ႔ཱུୃᓸӧ֨ЗႝᓸਔǴё٬ϡҹೀܭեᚇૻ

 ᄊǶރ

(3) 2DEG ᆶᄞᚇᡏҗޜ໔මϩ໒Ǵ෧Ͽၩη࿘ናᚆηᐒǴफ़

եᚇૻྍǶ 

 

  ӧϡҹኳಔޑᇙำǴᕕှъᏤᡏϡҹ่ޑᄬϷᏹբኳԄࢂख़ा

ᏹբځϷ܄ނޑрӵՖவύᕕှϡҹࢀǶঁϡҹኳಔ୷ҁёϸޑ

ኳԄǶԶඔॊϡҹޑ܄Бݤӄ٩ᒘ܄ނځǶӧ೭ঁകύǴךॺஒ

٤ଯႝηᎂ౽ႝᡏ(HEMT)ϡҹ܄ނޑǶԶύλߞဦኳ

ࠠஒගϷ٠Ъ൩܄ނځБय़ՉǶ 
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2-1 ଯႝηᎂ౽ႝᡏ่ᄬଯႝηᎂ౽ႝᡏ่ᄬଯႝηᎂ౽ႝᡏ่ᄬଯႝηᎂ౽ႝᡏ่ᄬ [7] 

  ճҔᚈߑᆛၡፕѐᏤҁ፦ϩY ୖኧǶѤঁY ୖኧஒа

ҁ፦ਏႝၡୖኧ( Cgs , Ri , gm , τ , Cgd , Rds , Cds )ڄޑኧԄ߄Ң

рٰǶӧΠ္ǴғႝགߔႝکஒᙯඤࣁZ ୖኧǶ 

  ӧଯႝηᎂ౽ႝᡏ(HEMT)่ᄬीύǴϡҹᏹբӧଯ

ႝᓸǵଯႝΠ܌ԋϐᅅႝࢬᝄख़ቹៜϡҹ܄ǴӢԜ൨਼ϯ๊

ጔᇙำೌמϐߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽ႝᡏ(MOS-HEMT)

ٰफ़եӢᝌੌᗖ(dangling bond)܌Їଆ߄ޑय़ϐރᄊຝԶׯ๓ϡ

ҹውǵфቚᆶଯጕࡋ܄πբ܄Ƕ 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.1 ᡉҢрঁޑ

Oxide 
   

Cap 150 Å  

i-Al 0.22Ga0.78As Buffer 1000 Å 

i-GaAs Buffer 5000 Å 

S.I. GaAs Substrate 

i-Al0.22Ga0.78As Spacer 75 Å 

i-In 0.24Ga0.76As Channel 120 Å 

i-Al0.22Ga0.78As Spacer 75 Å 

n-Al 0. 22Ga0.78As  Schottky Contact Layer 500 Å 
 

n+-GaAs n+-GaAs 

Ni/Au 
Ni/Au 

Conventional MOS-HEMT 

Ohmic 
AuGeNi/Au 

Ohmic 
AuGeNi/Au 

Ohmic 
AuGeNi/Au 
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HEMT ᆶ MOS-HEMT ϡҹ่ᄬҢཀკ 

    ᚈδ-ᄞᚇ HEMT ድ่ᄬҗΠ۳٩ׇх֖ǺڀԖъ๊ጔ

-ϐ GaAs ୷݈ǵ GaAs ፂቫǵ Al0.22Ga0.78As ፂቫǵ δ܄

ᄞᚇቫǵ Al0.22Ga0.78As ႖ᚆቫǵ In0.24Ga0.76As ೯ၰቫǵ 

Al 0.22Ga0.78As ႖ᚆቫǵ δ-ᄞᚇቫǵ Al0.22Ga0.78Asᑵ୷ௗቫ

Ϸ GaAs ᙟᇂቫǶ 

  ӵკ2.1Ѱୁ܌ҢǴޔࣁௗܭ၀ Al0.22Ga0.78As ᑵ୷ௗቫᇃᗓ 

Ni/Au ႔ཱུႝཱུϐ HEMT ϡҹ่ᄬǹԶკ2.1ѓୁ܌Ңךࣁॺ܌

ࣴᔕϐ MOS-HEMTϡҹ่ᄬǴځϟܭNi/Au ႔ཱུᆶAl0.22Ga0.78As ᑵ

୷ௗቫϐ໔ԋ਼ϯቫጢǴаԖਏڋ႔ཱུᅅႝࢬǵቚϡҹ

πբૈ܄Ƕ 

ድ่ᄬϟಏǺ 

(1) ᙟᇂቫ(Cap Layer)Ǻ 

  ೯தInGaAs ᙟᇂቫࢂаख़ᄞᚇऊ1019 cm-3ǴૈӧHEMT ύග

ߔ٬ளϡҹྍཱུႝࡋࠆکࡋଯᄞᚇᐚޑௗǶᙟᇂቫύۅኻޑӳٮ

ॶΠफ़Ǵ٠ЪᏤठߚதଯႝޑηೲࡋǵᙯᏤॶ(gm)ᆶᡏႝࢬቚ

ᄒЗᓎ(ft)ǶฅԶǴၨࠆᙟᇂቫޑHEMTΨܴᡉӦफ़եϡҹውႝ

ᓸǴҭܰ٬ϡҹԖό֡Ϭޑ႔ཱུืα(gate recess)ǶᙟᇂቫѸֹ

ӄӦпഐǴόૈᆶ႔ཱུௗೱډǴаᗉխᙟᇂቫԖ٠ᖄᏤ೯ਏᔈ
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(parallel conduction effect)Ƕ 

(2) ᑵ୷ቫ(Schottky Layer)Ǻ 

  ᑵ୷ቫ೯த٬ҔቨૈሜǴٰၲډᑵ୷ௗ܄Ǵҗܭ

ӧInAlAs /InGaAs౦፦߄य़ԖࡐεޑᏤόೱុǴӧԜႝޑη

வInAlAsᘉණԿInGaAs٠ЪԋΒᆢႝηǴϢၨଯޑय़ႝஏ

ޑΚǶঁၨᖓڋज़ޑ๓ၩηׯЪ(high sheet charge density)ࡋ

InAlAsᑵ୷ቫૈ٬႔ཱུډ೯ၰ໔ຯᚆᕭλǴ٬ளԖၨଯᙯᏤॶՠ

࣬ჹΨफ़եΑውႝᓸǶ 

(3) δ-ᄞᚇၩηගٮቫ(δ-doped Carrier Supply Layer)Ǻ 

ᏱԖδ-ᄞᚇቫޑHEMTϡҹڀԖΠӈ൳ӳೀǺ 

   (a)ଯཱུؕႝࢬ០Κ 

     (b)եᚇ፦ණਏᔈ 

     (c)ଯጕ܄ᙯᏤ 

(d)ଯ႔ཱུკႽᕵᐉКǴаफ़եอ೯ၰਏᔈ 

  δ-ᄞᚇڀԖଯཱུؕႝࢬ០ΚࢂӢࣁѬޑख़ᄞᚇᐚࡋᆶค

ᄞᚇᑵ୷ቫૈᏤठଯውႝᓸǶӢࣁၩηૈؼӳڙज़ܭV-ރໆ

ηϔ܌аᙯᏤॶΨܴᡉӦቚεǶԜѦǴҗܭၨଯᐚޑࡋΒᆢႝη

٬ள೯ၰϐߔॶКFET׳λǶ೭٤ᓬᗺܴᡉӦቹៜ႔ཱུࡋߏե

Ꮴठଯᎂ౽ᆶଯޑǶᏱԖδ-ᄞᚇቫ܄อ೯ၰϡҹޑ2µmܭ
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ᙯᏤॶޑ܄Ǵ٬ளӧଯೲϡҹᔈҔεԖወΚǶ 

  HEMTϡҹӧ೯ၰකΕδ-ᄞᚇቫૈᕇளၨଯᙯᏤॶǶԶЪ

HEMTϡҹӧ೯ၰΠකΕδ-ᄞᚇቫૈᕇளၨଯޑውႝᓸǶϩձӧ

೯ၰΠୁٿකΕᚈቫδ-ᄞᚇቫૈᕇளၨଯၩηᐚࡋǶ 

(4) ႖ᚆቫ(Spacer Layer)Ǻ 

  ӧHEMTύǴႝηࡼکᡏᚆηϝฅӸӧᅿႝբҔΚǴᆀࣁ

উණǶࣁΑှ،೭ᅿୢᚒǴךॺճҔ႖ᚆቫவௗय़ࡼᡏᚆη႖

ᚆΒᆢႝηǴԶ෧ϿҗࡼᡏচηٷණቹៜǶ႖ᚆቫࡋࠆޑ

ჹႝᡏޑਏૈԖख़ाޑቹៜǴၨᖓޑ႖ᚆቫёаගଯय़ႝஏࡋ

ӧ೯ၰύǴ೭ஒᏤठӧྍཱུԖ׳λלߔޑǴ׳ଯޑgmǴϷ׳ଯႝޑ

 Å ~50 ÅǶ 20ܭՏࡋ໔ႝቨޜޑࠠڂǴࡋஏࢬ

(5) ᔕ܄ઈϯ⥲ㄿ೯ၰቫ(Pseudomorphic InGaAs Channel Layer)Ǻ 

๓ׯΒᆢႝη೯ၰٰޑԋ܌ޑॺճҔઈϯ⥲ㄿך  

HEMTૈ܄ޑǶךॺёа࣮ૈډሜޑቻ࣬ჹܭதኧӧკ2.2Ƕ

ӧઈϯ⥲ㄿ೯ၰکઈϯ᎑ㄿቫύǴԖόϰଛޑதኧǶӵკ2.3

ϰଛǶޑઈϯ᎑ㄿکઈϯ⥲ㄿቫёаၟઈϯㄿޑҢǴᓸᕭ܌

Ԕᡂסઈϯ⥲ㄿǴவ҅தҥБᡏᡏ่ᄬޑԔסڙᎁډॺёа࣮ך

ԋѤᜐǶ،ۓӧInGaAsکGaAsϐ໔ޑόϰଛёаયԖቸ

ߚࡋࠆವԸϩኧǴޑதଯߚǴҢӧკ2.4ǶӢઈϯㄿԖࡋࠆ܄
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தλаԿۈܭໆηЁκႝη៌ᎂԿԛૈૈ໘Ǵ٠Ъफ़եႝη״ᑛ

ૈǶ٬Ҕઈϯ⥲ㄿቫޑHEMTޑӳೀǴхࡴቚமႝηᎂ౽ૈΚǵቚ

ၩηӧ೯ၰໆηϔύ״ޑᑛΚǴЪԖ׳ଯႝޑη౽Ƕ 
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ᆶதኧᜢ߯კ 
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 ௨ӈޑ
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 ᜢ߯კޑᆶ InAs ವԸኧࡋ

 

(6) ፂቫ(Buffer Layer)Ǻ 

زࣴޑቹៜǴӭ܄ႝޑ௨ନவ୷݈ౢғکጔ೯ၰ๊ޑΑԖӳࣁ  

ӧׯݤፂቫ่ᄬǶࠠڂ҂ᄞᚇ GaAs ፂቫᗨฅԖࡐଯޑ

-Ƕႝηᙖҗཱུؕسጔ๊ޑόૈԖӳࠅ፦ࠔ୷݈ޑؼǴՠόלߔ

ྍཱུႝݙΕ GaAs ፂቫǶڀԖଯکלߔቨૈሜޑ AlGaAs ࢂ

གྷޑፂቫǴ ԶԜϡҹ܄ᆶԋୖߏኧ৲৲࣬ᜢǴ೭Ψࣁࢂϙ

ሶࡐᜤளډӳࠔ፦ௗय़ޑЬाচӢǶ ࣁΑׯ๓όؼௗय़٬೯ၰύ౽

फ़եୢޑᚒǴځύૈှ،Ԝୢᚒࢂೌמޑӧ AlGaAs ቫύකΕ

ᖓቫ GaAs Ǵගଯᚇ፦ᐚ٠ࡋӧΠঁ AlGaAs ߏቫගٮঁѳ
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ǴϡҹԖၨӳ܄ႝکᚇ፦ޑவ୷݈ౢғ๊ߔԖਏೌמय़ǶԜ߄ޑྖ

 Ƕ܄фݢЗᆶ༾֨ޑ

2-2 λૻဦϡҹኳࠠλૻဦϡҹኳࠠλૻဦϡҹኳࠠλૻဦϡҹኳࠠ 

  ӧϩ༾ႝݢၡਔǴHEMT ޑλૻဦਏႝၡᢀۺჹܭϡҹ

ीᆉSୖٮԖᔅշ٠Ъග࣬ϩޑ܄ ኧǶচҁӧեᓎਔޑᚈߑᆛၡ

ᆛၡޑπբᓎຬၸ100 MHz ኳࠠࢂҢǴՠ߄җyǵzǵh ୖኧٰࢂ

yǵzǵh ୖኧаόҔǴЬाচӢଯᓎႝၡύǴҗߏݢܭၨอǴϡ

ҹޑЁκ൩คݤӆࣁࢂঁᗺǴࢌঁᕓ໔ϡҹ܌ϩѲႝޑᓸǵ

ၡǶӢႝϸϷᒡኳԄٰϩޑόठǶԶѸ௦ҔႝᅶᏢύࢬႝ

Ԝךॺ٬ߡҔSୖ ኧٰෳϡҹޑଯᓎ܄Ƕ 

ໆෳSୖ ኧനதޑـᓎጄൎёၲ2050܈ GHzǴӧ೭ךॺ٬

Ҕ20 GHzǴБߡӧڗѦ፦ୖኧϩǶკ2.5ࣁ႔่ཱུᄬHEMTϷ

MOS-HEMTϡҹ่ᄬǴࢎ܌ᄬрޑRFϡҹኳࠠਏႝၡკǴϩձܭ

႔ཱུ-ཱུؕୁᆶ႔ཱུ-ྍཱུୁǴቚ Cox,gd Ϸ Cox,gs Սᖄႝǵཱུؕܭ

-ྍཱུୁቚ Cox,ds ٠ᖄႝǴځගٮΑSୖ ኧঁؼӳޑϰଛӧ20 

GHz ޑచҹΠǶკ2.6ࣁওკǴ٠ЪӧΠय़ԖϟಏଯᓎғਏᔈǶ 
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(b)MOS-HEMTϐ RFϡҹኳࠠਏႝၡკ 

（a) 

（b) 
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ਏႝၡ 

2-2-1 ғႝགғႝགғႝགғႝག ( Ls, Lg, Ld ) 

  ғႝགႝࡰࢂၡኳಔޑѦႝགځύх֖Α Lg, Ld, LsǶٗ٤ႝ

གࢂҗܭӧϡҹ߄य़ߎޑឦௗ܌ЇଆޑǶᗨฅ೭٬ࢂҔਸթֽޑ

բҔǴՠჹܭอ೯ၰϡҹԶقǴ႔ཱུႝགதࢂΟঁႝགύനεޑǶ

ޑࠠڂ Lgک Lsεऊࢂ ډ5 10 pHǶԶྍཱུႝགதࡐλǴεऊ 1 pHǶ

ӸӧѸΨૈޑးႝགѦǴ೭٤ႝག࠾ғ܈ཀନΑғᏤጕႝགݙ

ӧ࠾းϡҹޑঁႝၡኳಔΠှញǶӧӭٯޑηύǴᏤጕႝགε

ऊӧ 0.1~0.3 pHǴ٠Ъӧϡҹޑғ՞Αख़ाޑӦՏǶ 
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2-2-2 ғႝߔғႝߔғႝߔғႝߔ ( Rs, Rg, Rd ) 

  ғႝߔRsǴRgǴRd Ψх֖ӧႝၡኳಔޑѦǶRs کRd ޑӸӧ

ёҗኻۅௗޑௗႝکߔ୷݈ႝ܌ߔԋޑЬ೯ၰှ܌ញǶ႔ཱུ

ԋǶԶΟঁႝ܌ߔឦႝߎޑ႔ཱུᑵ୷ௗܭҗࢂғౢޑ Rgߔႝ

ໆෳᡉҢᇸޑ Rdک Ƕᗨฅӧ೭٤ኧॶRsۅॶεऊ൳ኻߔႝޑߔ

༾ୃޑᓸ࣬ᜢ܄ǴՠӧεૻဦኳಔΠۓߥࢂځॶޑǴԶεૻဦኳಔ

ёவѱय़ޑኳᔕᏔᕇளǶฅԶᆒྗޑኳಔᔈ၀ஒୃځᓸ࣬ᜢ܄

ԵቾѐǴձࢂଷӵځॶᝄख़٩ୃᓸਔǶ܌Ԗޑғႝߔॶёவ

Sୖޑݤௗ٬Ҕന٫ϯБޔࢂ܈ໆෳࢬޔ ኧ܌ीрٰǶฅԶǴޣࡕ

ଯᓎࠠڂޑᓸᗺୃܭவೀࢂдࣁӢ่݀ޑӭྗዴ׳ளڗёೌמޑ

ၗύीᆉߔႝځॶǶ 

2-2-3 პႝპႝპႝპႝ ( Cpd, Cpg ) 

  ೭٤ႝΨх֖ӧႝၡኳಔޑѦǶპႝٰԾߎܭឦპϐ

໔ޑᚇණႝǶპႝࢂҗߎឦጕޑҬΰႝϷъ๊ጔ୷݈ङय़ޑ

ႝ܌ᄬԋޑǴԶъ๊ጔ୷݈ޑङय़தೱௗྍཱུᆄǶฅԶǴҬΰ

ႝதК୷݈ႝٰޑλӭǶаΠঁٿპႝਔதх֖ӧႝၡ

ኳಔύǺCpg ႔ཱུპႝک Cpd ཱུؕპႝǶCpg ࡰࢂ႔ཱུᆶྍཱུ

პϐ໔ႝޑϸϐǴCpd ཱུؕࡰࢂᆶྍཱུპϐ໔ႝޑǶޑࠠڂ

Cpg ک Cpd εऊӧ൳Μ fFǶპႝૈவؒԖЬϡҹޑਸᄬ܈
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ޑݤௗவ٬Ҕന٫ϯБޔࢂ S ୖኧीрٰǶ 

2-2-4 ҁ፦ႝҁ፦ႝҁ፦ႝҁ፦ႝ ( Cgs, Cgd, Cds ) 

  ႝ Cgs Ϸ Cgd ࢂஒޜЮႝύׯޑᡂբࣁኳࠠԶځϩձᆶ

႔ཱུ-ྍཱུᆶ႔ཱུ-ཱུؕႝᓸԖᜢǶӧܫޑࠠڂεᏔ܈ᕏᏔୃᓸݩރ

ۭΠǴ႔ཱུ-ཱུؕႝԖၨεޑॶӢࣁѬࢂаޜЮႝޑᡂϯբࣁ

ኳಔǴԶޜЮႝޑᡂϯࢂҗܭ႔ཱུ-ྍཱུႝᓸޑᡂ܌ԋǶӧ

೭٤҅தୃޑᓸۭݩރΠǴCgdКଆ Cgs ࣬ჹλޑӭՠѬࢂࠅள׳ډ

ᆒྗ S ୖኧໆෳޑᜢᗖǶԶཱུؕ-ྍཱུႝ Cds х֖ӧਏႝၡ္ࢂ

ጔޑϡҹኳಔܭ൳ՖႝਏᔈǶҗޑΑᇥܴྍཱུᆶཱུؕႝཱུϐ໔ࣁ

ރεᏔୃᓸܫޑЇଆǶӆ҅த܌܄җୃᓸ࣬ᜢࣁǴCds தόᇡࡺ

ޑࠠڂΠǴݩ Cgs ॶεऊࢂ 1 pF/mm(႔ཱུቨࡋ)ǶCgd ک Cgs εऊࢂ

Cgs ޑΜϩϐǶӢࣁჹᆀޑ܄ᜢ߯ǴCgs ک Cgd ߈Я࣬ӕ Vds = 0 

VǶ 

2-2-5 ᙯᏤᙯᏤᙯᏤᙯᏤ ( gm ) 

ଯႝηᎂ౽ႝᡏҁޑيቚᐒࢂڋҗᙯᏤ܌ගޑٮǶᙯᏤ

gm ࢂᒡрႝࢬ IdsᡂϯჹᔈϣᒡΕႝᓸ VgsႝᓸᡂϯޑໆෳǶԶϣ

ᒡΕႝᓸࡰࢂᐉၠӧ႔ཱུ-ྍཱུௗय़ႝޑᓸǶඤقϐǴϡҹޑᙯᏤ

ॶਔۓᓸᆢႝཱུྍ-ཱུؕࣁကۓ Ids - Vgs ܄Ԕጕޑ௹ǶځኧᏢ߄

ҢҢӵΠ܌ҢǺ 
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I
dsg

m V
gs

∂
=

∂ (2.2) 
 

  ჹܭ༾ݢᆶడݢᔈҔԶقǴϡҹޑᙯᏤࢂϡҹࠔ፦നख़ाࡰޑ

ϐǶځд࣬܄ӕਔǴԖଯᙯᏤޑϡҹஒёග׳ٮεޑቚک

 ଯᓎՉਏǶޑу׳

2-2-6 ᒡрႝߔᒡрႝߔᒡрႝߔᒡрႝߔ ( Rds ) 

ᒡрႝߔ Rds ཱུؕࡰࢂᆶྍཱུϐ໔ޑቚॶႝߔԶаځॹኧǴᒡр

ႝᏤ gds ٰှញࣁ׳ӝەǶᒡрႝᏤࢂᒡрႝࢬ Ids ᡂϯჹᔈᒡрႝ

ᓸ VdsႝᓸᡂϯޑໆෳǶӢԜǴѬёۓကࣁ႔-ྍႝᓸᆢۓॶਔ

Ids-Vds ܄Ԕጕޑ௹ǶᒡрႝᏤکᒡрႝߔӧኧᏢ߄ҢԄࣁǺ 

 
 

(2.3) 
 

ϡҹޑᒡрႝᏤӧᜪКޑᔈҔࢂঁ࣬ख़ाޑ܄ǶѬӧෳۓϡ

ҹޑനεႝᓸቚתᄽ࣬ख़εفޑՅԶЪჹܭෳۓനޑ٫ᒡр

ϰଛచҹ࣬ࢂख़ाޑǶեᒡрႝᏤޑ܄ϡҹࢂзΓᘂ۳ޑǶ 

2-2-7 ᙯᏤۯᒨᙯᏤۯᒨᙯᏤۯᒨᙯᏤۯᒨ ( τ ) 

ᙯᏤόૈջਔჹ႔ཱུ-ྍཱུႝᓸׯޑᡂрӣᔈǶᙯᏤۯᒨࢂඔ

ॊᇙำҁ܌يӸӧۯޑᒨǶჴሞǴᙯᏤۯᒨжࢂޑ߄ӧ႔ཱུႝᓸᡂ

ϐႝࡕख़ཥϩଛ܌ሡाޑਔ໔Ƕޑࠠڂ τ ॶεཷࢂ 1 psǶவނ

 ᕭλԶ෧อǶޑࡋߏᒨႣीᒿ႔ཱུۯǴᙯᏤٰ࣮ࡋفޑ

1
gs

ds
ds V constant

ds ds

I
g

R V =
∂= =
∂
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2-2-8 кႝႝߔкႝႝߔкႝႝߔкႝႝߔ ( Ri ) 

  ᗨฅкႝႝߔ Ri ж߄ӧ႔ཱུۭΠྍཱུᆶ೯ၰϐ໔ޑϣႝ

๓ჹׯӸӧЬाҔٰځǴՠߔ S11 ޑϰଛǶฅԶǴჹܭӭϡҹԶق

Ri ޑӸӧىࢂаϰଛ S11 ޑჴǶӢԜǴRi ࡐࢂᜤளޑډЪނځ

 Ƕޑคனᅪࢂ܄ख़ाޑ
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ಃಃಃಃ 3 കകകക ଯᓎୖኧڗଯᓎୖኧڗଯᓎୖኧڗଯᓎୖኧڗ 

3-1 ϟಏϟಏϟಏϟಏ 

  ਥᏵ٬܌ҔޑኳࠠϷቻϯޑБݤǴԖӭБݤёҔٰڗਏ

ႝᡏኳࠠޑӚୖኧǶӧҁകךॺஒፕ٬Ҕ S ୖኧໆෳǴӚୖ

ኧϐ໔ϐኧᏢᜢ߯ΨஒᏤрٰǶ 

3-1-1 ༝ໆෳ༝ໆෳ༝ໆෳ༝ໆෳ 

  ଞჹъᏤᡏϡҹՉଯᓎໆෳޑБݤёϩࣁෳ၂֨ݤڀ(Test 

Fixture Measurement)Ϸ༝ભໆෳݤ(On-wafer Measurement)ٿᅿǴٿ

ᅿӚԖځᓬલᗺǶ  

(1) ෳ၂֨ݤڀǺ 

ԜБࣁݤၨԐ܌ځวޑໆෳБԄǴ၀ໆෳݤёଞჹς࠾း܈

ۈෳϡҹ(Device Under Test, DUT)ՉໆෳǶ໒ࡑޑး࠾҂ۘࢂ

Ѹע҂хးޑТ(Chip-Form)ۓڰӧၩڀ(Carrier Assembly)ϐ

Ǵ٠ճҔѺጕ (Bonding Wire)ೱௗϡҹϐߎឦௗᗺ(Metal Pad)

 Midsection ܭڀஒၩࡕ༾Ꮴጕ (Microstrip Line)Ǵฅޑڀၩک

ǴӆעԜ Midsection ֨ ӧςӳਠ҅ޑෳ၂֨ڀǴӵԜջ

ёՉෳ၂֨ޑݤڀໆෳǴځᜢ߯კ 3.1Ƕऩࣁςхးӳޑଯᓎϡ

ҹ߾ёޔௗஒ၀ϡҹܭޑ Midsection ǴӆעԜ 

Midsection ֨ ӧςӳਠ҅ޑෳ၂֨ڀࡕໆෳǶၸϡҹϪപ
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ЪхးࡕբໆෳǴૈϸࢀрϡҹхးޑࡕനಖ܄ǴӵԜૈߡගٮ

٬Ҕ၀ϡҹႝޑၡीޣϡҹхးࡕനჴޑϡҹ܄ၗૻǶՠҗ

ޑး࠾ωૈՉໆෳǴӢԜ٬ளϡҹࡕϡҹϪപЪхးעѸܭ

চۈჴ܄ǴӢ࠾ࣁး܌ሡޑѺጕϷ֨ڀޑऩυғਏᔈԶѨ

ǴӵԜٰǴჹܭϡҹǵᇙำीϷؼׯϐπำৣԶقǴஒคݤ

ჴӦඓඝϡҹচۈ܄Ǵ্֫ΑϡҹᇙբؼׯޑϷ܄ගϲǶ

ໆෳ҂хးޑТᗨёխѐॊϐલᗺǴՠ܌ሡޑѺጕϝࣁᕷᚇ

πբǴ ЪќѦीჴᡍБ܈ݤаኧᏢၮᆉѐନ܌ሡѺጕޑғ

ਏᔈǶ 
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(2) ༝ભໆෳݤǺ  

ᔈၮԶғǴߡݤલᗺǴ༝ભໆෳޑݤໆෳڀΑլܺෳ၂֨ࣁ  

ЪςВᅌԋዕϷදၹǶԜݤЬाࢂᙖҗӅѳय़ଞ(Coplanar Probes)
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ᇙำ่ࢂ܈ࢤёӧϡҹᇙำՉύݤ٬ҔٰՉໆෳǴԜໆෳޑ

Ǵ܄ჴۈচޑး࠾ϡҹډளݤ٬ҔǴёᙖҗԜБး࠾ǵ״

ᗉխ࠾းғਏᔈޑቹៜǴԖਏӦගଯΑϡҹ܄Ϸᇙำޑؼׯё

Չ܄ǴӕਔΨڀԖ׳ଯޑਔਏ܄Ǵ٠Ъ࣪࠾း܌ሡޑԋҁǶќѦǴ

ᆶၮҔෳ၂֨ޑڀໆෳБԄКၨଆٰǴځϡҹচۈ܄Ψၨόܰࣁ

ᏹբΓϐዕግڙၨܰ܄ख़ፄޑໆෳ่݀ځѬғϡҹᇂǴՠځ

 ቹៜǶ܌ࡋ

3-1-2 ୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥ 

চҁӧեᓎਔޑᚈߑᆛၡࢂҗ yǴzǴh ୖኧٰ߄ҢǴՠπբᓎ

ຬၸ 100 MHz ጕࠠޑᆛၡǴyǵzǵh ୖኧςόҔǴЬाচӢ

อࢂ܈ᘐၡ(open)ࣁाஒᆄᗺբۓኧໆෳၸำύǴୖޑǴ೭ᜪࣁ

ၡ(short)ޑೀǴՠࢂᓎࡐଯਔǴႝၡޑჴሞޑᘐၡکอၡࡐᜤ

ᘐۓǶӢԜךॺ٬ߡҔ S ୖኧٰໆෳϡҹޑଯᓎ܄Ƕ 

3-1-3 Sୖኧໆෳୖݤኧໆෳୖݤኧໆෳୖݤኧໆෳݤ 

ႝηႝၡᏹբӧଯᓎޑݩΠਔǴ၀ᓎ܌ჹᔈکߏݢޑჴሞ

ႝηႝၡނޑЁκ࣬ၨϐΠᡂλӭǴӢԜǴӧեᓎਔதҔٰඔॊ

ႝၡᗺႝޑ܄ᓸޑࢬႝکᢀߡۺᅌόҔǴԜਔႝޑၡ܄Ҕ

ණࣁݤҢ߄ޑډύനத٬ҔځǴࣁ׳Ңஒ߄ٰۺᢀޑໆૈ܈ݢ

ୖኧǴΞᆀࣁ S ୖኧǴЬाࢂ௦ҔΕݢ(incident)ǵऀݢ
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(transmission)ǵکϸݢ(reflection)ޑᢀ߄ٰۺҢǴճҔΕݢѺࡑډ

ෳޑނଯᓎ༾ݢ܄Ǵӵკ 3.2 ܌ҢǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.8 ᚈߑᆛၡޑ S ୖኧ

 ကۓ

  ໆෳ S ୖኧ܌ሡسޑࢎᄬǴനࣁதޑـᓎጄൎёၲ 20 

܈ 50 GHzǴԜسࢎᄬЬाх֖Ǻ 

(1) Network AnalyzerǺ 

  Ҕٰໆෳ၀ᚈߑᆛၡ(DUT)ޑ Sୖኧ܄Ǵ٠ճҔਠ҅߯ኧǴ

ஒ၀ໆෳسୖޑԵѳय़౽Կ߈ DUT ೀǴаᕇள٠ϩϡҹޑ

ଯᓎ܄Ƕ 

(2) Synthesized SweeperǺ 

a1,a2：入射波 
b1,b2：反射波 

1 11 1 12 2

2 21 1 22 2

b s a s a

b s a s a

= +
= +

2

2

1

1

1
11 0

1

2
21 0

1

1
12 0

2

2
22 0

2

a

a

a

a

b
s

a

b
s

a

b
s

a

b
s

a

=

=

=

=

=

=

=

=

：輸入反射係數 

：正向透射係數 

：反向透射係數 

：輸出反射係數 

Two-Port 
Network 

a1 a1 

b1 b1 
Port-1 Port-2 
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  ҔٰගٮᓎߞဦྍǶ  

(3) Test SetǺ 

  ගٮᚈߑᆛၡ(Port-1ک Port-2)זೲϪඤૈΚǴ٬ளךॺૈࡐ

БߡӦෳໆჹܭඔॊᚈߑᆛၡ܌ሡϐѤঁ S ୖኧǶ  

(4) DC Bias SuppliesǺ 

  ҔٰගࡑٮෳϡҹୃࢬޔޑᓸྗՏǴ٠ໆෳૻࢬޔဦៜᔈǶ  

ӧᒧΑޑໆෳБԄǴ٠ֹԋਠ҅ำׇϐࡕǴջஒࡑෳϡҹ

ௗډ S ୖኧໆෳس 50ohm ޑᚈߑϐ໔Ƕໆෳ S ୖኧਔǶૻဦҗ 

DUT ޑ Port-1ΕǴPort-2 terminateǴԜਔ܌ໆޑډϸϷᒡф

Кջϩձࣁ S11 ک S21Ƕᙖҗ Test Set ޑϪඤфૈǴૻဦҗ DUT 

ϸޑډໆෳǴԜਔໆޑPort-2 ΕǴPort-1 terminateǴख़ፄϐ ޑ

ϷᒡфКǴջϩձࣁ S22 ک S12Ƕᙖҗளޑډ S11ǵS21ǵS22 ک

S12 Ѥঁ S ୖኧ܄Ǵջёаளډϡҹޑଯᓎ٠܄ޑϩ

 Ƕ

ӧϩ༾ႝݢၡਔǴਏႝᡏޑλૻဦਏႝၡᢀۺჹܭϡҹ

ޑ܄ϩ࣬ԖᔅշǶ೯தճҔന٫ϯਏႝၡύϐϡҹୖኧॶǴ

٬λૻဦਏႝၡ߄܌рٰޑ S ॶᆶჴሞໆෳϡҹޑ S ॶ࣬ௗ

 ԜᡯϝӸӧӵΠॊϐલᗺǺǶฅԶǴҞ߈

(1) ሡाྗዴໆෳޑቨᓎ S ୖኧးǶ 
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(2) ႝၡύന٫ϡҹॶᒿന٫ϯБݤᆶۈ߃ॶԶԖׯ܌ᡂǶ  

 ႣෳॶǴӵǺ႔ཱུޑ٤ୖኧࢌ఼ကǴਏႝၡሡाނڀځ٬ (3)

 ǵႝགǶߔႝ

 (Wafer-Probingسॺᒧ༝ଯᓎෳךΑլܺ೭٤֚ᜤǴࣁ  

System)ޑБݤǴёזೲЪᆒዴໆෳਏႝၡύҁ፦ᆶѦ፦ޑϡҹ

ॶǴа ளډᆶႝᡏᇙำ࣬ᜢୖኧǴԶЪԜୖኧڗϩѝሡाᆛ

ၡϩሺ(Network Analyzer)ջёǴҭࣁཱུεᓬᗺǶ 

3-2 ӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯ [8]- [10] 

  Dambrine et al. ว߄ΑᅿسϯЪזೲޑБݤǴёҔٰڗ

ਏႝᡏޑλૻဦਏႝၡǶԜБޔݤௗ،܌ۓԖޑғϡҹځύΨ

х֖ΑპႝǶғϡҹёӧཱུؕ-ྍཱུႝᓸࣁ႟Ъ႔ཱུୃਔ܌

ໆෳϐ S ୖኧٰीᆉǶპႝ߾ёҗཱུؕ-ྍཱུႝᓸࣁ႟ՠ႔ཱུୃ

ᓸե֨ܭЗႝᓸਔ܌ໆෳϐ S ୖኧ،ۓǶޕၰ೭٤ғϡҹޑኧॶ

٬ளךॺёаၸᙁൂંޑତၮᆉ౽ନғਏᔈǴа،ۓҁ፦λૻဦ

ୖኧǶ೭ঁБݤх֖Α٤ޑଷǴа܌ܭߡԖୖኧૈவեᓎ

܌ໆෳޑډኧᏵڗрٰǶԜѦǴғཱུؕޑϷྍཱུႝߔǴёҗ႔

ཱུୃਔໆෳޑኧᏵ،ۓǶ 

3-3 ҁ፦ϡҹୖኧڗҁ፦ϡҹୖኧڗҁ፦ϡҹୖኧڗҁ፦ϡҹୖኧ[15] -[11] ڗ 

კ 3.3 ࣁதୃـᓸܭႫکޑ HEMT ኳ Ǵࠠځύϩϡҹӧ
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ҽǺѦ፦ᆶҁ፦ঁٿࣁύஒё۹ౣǶ೭ঁኳࠠёϩϩޑय़ࡕ

ѐڗǶѦ፦ୖኧޑҽх֖Α܌ԖѦ፦ୖኧϡҹǺCpg , Cpd , Rg , Rd , 

Rs , Lg , Ld Ϸ LsǶҁ፦ୖኧҽх֖Α܌Ԗҁ፦ϡҹǺCgs , Ri , Cgd , 

gm , τ , Rds Ϸ CdsǶ 

 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᒱᒱᒱᇤᇤᇤᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.9 λૻဦਏႝၡკ 

ڗၸำޑЬाཷۺǴςҔܭӭزࣴޑǴၸໆෳ౽ନѦ

፦ϡҹޑҽǴനࡕ੮Πҁ፦ϩޑ Y ୖኧǶҗܭҁ፦ϩև PI 

ޑኧǶԶ٬Ҕ Y ୖኧୖޑ٬ҔߡനБࣁಔᄊǴӢԜ Y ୖኧޑᄬࢎ

ঁΟ୵ࣁ Ϸीᆉҁ፦ϩϐϡҹୖኧǶკ 3.4ϩܭߡёݤҢ߄

ᆛၡϐ Y ୖኧ ߄ҢǴځύ୵ࣁᒡΕϷᒡрϐӅኳᗺ(ྍཱུ)Ƕ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.10 Y ୖኧ Network 

    კ 3.4 ύ Y11 Ϸ Y22 ж٠߄ᖄᏤયǴԶ Y12 Ϸ Y21 ߄Ңᓸ

 Ң Y ୖኧᆛၡϐБำԄǺ߄ॺёளаΠҔٰךǶҗკྍࢬႝ

 (3.1) 
 
 

 (3.2) 

  ճҔอၡໆෳёҔٰ،ۓБำԄύϐӚ Y ୖኧǴӵԄ(3.3)ډ

               ҢǺ܌(3.6)

(3.3)  
 

 
(3.4) 

 
 

(3.5) 
 
 

(3.6) 
 

ӧ ॺך

२ाޑπ բࢂ

ஒҁ፦ޑ 

i
1y =

11 v = 0v 21
i
1y =

12 v = 0v 12
i
2y =

21 v = 0v 21
i
2y =

22 v = 0v 12

i  = y v  + y v
1 11 1 12 2

i  = y v  + y v
2 21 1 22 2
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HEMT ਏႝၡ ኳࠠᙯඤࣁ Y ୖኧኳ

ࠠǶ२Ӄךॺஒᒡ ΕᆄอၡǴࡼ٠уႝ

ᓸཱུؕܭϷྍཱུ ϐ໔ǶҗܭᒡΕᆄอ

ၡǴ٬ள Cgs Ϸ Ri ޑՍᖄಔӝၡ

(Bypass)ǴCgs ٿᆄϐၠᓸࣁ႟Ǵࡺᓸႝྍࢬϐॶҭࣁ႟Ƕკ 3.5 

 ॶёҗ(3.7)ԄԶளǶޑ Y12 ޕϐႝၡǶҗ კёࡕᒡΕᆄอၡࣁ

 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.11 ीᆉ Y12ႝޑၡ 

 (3.7) 
 

  ௗ Y22 ҭёҗӕኬႝၡीᆉԶளǴӵკ 3.6 ܌ҢǴࡼуႝ

ᓸ V2Ǵ ٠ໆෳᒡΕႝࢬ i2Ǵёள Y22 ӵ(3.8)܌ҢǶ 

 
 
 
 
 

 

y  = j C
12 gd

ɡ ̭

Cds Ro Cgd 

Cgd Cds Rds 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.12 ीᆉ Y22ႝޑၡ 

 
 (3.8) 

1
y  =  + jw(C  +C  )
22 ds gdR

ds
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ӵკ 3.7 ܌ҢǴஒ V2 อၡǴࡼ٠уႝᓸ V1 ܭ႔ཱུᆶྍཱུ

໔٠ໆෳ i2 ޑॶǴջё،ۓ Y21Ǵӵ(3.9)ԄǶ 

 
 
 
 

 
  

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.13ीᆉ Y21ႝޑၡ 

 
(3.9) 

 

Y11 ёҗკ 3.8 ϐႝၡǴໆෳᒡΕႝࢬ i1 ԶளǴӵԄ(3.10)܌ҢǶ 

 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.14 ीᆉ Y12 ႝޑၡ 

 
 

(3.10) 
 

2 2w R C C
i gd gs

y  = + jw +C
11 gd2 2 2 2 21+w C R  1+ w C R

gs i gs i

 
 
 
 
 

Cgs 

Ri 

Cgd 

gmVe-jwτ 

-jwg e
m y  =  jwC

21 gd 1+jwR C
i gs

τ
 ɡ 

Cgs 

Ri 

Cgd 

gmVe-jwτ 
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ޑҁ፦ϩޑᆛၡፕᏤрߑॺճҔᚈך     y ୖኧӵԄ(3.7)ǵ

(3.8)ǵ(3.9)ǵ(3.10)Ǻ 

 
 
 
 
 
 

  
 
 
 
  
 
 
 

  

ܭեᚇૻϡҹǴӧᓎλࠠڂ   5GHzਔǴ1+w2Ri
2Cgs

2 ᖿܭ߈ 1Ǵ

 ǺࣁԄηᙁϯ߾

 
(3.11) 

 
 
 

(3.12) 
 
 
 

(3.13) 
 
 
 

(3.14) 

2 2y  = w R C + jw C +C
11 i gd gs gd

 
 
 

y  = g   jw C + g R C +
21 m gd m i gs

τ  
    

ɡ

1
y  =  + jw(C  +C  )
22 ds gdR

ds

y  = j C
12 gd

ɡ̭

2 2w R C C
i gd gs

y  = + jw +C
11 gd2 2 2 2 21+w C R  1+ w C R

gs i gs i

 
 
 
 
 

-jwg e
m y  =  jwC

21 gd 1+jwR C
i gs

τ
 ɡ 

1
y  =  + jw(C  +C  )
22 ds gdR

ds

y  = j C
12 gd

ɡ̭
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  ӧҁύǴҁ፦ HEMT ϡҹϐ Y ୖኧςҗอၡႝၡளǶԶ

Ѥঁ Y ୖኧஒаҁ፦ਏႝၡୖኧ Cgs , Ri , gm , τ , Cgd , Rds Ϸ Cds 

ϐڄኧԄ߄ҢǴӢԜഭΠୢޑᚒӧܭӵՖவჴᡍኧᏵǴ،ۓҁ፦

ᓸᗺΠϐୃޑॺଷӧόӕךᏤၸำύǴޑY ୖኧॶǶӧ аΠ ޑ

ၮᆉԶளǶკޑдኧᏢځԖғϡҹϷპႝёၸ܌ ڗࣁ 3.9

ϡҹҁ፦ Y ୖኧંତϐࢬำǶ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.15 ࣁڗϡҹҁ፦ 

2 2w R C C
i gd gs

y  = + jw +C
11 gd2 2 2 2 21+w C R  1+ w C R

gs i gs i

 
 
 
 
 

-jwg e
m y  =  jwC

21 gd 1+jwR C
i gs

τ
 ɡ 

1
y  =  + jw(C  +C  )
22 ds gdR

ds

y  = j C
12 gd

ɡ ̭

11 12

21 22

s s

s s

 
 
  

Z  jwL Z
11 g 12

Z Z  jwL  
21 22 d

 
 
 
 

ɡ

ɡ

Y jwC Y
11 pg 12

Y Y jwC  
21 22 pd

 
 
 
 

ɡ

ɡ

Z R Z R
11 s 12 s

R jwL jwL
g s s

Z R Z R
21 s 22 s

jwL R jwL
s d s

 
 
 
 
 
 
 
 

ɡ ɡ

ɡ ɡ

ɡ ɡ

ɡ ɡ ɡ

Sୖኧᙯඤ Z ୖኧ 

Y ୖኧᙯඤ Z ୖኧ 

Z ୖኧᙯඤ Y ୖኧ 

Z ୖኧᙯඤ Y ୖኧ 

2 2y  = w R C + jw C +C
11 i gd gs gd

 
 
 

y  = g   jw C + g R C +
21 m gd m i gs

τ  
    

ɡ

1
y  =  + jw(C  +C  )
22 ds gdR

ds

y  = j C
12 gd

ɡ ̭

ᓎλܭ 5GHzਔǴ1+w2Ri
2Cgs

2 ᖿܭ߈ 1 
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Y ୖኧંତϐࢬำ 

(a) ໆෳѦ፦ϡҹϐ S ୖኧǶ  

(b) ஒ S ୖኧᙯඤࣁ Z ୖኧǴ٠ԌନՍᖄϡҹ Ls Ϸ LdǶ  

(c) ஒ Z ୖኧᙯඤࣁ Y ୖኧǴ٠Ԍନ٠ᖄϡҹ Cpg Ϸ CpdǶ 

(d) ӆஒ Y ୖኧᙯඤӣ Z ୖኧǴ٠ԌନՍᖄϡҹ Rg, Rs, Ls 

Ϸ RdǶ  

(e) ஒ Z ୖኧᙯඤӣ Y ୖኧǶ 

  ၸკ 3.9 ϐࢬำǴऩѦ፦ϡҹςޕǴҁ፦ϐᏤયંତёҗᙁ

ൂϐંତၮᆉளǶԜѦӧҁύǴҁ፦ HEMT ϡҹϐ Y ୖኧς

ၸอၡ ႝၡԶளǴځѤಔ Y ୖኧ߄Ңࣁҁ፦ਏႝၡϡҹ 

Cgs , Ri , gm , τ , Cgd , Rds Ϸ Cds ϐڄኧǶӧΠǴғႝགϷႝߔஒ

ၸ Z ୖኧᙯඤуΕԵቾǶ 

3-4 Ѧ፦ϡҹୖኧڗѦ፦ϡҹୖኧڗѦ፦ϡҹୖኧڗѦ፦ϡҹୖኧ[16] ڗ 

3-4-1 HEMT ӧ֨Зޑᙁϯኳࠠӧ֨Зޑᙁϯኳࠠӧ֨Зޑᙁϯኳࠠӧ֨Зޑᙁϯኳࠠ 

  ӧҁǴךॺගрΑঁHEMT ϐ႔ཱུ-ྍཱུႝᓸե܈ܭܭ

֨ЗႝᓸǴЪཱུؕ-ྍཱུႝᓸܭ႟ਔǴܰܭϩޑHEMT ኳࠠǶ೭

ঁኳࠠҁ࣬يᙁϯǴЪڀԖଯޑࡋჹᆀ܄ǴΨӢԜ٬ளϩࣁ׳

ܰǶӧ֨ЗႝᓸΠǴ೯ၰᜢഈǴӢԜӧཱུؕᆶྍཱུ໔ڀԖଯߔॶǴӢ

Ԝӧཱུؕᆶྍཱུ໔ޑЬाϡҹࣁCdsǶҗ٠ܭคႝࢬҗཱུؕࢬӛྍ
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ཱུǴӢԜᙯᏤܭ႟Ƕӧ֨ЗႝᓸΠǴ႔ཱུ-ྍཱུௗय़Ϸ႔ཱུ-ཱུؕௗ

य़ࣣࣁமਗ਼ୃރޑᄊǴᏤठCgs ϷCgd ஒߚதλǴӢԜRi ϷRgd ࣣ

ё۹ౣǶკ3.10 ࣁӧ֨ЗႝᓸΠǴVds ܭ႟ਔϐHEMT ᙁϯኳ

ࠠǶ 

 
 
 
 
 
 
 
 
 
 

 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.16 ֨ࣁЗႝᓸΠǴVds

ܭ႟ਔϐ HEMT ᙁϯኳࠠ 

 

  ԜѦǴVds ܭ႟ਔǴҗܭϡҹ่ᄬࣁჹᆀޑǴӢԜCgs ᆶCds ࣬

Ǵ೭ঁଷஒҔٰीᆉ٤ࢌѦ፦ϡҹǶ೭ঁӧ֨ЗႝᓸΠޑᙁϯ 

HEMT ኳࠠ೯தҔٰीᆉპႝ Cpg Ϸ CpdǶ 

3-4-2 პႝპႝპႝპႝ [17] 

  ཱུؕ-ྍཱུୃᓸࣁ႟ǴЪӧ႔ཱུႝᓸե֨ܭЗႝᓸਔǴӧ႔ཱུ

ΠБϐҁ፦ႝஒёѐǶӢԜǴ႔-ྍϷ႔-ؕႝЬाҗ႔ཱུٿ

य़ϐޜЮቫᘉණౢғϐᜐሞႝ(fringing-Capacitance)ԋǴࡺԜঁٿ

C = C = C
gs gd f
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ႝᔈ၀࣬Ǻ 

(3.15) 
 

Ԗႝ܌ޑԜኳࠠܭኧǶԜѦǴҗୖޑᜐሞႝ߄жࣁ ύCfځ  

ߚதλǴӢԜ܌ԖޑғႝߔᆶғႝགӧեܭኧঁGHz ᓎΠ

(e.g.5GHz)ǴჹY ୖኧޑϩόౢғቹៜǶӢԜǴ౽ନғ

 ҢǶ܌ ՟ኳࠠǶӵკ3.11߈ޑӝࣁᆶႝགǴߔႝ

 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.17႔ཱུႝᓸ֨ࣁЗႝ

ᓸϐ HEMT ᙁϯኳࠠ 

  җკ3.11 ϐਏႝၡǴё،ځۓY ୖኧϐБำԄӵΠǺ 

 
 (3.16) 

 
 

 (3.17) 
 
 

 (3.18) 
 

  җ(3.16)ך(3.18)ډॺёளCpgǵCpd ϷCfǶ 

3-4-3 Ѧ፦ႝགϷႝߔѦ፦ႝགϷႝߔѦ፦ႝགϷႝߔѦ፦ႝགϷႝ[20]-[18] ߔ 

G 

S 

Cf 

Cf Cpg Cpd Cds 

D 

S 

y11= jw C  + 2C  
pg f

 
 
 

y = y =  jwC
12 21 f

－

y = jw C +C
22 f pd
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CpgǵCpd Ϸғႝё۹ౣǴӢԜѦ፦ޑZ ୖኧѝाஒҁ፦Z 

ୖኧуғႝߔRsǵRdǵRg ϷႝགLgǵLsǵLd ջё،ۓǴךࡺॺ

ёளǺ 

 
 

(3.19) 
 
 

 (3.20) 
 
 

 (3.21) 
 

җॊ߄ҢԄёޕǴZ ୖኧޑᒿᓎϲևጕ܄ቚуǴԶჴ

߾ᆶᓎคᜢǶ 

ԜѦǴࣁᙁϯीᆉࢬำǴRc Ϸ
nkT

qI
g
ёଷࣁ႟ǴӢԜғႝག

Ls ёҗZ12 ޑԶளǹLg ёҗZ11 ϐԶளǹԶLd ߾ёҗZ22 ϐ

ளډǶғႝߔRs ёҗZ12 ϐளǹRg ёҗZ11 ளǹ

Rd ߾ёவZ22 ϐளǶ 

R nkTcZ = R + R + + + jw L + L
11 s g s g3 qI

g

 
 
 

R
cZ = Z = R + + jwL

12 21 s s2

( )Z = R + R + R + jw L + L
22 s d c s d



ઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ܄ଯႝηᎂ౽ႝᡏଯᓎୖኧڗᆶϡҹኳࠠϩ 

                                    45       逢甲大學學生報告 ePaper(2011年) 

ಃಃಃಃ 4 കകകക ჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕ 

4-1 ୷ҁࢬޔ܄୷ҁࢬޔ܄୷ҁࢬޔ܄୷ҁࢬޔ܄ 

  ႔ཱུय़ᑈࣁ 1.2 × 100 µm2Ǵྍཱཱུུؕک໔ޑຯᚆ5 ࣁ µmǶ܌Ԗ

ϡҹ٬Ҕ KEITHLEY 4200 ໆෳǶ 

 ܄ᓸႝ܄ᓸႝ܄ᓸႝ܄ᓸႝ-ࢬႝࢬႝࢬႝࢬႝ 4-1-1

  კ4.1Ϸ4.2ϩձᡉҢрӧ300ྕ࠻ KΠǴ HEMT Ϸ 

MOS-HEMTޑӅྍཱུࢬႝཱུؕޑ(IDS)-ྍཱུႝᓸ(VDS)܄ԔጕკǶന

ε႔ཱུ-ྍཱུႝᓸ(VGS)уୃᓸ1 ܭ V 2-ډ V ϐ໔ǶѦуୃᓸᡂϯ൯

-ᓸႝޑ V/stepǶკ4.3 ᡉҢ HEMT Ϸ MOS-HEMT 0.5- ࣁࡋ

З֨کࡋೲکႫޑӳؼКၨǶᡉฅӦǴMOS-HEMT ᡉҢΑ܄ࢬႝ

܄Ƕ 

 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.18 300KਔǴ

HEMT Ԕጕკ܄ᓸႝࢬႝޑ
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.19 300KਔǴ

MOS-HEMTႝࢬႝޑᓸ܄Ԕጕკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.20 300KਔǴ

HEMT ᆶ MOS-HEMTႝࢬႝޑᓸ܄Ԕጕკ 
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4-1-2 ѦᙯᏤ܄ѦᙯᏤ܄ѦᙯᏤ܄ѦᙯᏤ܄ 

        კ 4.4ǵ4.5ύϩձᡉҢǴ HEMT Ϸ MOS-HEMT ӧ 

VDS = 3 V ਔǴѦᏤ(gm)аϷႫӝཱུؕႝࢬ(IDS)ޣٿჹVGS ޑᜢ

߯ǴԶკ4.6߾ஒٿკᆕӝଆٰКၨǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.21 300 KǴ VDS = 3 V

ਔǴޑѦᙯᏤϷႫӝཱུؕႝࢬ 

 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.22 300 KǴ VDS = 3 V 
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ਔǴMOS-HEMTѦᙯᏤϷႫӝཱུؕႝࢬ 

 
 

 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.23 300 KǴ VDS = 3 V ਔǴ

ᆶ MOS-HEMTѦᙯᏤϷႫӝཱུؕႝࢬ 

 

 IDSǴgmǴGVS аϷVth ޑᆶMOS-HEMT 4.1߄

 

 Conventional MOS-HEMT  

Idss0 (mA/mm) 151 208 

Id,max (mA/mm) 292 374 

gm,max (mS/mm) 129 162 

GVS (V) 0.932 1.105 

Vth (V) -1.23 -1.05 
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߄ 4.1ύᡉҢႫӝཱུؕ-ྍཱུႝࢬ(Idss)کനεႫࢬႝཱུؕک

(Id,max)ǶךॺёаܴࡐᡉӦ࣮р MOS-HEMTޑ gm ॶεܭ

HEMTǶӢ߄ࣁय़ރᄊޑΠफ़ǴMOS-HEMTԖၨଯࢬႝޑஏࡋǶ 

ԜѦǴךॺаനεѦॶᙯᏤΠफ़ԭϩϐΜޑॶۓက႔ཱུႝᓸᘍ

(GVS)کጕ܄ IDSᏹբǶ࣬ၨܭ HEMT ޑ 0.932 V 

MOS-HEMTޑ GVSࣁ 1.105 VǶӢԜ٬Ҕᚈ਼Н໌ϯ AlGaAsޑ

๓ׯय़ૈԖਏ߄ IDSS0 , ID,max , gm,maxϷ GVSǶ 

߈႟ǴϦԄёࣁࡋஏࢬကΑᖏࣚႝᓸϦԄǴଷཱུؕႝۓॺך

՟[21]ܭǺ 

 
(4.1) 

 

ύځ   ΦB ࢂ႔ཱུᑵ୷ምᛖଯࡋǴ ∆EC ࢂᑵ୷ቫᆶ

InxGa1-xAsSb ೯ၰ໔ޑᏤόೱ ǴុԶ (d+∆d) ࢂ႔ཱུᆶ 2DEG ᐚ

߄ԖਏຯᚆǶޑϐ໔ࡋ 4.1ύӈрΑӚঁኬҁޑᖏࣚႝᓸǴܴࡐᡉӦǴ

ޑᖏࣚႝᓸК MOS-HEMT λǶ ໌ϯ܄፦ԖၨεޜޑЮǴ

ૌ਼НೀڋΑՏܭᑵ୷ቫᆶ೯ၰቫϟय़ೀޑΒᆢႝηᐚࡋǶ 

∆E n (d + ∆d)φ
c 2DEGBV = - -

th q q ε
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4-1-3 ႔႔႔႔-ཱུؕٿᆄႝٿཱུؕࢬᆄႝٿཱུؕࢬᆄႝٿཱུؕࢬᆄႝࢬ-ႝᓸႝ܄ᓸႝ܄ᓸႝ܄ᓸ܄ 

    კ 4.7ύё࣮ډǴӧྕ࠻ΠᆶMOS-HEMTٿޑᆄ႔ཱུ-ཱུؕ

ውႝᓸ(BVGD) کୃᏤ೯ႝᓸ(Von)ޑᜢ߯Ƕךॺۓကٿᆄውႝ

ᓸࣁ
I
G  = 1mA/mm
w

 ਔޑVGDǶ  

 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.24 300KਔǴᆶ

MOS-HEMTޑውႝᓸ 

߄   4.2 ύǴMOS-HEMTޑ႔ཱུ-ཱུؕውႝᓸᓬܭޑǴࢂӢ

߄کࡋውႝᓸᆶᑵ୷ምᛖଯܭǶҗࡋᑵ୷ምᛖଯޑᏱԖၨଯࣁ

य़ᅅႝࢬԖᜢǴ܌аၸૌ਼Нೀၸޑ MOS-HEMTёаܴᡉӦׯ

๓ው܄Ƕ 

4.2ᆶ ߄ MOS-HEMTٿޑᆄ܄ 

 Conventional MOS-HEMT 

BVGD(V) 13 29.5 
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4-2 ᓎ܄ᓎ܄ᓎ܄ᓎ܄ 

ӧᓎጄൎ 0.2 50 ډ GHz ϣǴךॺ٬Ҕ HP8510B ᆛၡٰໆ

ෳ༾ݢ܄Ƕঁኬҁޑ႔ཱུय़ᑈ200×1.2 ࣁ µm2Ǵྍཱུޑཱུؕډຯ

ᚆ5 ࣁ µm ǶךॺஒޔௗΠӧТໆෳǴёаᗉխғᗖ่ޑ

ቹៜǶᙖҗ 0 dB ਔޑอၡႝࢬቚ H21ǴճҔϣකݤёளډᄒЗᓎ

 fT ǵ fmaxΨёჹനεԖਏቚ(MAG)բϣකݤԶளǴӢԜfT کfmax 

ёҔаΠБำԄ߄ҢǺ 
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  კ 4.8ǵ4.9߄ҢᆶMOS-HEMTࢬႝޑቚǵᄒЗᓎ(fT)ک

നεਁᕏᓎ(fmax)Ƕ 

 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.25 VDS = 2.5 VǴ႔ཱུय़ᑈ

ࣁ 1.2×200 µm2 ਔǴ HEMT ޑ RF܄ 

 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.26 VDS = 2.5 VǴ႔ཱུय़ᑈࣁ

1.2×200 µm2 ਔǴMOS-HEMTޑ RF܄ 
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܌നεਁᕏᓎ(fmax)کᄒЗᓎ(fT)ޑॊӧVDS = 2.5 Vਔཷ 4.3߄

ԖኧॶǶMOS-HEMT࣬ ჹܭޑHEMTځᄒЗᓎቚуΑ40.1%Ϸ

നεਁᕏᓎቚуΑ85.04%ǴයMOS-HEMTׯ๓ᄒЗᓎǴ႔ཱུ

׳ډϟႝቫຫε٬ளᙯᏤॶຫλϷ႔ཱུႝ෧ϿǴҭёளޑ೯ၰ໔ډ

εޑgm ک CGS ॶǶ 

 Conventional  MOS-HEMT 

fT (GHz) 10.40 14.64 

fmax (GHz) 14.64 27.09 

 

߄ 4.3 ႔ཱུय़ᑈ200×1.2 ࣁ µm2ਔǴᆶ MOS-HEMTޑ fTک fmax. 
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4-3 ϡҹኳᔕϩϡҹኳᔕϩϡҹኳᔕϩϡҹኳᔕϩ 

4-3-1  HEMT ଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥ 

ໆޑΟঁୃᓸᗺѐՉS ୖኧჹᓎࣁϩڗॺஒϡҹୖኧך

ෳǴӚঁୃᓸᗺԖځڗрޑϡҹୖኧॶǶ 

  ϡҹኳᔕᆶ่݀ϩǺ 

ӧԜךॺаHEMTࣁჴሞໆෳޑϡҹ٠ՉୖኧڗǴளλૻ

ဦኳࠠϡҹୖޑኧǶךॺஒໆෳᓎவ0.1 GHz20ډ GHzǴ٠Ъ10ڗ 

GHzࣁ୷ྗᗺՉϡҹୖኧڗǶ 

  җॊޑCold Model ޑໆෳፕǵᆶંତၮᆉБݤǴԋф

 ϡҹୖኧǺޑ рHEMTڗ

(1) Ѧ፦ғϡҹୖኧ(Ls , Ld , Lg , Rs , Rg , Rd , Cpg , Cpd) 

(2) ҁ፦ϡҹୖኧ(Cgs , Cgd ,Cds , gm , gd , Ri , τ) 

ஒ೭٤ୖኧжΕଯႝηᎂ౽ႝᡏޑ༾ݢኳࠠၸMicrowave 

Office೬ᡏՉኳᔕǴӆᆶჴሞໆෳޑኧॶКჹǵฅࡕၸ೬ᡏஒୖ

ኧӆ༾ፓǴ٬ჴሞໆෳᆶኳᔕ่݀Кჹৡ౦നλϯǴаࡌҥֹԶྗ

ዴޑ༾ݢኳࠠǶ 

ໆޑΟঁୃᓸᗺѐՉS ୖኧჹᓎࣁϩڗॺஒϡҹୖኧך

ෳǴӚঁୃᓸᗺԖځڗрޑϡҹୖኧॶǶ 

(1) Ѧ፦ғႝߔᆶғႝགǺVds = 0 VǴVgs = 1 V 
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(2) Ѧ፦ғႝǺVds = 0 VǴVgs= -3 V 

(3) ҁ፦ϡҹୖኧڗǺVds = 2 VǴVgs = -1.5 V 

 

1. Ѧ፦ғႝགᆶғႝୖߔኧڗॶǺ 

ୃᓸᗺ Vds = 0 VǴVgs = 1 Vǹ่݀ӵ߄ 4.4 

 

 

ғႝߔғႝߔғႝߔғႝߔ 

Rs (ohm) 0.533 

Rg (ohm) 18.05 

Rd (ohm) 3.885 

ғႝғႝғႝғႝ 

Ls (nH) -68.23 10×  

Lg (nH) 0.02005 

Ld (nH) 0.06985 

߄ 4.4 Ѧ፦ғႝߔᆶႝགୖڗኧ߄ 

2. Ѧ፦ғႝୖኧڗॶǺ 

ୃᓸᗺVds = 0 VǴVgs = -3 Vǹ่݀ӵ4.5 ߄ 

 

ғႝғႝғႝғႝ 
Cpg (pF) 0 

Cpd (pF) 0 

 ߄ኧୖڗѦ፦ғႝ 4.5߄

3. ҁ፦ϡҹୖኧڗॶǺ 
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ୃᓸᗺVds = 2 VǴVgs = -1.5 Vǹ่݀ӵ4.6߄ 

ҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧ 

ႝႝႝႝ 

Cgs (pF) 0.411 

Cgd (pF) 0.0411 

Cds (pF) 0.006585 

ᙯᏤᙯᏤᙯᏤᙯᏤ 
gm (mS) 29.32 

gd (mS) 0.671 

 Ri (ohm) 6.488 ߔႝߔႝߔႝߔႝ

 ᒨਔ໔ τ (ps) 3.355ۯᒨਔ໔ۯᒨਔ໔ۯᒨਔ໔ۯ

 ߄ҁ፦ϡҹୖኧ 4.6߄

 

வך߄ॺԋфޑڗрϡҹୖޑኧॶǴךॺߡёаஒ೭٤ϡҹ

ୖኧΕଯႝηᎂ౽ႝᡏޑ༾ݢኳࠠၸMicrowave Office೭

೬ᡏՉኳᔕǶ 

ஒךॺচҁჴሞॶ܌ໆෳޑϡҹS ୖኧฝࣁSmith Chart კǴ٠

ᆶךॺ܌ڗрޑϡҹୖኧॶΕ༾ݢኳࠠฝрޑSmith Chart კК

ၨǴӆஒךॺኳᔕрޑკՉϡҹୖኧޑፓᡂǴ٬ኳᔕޑკ߈՟ໆෳ

ჴሞॶޑკǶ 
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ӃฝࡕॶǴฅۈ߃ϡҹޑीᆉр܌ॺךॺӃௗִႝၡ٠ЪᒡΕך

р҂ፓᡂၸКၨკǶკ4.10 ךࢂॺ܌ௗӳޑλૻဦਏႝၡኳࠠǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.27  HEMT λૻ

ဦਏႝၡኳࠠკ 

 

  Πკ 4.11(a)ǵ4.12(a)ǵ4.13(a)ǵ4.14 (a) ךࢂॺ܌ڗрޑϡҹ

ୖኧբკᆶໆෳޑ҂ፓკǶᙔጕࣁჴሞॶǴआՅࣁୖڗኧբკǶ

Զ 4.11 (b)ǵ4.12 (b)ǵ4.13 (b)ǵ4.14 (b) ךࢂॺ܌ڗрޑϡҹୖኧ

բკᆶໆෳޑፓϐޑࡕკǶ 

Ld 

Rg 

Rd 

Cpd 

Cds 

Lg 

Ls 

Rg 

Ri 

Rs 

Cpg Cgs 

Cgd 

Gm 

T 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.28 (a)  HEMT ҂

ፓϐ S11 Smith Chartკ 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

კ 4.11 (b)  HEMT ፓࡕϐ S11 Smith Chartკ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.29 (a)  HEMT ҂

ፓϐ S12 Polarკ 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ 4.12 (b)  HEMT ፓࡕϐ S12 Polarკ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑۓࡰ܌ޑኬԄޑۓࡰ܌ޑኬԄޑۓࡰ܌ޑኬԄޑЎӷόӸӧЎҹύЎӷόӸӧЎҹύЎӷόӸӧЎҹύЎӷόӸӧЎҹύǶǶǶǶ.30  (a)  HEMT

҂ፓϐ S21 Polarკ 
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კ 4.13 (b)  HEMT ፓࡕϐ S21 Polarკ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.31  (a)  HEMT

҂ፓϐ S22 Smith Chartკ 
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კ 4.14 (b)  HEMT ፓࡕϐ S22 Smith Chartკ 
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4-3-2 MOS-HEMT ଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥ 

MOS-HEMTၸૌ਼НೀࡕǴϩձӧ႔ཱུ-ཱུؕǵ႔ཱུ-ྍཱུ

ԋCox,gdǵCox,gsޑՍᖄႝᆶཱུؕ-ྍཱུԋCox,ds٠ޑᖄႝǴௗך

ॺஒϡҹୖኧڗϩࣁΟঁୃᓸᗺѐՉS ୖኧჹᓎޑໆෳǴӚঁ

ୃᓸᗺԖځڗрޑϡҹୖኧॶǶ 

ϡҹኳᔕᆶ่݀ϩǺ 

ӧԜךॺаHEMTࣁჴሞໆෳޑϡҹ٠ՉୖኧڗǴளλૻ

ဦኳࠠϡҹୖޑኧǶךॺஒໆෳᓎவ0.1 GHz20ډ GHzǴ٠Ъ10ڗ 

GHzࣁ୷ྗᗺՉϡҹୖኧڗǶ 

  җॊޑCold Model ޑໆෳፕǵᆶંତၮᆉБݤǴԋф

 ϡҹୖኧǺޑ рHEMTڗ

(1) Ѧ፦ғϡҹୖኧ(Ls , Ld , Lg , Rs , Rg , Rd , Cpg , Cpd) 

(2) ҁ፦ϡҹୖኧ(Cox,gs , Cox,gd , Cox,ds , Cgs , Cgd , Cds , gm , gd, Ri , τ) 

ஒ೭٤ୖኧжΕ༾ݢኳࠠၸMicrowave Office೬ᡏՉኳᔕǴ

ӆᆶჴሞໆෳޑኧॶКჹǵฅࡕၸ೬ᡏஒୖኧӆ༾ፓǴ٬ჴሞໆෳ

ᆶኳᔕ่݀Кჹৡ౦നλϯǴаࡌҥֹԶྗዴޑ༾ݢኳࠠǶ 

ໆޑΟঁୃᓸᗺѐՉS ୖኧჹᓎࣁϩڗॺஒϡҹୖኧך

ෳǴӚঁୃᓸᗺԖځڗрޑϡҹୖኧॶǶ 
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(1) Ѧ፦ғႝߔᆶғႝགǺVds = 0 VǴVgs = 1 V 

(2) Ѧ፦ғႝǺVds = 0 VǴVgs = -3 V 

(3) ҁ፦ϡҹୖኧڗǺVds = 2 VǴVgs = - 1.5 V 

 

1. Ѧ፦ғႝགᆶғႝୖߔኧڗॶǺ 

ୃᓸᗺ Vds = 0 VǴVgs = 1 VǴ่݀ӵ߄ 4.7 

ғႝߔғႝߔғႝߔғႝߔ 

Rs (ohm) 0.1 

Rg (ohm) 14.55 

Rd (ohm) 0.25 

ғႝғႝғႝғႝ 

Ls (nH) -67.43 10×  

Lg (nH) 0.01353 

Ld (nH) 0.1297 

߄ 4.7 Ѧ፦ғႝߔᆶႝགୖڗኧ߄ 

 

2. Ѧ፦ғႝୖኧڗॶǺ 

ୃᓸᗺVds = 0 VǴVgs = -3 VǴ่݀ӵ4.8 ߄ 

ғႝғႝғႝғႝ 
Cpg (pF) 0 

Cpd (pF) 0 

 ߄ኧୖڗѦ፦ғႝ 4.8߄
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3. ҁ፦ϡҹୖኧڗॶǺ 

ୃᓸᗺVds = 2 VǴVgs = -1.5 VǴ่݀ӵ4.9߄ 

ҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧ 

ႝႝႝႝ 

Cgs (pF) 0.4591 

Cgd (pF) 0.0485 

Cds (pF) 0.08297 

Cox,gs (pF) 1.6678 

Cox,gd (pF) 0.1443 

Cox,ds (pF) 0.0181 

ᙯᏤᙯᏤᙯᏤᙯᏤ 
gm (mS) 36.32 

gd (mS) 0.337 

 Ri (ohm) 5.63 ߔႝߔႝߔႝߔႝ

 ᒨਔ໔ τ (ps) 3.355ۯᒨਔ໔ۯᒨਔ໔ۯᒨਔ໔ۯ

 ߄ҁ፦ϡҹୖኧ 4.9߄

வך߄ॺԋфޑڗрϡҹୖޑኧॶǴךॺߡёаஒ೭٤ϡҹ

ୖኧΕଯႝηᎂ౽ႝᡏޑ༾ݢኳࠠၸMicrowave Office೭

೬ᡏՉኳᔕǶ 

  ஒךॺচҁჴሞॶ܌ໆෳޑϡҹS ୖኧฝࣁSmith Chart 

კǴ٠ᆶךॺ܌ڗрޑϡҹୖኧॶΕ༾ݢኳࠠฝрޑSmith Chart 
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კКၨǴӆஒךॺኳᔕрޑკՉϡҹୖኧޑፓᡂǴ٬ኳᔕޑკ߈՟

ໆෳჴሞॶޑკǶךॺӃௗִႝၡ٠ЪᒡΕךॺ܌ीᆉрޑϡҹۈ߃

ॶǴฅࡕӃฝр҂ፓᡂၸКၨკǶკ4.15 ךࢂॺ܌ௗӳޑλૻဦ

ਏႝၡኳࠠǶ 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.32MOS-HEMTλૻဦ

ਏႝၡኳࠠკ 

 

  Πკ 4.16 (a)ǵ4.17 (a)ǵ4.18 (a)ǵ4.19 (a) ךࢂॺ܌ڗрޑϡҹ

ୖኧբკᆶໆෳޑ҂ፓკǶᙔጕࣁჴሞॶǴआՅࣁୖڗኧբკǶ

Զ 4.16 (b)ǵ4.17 (b)ǵ4.18 (b)ǵ4.19 (b) ךࢂॺ܌ڗрޑϡҹୖኧ

բკᆶໆෳޑፓϐޑࡕკǶ 

Lg 

Cpg 

Rg 

Ri 

Cgs 

Cgs, ox 

Ls 

Rs 

Cgd 

Gm 

 

T 

Cgd,ox 

Rg 

Ld Rd 

Cpd 

Cds Cds,ox 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.33  (a) MOS-HEMT

҂ፓϐ S11 Smith Chartკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ 4.16 (b) MOS-HEMTፓࡕϐ S11 Smith Chartკ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.34 (a) MOS-HEMT҂

ፓϐ S12 Polarკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ 4.17 (b) MOS-HEMTፓࡕϐ S12 Polarკ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.35 (a) MOS-HEMT҂

ፓϐ S21 Polarკ 
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კ 4.18 (b) MOS-HEMTፓࡕϐ S21 Polarკ 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.36 (a) MOS-HEMT҂

ፓϐ S22 Smith Chartკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ 4.19 (b) MOS-HEMTፓࡕϐ S22 Smith Chartკ 
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4-3-3 ፕϩፕϩፕϩፕϩ 

 

Ѧ፦ϡҹୖኧѦ፦ϡҹୖኧѦ፦ϡҹୖኧѦ፦ϡҹୖኧ Conventional MOS-HEMT 

Lg (nH) 0.02005 0.01353 

Ls (nH) -68.23 10×  -67.43 10×  

Ld (nH) 0.06985 0.1297 

Rs (ohm) 0.533 0.1 

Rg (ohm) 18.05 14.55 

Rd (ohm) 3.885 0.25 

Cpd (pF) 0 0 

Cpg (pF) 0 0 

ҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧ Conventional MOS-HEMT 

Cgs (pF) 0.411 0.4591 

Cgd (pF) 0.0411 0.0485 

Cds (pF) 0.006585 0.08297 

Cox,gs (pF)  1.6678 

Cox,gd (pF)  0.1443 

Cox,ds (pF)  0.0181 

ҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧ Conventional MOS-HEMT 
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Ceq,gs (pF) 0.411 0.36 

Ceq,gd (pF) 0.0411 0.0363 

Ceq,ds (pF) 0.006585 0.01486 

gm (mS) 29.32 36.32 

gd (mS) 0.671 0.337 

Ri (ohm) 6.488 5.63 

τ (ps) 3.355 3.355 

 

  ၸૌ਼Нೀԋ਼ϯቫޑ MOS-HEMTǴҗଯᓎୖኧڗр

 ፕǶࣁϡҹॶаΠբޑ

 Ǻϩࢬޔ

(1) Ѧ፦ᙯᏤॶǺ਼ϯቫԖਏӦନӧ႔ཱུ-ཱུؕک႔ཱུ-ྍཱུୱ

ޑЇଆ܌ᄊǴૈႣٛ႔ཱུႝཱུᆶ೯ၰ໔ϐႝރय़߄ႝ҅ޑ

ණਏᔈǴ٬ள MOS-HEMTԖ׳ଯޑ gm,maxǶ 

(2) ᒡрႝᏤǺ਼ϯቫନ߄य़ރᄊёа෧Ͽ႔ཱུᅅႝࢬǴҭ෧Ͽ

Ӣၩη࿘ናෞᚆຝౢғ่סਏᔈǴ٬ளԖၨեޑ gdǶ 

(3) ውႝᓸǺ႔ཱུ-ཱུؕک႔ཱུ-ྍཱུୱ໔ቚமΑ႔๊ཱུጔ܄Ъ

෧ϿΑ႔ཱུᅅႝࢬǴው܄ҭ࣬ჹޑගϲǶ 
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ଯᓎϩǺ 

(1) ғႝߔ (Rs , Rd) ǺӢ਼ࣁϯቫ߄य़෧ϿΑණᐒڋǴᏤठ

ғႝߔ Rs , Rd ၨեǶ 

(2) ڗਏྍཱུ-ཱུؕႝ(Ceq,ds) Ǻݮཱུؕ-ྍཱུБӛޜޑЮႝ

٠ᖄ਼ϯቫғႝǴ٬ளႝڗ Ceq,dsၨଯܭ

HEMTǶ 

(3) ڗਏ႔ཱུႝ(Ceq,gd, Ceq,gs) Ǻҗܭ MOS-HEMT਼ϯቫғ

ႝᆶޜЮႝՍᖄǴ٬ளڗрਏ႔ཱུႝ Ceq,gd, Ceq,gsޑ

ॶफ़եǶӵԄ (4.3)ǴځᄒЗᓎΨ࣬ჹޑගϲǶ 
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ಃಃಃಃ 5 കകകക ่ፕ่ፕ่ፕ่ፕ 

    ҁᚒԋфճҔૌ਼Нೀઈϯ᎑ㄿ/ઈϯ⥲ㄿ౦፦่ᄬਏႝ

ᡏԋߎឦ਼ϯނъᏤᡏ႔่ཱུᄬǶԜϡҹޑMOS่ ᄬ٬ளԜϡҹ

ёаԖਏफ़ե႔ཱུᅅႝౢޑࢬғǴЪёၲډଯ႔๊ཱུጔૈΚǶᒿ

ਏႝΠफ़ǴᄒЗᓎΨ࣬ჹޑගϲǶ 

    ᙖҗଯᓎޑ܄ໆෳǴࡌҥS ୖኧڗаϷೱՍ֖ނཀက

ϐંତၮᆉࡕǴଛӝHEMT ଯᓎኳࠠϐႝၡኳᔕୖኧॶന٫ϯǴჴ

ᡍᆶኳᔕ่݀КჹёளޣٿኧᏵৡ౦ཱུλǴࡌҥֹHEMT ଯᓎλ

ૻဦਏႝၡǶ 

  ҁᚒᇙբၸำύǴᡣךॺჹϯӝނъᏤᡏϡҹԖ׳ӭޑᇡᆶ

Ꮲಞ٠Ҕჴᡍໆෳٰᡍ่݀ǶᇙբᚒਔǴමډჴᡍ࠻Ꮲಞᇙำᆶ

ໆෳೌמǴ٠ᏹբଯᓎୖኧڗ೬ᡏڗрךॺޑλૻဦኳࠠǴ٬ள

ॺஒаЬᑈཱུǵոΚᇡЪᖰך୷ᘵǶޑಎჴۓ൚زࣴޑࡕॺ۳ך

ޑᏢಞᄊࡋǴΥ٣ᅰЈᅰΚǵӄΚаॅزࣴޑᆒઓٰय़ჹҺՖࣴز

ሦୱǴ٠ஒᚒύ܌ᏢǴᔈҔӧВزࣴޑࡕǶ 
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