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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा    

    ӧԜ஑ᚒϣǴךॺஒ௖૸ૌ਼Нೀ౛׎ԋ਼ϯቫޑઈϯ᎑ㄿ/ઈ

ϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ඲܄ଯႝηᎂ౽౗ႝ඲ᡏᆶ҂࿶ૌ਼

Нೀ౛ޑଯႝηᎂ౽౗ႝ඲ᡏ੝܄଺ࣁКၨǴϩޣٿ݋ჹϡҹ੝܄ϐ

ቹៜǴӵǺႝႝࢬᓸ੝܄ǵѦ೽ᙯᏤॶϷ஝ውႝᓸ฻Ƕ 

  ᙖҗ Microwave Office ႝတ೬ᡏǴࡌҥႝ඲ᡏλૻဦ฻ਏኳ

ࠠǶฅԶǴӧ࣬ᜢߎܭឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽౗ႝ඲ᡏϐଯᓎ

ϡҹኳࠠࡌҥᆶୖኧϩ݋Ϸ࣬ځၨڀܭԖ໺಍႔่ཱུᄬϐϡҹϐ໔

ϐৡ౦ᆶ௖૸ނځ౛ཀကǴཱུϿӧЎ᝘΢Ԗගрֹ᏾၁ಒϐࣴز૸

ፕǶӢԜҁ஑ᚒࣴᔕᙖҗႝတᇶշ೛ी銦CAD)೬ᡏǴϷ࿶җંତၮᆉ

೴؁๧ڗѦ፦ᆶҁ፦ϐλૻဦϡҹୖኧǴଞჹߎឦ-਼ϯނ-ъᏤᡏଯ

ႝηᎂ౽౗ႝ඲ᡏϷڀԖ໺಍႔่ཱུᄬଯೲϡҹ่ᄬǴࡌᄬрֹ᏾ϐ

RF ϡҹኳࠠǹ຾ԶКჹϡҹ่ᄬৡ౦Ǵଞჹ؂΋λૻဦϡҹୖኧǴ

၁ಒ௖૸ځख़ाϐނ౛ཀကǶҁ஑ᚒё࿶җଯᓎୖኧ๧ڗǴԋфࡌҥ

౛ཀကϐނڀԖଯᆒྗЪڀ MOS-HEMT ଯᓎϡҹኳࠠǴࣴ܌ᔕрϐଯ

ᓎϡҹኳࠠᆶୖኧ๧ڗѳѠҭёޔௗගٮ MMIC ೛ीೌמϐౢ཰ᔈ

ҔǶ 

    

ᜢᗖӷᜢᗖӷᜢᗖӷᜢᗖӷǺǺǺǺ ૌ਼Нǵଯႝηᎂ౽౗ႝ඲ᡏǵλૻဦϡҹୖኧ 
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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 . 

 

 

 

 

Keyword：：：：Ozone water, HEMT, small signal parameters 
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ಃಃಃಃ 1 കകകക ׇፕׇፕׇፕׇፕ 

  ӧ༾ݢ೯ߞᆶঁΓՉ୏೯ߞคጕᆛၡس಍ጲࠁว৖ዊࢬᐟᓰ

ΠǴ༾ݢᑈᡏႝၡೌמᆶଯૈ܄ଯೲϡҹ೛ीǴςቶݱӦԋࣁᏢೌࣴ

วᆶౢ཰ሡ؃ϐࣴزขᗺǶЀځӧൂ඲༾ݢᑈᡏႝၡ(MMIC)೛ीБ

य़[1]-[5]ǴҗܭInGaAs ೯ၰڀԖեԖਏႝη፦ໆǵଯႝηᎂ౽౗ᆶ

ଯ០୏ႝࢬϐᓬᗺǴӢԜаInGaAs բࣁЬा೯ၰϐଯႝηᎂ౽౗ႝ

඲ᡏϡҹǴё৖౜ଯႝᓸቚ੻ǵଯᒡрф౗฻ᓬ౦ϡҹπբૈ܄Ƕ[6] 

  ଯႝηᎂ౽౗ႝ඲ᡏ(HEMT)ϡҹϐሡ؃ᆶᔈҔጄൎε൯ԋߏǴ

೴ᅌԋࣁ৔ᓎᑈᡏႝၡ(RFIC)ϡҹϐᜢᗖೌמǶځύ٬Ҕߎឦ-਼ϯ

ᄊǵफ़ރय़߄๓ϡҹׯъᏤᡏଯႝηᎂ౽౗ႝ඲ᡏ(MOS-HEMT)-ނ

եଯᓸΠ߄य़ᅅႝࢬ຾Զε൯ගϲϡҹ੝ࣁ܄தـख़ाೌמϐ΋ǶЪ

Ԗ᠘ܭMMIC ೛ीೌמςࣁ౜Ϟคጕ೯ૻሦୱཱུࣁख़ाϐೌמᕉ

࿯ǴӢԜૈցගֹٮ᏾٠ྗዴޑϡҹଯᓎኳࠠςԋࣁIC ೛ीૈց಄

ӝႣයਏૈϷೕ਱ޑᜢᗖӢનǴӢԜҁीჄᔕᙖҗMicrowave Office 

ႝတᇶշ೬ᡏ(CAD)࿶җંତၮᆉࢬำ೛ीǴჹߎܭឦ-਼ϯނ-ъᏤ

ᡏଯႝηᎂ౽౗ႝ඲ᡏ(MOS-HEMT)ϷڀԖ໺಍႔่ཱུᄬଯೲϡҹ

่ᄬǴ೴؁๧ڗλૻဦҁ፦ϷѦ፦ୖኧǴ٠࿶җኳᔕѳѠКᆶଯᓎໆ

ෳኧᏵբКჹǴа຾΋؁অ҅ࢎ܌ᄬϐRFϡҹኳࠠǹЀځǴஒᆶϡ

ҹ่ᄬբКၨǴ೴΋௖૸RFϡҹୖኧϐख़ाނ౛ཀကǶ 
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ၸѐΟΜԃǴଯႝηᎂ౽౗ႝ඲ᡏς೏ቶ٬ݱҔܭ༾ݢϷ༾

ԯޑݢᔈҔሦୱǶᆒዴޑଯႝηᎂ౽౗ႝ඲ᡏኳࠠё٬ளԜϡҹ

ӧႝ߻ǶҞ݋တᇶշ೛ी೬ᡏ଺ႝၡϐ೛ीᆶϩႝܭ፾ӝ٬Ҕ׳

တᇶշ೛ी೬ᡏύനதޑـϡҹኳࠠࣁ฻ਏႝၡኳࠠǴ٠ЪԖ೚

ӭزࣴޑठΚܭว৖ϡҹϐ໵౯ηኳࠠϷೲނޑז׳ࡋ౛ኳࠠǶ

ฅԶǴҗځܭीᆉਏ౗Ϸ໺಍ႝတᇶշ೛ी೬ᡏޑቶݱЍජǴӢ

Ԝ฻ਏႝၡኳࠠႣයϝૈӧႝၡ೛ीޑሦୱӸࢲ΋ࢤਔ໔Ƕ 

ዴྗޑၡ೛ीႝډௗቹៜޔஒࡋᆒዴޑǴϡҹኳࠠޑᡉฅࡐ

ኳޑѸाచҹǶόྗዴޑೲ೛ीϷғౢזࢂϡҹኳࠠޑǴྗዴࡋ

ࠠஒ཮٬ளႝၡޑ೛ीϷᇙ೷ሡा࿶ᐕӭԛޑ჋၂ᒱᇤǴΨӢԜ

ගଯΑԋҁǶନԜϐѦǴ౜Ϟϐ೯ૻس಍ሡ׳؃ӭԖ๱׳λЁκ

ൂ඲༾ݢᑈᡏႝၡǴԶЁκޑᕭλϷ඲Тஏޑࡋቚу׳уڀΑჹ

৲ࢂሡ؃ǶԶλૻဦኳࠠᆶεૻဦኳࠠϐ໔ޑᆒዴϐϡҹኳࠠܭ

৲࣬ᜢǶλૻဦኳࠠຫྗዴǴځεૻဦኳࠠΨ཮ྗ׳ዴǶԶλૻ

ဦኳࠠჹܭ΋٤ϡҹޑϩ݋ӵቚ੻ǵᚇૻ฻Ԗ๱࣬྽εޑᔅշǴ 

ԜѦ೸ၸλૻဦኳࠠё׳ుΕΑှϡҹӧႝၡύϐၮբǶ 

྽ךॺፋډଯႝηᎂ౽౗ႝ඲ᡏޑኳࠠϯਔǴόૈόගځډ

ӧႝၡ೛ी΢ޑᔈҔǶӧၸѐ൳ԃǴଯႝηᎂ౽౗ႝ඲ᡏς࿶೏

ᔈҔܭՉ୏Ϸคጕ೯ૻೌמǴԜѦǴ໺಍ޑԏॣᐒǵ৔ᓎϷ༾ݢ
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೯ૻೌמǴς೏ᔈҔܭคጕ୔ᆛǵঁΓ೯ૻس಍ϷՉ୏ፁࢃ೯ૻ

ցᆒዴຑ՗ႝૈࣁλૻဦኳࠠޑளᆒዴڗॊǴ܌಍Ƕᆕӝ΢य़س

ၡਏૈϷᆢ࡭եԋҁޑख़ाӢનǶ 
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ಃಃಃಃ 2 കകകക ଯႝηᎂ౽౗ႝ඲ᡏଯႝηᎂ౽౗ႝ඲ᡏଯႝηᎂ౽౗ႝ඲ᡏଯႝηᎂ౽౗ႝ඲ᡏ୷ҁ୷ҁ୷ҁ୷ҁπբচ౛Ϸኳࠠπբচ౛Ϸኳࠠπբচ౛Ϸኳࠠπբচ౛Ϸኳࠠ 

ԃ߈   Ǵٰаઈϯ᎑ㄿ/ઈϯ⥲ㄿ౦፦่ᄬ׷ࣁ፦୷ᘵϐଯႝηᎂ

౽౗ႝ඲ᡏ(HEMTs)ǴςቶݱᔈҔܭଯᓎ܈եᚇૻ༾ݢᑈᡏႝၡ

(MMIC)ೌמሦୱǶҗܭઈϯ⥲ㄿ೯ၰڀԖեޑԖਏႝη፦ໆǵଯ

ႝηᎂ౽౗ᆶଯ០୏ႝࢬϐᓬᗺǴӢԜаઈϯ⥲ㄿբࣁЬा೯ၰϐ

ଯႝηᎂ౽౗ႝ඲ᡏϡҹǴё৖౜ଯႝᓸቚ੻ǵଯᒡрф౗฻ᓬ౦

ϡҹπբૈ܄Ƕ 

ख़ࣁ܄ჹ൑ਏᔈႝ඲ᡏ੝ࡋ෧Ͽᚆηණ৔ୢᚒǴႝη໺Ꮴೲࣁ  

ाӢનǴႝη໺ᏤೲࡋЬाҗႝηᎂ౽౗ϷႫکೲࡋ(Saturation 

Velocity)ۓ،܌Ǵଯೲ൑ਏႝ඲ᡏය༾ݢ੝܄ёҗႝࢬቚ੻ᄒЗᓎ

౗(fT) 

(2.1) 
 

 fTޕελǶҗԄύёࡋߏ႔ཱུࢂ ǵ LgࡋೲکηႫႝࢂ ύVsځ  

ۓ،܌਑่ᄬ׷җ߾ࡋೲکελቹៜǴႝηႫࡋߏVs Ϸ႔ཱུډڙ

Vs ႔ཱུࡋߏҗ༾ቹۓ،܌ೌמǶ 

V
sf =

T 2πlL
g
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  җ΢ॊёޕϡҹ੝܄җ׷਑܄፦ᆶᇙำۓ،܌ೌמǴځ੝܄ёҗ

Πӈ൳ঁୖኧ،ۓǺ 

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

λǵfT ᆶᚇૻǶ 

(2) ႔ཱུႝߔǺѬ،ۓΑ႔ཱུۯᒨਔ໔ǵᑵ੝୷Βཱུᡏ੝܄(n, ΦB, Ig)

ᆶᚇૻǶ 

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

gm/gds)Ƕ䶵ӝ΢ॊϩ݋Ǻటගଯϡҹޑਏ౗ёவ׷਑่ᄬёவ׷

਑่ᄬϷଛӝᕭอ႔ཱུޑࡋߏᇙำೌמǴωёၲډեᚇૻǵଯ

ቚ੻ଯೲႝηᎂ౽౗Ƕ 

(4) ႔ཱུืαᇑڅ(Gate Recess)Ǻቹៜࢬႝࢬޔ㨭ǵႝᏤቚ੻ǵᖏࣚ

ႝᓸ(Threshold Voltage, Vth)ϷႝࢬᄒЗ੝܄ǴќѦǴ႔ཱུืα

ᇑೌמڅд෧ϿΑྍཱུႝߔ(Source Resistance, RS)ӢԜගଯᄒ

Зᓎ౗ǴՠΨౢғΑᒡрᆄ(ཱུؕ)ჹᒡΕᆄ(ྍཱུ)ޑӣ௤ႝ৒

(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 ᆶᄞᚇᡏ࿶җޜ໔මϩ໒Ǵ෧Ͽၩη࿘ናᚆηᐒ౗Ǵफ़

եᚇૻྍǶ 

 

  ӧϡҹኳಔޑᇙำ΢ǴᕕှъᏤᡏϡҹ่ޑᄬϷᏹբኳԄࢂख़ा

ᏹբځϷ܄ނޑрӵՖவύᕕှϡҹࢀǶ΋ঁϡҹኳಔ୷ҁ΢ёϸޑ

ኳԄǶԶඔॊϡҹ੝ޑ܄Бݤӄ٩ᒘ܄ނځǶӧ೭ঁക࿯ύǴךॺஒ

௖૸΋٤ଯႝηᎂ౽౗ႝ඲ᡏ(HEMT)ϡҹ܄ނޑǶԶ྽ύλߞဦኳ

ࠠஒ཮೏ගϷ٠Ъ൩܄ނځБय़຾Չ௖૸Ƕ 
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2-1 ଯႝηᎂ౽౗ႝ඲ᡏ่ᄬଯႝηᎂ౽౗ႝ඲ᡏ่ᄬଯႝηᎂ౽౗ႝ඲ᡏ่ᄬଯႝηᎂ౽౗ႝ඲ᡏ่ᄬ [7] 

  ճҔᚈߑᆛၡ౛ፕѐ௢Ꮴҁ፦೽ϩY ୖኧǶѤঁY ୖኧஒ཮а

ҁ፦฻ਏႝၡୖኧ( Cgs , Ri , gm , τ , Cgd , Rds , Cds )ڄޑኧ׎Ԅ೏߄Ң

рٰǶӧΠ΋࿯္Ǵ஌ғႝགߔႝکஒ೏ᙯඤࣁZ ୖኧǶ 

  ӧ໺಍ଯႝηᎂ౽౗ႝ඲ᡏ(HEMT)่ᄬ೛ीύǴϡҹᏹբӧଯ

ႝᓸǵଯႝ൑Π܌೷ԋϐᅅႝࢬᝄख़ቹៜϡҹ੝܄ǴӢԜ൨؃਼ϯ๊

ጔᇙำೌמϐߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽౗ႝ඲ᡏ(MOS-HEMT)

ٰफ़եӢᝌੌᗖ(dangling bond)܌Їଆ߄ޑय़ϐރᄊ౜ຝ຾Զׯ๓ϡ

ҹ஝ውǵф౗ቚ੻ᆶଯጕࡋ܄฻πբ੝܄Ƕ 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.1 ᡉҢр΋ঁ໺಍ޑ

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 ድ඲่ᄬҗΠ۳΢٩ׇх֖Ǻ΋ڀԖъ๊ጔ੝

-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΋ Al0.22Ga0.78Asᑵ੝୷ௗ᝻ቫ

Ϸ΋ GaAs ᙟᇂቫǶ 

  ӵკ2.1Ѱୁ܌ҢǴޔࣁௗܭ၀ Al0.22Ga0.78As ᑵ੝୷ௗ᝻ቫᇃᗓ 

Ni/Au ႔ཱུႝཱུϐ໺಍ HEMT ϡҹ่ᄬǹԶკ2.1ѓୁ܌Ңךࣁॺ܌

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

੝୷ௗ᝻ቫϐ໔׎ԋ΋਼ϯቫጢǴаԖਏڋ׭႔ཱུᅅႝࢬǵቚ຾ϡҹ

πբૈ܄Ƕ 

ድ඲่ᄬϟಏǺ 

(1) ᙟᇂቫ(Cap Layer)Ǻ 

  ೯தInGaAs ᙟᇂቫࢂаख़ᄞᚇऊ1019 cm-3ǴૈӧHEMT ύග

ߔ٬ளϡҹྍཱུႝࡋࠆکࡋଯᄞᚇᐚޑௗ᝻Ƕᙟᇂቫύۅኻޑӳٮ

ॶΠफ़Ǵ٠ЪᏤठߚதଯႝޑηೲࡋǵᙯᏤॶ(gm)ᆶ᏾ᡏႝࢬቚ੻

ᄒЗᓎ౗(ft)ǶฅԶǴၨࠆᙟᇂቫޑHEMTΨܴᡉӦफ़եϡҹ஝ውႝ

ᓸǴҭ৒ܰ٬ϡҹԖό֡Ϭޑ႔ཱུืα(gate recess)ǶᙟᇂቫѸ໪ֹ

ӄӦпഐǴόૈᆶ႔ཱུௗೱډǴаᗉխᙟᇂቫ཮Ԗ٠ᖄᏤ೯ਏᔈ
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(parallel conduction effect)Ƕ 

(2) ᑵ੝୷ቫ(Schottky Layer)Ǻ 

  ᑵ੝୷ቫ೯த٬Ҕቨૈሜ׷਑Ǵٰၲډᑵ੝୷ௗ᝻੝܄Ǵҗܭ

ӧInAlAs /InGaAs౦፦߄य़Ԗࡐεޑ໺Ꮴ஥όೱុǴӧԜႝޑη཮

வInAlAsᘉණԿInGaAs٠Ъ׎ԋΒᆢႝη໦ǴϢ೚ၨଯޑय़ႝ಻ஏ

ޑΚǶ΋ঁၨᖓڋज़ޑ๓ၩηׯЪ(high sheet charge density)ࡋ

InAlAsᑵ੝୷ቫૈ٬႔ཱུډ೯ၰ໔ຯᚆᕭλǴ٬ளԖၨଯᙯᏤॶՠ

࣬ჹΨफ़եΑ஝ውႝᓸǶ 

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

ᏱԖδ-ᄞᚇቫޑHEMTϡҹڀԖΠӈ൳໨ӳೀǺ 

   (a)ଯཱུؕႝࢬ០୏Κ 

     (b)եᚇ፦ණ৔ਏᔈ 

     (c)ଯጕ܄ᙯᏤ 

(d)ଯ႔ཱུკႽᕵᐉКǴаफ़եอ೯ၰਏᔈ 

  δ-ᄞᚇ׷਑ڀԖଯཱུؕႝࢬ០୏ΚࢂӢࣁѬޑख़ᄞᚇᐚࡋᆶค

ᄞᚇᑵ੝୷ቫૈᏤठଯ஝ውႝᓸǶӢࣁၩηૈؼӳڙज़ܭV-ރ׎ໆ

ηϔ܌аᙯᏤॶΨܴᡉӦቚεǶԜѦǴҗܭၨଯᐚޑࡋΒᆢႝη໦

٬ள೯ၰϐߔॶК໺಍FET׳λǶ೭٤ᓬᗺܴᡉӦቹៜ႔ཱུࡋߏե

਑Ꮴठଯᎂ౽౗ᆶଯ׷ޑǶᏱԖδ-ᄞᚇቫ܄อ೯ၰϡҹ੝ޑ2µmܭ
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ᙯᏤॶޑ੝܄Ǵ٬ளӧଯೲϡҹᔈҔ΢εԖወΚǶ 

  HEMTϡҹӧ೯ၰ΢කΕδ-ᄞᚇቫૈᕇளၨଯᙯᏤॶǶԶЪ྽

HEMTϡҹӧ೯ၰΠකΕδ-ᄞᚇቫૈᕇளၨଯޑ஝ውႝᓸǶϩձӧ

೯ၰ΢ΠୁٿකΕᚈቫδ-ᄞᚇቫૈᕇளၨଯၩηᐚࡋǶ 

(4) ႖ᚆቫ(Spacer Layer)Ǻ 

  ӧHEMTύǴႝηࡼکᡏᚆηϝฅӸӧ΋ᅿႝ಻բҔΚǴᆀࣁ

৤উණ৔ǶࣁΑှ،೭ᅿୢᚒǴךॺճҔ႖ᚆቫவௗय़ࡼᡏᚆη႖

ᚆΒᆢႝη໦Ǵ຾Զ෧Ͽҗࡼᡏচη৤ٷණ৔ቹៜǶ႖ᚆቫࡋࠆޑ

ჹႝ඲ᡏޑਏૈԖख़ाޑቹៜǴၨᖓޑ႖ᚆቫёаගଯय़ႝ಻ஏࡋ

ӧ೯ၰύǴ೭ஒᏤठӧྍཱུԖ׳λלߔޑǴ׳ଯޑgmǴϷ׳ଯႝޑ

 Å ~50 ÅǶ 20ܭՏࡋ໔ႝ಻୔ቨޜޑࠠڂǴࡋஏࢬ

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

๓ׯΒᆢႝη໦೯ၰٰޑԋ׎܌਑׷ޑॺճҔઈϯ⥲ㄿך  

HEMTૈ܄ޑǶךॺёа࣮ૈډሜޑ੝ቻ࣬ჹܭ඲਱தኧӧკ2.2Ƕ

ӧઈϯ⥲ㄿ೯ၰکઈϯ᎑ㄿቫύǴԖόϰଛޑ඲਱தኧǶӵკ2.3

඲਱ϰଛǶޑઈϯ᎑ㄿکઈϯ⥲ㄿቫёаၟઈϯㄿޑҢǴ೏ᓸᕭ܌

Ԕᡂסઈϯ⥲ㄿǴவ҅தҥБᡏ඲ᡏ่ᄬޑԔסڙᎁډॺёа࣮ך

ԋѤᜐ׎Ƕ،ۓӧInGaAsکGaAsϐ໔ޑ඲਱όϰଛёа৒યԖቸ

ߚࡋࠆವԸϩኧǴ඲਱ޑதଯߚǴ৖Ңӧკ2.4ǶӢઈϯㄿԖࡋࠆ܄
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தλаԿۈܭໆηЁκႝη៌ᎂԿԛૈ஥ૈ໘Ǵ٠Ъफ़եႝη״ᑛ

ૈǶ٬Ҕઈϯ⥲ㄿቫޑHEMTޑӳೀǴхࡴቚமႝηᎂ౽ૈΚǵቚ

຾ၩηӧ೯ၰໆηϔύ״ޑᑛΚǴЪԖ׳ଯႝޑη౽୏౗Ƕ 

 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.2 ϯӝނъᏤᡏૈޑ

஥ᆶ඲਱தኧᜢ߯კ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.3ᔕ඲܄ HEMT ่ᄬ
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 ඲਱௨ӈޑ
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.4 InxGa1-xAs ޑᖏࣚࠆ

 ᜢ߯კޑᆶ InAs ವԸኧࡋ

 

(6) ጗ፂቫ(Buffer Layer)Ǻ 

زࣴޑቹៜǴ೚ӭ܄ႝޑ௨ନவ୷݈ౢғکጔ೯ၰ๊ޑΑԖӳࣁ  

೿ӧ೛ׯݤ຾጗ፂቫ่ᄬǶࠠڂ҂ᄞᚇ GaAs ጗ፂቫᗨฅԖࡐଯޑ

-಍Ƕႝη཮ᙖҗཱུؕسጔ๊ޑόૈԖӳࠅ፦ࠔ୷݈ޑؼǴՠόלߔ

ྍཱུႝ൑ݙΕ GaAs ጗ፂቫǶڀԖଯکלߔቨૈሜޑ AlGaAs ࢂ౛

གྷޑ጗ፂቫ׷਑Ǵ ԶԜϡҹ੝܄ᆶԋୖߏኧ৲৲࣬ᜢǴ೭Ψࣁࢂϙ

ሶࡐᜤளډӳࠔ፦ௗय़ޑЬाচӢǶ ࣁΑׯ๓όؼௗय़٬೯ၰύ౽

୏౗फ़եୢޑᚒǴځύૈှ،Ԝୢᚒࢂೌמޑӧ AlGaAs ቫύකΕ

ᖓቫ GaAs Ǵගଯᚇ፦ᐚ٠ࡋӧΠ΋ঁ AlGaAs ߏ඲ቫගٮ΋ঁѳ
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Ǵϡҹ཮Ԗၨӳ܄ႝکᚇ፦ޑவ୷݈ౢғ๊ߔԖਏೌמय़ǶԜ߄ޑྖ

 Ƕ܄ф౗੝ݢЗᆶ༾֨ޑ

2-2 λૻဦϡҹኳࠠλૻဦϡҹኳࠠλૻဦϡҹኳࠠλૻဦϡҹኳࠠ 

  ӧϩ݋༾ႝݢၡਔǴHEMT ޑλૻဦ฻ਏႝၡᢀۺჹܭϡҹ੝

ीᆉSୖٮ྽Ԗᔅշ٠Ъග࣬݋ϩޑ܄ ኧǶচҁӧեᓎਔޑᚈߑᆛၡ

ᆛၡޑπբᓎ౗ຬၸ100 MHz ኳࠠࢂҢǴՠ߄җyǵzǵh ୖኧٰࢂ

΢yǵzǵh ୖኧаό፾ҔǴЬाচӢଯᓎႝၡύǴҗߏݢܭၨอǴϡ

ҹޑЁκ൩คݤӆࣁࢂ΋ঁ࿯ᗺǴࢌ΋ঁᕓ໔ϡҹ΢܌ϩѲႝޑᓸǵ

ၡǶӢႝ݋ϸ৔Ϸ໺ᒡኳԄٰϩޑό΋ठǶԶѸ໪௦ҔႝᅶᏢύࢬႝ

Ԝךॺ٬ߡҔSୖ ኧٰෳϡҹޑଯᓎ੝܄Ƕ 

ໆෳSୖ ኧ΋૓നதޑـᓎ౗ጄൎёၲ2050܈ GHzǴӧ೭ךॺ٬

Ҕ20 GHzǴБߡӧڗѦ፦ୖኧ೽ϩǶკ2.5ࣁ໺಍႔่ཱུᄬHEMTϷ

MOS-HEMTϡҹ่ᄬǴࢎ܌ᄬрޑRFϡҹኳࠠ฻ਏႝၡკǴϩձܭ

႔ཱུ-ཱུؕୁᆶ႔ཱུ-ྍཱུୁǴቚ࿼ Cox,gd Ϸ Cox,gs Սᖄႝ৒ǵཱུؕܭ

-ྍཱུୁቚ࿼ Cox,ds ٠ᖄႝ৒ǴځගٮΑSୖ ኧ΋ঁؼӳޑϰଛӧ20 

GHz ޑచҹΠǶკ2.6ࣁও݋კǴ٠ЪӧΠय़Ԗϟಏଯᓎ஌ғਏᔈǶ 
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(b)MOS-HEMTϐ RFϡҹኳࠠ฻ਏႝၡკ 

（a) 

（b) 
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კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.6 HEMT ่ޑᄬᆶ฻

ਏႝၡ 

2-2-1 ஌ғႝག஌ғႝག஌ғႝག஌ғႝག ( Ls, Lg, Ld ) 

  ஌ғႝགႝࡰࢂၡኳಔޑѦ೽ႝགځύх֖Α Lg, Ld, LsǶٗ٤ႝ

གࢂҗܭӧϡҹ߄य़ߎޑឦௗ᝻܌ЇଆޑǶᗨฅ೭٬ࢂҔ੝ਸթֽޑ

բҔǴՠჹܭอ೯ၰϡҹԶقǴ႔ཱུႝག࿶தࢂΟঁႝགύനεޑǶ

ޑࠠڂ Lgک Lsεऊࢂ ډ5 10 pHǶԶྍཱུႝག࿶தࡐλǴεऊ 1 pHǶ

ӸӧѸ໪ΨૈޑးႝགѦǴ೭٤ႝག࠾஌ғ܈ཀନΑ஌ғᏤጕႝགݙ

ӧ࠾းϡҹޑ᏾ঁႝၡኳಔΠ೏ှញǶӧ೚ӭٯޑηύǴᏤጕႝགε

ऊӧ 0.1~0.3 pHǴ٠Ъӧϡҹޑ஌ғ΢՞Αख़ाޑӦՏǶ 
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2-2-2 ஌ғႝߔ஌ғႝߔ஌ғႝߔ஌ғႝߔ ( Rs, Rg, Rd ) 

  ஌ғႝߔRsǴRgǴRd Ψх֖ӧႝၡኳಔޑѦ೽ǶRs کRd ޑӸӧ

ёҗኻۅௗ᝻ޑௗ᝻ႝکߔ୷݈ႝ܌ߔ೷ԋޑЬ୏೯ၰှ܌ញǶ႔ཱུ

೷ԋǶԶΟঁႝ܌ߔឦႝߎޑ႔ཱུᑵ੝୷ௗ᝻ܭҗࢂғౢޑ Rgߔႝ

ໆෳᡉҢ๱ᇸޑ Rdک Ƕᗨฅӧ೭٤ኧॶ΢Rsۅॶεऊ൳ኻߔႝޑߔ

༾ୃޑᓸ࣬ᜢ܄ǴՠӧεૻဦኳಔΠۓ࡭ߥࢂځॶޑǴԶεૻဦኳಔ

΋૓ёவѱय़΢ޑኳᔕᏔᕇளǶฅԶᆒྗޑኳಔᔈ၀ஒୃځᓸ࣬ᜢ܄

Եቾ຾ѐǴ੝ձࢂଷӵځॶᝄख़٩᎞ୃᓸਔǶ܌Ԗޑ஌ғႝߔॶёவ

Sୖޑݤௗ٬Ҕന٫ϯБޔࢂ܈ໆෳࢬޔ ኧ܌՗ीрٰǶฅԶǴޣࡕ

ଯᓎࠠڂޑᓸᗺ΢ୃܭவೀࢂдࣁӢ่݀ޑӭྗዴ׳ளڗёೌמޑ

ၗ਑ύीᆉߔႝځॶǶ 

2-2-3 ᠎პႝ৒᠎პႝ৒᠎პႝ৒᠎პႝ৒ ( Cpd, Cpg ) 

  ೭٤ႝ৒Ψх֖ӧႝၡኳಔޑѦ೽Ƕ᠎პႝ৒ٰԾߎܭឦ᠎პϐ

໔ޑᚇණႝ৒Ƕ᠎პႝ৒ࢂҗߎឦጕޑҬΰႝ৒Ϸъ๊ጔ୷݈ङय़ޑ

ႝ৒܌ᄬԋޑǴԶъ๊ጔ୷݈ޑङय़࿶தೱௗ๱ྍཱུᆄǶฅԶǴҬΰ

ႝ৒࿶தК୷݈ႝ৒ٰޑλ೚ӭǶаΠঁٿ᠎პႝ৒ਔதх֖ӧႝၡ

ኳಔύǺCpg ႔ཱུ᠎პႝ৒ک Cpd ཱུؕ᠎პႝ৒ǶCpg ࡰࢂ႔ཱུᆶྍཱུ

᠎პϐ໔ႝޑ৒ϸϐǴCpd ཱུؕࡰࢂᆶྍཱུ᠎პϐ໔ႝޑ৒Ƕޑࠠڂ

Cpg ک Cpd εऊӧ൳Μ fFǶ᠎პႝ৒ૈவؒԖЬ୏ϡҹޑ੝ਸᄬ೷܈
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ޑݤௗவ٬Ҕന٫ϯБޔࢂ S ୖኧ೏՗ीрٰǶ 

2-2-4 ҁ፦ႝ৒ҁ፦ႝ৒ҁ፦ႝ৒ҁ፦ႝ৒ ( Cgs, Cgd, Cds ) 

  ႝ৒ Cgs Ϸ Cgd ࢂஒޜЮ୔ႝ಻ύׯޑᡂբࣁኳࠠԶځϩձᆶ

႔ཱུ-ྍཱུᆶ႔ཱུ-ཱུؕႝᓸԖᜢǶӧܫޑࠠڂεᏔ܈᎜ᕏᏔୃᓸݩރ

ۭΠǴ႔ཱུ-ཱུؕႝ৒ԖၨεޑॶӢࣁѬࢂаޜЮ୔ႝ಻ޑᡂϯբࣁ

ኳಔǴԶޜЮ୔ႝ಻ޑᡂϯࢂҗܭ႔ཱུ-ྍཱུႝᓸޑᡂ୏܌೷ԋǶӧ

೭٤҅தୃޑᓸۭݩރΠǴCgdКଆ Cgs ࣬ჹλޑӭՠѬࢂࠅள׳ډ

ᆒྗ S ୖኧໆෳޑᜢᗖǶԶཱུؕ-ྍཱུႝ৒ Cds х֖ӧ฻ਏႝၡ္ࢂ

ጔޑϡҹኳಔܭ൳Ֆႝ৒ਏᔈǶҗޑΑᇥܴྍཱུᆶཱུؕႝཱུϐ໔ࣁ

ރεᏔୃᓸܫޑЇଆǶӆ҅த܌܄җୃᓸ࣬ᜢࣁǴCds ࿶தό೏ᇡࡺ

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

Cgs ޑΜϩϐ΋ǶӢࣁჹᆀޑ܄ᜢ߯ǴCgs ک Cgd ߈Я࣬ӕ྽ Vds = 0 

VǶ 

2-2-5 ᙯᏤᙯᏤᙯᏤᙯᏤ ( gm ) 

ଯႝηᎂ౽౗ႝ඲ᡏҁޑيቚ੻ᐒࢂڋҗᙯᏤ܌ගޑٮǶᙯᏤ

gm ࢂᒡрႝࢬ Idsᡂϯჹᔈϣ೽ᒡΕႝᓸ VgsႝᓸᡂϯޑໆෳǶԶϣ೽

ᒡΕႝᓸࡰࢂᐉၠӧ႔ཱུ-ྍཱུௗय़ႝޑᓸǶඤقϐǴϡҹޑᙯᏤ೏

ॶਔۓ࡭ᓸᆢႝཱུྍ-ཱུؕࣁကۓ Ids - Vgs ੝܄Ԕጕޑ௹౗ǶځኧᏢ߄

ҢҢӵΠ܌ҢǺ 
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I
dsg

m V
gs

∂
=

∂ (2.2) 
 

  ჹܭ༾ݢᆶడݢᔈҔԶقǴϡҹޑᙯᏤࢂϡҹࠔ፦നख़ाࡰޑ኱

ϐ΋Ƕ྽ځд੝࣬܄ӕਔǴԖ๱ଯᙯᏤޑϡҹஒёග׳ٮεޑቚ੻ک

 ଯᓎ୺Չਏ౗Ƕޑу׳

2-2-6 ᒡрႝߔᒡрႝߔᒡрႝߔᒡрႝߔ ( Rds ) 

ᒡрႝߔ Rds ཱུؕࡰࢂᆶྍཱུϐ໔ޑቚॶႝߔԶаځॹኧǴᒡр

ႝᏤ gds ٰှញࣁ׳ӝەǶᒡрႝᏤࢂᒡрႝࢬ Ids ᡂϯჹᔈᒡрႝ

ᓸ VdsႝᓸᡂϯޑໆෳǶӢԜǴѬё೏ۓကࣁ႔-ྍႝᓸᆢۓ࡭ॶਔ

Ids-Vds ੝܄Ԕጕޑ௹౗ǶᒡрႝᏤکᒡрႝߔӧኧᏢ߄ҢԄࣁǺ 

 
 

(2.3) 
 

ϡҹޑᒡрႝᏤӧᜪКޑᔈҔ΢ࢂ΋ঁ࣬྽ख़ाޑ੝܄ǶѬӧෳۓϡ

ҹޑനεႝᓸቚ੻תᄽ๱࣬྽ख़εفޑՅԶЪჹܭෳۓനޑ٫ᒡр

ϰଛచҹ࣬ࢂ྽ख़ाޑǶեᒡрႝᏤ੝ޑ܄ϡҹࢂзΓᘂ۳ޑǶ 

2-2-7 ᙯᏤۯᒨᙯᏤۯᒨᙯᏤۯᒨᙯᏤۯᒨ ( τ ) 

ᙯᏤόૈջਔჹ႔ཱུ-ྍཱུႝᓸׯޑᡂ଺рӣᔈǶᙯᏤۯᒨࢂඔ

ॊᇙำҁ܌يӸӧۯޑᒨǶჴሞ΢ǴᙯᏤۯᒨжࢂޑ߄ӧ႔ཱུႝᓸᡂ

୏ϐႝࡕ಻ख़ཥϩଛ܌ሡाޑਔ໔Ƕޑࠠڂ τ ॶεཷࢂ 1 psǶவނ౛

 ᕭλԶ෧อǶޑࡋߏᒨႣी཮ᒿ๱႔ཱུۯǴᙯᏤٰ࣮ࡋفޑ

1
gs

ds
ds V constant

ds ds

I
g

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

  ᗨฅкႝႝߔ Ri ж߄๱ӧ႔ཱུۭΠྍཱུᆶ೯ၰϐ໔ޑϣ೽ႝ

๓ჹׯӸӧЬाҔٰځǴՠߔ S11 ޑϰଛǶฅԶǴჹܭ೚ӭϡҹԶق

Ri ޑӸӧىࢂаϰଛ S11 ޑჴ೽ǶӢԜǴRi ࡐࢂᜤளޑډЪނځ౛

 Ƕޑคன࿼ᅪࢂ܄ख़ाޑ
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ಃಃಃಃ 3 കകകക ଯᓎୖኧ๧ڗଯᓎୖኧ๧ڗଯᓎୖኧ๧ڗଯᓎୖኧ๧ڗ 

3-1 ϟಏϟಏϟಏϟಏ 

  ਥᏵ٬܌ҔޑኳࠠϷ੝ቻϯޑБݤǴԖ೚ӭБݤёҔٰ๧ڗ൑ਏ

ႝ඲ᡏኳࠠޑӚ໨ୖኧǶӧҁകךॺஒ૸ፕ٬Ҕ S ୖኧໆෳǴӚୖ

ኧϐ໔ϐኧᏢᜢ߯Ψஒ೏௢ᏤрٰǶ 

3-1-1 ඲༝ໆෳ඲༝ໆෳ඲༝ໆෳ඲༝ໆෳ 

  ଞჹъᏤᡏϡҹ຾ՉଯᓎໆෳޑБݤёϩࣁෳ၂֨ݤڀ(Test 

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

ᅿӚԖځᓬલᗺǶ  

(1) ෳ၂֨ݤڀǺ 

ԜБࣁݤၨԐ܌ځว৖ޑໆෳБԄǴ၀ໆෳݤёଞჹς࠾း܈

ۈෳϡҹ(Device Under Test, DUT)຾ՉໆෳǶ΋໒ࡑޑး࠾҂ۘࢂ

Ѹ໪ע҂хးޑ඲Т(Chip-Form)ۓڰӧၩڀ(Carrier Assembly)ϐ

΢Ǵ٠ճҔѺጕ (Bonding Wire)ೱௗϡҹϐߎឦௗ᝻ᗺ(Metal Pad)

 Midsection ܭ࿼ڀஒၩࡕ༾Ꮴጕ (Microstrip Line)Ǵฅޑ΢ڀၩک

΢ǴӆעԜ Midsection ֨ ӧς࿶଺ӳਠ҅ޑෳ၂֨ڀ΢ǴӵԜջ

ё຾Չෳ၂֨ޑݤڀໆෳǴځᜢ߯კ 3.1Ƕऩࣁςхးӳޑଯᓎϡ

ҹ߾ёޔௗஒ၀ϡҹ࿼ܭ፾྽ޑ Midsection ΢ǴӆעԜ 

Midsection ֨ ӧς࿶଺ӳਠ҅ޑෳ၂֨ڀ΢ࡕໆෳǶ࿶ၸϡҹϪപ
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ЪхးࡕբໆෳǴૈϸࢀрϡҹхးޑࡕനಖ੝܄ǴӵԜૈߡගٮ

٬Ҕ၀ϡҹႝޑၡ೛ीޣϡҹхးࡕന੿ჴޑϡҹ੝܄ၗૻǶՠҗ

ޑ߻း࠾ωૈ຾ՉໆෳǴӢԜ٬ளϡҹࡕϡҹϪപЪхးעѸ໪ܭ

চۈ੿ჴ੝܄ǴӢ࠾ࣁး܌ሡޑѺጕϷ֨ڀ฻ޑऩυ஌ғਏᔈԶѨ

੿ǴӵԜ΋ٰǴჹܭϡҹǵᇙำ೛ीϷؼׯϐπำৣԶقǴஒคݤ

੿ჴӦඓඝϡҹচۈ੝܄Ǵ্֫Αϡҹᇙբ΢ؼׯޑϷ੝܄ගϲǶ

ໆෳ҂хးޑ඲Тᗨёխѐ߻ॊϐલᗺǴՠ܌ሡޑѺጕϝࣁ΋ᕷᚇ

πբǴ Ъ໪ќѦ೛ीჴᡍБ܈ݤаኧᏢၮᆉѐନ܌ሡѺጕޑ஌ғ

ਏᔈǶ 
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(2) ඲༝ભໆෳݤǺ  

ᔈၮԶғǴߡݤલᗺǴ඲༝ભໆෳޑݤໆෳڀΑլܺෳ၂֨ࣁ  

ЪςВᅌԋዕϷදၹǶԜݤЬाࢂᙖҗӅѳय़௖ଞ(Coplanar Probes)
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ᇙำ่ࢂ܈ࢤёӧϡҹᇙำ຾Չύݤ٬Ҕٰ຾ՉໆෳǴԜໆෳޑ

Ǵ܄੿ჴ੝ۈচޑ߻း࠾ϡҹډளݤ٬ҔǴёᙖҗԜБ߻း࠾ǵ״

ᗉխ࠾း஌ғਏᔈޑቹៜǴԖਏӦගଯΑϡҹ੝܄Ϸᇙำޑؼׯё

Չ܄ǴӕਔΨڀԖ׳ଯޑਔਏ܄Ǵ٠Ъ࿯࣪࠾း܌ሡޑԋҁǶќѦǴ

ᆶၮҔෳ၂֨ޑڀໆෳБԄКၨଆٰǴځϡҹচۈ੝܄Ψၨόܰࣁ

ᏹբΓ঩ϐዕግڙၨܰ܄ख़ፄޑໆෳ่݀ځѬ஌ғϡҹ௝ᇂǴՠځ

 ቹៜǶ܌ࡋ

3-1-2 ୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥ 

চҁӧեᓎਔޑᚈߑᆛၡࢂҗ yǴzǴh ୖኧٰ߄ҢǴՠπբᓎ

౗ຬၸ 100 MHz ጕࠠޑᆛၡ΢Ǵyǵzǵh ୖኧςό፾ҔǴЬाচӢ

อࢂ܈ᘐၡ(open)ࣁाஒᆄᗺբۓኧໆෳၸำύǴ΋ୖޑǴ؃೭ᜪࣁ

ၡ(short)ޑೀ౛Ǵՠࢂ྽ᓎ౗ࡐଯਔǴႝၡޑჴሞޑᘐၡکอၡࡐᜤ

ᘐۓǶӢԜךॺ٬ߡҔ S ୖኧٰໆෳϡҹޑଯᓎ੝܄Ƕ 

3-1-3 Sୖኧໆෳୖݤኧໆෳୖݤኧໆෳୖݤኧໆෳݤ 

྽ႝηႝၡᏹբӧଯᓎޑ௃ݩΠਔǴ၀ᓎ౗܌ჹᔈکߏݢޑჴሞ

ႝηႝၡނޑ౛Ёκ࣬ၨϐΠᡂλ೚ӭǴӢԜǴӧեᓎਔதҔٰඔॊ

ႝၡ࿯ᗺ੝ႝޑ܄ᓸޑࢬႝکᢀߡۺ೴ᅌό፾ҔǴԜਔႝޑၡ੝܄Ҕ

ණ৔ࣁݤҢ߄ޑډύനத٬Ҕځ፾྽Ǵࣁ׳Ңஒ߄ٰۺᢀޑໆૈ܈ݢ

ୖኧǴΞᆀࣁ S ୖኧǴЬाࢂ௦ҔΕ৔ݢ(incident)ǵऀ೸ݢ
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(transmission)ǵکϸ৔ݢ(reflection)ޑᢀ߄ٰۺҢǴճҔΕ৔ݢѺࡑډ

ෳޑނଯᓎ༾ݢ੝܄Ǵӵკ 3.2 ܌ҢǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

 ကۓ

  ໆෳ S ୖኧ܌ሡسޑ಍ࢎᄬǴ΋૓നࣁதޑـᓎ౗ጄൎёၲ 20 

܈ 50 GHzǴԜس಍ࢎᄬЬाх֖Ǻ 

(1) Network AnalyzerǺ 

  Ҕٰໆෳ၀ᚈߑᆛၡ(DUT)ޑ Sୖኧ੝܄Ǵ٠ճҔਠ҅߯ኧǴ

ஒ၀ໆෳس಍ୖޑԵѳय़౽Կ᎞߈ DUT ೀǴаᕇள٠ϩ݋ϡҹޑ

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 



ઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ඲܄ଯႝηᎂ౽౗ႝ඲ᡏଯᓎୖኧ๧ڗᆶϡҹኳࠠϩ݋ 

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

  Ҕٰගٮ৔ᓎߞဦྍǶ  

(3) Test SetǺ 

  ගٮᚈߑᆛၡ(Port-1ک Port-2)זೲϪඤૈΚǴ٬ளךॺૈ୼ࡐ

БߡӦෳໆჹܭඔॊᚈߑᆛၡ܌ሡϐѤঁ S ୖኧǶ  

(4) DC Bias SuppliesǺ 

  ҔٰගࡑٮෳϡҹୃࢬޔޑᓸྗՏǴ٠ໆෳૻࢬޔဦៜᔈǶ  

ӧᒧ᏷Α፾྽ޑໆෳБԄǴ٠ֹԋਠ҅ำׇϐࡕǴջஒࡑෳϡҹ

ௗډ S ୖኧໆෳس಍ 50ohm ޑᚈߑϐ໔Ƕໆෳ S ୖኧਔǶૻဦҗ 

DUT ޑ Port-1຾ΕǴPort-2 terminateǴԜਔ܌ໆޑډϸ৔Ϸ໺ᒡф౗

Кջϩձࣁ S11 ک S21Ƕᙖҗ Test Set ޑϪඤфૈǴ྽ૻဦҗ DUT 

ϸ৔ޑډໆෳǴԜਔໆޑ߻Port-2 ຾ΕǴPort-1 terminateǴख़ፄϐ ޑ

Ϸ໺ᒡф౗КǴջϩձࣁ S22 ک S12Ƕᙖҗளޑډ S11ǵS21ǵS22 ک

S12 ฻Ѥঁ S ୖኧ੝܄Ǵջёаளډϡҹޑଯᓎ੝٠܄຾΋ޑ؁ϩ

 Ƕ݋

ӧϩ݋༾ႝݢၡਔǴ൑ਏႝ඲ᡏޑλૻဦ฻ਏႝၡᢀۺჹܭϡҹ

੝ޑ܄ϩ࣬݋྽ԖᔅշǶ೯தճҔന٫ϯ฻ਏႝၡύϐϡҹୖኧॶǴ

٬λૻဦ฻ਏႝၡ߄܌౜рٰޑ S ॶᆶჴሞໆෳϡҹޑ S ॶ࣬྽ௗ

 Ԝ؁ᡯϝӸӧӵΠॊϐલᗺǺ߻ǶฅԶǴҞ߈

(1) ሡाྗዴໆෳޑቨᓎ S ୖኧး࿼Ƕ 
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(2) ႝၡύന٫ϡҹॶ཮ᒿ๱ന٫ϯБݤᆶۈ߃ॶԶԖׯ܌ᡂǶ  

 ႣෳॶǴӵǺ႔ཱུޑ٤ୖኧࢌ౛఼ကǴ฻ਏႝၡሡाނڀځ٬ (3)

 ǵႝགǶߔႝ

 ಍(Wafer-Probingسॺᒧ᏷඲༝ଯᓎ௖ෳךΑլܺ೭٤֚ᜤǴࣁ  

System)ޑБݤǴёזೲЪᆒዴໆෳ฻ਏႝၡύҁ፦ᆶѦ፦ޑϡҹ

ॶǴа ளډᆶႝ඲ᡏᇙำ࣬ᜢୖኧǴԶЪԜୖኧ๧ڗ೽ϩѝሡाᆛ

ၡϩ݋ሺ(Network Analyzer)ջёǴҭࣁ΋ཱུεᓬᗺǶ 

3-2 ӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯ [8]- [10] 

  Dambrine et al. ว߄Α΋ᅿس಍ϯЪזೲޑБݤǴёҔٰ๧ڗ൑

ਏႝ඲ᡏޑλૻဦ฻ਏႝၡǶԜБޔݤௗ،܌ۓԖޑ஌ғϡҹځύΨ

х֖Α᠎პႝ৒Ƕ஌ғϡҹёӧཱུؕ-ྍཱུႝᓸࣁ႟Ъ႔ཱུ໩ୃਔ܌

ໆෳϐ S ୖኧٰीᆉǶ᠎პႝ৒߾ёҗཱུؕ-ྍཱུႝᓸࣁ႟ՠ႔ཱུୃ

ᓸե֨ܭЗႝᓸਔ܌ໆෳϐ S ୖኧ،ۓǶޕၰ೭٤஌ғϡҹޑኧॶ

٬ளךॺёа೸ၸᙁൂંޑତၮᆉ౽ନ஌ғਏᔈǴа،ۓҁ፦λૻဦ

ୖኧǶ೭ঁБݤх֖Α΋٤፾྽ޑଷ೛Ǵа܌ܭߡԖୖኧૈ୼வեᓎ

஥܌ໆෳޑډኧᏵ๧ڗрٰǶԜѦǴ஌ғཱུؕޑϷྍཱུႝߔǴёҗ႔

ཱུ໩ୃਔໆෳޑኧᏵ،ۓǶ 

3-3 ҁ፦ϡҹୖኧ๧ڗҁ፦ϡҹୖኧ๧ڗҁ፦ϡҹୖኧ๧ڗҁ፦ϡҹୖኧ๧[15] -[11] ڗ 

კ 3.3 ࣁ΋தୃـᓸܭႫک୔ޑ HEMT ኳ Ǵࠠځύ೽ϩϡҹӧ
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೽ҽǺѦ፦ᆶҁ፦ঁٿࣁύஒё೏۹ౣǶ೭ঁኳࠠё೏ϩ݋ϩޑय़ࡕ

ѐڗ؃ǶѦ፦ୖኧޑ೽ҽх֖Α܌ԖѦ፦ୖኧϡҹǺCpg , Cpd , Rg , Rd , 

Rs , Lg , Ld Ϸ LsǶҁ፦ୖኧ೽ҽх֖Α܌Ԗҁ፦ϡҹǺCgs , Ri , Cgd , 

gm , τ , Rds Ϸ CdsǶ 

 
 
 
 
 
 
 
 
 
 
 
 

კ ᒱᒱᒱᒱᇤᇤᇤᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.9 λૻဦ฻ਏႝၡკ 

๧ڗၸำޑЬाཷۺǴς೏Ҕܭ೚ӭزࣴޑ΢Ǵ೸ၸໆෳ౽ନѦ

፦ϡҹޑ೽ҽǴനࡕ੮Πҁ፦೽ϩޑ Y ୖኧǶҗܭҁ፦೽ϩև౜ PI 

ޑኧǶԶ٬Ҕ Y ୖኧୖޑ٬ҔߡനБࣁಔᄊǴӢԜ Y ୖኧޑᄬࢎ

΋ঁΟ୵ࣁ Ϸीᆉҁ፦೽ϩϐϡҹୖኧǶკ 3.4݋ϩܭߡёݤҢ߄

ᆛၡϐ Y ୖኧ ߄ҢǴځύ΋୵଺ࣁᒡΕϷᒡрϐӅኳᗺ(ྍཱུ)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 ୖኧᆛၡϐБำԄǺ߄ॺёளаΠҔٰךǶҗ΢კྍࢬႝ

 (3.1) 
 
 

 (3.2) 

  ճҔอၡໆෳёҔٰ،ۓБำԄύϐӚ໨ Y ୖኧǴӵԄ(3.3)ډ

               ҢǺ܌(3.6)

(3.3)  
 

 
(3.4) 

 
 

(3.5) 
 
 

(3.6) 
 

౜ӧ 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 ΕᆄอၡǴࡼ٠у΋ႝ

ᓸཱུؕܭϷྍཱུ ϐ໔ǶҗܭᒡΕᆄอ

ၡǴ٬ள Cgs Ϸ Ri ޑՍᖄಔӝ೏਒ၡ

(Bypass)௞ǴCgs ٿᆄϐၠᓸࣁ႟Ǵࡺᓸ௓ႝྍࢬϐॶҭࣁ႟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 ܌ҢǴࡼу΋ႝ

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 อၡǴࡼ٠у΋ႝᓸ 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፦೽ϩޑᆛၡ౛ፕ௢ᏤрߑॺճҔᚈך     y ୖኧӵԄ(3.7)ǵ

(3.8)ǵ(3.9)ǵ(3.10)Ǻ 

 
 
 
 
 
 

  
 
 
 
  
 
 
 

  

ܭեᚇૻϡҹǴӧᓎ౗λࠠڂ   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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  ӧҁ࿯ύǴҁ፦ HEMT ϡҹϐ Y ୖኧςҗอၡႝၡ؃ளǶԶ

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

ϐڄኧ׎Ԅ೏߄ҢǴӢԜഭΠୢޑᚒӧܭӵՖவჴᡍኧᏵǴ،ۓҁ፦

ᓸᗺΠϐୃޑॺଷ೛ӧόӕך௢ᏤၸำύǴޑY ୖኧॶǶӧ аΠ ޑ

ၮᆉԶளǶკޑдኧᏢځԖ஌ғϡҹϷ᠎პႝ৒ё೸ၸ܌ ڗ๧ࣁ 3.9

ϡҹҁ፦ Y ୖኧંତϐࢬำǶ 
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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 ̭

ᓎ౗λܭ 5GHzਔǴ1+w2Ri
2Cgs

2 ཮ᖿܭ߈ 1 
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Y ୖኧંତϐࢬำ 

(a) ໆෳѦ፦ϡҹϐ S ୖኧǶ  

(b) ஒ S ୖኧᙯඤࣁ Z ୖኧǴ٠Ԍନ௞Սᖄϡҹ Ls Ϸ LdǶ  

(c) ஒ Z ୖኧᙯඤࣁ Y ୖኧǴ٠Ԍନ௞٠ᖄϡҹ Cpg Ϸ CpdǶ 

(d) ӆஒ Y ୖኧᙯඤӣ Z ୖኧǴ٠Ԍନ௞Սᖄϡҹ Rg, Rs, Ls 

Ϸ RdǶ  

(e) ஒ Z ୖኧᙯඤӣ Y ୖኧǶ 

  ೸ၸკ 3.9 ϐࢬำǴऩѦ፦ϡҹςޕǴҁ፦ϐᏤયંତёҗᙁ

ൂϐંତၮᆉ؃ளǶԜѦӧҁ࿯ύǴҁ፦ HEMT ϡҹϐ Y ୖኧς

೸ၸอၡ ႝၡԶ؃ளǴځѤಔ Y ୖኧ೏߄Ңࣁҁ፦฻ਏႝၡϡҹ 

Cgs , Ri , gm , τ , Cgd , Rds Ϸ Cds ϐڄኧǶӧΠ΋࿯Ǵ஌ғႝགϷႝߔஒ

೸ၸ Z ୖኧᙯඤуΕԵቾǶ 

3-4 Ѧ፦ϡҹୖኧ๧ڗѦ፦ϡҹୖኧ๧ڗѦ፦ϡҹୖኧ๧ڗѦ፦ϡҹୖኧ๧[16] ڗ 

3-4-1 HEMT ӧ֨З୔ޑᙁϯኳࠠӧ֨З୔ޑᙁϯኳࠠӧ֨З୔ޑᙁϯኳࠠӧ֨З୔ޑᙁϯኳࠠ 

  ӧҁ࿯ǴךॺගрΑ΋ঁ྽HEMT ϐ႔ཱུ-ྍཱུႝᓸե܈ܭ฻ܭ

֨ЗႝᓸǴЪཱུؕ-ྍཱུႝᓸ฻ܭ႟ਔǴܰܭϩޑ݋HEMT ኳࠠǶ೭

ঁኳࠠҁ࣬ي྽ᙁϯǴЪڀԖଯޑࡋჹᆀ܄ǴΨӢԜ٬ளϩࣁ׳݋৒

ܰǶӧ֨ЗႝᓸΠǴ೯ၰᜢഈǴӢԜӧཱུؕᆶྍཱུ໔ڀԖଯߔॶǴӢ

Ԝӧཱུؕᆶྍཱུ໔ޑЬाϡҹࣁCdsǶҗ٠ܭคႝࢬҗཱུؕࢬӛྍ
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ཱུǴӢԜᙯᏤ฻ܭ႟Ƕӧ֨ЗႝᓸΠǴ႔ཱུ-ྍཱུௗय़Ϸ႔ཱུ-ཱུؕௗ

य़ࣣࣁமਗ਼଍ୃރޑᄊǴᏤठCgs ϷCgd ஒ཮ߚதλǴӢԜRi ϷRgd ࣣ

ё೏۹ౣǶკ3.10 ࣁӧ֨ЗႝᓸΠǴVds ฻ܭ႟ਔϐHEMT ᙁϯኳ

ࠠǶ 

 
 
 
 
 
 
 
 
 
 

 

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

฻ܭ႟ਔϐ HEMT ᙁϯኳࠠ 

 

  ԜѦǴ྽Vds ฻ܭ႟ਔǴҗܭϡҹ่ᄬࣁჹᆀޑǴӢԜCgs ᆶCds ࣬

฻Ǵ೭ঁଷ೛ஒҔٰीᆉ٤ࢌѦ፦ϡҹǶ೭ঁӧ֨ЗႝᓸΠޑᙁϯ 

HEMT ኳࠠ೯த೏Ҕٰीᆉ᠎პႝ৒ Cpg Ϸ CpdǶ 

3-4-2 ᠎პႝ৒᠎პႝ৒᠎პႝ৒᠎პႝ৒ [17] 

  ྽ཱུؕ-ྍཱུୃᓸࣁ႟ǴЪӧ႔ཱུႝᓸե֨ܭЗႝᓸਔǴӧ႔ཱུ

ΠБϐҁ፦ႝ৒ஒё೏੃ѐǶӢԜǴ႔-ྍϷ႔-ؕႝ৒Ьाҗ႔ཱུٿ

य़ϐޜЮቫᘉණౢғϐᜐሞႝ৒(fringing-Capacitance)೷ԋǴࡺԜঁٿ

C = C = C
gs gd f
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ႝ৒ᔈ၀࣬฻Ǻ 

(3.15) 
 

Ԗႝ৒܌ޑԜኳࠠܭኧǶԜѦǴҗୖޑᜐሞႝ৒߄жࣁ ύCfځ  

೿ߚதλǴӢԜ܌Ԗޑ஌ғႝߔᆶ஌ғႝགӧեܭኧঁGHz ᓎ౗Π

(e.g.5GHz)ǴჹY ୖኧޑ຀೽೽ϩ೿ό཮ౢғቹៜǶӢԜǴ౽ନ஌ғ

 ҢǶ܌ ՟ኳࠠǶӵკ3.11߈ޑ΋ӝ౛ࣁᆶႝགǴߔႝ

 
 
 
 
 
 
 

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

ᓸϐ HEMT ᙁϯኳࠠ 

  җკ3.11 ϐ฻ਏႝၡǴё،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 Ϸ஌ғႝ৒ё೏۹ౣǴӢԜѦ፦ޑZ ୖኧѝाஒҁ፦Z 

ୖኧу΢஌ғႝߔRsǵRdǵRg ϷႝགLgǵLsǵLd ջё،ۓǴךࡺॺ

ёளǺ 

 
 

(3.19) 
 
 

 (3.20) 
 
 

 (3.21) 
 

җ΢ॊ߄ҢԄёޕǴZ ୖኧޑ຀೽ᒿᓎ౗΢ϲևጕ܄ቚуǴԶჴ

೽߾ᆶᓎ౗คᜢǶ 

ԜѦǴࣁᙁϯीᆉࢬำǴRc Ϸ
nkT

qI
g
ёଷ೛ࣁ႟ǴӢԜ஌ғႝག

Ls ёҗZ12 ޑ຀೽ԶளǹLg ёҗZ11 ϐ຀೽ԶளǹԶLd ߾ёҗZ22 ϐ

຀೽ளډǶ஌ғႝߔRs ёҗZ12 ϐ຀೽؃ளǹRg ёҗZ11 ຀೽؃ளǹ

Rd ߾ёவZ22 ϐ຀೽؃ளǶ 

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
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ಃಃಃಃ 4 കകകക ჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕ 

4-1 ୷ҁࢬޔ੝܄୷ҁࢬޔ੝܄୷ҁࢬޔ੝܄୷ҁࢬޔ੝܄ 

  ႔ཱུय़ᑈࣁ 1.2 × 100 µm2Ǵྍཱཱུུؕک໔ޑຯᚆ5 ࣁ µmǶ܌Ԗ

ϡҹ೿٬Ҕ KEITHLEY 4200 ໆෳǶ 

 ܄ᓸ੝ႝ܄ᓸ੝ႝ܄ᓸ੝ႝ܄ᓸ੝ႝ-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 
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HEMT Ԕጕკ܄ᓸ੝ႝࢬႝޑ
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MOS-HEMTႝࢬႝޑᓸ੝܄Ԕጕკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

HEMT ᆶ MOS-HEMTႝࢬႝޑᓸ੝܄Ԕጕკ 
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4-1-2 Ѧ೽ᙯᏤ੝܄Ѧ೽ᙯᏤ੝܄Ѧ೽ᙯᏤ੝܄Ѧ೽ᙯᏤ੝܄ 

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

VDS = 3 V ਔǴѦ೽໺Ꮴ(gm)аϷႫӝཱུؕႝࢬ(IDS)ޣٿჹVGS ޑᜢ

߯ǴԶკ4.6߾ஒٿკᆕӝଆٰ଺КၨǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 

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

ਔǴ໺಍ޑѦ೽ᙯᏤϷႫӝཱུؕႝࢬ 

 
 
 
 
 
 
 
 
 
 
 
 

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

 
 

 
 
 
 
 
 
 
 
 
 
 

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

಍ᆶ MOS-HEMTѦ೽ᙯᏤϷႫӝཱུؕႝࢬ 

 

 IDSǴgmǴGVS аϷVth ޑ໺಍ᆶMOS-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܄ IDSᏹբ୔Ƕ࣬ၨܭ໺಍ HEMT ޑ 0.932 V 

MOS-HEMTޑ GVSࣁ 1.105 VǶӢԜ٬Ҕᚈ਼Н໌ϯ AlGaAsޑ

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

߈႟ǴϦԄёࣁࡋஏࢬကΑᖏࣚႝᓸϦԄǴଷ೛ཱུؕႝۓॺך

՟[21]ܭǺ 

 
(4.1) 

 

ύځ   ΦB ࢂ႔ཱུᑵ୷੝ምᛖଯࡋǴ ∆EC ࢂᑵ੝୷ቫᆶ

InxGa1-xAsSb ೯ၰ໔ޑ໺Ꮴ஥όೱ ǴុԶ (d+∆d) ࢂ႔ཱུᆶ 2DEG ᐚ

߄ԖਏຯᚆǶޑϐ໔ࡋ 4.1ύӈрΑӚঁኬҁޑᖏࣚႝᓸǴܴࡐᡉӦǴ

໺಍ޑᖏࣚႝᓸК MOS-HEMT λǶ ໌ϯ܄፦ԖၨεޜޑЮ୔Ǵ࿶

ૌ਼Нೀ౛ڋ׭ΑՏܭᑵ੝୷ቫᆶ೯ၰቫϟय़ೀޑΒᆢႝη໦ᐚࡋǶ 

∆E n (d + ∆d)φ
c 2DEGBV = - -

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

    კ 4.7ύё࣮ډǴӧྕ࠻Π໺಍ᆶMOS-HEMTٿޑᆄ႔ཱུ-ཱུؕ

஝ውႝᓸ(BVGD) ک໩ୃᏤ೯ႝᓸ(Von)ޑᜢ߯Ƕךॺۓကٿᆄ஝ውႝ

ᓸࣁ
I
G  = 1mA/mm
w

 ਔޑVGDǶ  

 
 
 
 
 
 
 
 
 
 
 

კ ᒱᇤᒱᇤᒱᇤᒱᇤ! ޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύޑۓࡰ܌ኬԄޑЎӷόӸӧЎҹύǶǶǶǶ.24 300KਔǴ໺಍ᆶ

MOS-HEMTޑ஝ውႝᓸ 

߄   4.2 ύǴMOS-HEMTޑ႔ཱུ-ཱུؕ஝ውႝᓸᓬܭ໺಍ޑǴࢂӢ

߄کࡋ஝ውႝᓸᆶᑵ੝୷ምᛖଯܭǶҗࡋᑵ੝୷ምᛖଯޑᏱԖၨଯࣁ

य़ᅅႝࢬԖᜢǴ܌а࿶ၸૌ਼Нೀ౛ၸޑ MOS-HEMTёаܴᡉӦׯ

๓஝ው੝܄Ƕ 

4.2໺಍ᆶ ߄ MOS-HEMTٿޑᆄ੝܄ 

 Conventional MOS-HEMT 

BVGD(V) 13 29.5 
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4-2 ৔ᓎ੝܄৔ᓎ੝܄৔ᓎ੝܄৔ᓎ੝܄ 

ӧᓎ౗ጄൎ 0.2 50 ډ GHz ϣǴךॺ٬Ҕ HP8510B ᆛၡٰໆ

ෳ༾ݢ੝܄Ƕ؂ঁኬҁޑ႔ཱུय़ᑈ200×1.2 ࣁ µm2Ǵྍཱུޑཱུؕډຯ

ᚆ5 ࣁ µm Ƕךॺஒ௖෇ޔௗΠӧ඲Т΢ໆෳǴёаᗉխ஌ғᗖ่ޑ

ቹៜǶᙖҗ 0 dB ਔޑอၡႝࢬቚ੻ H21ǴճҔϣකݤёளډᄒЗᓎ

౗ fT ǵ fmaxΨёჹനεԖਏቚ੻(MAG)բϣකݤԶளǴӢԜfT کfmax 

ёҔаΠБำԄ߄ҢǺ 

                                                                        
 
 

(4.2) 
 

 ک
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  კ 4.8ǵ4.9߄Ң໺಍ᆶMOS-HEMTࢬႝޑቚ੻ǵᄒЗᓎ౗(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 ჹܭ໺಍ޑHEMTځᄒЗᓎ౗ቚуΑ40.1%Ϸ

നεਁᕏᓎ౗ቚуΑ85.04%Ǵය೚MOS-HEMTׯ๓ᄒЗᓎ౗Ǵ႔ཱུ

׳ډϟႝቫຫε٬ளᙯᏤॶຫλϷ႔ཱུႝ৒෧ϿǴҭёளޑ೯ၰ໔ډ

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 µm2ਔǴ໺಍ᆶ MOS-HEMTޑ fTک fmax. 
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4-3 ϡҹኳᔕϩ݋ϡҹኳᔕϩ݋ϡҹኳᔕϩ݋ϡҹኳᔕϩ݋ 

4-3-1 ໺಍໺಍໺಍໺಍ HEMT ଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥ 

ໆޑΟঁୃᓸᗺѐ຾ՉS ୖኧჹᓎ౗ࣁϩڗॺஒϡҹୖኧ๧ך

ෳǴӚঁୃᓸᗺԖځ๧ڗрޑϡҹୖኧॶǶ 

  ϡҹኳᔕᆶ่݀ϩ݋Ǻ 

ӧԜךॺаHEMTࣁჴሞໆෳޑϡҹ٠຾Չୖኧ๧ڗǴ؃ளλૻ

ဦኳࠠϡҹୖޑኧǶךॺஒໆෳᓎ౗வ0.1 GHz20ډ GHzǴ٠Ъ10ڗ 

GHzࣁ୷ྗᗺ຾Չϡҹୖኧ๧ڗǶ 

  җ΢ॊޑCold Model ޑໆෳ౛ፕǵᆶંତၮᆉ฻БݤǴԋф๧

 ϡҹୖኧǺޑ рHEMTڗ

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

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

ஒ೭٤ୖኧжΕଯႝηᎂ౽౗ႝ඲ᡏޑ༾ݢኳࠠ೸ၸMicrowave 

Office೬ᡏ຾ՉኳᔕǴӆᆶჴሞໆෳޑኧॶКჹǵฅࡕ೸ၸ೬ᡏஒୖ

ኧӆ༾ፓǴ٬ჴሞໆෳᆶኳᔕ่݀Кჹৡ౦നλϯǴаࡌҥֹ᏾Զྗ

ዴޑ༾ݢኳࠠǶ 

ໆޑΟঁୃᓸᗺѐ຾ՉS ୖኧჹᓎ౗ࣁϩڗॺஒϡҹୖኧ๧ך

ෳǴӚঁୃᓸᗺԖځ๧ڗрޑϡҹୖኧॶǶ 

(1) Ѧ፦஌ғႝߔᆶ஌ғႝགǺVds = 0 VǴVgs = 1 V 



ઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ඲܄ଯႝηᎂ౽౗ႝ඲ᡏଯᓎୖኧ๧ڗᆶϡҹኳࠠϩ݋ 

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

(2) Ѧ፦஌ғႝ৒ǺVds = 0 VǴVgs= -3 V 

(3) ҁ፦ϡҹୖኧ๧ڗǺVds = 2 VǴVgs = -1.5 V 

 

1. Ѧ፦஌ғႝགᆶ஌ғႝୖߔኧ๧ڗॶǺ 

ୃᓸᗺ Vds = 0 VǴVgs = 1 Vǹ่݀ӵ߄ 4.4 

 

 

஌ғႝߔ஌ғႝߔ஌ғႝߔ஌ғႝߔ 

Rs (ohm) 0.533 

Rg (ohm) 18.05 

Rd (ohm) 3.885 

஌ғႝ৒஌ғႝ৒஌ғႝ৒஌ғႝ৒ 

Ls (nH) -68.23 10×  

Lg (nH) 0.02005 

Ld (nH) 0.06985 

߄ 4.4 Ѧ፦஌ғႝߔᆶႝག๧ୖڗኧ߄ 

2. Ѧ፦஌ғႝ৒ୖኧ๧ڗॶǺ 

ୃᓸᗺVds = 0 VǴVgs = -3 Vǹ่݀ӵ4.5 ߄ 

 

஌ғႝ৒஌ғႝ৒஌ғႝ৒஌ғႝ৒ 
Cpg (pF) 0 

Cpd (pF) 0 

 ߄ኧୖڗѦ፦஌ғႝ৒๧ 4.5߄

3. ҁ፦ϡҹୖኧ๧ڗॶǺ 
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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

 

வ΢ך߄ॺԋфޑ๧ڗрϡҹୖޑኧॶǴךॺߡёаஒ೭٤ϡҹ

ୖኧ஥Εଯႝηᎂ౽౗ႝ඲ᡏ೸ޑ༾ݢኳࠠ೸ၸMicrowave Office೭

঺೬ᡏ຾ՉኳᔕǶ 

ஒךॺচҁჴሞॶ܌ໆෳޑϡҹS ୖኧฝࣁSmith Chart კǴ٠

ᆶךॺ܌๧ڗрޑϡҹୖኧॶ஥Ε༾ݢኳࠠฝрޑSmith Chart კК

ၨǴӆஒךॺኳᔕрޑკ຾ՉϡҹୖኧޑፓᡂǴ٬ኳᔕޑკ߈՟ໆෳ

ჴሞॶޑკǶ 
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ӃฝࡕॶǴฅۈ߃ϡҹޑीᆉр܌ॺךॺӃௗִႝၡ٠ЪᒡΕך

р҂ፓᡂၸКၨკǶკ4.10 ךࢂॺ܌ௗӳޑλૻဦ฻ਏႝၡኳࠠǶ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

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

ဦ฻ਏႝၡኳࠠკ 

 

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

ୖኧբკᆶໆෳޑ҂ፓ᏾კǶᙔጕࣁჴሞॶǴआՅࣁ๧ୖڗኧբკǶ

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

բკᆶໆෳޑፓ᏾ϐޑࡕკǶ 

Ld 

Rg 

Rd 

Cpd 

Cds 

Lg 

Ls 

Rg 

Ri 

Rs 

Cpg Cgs 

Cgd 

Gm 

T 
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ፓ᏾ϐ S11 Smith Chartკ 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 

კ 4.11 (b) ໺಍ HEMT ፓ᏾ࡕϐ S11 Smith Chartკ 
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ፓ᏾ϐ S12 Polarკ 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ 4.12 (b) ໺಍ HEMT ፓ᏾ࡕϐ S12 Polarკ 
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҂ፓ᏾ϐ S21 Polarკ 
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კ 4.13 (b) ໺಍ HEMT ፓ᏾ࡕϐ S21 Polarკ 
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҂ፓ᏾ϐ S22 Smith Chartკ 
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კ 4.14 (b) ໺಍ HEMT ፓ᏾ࡕϐ S22 Smith Chartკ 
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4-3-2 MOS-HEMT ଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥ 

MOS-HEMT࿶ၸૌ਼Нೀ౛ࡕǴϩձӧ႔ཱུ-ཱུؕǵ႔ཱུ-ྍཱུ׎

ԋCox,gdǵCox,gsޑՍᖄႝ৒ᆶཱུؕ-ྍཱུ׎ԋCox,ds٠ޑᖄႝ৒Ǵௗ๱ך

ॺஒϡҹୖኧ๧ڗϩࣁΟঁୃᓸᗺѐ຾ՉS ୖኧჹᓎ౗ޑໆෳǴӚঁ

ୃᓸᗺԖځ๧ڗрޑϡҹୖኧॶǶ 

ϡҹኳᔕᆶ่݀ϩ݋Ǻ 

ӧԜךॺаHEMTࣁჴሞໆෳޑϡҹ٠຾Չୖኧ๧ڗǴ؃ளλૻ

ဦኳࠠϡҹୖޑኧǶךॺஒໆෳᓎ౗வ0.1 GHz20ډ GHzǴ٠Ъ10ڗ 

GHzࣁ୷ྗᗺ຾Չϡҹୖኧ๧ڗǶ 

  җ΢ॊޑCold Model ޑໆෳ౛ፕǵᆶંତၮᆉ฻БݤǴԋф๧

 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) 

ஒ೭٤ୖኧжΕ༾ݢኳࠠ೸ၸMicrowave Office೬ᡏ຾ՉኳᔕǴ

ӆᆶჴሞໆෳޑኧॶКჹǵฅࡕ೸ၸ೬ᡏஒୖኧӆ༾ፓǴ٬ჴሞໆෳ

ᆶኳᔕ่݀Кჹৡ౦നλϯǴаࡌҥֹ᏾Զྗዴޑ༾ݢኳࠠǶ 

ໆޑΟঁୃᓸᗺѐ຾ՉS ୖኧჹᓎ౗ࣁϩڗॺஒϡҹୖኧ๧ך

ෳǴӚঁୃᓸᗺԖځ๧ڗрޑϡҹୖኧॶǶ 
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(1) Ѧ፦஌ғႝߔᆶ஌ғႝགǺVds = 0 VǴVgs = 1 V 

(2) Ѧ፦஌ғႝ৒ǺVds = 0 VǴVgs = -3 V 

(3) ҁ፦ϡҹୖኧ๧ڗǺVds = 2 VǴVgs = - 1.5 V 

 

1. Ѧ፦஌ғႝགᆶ஌ғႝୖߔኧ๧ڗॶǺ 

ୃᓸᗺ Vds = 0 VǴVgs = 1 VǴ่݀ӵ߄ 4.7 

஌ғႝߔ஌ғႝߔ஌ғႝߔ஌ғႝߔ 

Rs (ohm) 0.1 

Rg (ohm) 14.55 

Rd (ohm) 0.25 

஌ғႝ৒஌ғႝ৒஌ғႝ৒஌ғႝ৒ 

Ls (nH) -67.43 10×  

Lg (nH) 0.01353 

Ld (nH) 0.1297 

߄ 4.7 Ѧ፦஌ғႝߔᆶႝག๧ୖڗኧ߄ 

 

2. Ѧ፦஌ғႝ৒ୖኧ๧ڗॶǺ 

ୃᓸᗺVds = 0 VǴVgs = -3 VǴ่݀ӵ4.8 ߄ 

஌ғႝ৒஌ғႝ৒஌ғႝ৒஌ғႝ৒ 
Cpg (pF) 0 

Cpd (pF) 0 

 ߄ኧୖڗѦ፦஌ғႝ৒๧ 4.8߄
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3. ҁ፦ϡҹୖኧ๧ڗॶǺ 

ୃ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

வ΢ך߄ॺԋфޑ๧ڗрϡҹୖޑኧॶǴךॺߡёаஒ೭٤ϡҹ

ୖኧ஥Εଯႝηᎂ౽౗ႝ඲ᡏ೸ޑ༾ݢኳࠠ೸ၸMicrowave Office೭

঺೬ᡏ຾ՉኳᔕǶ 

  ஒךॺচҁჴሞॶ܌ໆෳޑϡҹS ୖኧฝࣁSmith Chart 

კǴ٠ᆶךॺ܌๧ڗрޑϡҹୖኧॶ஥Ε༾ݢኳࠠฝрޑSmith Chart 
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კКၨǴӆஒךॺኳᔕрޑკ຾ՉϡҹୖኧޑፓᡂǴ٬ኳᔕޑკ߈՟

ໆෳჴሞॶޑკǶךॺӃௗִႝၡ٠ЪᒡΕךॺ܌ीᆉрޑϡҹۈ߃

ॶǴฅࡕӃฝр҂ፓᡂၸКၨკǶკ4.15 ךࢂॺ܌ௗӳޑλૻဦ฻

ਏႝၡኳࠠǶ 
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฻ਏႝၡኳࠠკ 

 

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

ୖኧբკᆶໆෳޑ҂ፓ᏾კǶᙔጕࣁჴሞॶǴआՅࣁ๧ୖڗኧբკǶ

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

բკᆶໆෳޑፓ᏾ϐޑࡕკǶ 

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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҂ፓ᏾ϐ S11 Smith Chartკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ 4.16 (b) MOS-HEMTፓ᏾ࡕϐ S11 Smith Chartკ 
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ፓ᏾ϐ S12 Polarკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ 4.17 (b) MOS-HEMTፓ᏾ࡕϐ S12 Polarკ 
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ፓ᏾ϐ S21 Polarკ 
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კ 4.18 (b) MOS-HEMTፓ᏾ࡕϐ S21 Polarკ 
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ፓ᏾ϐ S22 Smith Chartკ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

კ 4.19 (b) MOS-HEMTፓ᏾ࡕϐ S22 Smith Chartკ 



ઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ඲܄ଯႝηᎂ౽౗ႝ඲ᡏଯᓎୖኧ๧ڗᆶϡҹኳࠠϩ݋ 

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



ઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏᔕ඲܄ଯႝηᎂ౽౗ႝ඲ᡏଯᓎୖኧ๧ڗᆶϡҹኳࠠϩ݋ 

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

4-3-3 ૸ፕϩ݋૸ፕϩ݋૸ፕϩ݋૸ፕϩ݋ 

 

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 

 

  ࿶ၸૌ਼Нೀ౛׎ԋ਼ϯቫޑ MOS-HEMTǴҗଯᓎୖኧ๧ڗр

 ૸ፕǶࣁϡҹॶаΠբޑ

 Ǻ݋ϩࢬޔ

(1) Ѧ፦ᙯᏤॶǺ਼ϯቫԖਏӦ੃ନӧ႔ཱུ-ཱུؕک႔ཱུ-ྍཱུ୔ୱ

ޑЇଆ܌ᄊǴૈႣٛ႔ཱུႝཱུᆶ೯ၰ໔ϐႝ൑ރय़߄಻ႝ҅ޑ

ණ৔ਏᔈǴ٬ள MOS-HEMTԖ׳ଯޑ gm,maxǶ 

(2) ᒡрႝᏤǺ਼ϯቫ੃ନ߄य़ރᄊёа෧Ͽ႔ཱུᅅႝࢬǴҭ෧Ͽ

Ӣၩη࿘ናෞᚆ౜ຝౢғ่סਏᔈǴ٬ளԖၨեޑ gdǶ 

(3) ஝ውႝᓸǺ႔ཱུ-ཱུؕک႔ཱུ-ྍཱུ୔ୱ໔ቚமΑ႔๊ཱུጔ܄Ъ

෧ϿΑ႔ཱུᅅႝࢬǴ஝ው੝܄ҭ࣬ჹޑගϲǶ 
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ଯᓎϩ݋Ǻ 

(1) ஌ғႝߔ (Rs , Rd) ǺӢ਼ࣁϯቫ߄य़෧ϿΑණ৔ᐒڋǴᏤठ஌

ғႝߔ Rs , Rd ၨեǶ 

(2) ๧ڗ฻ਏྍཱུ-ཱུؕႝ৒(Ceq,ds) Ǻݮ๱ཱུؕ-ྍཱུБӛޜޑЮႝ

৒٠ᖄ਼ϯቫ஌ғႝ৒Ǵ٬ள๧ႝڗ৒ Ceq,dsၨଯܭ໺಍

HEMTǶ 

(3) ๧ڗ฻ਏ႔ཱུႝ৒(Ceq,gd, Ceq,gs) Ǻҗܭ MOS-HEMT਼ϯቫ஌ғ

ႝ৒ᆶޜЮႝ৒ՍᖄǴ٬ள๧ڗр฻ਏ႔ཱུႝ৒ Ceq,gd, Ceq,gsޑ

ॶफ़եǶӵԄ (4.3)ǴځᄒЗᓎ౗Ψ࣬ჹޑගϲǶ 
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ಃಃಃಃ 5 കകകക ่ፕ่ፕ่ፕ่ፕ 

    ҁ஑ᚒԋфճҔૌ਼Нೀ౛ઈϯ᎑ㄿ/ઈϯ⥲ㄿ౦፦่ᄬ൑ਏႝ

඲ᡏ׎ԋߎឦ਼ϯނъᏤᡏ႔่ཱུᄬǶԜϡҹޑMOS่ ᄬ٬ளԜϡҹ

ёаԖਏफ़ե႔ཱུᅅႝౢޑࢬғǴЪёၲډଯ႔๊ཱུጔૈΚǶᒿ๱฻

ਏႝ৒Πफ़ǴᄒЗᓎ౗Ψ࣬ჹޑගϲǶ 

    ᙖҗଯᓎ੝ޑ܄ໆෳǴࡌҥS ୖኧ๧ڗаϷ΋ೱՍ൤֖ނ౛ཀက

ϐંତၮᆉࡕǴଛӝHEMT ଯᓎኳࠠϐႝၡኳᔕୖኧॶന٫ϯǴჴ

ᡍᆶኳᔕ่݀КჹёளޣٿኧᏵৡ౦ཱུλǴࡌҥֹ᏾HEMT ଯᓎλ

ૻဦ฻ਏႝၡǶ 

  ҁ஑ᚒᇙբၸำύǴᡣךॺჹϯӝނъᏤᡏϡҹԖ׳ӭޑᇡ᛽ᆶ

Ꮲಞ٠Ҕჴᡍໆෳٰᡍ᛾่݀Ƕᇙբ஑ᚒਔǴමډჴᡍ࠻Ꮲಞᇙำᆶ

ໆෳೌמǴ٠ᏹբଯᓎୖኧ๧ڗ೬ᡏ๧ڗрךॺޑλૻဦኳࠠǴ٬ள

ॺஒаЬ୏ᑈཱུǵոΚᇡ੿Ъᖰך୷ᘵǶޑಎჴۓ൚زࣴޑࡕॺ۳ך

຀ޑᏢಞᄊࡋǴΥ٣ᅰЈᅰΚǵӄΚаॅزࣴޑᆒઓٰय़ჹҺՖࣴز

ሦୱǴ٠ஒ஑ᚒύ܌ᏢǴᔈҔӧВزࣴޑࡕ΢Ƕ 
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