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ᄔाᄔाᄔाᄔा 

ҁᚒԑӧଞჹϩձڀԖаૌ਼Н਼ϯೌמԋઈϯ᎑ㄿ/ઈϯ

⥲ㄿߎឦ-਼ϯނ-ъᏤᡏ႔่ཱུᄬϷԄᑵ୷႔่ཱུᄬϐᔕ܄

ଯႝηᎂ౽ႝᡏǴՉ୷ҁ܄ϩϷଯᓎϡҹኳࠠୖኧڗК

ၨှᆶፕǴ٠යׯ๓ϡҹᏹբӧଯႝᓸǵଯႝΠ܌ԋϐᅅႝ

ཀကϐނࣴᔕрଯᆒྗǵ֖׳ຝǴЪࢬ RFϡҹኳࠠǶ 

җܭ InGaAs ೯ၰڀԖեԖਏ፦ໆǵଯႝηᎂ౽ᆶଯ០ႝࢬ

ϐᓬᗺǴӢԜ߈ԃٰதа AlGaAs/InGaAsբࣁଯႝηᎂ౽ႝᡏ

(HEMTs)ϐ౦፦่ᄬ፦ޑ୷ᘵǴோӢࣁଯ⥲ԋϩ InGaAs೯ၰதՔ

ᒿၨեޑ࿘ናෞᚆᖏࣚႝ(impact ionization threshold field)܄Ǵ܌

аӧଯႝϡҹᏹբύǴInGaAs ೯ၰܰӢၩη࿘ናෞᚆຝౢғફ

่ਏᔈ(kink effect)Ǵठ٬ϡҹౢғଯ႔ཱུᅅႝࢬԶቹៜϡҹ܄Ƕࣁ

යૈԖਏڋ႔ཱུᅅႝࢬǴςԖӭ႔๊ཱུጔ࣬ೌמᝩගрǴځύǴ

ъᏤᡏଯႝηᎂ౽ႝނъᏤᡏ႔่ཱུᄬϐϯӝ-ނឦ-਼ϯߎԖڀ

ᡏࣴޑวೌמЀԋ߈ࣁԃٰ୯ሞౢᏢࣴࣚϐଯزࣴࡋขᗺǶӢԜǴҁ

ᚒࣴᔕᙖҗ Microwave Officeႝတᇶշी(CAD)೬ᡏǴϷҗં

ତၮᆉڗѦ፦ᆶҁ፦ϐλૻဦϡҹୖኧǴϩձჹڀܭԖаૌ਼

Н਼ϯೌמԋઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯނ-ъᏤᡏ႔่ཱུᄬϷ
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Abstract 

    This work compares fundamental device performance of 

Al 0.24Ga0.76As/In0.2Ga0.8As metal-oxide-semiconductor high 

electron mobility transistor (MOS-HEMT) by using ozone water 

technique with respect to an unpassivated conventional device. 

We’ve successfully established high-frequency device models 

by using the Microwave Office CAD tool based on the 

"Cold-FET" theory. Four S-parameter sets have been precisely 

extracted at the same time to establish the highly accurate and 

physically meaningful high-frequency model. The results are 

promisingly useful for the RFIC design technologies. 

 

KEY WORDS : Cold-FET, high-frequency model, pHEMT, S-parameter 
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ಃಃಃಃ 1 കകകക        ׇፕׇፕׇፕׇፕ 

    ӧ༾ݢ೯ߞᆶঁΓՉ೯ߞคጕᆛၡسጲࠁวዊࢬᐟᓰ

ΠǴ༾ݢᑈᡏႝၡೌמᆶଯૈ܄ଯೲϡҹीǴςቶݱӦԋࣁᏢೌ

ࣴวᆶౢሡϐࣴزขᗺǶЀځӧൂ༾ݢᑈᡏႝၡ(MMIC)

ीБय़Ǵଯႝηᎂ౽ႝᡏ(HEMT)ϡҹϐሡᆶᔈҔጄൎε൯

ԋߏǴᅌԋࣁᓎᑈᡏႝၡ(RFIC)ϡҹϐᜢᗖೌמǶځύ٬Ҕߎ

ឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽ႝᡏׯ๓ϡҹ߄य़ރᄊǵफ़եଯ

ᓸΠ߄य़ᅅႝࢬԶε൯ගϲϡҹࣁ܄தـख़ाೌמϐǶ 

 

    ၸѐ൳ԃǴҗܭઈϯ⥲ㄿ೯ၰڀԖեޑԖਏႝη፦ໆǵଯႝη

ᎂ౽ᆶଯ០ႝࢬᓬᗺǴӢԜаઈϯ᎑ㄿ/ઈϯ⥲ㄿ౦፦่ᄬࣁ

ե܈ଯᓎܭᔈҔݱ፦୷ᘵϐଯႝηᎂ౽ႝᡏ(HEMTs)Ǵςቶ

ᚇૻ༾ݢᑈᡏႝၡ(MMIC)ೌמሦୱǶฅԶǴջ٬٬Ҕઈϯ⥲ㄿբ

Ьा೯ၰϐଯႝηᎂ౽ႝᡏϡҹǴёଯႝᓸቚǵଯᒡࣁ

рфᓬ౦ϡҹπբૈ܄ǴோӢࣁଯ⥲ԋϩϐ೯ၰதՔᒿၨեޑ

࿘ናෞᚆᖏࣚႝ(impact ionization threshold field)܄Ǵ܌аӧଯ

ႝϡҹᏹբύǴInGaAs೯ၰܰӢၩη࿘ናෞᚆຝౢғફ่ਏᔈ

(kink effect)Ǵठ٬ϡҹౢғଯ႔ཱུᅅႝࢬǵեᒡрႝᏤǵեውႝ
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ᓸϷեᒡрфǴԶቹៜϡҹ܄Ƕٰ߈ჹԖਏڋ႔ཱུᅅႝࢬϐ

႔๊ཱུጔೌמΨ࣬ᝩගрࡐӭࣴزǶ 

 

    ҁᚒܭAlGaAsᑵ୷ቫаૌ਼Н਼ϯೌמԋઈϯ᎑ㄿ/

ઈϯ⥲ㄿᔕࠠଯႝηᎂ౽ႝᡏϡҹǶԶ٬Ҕૌ਼Н਼ϯೌמ

ϐᓬᗺࣁ:  

(1)தᓸΠǴёௗྕ࠻߈ᏹբ(<40ʚ) 

(2)ᙁൂЪёӅӸޑޑচҹᇙำᡯ 

(3)եԋҁޑᇙำഢ 

(4)ё٬Ҕؕ/ྍཱུբ਼ࣁϯǴՉᒧ਼܄ϯ 

(5)ᏱԖၨե߄ޑय़ރᄊஏࡋЪ਼ϯೲࡋၨז 

ԜѦǴ࣬ၨځܭдೌמǴૌ਼Н਼ϯБݤё࣪༾ቹᇙำᇑ਼څϯ

ቫޑำׇ[10]-[13]ǶԶҗܭ႔๊ཱུጔׯޑ܄๓Ǵҭ٬ளAlGaAsᑵ

୷ቫϐ਼ϯቫࡋࠆёڋӧڼԯЁκǶ 

 

Ԗ᠘ܭ MMIC ीೌמςࢂϞคጕ೯ૻሦୱཱུࣁख़ाϐೌמ

ᕉǴ܌аϡҹϐଯᓎኳֹࠠޑ܄ᆶྗዴڰ܄ฅԋࣁ IC ीૈց

಄ӝႣයਏૈϷೕޑᜢᗖӢનǶࣁԜҁᚒҭᙖҗ Microwave 

Office ႝတᇶշ೬ᡏ(CAD)җંତၮᆉࢬำीǴჹڀܭԖаૌ਼

Н਼ϯೌמԋઈϯ᎑ㄿ /ઈϯ⥲ㄿߎឦ -਼ϯቫ -ъᏤᡏ႔ཱུ

(MOS-Gate)่ ᄬᆶᑵ୷႔ཱུ(Schottky-Gate)่ ᄬϐᔕ܄ଯႝ
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ηᎂ౽ႝᡏϡҹǴڗλૻဦҁ፦ϷѦ፦ୖኧǴ٠җኳᔕ

ѳѠᆶଯᓎໆෳኧᏵբКჹǴаঅ҅ࢎ܌ᄬϐ RFϡҹኳࠠǹ

ԋ݀ஒᆶϡҹ่ᄬբКၨǴځ RFϡҹୖኧϐख़ाނཀကǶ 
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ಃಃಃಃ 2 കകകക         

HEMT ϐϐϐϐ୷ҁচϷኳࠠ୷ҁচϷኳࠠ୷ҁচϷኳࠠ୷ҁচϷኳࠠ 

  ϡҹኳࠠࡌҥၸำύǴᕕှъᏤᡏϡҹϐ่ᄬϷᏹբኳԄࢂόё

ǴаΠӈ܄ௗቹៜϡҹޔஒೌמ፦ᆶᇙำ܄ǶԶϡҹϐޑલ܈

ᖐ൳ၨڀቹៜୖޑኧǺ 

Αҁ፦ᙯᏤ(Intrinsic Transconductance, gm)εڋज़ځǺߔႝཱུྍ (1)

λǵfT ᆶᚇૻǶ 

(2) ႔ཱུႝߔǺ،ۓ႔ཱུۯᒨਔ໔ǵᚇૻаϷᑵ୷Βཱུᡏ܄(n, 

ΦB, Ig)Ƕ 

(3) ᒡрႝᏤ(Output Conductance, gds)Ǻቹៜࢬޔቚ(AV = gm/gds)Ƕ 

టගଯϡҹਏǴёவ่ᄬϷ႔ཱུᇙำೌמЋǶᙖҗᒧӝ

եᚇૻǵଯቚଯೲډǴаၲೌמޑࡋߏ่ᄬϷଛӝᕭอ႔ཱུޑ

ႝηᎂ౽Ƕ 

    ϡҹኳࠠёϸࢀрϡҹ୷ҁ܄ނϷځᏹբኳԄǴฅԶඔॊϡҹ

ǶӧԜകύǴஒቫᕕှϡҹ่ᄬीǴ܄ނځӄ٩ᒘݤБޑ܄

ଯႝηᎂ౽ႝᡏ(HEMT)ϡҹ܄ނޑǶҭගрλߞဦኳࠠǴ٠

ଞჹ܄ނځБय़ՉǶ 
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2-1    HEMT ่ᄬ่ᄬ่ᄬ่ᄬीीीी    [7] 

  ӧଯႝηᎂ౽ႝᡏ(HEMT)่ᄬीύǴϡҹᏹբӧଯ

ႝᓸǵଯႝΠ܌ԋϐᅅႝࢬᝄख़ቹៜϡҹ܄ǴӢԜ൨਼ϯ๊

ጔᇙำೌמϐߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽ႝᡏ(MOS-HEMT)

ٰफ़եӢᝌੌᗖ(dangling bond)܌Їଆ߄ޑय़ϐރᄊຝԶׯ๓ϡ

ҹውǵфቚᆶଯጕࡋ܄πբ܄Ƕ 

    ӵკ2.1܌ҢǴޔࣁௗܭ၀Al 0.24Ga0.76Asᑵ୷ௗቫᇃᗓ Ni/Au

႔ཱུႝཱུϐHEMTϡҹ่ᄬǶDouble δ-doped HEMTድ่ޑᄬ

җΠ٩ׇ۳х֖ǺڀԖъ๊ጔ܄ϐ GaAs ୷݈ǵ5000Å GaAs 

ፂቫǵ230Å ޑ Al0.22Ga0.78Asፂቫǵδ-ᄞᚇቫǵ25Å ޑAl0.22Ga0.78As 

႖ᚆቫǵ150Å ޑ In0.24Ga0.76As ೯ၰቫǵ25Åޑ Al0.22Ga0.78As ႖ᚆ

ቫǵδ-ᄞᚇቫǵ300Åޑ Al0.22Ga0.78As ᑵ୷ௗቫϷ 800Å ᄞᚇSi

 n+-GaAs ᙟᇂቫǶ ޑ

  Զკ2.2܌Ңࣴࣁᔕϐ MOS-HEMTϡҹ่ᄬǴځϟܭNi/Au႔ཱུ

ᆶAl 0.24Ga0.76Asᑵ୷ௗቫϐ໔ቚ100Å਼ ϯቫጢǴаԖਏڋ႔

ཱུᅅႝࢬǵቚϡҹπբૈ܄Ƕ 
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� аΠஒፕӚድቫ่ᄬǴх֖Ǻ 

銦1)ᙟᇂቫ銦Cap Layer)Ǻ 

ߔௗǴफ़եϡҹϐྍཱུႝۅኻޑӳؼٮΑૈӧHEMTύගࣁ    

аϷᗉխᑵ୷ቫϐ߄य़਼ϯᆶཞǴᙟᇂቫ೯தࣁᐚࡋऊ1018 cm-3

ϐSiख़ᄞᚇǶᗨฅԜቫύޑଯᄞᚇᐚࡋᆶࡋࠆё٬ϡҹᏱԖߚதଯޑ

ႝηೲࡋǵᙯᏤॶ(gm)ᆶᄒЗᓎ(ft)ǴՠࢂᙟᇂቫၨޑࠆHEMTࠅᝄ

ख़Ӧफ़եϡҹޑውႝᓸǴЪҭܰ٬ϡҹԖό֡Ϭޑ႔ཱུืα(gate 

recess)ǶᙟᇂቫѸֹӄӦпഐǴᗉխᆶ႔ཱུೱௗǴаٛЗᙟᇂቫౢ

ғѳՉᏤਏᔈ(parallel conduction effect)Ƕ 

 

銦2)ᑵ୷ቫ銦Schottky Layer)Ǻ 

    ࣬ၨܭ೯ၰቫǴᑵ୷ቫ೯த٬ҔቨૈሜǴаၲډᑵ୷ௗ

܄ǶԶҗܭ AlGaAs /InGaAs ౦፦ௗय़ڀԖၨεޑᏤόೱុ

܄ǴӧԜೀޑԾҗႝηவ AlGaAs ᅆ౽Կ InGaAs ԋΒᆢႝ

ηǴၲډၨଯޑय़ႝஏࡋ(high sheet charge density)ǴЪׯ๓ၩη

ޑज़ૈΚǶќѦǴၨᖓ߳ޑ AlGaAs ᑵ୷ቫё٬႔ཱུԿ೯ၰ໔ຯᚆ

ᕭλǴԶᕇளၨଯᙯᏤॶϷ႔ཱུፓᡂૈΚǴՠࠅΨӕਔफ़եΑው

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

ᏱԖδ-ᄞᚇቫޑHEMTϡҹڀԖΠӈ൳ӳೀǺ 

   銦a)ଯཱུؕ(Drain)ႝ  ࡋஏࢬ

     銦b)եᚇ፦ණਏᔈ 

     銦c)ଯЪጕ܄ϯϐᙯᏤ 

銦d)ଯ႔ཱུߏቨКǴаफ़եอ೯ၰਏᔈ 

    δ-ᄞᚇڀԖၨଯཱུؕႝࢬஏࡋǴЬाচӢځࢂख़ᄞᚇᚇᐚ

ᙯᏤॶҭܴᡉቚεǶԜࡺՏૈϔǴVܭज़ڙӳӦؼၩηૈܭǶҗࡋ

ѦǴ࣬ၨܭFETǴଯᐚޑࡋΒᆢႝη׳ё٬೯ၰߔॶ׳λǶԶ

ॊᓬᗺჹܭ႔ཱུࡋߏե2ܭµmϐอ೯ၰϡҹڀ܄ԖᡉቹៜǶ୷

ӧଯځǴ٬܄ᆶଯᙯᏤॶࡋδ-ᄞᚇ่ᄬϐଯᎂ౽ǵଯၩηᐚܭ

ೲϡҹᔈҔుڀወΚǶ 

  ԜѦǴܭ೯ၰකΕδ-ᄞᚇቫϐHEMTϡҹёᕇளၨଯޑᙯᏤ

ॶǶԶܭ೯ၰΠකΕδ-ᄞᚇቫϐHEMTϡҹૈၲډၨଯޑውႝᓸǶ

ऩϩձӧ೯ၰΠࣣୁٿකΕδ-ᄞᚇቫૈࢂ߾ளډၨଯޑၩηᐚࡋǶ 

 

銦4) ႖ᚆቫ(Spacer Layer)Ǻ 

  HEMT ύǴҗႝܭηᆶࡼᡏᚆηϐ໔ӸӧউණǴࡺᙖҗӧ
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೯ၰቫᆶ δ-ᄞᚇၩηගٮቫϐ໔ϩձකΕ႖ᚆቫǴஒޣٿ႖໒Ǵа

ቹៜǴޑԖख़ा܄ჹႝᡏࡋࠆޑউණϐቹៜǶԶ႖ᚆቫڋ

ၨᖓޑ႖ᚆቫஒගଯ೯ၰϣޑय़ႝஏࡋ(sheet charge density)ǴԶ

फ़եྍཱུႝߔǵቚуᙯᏤॶЪගଯႝࢬஏࡋǶќѦǴᗨฅၨޑࠆ႖ᚆ

ቫᏱԖၨϿႝஏࡋǴՠࠅёගٮၨଯႝޑηᎂ౽Ǵޑࠠڂ႖ᚆ

ࣁࡋቨޑ 20 Å ~50 ÅǶ 

 

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

  ճҔ InGaAs ޑ܌ԋޑΒᆢႝη೯ၰٰׯ๓HEMTޑ

܄ Ǵૈӧკ2.3ǴёаᢀჸૈډሜϷதኧޑ܄ǶԶӧ InGaAs ೯

ၰک AlGaAs ቫύǴڀԖόϰଛޑதኧǶӵკ2.4܌ҢǴ InGaAs 

ቫᓸᕭԿதኧૈၟ GaAs аϷ AlGaAs ϰଛǶҗԜёޕǴ 

InGaAs ᎁסԔவ҅தҥБᡏᡏ่ᄬסԔᡂԋѤᜐǶӧკ2.5

ёયޑGaAs ϐ໔όϰଛ ک InGaAs ܭ،ڗࡋࠆҢǴᖏࣚ܌

ቸ܄Ǵ InGaAs ᏱԖߚதଯޑವԸϩਔǴߚࡋࠆதᖓǴӧԵ

ቾໆηЁκޑቹៜΠǴ٬ளႝη៌ᎂԿԛૈૈ໘Ǵफ़ե״ᑛႝηޑ

ૈΚǶନԜϐѦǴ٬Ҕᖓޑ InGaAs ቫϐᓬᗺхࡴ晧ቚமႝηᎂ౽ૈ

Κǵቚၩηӧ೯ၰύໆηϔ״ޑᑛΚǴЪԖ׳ଯႝޑη౽Ƕ 
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Ȑ6ȑፂቫ 

زቹៜǴӭࣴ܄ႝޑ௨ନவ୷݈ౢғکጔ೯ၰ๊ޑӳؼΑԖࣁ    

ׯݤፂቫ่ᄬǶࠠڂ҂ᄞᚇޑ GaAs ፂቫǴᗨԖଯלߔǴ

ՠऩ٬܌Ҕ୷݈ࠔޑ፦όؼǴҭคݤගىٮ๊ޑጔਏ݀ǴႝηӢ

 AlGaAs ޑǵቨૈሜלߔԖଯڀΕ GaAs ፂቫǶݙԶႝཱུྍ-ؕࣁ

ኧԖஏϪᜢ߯Ǵаठᜤୖߏᆶԋૈ܄ϡҹځǴՠፂቫޑགྷࢂ

аᕇளؼӳޑௗय़ࠔ፦Ǵԋ೯ၰύᎂ౽ୃեǶࣁΑှ،ԜୢᚒǴ

ӧ AlGaAs ፂቫᆶ GaAs ୷݈໔කΕ GaAs ፂቫǴаਂਆᚇ

፦٠ගٮ AlGaAs ድԋߏঁѳྖ߄ޑय़ǶԜೌמё๊ߔ୷݈ύ

ᚇ፦ᆶલഐౢ܌ғ܄ႝޑǴ٬ϡҹڀԖၨ֨ޑ٫З܄Ϸ༾ݢф܄

ૈǶ 

2-2 λૻဦϡҹኳࠠλૻဦϡҹኳࠠλૻဦϡҹኳࠠλૻဦϡҹኳࠠ 

  ӧϩ༾ႝݢၡਔǴଯႝηᎂ౽ႝᡏ(HEMTs)ޑλૻဦਏ

ႝၡᢀۺჹϡҹޑ܄ϩڀཱུշǴЪޔௗගٮSୖ ኧीᆉǶচҁ

եᓎਔᚈߑᆛၡࢂҗyǵzǵhୖኧٰ߄ҢǴՠऩπբᓎຬၸ100 MHz

ϡܭଯᓎႝၡύǴҗࢂόҔyǵzǵhୖኧǶЬाচӢߡኳࠠᆛၡޑ

ҹޑЁκ࣬ჹܭอߏݢςόӆёа۹ౣǴคݤຎࣁঁᗺǴࢌ

ᕓ໔ϡҹϩѲႝޑᓸǵႝࢬόठǶӢԜǴѸ௦ҔႝᅶᏢύޑϸ
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ϷኳԄٰϩႝၡǴаSୖ ኧٰևϡҹ܄ǶԶ2050܈GHz

Sୖࣁ ኧதޑـໆෳᓎጄൎǴӧԜࣁБڗߡѦ፦ୖኧϩǴ٬߾Ҕ

50GHzǶ 

 

კ2.6ࣁ႔่ཱུᄬHEMTϷMOS-HEMTϡҹ่ᄬǴࡌ܌ᄬр

႔ཱུ-ཱུؕୁᆶ႔ཱུ-ྍཱུୁǴቚܭRFϡҹኳࠠਏႝၡკǴϩձޑ

Cgd,oxϷCgs,oxՍᖄႝǴаϷཱུؕ-ྍཱུୁቚCds,ox٠ᖄႝǴ٠ӧ

50GHzޑచҹΠǴගٮSୖ ኧؼӳޑϰଛǶკ2.7ࣁওკǴаΠௗុ

ϟಏଯᓎғਏᔈǶ 

 

2-2-1 ғႝགғႝགғႝགғႝག ( LssssǵǵǵǵLgǵǵǵǵLd ) 

  ғႝགႝࢂޑࡰၡኳಔޑѦႝགǴځύх֖Α႔ཱུႝག Lgǵ

ཱུؕႝག Ldǵྍཱུႝག LsǴ೭٤ႝགࢂҗϡҹ߄य़ߎޑឦௗ܌Їଆ

ࠠڂǶޑΟঁႝགύനεࢂǴ႔ཱུႝགதقอ೯ၰϡҹԶܭǶჹޑ

႔ཱུႝགޑ Lgႝཱུྍکག Ldεऊࢂ 5 ډ 10pHǴԿႝཱུྍܭག Ls೯

தКၨλǴεऊ 1pHǶନΑғᏤጕႝགکғ࠾းႝགϐѦǴ೭٤

ႝགޑӸӧΨૈӧ࠾းϡҹޑঁႝၡኳಔΠှញǶӧӭኧٯޑη

ύǴᏤጕႝགεऊӧ 0.1~0.3pHǴܭϡҹޑғ՞Αख़ाޑӦՏǶ 
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2-2-2 ғႝߔғႝߔғႝߔғႝߔ ( RsǵǵǵǵRgǵǵǵǵRd ) 

  ғႝߔRsǴRgǴRd Ψх֖ӧႝၡኳಔޑѦǶᙖҗኻۅௗ

RsߔЬ೯ၰǴёаှញྍཱུғႝޑԋ܌ߔ୷݈ႝکߔௗႝޑ

႔ཱུᑵ୷ܭҗࢂ߾ғౢޑRgߔӸӧǴԶ႔ཱུႝޑRdߔғႝཱུؕک

ௗߎޑឦႝ܌ߔԋǶԜΟғႝߔႝޑߔॶεऊࣁኧኻۅǶᗨ

ฅໆෳྍཱུғႝߔRs ཱུؕکғႝߔRdኧॶਔǴᡉҢځғႝߔᆶ

ୃᓸౣԖ࣬ᜢǴՠӧεૻဦኳಔΠۓߥࢂ߾ॶޑǴԶεૻဦኳಔ

ёவѱय़ޑኳᔕᏔᕇளǶฅԶǴᆒྗޑኳಔᔈ၀Եቾୃځᓸ࣬ᜢ

ໆෳǴࢬޔॶёவߔᓸਔǶғႝୃܭኧॶᝄख़࣬٩ځࢂǴձ܄

ௗ٬ҔSୖޔࢂ܈ ኧीрٰǶځύΞа٫ࣁޣࡕǴҗࢂܭவೀୃܭ

ᓸᗺࠠڂޑଯᓎၗύीᆉߔႝځॶǴ܌аёڗளၨᆒዴޑኧॶǶ 

 

2-2-3 პႝპႝპႝპႝ ( CpdǵǵǵǵCpg )     

                ԜᜪႝΨх֖ӧႝၡኳಔޑѦǶპႝٰԾߎܭឦპ໔

ಔ܌ႝޑࡕङހъ๊ጔ୷کҬΰႝޑឦጕߎҗࢂᚇණႝǴޑ

ԋǴځύъ๊ጔ୷݈ޑङय़தೱௗྍཱུᆄǴԶ୷ႝހ೯தКҬ

ΰႝεǶӧႝၡኳಔύǴਔதх֖ޑპႝࣁ: Cpg Ϸ CpdǶCpg

ǹCpdႝޑ႔ཱུᆶྍཱུპϐ໔ࡰࢂ ႝޑᆶྍཱུპϐ໔ཱུؕࡰࢂ
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Ǵޑࠠڂ Cpgᆶ Cpdεऊӧ൳Μ fFǶპႝёவ҂х֖Ьϡҹ

ௗவ٬Ҕޔ܈ਸᄬޑ SୖኧБݤीрٰǶ 

 

2-2-4 ҁ፦ႝҁ፦ႝҁ፦ႝҁ፦ႝ ( CgsǵǵǵǵCgdǵǵǵǵCds ) 

  ႝ Cgs Ϸ Cgd ࢂஒޜЮႝύׯޑᡂբࣁኳ ǴࠠԶځϩձᆶ

႔ཱུ-ྍཱུᆶ႔ཱུ-ཱུؕႝᓸԖᜢǶӧܫޑࠠڂεᏔ܈ᕏᏔୃᓸݩރ

ΠǴҗܭаޜЮႝޑᡂϯբࣁኳಔǴу႔ཱུ-ྍཱུႝᓸᡂ܌

ԋޜЮႝϐᡂϯǴ႔ཱུ-ྍཱུႝ Cgs೯தԖၨεޑॶǶӧ҅த

ΠǴᗨฅݩᓸୃޑ CgdК Cgs࣬ჹλӭǴՠࢂࠅځటளډᆒྗ S

ୖኧໆෳޑᜢᗖǶཱུؕ-ྍཱུႝ Cds х֖ӧਏႝၡ္ࣁࢂΑᇥܴ

ྍཱུᆶཱུؕႝཱུϐ໔ޑ൳ՖႝਏᔈǶCds தόᇡࢂࣁҗୃᓸ࣬

ᜢ܌܄ЇଆǴΏࢂӢࣁϡҹኳಔޑচࡺǶӧ҅தܫޑεᏔୃᓸݩރ

ΠǴޑࠠڂ Cgsॶεऊࢂ 1 pF/mmǶԶ Cgdᆶ Cgsεऊࢂ CgsޑΜϩϐ

ǶԶӢჹᆀޑ܄ᜢ߯Ǵ Vds = 0 VਔǴCgsک Cgd൳Я࣬ӕǶ 

 

2-2-5 ᙯᏤᙯᏤᙯᏤᙯᏤ ( gm ) 

ᙯᏤёаගٮଯႝηᎂ౽ႝᡏޑቚᐒڋǶᙯᏤ gm ᒡрࢂ

ࢬႝ Ids ᆶϣᒡΕႝᓸ Vgs ࢬύᒡрႝځКॶǴޑᡂϯޣٿ Ids ࡰࢂ

җཱུؕࢬӛྍཱུࢬႝޑǴϣᒡΕႝᓸ Vgsࡰࢂ߾ᐉၠӧ႔ཱུ-ྍཱུௗ
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I
dsg

m V
gs

∂
=

∂

य़ႝޑᓸǶඤقϐǴϡҹޑᙯᏤ gm ۓကཱུؕࣁ-ྍཱུႝᓸ Vds ᆢ

ॶਔۓ Ids - Vgs܄Ԕጕޑ௹ǶځኧᏢ߄ޑҢԄӵΠ܌ҢǺ 

 
(2.2) 

 

  ჹ༾ݢᆶడԯݢᔈҔٰᇥǴϡҹޑᙯᏤࢂϡҹࠔ፦നख़ाࡰޑ

ϐǶځд࣬܄ӕਔǴଯᙯᏤޑϡҹஒёගٮϡҹ׳εޑቚک

 ଯᓎՉਏǶޑ٫׳

 

2-2-6 ᒡрႝߔᒡрႝߔᒡрႝߔᒡрႝߔ ( Rds ) 

ᒡрႝߔ Rdsཱུؕࢂޑࡰᆶྍཱུϐ໔ޑቚॶႝߔǴԶаځॹኧᒡ

рႝᏤ gdsٰှញ٫׳ǴᒡрႝᏤ gdsࢂᒡрႝࢬ Idsᆶᒡрႝᓸ Vdsႝ

ᓸޣٿჹᔈᡂϯޑКॶǶӢԜǴѬёۓကࣁ႔ཱུ-ྍཱུႝᓸᆢۓ

ॶਔǴIds-Vds܄Ԕጕޑ௹ǶᒡрႝᏤکᒡрႝߔӧኧᏢ߄ҢԄࣁǺ 

 
 

(2.3) 
 

    ϡҹޑᒡрႝᏤӧᜪКޑᔈҔࢂঁ࣬ख़ाޑ܄Ƕځӧෳ

ޑՅǴЪჹෳໆന٫فޑᄽ࣬ख़ाתനεႝᓸቚύǴޑϡҹۓ

ᒡрϰଛచҹ࣬ࢂख़ाޑǴԶقǴךॺයࡑϡҹᏱԖեᒡр

ႝᏤ܄Ƕ 

 

1
gs

ds
ds V constant

ds ds

I
g

R V =
∂= =
∂



 ᆶϡҹኳࠠှڗъᏤᡏଯႝηᎂ౽ႝᡏϐଯᓎୖኧނԖόӕ႔่ཱུᄬϯӝڀ

xiv 
ҘεᏢᏢғൔ ePaper(2013ԃ) 

 

2-2-7 ᙯᏤۯᒨᙯᏤۯᒨᙯᏤۯᒨᙯᏤۯᒨ ( τ ) 

җܭᙯᏤόૈջਔӣᔈჹ႔ཱུ-ྍཱུႝᓸׯޑᡂǴࣁԜᙯᏤۯᒨ

Ҕаඔॊᇙำҁ܌يӸӧۯޑᒨǶჴሞǴӧ႔ཱུႝᓸᡂࡕǴႝ

ख़ཥϩଛ܌ሡाޑਔ໔ջᙯᏤۯᒨǶޑࠠڂᙯᏤۯᒨ τ ॶεऊࢂ 1 

psǴԶவނࡋفޑԶقǴᙯᏤۯᒨႣीᒿ႔ཱུޑࡋߏᕭλԶ෧

อǶ 

 

2-2-8 кႝႝߔкႝႝߔкႝႝߔкႝႝߔ ( Ri ) 

  ᗨฅкႝႝߔ Ri ж߄ӧ႔ཱུۭΠྍཱུᆶ೯ၰϐ໔ޑϣႝ

๓ჹׯӸӧЬाҔٰځǴՠߔ S11ޑϰଛǶჹܭεӭኧϡҹԶقǴк

ߔႝႝ RiޑӸӧىаϰଛ S11ޑჴǶӢԜջ٬ RiࡐᜤளډǴՠނځ

ޑख़ाࢂ܄คனᅪޑǶ 
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ಃಃಃಃ 3 കകകക        ଯᓎୖኧڗଯᓎୖኧڗଯᓎୖኧڗଯᓎୖኧڗ 

3-1 ϟಏϟಏϟಏϟಏ 

  ڗਏႝᡏኳࠠޑӚୖኧǴਥᏵ٬܌ҔޑኳࠠϷቻϯޑ

БݤԶԖӭБݤёа٬ҔǶҁകஒፕ٬Ҕ S ୖኧໆෳᏤрӚ

ୖኧ໔ϐኧᏢᜢ߯Ƕ 

 

3-1-1 ༝ໆෳ༝ໆෳ༝ໆෳ༝ໆෳ  

  ଞჹъᏤᡏϡҹՉଯᓎໆෳޑБݤёаϩࣁෳ၂֨ݤڀ(Test 

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

ᅿӚԖځᓬલᗺǶ  

(1)ෳ၂֨ݤڀǺ 

ԜБࣁݤၨԐය܌วޑໆෳБԄǴ၀ໆෳݤёଞჹς࠾း܈

ۘ҂࠾းࡑޑෳϡҹ(Device Under Test, DUT)ՉໆෳǶऩటаԜ

Бݤໆෳۘ҂хးϐϡҹǴ२ӃѸע҂хးޑТ(Chip-Form)

ϐǴ٠ճҔѺጕ(Bonding Wire)ೱௗ(Carrier Assembly)ڀӧၩۓڰ

ϡҹϐߎឦௗᗺ(Metal Pad)کၩڀޑ༾Ꮴጕ(Microstrip Line)Ǵ

ฅࡕஒၩڀܭ MidsectionǴӆעԜ Midsection֨ӧςӳਠ
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ᜢ߯კځໆෳǴޑݤڀǴӵԜջёՉෳ၂֨ڀෳ၂֨ޑ҅ 3.1Ƕ

Զऩࢂໆෳςхးӳޑଯᓎϡҹ߾ёޔௗஒ၀ϡҹܭޑ

MidsectionǴӆעԜ Midsection֨ӧςӳਠ҅ޑෳ၂֨ڀ

ޑࡕрϡҹхးࢀՉໆෳǴૈϸࡕໆෳǶၸϡҹϪപЪхးࡕ

നಖ܄ǴӵԜٰǴ٬Ҕ၀ϡҹႝޑၡीޣջёᕇளхးࡕന

ዴϪޑϡҹ܄ၗૻǶՠࠅΨӢࣁѸעϡҹϪപЪхးࡕωૈ

ՉໆෳǴ܌а٬ϡҹ࠾းޑচۈჴ࠾ډڙ܄း܌ሡޑѺጕϷ

ׯϡҹǵᇙำीϷܭऩυғਏᔈቹៜԶѨǶӢԜǴჹڀ֨

Ǵ্֫Αϡ܄ۈჴྗዴӦඓඝϡҹচݤǴஒคقϐπำৣԶؼ

ҹᇙำؼׯޑϷ܄ගϲǶฅԶǴໆෳ҂хးޑТᗨฅёаխ

ѐय़௶ॊޑલᗺǴՠ܌ࢂሡޑѺጕࢂ߾ᕷᚇπբǴԶЪϝሡा

ќѦीჴᡍБ܈ݤаኧᏢၮᆉѐନ܌ሡѺጕޑғਏᔈǶ 

  

(2) ༝ભໆෳݤǺ  

ᔈၮԶғǴߡݤલᗺǴ༝ભໆෳޑݤໆෳڀΑլܺෳ၂֨ࣁ    

ЪςВᅌԋዕϷදၹǶԜݤЬा٬ࢂҔӅѳय़ଞ(Coplanar Probes)

ٰՉໆෳǴځёӧϡҹᇙำՉύ܈ࢤᇙำ่״ǵ࠾း٬ҔǶ

ᙖҗԜБૈݤᕇளϡҹ࠾းޑচۈჴ܄Ǵᗉխ࠾းғਏᔈ

׳ԖڀǴӕਔҭ܄ёՉޑؼׯϷᇙำ܄ቹៜǴԖਏගଯΑϡҹޑ
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ଯޑਔਏ܄ǴЪ׳࣪࠾း܌ሡޑԋҁǶԜѦǴКၨԜໆෳБԄᆶ

ෳ၂֨ݤڀǴၮҔ༝ભໆෳݤϐϡҹচۈ܄ၨόܰځࣁѬғ

ϡҹᇂǴՠځໆෳ่݀ޑख़ፄ܄ၨܰڙᏹբΓϐዕግ܌ࡋቹ

ៜǴҭคޔݤௗໆෳϡҹ࠾းޑࡕݩރ܄Ƕ 

 

3-1-2 ୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥୖኧໆෳᆶኳࠠࡌҥ  

চӃӧեᓎਔޑᚈߑᆛၡࢂҗ yǵzǵh ୖኧٰ߄ҢǴՠπբᓎ

ຬၸ 100 MHz ጕࠠޑᆛၡǴyǵzǵh ୖኧςόҔǴЬाচӢ

อၡ(short)ࢂ܈ᘐၡ(open)ࣁԜᜪୖኧໆෳၸำύǴѸஒᆄᗺբࢂ

ךǶӢԜۓᜤᘐࡐอၡکᘐၡޑଯਔǴႝၡჴሞࡐೀǴՠᓎޑ

ॺ٬ߡҔ Sୖኧٰໆෳϡҹޑଯᓎ܄Ƕ 

 

3-1-3  Sୖኧໆෳୖݤኧໆෳୖݤኧໆෳୖݤኧໆෳݤ  

ႝηႝၡᏹբӧଯᓎޑݩΠਔǴ၀ᓎ܌ჹᔈکߏݢޑჴሞ

ႝηႝၡނޑЁκ࣬ၨϐΠᡂλӭǴӢԜǴӧեᓎਔதҔٰඔॊ

ႝၡᗺႝޑ܄ᓸޑࢬႝکᢀߡۺᅌόҔǴԜਔႝޑၡ܄Ҕ

ණࣁݤҢ߄ޑډύനத٬ҔځуӝǴ׳Ңஒ߄ٰۺᢀޑໆૈ܈ݢ

ୖኧǴΞᆀࣁ S ୖኧǴЬाࢂ௦ҔΕݢ (incident)ǵݢ

(transmission)ǵکϸݢ(reflection)ޑᢀ߄ٰۺҢǴճҔΕݢѺډ
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 ҢǶ܌ Ǵӵკ 3.2܄ݢଯᓎ༾ޑނෳࡑ

 

  ໆෳ S ୖኧ܌ሡسޑࢎᄬǴനࣁதޑـᓎጄൎёၲ 20 

܈ 50GHzǴԜسࢎᄬЬाх֖Ǻ 

(1) Network AnalyzerǺҔٰໆෳ၀ᚈߑᆛၡ(DUT)ޑ Sୖኧ܄Ǵ

٠ճҔਠ҅߯ኧǴஒ၀ໆෳسୖޑԵѳय़౽Կ߈ DUT ೀǴ

аᕇள٠ϩϡҹޑଯᓎ܄Ƕ 

(2) Synthesized SweeperǺҔٰගٮᓎߞဦྍǶ  

(3) Test SetǺගٮᚈߑᆛၡ(Port-1ک Port-2)זೲϪඤૈΚǴ٬ளך

ॺૈࡐБߡӦෳໆჹܭඔॊᚈߑᆛၡ܌ሡϐѤঁ SୖኧǶ  

(4) DC Bias SuppliesǺҔٰගࡑٮෳϡҹୃࢬޔޑᓸྗՏǴ٠ໆෳ

  ဦៜᔈǶૻࢬޔ

ӧᒧΑޑໆෳБԄǴ٠ֹԋਠ҅ำׇϐࡕǴջஒࡑෳϡҹ

ௗډ Sୖኧໆෳس 50ohmޑᚈߑϐ໔Ƕໆ ෳ SୖኧਔǶૻ ဦҗ DUT

ޑ Port-1ΕǴPort-2 terminateǴԜਔ܌ໆޑډϸϷᒡфКջ

ϩձࣁ S11ک S21Ƕᙖҗ Test SetޑϪඤфૈǴૻဦҗ DUT ޑ Port-2 

ΕǴPort-1 terminateǴख़ፄϐޑໆෳǴԜਔໆޑډϸϷᒡф

КǴջϩձࣁ S22ک S12Ƕᙖҗளޑډ S11ǵS21ǵS22 ک S12Ѥঁ S 

ୖኧ܄Ǵջёаளډϡҹޑଯᓎ٠܄ޑϩǶ 
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ӧϩ༾ႝݢၡਔǴλૻဦਏႝၡᢀۺჹϡҹޑ܄ϩΜϩ

ԖᔅշǶ೯தճҔന٫ϯਏႝၡύϐϡҹୖኧॶǴ٬λૻဦਏႝ

ၡ߄܌рٰޑ S ॶᆶჴሞໆෳϡҹޑ S ॶ࣬ௗ߈ǶฅԶǴҞ

ԜᡯϝӸӧӵΠॊϐલᗺǺ 

(1) ሡाྗዴໆෳޑቨᓎ SୖኧးǶ 

(2) ႝၡύന٫ϡҹॶᒿന٫ϯБݤᆶۈ߃ॶԶԖׯ܌ᡂǶ  

ႣෳॶǴӵǺ႔ཱུޑ٤ୖኧࢌ఼ကǴਏႝၡሡाނڀځ٬ (3)

 ǵႝགǶߔႝ

سॺᒧ༝ଯᓎෳךΑլܺа೭٤֚ᜤǴࣁ  

(Wafer-Probing System)ޑБݤǴځёזೲ٠ЪᆒዴӦໆෳਏႝၡύ

ϡҹޑҁ፦ᆶѦ፦ϐॶǴаᕇڗᆶႝᡏᇙำ࣬ᜢୖኧǴԶЪୖኧ

 εᓬᗺǶࣁሺ(Network Analyzer)ջёǴҭϩѝሡᆛၡϩڗ

 

3-2 ӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯӚᅿୃᓸచҹΠኳࠠϐБำԄϯ [8]- [10] 

  Dambrine et al. ว߄ΑᅿسϯЪזೲޑБݤǴёҔٰڗ

ਏႝᡏޑλૻဦਏႝၡǴԜБޔݤௗ،܌ۓԖޑғϡҹǴځύ

Ψх֖ΑპႝǶғϡҹёӧ႔ཱུୃЪཱུؕ-ྍཱུႝᓸ Vdsࣁ႟

ਔ܌ໆෳϐ SୖኧٰीᆉǴპႝ߾ёҗ႔ཱུୃᓸե֨ܭЗႝᓸЪ

ཱུؕ-ྍཱུႝᓸ Vdsࣁ႟ਔ܌ໆෳϐ Sୖኧ،ۓǶޕၰ೭٤ғϡҹޑ
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ኧॶǴߡёаၸᙁൂંޑତၮᆉ౽ନғਏᔈǴа،ۓҁ፦λૻဦ

ୖኧǶԜБݤх֖Α٤ޑଷǴа܌ܭߡԖୖኧૈவեᓎ

ߔϷྍཱུႝཱུؕޑрٰǶԜѦǴғڗኧᏵޑډໆෳ܌ RdsǴёҗ

႔ཱུୃਔໆෳޑኧᏵ،ۓǶ 

 

3-3 ҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧڗڗڗ[15] -[11] ڗ 

კ ޑکႫܭᓸୃـதࣁ3.3 HEMT ኳ Ǵࠠځύϩϡҹஒё

ӧϐޑࡕϩύ۹ౣǶԜ HEMT ኳࠠёϩࣁѦ፦ᆶҁ፦ঁٿ

ҽǶѦ፦ୖኧҽх֖Α܌ԖѦ፦ୖኧϡҹǺპႝ Cpgǵ

პႝ Cpdǵ႔ཱུғႝߔ Rgǵཱུؕғႝߔ Rdǵྍཱུғႝߔ Rsǵ

႔ཱུғႝག Lgǵཱུؕғႝག LdϷྍཱུғႝག LsǶҁ፦ୖኧ

ҽх֖Α܌Ԗҁ፦ϡҹǺ႔ཱུ-ྍཱུҁ፦ႝ Cgsǵཱུؕ-ྍཱུҁ፦ႝ

Cdsǵ႔ཱུ-ཱུؕҁ፦ႝ CgdǵᙯᏤ gmǵᒡрႝߔ RdsǵᙯᏤۯᒨ τϷ

кႝႝߔ RiǶ 

 

ڗၸำޑЬाཷۺǴςၮҔܭӭزࣴޑǴၸໆෳ౽ନ

Ѧ፦ϡҹޑҽǴനࡕ੮Πҁ፦ϩޑ Y ୖኧǶҗܭҁ፦ϩև

PI ಔᄊǴӢԜޑᄬࢎ Y ୖኧࣁനБ٬ߡҔୖޑኧǶԶ٬Ҕ Y ୖኧ߄

Ңݤҭё٬ϩϷीᆉҁ፦ϩϐϡҹୖኧ׳уБߡǶკ 3.4 ࣁ

ঁΟ୵ᆛၡϐ Y ୖኧ ߄ҢǴځύ୵ࣁᒡΕϷᒡрϐӅኳᗺ(ྍ
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ཱུ)Ƕ 

 
 
 
 

    კ 3.4ύ Y11Ϸ Y22ж٠߄ᖄᏤયǴԶ Y12Ϸ Y21߄Ңᓸႝࢬ Ƕྍ

җკёளаΠҔٰ߄Ң Y ୖኧᆛၡϐБำԄǺ 

 
 (3.1) 

 
 

 (3.2) 

  ճҔอၡໆෳёҔٰ،ۓБำԄύϐӚ Y ୖኧǴӵԄ(3.3)ډ

               ҢǺ܌(3.6)

(3.3)  
 
 

(3.4) 
 
 
 

(3.5) 
 
 

(3.6) 
 

Ҟനख़ाࢂޑஒҁ፦ޑ HEMT ਏႝၡኳࠠᙯඤࣁ Y ୖኧኳ

ࠠǶ२ӃךॺஒᒡΕᆄอၡǴࡼ٠уႝᓸ V2 Ϸྍཱུϐ໔Ƕཱུؕܭ

җܭᒡΕᆄอၡǴ٬ள႔ཱུ-ྍཱུႝ CgsϷкႝႝߔ RiޑՍᖄಔӝ

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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ၡ(Bypass)Ǵ႔ཱུ-ྍཱུႝ Cgsٿᆄϐၠᓸࣁ႟Ǵࡺᓸႝྍࢬϐ

ॶҭࣁ႟Ƕკ 3.5ࣁᒡΕᆄอၡࡕϐႝၡǶҗკёޕ Y12ޑॶёҗ(3.7)

ԄԶளǶ 

 
 (3.7) 

 

  ௗ Y22ҭёҗӕኬႝၡीᆉԶளǴӵკ 3.6܌ҢǴࡼуႝᓸ

V2Ǵ٠ໆෳᒡΕႝࢬ i2Ǵёள Y22ӵ(3.8)܌ҢǶ 

 

 
 (3.8) 

 
 

ӵკ 3.7܌ҢǴஒ V2อၡǴࡼ٠уႝᓸ V1ܭ႔ཱུᆶྍཱུ໔Ǵ

ໆෳ i2ޑॶǴջё،ۓ Y21Ǵӵ(3.9)ԄǶ 

 
 (3.9) 

 
 

Y11ёҗკ 3.8ϐႝၡǴໆෳᒡΕႝࢬ i1ԶளǴӵԄ(3.10)܌ҢǶ 

 
 

 

(3.10) 

 

 

    ճҔᚈߑᆛၡፕᏤрޑҁ፦ϩޑ y ୖኧӵԄ(3.7)ǵ(3.8)ǵ

(3.9)ǵ(3.10)Ǻ 

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

ds

y  = j C
12 gd

ɡ ̭

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 
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ܭեᚇૻϡҹǴӧᓎλࠠڂ   5GHzਔǴ1+w2Ri
2Cgs

2 ᖿܭ߈ 1Ǵ

 ǺࣁԄηᙁϯ߾

 (3.11) 

 

 

 

 

(3.12) 

 

 

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 gd

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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(3.13) 

 

 

 

(3.14) 
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  ӧҁύǴҁ፦ HEMT ϡҹϐ Y ୖኧςҗอၡႝၡளǶԶѤ

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

 ޑҁ፦ۓ،ӵՖவჴᡍኧᏵǴܭᚒӧୢޑҢǴӢԜഭΠ߄Ԅኧڄ

Y ୖኧॶǶӢԜഭΠୢޑᚒӧܭӵՖவჴᡍኧᏵǴ،ۓҁ፦ޑ Y ୖ

ኧॶǶӧаΠޑᏤၸำύǴଷӧόӕୃᓸᗺΠǴ܌ԖғϡҹϷ

პႝёၸځдኧᏢޑၮᆉԶளǶ 

 

კ  ำǶࢬϡҹҁ፦ Y ୖኧંତϐڗࣁ 3.9

(a) ໆෳѦ፦ϡҹϐ SୖኧǶ  

(b) ஒ Sୖኧᙯඤࣁ Z ୖኧǴ٠ԌନՍᖄϡҹ႔ཱུႝག LsϷཱུؕ  

ႝག LdǶ  

(c) ஒ Z ୖኧᙯඤࣁ Y ୖኧǴ٠Ԍନ٠ᖄϡҹ႔ཱུპႝ Cpg 

Ϸཱུؕპႝ CpdǶ 

(d) ӆஒ Y ୖኧᙯඤӣ Z ୖኧǴ٠ԌନՍᖄϡҹ႔ཱུғႝߔ 

Rgǵྍཱུғႝߔ Rsǵྍཱུႝག LsϷཱུؕғႝߔ RdǶ  

(e) ஒ Z ୖኧᙯඤӣ Y ୖኧǶ 

 

  ၸკ 3.9ϐࢬำǴऩѦ፦ϡҹςޕǴҁ፦Ꮴયંତёҗᙁൂં

ତၮᆉளǶԜѦӧҁύǴςၸอၡႝၡԶளҁ፦ HEMT ϡ

ҹϐ Y ୖኧǴځѤಔ Y ୖኧ߄Ңࣁҁ፦ਏႝၡϡҹ႔ཱུ-ྍཱུႝ
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 Cgsǵкႝႝߔ RiǵᙯᏤ gmǵᙯᏤۯᒨ τǵ႔ཱུ-ཱུؕႝ Cgdǵᒡ

рႝߔ RdsϷཱུؕ-ྍཱུႝ CdsϐڄኧǶӧΠǴғႝགϷႝߔ

ஒၸ Z ୖኧᙯඤуΕԵቾǶ 

 

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

3-4-1 HEMT ӧ֨Зޑᙁϯኳࠠӧ֨Зޑᙁϯኳࠠӧ֨Зޑᙁϯኳࠠӧ֨Зޑᙁϯኳࠠ 

  ӧҁǴךॺගрΑঁHEMTϐ႔ཱུ-ྍཱུႝᓸե܈ܭ֨ܭ

ЗႝᓸǴЪཱུؕ-ྍཱུႝᓸܭ႟ਔǴܰܭϩޑHEMTኳࠠǶ೭ঁኳ

ࠠҁ࣬يᙁϯǴЪڀԖଯޑࡋჹᆀ܄ǴΨӢԜ٬ளϩࣁ׳ܰǶ

ӧ֨ЗႝᓸΠǴ೯ၰᜢഈǴӢԜӧཱུؕᆶྍཱུ໔ڀԖଯߔॶǴӢԜӧ

ཱུؕᆶྍཱུ໔ޑЬाϡҹཱུؕࣁ-ྍཱུႝCdsǶҗܭคႝࢬҗཱུؕࢬ

ӛྍཱུǴӢԜᙯᏤܭ႟Ƕӧ֨ЗႝᓸΠǴ႔ཱུ-ྍཱུௗय़Ϸ႔ཱུ-ؕ

ཱུௗय़ࣣࣁமਗ਼ୃރޑᄊǴᏤठ႔ཱུ-ྍཱུႝCgsϷ႔ཱུ-ཱུؕႝ

Cgd ஒߚதλǴӢԜкႝႝߔRiϷᒡрႝߔRdsࣣё۹ౣǶკ3.10

 ႟ਔϐHEMTᙁϯኳࠠǶܭӧ֨ЗႝᓸΠǴVdsࣁ

  ԜѦǴ႔ཱུ-ྍཱུႝᓸVdsܭ႟ਔǴҗܭϡҹ่ᄬࣁჹᆀޑǴ

ӢԜ႔ཱུ-ྍཱུႝCgsᆶཱུؕ-ྍཱུႝCds ࣬Ǵ೭ঁଷஒҔٰी

ᆉ٤ࢌѦ፦ϡҹǶ೭ঁӧ֨ЗႝᓸΠޑᙁϯHEMT ኳࠠ೯தҔٰ

ीᆉ႔ཱུპႝCpgϷཱུؕპႝCpdǶ 
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3-4-2 პႝპႝპႝპႝ [17] 

  ཱུؕ-ྍཱུୃᓸࣁ႟ǴЪӧ႔ཱུႝᓸե֨ܭЗႝᓸਔǴӧ႔ཱུ

ΠБϐҁ፦ႝஒёаѐǶӢԜǴ႔ཱུ-ྍཱུႝϷ႔ཱུ-ཱུؕႝ

Ьाҗ႔ཱུٿय़ޜЮቫᘉණౢ܌ғޑᜐሞႝ (fringing 

-Capacitance)ԋǴࡺԜႝঁٿᔈ၀࣬Ǻ 

 
(3.15) 

 

Ԗႝ܌ޑԜኳࠠܭኧǶԜѦǴҗୖޑᜐሞႝ߄жࣁύCfځ  

ᆶғႝߔғႝޑԖ܌ኧGHzᓎΠ(e.g.5GHz)ǴܭதλǴӧեߚ

གჹ Y ୖኧޑϩόౢғቹៜǶӢԜǴ౽ନғႝߔᆶႝ

གǴࣁӝ߈ޑ՟ኳࠠǶӵკ3.11 ܌ҢǶ 

 

  җკ 3.11ϐਏႝၡǴё،ځۓ Y ୖኧϐБำԄӵΠǺ 

 
 (3.16) 

 
 

 (3.17) 
 
 

 (3.18) 
 

  җ(3.16)ך(3.18)ډॺёளპႝCpgǵCpdϷᜐሞႝCfǶ 

 
 

C = C = C
gs gd f

y11= jw C  + 2C  
pg f

 
 
 

y = y =  jwC
12 21 f

－

y = jw C +C
22 f pd
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3-4-3 Ѧ፦ႝགϷႝߔѦ፦ႝགϷႝߔѦ፦ႝགϷႝߔѦ፦ႝགϷႝ[20]-[18] ߔ 

პႝCpgǵCpdϷғႝё۹ౣǴӢԜѦ፦ޑZୖኧѝा

ஒҁ፦ZୖኧуྍཱུғႝߔRsǵཱུؕғႝߔRdǵ႔ཱུғႝߔ

RgϷ႔ཱུႝགLgǵྍཱུႝགLsǵཱུؕႝགLdջё،ۓǴךࡺॺёளǺ 

 
(3.19) 

 
 

 (3.20) 
 
 

 (3.21) 
 

җॊ߄ҢԄёޕǴZୖኧޑᒿᓎϲևጕ܄ቚуǴԶჴ

߾ᆶᓎคᜢǶ 

ԜѦǴࣁᙁϯीᆉࢬำǴRcϷ
nkT

qI
g

ёଷࣁ႟ǴӢԜёҗZ12ϐ

ளႝཱུྍډགLsǹҗZ11ϐளډ႔ཱུႝགLgǹҗZ22ϐள

ϩǴΨёҗZ12ϐளྍཱུғႝߔགLd ǶԶғႝႝཱུؕډ

RgǹҗZ22ϐளཱུؕғႝߔRsǹҗZ11ள႔ཱུғႝߔ

 Rd Ƕߔ

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        ჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕ 

4-1 ୷ҁ୷ҁ୷ҁ୷ҁࢬޔࢬޔ܄ࢬޔ܄ࢬޔ܄܄ 

  ႔ཱུय़ᑈࣁ 1.2 × 100 µm2Ǵྍཱཱུུؕک໔ޑຯᚆࣁ 7 µmǶ܌Ԗ

ϡҹ٬Ҕ KEITHLEY 4200 ໆෳǶ 

 

 ܄ᓸႝ܄ᓸႝ܄ᓸႝ܄ᓸႝ-ࢬႝࢬႝࢬႝࢬႝ 4-1-1    

კ 4.1Ϸ 4.2ϩ ձ ᡉ Ң р ӧ ࠻ ྕ 300KΠ Ǵ   HEMT Ϸ 

MOS-HEMT ޑӅྍཱུࢬႝཱུؕޑ(IDS)-ྍཱུႝᓸ(VDS)܄ԔጕკǶ

നε႔ཱུ-ྍཱུႝᓸ(VGS)уୃᓸ1ܭV2-ډVϐ໔ǶѦуୃᓸᡂϯ൯

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

֨کࡋೲکႫޑӳؼКၨǶᡉฅӦǴMOS-HEMT ᡉҢΑ܄ࢬႝ

З܄Ƕ 
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4-1-2 ѦѦѦѦ፦፦፦፦ᙯᏤ܄ᙯᏤ܄ᙯᏤ܄ᙯᏤ܄ 

        კ 4.4ǵ4.5ύϩձᡉҢǴ HEMT Ϸ MOS-HEMT ӧVDS = 3 

V ਔǴѦ፦ᙯᏤ(gm)аϷႫӝཱུؕႝࢬ(IDS)ޣٿჹVGSޑᜢ߯ǴԶკ 

 კᆕӝଆٰКၨǶٿஒ߾4.6

 

 Ԗ႔่ཱུᄬᆶMOS-HEMTϐIDSǴgmǴGVS ϷVthڀ 4.1߄

 

߄ 4.1 ύᡉҢႫӝཱུؕ ࢬႝཱུྍ- (Idss)کനεႫࢬႝཱུؕک

(Id,max)ǶךॺёаܴࡐᡉӦ࣮р MOS-HEMT ޑ gm ॶεܭ

HEMTǶӢ߄ࣁय़ރᄊޑΠफ़ǴMOS-HEMTԖၨଯࢬႝޑஏࡋǶ 

ԜѦǴךॺаനεѦॶᙯᏤΠफ़ԭϩϐΜޑॶۓက႔ཱུႝᓸᘍ

(GVS)کጕ܄ IDSᏹբǶ࣬ ၨܭ HEMT ޑ 1VǴMOS-HEMTޑ GVS

Samples Conventional MOS-HEMT  

Idss0 (mA/mm) 172 254.7 

Id,max (mA/mm) 374.6 387 

gm,max (mS/mm) 178.5 194.4 

GVS (V) 1 1.2 

Vth (V) -1.1 -1.5 
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ࣁ 1.2VǶӢԜ٬Ҕᚈ਼Н໌ϯ AlGaAs߄ޑय़ૈԖਏׯ๓ IDSS0 , ID,max , 

gm,maxϷ GVSǶ 

՟߈႟ǴϦԄёࣁࡋஏࢬကΑᖏࣚႝᓸϦԄǴଷཱུؕႝۓॺך

 Ǻ[21]ܭ

 
(4.1) 

 

ύځ   ΦB ࢂ႔ཱུᑵ୷ምᛖଯࡋǴ ∆EC ࢂᑵ୷ቫᆶ InxGa1-xAs

೯ၰ໔ޑᏤόೱុǴԶ (d+∆d) ࢂ႔ཱུᆶ 2DEG ᐚࡋϐ໔ޑԖ

ਏຯᚆǶ߄ 4.1ύӈрΑޑޣٿᖏࣚႝᓸǴܴࡐᡉӦǴޑᖏࣚႝ

ᓸॶК MOS-HEMTλǶ໌ϯ܄፦ԖၨεޜޑЮǴૌ਼Нೀ

 ǶࡋΒᆢႝηᐚޑᑵ୷ቫᆶ೯ၰቫϟय़ೀܭΑՏڋ

 

4-1-3 ႔႔႔႔-ཱུؕٿᆄႝٿཱུؕࢬᆄႝٿཱུؕࢬᆄႝٿཱུؕࢬᆄႝࢬ-ႝᓸႝ܄ᓸႝ܄ᓸႝ܄ᓸ܄ 

    კ4.7ύё࣮ډǴӧྕ࠻Πᆶ MOS-HEMT ٿޑᆄ႔ཱུ-ཱུؕ

ውႝᓸ(BVGD) کୃᏤ೯ႝᓸ(Von)ޑᜢ߯Ƕךॺۓကٿᆄውႝ

ᓸࣁ               ਔޑVGDǶ  

 

߄   4.2ύǴ MOS-HEMT ޑ႔ཱུ-ཱུؕውႝᓸᓬܭ HEMTǴ

ࡋውႝᓸᆶᑵ୷ૈምଯܭǶҗࡋᑵ୷ૈምଯޑᏱԖၨଯࣁӢࢂ

∆E n (d + ∆d)φ
c 2DEGBV = - -

th q q ε

mmmA
w

IG
/1=
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MOS-HEMT ёаܴ ޑаၸૌ਼Нೀၸ܌ԖᜢǴࢬय़ᅅႝ߄ک

ᡉӦׯ๓ው܄Ƕ 

 

Ԗ႔่ཱུᄬᆶڀ4.2 ߄ MOS-HEMTϐٿᆄ܄ 

Samples Conventional MOS-HEMT 

BVGD(V) -11.2 -18.6 

Von(V) 0.4 0.6 
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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

ᚆ7ࣁ µm ǶךॺஒޔௗΠӧТໆෳǴёаᗉխғᗖ่ޑ

ቹៜǶᙖҗ 0 dB ਔޑอၡႝࢬቚ H21ǴճҔϣකݤёளډᄒЗᓎ

 fT ǵ fmaxǴΨёჹനεԖਏቚ(MAG)բϣකݤԶளǴӢԜfT ک

fmax ёҔаΠБำԄ߄ҢǺ 

                                                                        

 

 

(4.2) 

 

 ک

 
                                     

(4.3) 

 

 

     
 

  კ 4.8ǵ4.9߄ҢڀԖ႔่ཱུᄬᆶ MOS-HEMT ࢬႝޑቚ

ǵᄒЗᓎ(fT)کനεਁᕏᓎ(fmax)Ƕ 

2 ( )

g
mf

T C C
GS GD

π
≈

+

max 1 22[ ( ) 2 ]
0

f
Tf

G R R C
G S GD

π
≈

+ +
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܌നεਁᕏᓎ(fmax)کᄒЗᓎ(fT)ޑॊӧVDS = 2.5 Vਔཷ 4.3߄

ԖኧॶǶ MOS-HEMT ࣬ჹڀܭԖ႔่ཱུᄬ HEMT ځᄒЗᓎ

ቚуΑ7.96%ϷനεਁᕏᓎቚуΑ12.4%Ƕ MOS-HEMT ׯ๓ᄒЗ

ᓎǴ႔ཱུډ೯ၰ໔ޑϟႝቫຫε٬႔ཱུႝ෧ϿǶ 

 

Samples Conventional  MOS-HEMT 

fT (GHz) 16.58 17.9 

fmax (GHz) 28.05 31.53 

߄ Ԗ႔่ཱུᄬᆶڀ 4.3 MOS-HEMTϐ fTک fmax. 
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4-3 ϡҹኳᔕϩϡҹኳᔕϩϡҹኳᔕϩϡҹኳᔕϩ 

4-3-1  HEMT ଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥ 

ҁᚒஒϡҹୖኧڗаΟঁୃᓸᗺՉSୖ ኧჹᓎޑໆෳǴ

ӚঁୃᓸᗺԖځڗрޑϡҹୖኧॶǶ 

� ϡҹኳᔕ่݀Ǻ 

ӧԜҁᚒаHEMTࣁჴሞໆෳޑϡҹ٠ՉୖኧڗǴ

ளλૻဦኳࠠޑϡҹୖኧǶໆෳᓎவ0.2 GHz50ډ GHzǴ٠Ъ10ڗ 

GHzࣁ୷ྗᗺՉϡҹୖኧڗǶ 

  җॊޑCold ModelޑໆෳፕǵᆶંତၮᆉБݤǴԋфڗ

рHEMT ޑϡҹୖኧǺ 

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

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

ஒ೭٤ୖኧжΕଯႝηᎂ౽ႝᡏޑ༾ݢኳࠠၸMicrowave 

Office೬ᡏՉኳᔕǴӆᆶჴሞໆෳޑኧॶКჹǴฅࡕၸ೬ᡏஒୖ

ኧ༾ፓǴ٬ჴሞໆෳᆶኳᔕ่݀Кჹৡ౦നλϯǴаࡌҥֹ

Զྗዴޑ༾ݢኳࠠǶ 

ஒϡҹୖኧڗϩࣁΟঁୃᓸᗺՉSୖ ኧޑଯᓎໆෳǴаόӕ

ϡҹୖኧ܌ሡϐୃᓸᗺՉڗǶ 
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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 Vǹ่݀ӵ߄ 4.4 

 

 

ғႝߔғႝߔғႝߔғႝߔ 

Rs (ohm) 1.322 

Rg (ohm) 3.22 

Rd (ohm) 124 

ғႝғႝғႝғႝགགགག 

Ls (nH) 0.0134 

Lg (nH) 0.0005 

Ld (nH) 0.05918 

߄ 4.4 Ѧ፦ғႝߔᆶႝགୖڗኧ߄ 

2. Ѧ፦ғႝୖኧڗॶǺ 

ୃᓸᗺVds = 0 VǴVgs = -3 Vǹ่݀ӵ4.5 ߄ 

 

ғႝғႝғႝғႝ 
Cpg (pF) 0 

Cpd (pF) 0.0409 

 ߄ኧୖڗѦ፦ғႝ 4.5߄



 ᆶϡҹኳࠠှڗъᏤᡏଯႝηᎂ౽ႝᡏϐଯᓎୖኧނԖόӕ႔่ཱུᄬϯӝڀ

xxxvii 
ҘεᏢᏢғൔ ePaper(2013ԃ) 

 

3. ҁ፦ϡҹୖኧڗॶǺ 

ୃᓸᗺVds = 2 VǴVgs = -1.5 Vǹ่݀ӵ4.6߄ 

ҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧҁ፦ϡҹୖኧ 

ႝႝႝႝ 

Cgs (pF) 0.3155 

Cgd (pF) 0.0486 

Cds (pF) 0 

ᙯᏤᙯᏤᙯᏤᙯᏤ 
gm (mS) 30 

gd (mS) 0.54348 

 Ri (ohm) 19.96 ߔႝߔႝߔႝߔႝ

 ᒨਔ໔ τ (ps) 3.35ۯᒨਔ໔ۯᒨਔ໔ۯᒨਔ໔ۯ

 ߄ҁ፦ϡҹୖኧ 4.6߄

 

ӵ܌߄ҢǴҁᚒԋфڗрϡҹୖޑኧॶǶ٠ஒϡҹ

ୖኧжΕଯႝηᎂ౽ႝᡏϐ༾ݢኳࠠǴၸMicrowave Office೬

ᡏՉኳᔕǶ 

аޑڗϡҹୖኧжΕ༾ݢኳࠠᛤᇙSmith ChartᆶPolarკǴ٠ᆶ

ჴሞໆෳϐϡҹSୖ ኧ܌ᛤᇙޑკբКၨǴ׳ჹ༾ݢኳࠠ

ՉϡҹୖኧޑፓǴځ٬ᆶໆෳჴሞॶϐSmith Chart׳у֍ӝǶ 

 

ᏹբਔǴ२Ӄௗִႝၡ٠ᒡΕ܌ीᆉрϐϡҹۈ߃ॶǴฅࡕᛤᇙ

рۘ҂ፓᡂϐКၨკǶკ4.10 ࣁௗӳޑλૻဦਏႝၡኳࠠǶ 
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  Πკ 4.11(a)ǵ4.12(a)ǵ4.13(a)ǵ4.14 (a) ࢂϩձа҂ፓϐ༾ݢ

ኳࠠᆶჴሞໆෳୖኧ܌ᛤᇙޑКၨკǶԶ 4.11 (b)ǵ4.12 (b)ǵ4.13 (b)ǵ

4.14 (b)ࢂ߾ϩձаፓࡕϐ༾ݢኳࠠᆶჴሞໆෳୖኧ܌ᛤᇙޑКၨ

კǶკύǴჴሞໆෳୖኧ܌ᛤᇙޑკаᙔՅևǴ༾ݢኳࠠ܌ᛤᇙޑ

კаआՅևǶ 
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4-3-2 MOS-HEMT ଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥଯᓎኳࠠࡌҥ 

MOS-HEMTၸૌ਼НೀࡕǴϩձӧ႔ཱུ-ཱུؕǵ႔ཱུ-ྍཱུ

ԋCgd,oxǵCgs,oxޑՍᖄႝᆶཱུؕ-ྍཱུԋCds,ox٠ޑᖄႝǴҁᚒ

ஒϡҹୖኧڗаΟঁୃᓸᗺՉSୖ ኧჹᓎޑໆෳǴӚঁୃᓸᗺ

ԖځڗрޑϡҹୖኧॶǶ 

� ϡҹኳᔕ่݀Ǻ 

ӧԜҁᚒаMOS-HEMTࣁჴሞໆෳޑϡҹ٠ՉୖኧڗǴ

ளλૻဦኳࠠޑϡҹୖኧǶໆෳᓎவ0.2 GHz50ډ GHzǴ٠Ъڗ

10 GHzࣁ୷ྗᗺՉϡҹୖኧڗǶ 

  җॊޑCold Model ޑໆෳፕǵᆶંତၮᆉБݤǴԋф

 ϡҹୖኧǺޑрMOS-HEMTڗ

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

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

ஒ೭٤ୖኧжΕ༾ݢኳࠠၸMicrowave Office೬ᡏՉኳᔕǴ

ӆᆶჴሞໆෳޑኧॶКჹǴฅࡕၸ೬ᡏஒୖኧ༾ፓǴ٬ჴሞ

ໆෳᆶኳᔕ่݀Кჹৡ౦നλϯǴаࡌҥֹԶྗዴޑ༾ݢኳࠠǶ 

ஒϡҹୖኧڗаΟঁୃᓸᗺՉSୖ ኧޑଯᓎໆෳǴӚঁୃᓸ

ᗺԖځڗрޑϡҹୖኧॶǶ 
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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) 0.982 

Rg (ohm) 13.17 

Rd (ohm) 0 

ғႝғႝғႝғႝགགགག 

Ls (nH) 0.0041 

Lg (nH) 0.04558 

Ld (nH) 0.0564 

߄ 4.7 Ѧ፦ғႝߔᆶႝགୖڗኧ߄ 

 

2. Ѧ፦ғႝୖኧڗॶǺ 

ୃᓸᗺVds = 0 VǴVgs = -3 VǴ่݀ӵ4.8 ߄ 

ғႝғႝғႝғႝ 
Cpg (pF) 0.017 

Cpd (pF) 0.01623 

 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) 0.6 

Cgd (pF) 0.0246 

Cds (pF) 0 

Cgs,ox (pF) 0.637 

Cgd,ox (pF) 0.5111 

Cds,ox (pF) 0.009 

ᙯᏤᙯᏤᙯᏤᙯᏤ 
gm (mS) 33.2 

gd (mS) 0.5102 

 Ri (ohm) 10.09 ߔႝߔႝߔႝߔႝ

 ᒨਔ໔ τ (ps) 3.61ۯᒨਔ໔ۯᒨਔ໔ۯᒨਔ໔ۯ

 ߄ҁ፦ϡҹୖኧ 4.9߄

ӵ܌߄ҢǴҁᚒԋфڗрϡҹୖޑኧॶǶ٠ஒϡҹ

ୖኧжΕଯႝηᎂ౽ႝᡏϐ༾ݢኳࠠǴၸMicrowave Office೬

ᡏՉኳᔕǶ 

аޑڗϡҹୖኧжΕ༾ݢኳࠠᛤᇙSmith ChartᆶPolarკǴ٠ᆶ

ჴሞໆෳϐϡҹSୖ ኧ܌ᛤᇙޑკբКၨǴ׳ჹ༾ݢኳࠠ
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ՉϡҹୖኧޑፓǴځ٬ᆶໆෳჴሞॶϐSmith Chart׳у֍ӝǶ 

ᏹբਔǴ२Ӄௗִႝၡ٠ᒡΕ܌ीᆉрϐϡҹۈ߃ॶǴฅࡕᛤᇙ

рۘ҂ፓᡂϐКၨკǶკ4.15ࣁௗӳޑλૻဦਏႝၡኳࠠǶ 

 

  Πკ 4.16 (a)ǵ4.17 (a)ǵ4.18 (a)ǵ4.19 (a) ࢂϩձа҂ፓϐ༾

КၨკǶԶޑᛤᇙ܌ኳࠠᆶჴሞໆෳୖኧݢ 4.16 (b)ǵ4.17 (b)ǵ4.18 

(b)ǵ4.19 (b) ࢂ߾ϩձаፓࡕϐ༾ݢኳࠠᆶჴሞໆෳୖኧ܌ᛤᇙޑ

КၨკǶკύǴჴሞໆෳୖኧ܌ᛤᇙޑკаᙔՅևǴ༾ݢኳࠠ܌ᛤ

ᇙޑკаआՅևǶ 

 
 

4-3-3 ፕϩፕϩፕϩፕϩ 

 

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

Lg (nH) 0.0005 0.04558 

Ls (nH) 0.0134 0.0041 

Ld (nH) 0.05918 0.0564 

Rs (ohm) 1.322 0.982 

Rg (ohm) 3.22 13.17 

Rd (ohm) 124 0 
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Cpd (pF) 0.409 0.01623 

Cpg (pF) 0 0.017 

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

Cgs (pF) 0.3155 0.6 

Cgd (pF) 0.0486 0.0246 

Cds (pF) 0 0 

Cox,gs (pF)  0.637 

Cox,gd (pF)  0.5111 

Cox,ds (pF)  0.009 

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

Cgs,eq (pF) 0.3155 0.30897 

C gd,eq (pF) 0.0486 0.02347 

Cds,eq (pF) 0 0.009 

gm (mS) 30 33.2 

gd (mS) 0.54348 0.5102 

Ri (ohm) 19.96 10.09 

τ (ps) 3.35 3.61 
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    ၸૌ਼Нೀԋ਼ϯቫޑ MOS-HEMTǴҗଯᓎୖኧڗр

 ϡҹୖኧॶբаΠፕǶޑ

 Ǻϩࢬޔ �

(1) Ѧ፦ᙯᏤǺ਼ϯቫԖਏӦନӧ႔ཱུ-ཱུؕک႔ཱུ-ྍཱུୱޑ

҅ႝ߄य़ރᄊǴૈႣٛ႔ཱུႝཱུᆶ೯ၰ໔ϐႝ܌Їଆޑණ

ਏᔈǴ٬ள MOS-HEMTԖ׳ଯޑ gm,maxǶ 

(2) ᒡрႝᏤǺ਼ϯቫନ߄य़ރᄊёа෧Ͽ႔ཱུᅅႝࢬǴҭ෧Ͽ

Ӣၩη࿘ናෞᚆຝౢғ่סਏᔈǴ٬ MOS-HEMTளԖၨե

ޑ gdǶ 

(3) ውႝᓸǺ႔ཱུ-ཱུؕک႔ཱུ-ྍཱུୱ໔ቚமΑ႔๊ཱུጔ܄Ъ

෧ϿΑ႔ཱུᅅႝࢬǴው܄ҭ࣬ჹޑගϲǶ 

 

� ଯᓎϩǺ 

(1) ғႝߔ (Rs , Rd) ǺӢ਼ࣁϯቫ߄य़෧ϿΑණᐒڋǴᏤठ

ғႝߔ Rs , Rd ၨեǶ 

(2) ਏྍཱུ-ཱུؕႝ(C ds,eq) Ǻҗܭ MOS-HEMT਼ϯቫғႝ

ᆶཱུؕ-ྍཱུБӛϐޜЮႝ٠ᖄǴ٬ MOS-HEMT܌ႝڗ

C ds,eqၨଯܭ HEMTǶ 

(3) ਏ႔ཱུႝ(C gd,eq ,C gs,eq) Ǻҗܭ MOS-HEMT਼ϯቫғႝ
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ϩձᆶ႔ཱུ-ཱུؕБӛǵ႔ཱུ-ྍཱུБӛϐޜЮႝՍᖄǴ٬

MOS-HEMT܌ޑڗਏ႔ཱུႝ C gd,eqǵC gs,eqॶफ़եǶӵԄ 

 ගϲǶډᄒЗᓎΨ࣬ჹளځҢǴ܌(4.3)
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ಃಃಃಃ 5 കകകക        ่ፕ่ፕ่ፕ่ፕ 

    ҁᚒԋфаૌ਼Н਼ϯೌמԋઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼ϯ

ԖڀܭъᏤᡏ႔่ཱུᄬϐᔕࠠଯႝηᎂ౽ႝᡏǶ࣬ၨ-ނ

Ԅᑵ୷႔่ཱུᄬHEMTsԶقǴMOS႔่ཱུᄬёׯ๓ᑵ୷ቫϐ߄

य़ރᄊǴԖਏफ़ե႔ཱུᅅႝౢޑࢬғǴаၲଯ႔๊ཱུጔૈΚǴගଯѦ

፦ᙯᏤǹ٠ᒿਏ႔ཱུႝ(C gd,eq ,C gs,eq)Πफ़ǴᄒЗᓎҭ࣬ჹග

ϲǴр׳ӳکࢬޔޑଯᓎ܄Ƕ 

    ჴᡍᡉҢǴᆶڀԖԄ႔่ཱུᄬHEMTϡҹ܄КၨϐΠǴ

ճҔૌ਼Нೀઈϯ᎑ㄿ/ઈϯ⥲ㄿMOS-HEMTsϡҹڀԖၨޑ٫ന

εᙯᏤॶ194 mS/mm (ׯ๓8.9%)ǵཱུؕႫ254.7ࢬႝک mA/mm (ׯ๓

48%)ǵውႝᓸ -18.6 V (ׯ๓66%)ǵᄒЗᓎ17.9 GHz (ׯ๓8%)ǵ

നεᕏᓎ31.53 GHz (ׯ๓12.4%)ǶҗԜёޕǴMOS-HEMTsё

ၨᓬ౦ϐࢬޔᆶଯᓎ܄Ƕ 

    ᙖҗଯᓎޑ܄ໆෳǴࡌҥSୖ ኧڗϷೱՍ֖ނཀကϐ

ંତၮᆉࡕǴଛӝHEMTଯᓎኳࠠϐႝၡኳᔕୖኧॶന٫ϯǴჴᡍᆶ

ኳᔕ่݀КჹёளޣٿኧᏵৡ౦ཱུλǴࡌҥֹHEMTଯᓎλૻဦ

ਏႝၡǶ 
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  ၸҁᚒࣴزǴᏢಞҗႝတᇶշ೬ᡏୖڗኧǴԋфࡌҥϡ

ҹϐλૻဦኳࠠǶԶܭᚒᇙբύǴҭᒃԾԿჴᡍ࠻ᢀነϡҹჴ୍ᇙ

ำϷᏢಞໆෳೌמǴزࣴࡕ۳ࣁ൚ۓ୷ᘵǶനࡕǴයԾρӧВޑࡕ

܌ᏢಞǴ٠ஒᚒύࡋᄊޑаЬᑈཱུǵӄΚаॅЪᖰܤΨૈزࣴ

ᏢᔈҔӧ҂ٰزࣴޑǶ 
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Drain                     Gate                    Source 

(AuGeNi/Au)                                        (AuGeNi/Au) 
  (Ni/Au)   

 

 

 

 

 

n+-In0.01Ga0.99As 
   

Cap 800Å  

n-Al 0.24Ga0.76As 300Å  Schottky Contact 

 δ(n+) 

i-Al 0.24Ga0.76As 25Å  Spacer Layer 
 

i-Al 0.2Ga0.8As 150Å  Channel Layer 
  

i-Al 0.24Ga0.76As 25Å  Spacer Layer 

 δ(n+) 

i-Al 0.24Ga0.76As 230Å  Buffer Layer 
 

i-GaAs 5000Å  Buffer Layer 
  

S.I. GaAs Substrate 

კ 2.1 ڀԖԄᑵ୷႔่ཱུᄬ HEMT ϡҹ่ᄬҢཀკ 

    

 



 ᆶϡҹኳࠠှڗъᏤᡏଯႝηᎂ౽ႝᡏϐଯᓎୖኧނԖόӕ႔่ཱུᄬϯӝڀ

lii 
ҘεᏢᏢғൔ ePaper(2013ԃ) 

 

 

 

 

 

Drain                     Gate                    Source 

(AuGeNi/Au)                                        (AuGeNi/Au) 
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Oxide Layer 100Å 

n-Al 0.24Ga0.76As 300Å  Schottky Contact 

 δ(n+) 

i-Al 0.24Ga0.76As 25Å  Spacer Layer 
 

i-Al 0.2Ga0.8As 150Å  Channel Layer 
  

i-Al 0.24Ga0.76As 25Å  Spacer Layer 

 δ(n+) 

i-Al 0.24Ga0.76As 230Å  Buffer Layer 
 

i-GaAs 5000Å  Buffer Layer 
  

S.I. GaAs Substrate 
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კ 2.4 ᔕ܄ HEMT ่ᄬޑ௨ӈ 
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კ 2.5 InxGa1-xAsޑᖏࣚࡋࠆᆶ InAsವԸኧޑᜢ߯კ 
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კ2.6 (a)ڀԖ႔่ཱུᄬHEMTϐRFϡҹኳࠠਏႝၡკ 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

კ 2.6 (b)MOS-HEMTϐ RFϡҹኳࠠਏႝၡკ 

Ȑa) 

Ȑb) 
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კ 2.7 HEMT ่ޑᄬᆶਏႝၡ 

 

 

 

 



 ᆶϡҹኳࠠှڗъᏤᡏଯႝηᎂ౽ႝᡏϐଯᓎୖኧނԖόӕ႔่ཱུᄬϯӝڀ

lviii 
ҘεᏢᏢғൔ ePaper(2013ԃ) 

 

 

 

 

 

 

 

 

კ 3.1 ෳ၂֨ޑݤڀໆෳ 

 

 

 

 



 ᆶϡҹኳࠠှڗъᏤᡏଯႝηᎂ౽ႝᡏϐଯᓎୖኧނԖόӕ႔่ཱུᄬϯӝڀ

lix 
ҘεᏢᏢғൔ ePaper(2013ԃ) 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

კ 3.2 ᚈߑᆛၡޑ S ୖኧۓက 

 

 

a1,a2ǺΕݢ 
b1,b2Ǻϸݢ 

Two-Port 
Network 

a1 b2 

b1 a2 
Port-1 Port-2 
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კ 3.3 λૻဦਏႝၡკ 
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კ 3.4  Yୖኧ Network 

 

       

     კ 3.5 ीᆉ Y12ႝޑၡ             კ 3.6 ीᆉ Y22ႝޑၡ 

 
 
 

 

          

   კ 3.7ीᆉ Y21ႝޑၡკ              კ 3.8 ीᆉ Y11ႝޑၡ 
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