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ㄿ౦፦่ᄬ൑ਏႝ඲ᡏǴаӕਔᕇठԖਏᕭอ႔ཱུࡋߏǵ߄य़໌ϯೀ౛ᆶ׎ԋ΋ 

൑่ཱུ݈ᄬϐᓬ౦੝܄Ƕӧ႔ཱུ1.2ࣁࡋߏ µm ઈϯ᎑ㄿᑵ੝୷ௗ᝻ቫ΢؈ᑈ 
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ϩձࣁ (3.1 /1.5 dBǵ1.1/ 2.4 dBϷ0.9/ 2.1 dB)Ǵߕуф౗ਏ౗P.A.E.ӧ2.4 GHz/ 5.8 

GHzϩձࣁ (16.2 /24.2 %ǵ31.7/ 26.5 %Ϸ35/ 28 %)Ƕ 
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Abstract 

In this work, we have an effective method of the ozone water treatment and 

shrinking gate length by gamma gate metal. Depositing gate metal across a step 

undercut between the AlGaAs and the oxide to obtain a reduced gate length of 0.8 

(0.6) µm with an additional 0.4 (0.6) µm field plate from a 1.2 µm gate window for 

the Sample B (Sample C). 

Experiment results indicate the following devices DC and microwave 

characteristics: the maximum saturation drain current density IDSS, max (331, 339 and 

350 mA/mm), the maximum extrinsic transconductance gm,max (115, 129 and 137 

mS/mm), the unity current gain cut-off frequency fT (10.9 GHz,13.3 GHz and 14.4 

GHz), the maximum oscillation frequency fmax (19.3 GHz, 26.8 GHz and 35.3 GHz), 

the minimum noise figure NFmin at 2.4/5.8 GHz (1.5/ 3.1 dB, 1.1/ 2.4 dB and 0.9/ 2.1 

dB) and the power-added-efficiency P.A.E. at 2.4/5.8 GHz (24.2/ 16.2 %, 31.7/ 26.5 

% and 35/ 28 %). 

 

Keywords: Γ-gate MOS-HEMT 
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ಃ΋കಃ΋കಃ΋കಃ΋ക 

ׇፕׇፕׇፕׇፕ 

    ၸѐ൳ԃٰǴઈϯ᎑ㄿ/ઈϯ⥲ㄿ HEMTs ӧൂ඲༾ݢᑈᡏႝၡ(MMIC)ޑᔈ 

Ҕ΢Ǵ৖౜ΑᓬຫޑଯᓎϷեᚇૻ੝܄ǶӢࣁઈϯ⥲ㄿ೯ၰᏱԖଯф౗ǵଯᓎ౗ǵ 

եᚇૻǵեѨ੿ǵեԖਏ፦ໆϷଯೲ໺Ꮴ฻੝[5]-[1]܄Ƕՠҗܭઞૈሜޑઈϯ⥲ 

ㄿ೯தӢࣁեෞᚆፂᔐޑᖏࣚႝ൑೷ԋ่סਏᔈ(kink effect)ǴᏤठᒡрᙯᏤǵ஝ 

ው੝܄ǵᒡрф౗ޑ૰෧Ϸ႔ཱུᅅႝౢޑࢬғǴᝄख़ቹៜϡҹૈ܄ޑǴ٬ளઈϯ 

᎑ㄿ/ઈϯ⥲ㄿ HEMTsӧӀႝϷଯᓎޑᔈҔډڙज़ڋǶ 

 

    ന߈Ǵ೚ӭࣴزԋ݀ᡉҢ[6]-[8]Ǵ႔๊ཱུጔૈೌמ୼Ԗਏڋ׭႔ཱུᅅႝࢬǶ 

Ӣ่ࣁᄬς࿶வᑵ੝୷႔ཱུߎࣁׯឦ-਼ϯނ-ъᏤᡏ(MOS)่ ᄬǴЪ໌ϯૈೌמ 

୼Ԗਏׯޑ๓߄य़ރᄊǶ 

 

    ӧҁ஑ᚒύǴךॺ٬ҔΑ΋ঁ಄ӝԋҁਏ੻๊ޑጔ਼ϯೌמ—ૌ਼НᇙำǴ 

ٰೀ౛ઈϯ᎑ㄿ/ઈϯ⥲ㄿ MHEMT  ઈϯ᎑ㄿᑵ੝୷ቫǶ٬Ҕૌ਼Нೀ౛ޑ

HEMT  Ǻࡴᓬᗺхޑ

Ȑ1ȑᏹբᕉნௗྕ࠻߈ ( < 40ʚ ) 

Ȑ2ȑᙁൂޑೀ౛ำׇ 

Ȑ3ȑեԋҁ೛ࡼ 

Ȑ4ȑ٬Ҕྍ/ཱུؕ྽բ਼ϯ፿࿽Ǵ຾Չᒧ᏷਼܄ϯ 

Ȑ5ȑଯ਼ϯ౗Ϸၨե߄ޑय़ރᄊஏࡋ 

 

    ԜѦǴ࣬ჹځܭдೌמǴૌ਼Нᇙำё࿯࣪༾ቹᇑ؁ޑڅᡯ[9]-[12]Ƕӵ݀ 

ઈϯ᎑ㄿᑵ੝୷ቫ΢਼ޑϯቫࡋࠆǴૈ୼೏௓ڋӧڼԯЁκΠޑ၉Ǵ൩ૈ୼ׯ຾ 

႔๊ཱུޑጔ੝܄Ƕ 
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 ਏᔈ(kink่סǴа෧጗ೌמޑԃٰǴ೚ӭፕЎ೿ගрफ़եനεႝ൑߈  

effect)Ƕჹ FETϡҹԶقǴ൑ཱུ݈ࢂ΋ঁதـЪԖਏ่ޑᄬǴૈ୼फ़եႝ൑നε 

ॶکගϲ஝ውႝᓸ[13]-[17]ǶฅԶǴ൑่ཱུ݈ᄬౢࠅғᚐѦޑ஌ғႝ৒׳کӭᕷ 

ፄ؁ޑᡯǶႽࢂ Γ-႔ཱུೌמӧ 1µm  ޑ୼ዴჴૈೌמΠǴ٬ҔӀ༾ቹࡋߏ႔ཱུޑ

ගଯф౗Ǵՠࢂӧೀ౛ځϟႝቫޑၸำх֖ٿԛӀ༾ቹೌמǵᚐѦޑϟႝቫ؈ᑈ 

ϷᇑڅǴ٬ள Γ-႔ཱུࣁཱུೌמፄᚇǶӢԜǴҁ஑ᚒ٬Ҕঁٿόӕޑ႔ཱུୃ౽Ӏ 

࿽٠่ӝૌ਼НᇙำǴٰׯ๓ϡҹޑ஝ውႝᓸکф౗੝܄Ƕ 

 

  ӧಃΒകϟಏ่ᄬቫکΒᆢႝη໦ǶಃΟകύඔॊϡҹޑᇙ೷Ǵхࡴኬҁۓ 

ՏǵଯѠ๊ጔǵྍཱཱུུؕߎឦϯک႔ཱུߎឦϯޑ၁ಒၸำǶӧಃѤകύǴ२Ӄᇥ 

ܴᓅᅟໆෳǴฅࡕ૸ፕઈϯ᎑ㄿ/ઈϯ⥲ㄿ pHEMT ٬Ҕঁٿόӕ Γ-႔ཱུୃ౽ 

MOS ่ᄬǴک໺಍аߎ(Au)ࣁ႔ཱུޑϡҹ੝܄Ƕх֖ӧྕࡋ 300K ਔࢬޔޑ੝ 

 Ǵӧಃϖക଺่ፕǶࡕǶന܄Ϸ৔ᓎ੝܄ǵᡂྕ੝܄ǵեᓎᚇૻ੝܄
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ಃΒകಃΒകಃΒകಃΒക 

 ᆶ୷ᘵচ౛ߏ਑ԋ׷ᆶ୷ᘵচ౛ߏ਑ԋ׷ᆶ୷ᘵচ౛ߏ਑ԋ׷ᆶ୷ᘵচ౛ߏ਑ԋ׷

 ႝ౽ଯႝηᎂޑ୷ۭࣁ⥲ᑈᡏႝၡ(MMIC)٬Ҕаᕗϯݢ൳ԃٰǴൂ඲༾߈    

඲ᡏ(HEMTs)ǴӢࣁᕗϯ⥲ڀԖᓬຫޑଯᓎǵեᚇૻϷଯф౗ቚ੻฻੝܄Ǵ࿶த 

ᔈҔӧ೯ૻᆶႜၲس಍΢ǶӧؒԖ඲਱όϰଛޑ௃ݩΠǴ೸ၸ؈ᑈଯ⥲֖ໆޑઈ

ϯ⥲ㄿϯӝނӧᕗϯ⥲୷݈΢Ǵٰׯ๓ၩηޑၮᒡૈΚǶՠࢂǴᕗϯ⥲୷݈ڀԖ

ܰ࿗ǵ඲༝Ёκज़ڋϷܳ຦ޑ඲ጢԋߏ฻લᗺǶӢԜǴךॺޑᒧ᏷௦Ҕե⥲֖ໆ

 ઈϯㄿ୷݈Ƕޑࡋࠆᆶཱུᖓނઈϯ⥲ㄿϯӝޑ

 

2-1 pHEMT ᙁϟᙁϟᙁϟᙁϟ 

    Οϖ௼ϯӝނന߈ӧଯᓎ೯ૻޑᔈҔς࿶ߚதԋዕǴӢࣁΟϖ௼ϯӝڀނԖ 

ଯႝࢬቚ੻ǵեᚇૻϷଯጕ܄฻੝܄ǶځύǴӢࣁᔕ඲Ԅଯႝηᎂ౽౗ႝ඲ᡏ 

(pHEMT)ޑ႔ཱུᅅႝࢬၨեǴ܌аၨ፾Ҕܭեᓎᚇૻޑ੝܄Ǵу΢ᏱԖၨଯޑե 

ႝ൑ᎂ౽౗ǵଯႝηႫکೲࡋǵၨቨૈޑሜǴ٬ளᔕ඲Ԅଯႝηᎂ౽౗ႝ඲ᡏ 

(pHEMT)ቶޑݱ೏ࣴزϷᔈҔӧଯᓎ೯ૻ΢Ƕ 

 

2-2 pHEMT ድ඲ቫޑ೛ीድ඲ቫޑ೛ीድ඲ቫޑ೛ीድ඲ቫޑ೛ी 

    HEMT่ᄬ೯தࢂҗ(1) n -ઈϯㄿᙟᇂቫ(2)҂ᄞᚇઈϯ᎑ㄿᑵ੝୷ቫ(3)δᄞ 

ᚇޑၩηගٮቫ(4)҂ᄞᚇઈϯ᎑ㄿ႖ᚆቫ(5)҂ᄞᚇઈϯ⥲ㄿ೯ၰቫ(6)҂ᄞᚇ 

ઈϯ᎑ㄿ/ઈϯㄿ጗ፂቫǴғߏӧઈϯㄿޑъ๊ጔ୷ۭቫǶ 

Ӛቫ่ޑᄬ၁ಒ૸ፕӵΠǺ 

2-2-1 ᙟᇂቫᙟᇂቫᙟᇂቫᙟᇂቫ 

    ઈϯㄿᙟᇂቫ೯தख़ᄞᚇޖऊ 1018 cm-3Ǵаගٮ HMET  ௗ᝻Ǵۅኻޑӳؼ

फ़եϡҹྍཱུႝߔǴߥ٠ៈᑵ੝୷ቫᗉխ߄य़਼ϯޜکЮǶ྽ᙟᇂቫᏱԖଯᄞᚇ 
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ᐚࡋᆶଯࡋࠆਔǴϡҹஒڀԖଯႝηೲࡋǵଯѦ፦ᙯᏤॶ(gm)Ϸଯႝࢬቚ੻ᄒЗ 

ᓎ౗(fT)ǶฅԶǴ೭٬ϡҹޑ஝ውႝᓸεεޑ෧ϿǴЪӧᇙբ႔ཱུпኲਔ׳ᜤڗ 

ளѳ᏾Ǵค٬ݤᙟᇂቫпഐǶᙟᇂቫѸ໪ֹӄޑпഐǴόૈᆶ႔ཱུௗ᝻аխౢғ 

ᅅႝࢬǴωૈᗉխѳՉ໺ᏤਏᔈǶ 

 

2-2-2 ᑵ੝୷ቫᑵ੝୷ቫᑵ੝୷ቫᑵ੝୷ቫ 

     ᑵ੝୷ቫ(ઈϯ᎑ㄿ)೯தК೯ၰቫ(ઈϯ⥲ㄿ)ڀԖ׳ቨૈޑሜǶӢԜઈϯ᎑ 

ㄿ/ઈϯ⥲ㄿޑ౦፦ௗय़ǴωૈᏱԖၨεޑᏤႝ஥όೱុ܄Ǵ٬Ծҗႝηவઈϯ 

᎑ㄿ౽୏ډઈϯ⥲ㄿǴ׎ԋΒᆢႝη໦(2-DEG)Ǵගଯय़ႝ಻ஏׯ٠ࡋ๓ၩη߳ 

ज़ૈΚǶࡋࠆၨᖓޑઈϯ᎑ㄿᑵ੝୷ቫё٬႔ཱུߎឦԿ೯ၰ໔ޑຯᚆᕭλǴளډ 

ၨଯޑᙯᏤॶǴ٬ࠅ஝ውႝᓸޑफ़եǶ 

 

2-2-3  δᄞᚇၩηගٮቫᄞᚇၩηගٮቫᄞᚇၩηගٮቫᄞᚇၩηගٮቫ 

HEMT ᄞᚇ δቫԖаΠᓬᗺ[18]-[21]Ǻ 

(1) ଯཱུؕႝࢬ 

(2) եᚇ፦ණ৔ਏᔈ 

(3) ଯጕ܄ᙯᏤ 

(4) ଯ႔ཱུߏቨКǴफ़եอ೯ၰਏᔈ 

 

     δ-ᄞᚇ׷਑ڀԖၨଯࢬႝཱུؕޑǴࢂӢࣁѬޑଯᄞᚇᐚکࡋ҂ᄞᚇޑᑵ੝୷ 

ቫ཮Ꮴठଯ஝ውႝᓸǶԶҗܭၩη೏߳ज़ӧ V  Ԗၨڀа܌ηϔ[22]-[23]ύǴႝ׎

ଯޑᙯᏤॶϷଯޑΒᆢႝη໦ᐚࡋǶԜѦǴҗܭଯޑΒᆢႝη໦ᐚࡋǴ٬೯ၰύ 

ޑ໺಍ܭλߔႝ FETϡҹǶ΢ॊ೭٤ᓬᗺஒቹៜ႔ཱུࡋߏλܭ 2µm  อ೯ၰϡޑ

ҹ[24]ǶӧଯೲϡҹύǴδᄞᚇ่ᄬᏱԖଯႝηᎂ౽౗ǵଯၩηᐚکࡋଯᙯᏤॶǴ 

٬ δᄞᚇ่ᄬ࣬ၨځܭдϡҹၨڀԖወΚǶऩӧ HEMT ೯ၰ΢БකΕ δ-ᄞᚇТǴ 
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ૈ୼ᕇளၨଯޑᙯᏤॶǶऩӧ HEMT ೯ၰΠБකΕ δ-ᄞᚇТǴૈ୼ᕇளၨଯޑ 

஝ውႝᓸǶऩӧ HEMT ೯ၰ΢ΠБ೿කΕ δ-ᄞᚇТǴ߾ёᕇள׳ଯޑၩηᐚࡋǶ 

 

2-2-4 ႖ᚆቫ႖ᚆቫ႖ᚆቫ႖ᚆቫ 

    ӧ HEMT ύǴӢࡼࣁᡏᚆηႝکη໔ᓉႝ֎ЇޑբҔԶౢғ৤ٷණ৔(ᚇ፦ 

ණ৔)ǶࣁΑૈ୼ှ،৤উණ৔Ǵךॺ٬Ҕ႖ᚆቫஒၩηගٮቫک೯ၰቫ႖໒Ǵ 

ЬाࢂவࡼᡏᚆηϩᚆΒᆢႝη໦Ǵ຾Զ෧Ͽҗࡼᡏᚆη৤ٷණ৔ޑቹៜǴගϲ 

ႝηᎂ౽౗ǴΨӢԜ႖ᚆቫࡋࠆޑ཮ቹៜႝ඲ᡏૈ܄ޑǶၨᖓޑ႖ᚆቫ཮ቚу೯ 

ၰύޑय़ႝ಻ஏࡋǴᏤठྍཱུႝߔफ़եǵᙯᏤॶගଯࢬႝکஏࡋ΢ϲǶӧեႝ಻ 

ஏޑࡋ೯ၰ΢Ǵၨޑࠆ႖ᚆቫૈගٮၨଯႝηᎂ౽౗Ƕ΋૓ޑ႖ᚆቫࡋࠆऊࣁ 

20Åɴ50 ÅǶ 

 

2-2-5 ೯ၰቫ೯ၰቫ೯ၰቫ೯ၰቫ 

    ٬Ҕઈϯ⥲ㄿբࣁΒᆢႝη໦೯ၰ׷ޑ਑Ǵٰׯ๓ HEMT Ƕკૈ܄ޑ 2-1 

 ඲਱தޑઈϯ᎑ㄿቫϐ໔کǴკύᡉҢрઈϯ⥲ㄿ೯ၰ܄੝ޑሜᆶ඲਱தኧૈࣁ

ኧόϰଛǶ 

 

კკკკ 2-1όӕϯӝނъᏤᡏૈޑሜჹ඲਱தኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹ඲਱தኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹ඲਱தኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹ඲਱தኧޑКၨ 
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ӵკ ҢǴઈϯ⥲ㄿ೏ᔒᓸԿᆶઈϯㄿǵઈϯ᎑ㄿ඲਱ϰଛǴԶઈϯ⥲ㄿҗ܌2-2

ѤБ׎඲ᡏᡂࣁҥБ඲ᡏ่ᄬǴ྽ઈϯ⥲ㄿ่ᄬᡂࣁҥБ඲ᡏਔǴૈ୼ڙהᔈΚ

Ƕკ௹ࢡόځ٬ 2-3ᡉҢ඲਱όϰଛޑᖏࣚࡋࠆჹઈϯ⥲ㄿکઈϯㄿ໔ё৒યቸ

ႝޑቹៜΑໆηЁκࡋࠆᖏࣚޑଯਔǴၸᖓࡐವԸϩ౗ޑ⥲ᜢ߯კǶ྽ઈϯޑ܄

ηԛૈ໘Ǵ٬ႝηԛૈ໘ගଯЪफ़եႝη߳ज़ૈޑΚǶӧ HEMT ٬Ҕᖓޑઈϯ

⥲ㄿቫǴԖշܭቚமႝη໺ሀǵගଯႝޑηᎂ౽౗Ϸׯ๓ໆηϔӧ೯ၰύ߳ज़ၩ

ηૈޑΚǶ 

 

 

 

 

 

კკკკ 2-2ᔕ඲Ԅᔕ඲Ԅᔕ඲Ԅᔕ඲Ԅ HEMT ඲਱่ᄬ௨ӈ඲਱่ᄬ௨ӈ඲਱่ᄬ௨ӈ඲਱่ᄬ௨ӈ 

(ٰԾٰԾٰԾٰԾ Faza Ali کککک Aditya Gupta ๱բޑ๱բޑ๱բޑ๱բޑ HEMT  and  HBTs ϡҹ่ᄬཱུႝၡϡҹ่ᄬཱུႝၡϡҹ่ᄬཱུႝၡϡҹ่ᄬཱུႝၡ) 

 

კკკკ 2-3 InxGa1-xAs ჹܭჹܭჹܭჹܭ InAs ವᅟϩ౗ޑᖏࣚࡋࠆჹྣკವᅟϩ౗ޑᖏࣚࡋࠆჹྣკವᅟϩ౗ޑᖏࣚࡋࠆჹྣკವᅟϩ౗ޑᖏࣚࡋࠆჹྣკ 

 

2-2-6 ጗ፂቫ጗ፂቫ጗ፂቫ጗ፂቫ 

 ๓ׯቹៜǴӚࣚჹ܄ႝޑ೯ၰ႖ᚆਏ݀ǴаϷ੃ନ୷݈ޑӳؼ΋ঁډΑၲࣁ    

጗ፂቫ଺Α೚ӭࣴزǶޑࠠڂ጗ፂቫ٬Ҕ҂ᄞᚇޑઈϯㄿǴႝηؕڙ-ྍཱུႝ൑ 
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ቹៜԶ೏ݙΕઈϯㄿ጗ፂቫǴᗨฅઈϯㄿڀԖଯႝߔǴՠӵ݀٬ҔӍ፦୷݈คݤ 

ගىٮ୼ޑ႖ᚆਏ݀Ƕઈϯ᎑ㄿࢂ΋ᅿ౛གྷޑ጗ፂቫ׷਑ǴڀԖଯלߔǵቨૈሜ 

 ࠔௗय़ޑӳؼᜤаᕇளࣁӢࢂǴЬाૈ܄ޑኧமਗ਼ቹៜϡҹୖߏǴՠԋ܄੝ޑ

፦ǴᏤठ೯ၰύޑᎂ౽౗Πफ़ǶࣁΑှ،೭ঁୢᚒǴךॺஒ΋ቫᖓޑઈϯㄿකΕ 

ઈϯ᎑ㄿቫύǴҔٰ֎ԏᚇ፦ΨࣁΠ΋ቫઈϯ᎑ㄿԋߏගٮ΋ঁѳྖ߄ޑय़Ƕ 

ԜБݤஒЬ୏ቫک୷݈ޑᚇ፦ǵલഐౢ܌ғ܄ႝޑբ႖ᚆǴ٬ϡҹԖၨӳ֨ޑЗ 

 Ƕ܄ф౗੝ݢ༾ک

2-3 Βᆢႝη໦Βᆢႝη໦Βᆢႝη໦Βᆢႝη໦ 

    Βᆢႝη໦(two-dimensional electron gasǹ2-DEG)ࢂ΋ᅿૈ୼ӧΒᆢޜ໔ύ 

Ծҗ౽୏ႝޑη਻ᡏǴځΟᆢБӛڙज़ڋǶ྽ঁٿόӕ׷፦ௗ᝻ਔ׎ԋ౦፦ௗ 

य़Ǵቨૈሜکઞૈሜޑ຤ԯૈ໘ೱԋ΋చጕǴ׎ԋ׷፦ޑᏤႝ஥όೱុ܄Ǵૈ୼ 

߳ज़ႝηޑ౽୏БӛǴ٬ளႝηಕᑈӧԜௗय़Զ׎ԋ೯ၰǴԶҗܭ೭٤ႝη຤ԯ 

ૈ໘ՏӧᏤႝ஥΢ǴӢԜ׎ԋё౽୏ޑၩη(Βᆢႝη໦)Ǵӵკ  ҢǶ܌2-4

 
კკკკ 2-4ճҔᏤႝ஥όೱុޑ੝ౢ܄ғޑΒᆢႝη໦ճҔᏤႝ஥όೱុޑ੝ౢ܄ғޑΒᆢႝη໦ճҔᏤႝ஥όೱុޑ੝ౢ܄ғޑΒᆢႝη໦ճҔᏤႝ஥όೱុޑ੝ౢ܄ғޑΒᆢႝη໦ 

    ε೽ϩޑΒᆢႝη໦೏ว౜ӧъᏤᡏᇙำႝޑ඲ᡏ่ᄬύǴځдکΒᆢႝη 

໦࣬ᜢೌמޑதᔈҔӧଯႝηᎂ౽౗ႝ඲ᡏ(HEMTs)ǶHEMTs  ൑ਏႝ඲ᡏճک

ҔঁٿъᏤᡏޑ౦፦ௗय़Ǵ٬ႝη߳ज़ӧΟفՏૈϔϐύǶஒΒᆢႝη໦ज़ڋӧ 

౦፦ௗय़ޑ HEMTsǴک MOSFETs࣬КᏱԖၨଯႝޑηᎂ౽౗Ǵ೭ࢂӢࣁ҂ᄞ 

ᚇޑ೯ၰૈ୼Ԗਏڋ׭եᚇ፦ණ৔ਏᔈǶ׳ёа೸ၸᒧ᏷׷਑ࢂ܈ӝٰߎ௓ڋΒ 

ᆢႝη໦ޑஏࡋǴ٬ϡҹڀԖၨଯႝޑηᎂ౽౗Ƕ 
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ಃΟകಃΟകಃΟകಃΟക 

ϡҹ่ᄬᆶᇙำϡҹ่ᄬᆶᇙำϡҹ่ᄬᆶᇙำϡҹ่ᄬᆶᇙำ 

3-1 ϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬ 

    კ ኬҁޑ਑׷႔ཱུࣁ଺ߎ/໺಍٬Ҕᙻࣁ3-1 A(Sample A)่ ᄬკǶკ 3-2ǵ 

3-3 ޑ(LG)ࡋߏаϷ႔ཱུ(LFP)ࡋߏ൑ཱུ݈ޑ٬Ҕόӕࣁ Γ-႔ཱུߎឦ-਼ϯނ-ъᏤ 

ᡏଯႝηᎂ౽౗ႝ඲ᡏޑኬҁ B ኬҁک C(Sample Bک Sample C)่ ᄬკǶΟঁ 

ኬҁޑ၁ಒၗ਑ӵ߄ 3-1Ƕ 

length Sample A Sample B Sample C 

LG (µm) 1.2 0.8 0.6 

 LFP (µm) 0 0.4 0.6 

߄߄߄߄ 3-1Ӛঁኬҁޑ႔ཱུࡋߏӚঁኬҁޑ႔ཱུࡋߏӚঁኬҁޑ႔ཱུࡋߏӚঁኬҁޑ႔ཱུࡋߏ(LG)ᆶ൑ཱུ݈ࡋߏᆶ൑ཱུ݈ࡋߏᆶ൑ཱུ݈ࡋߏᆶ൑ཱུ݈ࡋߏ(LFP) 

 

႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκǺǺǺǺ1.2 ×100µm2    

კკკკ 3-1ኬҁኬҁኬҁኬҁ A  ᄒय़კޑᄒय़კޑᄒय़კޑᄒय़კޑ
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ኬҁኬҁኬҁኬҁ B                                     ኬҁኬҁኬҁኬҁ C 

႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏǺǺǺǺ0.8 µm                           ႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏǺǺǺǺ0.6 µm    

൑ཱུ݈ࡋߏ൑ཱུ݈ࡋߏ൑ཱུ݈ࡋߏ൑ཱུ݈ࡋߏǺǺǺǺ0.4 µm                          ൑ཱུ݈ࡋߏ൑ཱུ݈ࡋߏ൑ཱུ݈ࡋߏ൑ཱུ݈ࡋߏǺǺǺǺ0.6 µm 

კკკკ 3-2ኬҁኬҁኬҁኬҁ B ᄒय़კ                      კკკკޑᄒय़კޑᄒय़კޑᄒय़კޑ 3-3ኬҁኬҁኬҁኬҁ C  ᄒय़კޑᄒय़კޑᄒय़კޑᄒय़კޑ

 

    а۳ઈϯ᎑ㄿ /ઈϯ⥲ㄿ /ઈϯㄿ pHEMT  ᑈ؈ឦϯᏢ਻࣬ߎҔԖᐒࢂ

(MOCVD)ޑБԄድ඲Ƕӵკ ኬҁޑ਑׷႔ཱུࣁ଺ߎ/٬Ҕᙻࣁ3-1 AǴа(100)Б 

ӛޑъ๊ጔઈϯㄿ଺ࣁ୷݈Ǵ่ᄬхࡴаΠ൳ቫǺ 

(1) 5000 Å҂ᄞᚇޑઈϯㄿ጗ፂቫ 

(2) 1000 Å҂ᄞᚇޑ Al 0.2Ga0.8As ጗ፂቫ 

Πቫޖ (3) δᄞᚇ( 1× 1012 cm-2 )ၩηගٮቫ 

(4) 25Å҂ᄞᚇޑ Al 0.2Ga0.8As ႖ᚆቫ 

(5) 150Å҂ᄞᚇޑ In0.2Ga0.8As ೯ၰቫ 

(6) 25Å҂ᄞᚇޑ Al 0.2Ga0.8As ႖ᚆቫ 

΢ቫޖ (7) δᄞᚇ( 3× 1012 cm-2 )ၩηගٮቫ 

(8) 1000Å҂ᄞᚇޑ Al 0.2Ga0.8As ᑵ੝୷ቫ 

(9) 200Å ᄞᚇޖ( 1018 ×4 cm-2 )ޑ n+-ઈϯㄿᙟᇂቫ 
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    ฅԶΒԛ႔ཱུпഐϷૌ਼ቫࢂ߾ӧѐନᙟᇂቫࡕԋߏǶӢԜǴךॺଞჹ໺಍ 

٬Ҕᙻ/ߎ଺ࣁ႔ཱུ׷਑аϷ Γ-႔ཱུߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽౗ႝ඲ᡏ଺ 

КၨǶ 

 

3-2 ϡҹᇙำϡҹᇙำϡҹᇙำϡҹᇙำ 

    ᇙբኬҁਔǴךॺ٬Ҕ኱ྗޑӀ༾ቹᇑ׎ೌמڅԋკਢǶࣁΑ࡭ߥ඲༝ଳ 

ృǴ඲༝Ѹ໪࿼ΕԖЧ✉ޑຬॣݢ᎜ᕏᏔమࢱǴϐ٬ࡕҔѐᚆηНؑࢱଳృǴ٠ 

ӧ؂΋ঁ؁ᡯ٬߻Ҕଯપޑࡋේ਻ஒ඲Т֌ଳǶᇙำ؁ᡯӵკ3-4ǵკ3-5ǵკ3-6 

 Ѥঁ؁ᡯǺࣁҢǴεठёаϩ܌

(1) ኬҁۓՏ 

(2) ଯѠ๊ጔ 

 ឦϯߎޑཱུؕکཱུྍ (3)

(4) ႔ཱུᑵ੝୷ௗ᝻׎ԋ 

 

 

 

 

 

 

 

 

 

 

 

კკკკ 3-4 ̳̳̳̳-႔ཱུᇙբࢬำ႔ཱུᇙբࢬำ႔ཱུᇙբࢬำ႔ཱུᇙբࢬำ 
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                                           ؁ᡯ΋؁ᡯ΋؁ᡯ΋؁ᡯ΋ 

                                           ኬҁۓՏኬҁۓՏኬҁۓՏኬҁۓՏ 

                                           ඲༝మࢱ඲༝మࢱ඲༝మࢱ඲༝మࢱ 

 

 

                                            ؁ᡯΒ؁ᡯΒ؁ᡯΒ؁ᡯΒ 

                                            ଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹ 

                                            ᇑڅᇑڅᇑڅᇑڅ 

                                            ѐӀߔѐӀߔѐӀߔѐӀߔ 

 

 

                                            ؁ᡯΟ؁ᡯΟ؁ᡯΟ؁ᡯΟ 

                                            ྍཱུྍཱུྍཱུྍཱུ/ཱུؕ༾ቹཱུؕ༾ቹཱུؕ༾ቹཱུؕ༾ቹ 

                                            (Au/Ge/Ni)ᇃᗓᇃᗓᇃᗓᇃᗓ 

                                            ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ 

                                            ᅙ่ᅙ่ᅙ่ᅙ่ 

 

                                            ؁ᡯѤ؁ᡯѤ؁ᡯѤ؁ᡯѤ 

                                            ᇑڅᙟᇂቫᇑڅᙟᇂቫᇑڅᙟᇂቫᇑڅᙟᇂቫ 

                                            ႔ཱུ༾ቹ႔ཱུ༾ቹ႔ཱུ༾ቹ႔ཱུ༾ቹ 

                                            (Au/Ni)ᇃᗓᇃᗓᇃᗓᇃᗓ 

                                            ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ 

 

კკკკ 3-5 ჴᡍᇙำ؁ᡯჴᡍᇙำ؁ᡯჴᡍᇙำ؁ᡯჴᡍᇙำ؁ᡯ 

 



 鍻ъᏤᡏނឦ鍻਼ϯߎԖόӕ̳鍻႔ཱུୃ౽่ᄬڀ

ઈϯ᎑ㄿ/ઈϯ⥲ㄿᔕ඲Ԅଯႝηᎂ౽౗ႝ඲ᡏϐࣴᇙ 

                                    12       逢甲大學學生報告 ePaper(2013年) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კკკკ 3-6၁ಒޑ၁ಒޑ၁ಒޑ၁ಒޑᇙำ؁ᡯᇙำ؁ᡯᇙำ؁ᡯᇙำ؁ᡯ 
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3-2-1 ኬҁۓՏኬҁۓՏኬҁۓՏኬҁۓՏ 

    ӧଯѠ๊ጔޑၸำύǴ႔ཱུБӛѸ໪ѳՉܭЬືޑᐍ༝׎კਢǴٛЗ௪ଆᇙ 

ำѐӀߔਔౢғ໒ၡǶӢԜǴךॺᒧ᏷႔ཱུ(100)ࣁБӛکଯѠᇑ(011)څБӛǶ 

 

3-2-2 ଯѠ๊ጔଯѠ๊ጔଯѠ๊ጔଯѠ๊ጔ 

    ଯѠ๊ጔޑҞࢂޑҔٰ෧ϿᅅႝࢬǴӵ݀ؒԖᅅႝࢬǴךॺёаள׳ډӳޑ 

֨З੝܄Ƕ඲༝೏ӀߔFH -6400LᙟᇂࡕǴ೬੘ྕ90ࡋʚᆢ࡭ϖϩដǶϐעࡕଯ 

Ѡკਢ༾ቹԿኬҁ΢Ǵ٠ฯ੘ྕ100ࡋʚᆢ࡭ΜϩដǶฅ٬ࡕҔᔸԄϯᏢᇑڅྋ 

న(H3PO4ǺH2O2ǺH2O=1Ǻ1Ǻ30)Ǵᇑډڅઈϯㄿቫکઈϯ⥲ㄿቫௗय़ǶࣁΑዴ 

 ਔ໔ᆶᇑڅᇑࢗᔠٰݢ ୷݈Ǵ٬Ҕ α܈጗ፂቫډڅଯѠ๊ጔਔǴϡҹς೏ᇑߥ

 1ࣾ24ÅǶࣁ౗ऊڅᜢ߯Ǵᇑޑϐ໔ࡋుڅ

ଯѠ๊ጔޑЬा؁ᡯӵΠǺ 

(1) ੗੘ಥН 

(2) ΢Ӏߔ 

(3) ௽ᙯ༡թ 

(4) ೬੘(ᚼӀ߻) 

(5) ᚼӀ 

(6) ᡉቹ 

(7) ฯ੘ 

(8) ᇑڅ 

(9) ౽ନӀߔ 

 

 ឦϯߎޑཱུؕکឦϯྍཱུߎޑཱུؕکឦϯྍཱུߎޑཱུؕکឦϯྍཱུߎޑཱུؕکཱུྍ 3-2-3

 Ҕ਽Н(NH4OHǺH2O=1:1)ࡕ඲༝Ǵฅࢱ᎜ᕏᏔύуΕЧ✉మݢॺӧຬॣך    

ѐନ߄य़਼ޑϯቫǶ඲༝೏ FH -6400LӀߔᙟᇂࡕǴ೬੘ྕࡋ 90ʚᆢ࡭ 5 ϩដǶ 
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ϐ٬ࡕҔӀ༾ቹ׎ೌמԋ၀ႝၡޑკਢǶऩӧຬॣݢ᎜ᕏᏔύమࢱ 20 ϩដǴё 

аஒԜ೽ϩߎឦಥନǴϐࡕҔѐᚆηНమࢱᆶଯપࡋේ਻֌ଳ඲༝Ƕߎ/ⷿ/ᙻߎ 

ឦӝޑߎԋϩКࢂٯ 84:12:4Ǵ೏٬ҔӧྍཱུߎཱུؕکឦೱௗǴӧᓸΚ 4 ×10-6ɴ5 

×10-6 torrΠᇃᗓߎ(Au)Ǵ٬ௗ᝻ႝߔΠफ़Ƕ௪ଆᇙำࣁࢂΑკਢکኬҁӧ፾྽ޑ 

ࣁௗ᝻Ƕ዗ଏОୖኧۅኻޑӳؼԋ׎ೲ዗ଏОǴԶזਔ໔ύکࡋྕ 6ࣾ 490ʚǶ 

ྍཱུᆶཱུؕߎឦϯޑЬा؁ᡯӵΠǺ 

(1) ੗੘ಥН 

(2) ΢Ӏߔ 

(3) ௽ᙯ༡թ 

(4) ೬੘(ᚼӀ߻) 

(5) ᚼӀ 

(6) ᡉቹ 

(7) ᇃᗓ 

(8) ௪ଆᇙำ 

(9) ӝ׎ߎԋ 

(10)዗ଏО 

 

3-2-4 ႔ཱུᑵ੝୷ௗ᝻׎ԋ႔ཱུᑵ੝୷ௗ᝻׎ԋ႔ཱུᑵ੝୷ௗ᝻׎ԋ႔ཱུᑵ੝୷ௗ᝻׎ԋ 

 Ҕ਽Н(NH4OHǺH2O=1:1)ࡕ඲༝Ǵฅࢱ᎜ᕏᏔύуΕЧ✉మݢॺӧຬॣך    

ѐନ߄य़਼ޑϯቫǶӧᇃᗓ႔ཱུߎឦϐ߻Ǵ٬ҔᔸԄϯᏢᇑڅྋన(H3PO4Ǻ 

H2O2ǺH2O=1Ǻ1Ǻ37.5 )ନѐᙟᇂቫǴᇑډڅઈϯ᎑ㄿቫ׎ԋ႔ཱུпኲǴᇑڅ౗ 

ऊࣁ 1ࣾ 18ÅǶӵ݀ؒԖֹӄନѐᙟᇂቫǴ߾཮ԖѳՉ໺ᏤਏᔈǶӢ٬ࣁҔྍཱུ 

ᆶཱུؕߎޑឦ଺ࣁӀ࿽Ǵ࿯࣪Ӏ༾ቹᇑ؁ޑೌמڅᡯǶᙖҗ႔ཱུӀ࿽Ѻ໒႔ཱུп 

ኲǴ٠ᇃᗓᙻ/ߎӧઈϯ᎑ㄿቫ΢଺ࣁᑵ੝୷႔ཱུǴനࡕ࿶ၸ௪ଆᇙำࡕǴHEMTs 

ϡҹ൩ֹԋΑǴ٠ё຾Չࢬޔ੝ޑ܄ໆෳǶЬा؁ᡯၟྍཱུᆶཱུؕߎޑឦϯ؁ޑ 
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ᡯεӕλ౦ǴՠؒԖӝ׎ߎԋک዗ଏОǶ႔ཱུᑵ੝୷ௗ᝻׎ԋޑЬा؁ᡯӵΠǺ 

(1) ᇑڅ႔ཱུпኲ 

(2) ΢Ӏߔ 

(3) ௽ᙯ༡թ 

(4) ೬੘(ᚼӀ߻) 

(5) ᚼӀ 

(6) ᡉቹ 

(7) ᇃᗓ 

(8) ௪ଆᇙำ 

 

3-2-5 ૌ਼Нೀ౛ૌ਼Нೀ౛ૌ਼Нೀ౛ૌ਼Нೀ౛(ኬҁኬҁኬҁኬҁ B ᆶኬҁᆶኬҁᆶኬҁᆶኬҁ C) 

    ӧྍཱུ؈ཱུႝཱུؕکᑈǵ዗ଏОǵӀ༾ቹᇙำᆶΒԛ႔ཱུпഐࡕǴ٬ҔᔸԄ 

ϯᏢᇑڅྋన(H3PO4ǺH2O2ǺH2O=4Ǻ4Ǻ150)ନѐᙟᇂቫǶஒኬҁ੆ݰӧૌ਼ 

Нύ຾Չ਼ϯǶஒྍཱཱུུؕکբࣁᇑڅӀ࿽Ǵ຾Չᒧ᏷਼܄ϯӧઈϯ᎑ㄿᑵ੝୷ 

ቫ߄ޑय़ୁکᏛ׎ԋ਼ϯጢǶԜѦǴӧྍཱཱུུႝཱུؕک໔߄य़໌ϯਔǴёۓက႔ 

ཱུ୔ୱǶനࡕǴᙖҗᙻ/ߎޑߎឦӝߎᆶ௪ଆᇙำၸำٰۓက႔ཱུႝཱུǶӧ႔ཱུ 

Ёκࣁ 1.2 ×100µm2Ǵཱུྍک-ཱུؕຯᚆࣁ 7µm زΠٰࣴݩރޑ pHEMTsǶ 

 

    ਼ϯس಍ύх֖ӧྕ࠻΋ε਻ᓸΠᏹբޑ Welsbach T-816ૌ਼ౢғᏔǵၸ਼ 

ϯణྋనǶૌ਼਻ᡏᐚࡋӧऊࣁ 17.7 p.p.m.ਔǴݙΕၸ਼ϯణྋన׎ԋૌ਼НǶ 

ૌ਼Нᇙำ਼ޑϯ౗εऊࣁ 1nm/minǶӢԜǴӧྕ࠻ύஒϡҹ੆ܭݰૌ਼Н 10 

ϩដǴஒ཮ளډനؼӳ߄ޑय़ѳ᏾ࡋǶ 
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3-2-6  Г-႔ཱུᑵ੝୷ௗ᝻႔ཱུᑵ੝୷ௗ᝻႔ཱུᑵ੝୷ௗ᝻႔ཱུᑵ੝୷ௗ᝻(ኬҁኬҁኬҁኬҁ B ᆶኬҁᆶኬҁᆶኬҁᆶኬҁ C) 

    ӧ׎ԋ਼ϯቫᆶ༡΢ӀࡕߔǴךॺஒკਢ຾Չั༾ୃޑ౽Ƕஒϡҹᚼᠴܭம 

ਗ਼๋ޑѦӀΠǴךॺ٬Ҕᇃᗓᐒ຾Չ௪ଆᇙำǴ٠Ҕᙻ/ߎ༤ᅈޜલǶӵკ 3-5 

ࣁҢǴ܌ Г-႔ཱུ׎ԋၸำǶӧ႔ཱུკਢύǴኬҁ B(ኬҁ C)ޑϡҹ႔ཱུࣁࡋߏ 

0.8µm(0.6µm)аϷቨࣁࡋ 100µmǶ 
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ಃѤകಃѤകಃѤകಃѤക    

ჴᡍ่݀ᆶ௖૸ჴᡍ่݀ᆶ௖૸ჴᡍ่݀ᆶ௖૸ჴᡍ่݀ᆶ௖૸    

4-1 ᓅᅟໆෳᓅᅟໆෳᓅᅟໆෳᓅᅟໆෳ 

 ౽ᎂکࡋᓅᅟໆෳǴ٠ᆉрၩηᐚޑǴբӚঁድ඲ቫރϪԋ෇ࠔॺஒኬך    

౗Ƕᓅᅟໆෳࢂӧᅶ൑ 5000Gǵྕࡋ 300KΠჹኬҁ຾ՉໆෳǴࣁΑளډၨᆒዴ 

 аΠచҹǺىǴѸ໪ᅈ่݀ޑ

(1) ௗ᝻ᗺѸ໪ӧኬڬޑࠔൎ 

(2) ௗ᝻ᗺሡ୼λ 

(3) ኬࡋࠆޑࠔѸ໪֡ࢂϬޑ 

(4) ኬ߄ޑࠔय़ѝૈԖ΋ঁௗ᝻ᗺ 

 

    ᓅᅟໆෳ่݀ޑӵ߄  4.37×1012 cm-2 (ns)ࡋҢǴ໺಍ϡҹΒᆢႝη໦ᐚ܌4-1

ၩηᎂ౽౗(µn) 4030 cm2 (V-S)-1ǴԶ࿶ၸૌ਼Нೀ౛ک 10ϩដޑϡҹΒᆢႝη໦ 

ᐚࡋ(ns) 4.45×1012 cm-2کၩηᎂ౽౗(µn) 4100 cm2 (V-S)-1ǶКၨٿᅿϡҹޑໆෳ 

่݀Ǵว౜Βᆢႝη໦ᐚࡋ(ns)ቚуǴࢂӢ਼ࣁϯቫ໌ϯǴ຾Զफ़ե߄य़ރᄊஏ 

 Ю[24]-[25]Ƕޜ೯ၰύޑǴԶЪ٬ႝηӧΒᆢႝη໦ࡋ

 

 

Treatment 

 

Sheet 

Resistivity 

(ohm/sq) 

Mobility 

(cm2/V-s) 

Sheet 

concentration 

(cm-2) 

µn × ns 

(1/V-s) 

Without ozone 

water treatment 
354.3 4030 4.37×1012 1.76×1016 

With ozone 

water treatment 

for 10 minutes 

341.1 4100 4.45×1012 1.82×1016 

߄߄߄߄ 4-1ϡҹᓅᅟໆෳ่݀ϡҹᓅᅟໆෳ่݀ϡҹᓅᅟໆෳ่݀ϡҹᓅᅟໆෳ่݀ 
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 ܄੝ࢬޔ܄੝ࢬޔ܄੝ࢬޔ܄੝ࢬޔ 4-2

    ӧྕࡋ 300KਔǴኬҁ AǵBǵC ϡҹޑ႔ཱུЁκϩձࣁ 1.2×100 µm2ǵ0.8×100  

µm2ǵ0.6×100 µm2ǴԶྍཱཱུུؕک໔ޑຯᚆࣣࣁ 7µmǴ٠٬Ҕ KEITHLEY 4200  

ٰໆෳϡҹࢬޔޑ੝܄Ƕ 

 

 ܄ᓸ੝ႝࢬႝ܄ᓸ੝ႝࢬႝ܄ᓸ੝ႝࢬႝ܄ᓸ੝ႝࢬႝ 4-2-1

    კ 4-1ǵ4-2ǵ4-3 ϩձࣁኬҁ AǵBǵC Ӆྍཱཱུུؕႝࢬஏࡋ(IDS)ჹྍཱུ-ؕ 

ཱུႝᓸ(VDS)ޑ੝܄კǶკύࢂӧྕ࠻Π VGS(max) җ 0.5VԿ- 3V а- 0.5V/stepໆ  

ෳǶკ 4-4 Кၨኬҁࣁ AǵBǵC  ԔጕǴᡉฅ೭Οঁኬҁ೿܄੝ޑᆶႝᓸ໔ࢬႝ

 Ƕ܄Ϸ֨З੝کႫޑӳؼԖڀ
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კკკკ 4-1ኬҁኬҁኬҁኬҁ A ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K     Ԕጕ܄ᓸ੝ႝࢬႝޑԔጕ܄ᓸ੝ႝࢬႝޑԔጕ܄ᓸ੝ႝࢬႝޑԔጕ܄ᓸ੝ႝࢬႝޑ
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კკკკ 4-2ኬҁኬҁኬҁኬҁ B ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K ਔႝࢬႝޑᓸ੝܄ਔႝࢬႝޑᓸ੝܄ਔႝࢬႝޑᓸ੝܄ਔႝࢬႝޑᓸ੝܄ԔጕԔጕԔጕԔጕ 
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კკკკ 4-3ኬҁኬҁኬҁኬҁ C ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K ਔႝࢬႝޑᓸ੝܄ਔႝࢬႝޑᓸ੝܄ਔႝࢬႝޑᓸ੝܄ਔႝࢬႝޑᓸ੝܄ԔጕԔጕԔጕԔጕ 
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კკკკ 4-4 AlGaAs/InGaAs pHEMTs ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  ԔጕКၨ܄ᓸ੝ႝࢬႝޑԔጕКၨ܄ᓸ੝ႝࢬႝޑԔጕКၨ܄ᓸ੝ႝࢬႝޑԔጕКၨ܄ᓸ੝ႝࢬႝޑ

4-2-2 Ѧ፦ᙯᏤ੝܄Ѧ፦ᙯᏤ੝܄Ѧ፦ᙯᏤ੝܄Ѧ፦ᙯᏤ੝܄ 

    კ 4-5ǵ4-6ǵ4-7ϩձ٬ࣁҔ VDS=3.5VǴໆෳኬҁ AǵBǵCޑѦ፦ᙯᏤ(gm) 

Ƕӧკ(IDS)ࡋஏࢬႝཱུؕکႫک 4-8 ύǴКၨ೭Οঁኬҁޑ gmک IDSǶӵ߄ 4-2 

 നεᙯᏤॶ(gm,max)Ǵၟ(IDSSǴmax)ࡋஏࢬႝکനεႫޑҢǴӈрΟঁኬҁ܌

ॺёа࣮рኬҁך BǵC ԖၨεޑѦ፦ᙯᏤॶǶ 

Characteristics Sample A Sample B Sample C 

IDSS, max (mA/mm) 331 339 350 

gm, max (mS/mm) 115 129 137 

Vth (V) - 2 - 1.4 - 1.2 

߄߄߄߄ 4-2ϡҹޑႫࢬႝཱུؕکஏࡋϡҹޑႫࢬႝཱུؕکஏࡋϡҹޑႫࢬႝཱུؕکஏࡋϡҹޑႫࢬႝཱུؕکஏࡋǵǵǵǵനεᙯᏤॶനεᙯᏤॶനεᙯᏤॶനεᙯᏤॶǵǵǵǵᖏࣚႝᓸᖏࣚႝᓸᖏࣚႝᓸᖏࣚႝᓸ 
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კკკკ 4-5ኬҁኬҁኬҁኬҁ A ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300KǵǵǵǵVDS=3.5VޑѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋ 
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კკკკ 4-6ኬҁኬҁኬҁኬҁ B ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300KǵǵǵǵVDS=3.5VޑѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋ 
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კკკკ 4-7ኬҁኬҁኬҁኬҁ C ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300KǵǵǵǵVDS=3.5VޑѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏޑࡋѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋ 
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  Sample B
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კკკკ 4-8 AlGaAs/InGaAs pHEMTs ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300KǵǵǵǵVDS=3.5Vޑޑޑޑ 

Ѧ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨ 

 ϦԄޑᓸॶǴᖏࣚႝᓸॶႝޑ႟ਔࣁࡋஏࢬ྽ཱུؕႝࣁကᖏࣚႝᓸۓۓॺך    

ё߈՟Ԅη(4-1)[25]: 

                    ε

φ )(
2

dd
DEG

n

q
c

E

q
B

th
V

∆+
−

∆
−=

              
(4-1) 

ύځ     ΦB Ǵ∆Ecࡋଯޑᑵ੝୷Տૈምࢂ  ޑઈϯ⥲ㄿ೯ၰϐ໔کᑵ੝୷ቫࢂ

Ꮴႝ஥όೱុǴԶȐd + ∆dȑࢂ႔ཱུکΒᆢႝη໦ϐ໔ޑԖਏຯᚆǶᖏࣚႝᓸॶ 

ӈ߄ܭ 4-2Ƕவ߄ 4-2ύว౜ኬҁ A ᖏࣚႝᓸॶКኬҁޑ BǵC λǴࢂӢ໌ࣁϯ 

ਏ݀٬਼ϯቫڋ׭ᑵ੝୷ቫک೯ၰቫࣚय़ޑΒᆢႝη໦ᐚࡋǶ 

 ܄ᆄ஝ውႝᓸ੝ٿ܄ᆄ஝ውႝᓸ੝ٿ܄ᆄ஝ውႝᓸ੝ٿ܄ᆄ஝ውႝᓸ੝ٿ 4-2-3

    კ 4-9ᡉҢኬҁ AǵBǵC ӧྕ࠻Πޑ஝ውႝᓸ(BVGD)ک໩ୃᏤ೯ႝᓸ(Von) 

੝܄Ƕךॺۓကٿᆄ஝ውႝᓸࣁ႔ཱུႝࢬᆶ႔ཱུቨࡋК(IGS/W)ၲډ 1mA/mm ਔ 

 ႔ཱུႝᓸǶޑ

Characteristics Sample A Sample B Sample C 

BVGD (V) - 13.6 - 30.3 - 31 

Von (V) 0.6 0.7 0.7 

߄߄߄߄ 4-3ϡҹٿޑᆄ஝ውႝᓸ੝܄ϡҹٿޑᆄ஝ውႝᓸ੝܄ϡҹٿޑᆄ஝ውႝᓸ੝܄ϡҹٿޑᆄ஝ውႝᓸ੝܄ 

 



 鍻ъᏤᡏނឦ鍻਼ϯߎԖόӕ̳鍻႔ཱུୃ౽่ᄬڀ

ઈϯ᎑ㄿ/ઈϯ⥲ㄿᔕ඲Ԅଯႝηᎂ౽౗ႝ඲ᡏϐࣴᇙ 

                                    22       逢甲大學學生報告 ePaper(2013年) 

  Sample B

 

 

  Sample A

 

 

-35 -30 -25 -20 -15 -10 -5 0
-1.0

-0.5

0.0

0.5

1.0

  Sample C

 

Gate - Drain Voltage (V)

G
at

e 
C

ur
re

nt
 D

en
si

ty
 (

m
A

/m
m

)
 

0.0 0.5 1.0
0.0

0.5

1.0

G
at

e 
C

ur
re

nt
 D

en
si

ty
 

(m
A/

m
m

)

G
at

e 
C

ur
re

nt
 D

en
si

ty
 

(m
A/

m
m

)

G
at

e 
C

ur
re

nt
 D

en
si

ty
 

(m
A/

m
m

)

G
at

e 
C

ur
re

nt
 D

en
si

ty
 

(m
A/

m
m

)

Gate - Drain Voltage (V)

 

 

 

კკკკ 4-9 AlGaAs/InGaAs pHEMTs ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  ᆄ஝ውႝᓸКၨٿޑᆄ஝ውႝᓸКၨٿޑᆄ஝ውႝᓸКၨٿޑᆄ஝ውႝᓸКၨٿޑ

߄     4-3 ᡉҢኬҁ BǵC Кኬҁ A Ԗၨεޑ႔/ཱུؕٿᆄ஝ውႝᓸǴࢂҗܭኬ 

ҁ BǵC Ԗၨଯޑᑵ੝୷ՏૈምଯࡋǶ஝ውႝᓸࣁᑵ੝୷Տૈምଯ߄کࡋय़ᅅႝ 

 ගϲǶޑεࡐԖ܄Ǵ஝ው੝ࡕኧǶᡉฅǴ࿶ၸૌ਼Нೀ౛ڄޑࢬ

 

4-2-4 ΟᆄΟᆄΟᆄΟᆄ஝ውႝᓸ੝܄஝ውႝᓸ੝܄஝ውႝᓸ੝܄஝ውႝᓸ੝܄ 

    კ 4-10ᡉҢኬҁ AǵBǵC ӧྕ࠻ΠޑΟᆄ஝ውႝᓸ੝܄ǶךॺۓကΟᆄ஝ 

ውႝᓸࢬႝཱུؕࣁᆶ႔ཱུቨࡋК(IDS/W)ࣁ 1mA/mmਔႝཱུྍؕޑᓸǶ 

Characteristics Sample A Sample B Sample C 

BVDS (V) 5.4 7.9 8.5 

߄߄߄߄ 4-4ϡҹޑΟᆄ஝ውႝᓸ੝܄ϡҹޑΟᆄ஝ውႝᓸ੝܄ϡҹޑΟᆄ஝ውႝᓸ੝܄ϡҹޑΟᆄ஝ውႝᓸ੝܄ 
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კკკკ 4-10 AlGaAs/InGaAs pHEMTsӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  Οᆄ஝ውႝᓸКၨޑΟᆄ஝ውႝᓸКၨޑΟᆄ஝ውႝᓸКၨޑΟᆄ஝ውႝᓸКၨޑ
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߄     4-4 ᡉҢኬҁ BǵC Кኬҁ A ԖၨεޑΟᆄ஝ውႝᓸǴԖΠӈΟᅿচ 

Ӣ:(1)MOS่ᄬගٮၨӳޑ႔๊ཱུጔ੝܄ǹ(2) ׯ๓߄य़੝໌ک܄ϯؕ/ྍཱུႝཱུ 

а෧Ͽ߄य़ᅅႝࢬǹ(3)ӧ႔/ཱུؕ׎ԋ൑่ཱུ݈ᄬǴԖਏڋ׭ޑനεႝ൑ౢ܌ғ 

 ፂᔐෞᚆਏᔈ [26]Ƕޑ

 

4-2-5 ᒡрᙯᏤ੝܄ᒡрᙯᏤ੝܄ᒡрᙯᏤ੝܄ᒡрᙯᏤ੝܄ 

    კ 4-11ᡉҢኬҁ AǵBǵC  ۓॺךǶ܄Ѧ፦ᙯᏤǵᒡрᙯᏤϷႝᓸቚ੻੝ޑ

ကҁ፦ႝᓸቚ੻ࣁ: 

                           d

m
omV g

g
rgA =⋅=

                      
 (4-2) 

    ӵ߄ ҢǴኬҁ܌4-5 AǵBǵC ӧ VDS=3.5VΠໆෳޑډѦ፦ᙯᏤǵᒡрᙯᏤ 

Ϸႝᓸቚ੻Ƕҗܭ෧Ͽ߄य़ഐٝૈ໘ǴᏤठኬҁ BǵC ኬҁܭᒡрᙯᏤॶեޑ AǶ 

ԜѦǴኬҁ C Кኬҁ B ԖၨեޑᒡрᙯᏤॶǴࢂӢࣁቚуΑ൑ཱུ݈ࡋߏǴ٬ኬ 

ҁ C  եᒡрޑ୔کଯႝᓸቚ੻ǶӢԜǴӧႫکǵեᒡрᙯᏤלߔଯᒡрډၲૈ

ᙯᏤёаග׳ٮଯޑᒡрלߔǴԖճႝܭᓸቚ੻کफ़եॄၩਏᔈǶ 

0 1 2 3 4

  Sample A , V
GS

 = - 1.5 V

 

E
xt

rin
si

c 
T

ra
ns

co
nd

uc
ta

nc
e 

(m
S

/m
m

)
an

d 
O

ut
pu

t C
on

du
ct

an
ce

 (
m

S
/m

m
)

 

0

40

80

120

160

200

  Sample B , V
GS

 = - 0.5 V

 

 

In
tr

in
si

c 
V

ol
ta

ge
 G

ai
n

 

g
d

g
m

A
V

  Sample C , V
GS

 = - 0.5 V 

 

Drain - Source Voltage (V)

0

50

100

150

200

250

300

350

 

 

კკკკ 4-11 AlGaAs/InGaAs pHEMTsӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  ޑޑޑޑ

Ѧ፦ᙯᏤѦ፦ᙯᏤѦ፦ᙯᏤѦ፦ᙯᏤǵǵǵǵᒡрᙯᏤᒡрᙯᏤᒡрᙯᏤᒡрᙯᏤǵǵǵǵႝᓸቚ੻ჹႝཱུؕܭᓸޑКၨႝᓸቚ੻ჹႝཱུؕܭᓸޑКၨႝᓸቚ੻ჹႝཱུؕܭᓸޑКၨႝᓸቚ੻ჹႝཱུؕܭᓸޑКၨ 
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Characteristics Sample A Sample B Sample C 

gm (mS/mm) 115 129 137 

gd (mS/mm) 1.46 1.35 0.75 

Av 82 126.2 178.8 

߄߄߄߄ 4-5ϡҹӧϡҹӧϡҹӧϡҹӧ VDS=3.5VਔޑਔޑਔޑਔޑѦ፦ᙯᏤѦ፦ᙯᏤѦ፦ᙯᏤѦ፦ᙯᏤǵǵǵǵᒡрᙯᏤϷႝᓸᒡрᙯᏤϷႝᓸᒡрᙯᏤϷႝᓸᒡрᙯᏤϷႝᓸቚ੻ቚ੻ቚ੻ቚ੻ 

 

4-2-6 ႝ৒ႝᓸ੝ႝ܄৒ႝᓸ੝ႝ܄৒ႝᓸ੝ႝ܄৒ႝᓸ੝܄ 

    კ 4-12ᡉҢኬҁA  ъᏤᡏӧᓎ౗-ނឦ-਼ϯߎኬҁBکឦ-๊ጔቫ-ъᏤᡏߎ

1MHz ਔໆෳႝޑ৒ႝᓸ੝܄Ƕኬҁ B ઈϯ᎑ㄿቫ΢ᇑڅ 3nmࡕǴ؈ᑈ 10nmࠆ 

ӚձӧኬҁࡕϯቫǶฅ਼ޑ AǵB ᑈय़ᑈ؈໚ཱུ΢ޑ 8000µm2  ǴԶ഍ཱུߎ/ᙻޑ

ǵཱུؕ΋ኬǶኬҁཱུྍکԋၸำ׎ޑ B ӧவޜЮ୔ډᆫ໣୔ޑᙯ౽ၸำǴёа 

٬Ҕኬҁ A ٰᔠᡍӧ໌ϯϐࣚޑࡕय़ࠔ፦Ƕ 
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კკკკ 4-12 ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC  ԔጕКၨ܄৒ႝᓸ੝ႝޑԔጕКၨ܄৒ႝᓸ੝ႝޑԔጕКၨ܄৒ႝᓸ੝ႝޑԔጕКၨ܄৒ႝᓸ੝ႝޑ

4-3 ৔ᓎ੝܄৔ᓎ੝܄৔ᓎ੝܄৔ᓎ੝܄ 

ॺ٬Ҕך     HP8510Bᆛၡᆶ HP8517Bୖኧ SՍௗ௖ଞǴٰෳໆϡҹӧᓎ౗ጄ 

ൎ ډ0.2 50GHzਔޑ༾ݢ੝܄Ƕ٠ೕ܌ۓԖޑኬҁ႔ཱུЁκࣁ 1.2×200µm2ǵྍ 

ࣁຯᚆޑཱུؕډཱུ 7µmǶ٠٬Ҕ኱ྗ඲༝ޑБٰݤ੃ନௗӝ஌يǶ౜ӧ཰ࣚ٬Ҕ 

ޑ HP Eesof Touchstone ኳᔕး࿼ࢂճҔ Sୖኧѐϩ݋ǶႽ٬ࢂҔλૻဦႝࢬቚ 
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੻ H21ޑϣකݤǴ؃ளӧ 0dB ਔޑᄒЗᓎ౗ fTǶ٬ࢂ܈Ҕനεф౗ቚ੻(MAG) 

ளനε᎜ᕏᓎ౗ڗݤϣකޑ fmaxǶӢԜ fTک fmaxё೏ቪԋΠӈБำԄǺ 

                          
)(2 GDGS

m
T CC

g
f

+
≈

π                     (4-3) 

                    21
0

max ]2)([2 GDSG

T

CRRG

f
f

π++
≈                (4-4) 

 

Characteristics Sample A Sample B Sample C 

fT(GHz) 10.9 13.3 14.4 

fmax(GHz) 19.3 26.8 35.3 

߄߄߄߄ 4-6 ϡҹӧ႔ཱུЁκϡҹӧ႔ཱུЁκϡҹӧ႔ཱུЁκϡҹӧ႔ཱུЁκ 1.2×200µm2ΠޑΠޑΠޑΠޑ fT کککک fmax 

 

    კ 4-13ǵ4-14ǵ4-15ϩձᡉҢኬҁ AǵBǵC ቚ੻ǵᄒЗᓎ౗ࢬႝޑ fTǵന

ε᎜ᕏᓎ౗ fmaxǶᄒЗᓎ౗ǵനε᎜ᕏᓎ౗܌ޑԖॶ೿ӧୃᓸ VDSɨ3.5VΠໆෳǴ

༊᏾߄ܭ 4-6Ƕኬҁ C Ӣ٬ࣁҔૌ਼НᇙำǴૈ୼फ़ե߄य़ᝌੌᗖႝک৒ǴӢԜ

ᏱԖၨଯޑᄒЗᓎ౗کനε᎜ᕏᓎ౗Ƕ 
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კკკკ 4-13 ኬҁኬҁኬҁኬҁ A ӧӧӧӧ VDS=3.5Vǵǵǵǵ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ 1.2 × 200 µm2ޑ৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝܄ 
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კკკკ 4-14 ኬҁኬҁኬҁኬҁ B ӧӧӧӧ VDS=3.5Vǵǵǵǵ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ 1.2 × 200 µm2ޑ৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝܄ 

1 10
0

5

10

15

20

25

30

35

f
T
 = 14.4

f
max

 = 35.3

V
DS

 = 3.5 V

V
GS

 = - 0.5 V

|H
21

|
MAG

MSG

 

Frequency (GHz)

G
ai

n 
(d

B
)

 

 

კკკკ 4-15ኬҁኬҁኬҁኬҁ C ӧӧӧӧ VDS=3.5Vǵǵǵǵ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ 1.2 × 200 µm2ޑ৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝܄    

 

4-4 ф౗੝܄ф౗੝܄ф౗੝܄ф౗੝܄ 

 ೲ౗Ǵ٠٬Ҕᙁൂޑф౗ࢬᒡрҬࣁф౗ᙯᡂࢬޔᒡΕࢂ܄ॺଷ೛ф౗੝ך    

Бٰݤ຾ՉໆෳǶ೸ၸ٬Ҕঁٿፓ᏾Ꮤ֖کԖф౗ᔠෳᏔޑ஥೯ᘠݢᏔǴ٬ྍཱུ 

ܭф౗Ƕჹޑዴ҅ډӧ୷ҁᓎ౗Πૈ୼ໆෳߥၩϰଛǴዴॄکלߔ AB ᜪܫεᏔ 

ᏹբǴኬҁୃᓸӧᖿ֨ܭ߈ЗރᄊਔǴߕуф౗ਏ౗БำԄёቪԋǺ 

                        %100×−=
DC

inout
dda P

PPη                    (4-5) 
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Characteristics Sample A Sample B Sample C 

P.A.E.(%) 24.4 31.7 35 

Pout(dBm) 10.64 13.81 14.9 

Gs(dB) 8.88 9.82 11.5 

߄߄߄߄ 4-7 ϡҹӧᓎ౗ϡҹӧᓎ౗ϡҹӧᓎ౗ϡҹӧᓎ౗ 2.4GHzޑф౗߄౜ޑф౗߄౜ޑф౗߄౜ޑф౗߄౜ 

Characteristics Sample A Sample B Sample C 

P.A.E.(%) 16.2 26.5 28 

Pout(dBm) 10.1 13.29 14 

Gs(dB) 6.45 7.69 8.7 

߄߄߄߄ 4-8 ϡҹӧᓎ౗ϡҹӧᓎ౗ϡҹӧᓎ౗ϡҹӧᓎ౗ 5.8GHzޑф౗߄౜ޑф౗߄౜ޑф౗߄౜ޑф౗߄౜ 

 

    ༾ॄݢၩਉԄф౗੝܄ӧᓎ౗ 2.4GHzǵ5.8GHzໆෳډǶკ ک4-16 4-17ᡉ 

Ңߕуф౗ਏ౗ǵᒡрф౗کф౗ቚ੻Ǵ೭٤੝܄όճܭᒡΕф౗Ǵӧ႔ཱུЁκ 

1.2×200µm2 ᓎ౗ک 2.4GHzǵ5.8GHzǶ߄ 4-7ǵ4-8 ༼᏾ӧ VDSɨ3.5Vǵᓎ౗ࣁ 

2.4GHzǵ5.8GHzਔǴໆෳߕޑډуф౗ਏ౗ǵᒡрф౗کф౗ቚ੻Ƕҗ߄ 4-7ǵ 

4-8ёளޕǴኬҁ C ӢࣁᏱԖၨεޑ஝ውႝᓸǴߕځ٬уф౗ਏ౗ǵ࣬ჹᔈޑᒡ 

рф౗࣬کჹᔈޑф౗ቚ੻೿εځܭдኬҁǶ 
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კკკკ 4-16 ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC ӧᓎ౗ӧᓎ౗ӧᓎ౗ӧᓎ౗ 2.4 GHzޑᒡрф౗ޑᒡрф౗ޑᒡрф౗ޑᒡрф౗ǵǵǵǵф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ǵǵǵǵߕуф౗ਏ౗ߕуф౗ਏ౗ߕуф౗ਏ౗ߕуф౗ਏ౗    

ჹܭᒡΕф౗ޑ੝܄КၨჹܭᒡΕф౗ޑ੝܄КၨჹܭᒡΕф౗ޑ੝܄КၨჹܭᒡΕф౗ޑ੝܄Кၨ    
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კკკკ 4-17ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC ӧᓎ౗ӧᓎ౗ӧᓎ౗ӧᓎ౗ 5.8 GHzޑᒡрф౗ޑᒡрф౗ޑᒡрф౗ޑᒡрф౗ǵǵǵǵф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ǵǵǵǵߕуф౗ਏ౗ߕуф౗ਏ౗ߕуф౗ਏ౗ߕуф౗ਏ౗    

ჹܭᒡΕф౗ޑ੝܄КၨჹܭᒡΕф౗ޑ੝܄КၨჹܭᒡΕф౗ޑ੝܄КၨჹܭᒡΕф౗ޑ੝܄Кၨ    

 

4-5 ᚇૻ੝܄ᚇૻ੝܄ᚇૻ੝܄ᚇૻ੝܄ 

    კ 4-18 ᡉҢനλᚇૻ(NFmin)࣬کჹᔈޑቚ੻Ǵόճܭᓎ౗ӧ႔ཱུЁκࣁ 

1.2×200µm2Ƕᚇૻ੝ࢂ܄җ HP85122AᐒѠӧᓎ౗ 1~6GHzΠໆෳޑǶӢࣁᙯᏤ 

ॶکᚇૻ࣬ᜢǴ྽ᙯᏤॶቚуਔᚇૻ൩཮Πफ़Ƕ܌а྽߄य़ഐٝૈ໘෧ϿਔǴ཮ 

Ԗ׳ଯࢬႝཱུؕޑǴԜਔന٫ୃᓸᗺ཮Ԗ׳ଯޑᙯᏤॶکനλޑᚇૻ੝܄Ƕ 
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კკკკ 4-18ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC     Кၨ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑКၨ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑКၨ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑКၨ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ
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Characteristics Sample A Sample B Sample C 

NFmin(dB) 
2.4GHz 1.5 1.1 0.9 

5.8GHz 3.1 2.4 2.1 

Associated 

gain(dB) 

2.4GHz 14 14.3 14.6 

5.8GHz 9.6 9.8 10.1 

߄߄߄߄ 4-9 ϡҹӧᓎ౗ϡҹӧᓎ౗ϡҹӧᓎ౗ϡҹӧᓎ౗ 2.4GHzǵǵǵǵ5.8GHzޑᚇૻ߄౜ޑᚇૻ߄౜ޑᚇૻ߄౜ޑᚇૻ߄౜ 

 

നλᚇૻБำԄёቪԋǺ 

                      
m

gs
gs g

RR
fKCNF

+
+≈ π21min                    (4-6) 

߄     4-9ᡉҢрനλᚇૻ(NFmin)࣬کჹᔈޑቚ੻ჹךॺࣴޑزϡҹᓎ౗όճǶ 

வԄη(4-6)ёаว౜ǴӢࣁૌ਼Н਼ϯ೷ԋ߄य़໌ϯǴ߄٬य़ഐٝૈ໘෧ϿǴ܌ 

аኬҁ BǵC ࣬ၨܭኬҁ A  ᙯᏤॶǶޑԖၨଯڀ

 

4-6 եᓎᚇૻ੝܄եᓎᚇૻ੝܄եᓎᚇૻ੝܄եᓎᚇૻ੝܄ 

    եᓎᚇૻᝄख़ቹៜϡҹӧ༾ݢ΢ޑᔈҔǶեᓎᚇૻޑໆෳ຾΋؁ှញΑଢᛉ 

ᚇૻکόӕᇙำޑޣٿᜢ߯ǴъᏤᡏ߄ޑय़ჹܭեᓎᚇૻޑෳໆ΢ߚத௵གǶؕ 

ཱུᆄႝޑᓸᚇૻ࿶җ Agilent 35670A ܫεǴԶᒡрᆄௗӧъᏤᡏୖኧှ݋ሺ 

HP4145BǴᓎ౗೛ࣁۓ 1Hz~100KHzǶୃᓸӧ VDSɨ3.5V аϷ IDSɨ100mA/mm 

ਔǴ٬ҔեᓎᚇૻෳໆளޕӚᅿϡҹޑեᓎᚇૻǴځύϡҹޑՍᖄႝߔቹៜեᓎ 

ᚇૻനుǶӢԜӧ࣬ӕޑ IDSୃᓸᗺǴ٬Ҕόӕޑೀ౛ำׇǴჹܭଢᛉᚇૻ੝܄ 

࣬྽ख़ाǶӵკ 4-19ᡉҢǴኬҁ Bǵኬҁ C ࣬ၨܭኬҁ A ᏱԖၨեޑᚇૻǶ 
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    ଢᛉᚇૻࢂҗܭ႔਼ཱུϯቫکъᏤᡏࣚय़໔ǴӸӧ๱೚ӭᝌੌᗖǴᏤठԖᚐ 

Ѧૈ໘Ǵ྽ႝ಻ၩηࣚܭय़౽୏ਔǴ٤ࢌၩηஒ೏ᒿᐒਂਆฅࡕаԜૈ໘ᄊញ 

  ๓Ƕׯ܌Ԗࡋଳృޑϟय़ޕғଢᛉᚇૻǴёԖԜளౢࢬǴ٬ளཱུؕႝܫ

 

4-7 ᡂྕ੝܄ᡂྕ੝܄ᡂྕ੝܄ᡂྕ੝܄ 

    ӧᡂྕ੝܄Бय़Ǵךॺໆෳ٠КၨѦ፦ᙯᏤǵ஝ውႝᓸ੝܄Ǵ܌Ԗኬҁӧྕ

ࡋ 300K~450Kޑ੝܄ᡂϯǶ 

 

 ܄ᓸ੝ႝࢬႝ܄ᓸ੝ႝࢬႝ܄ᓸ੝ႝࢬႝ܄ᓸ੝ႝࢬႝ 4-7-1

ӵკ 4-20ǵ4-21ǵ4-22ϩձᡉҢኬҁ AǵBǵC ӧྕࡋ 300K~450KਔǴӅྍ 

 ΟঁኬҁډᢀჸޑǶவკύёаܴᡉ܄ᓸ(VDS)੝ႝཱུྍؕک(IDS)ࡋஏࢬႝཱཱུུؕ

೿Ԗؼӳ֨ޑЗ੝܄Ǵ೭ࢂӢࣁઈϯ᎑ㄿ/ઈϯㄿ጗ፂቫૈ୼Ԗਏޑफ़եႝηݙ 

Ε୷݈ڋ׭ک႔ཱུᅅႝࢬǶ 
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4-7-2 ѦॶᙯᏤ੝܄ѦॶᙯᏤ੝܄ѦॶᙯᏤ੝܄ѦॶᙯᏤ੝܄ 

ӵკ 4-23ǵ4-24ǵ4-25 ϩձᡉҢኬҁ AǵBǵC ӧྕࡋ 300K~450K Πک 

VDSɨ3.5V ਔǴѦ፦ᙯᏤ(gm)کႫࢬႝཱུؕکஏࡋ(IDS)੝܄Ƕ྽ྕࡋ΢ϲਔനε 

Ѧ፦ᙯᏤ(gm.max)Πफ़Ǵ೭ࢂӢࢬႝཱུؕࣁஏࡋ(IDS)෧Ͽޑᜢ߯ [27]Ƕӵკ 4-26ǵ 

4-27 ᡉҢǴཱུؕႝࢬஏࡋ(IDS)کനεѦ፦ᙯᏤ(gm.max)ӧଯྕਔΠफ़Ƕკ 4-28  ࡰ

рӧ VDSɨ3.5VਔǴᖏࣚႝᓸ(Vth)੝܄ൎᙅ๱ྕࡋᡂϯ(300K~450K)Ƕ 
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კკკკ 4-28 AlGaAs/InGaAs pHEMTsޑᖏࣚႝᓸޑࡋྕکᜢ߯კޑᖏࣚႝᓸޑࡋྕکᜢ߯კޑᖏࣚႝᓸޑࡋྕکᜢ߯კޑᖏࣚႝᓸޑࡋྕکᜢ߯კ    

 ܄ᆄ஝ውႝᓸ੝ٿ܄ᆄ஝ውႝᓸ੝ٿ܄ᆄ஝ውႝᓸ੝ٿ܄ᆄ஝ውႝᓸ੝ٿ 4-7-3

    ӵკ 4-29ǵ4-30ǵ4-31ϩձᡉҢኬҁ AǵBǵC ӧྕࡋ 300K~450KΠޑᡂྕ

੝ٿک܄ᆄ஝ውႝᓸ੝܄Ƕӧؼӳޑᑵ੝୷ރᄊکճҔ੝ਸ่ᄬ߳ज़ၩηǴ٬ϡ

ҹڀԖၨଯޑ஝ውႝᓸکϸӛ႔ཱུᅅႝޑࢬගϲǶ 
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ಃϖകಃϖകಃϖകಃϖക 

่ፕ่ፕ่ፕ่ፕ 

    ӧҁ஑ᚒύǴઈϯ᎑ㄿ/ઈϯ⥲ㄿ̳-႔ཱུߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽౗ 

ႝ඲ᡏǴ٬Ҕૌ਼Нᇙำکѳ౽ᚼᠴݤς೏ԋфޑᇙ೷٠௖૸Ƕ྽႔ཱུࡋߏ෧Ͽ 

ਔǴӧ႔/ཱུؕ୔ୱ׎ԋ൑่ཱུ݈ᄬǴ٠ӕਔ௖૸ؕྍཱུ߄ޑय़႔ཱུ໌ϯǶᑵ੝ 

୷႔่ཱུᄬӧڼԯЁκΠ਼ޑϯቫࡋࠆǴᏱԖଯࠔ፦ǵեࣚय़ஏޑࡋ੝܄Ǵૈ୼ 

Ԗਏफ़ե႔ཱུᅅႝࢬǶ̳ -႔ཱུߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽౗ႝ඲ᡏԖਏׯޑ 

๓஝ው੝܄ǵႝᓸቚ੻Ϸ༾ݢ੝܄Ǵ፾ӝҔܭଯጕ܄ǵଯф౗ޑ MMIC ᔈҔǶ 
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