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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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ಃകಃകಃകಃക 

ׇፕׇፕׇፕׇፕ 

    ၸѐ൳ԃٰǴઈϯ᎑ㄿ/ઈϯ⥲ㄿ HEMTs ӧൂ༾ݢᑈᡏႝၡ(MMIC)ޑᔈ 

ҔǴΑᓬຫޑଯᓎϷեᚇૻ܄ǶӢࣁઈϯ⥲ㄿ೯ၰᏱԖଯфǵଯᓎǵ 

եᚇૻǵեѨǵեԖਏ፦ໆϷଯೲᏤ[5]-[1]܄Ƕՠҗܭઞૈሜޑઈϯ⥲ 

ㄿ೯தӢࣁեෞᚆፂᔐޑᖏࣚႝԋ่סਏᔈ(kink effect)ǴᏤठᒡрᙯᏤǵ 

ው܄ǵᒡрфޑ૰෧Ϸ႔ཱུᅅႝౢޑࢬғǴᝄख़ቹៜϡҹૈ܄ޑǴ٬ளઈϯ 

᎑ㄿ/ઈϯ⥲ㄿ HEMTsӧӀႝϷଯᓎޑᔈҔډڙज़ڋǶ 

 

    ന߈Ǵӭࣴزԋ݀ᡉҢ[6]-[8]Ǵ႔๊ཱུጔૈೌמԖਏڋ႔ཱུᅅႝࢬǶ 

Ӣ่ࣁᄬςவᑵ୷႔ཱུߎࣁׯឦ-਼ϯނ-ъᏤᡏ(MOS)่ ᄬǴЪ໌ϯૈೌמ 

Ԗਏׯޑ๓߄य़ރᄊǶ 

 

    ӧҁᚒύǴךॺ٬ҔΑঁ಄ӝԋҁਏ๊ޑጔ਼ϯೌמ—ૌ਼НᇙำǴ 

ٰೀઈϯ᎑ㄿ/ઈϯ⥲ㄿ MHEMT  ઈϯ᎑ㄿᑵ୷ቫǶ٬Ҕૌ਼Нೀޑ

HEMT  Ǻࡴᓬᗺхޑ

Ȑ1ȑᏹբᕉნௗྕ࠻߈ ( < 40ʚ ) 

Ȑ2ȑᙁൂޑೀำׇ 

Ȑ3ȑեԋҁࡼ 

Ȑ4ȑ٬Ҕྍ/ཱུؕբ਼ϯǴՉᒧ਼܄ϯ 

Ȑ5ȑଯ਼ϯϷၨե߄ޑय़ރᄊஏࡋ 

 

    ԜѦǴ࣬ჹځܭдೌמǴૌ਼Нᇙำё࣪༾ቹᇑޑڅᡯ[9]-[12]Ƕӵ݀ 

ઈϯ᎑ㄿᑵ୷ቫ਼ޑϯቫࡋࠆǴૈڋӧڼԯЁκΠޑ၉Ǵ൩ૈׯ 

႔๊ཱུޑጔ܄Ƕ 
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 ਏᔈ(kink่סǴа෧ೌמޑԃٰǴӭፕЎගрफ़եനεႝ߈  

effect)Ƕჹ FETϡҹԶقǴཱུ݈ࢂঁதـЪԖਏ่ޑᄬǴૈफ़եႝനε 

ॶکගϲውႝᓸ[13]-[17]ǶฅԶǴ่ཱུ݈ᄬౢࠅғᚐѦޑғႝ׳کӭᕷ 

ፄޑᡯǶႽࢂ Γ-႔ཱུೌמӧ 1µm  ޑዴჴૈೌמΠǴ٬ҔӀ༾ቹࡋߏ႔ཱུޑ

ගଯфǴՠࢂӧೀځϟႝቫޑၸำх֖ٿԛӀ༾ቹೌמǵᚐѦޑϟႝቫ؈ᑈ 

ϷᇑڅǴ٬ள Γ-႔ཱུࣁཱུೌמፄᚇǶӢԜǴҁᚒ٬Ҕঁٿόӕޑ႔ཱུୃ౽Ӏ 

٠่ӝૌ਼НᇙำǴٰׯ๓ϡҹޑውႝᓸکф܄Ƕ 

 

  ӧಃΒകϟಏ่ᄬቫکΒᆢႝηǶಃΟകύඔॊϡҹޑᇙǴхࡴኬҁۓ 

ՏǵଯѠ๊ጔǵྍཱཱུུؕߎឦϯک႔ཱུߎឦϯޑ၁ಒၸำǶӧಃѤകύǴ२Ӄᇥ 

ܴᓅᅟໆෳǴฅࡕፕઈϯ᎑ㄿ/ઈϯ⥲ㄿ pHEMT ٬Ҕঁٿόӕ Γ-႔ཱུୃ౽ 

MOS ่ᄬǴکаߎ(Au)ࣁ႔ཱུޑϡҹ܄Ƕх֖ӧྕࡋ 300K ਔࢬޔޑ 

 Ǵӧಃϖക่ፕǶࡕǶന܄Ϸᓎ܄ǵᡂྕ܄ǵեᓎᚇૻ܄
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ಃΒകಃΒകಃΒകಃΒക 

 ᆶ୷ᘵচߏԋᆶ୷ᘵচߏԋᆶ୷ᘵচߏԋᆶ୷ᘵচߏԋ

 ႝ౽ଯႝηᎂޑ୷ۭࣁ⥲ᑈᡏႝၡ(MMIC)٬Ҕаᕗϯݢ൳ԃٰǴൂ༾߈    

ᡏ(HEMTs)ǴӢࣁᕗϯ⥲ڀԖᓬຫޑଯᓎǵեᚇૻϷଯфቚ܄Ǵத 

ᔈҔӧ೯ૻᆶႜၲسǶӧؒԖόϰଛޑݩΠǴၸ؈ᑈଯ⥲֖ໆޑઈ

ϯ⥲ㄿϯӝނӧᕗϯ⥲୷݈Ǵٰׯ๓ၩηޑၮᒡૈΚǶՠࢂǴᕗϯ⥲୷݈ڀԖ

ܰ࿗ǵ༝Ёκज़ڋϷܳޑጢԋߏલᗺǶӢԜǴךॺޑᒧ௦Ҕե⥲֖ໆ

 ઈϯㄿ୷݈Ƕޑࡋࠆᆶཱུᖓނઈϯ⥲ㄿϯӝޑ

 

2-1 pHEMT ᙁϟᙁϟᙁϟᙁϟ 

    Οϖϯӝނന߈ӧଯᓎ೯ૻޑᔈҔςߚதԋዕǴӢࣁΟϖϯӝڀނԖ 

ଯႝࢬቚǵեᚇૻϷଯጕ܄܄ǶځύǴӢࣁᔕԄଯႝηᎂ౽ႝᡏ 

(pHEMT)ޑ႔ཱུᅅႝࢬၨեǴ܌аၨҔܭեᓎᚇૻޑ܄ǴуᏱԖၨଯޑե 

ႝᎂ౽ǵଯႝηႫکೲࡋǵၨቨૈޑሜǴ٬ளᔕԄଯႝηᎂ౽ႝᡏ 

(pHEMT)ቶޑݱࣴزϷᔈҔӧଯᓎ೯ૻǶ 

 

2-2 pHEMT ድቫޑीድቫޑीድቫޑीድቫޑी 

    HEMT่ᄬ೯தࢂҗ(1) n -ઈϯㄿᙟᇂቫ(2)҂ᄞᚇઈϯ᎑ㄿᑵ୷ቫ(3)δᄞ 

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

ઈϯ᎑ㄿ/ઈϯㄿፂቫǴғߏӧઈϯㄿޑъ๊ጔ୷ۭቫǶ 

Ӛቫ่ޑᄬ၁ಒፕӵΠǺ 

2-2-1 ᙟᇂቫᙟᇂቫᙟᇂቫᙟᇂቫ 

    ઈϯㄿᙟᇂቫ೯தख़ᄞᚇޖऊ 1018 cm-3Ǵаගٮ HMET  ௗǴۅኻޑӳؼ

फ़եϡҹྍཱུႝߔǴߥ٠ៈᑵ୷ቫᗉխ߄य़਼ϯޜکЮǶᙟᇂቫᏱԖଯᄞᚇ 
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ᐚࡋᆶଯࡋࠆਔǴϡҹஒڀԖଯႝηೲࡋǵଯѦ፦ᙯᏤॶ(gm)ϷଯႝࢬቚᄒЗ 

ᓎ(fT)ǶฅԶǴ೭٬ϡҹޑውႝᓸεεޑ෧ϿǴЪӧᇙբ႔ཱུпኲਔ׳ᜤڗ 

ளѳǴค٬ݤᙟᇂቫпഐǶᙟᇂቫѸֹӄޑпഐǴόૈᆶ႔ཱུௗаխౢғ 

ᅅႝࢬǴωૈᗉխѳՉᏤਏᔈǶ 

 

2-2-2 ᑵ୷ቫᑵ୷ቫᑵ୷ቫᑵ୷ቫ 

     ᑵ୷ቫ(ઈϯ᎑ㄿ)೯தК೯ၰቫ(ઈϯ⥲ㄿ)ڀԖ׳ቨૈޑሜǶӢԜઈϯ᎑ 

ㄿ/ઈϯ⥲ㄿޑ౦፦ௗय़ǴωૈᏱԖၨεޑᏤႝόೱុ܄Ǵ٬Ծҗႝηவઈϯ 

᎑ㄿ౽ډઈϯ⥲ㄿǴԋΒᆢႝη(2-DEG)Ǵගଯय़ႝஏׯ٠ࡋ๓ၩη߳ 

ज़ૈΚǶࡋࠆၨᖓޑઈϯ᎑ㄿᑵ୷ቫё٬႔ཱུߎឦԿ೯ၰ໔ޑຯᚆᕭλǴளډ 

ၨଯޑᙯᏤॶǴ٬ࠅውႝᓸޑफ़եǶ 

 

2-2-3  δᄞᚇၩηගٮቫᄞᚇၩηගٮቫᄞᚇၩηගٮቫᄞᚇၩηගٮቫ 

HEMT ᄞᚇ δቫԖаΠᓬᗺ[18]-[21]Ǻ 

(1) ଯཱུؕႝࢬ 

(2) եᚇ፦ණਏᔈ 

(3) ଯጕ܄ᙯᏤ 

(4) ଯ႔ཱུߏቨКǴफ़եอ೯ၰਏᔈ 

 

     δ-ᄞᚇڀԖၨଯࢬႝཱུؕޑǴࢂӢࣁѬޑଯᄞᚇᐚکࡋ҂ᄞᚇޑᑵ୷ 

ቫᏤठଯውႝᓸǶԶҗܭၩη߳ज़ӧ V  Ԗၨڀа܌ηϔ[22]-[23]ύǴႝ

ଯޑᙯᏤॶϷଯޑΒᆢႝηᐚࡋǶԜѦǴҗܭଯޑΒᆢႝηᐚࡋǴ٬೯ၰύ 

ޑܭλߔႝ FETϡҹǶॊ೭٤ᓬᗺஒቹៜ႔ཱུࡋߏλܭ 2µm  อ೯ၰϡޑ

ҹ[24]ǶӧଯೲϡҹύǴδᄞᚇ่ᄬᏱԖଯႝηᎂ౽ǵଯၩηᐚکࡋଯᙯᏤॶǴ 

٬ δᄞᚇ่ᄬ࣬ၨځܭдϡҹၨڀԖወΚǶऩӧ HEMT ೯ၰБකΕ δ-ᄞᚇТǴ 
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ૈᕇளၨଯޑᙯᏤॶǶऩӧ HEMT ೯ၰΠБකΕ δ-ᄞᚇТǴૈᕇளၨଯޑ 

ውႝᓸǶऩӧ HEMT ೯ၰΠБකΕ δ-ᄞᚇТǴ߾ёᕇள׳ଯޑၩηᐚࡋǶ 

 

2-2-4 ႖ᚆቫ႖ᚆቫ႖ᚆቫ႖ᚆቫ 

    ӧ HEMT ύǴӢࡼࣁᡏᚆηႝکη໔ᓉႝ֎ЇޑբҔԶౢғٷණ(ᚇ፦ 

ණ)ǶࣁΑૈှ،উණǴךॺ٬Ҕ႖ᚆቫஒၩηගٮቫک೯ၰቫ႖໒Ǵ 

ЬाࢂவࡼᡏᚆηϩᚆΒᆢႝηǴԶ෧ϿҗࡼᡏᚆηٷණޑቹៜǴගϲ 

ႝηᎂ౽ǴΨӢԜ႖ᚆቫࡋࠆޑቹៜႝᡏૈ܄ޑǶၨᖓޑ႖ᚆቫቚу೯ 

ၰύޑय़ႝஏࡋǴᏤठྍཱུႝߔफ़եǵᙯᏤॶගଯࢬႝکஏࡋϲǶӧեႝ 

ஏޑࡋ೯ၰǴၨޑࠆ႖ᚆቫૈගٮၨଯႝηᎂ౽Ƕޑ႖ᚆቫࡋࠆऊࣁ 

20Åɴ50 ÅǶ 

 

2-2-5 ೯ၰቫ೯ၰቫ೯ၰቫ೯ၰቫ 

    ٬Ҕઈϯ⥲ㄿբࣁΒᆢႝη೯ၰޑǴٰׯ๓ HEMT Ƕკૈ܄ޑ 2-1 

 தޑઈϯ᎑ㄿቫϐ໔کǴკύᡉҢрઈϯ⥲ㄿ೯ၰ܄ޑሜᆶதኧૈࣁ

ኧόϰଛǶ 

 

კკკკ 2-1όӕϯӝނъᏤᡏૈޑሜჹதኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹதኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹதኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹதኧޑКၨ 
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ӵკ ҢǴઈϯ⥲ㄿᔒᓸԿᆶઈϯㄿǵઈϯ᎑ㄿϰଛǴԶઈϯ⥲ㄿҗ܌2-2

ѤБᡏᡂࣁҥБᡏ่ᄬǴઈϯ⥲ㄿ่ᄬᡂࣁҥБᡏਔǴૈڙהᔈΚ

Ƕკ௹ࢡόځ٬ 2-3ᡉҢόϰଛޑᖏࣚࡋࠆჹઈϯ⥲ㄿکઈϯㄿ໔ёયቸ

ႝޑቹៜΑໆηЁκࡋࠆᖏࣚޑଯਔǴၸᖓࡐವԸϩޑ⥲ᜢ߯კǶઈϯޑ܄

ηԛૈ໘Ǵ٬ႝηԛૈ໘ගଯЪफ़եႝη߳ज़ૈޑΚǶӧ HEMT ٬Ҕᖓޑઈϯ

⥲ㄿቫǴԖշܭቚமႝηሀǵගଯႝޑηᎂ౽Ϸׯ๓ໆηϔӧ೯ၰύ߳ज़ၩ

ηૈޑΚǶ 

 

 

 

 

 

კკკკ 2-2ᔕԄᔕԄᔕԄᔕԄ HEMT ่ᄬ௨ӈ่ᄬ௨ӈ่ᄬ௨ӈ่ᄬ௨ӈ 

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

 

კკკკ 2-3 InxGa1-xAs ჹܭჹܭჹܭჹܭ InAs ವᅟϩޑᖏࣚࡋࠆჹྣკವᅟϩޑᖏࣚࡋࠆჹྣკವᅟϩޑᖏࣚࡋࠆჹྣკವᅟϩޑᖏࣚࡋࠆჹྣკ 

 

2-2-6 ፂቫፂቫፂቫፂቫ 

 ๓ׯቹៜǴӚࣚჹ܄ႝޑ೯ၰ႖ᚆਏ݀ǴаϷନ୷݈ޑӳؼঁډΑၲࣁ    

ፂቫΑӭࣴزǶޑࠠڂፂቫ٬Ҕ҂ᄞᚇޑઈϯㄿǴႝηؕڙ-ྍཱུႝ 

 

 

 



 鍻ъᏤᡏނឦ鍻਼ϯߎԖόӕ̳鍻႔ཱུୃ౽่ᄬڀ

ઈϯ᎑ㄿ/ઈϯ⥲ㄿᔕԄଯႝηᎂ౽ႝᡏϐࣴᇙ 

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

ቹៜԶݙΕઈϯㄿፂቫǴᗨฅઈϯㄿڀԖଯႝߔǴՠӵ݀٬ҔӍ፦୷݈คݤ 

ගىٮޑ႖ᚆਏ݀Ƕઈϯ᎑ㄿࢂᅿགྷޑፂቫǴڀԖଯלߔǵቨૈሜ 

 ࠔௗय़ޑӳؼᜤаᕇளࣁӢࢂǴЬाૈ܄ޑኧமਗ਼ቹៜϡҹୖߏǴՠԋ܄ޑ

፦ǴᏤठ೯ၰύޑᎂ౽Πफ़ǶࣁΑှ،೭ঁୢᚒǴךॺஒቫᖓޑઈϯㄿකΕ 

ઈϯ᎑ㄿቫύǴҔٰ֎ԏᚇ፦ΨࣁΠቫઈϯ᎑ㄿԋߏගٮঁѳྖ߄ޑय़Ƕ 

ԜБݤஒЬቫک୷݈ޑᚇ፦ǵલഐౢ܌ғ܄ႝޑբ႖ᚆǴ٬ϡҹԖၨӳ֨ޑЗ 

 Ƕ܄фݢ༾ک

2-3 ΒᆢႝηΒᆢႝηΒᆢႝηΒᆢႝη 

    Βᆢႝη(two-dimensional electron gasǹ2-DEG)ࢂᅿૈӧΒᆢޜ໔ύ 

Ծҗ౽ႝޑηᡏǴځΟᆢБӛڙज़ڋǶঁٿόӕ፦ௗਔԋ౦፦ௗ 

य़Ǵቨૈሜکઞૈሜޑԯૈ໘ೱԋచጕǴԋ፦ޑᏤႝόೱុ܄Ǵૈ 

߳ज़ႝηޑ౽БӛǴ٬ளႝηಕᑈӧԜௗय़Զԋ೯ၰǴԶҗܭ೭٤ႝηԯ 

ૈ໘ՏӧᏤႝǴӢԜԋё౽ޑၩη(Βᆢႝη)Ǵӵკ  ҢǶ܌2-4

 
კკკკ 2-4ճҔᏤႝόೱុޑౢ܄ғޑΒᆢႝηճҔᏤႝόೱុޑౢ܄ғޑΒᆢႝηճҔᏤႝόೱុޑౢ܄ғޑΒᆢႝηճҔᏤႝόೱុޑౢ܄ғޑΒᆢႝη 

    εϩޑΒᆢႝηวӧъᏤᡏᇙำႝޑᡏ่ᄬύǴځдکΒᆢႝη 

࣬ᜢೌמޑதᔈҔӧଯႝηᎂ౽ႝᡏ(HEMTs)ǶHEMTs  ਏႝᡏճک

ҔঁٿъᏤᡏޑ౦፦ௗय़Ǵ٬ႝη߳ज़ӧΟفՏૈϔϐύǶஒΒᆢႝηज़ڋӧ 

౦፦ௗय़ޑ HEMTsǴک MOSFETs࣬КᏱԖၨଯႝޑηᎂ౽Ǵ೭ࢂӢࣁ҂ᄞ 

ᚇޑ೯ၰૈԖਏڋեᚇ፦ණਏᔈǶ׳ёаၸᒧࢂ܈ӝٰߎڋΒ 

ᆢႝηޑஏࡋǴ٬ϡҹڀԖၨଯႝޑηᎂ౽Ƕ 



 鍻ъᏤᡏނឦ鍻਼ϯߎԖόӕ̳鍻႔ཱུୃ౽่ᄬڀ

ઈϯ᎑ㄿ/ઈϯ⥲ㄿᔕԄଯႝηᎂ౽ႝᡏϐࣴᇙ 

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

ಃΟകಃΟകಃΟകಃΟക 

ϡҹ่ᄬᆶᇙำϡҹ่ᄬᆶᇙำϡҹ่ᄬᆶᇙำϡҹ่ᄬᆶᇙำ 

3-1 ϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬ 

    კ ኬҁޑ႔ཱུࣁߎ/٬Ҕᙻࣁ3-1 A(Sample A)่ ᄬკǶკ 3-2ǵ 

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

ᡏଯႝηᎂ౽ႝᡏޑኬҁ B ኬҁک C(Sample Bک Sample C)่ ᄬკǶΟঁ 

ኬҁޑ၁ಒၗӵ߄ 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)ᆶཱུ݈ࡋߏᆶཱུ݈ࡋߏᆶཱུ݈ࡋߏᆶཱུ݈ࡋߏ(LFP) 

 

႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκǺǺǺǺ1.2 ×100µm2    

კკკკ 3-1ኬҁኬҁኬҁኬҁ A  ᄒय़კޑᄒय़კޑᄒय़კޑᄒय़კޑ
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ኬҁኬҁኬҁኬҁ B                                     ኬҁኬҁኬҁኬҁ C 

႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏǺǺǺǺ0.8 µm                           ႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏ႔ཱུࡋߏǺǺǺǺ0.6 µm    

ཱུ݈ࡋߏཱུ݈ࡋߏཱུ݈ࡋߏཱུ݈ࡋߏǺǺǺǺ0.4 µm                          ཱུ݈ࡋߏཱུ݈ࡋߏཱུ݈ࡋߏཱུ݈ࡋߏǺǺǺǺ0.6 µm 

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

 

    а۳ઈϯ᎑ㄿ /ઈϯ⥲ㄿ /ઈϯㄿ pHEMT  ᑈ؈ឦϯᏢ࣬ߎҔԖᐒࢂ

(MOCVD)ޑБԄድǶӵკ ኬҁޑ႔ཱུࣁߎ/٬Ҕᙻࣁ3-1 AǴа(100)Б 

ӛޑъ๊ጔઈϯㄿࣁ୷݈Ǵ่ᄬхࡴаΠ൳ቫǺ 

(1) 5000 Å҂ᄞᚇޑઈϯㄿፂቫ 

(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 ᑵ୷ቫ 

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

٬Ҕᙻ/ߎࣁ႔ཱུаϷ Γ-႔ཱུߎឦ-਼ϯނ-ъᏤᡏଯႝηᎂ౽ႝᡏ 

КၨǶ 

 

3-2 ϡҹᇙำϡҹᇙำϡҹᇙำϡҹᇙำ 

    ᇙբኬҁਔǴךॺ٬ҔྗޑӀ༾ቹᇑೌמڅԋკਢǶࣁΑߥ༝ଳ 

ృǴ༝ѸΕԖЧ✉ޑຬॣݢᕏᏔమࢱǴϐ٬ࡕҔѐᚆηНؑࢱଳృǴ٠ 

ӧঁᡯ٬ҔଯપޑࡋේஒТଳǶᇙำᡯӵკ3-4ǵკ3-5ǵკ3-6 

 ѤঁᡯǺࣁҢǴεठёаϩ܌

(1) ኬҁۓՏ 

(2) ଯѠ๊ጔ 

 ឦϯߎޑཱུؕکཱུྍ (3)

(4) ႔ཱུᑵ୷ௗԋ 

 

 

 

 

 

 

 

 

 

 

 

კკკკ 3-4 ̳̳̳̳-႔ཱུᇙբࢬำ႔ཱུᇙբࢬำ႔ཱུᇙբࢬำ႔ཱུᇙբࢬำ 



 鍻ъᏤᡏނឦ鍻਼ϯߎԖόӕ̳鍻႔ཱུୃ౽่ᄬڀ

ઈϯ᎑ㄿ/ઈϯ⥲ㄿᔕԄଯႝηᎂ౽ႝᡏϐࣴᇙ 

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

 

                                           ᡯᡯᡯᡯ 

                                           ኬҁۓՏኬҁۓՏኬҁۓՏኬҁۓՏ 

                                           ༝మࢱ༝మࢱ༝మࢱ༝మࢱ 

 

 

                                            ᡯΒᡯΒᡯΒᡯΒ 

                                            ଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹ 

                                            ᇑڅᇑڅᇑڅᇑڅ 

                                            ѐӀߔѐӀߔѐӀߔѐӀߔ 

 

 

                                            ᡯΟᡯΟᡯΟᡯΟ 

                                            ྍཱུྍཱུྍཱུྍཱུ/ཱུؕ༾ቹཱུؕ༾ቹཱུؕ༾ቹཱུؕ༾ቹ 

                                            (Au/Ge/Ni)ᇃᗓᇃᗓᇃᗓᇃᗓ 

                                            ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ 

                                            ᅙ่ᅙ่ᅙ่ᅙ่ 

 

                                            ᡯѤᡯѤᡯѤᡯѤ 

                                            ᇑڅᙟᇂቫᇑڅᙟᇂቫᇑڅᙟᇂቫᇑڅᙟᇂቫ 

                                            ႔ཱུ༾ቹ႔ཱུ༾ቹ႔ཱུ༾ቹ႔ཱུ༾ቹ 

                                            (Au/Ni)ᇃᗓᇃᗓᇃᗓᇃᗓ 

                                            ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ௪ଆᇙำ 

 

კკკკ 3-5 ჴᡍᇙำᡯჴᡍᇙำᡯჴᡍᇙำᡯჴᡍᇙำᡯ 
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კკკკ 3-6၁ಒޑ၁ಒޑ၁ಒޑ၁ಒޑᇙำᡯᇙำᡯᇙำᡯᇙำᡯ 
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3-2-1 ኬҁۓՏኬҁۓՏኬҁۓՏኬҁۓՏ 

    ӧଯѠ๊ጔޑၸำύǴ႔ཱུБӛѸѳՉܭЬືޑᐍ༝კਢǴٛЗ௪ଆᇙ 

ำѐӀߔਔౢғ໒ၡǶӢԜǴךॺᒧ႔ཱུ(100)ࣁБӛکଯѠᇑ(011)څБӛǶ 

 

3-2-2 ଯѠ๊ጔଯѠ๊ጔଯѠ๊ጔଯѠ๊ጔ 

    ଯѠ๊ጔޑҞࢂޑҔٰ෧ϿᅅႝࢬǴӵ݀ؒԖᅅႝࢬǴךॺёаள׳ډӳޑ 

֨З܄Ƕ༝ӀߔFH -6400LᙟᇂࡕǴ೬ྕ90ࡋʚᆢϖϩដǶϐעࡕଯ 

Ѡკਢ༾ቹԿኬҁǴ٠ฯྕ100ࡋʚᆢΜϩដǶฅ٬ࡕҔᔸԄϯᏢᇑڅྋ 

న(H3PO4ǺH2O2ǺH2O=1Ǻ1Ǻ30)Ǵᇑډڅઈϯㄿቫکઈϯ⥲ㄿቫௗय़ǶࣁΑዴ 

 ਔ໔ᆶᇑڅᇑᔠٰݢ ୷݈Ǵ٬Ҕ α܈ፂቫډڅଯѠ๊ጔਔǴϡҹςᇑߥ

 1ࣾ24ÅǶࣁऊڅᜢ߯Ǵᇑޑϐ໔ࡋుڅ

ଯѠ๊ጔޑЬाᡯӵΠǺ 

(1) ಥН 

(2) Ӏߔ 

(3) ᙯ༡թ 

(4) ೬(ᚼӀ) 

(5) ᚼӀ 

(6) ᡉቹ 

(7) ฯ 

(8) ᇑڅ 

(9) ౽ନӀߔ 

 

 ឦϯߎޑཱུؕکឦϯྍཱུߎޑཱུؕکឦϯྍཱུߎޑཱུؕکឦϯྍཱུߎޑཱུؕکཱུྍ 3-2-3

 ҔН(NH4OHǺH2O=1:1)ࡕ༝ǴฅࢱᕏᏔύуΕЧ✉మݢॺӧຬॣך    

ѐନ߄य़਼ޑϯቫǶ༝ FH -6400LӀߔᙟᇂࡕǴ೬ྕࡋ 90ʚᆢ 5 ϩដǶ 
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ϐ٬ࡕҔӀ༾ቹೌמԋ၀ႝၡޑკਢǶऩӧຬॣݢᕏᏔύమࢱ 20 ϩដǴё 

аஒԜϩߎឦಥନǴϐࡕҔѐᚆηНమࢱᆶଯપࡋේଳ༝Ƕߎ/ⷿ/ᙻߎ 

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

×10-6 torrΠᇃᗓߎ(Au)Ǵ٬ௗႝߔΠफ़Ƕ௪ଆᇙำࣁࢂΑკਢکኬҁӧޑ 

ࣁௗǶଏОୖኧۅኻޑӳؼԋೲଏОǴԶזਔ໔ύکࡋྕ 6ࣾ 490ʚǶ 

ྍཱུᆶཱུؕߎឦϯޑЬाᡯӵΠǺ 

(1) ಥН 

(2) Ӏߔ 

(3) ᙯ༡թ 

(4) ೬(ᚼӀ) 

(5) ᚼӀ 

(6) ᡉቹ 

(7) ᇃᗓ 

(8) ௪ଆᇙำ 

(9) ӝߎԋ 

(10)ଏО 

 

3-2-4 ႔ཱུᑵ୷ௗԋ႔ཱུᑵ୷ௗԋ႔ཱུᑵ୷ௗԋ႔ཱུᑵ୷ௗԋ 

 ҔН(NH4OHǺH2O=1:1)ࡕ༝ǴฅࢱᕏᏔύуΕЧ✉మݢॺӧຬॣך    

ѐନ߄य़਼ޑϯቫǶӧᇃᗓ႔ཱུߎឦϐǴ٬ҔᔸԄϯᏢᇑڅྋన(H3PO4Ǻ 

H2O2ǺH2O=1Ǻ1Ǻ37.5 )ନѐᙟᇂቫǴᇑډڅઈϯ᎑ㄿቫԋ႔ཱུпኲǴᇑڅ 

ऊࣁ 1ࣾ 18ÅǶӵ݀ؒԖֹӄନѐᙟᇂቫǴ߾ԖѳՉᏤਏᔈǶӢ٬ࣁҔྍཱུ 

ᆶཱུؕߎޑឦࣁӀǴ࣪Ӏ༾ቹᇑޑೌמڅᡯǶᙖҗ႔ཱུӀѺ໒႔ཱུп 

ኲǴ٠ᇃᗓᙻ/ߎӧઈϯ᎑ㄿቫࣁᑵ୷႔ཱུǴനࡕၸ௪ଆᇙำࡕǴHEMTs 

ϡҹ൩ֹԋΑǴ٠ёՉࢬޔޑ܄ໆෳǶЬाᡯၟྍཱུᆶཱུؕߎޑឦϯޑ 
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ᡯεӕλ౦ǴՠؒԖӝߎԋکଏОǶ႔ཱུᑵ୷ௗԋޑЬाᡯӵΠǺ 

(1) ᇑڅ႔ཱུпኲ 

(2) Ӏߔ 

(3) ᙯ༡թ 

(4) ೬(ᚼӀ) 

(5) ᚼӀ 

(6) ᡉቹ 

(7) ᇃᗓ 

(8) ௪ଆᇙำ 

 

3-2-5 ૌ਼Нೀૌ਼Нೀૌ਼Нೀૌ਼Нೀ(ኬҁኬҁኬҁኬҁ B ᆶኬҁᆶኬҁᆶኬҁᆶኬҁ C) 

    ӧྍཱུ؈ཱུႝཱུؕکᑈǵଏОǵӀ༾ቹᇙำᆶΒԛ႔ཱུпഐࡕǴ٬ҔᔸԄ 

ϯᏢᇑڅྋన(H3PO4ǺH2O2ǺH2O=4Ǻ4Ǻ150)ନѐᙟᇂቫǶஒኬҁݰӧૌ਼ 

НύՉ਼ϯǶஒྍཱཱུུؕکբࣁᇑڅӀǴՉᒧ਼܄ϯӧઈϯ᎑ㄿᑵ୷ 

ቫ߄ޑय़ୁکᏛԋ਼ϯጢǶԜѦǴӧྍཱཱུུႝཱུؕک໔߄य़໌ϯਔǴёۓက႔ 

ཱུୱǶനࡕǴᙖҗᙻ/ߎޑߎឦӝߎᆶ௪ଆᇙำၸำٰۓက႔ཱུႝཱུǶӧ႔ཱུ 

Ёκࣁ 1.2 ×100µm2Ǵཱུྍک-ཱུؕຯᚆࣁ 7µm زΠٰࣴݩރޑ pHEMTsǶ 

 

    ਼ϯسύх֖ӧྕ࠻εᓸΠᏹբޑ Welsbach T-816ૌ਼ౢғᏔǵၸ਼ 

ϯణྋనǶૌ਼ᡏᐚࡋӧऊࣁ 17.7 p.p.m.ਔǴݙΕၸ਼ϯణྋనԋૌ਼НǶ 

ૌ਼Нᇙำ਼ޑϯεऊࣁ 1nm/minǶӢԜǴӧྕ࠻ύஒϡҹܭݰૌ਼Н 10 

ϩដǴஒளډനؼӳ߄ޑय़ѳࡋǶ 
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3-2-6  Г-႔ཱུᑵ୷ௗ႔ཱུᑵ୷ௗ႔ཱུᑵ୷ௗ႔ཱུᑵ୷ௗ(ኬҁኬҁኬҁኬҁ B ᆶኬҁᆶኬҁᆶኬҁᆶኬҁ C) 

    ӧԋ਼ϯቫᆶ༡ӀࡕߔǴךॺஒკਢՉั༾ୃޑ౽Ƕஒϡҹᚼᠴܭம 

ਗ਼๋ޑѦӀΠǴךॺ٬ҔᇃᗓᐒՉ௪ଆᇙำǴ٠Ҕᙻ/ߎ༤ᅈޜલǶӵკ 3-5 

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

0.8µm(0.6µm)аϷቨࣁࡋ 100µmǶ 
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ಃѤകಃѤകಃѤകಃѤക    

ჴᡍ่݀ᆶჴᡍ่݀ᆶჴᡍ่݀ᆶჴᡍ่݀ᆶ    

4-1 ᓅᅟໆෳᓅᅟໆෳᓅᅟໆෳᓅᅟໆෳ 

 ౽ᎂکࡋᓅᅟໆෳǴ٠ᆉрၩηᐚޑǴբӚঁድቫރϪԋࠔॺஒኬך    

Ƕᓅᅟໆෳࢂӧᅶ 5000Gǵྕࡋ 300KΠჹኬҁՉໆෳǴࣁΑளډၨᆒዴ 

 аΠచҹǺىǴѸᅈ่݀ޑ

(1) ௗᗺѸӧኬڬޑࠔൎ 

(2) ௗᗺሡλ 

(3) ኬࡋࠆޑࠔѸ֡ࢂϬޑ 

(4) ኬ߄ޑࠔय़ѝૈԖঁௗᗺ 

 

    ᓅᅟໆෳ่݀ޑӵ߄  4.37×1012 cm-2 (ns)ࡋҢǴϡҹΒᆢႝηᐚ܌4-1

ၩηᎂ౽(µn) 4030 cm2 (V-S)-1ǴԶၸૌ਼Нೀک 10ϩដޑϡҹΒᆢႝη 

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

่݀ǴวΒᆢႝηᐚࡋ(ns)ቚуǴࢂӢ਼ࣁϯቫ໌ϯǴԶफ़ե߄य़ރᄊஏ 

 Ю[24]-[25]Ƕޜ೯ၰύޑǴԶЪ٬ႝηӧΒᆢႝηࡋ

 

 

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 

 

 ܄ᓸႝࢬႝ܄ᓸႝࢬႝ܄ᓸႝࢬႝ܄ᓸႝࢬႝ 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܄Ϸ֨ЗکႫޑӳؼԖڀ
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კკკკ 4-1ኬҁኬҁኬҁኬҁ A ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K     Ԕጕ܄ᓸႝࢬႝޑԔጕ܄ᓸႝࢬႝޑԔጕ܄ᓸႝࢬႝޑԔጕ܄ᓸႝࢬႝޑ
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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܄ᓸႝࢬႝޑԔጕКၨ܄ᓸႝࢬႝޑԔጕКၨ܄ᓸႝࢬႝޑԔጕКၨ܄ᓸႝࢬႝޑ

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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კკკკ 4-8 AlGaAs/InGaAs pHEMTs ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300KǵǵǵǵVDS=3.5Vޑޑޑޑ 

Ѧ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨѦ፦ᙯᏤཱུؕکႫࢬႝکஏࡋКၨ 

 ϦԄޑᓸॶǴᖏࣚႝᓸॶႝޑ႟ਔࣁࡋஏࢬཱུؕႝࣁကᖏࣚႝᓸۓۓॺך    

ё߈՟Ԅη(4-1)[25]: 

                    ε

φ )(
2

dd
DEG

n

q
c

E

q
B

th
V

∆+
−

∆
−=

              
(4-1) 

ύځ     ΦB Ǵ∆Ecࡋଯޑᑵ୷Տૈምࢂ  ޑઈϯ⥲ㄿ೯ၰϐ໔کᑵ୷ቫࢂ

ᏤႝόೱុǴԶȐd + ∆dȑࢂ႔ཱུکΒᆢႝηϐ໔ޑԖਏຯᚆǶᖏࣚႝᓸॶ 

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

ਏ݀٬਼ϯቫڋᑵ୷ቫک೯ၰቫࣚय़ޑΒᆢႝηᐚࡋǶ 

 ܄ᆄውႝᓸٿ܄ᆄውႝᓸٿ܄ᆄውႝᓸٿ܄ᆄውႝᓸٿ 4-2-3

    კ 4-9ᡉҢኬҁ AǵBǵC ӧྕ࠻Πޑውႝᓸ(BVGD)کୃᏤ೯ႝᓸ(Von) 

܄Ƕךॺۓကٿᆄውႝᓸࣁ႔ཱུႝࢬᆶ႔ཱུቨࡋК(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 4-3ϡҹٿޑᆄውႝᓸ܄ϡҹٿޑᆄውႝᓸ܄ϡҹٿޑᆄውႝᓸ܄ϡҹٿޑᆄውႝᓸ܄ 
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კკკკ 4-9 AlGaAs/InGaAs pHEMTs ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  ᆄውႝᓸКၨٿޑᆄውႝᓸКၨٿޑᆄውႝᓸКၨٿޑᆄውႝᓸКၨٿޑ

߄     4-3 ᡉҢኬҁ BǵC Кኬҁ A Ԗၨεޑ႔/ཱུؕٿᆄውႝᓸǴࢂҗܭኬ 

ҁ BǵC Ԗၨଯޑᑵ୷ՏૈምଯࡋǶውႝᓸࣁᑵ୷Տૈምଯ߄کࡋय़ᅅႝ 

 ගϲǶޑεࡐԖ܄ǴውࡕኧǶᡉฅǴၸૌ਼Нೀڄޑࢬ

 

4-2-4 ΟᆄΟᆄΟᆄΟᆄውႝᓸ܄ውႝᓸ܄ውႝᓸ܄ውႝᓸ܄ 

    კ 4-10ᡉҢኬҁ AǵBǵC ӧྕ࠻ΠޑΟᆄውႝᓸ܄ǶךॺۓကΟᆄ 

ውႝᓸࢬႝཱུؕࣁᆶ႔ཱུቨࡋК(IDS/W)ࣁ 1mA/mmਔႝཱུྍؕޑᓸǶ 

Characteristics Sample A Sample B Sample C 

BVDS (V) 5.4 7.9 8.5 

߄߄߄߄ 4-4ϡҹޑΟᆄውႝᓸ܄ϡҹޑΟᆄውႝᓸ܄ϡҹޑΟᆄውႝᓸ܄ϡҹޑΟᆄውႝᓸ܄ 
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კკკკ 4-10 AlGaAs/InGaAs pHEMTsӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  ΟᆄውႝᓸКၨޑΟᆄውႝᓸКၨޑΟᆄውႝᓸКၨޑΟᆄውႝᓸКၨޑ
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߄     4-4 ᡉҢኬҁ BǵC Кኬҁ A ԖၨεޑΟᆄውႝᓸǴԖΠӈΟᅿচ 

Ӣ:(1)MOS่ᄬගٮၨӳޑ႔๊ཱུጔ܄ǹ(2) ׯ๓߄य़໌ک܄ϯؕ/ྍཱུႝཱུ 

а෧Ͽ߄य़ᅅႝࢬǹ(3)ӧ႔/ཱུؕԋ่ཱུ݈ᄬǴԖਏڋޑനεႝౢ܌ғ 

 ፂᔐෞᚆਏᔈ [26]Ƕޑ

 

4-2-5 ᒡрᙯᏤ܄ᒡрᙯᏤ܄ᒡрᙯᏤ܄ᒡрᙯᏤ܄ 

    კ 4-11ᡉҢኬҁ AǵBǵC  ۓॺךǶ܄Ѧ፦ᙯᏤǵᒡрᙯᏤϷႝᓸቚޑ

ကҁ፦ႝᓸቚࣁ: 

                           d

m
omV g

g
rgA =⋅=

                      
 (4-2) 

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

ϷႝᓸቚǶҗܭ෧Ͽ߄य़ഐٝૈ໘ǴᏤठኬҁ BǵC ኬҁܭᒡрᙯᏤॶեޑ AǶ 

ԜѦǴኬҁ C Кኬҁ B ԖၨեޑᒡрᙯᏤॶǴࢂӢࣁቚуΑཱུ݈ࡋߏǴ٬ኬ 

ҁ C  եᒡрޑکଯႝᓸቚǶӢԜǴӧႫکǵեᒡрᙯᏤלߔଯᒡрډၲૈ

ᙯᏤёаග׳ٮଯޑᒡрלߔǴԖճႝܭᓸቚکफ़եॄၩਏᔈǶ 
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კკკკ 4-11 AlGaAs/InGaAs pHEMTsӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K  ޑޑޑޑ

Ѧ፦ᙯᏤѦ፦ᙯᏤѦ፦ᙯᏤѦ፦ᙯᏤǵǵǵǵᒡрᙯᏤᒡрᙯᏤᒡрᙯᏤᒡрᙯᏤǵǵǵǵႝᓸቚჹႝཱུؕܭᓸޑКၨႝᓸቚჹႝཱུؕܭᓸޑКၨႝᓸቚჹႝཱུؕܭᓸޑКၨႝᓸቚჹႝཱུؕܭᓸޑКၨ 
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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፦ᙯᏤǵǵǵǵᒡрᙯᏤϷႝᓸᒡрᙯᏤϷႝᓸᒡрᙯᏤϷႝᓸᒡрᙯᏤϷႝᓸቚቚቚቚ 

 

4-2-6 ႝႝᓸႝ܄ႝᓸႝ܄ႝᓸႝ܄ႝᓸ܄ 

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

1MHz ਔໆෳႝޑႝᓸ܄Ƕኬҁ B ઈϯ᎑ㄿቫᇑڅ 3nmࡕǴ؈ᑈ 10nmࠆ 

ӚձӧኬҁࡕϯቫǶฅ਼ޑ AǵB ᑈय़ᑈ؈ཱུޑ 8000µm2  ǴԶཱུߎ/ᙻޑ

ǵཱུؕኬǶኬҁཱུྍکԋၸำޑ B ӧவޜЮډᆫޑᙯ౽ၸำǴёа 

٬Ҕኬҁ A ٰᔠᡍӧ໌ϯϐࣚޑࡕय़ࠔ፦Ƕ 
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კკკკ 4-12 ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC  ԔጕКၨ܄ႝᓸႝޑԔጕКၨ܄ႝᓸႝޑԔጕКၨ܄ႝᓸႝޑԔጕКၨ܄ႝᓸႝޑ

4-3 ᓎ܄ᓎ܄ᓎ܄ᓎ܄ 

ॺ٬Ҕך     HP8510Bᆛၡᆶ HP8517Bୖኧ SՍௗଞǴٰෳໆϡҹӧᓎጄ 

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

ࣁຯᚆޑཱུؕډཱུ 7µmǶ٠٬Ҕྗ༝ޑБٰݤନௗӝيǶӧࣚ٬Ҕ 

ޑ HP Eesof Touchstone ኳᔕးࢂճҔ SୖኧѐϩǶႽ٬ࢂҔλૻဦႝࢬቚ 
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 H21ޑϣකݤǴளӧ 0dB ਔޑᄒЗᓎ fTǶ٬ࢂ܈Ҕനεфቚ(MAG) 

ளനεᕏᓎڗݤϣකޑ fmaxǶӢԜ fTک fmaxёቪԋΠӈБำԄǺ 

                          
)(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 ቚǵᄒЗᓎࢬႝޑ fTǵന

εᕏᓎ fmaxǶᄒЗᓎǵനεᕏᓎ܌ޑԖॶӧୃᓸ VDSɨ3.5VΠໆෳǴ

༊߄ܭ 4-6Ƕኬҁ C Ӣ٬ࣁҔૌ਼НᇙำǴૈफ़ե߄य़ᝌੌᗖႝکǴӢԜ

ᏱԖၨଯޑᄒЗᓎکനεᕏᓎǶ 
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კკკკ 4-13 ኬҁኬҁኬҁኬҁ A ӧӧӧӧ VDS=3.5Vǵǵǵǵ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ 1.2 × 200 µm2ޑᓎޑ܄ᓎޑ܄ᓎޑ܄ᓎ܄ 
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კკკკ 4-15ኬҁኬҁኬҁኬҁ C ӧӧӧӧ VDS=3.5Vǵǵǵǵ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ 1.2 × 200 µm2ޑᓎޑ܄ᓎޑ܄ᓎޑ܄ᓎ܄    

 

4-4 ф܄ф܄ф܄ф܄ 

 ೲǴ٠٬ҔᙁൂޑфࢬᒡрҬࣁфᙯᡂࢬޔᒡΕࢂ܄ॺଷфך    

БٰݤՉໆෳǶၸ٬ҔঁٿፓᏔ֖کԖфᔠෳᏔޑ೯ᘠݢᏔǴ٬ྍཱུ 

ܭфǶჹޑዴ҅ډӧ୷ҁᓎΠૈໆෳߥၩϰଛǴዴॄکלߔ AB ᜪܫεᏔ 

ᏹբǴኬҁୃᓸӧᖿ֨ܭ߈ЗރᄊਔǴߕуфਏБำԄёቪԋǺ 

                        %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 ϡҹӧᓎϡҹӧᓎϡҹӧᓎϡҹӧᓎ 2.4GHzޑф߄ޑф߄ޑф߄ޑф߄ 

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 ϡҹӧᓎϡҹӧᓎϡҹӧᓎϡҹӧᓎ 5.8GHzޑф߄ޑф߄ޑф߄ޑф߄ 

 

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

ҢߕуфਏǵᒡрфکфቚǴ೭٤܄όճܭᒡΕфǴӧ႔ཱུЁκ 

1.2×200µm2 ᓎک 2.4GHzǵ5.8GHzǶ߄ 4-7ǵ4-8 ༼ӧ VDSɨ3.5Vǵᓎࣁ 

2.4GHzǵ5.8GHzਔǴໆෳߕޑډуфਏǵᒡрфکфቚǶҗ߄ 4-7ǵ 

4-8ёளޕǴኬҁ C ӢࣁᏱԖၨεޑውႝᓸǴߕځ٬уфਏǵ࣬ჹᔈޑᒡ 

рф࣬کჹᔈޑфቚεځܭдኬҁǶ 
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კკკკ 4-16 ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC ӧᓎӧᓎӧᓎӧᓎ 2.4 GHzޑᒡрфޑᒡрфޑᒡрфޑᒡрфǵǵǵǵфቚфቚфቚфቚǵǵǵǵߕуфਏߕуфਏߕуфਏߕуфਏ    

ჹܭᒡΕфޑ܄КၨჹܭᒡΕфޑ܄КၨჹܭᒡΕфޑ܄КၨჹܭᒡΕфޑ܄Кၨ    
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კკკკ 4-17ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC ӧᓎӧᓎӧᓎӧᓎ 5.8 GHzޑᒡрфޑᒡрфޑᒡрфޑᒡрфǵǵǵǵфቚфቚфቚфቚǵǵǵǵߕуфਏߕуфਏߕуфਏߕуфਏ    

ჹܭᒡΕфޑ܄КၨჹܭᒡΕфޑ܄КၨჹܭᒡΕфޑ܄КၨჹܭᒡΕфޑ܄Кၨ    

 

4-5 ᚇૻ܄ᚇૻ܄ᚇૻ܄ᚇૻ܄ 

    კ 4-18 ᡉҢനλᚇૻ(NFmin)࣬کჹᔈޑቚǴόճܭᓎӧ႔ཱུЁκࣁ 

1.2×200µm2Ƕᚇૻࢂ܄җ HP85122AᐒѠӧᓎ 1~6GHzΠໆෳޑǶӢࣁᙯᏤ 

ॶکᚇૻ࣬ᜢǴᙯᏤॶቚуਔᚇૻ൩Πफ़Ƕ܌а߄य़ഐٝૈ໘෧ϿਔǴ 

Ԗ׳ଯࢬႝཱུؕޑǴԜਔന٫ୃᓸᗺԖ׳ଯޑᙯᏤॶکനλޑᚇૻ܄Ƕ 
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კკკკ 4-18ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC     Кၨ܄ޑᓎܭᖄӝфቚჹکനλᚇૻޑКၨ܄ޑᓎܭᖄӝфቚჹکനλᚇૻޑКၨ܄ޑᓎܭᖄӝфቚჹکനλᚇૻޑКၨ܄ޑᓎܭᖄӝфቚჹکനλᚇૻޑ
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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 ϡҹӧᓎϡҹӧᓎϡҹӧᓎϡҹӧᓎ 2.4GHzǵǵǵǵ5.8GHzޑᚇૻ߄ޑᚇૻ߄ޑᚇૻ߄ޑᚇૻ߄ 

 

നλᚇૻБำԄёቪԋǺ 

                      
m

gs
gs g

RR
fKCNF

+
+≈ π21min                    (4-6) 

߄     4-9ᡉҢрനλᚇૻ(NFmin)࣬کჹᔈޑቚჹךॺࣴޑزϡҹᓎόճǶ 

வԄη(4-6)ёаวǴӢࣁૌ਼Н਼ϯԋ߄य़໌ϯǴ߄٬य़ഐٝૈ໘෧ϿǴ܌ 

аኬҁ BǵC ࣬ၨܭኬҁ A  ᙯᏤॶǶޑԖၨଯڀ

 

4-6 եᓎᚇૻ܄եᓎᚇૻ܄եᓎᚇૻ܄եᓎᚇૻ܄ 

    եᓎᚇૻᝄख़ቹៜϡҹӧ༾ݢޑᔈҔǶեᓎᚇૻޑໆෳှញΑଢᛉ 

ᚇૻکόӕᇙำޑޣٿᜢ߯ǴъᏤᡏ߄ޑय़ჹܭեᓎᚇૻޑෳໆߚத௵གǶؕ 

ཱུᆄႝޑᓸᚇૻҗ Agilent 35670A ܫεǴԶᒡрᆄௗӧъᏤᡏୖኧှሺ 

HP4145BǴᓎࣁۓ 1Hz~100KHzǶୃᓸӧ VDSɨ3.5V аϷ IDSɨ100mA/mm 

ਔǴ٬ҔեᓎᚇૻෳໆளޕӚᅿϡҹޑեᓎᚇૻǴځύϡҹޑՍᖄႝߔቹៜեᓎ 

ᚇૻനుǶӢԜӧ࣬ӕޑ IDSୃᓸᗺǴ٬ҔόӕޑೀำׇǴჹܭଢᛉᚇૻ܄ 

࣬ख़ाǶӵკ 4-19ᡉҢǴኬҁ Bǵኬҁ C ࣬ၨܭኬҁ A ᏱԖၨեޑᚇૻǶ 
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კკკკ 4-19ኬҁኬҁኬҁኬҁ AǵǵǵǵBǵǵǵǵC     Кၨ܄եᓎᚇૻޑКၨ܄եᓎᚇૻޑКၨ܄եᓎᚇૻޑКၨ܄եᓎᚇૻޑ

 

    ଢᛉᚇૻࢂҗܭ႔਼ཱུϯቫکъᏤᡏࣚय़໔ǴӸӧӭᝌੌᗖǴᏤठԖᚐ 

Ѧૈ໘Ǵႝၩηࣚܭय़౽ਔǴ٤ࢌၩηஒᒿᐒਂਆฅࡕаԜૈ໘ᄊញ 

  ๓Ƕׯ܌Ԗࡋଳృޑϟय़ޕғଢᛉᚇૻǴёԖԜளౢࢬǴ٬ளཱུؕႝܫ

 

4-7 ᡂྕ܄ᡂྕ܄ᡂྕ܄ᡂྕ܄ 

    ӧᡂྕ܄Бय़Ǵךॺໆෳ٠КၨѦ፦ᙯᏤǵውႝᓸ܄Ǵ܌Ԗኬҁӧྕ

ࡋ 300K~450Kޑ܄ᡂϯǶ 

 

 ܄ᓸႝࢬႝ܄ᓸႝࢬႝ܄ᓸႝࢬႝ܄ᓸႝࢬႝ 4-7-1

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

 ΟঁኬҁډᢀჸޑǶவკύёаܴᡉ܄ᓸ(VDS)ႝཱུྍؕک(IDS)ࡋஏࢬႝཱཱུུؕ

Ԗؼӳ֨ޑЗ܄Ǵ೭ࢂӢࣁઈϯ᎑ㄿ/ઈϯㄿፂቫૈԖਏޑफ़եႝηݙ 

Ε୷݈ڋک႔ཱུᅅႝࢬǶ 
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კკკკ 4-22ኬҁኬҁኬҁኬҁ C ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K ~ 450 Kႝࢬႝޑᓸ܄Ԕጕႝࢬႝޑᓸ܄Ԕጕႝࢬႝޑᓸ܄Ԕጕႝࢬႝޑᓸ܄Ԕጕ    
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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)܄Ƕྕࡋϲਔനε 

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)܄ൎᙅྕࡋᡂϯ(300K~450K)Ƕ 
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კკკკ 4-24ኬҁኬҁኬҁኬҁ B ӧྕࡋӧྕࡋӧྕࡋӧྕࡋ 300K ~ 450 KޑѦ፦ᙯᏤཱུؕکႫޑႝکѦ፦ᙯᏤཱུؕکႫޑႝکѦ፦ᙯᏤཱུؕکႫޑႝکѦ፦ᙯᏤཱུؕکႫࢬႝکஏࢬࡋஏࢬࡋஏࢬࡋஏࡋ    
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