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ύЎύЎύЎύЎᄔाᄔाᄔाᄔा 

ҁ஑ᚒԋфޑճҔȨૌ਼Н਼ϯᇙำȩࣴᇙڀԖઈϯ᎑ㄿ/ઈϯ⥲ㄿߎឦ-਼

ϯނ-ъᏤᡏ႔่ཱུᄬᔕ඲Ԅଯႝηᎂ౽౗ႝ඲ᡏǶ٬Ҕૌ਼Н਼ϯᇙำܭъᏤ

ᡏ߄य़ౢғ໌ϯቫǴ׎ԋߎឦ-਼ϯނ-ъᏤᡏ-ଯႝηᎂ౽౗ႝ඲ᡏǴׯ๓Α߄य़

੝܄Ψफ़ե႔ཱུᅅႝࢬǴӢԜගϲϡҹࢬޔ੝܄Ƕ 

   ҁ஑ᚒ௖૸ࣴᇙઈϯ᎑ㄿ/ઈϯ⥲ㄿଯႝηᎂ౽౗ႝ඲ᡏᇙբόӕ႔่ཱུ

ᄬǴځ΋ߎࣁឦ--਼ϯނ--ъᏤᡏϐઈϯ᎑ㄿ/ઈϯ⥲ㄿଯႝηᎂ౽౗ႝ඲ᡏǴќ

΋ࣁ΋૓ઈϯ᎑ㄿ/ઈϯ⥲ㄿଯႝηᎂ౽౗ႝ඲ᡏǴӧྕ࠻ΠǴ႔ཱུЁκ1.2ࣁ × 

100 ͔m2ਔǴ਼ߎъᆶ΋૓႔่ཱུᄬኬҁکࢬޔޑ༾ݢ੝܄ϩձࣁႫࢬႝکஏ

162ǵ129 mS/mmǵ֨Зႝࣁ 208ǵ151 mA/mmǵനεᙯᏤॶ (gm, max)ࣁ(IDSS0)ࡋ

ᓸ(Vpinch-off)1.05– ࣁǵ–1.23 Vǵႝࢬቚ੻ᄒЗᓎ౗(fT)14.64ࣁǵ10.40 GHzǵനε

᎜ᕏᓎ౗(fmax)27.09ࣁǵ14.64 GHzǵଯᓎᚇૻ(NFmin)1.03ࣁǵ1.51 dBǵߕуф౗

ਏ੻(P.A.E.)42.4ࣁ ǵ32.9%Ƕ 

    җჴᡍ่݀ᡉҢǴ٬Ҕ਼ߎъ่ᄬϐઈϯ᎑ㄿ/ઈϯ⥲ㄿଯႝηᎂ౽౗ႝ඲

ᡏёளډၨλᒡрᙯᏤǵၨଯቚ੻ǵаϷၨε஝ውႝᓸǴ຾Զׯ๓ࢬޔᆶ༾ݢ੝

 ϡҹǶݢଯᓎǵଯф౗༾ܭǴӢԜ፾Ҕ܄
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Abstract 

AlGaAs/InGaAs high electron mobility transistors (HEMTs) using ozone water 

treatment with metal-oxide-semiconductor gate structure is successfully made in our 

studied. As a surface passivation layer and metal-oxide-semiconductor HEMTs 

(MOS-HEMTs) using ozone water as gate oxide has been investigated. We compared 

with the conventional HEMTs and MOS-HEMTs, the MOS-HEMTs improve the 

surface characteristics and decrease the gate leakage. Hence, upgrade the devices DC 

characteristics. 

Firstly, we simply state a number of related fundamentally knowledge in chapter 

1. We also introduce the structure layer design and two-dimensional electron gas in 

chapter 2, and then we report the process for fabricating device including wafer 

orienting, source and drain metallization, mesa isolation, and gate metallization in 

detail in chapter 3. In chapter 4, first we report the Hall measurement and 

performance, and then we discuss the detail characteristics of our devices 

AlGaAs/InGaAs pHEMT with MOS-HEMT and a Conventional Au gate. In the first 

places are DC characteristics at 300 K such as the saturation drain current density, the 

maximum extrinsic transconductance, the pinch-off voltage. In the second places 

show the RF characteristics such as the unity current gain cut-off frequency, the 

maximum oscillation frequency, the high frequency noise, and the 

power-added –efficiency. Finally, we have a conclusion for this thesis in chapter 5. 

In our case study, we research AlGaAs/InGaAs high electron mobility transistors, 

which manufacture difference gate structure. One is metal-oxide-semiconductor 

AlGaAs/InGaAs high electron mobility transistors, the other is conventional 

AlGaAs/InGaAs high electron mobility transistors. In the room temperature, our gate 

dimension is 1.2 ×  100 ͔m2. The sample of metal-oxide-semiconductor and 
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conventional gate, which DC characteristics and microwave characteristics 

respectively as follow: the saturation drain current density( IDSS0) of (208ǵ

151 )mA/mm, the maximum extrinsic transconductance (gm,max) of (162 ǵ129) 

mS/mm, the pinch-off voltage (Vpinch-off) of (–1.05ǵ–1.23) V, the unity current gain 

cut-off frequency(fT) of (14.64ǵ10.40) GHz, the maximum oscillation frequency (fmax)  

of (27.09ǵ14.64) GHz, the high frequency noise (Nfmin) of  (1.03ǵ1.51) dB, and the 

power-added-efficiency (P.A.E.) of  (42.4ǵ32.9 %). 

    From our experimental results shows AlGaAs/InGaAs high electron mobility 

transistors with using ozone water to form the metal-oxide-semiconductor gate 

structure can obtain lower output conductance, higher gain and higher breakdown 

voltage. Then, we can improve DC characteristics and microwave characteristics. 

Hence, our device is suitable for using in the high-gain and high-power MMIC 

devices.      

 

Keywords: ozone waterǵmetal-oxide-semiconductorǵpassivationǵHEMT 
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ಃಃಃಃ 1111 കകകക    

ׇፕׇፕׇፕׇፕ    

຾ೌמߏ፦ғނድ඲ȐMBEȑ״ᑈȐMOCVDȑϷϩη؈ឦϯᏢ਻࣬ߎයԖᐒ߈    

৖ِೲǴᐟวΑӚᅿ౦፦่ᄬزࣴޑǴӢࣁѬॺૈᆒዴ௓ࡋࠆڋϷᄞᚇǾǾǶ 

ൂ඲༾ݢᑈᡏႝၡȐMMICȑ೏ा؃ଯф౗ǵଯᓎ౗ǵեᚇૻکեѨ੿ޑᔈҔϷ܄

ૈ[1-5]Ƕ 

 

    ӧ࣬ჹ໺಍ޑ GaAs MESFET ΢Ǵଷ඲่ᄬଯႝηᎂ౽౗ႝ඲ᡏȐpHEMTȑǴӧ

Ҟ߻ӧܭཥᑫޑ༾ݢᆶᇬԯسݢ಍٬ޑҔύڀࢂԖ֎ЇΚޑংᒧޣǴӢࣁѬॺڀ

Ԗଯೲǵեᚇૻǵଯф౗ቚ੻Ϸਏ౗[6]ǶᏃᆅӵԜǴઞૈሜޑઈϯ⥲ㄿϯӝނ

೯தӢࣁեෞᚆፂᔐޑᖏࣚႝ൑Զౢғ่סਏᔈǴᏤठ႔ཱུޑᑵ੝୷ૈምफ़եǴ

ቚуႝݙࢬΕϷ዗ᚆηว৔Ǵᝄख़ቹៜϡҹ[7]ૈ܄ޑǶ 

 

    ന߈Ǵς࿶ჴ౜Αᑵ੝୷႔ཱུׯҔߎឦ-਼ϯނ-ъᏤᡏȐMOSȑ่ᄬǴૈԖ

ਏڋ׭႔ཱུᅅႝࢬǴЪ߄य़ރᄊୢޑᚒς೏߄य़໌ϯ[8] ،ှ܌ೌמǶ 

 

    ӧࣴز MOS- HEMT ድ඲״ᑈ႔ཱུϟႝ፦[9]Ǵϩη؈ᇙำύǴ٬Ҕচηቫޑ

ȐMBEȑ؈ᑈϟႝ፦[1鎵]ǴϷ InAlP ਼ϯ[11]ނ຾ՉΑࣴزǴа෧Ͽ႔ཱུᅅႝࢬǶ 

 

    ӧ೭໨πբύǴךॺගр΋ঁ಄ӝԋҁਏ੻๊ޑጔ਼ϯೌמǴ൩ࢂᔈҔૌ਼

Нೀ౛ઈϯ᎑ㄿ/ઈϯ⥲ㄿ MHEMT ٬Ҕૌ਼Нೀ౛。ᑵ੝୷ઈϯ᎑ㄿቫޑ HEMT

 Ǻࡴᓬᗺхޑ

Ȑ1ȑௗྕ࠻߈ᏹբȐ<4鎵ʚȑ 

Ȑ2ȑᙁൂޑೀ౛ำׇ 

Ȑ3ȑեԋҁ೛ࡼ 
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Ȑ4ȑ٬Ҕྍ/ؕႝཱུբ਼ࣁϯ፿࿽Ǵѐᒧ᏷਼܄ϯ 

Ȑ5ȑଯ਼ϯ౗Ϸၨե߄ޑय़ރᄊஏࡋ 

    ԜѦǴ࣬ჹځܭдೌמǴૌ਼Нೀ౛ё࿯࣪༾ቹᇑ؁ޑڅᡯ[12-15]Ƕઈϯ

᎑ㄿᑵ੝୷ቫ΢਼ޑϯቫࡋࠆǴ೏௓ڋӧڼԯЁࡋаΠૈׯ຾႔๊ཱུޑጔૈ܄Ƕ 

 

    ಃ 2 കϟಏΑ่ᄬቫޑ೛ीکΒᆢႝη਻Ǵಃ 3 കύඔॊϡҹޑᇙ೷Ǵхࡴ

඲༝ۓޑӛǵྍཱུߎཱུؕکឦǴଯѠ๊ጔک၁ಒޑ႔ཱུߎឦϯǶӧಃ 4 കύǴ२

Ӄൔ֋ᓅᅟໆෳૈ܄کǴฅࡕ૸ፕઈϯ᎑ㄿ/ઈϯ⥲ㄿ pHEMT ٬Ҕ MOS ȉ HEMT

่ᄬǴک໺಍ޑ Au ႔ཱུ໌ϯޑಒ࿯੝܄Ǵ२ӃǴࢂեᓎᚇૻޑ੝܄Ǵӆٰࢂ 3鎵鎵 

K ਔࢬޔޑ੝ک܄༾ݢ੝܄ǶനࡕǴӧಃ 5 കբ่ፕǶ 
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ಃಃಃಃ 2222 കകകക    

pHEMTpHEMTpHEMTpHEMT ୷ҁ୷ҁ୷ҁ୷ҁচ౛ᆶচ౛ᆶচ౛ᆶচ౛ᆶድ඲ԋߏድ඲ԋߏድ඲ԋߏድ඲ԋߏ 

ၸѐӄౚъᏤᡏޑว৖ख़Ј೿ࢂа׷ࣁޖ਑୷ᘵǴՠҗޖܭϡનӃϺ΢ނޑ

౛ज़ڋǴхႝࡴη౽୏౗եǵᓎ౗ᏹբጄൎλǵϡҹᒡрπ౗ᆶਏૈե฻ӢનǴ

˫-˩ว৖ِೲǴ٬ளࠔౢޑԃٰคጕଯᓎ೯ૻ߈ᛖǴԶߔډڙӧଯᓎᔈҔ΢ځ٬

௼ϯӝނъᏤᡏளаಥᑉԶрǶа GaAs ٰᖱǴҗܭԖਏ፦ໆК Si λᏤठӧྕ࠻

Πޑၩη౽୏౗К Si ଯǴځեᚇૻǵଯႝࢬቚ੻ǵଯਏૈᆶଯጕ܄੝܄ё೏٬

Ҕᆶᇙ೷Ǵу΢ၨଯޑեႝ൑ਔᎂ౽౗ǵଯႝηႫکೲࡋǵၨቨૈޑሜǴځᔈҔ

΢ၨ Si аࡺቶǴࣁ GaAs  Ƕ߆៿ڙޖϡҹᅌᅌКޑ୷ۭࣁ

ଷ඲่ᄬύத٬Ҕډ⥲ϡનǴ⥲ޑҁ፦੝܄཮٬ϯӝૈޑނሜफ़եǴ྽⥲ӧ

ϯӝނϣޑವᅟϩ౗ቚуਔхࡴΠӈᓬᗺ: 

1.ଯႝηᎂ౽౗ 

2.ଯၩη߳ज़Κ 

3.ଯႝࢬஏࡋ 

4.ଯᙯᏤॶ 

2-1 pHEMT ୷ҁচ౛୷ҁচ౛୷ҁচ౛୷ҁচ౛ 

    ΋૓ HEMT ವᅟϩ౗٠ޑ᎑ઈϯㄿǴઈϯ᎑ㄿϣک౦፦ௗय़٬Ҕઈϯ᎑ㄿޑ

ό཮ቹៜډ඲਱தኧǹόၸ౦፦ௗय़٬Ҕઈϯ⥲ㄿکઈϯㄿǴઈϯ⥲ㄿϣޑ⥲ޑ

ವᅟϩ౗཮ቹៜډ඲਱தኧᏤԿϰଛୢᚒǶ 

   ઈϯ⥲ㄿޑϰଛୢᚒёҗΠय़ٿᅿБԄளׯډ๓: 

銦1) ઈϯ⥲ㄿёӧವᅟϩ౗ 鎵.53 ௃ݩΠکᕗϯ⥲඲਱ϰଛ 

    җܭઈϯㄿ/ઈϯ⥲ㄿ඲਱தኧόϰଛǴว৖раᕗϯ⥲ࣁ୷݈ޑ HEMTǴ೯

ၰத٬Ҕઈϯ⥲ㄿǴځύ⥲ޑವᅟϩ౗ऊࣁ 鎵.53 ਔǴёᆶᕗϯ⥲඲਱ϰଛǴ೯

ၰҗޑ⥲ܭ੝܄ᏱԖၨଯႝޑηᎂ౽౗ǵႫکೲࡋǴёа᏾ᡏගϲϡҹޑ໺ᒡೲ

 ज़ਏ݀Ƕ߳ޑଯᓎៜᔈǴаϷቚу೯ၰၩηޑ๓ϡҹׯ຾Զࡋ
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銦2) ઈϯ⥲ㄿёӧವᅟϩ౗ᖿ߈ 鎵.2 ௃ݩΠکઈϯㄿ඲਱ϰଛ 

η߳ज़ૈΚǴஒচ౦፦ௗय़ઈϯ᎑ㄿ/ઈϯㄿǴႝک๓ၩηᎂ౽౗ׯΑाࣁ    

Ꮴޑε׳ௗय़ᏱԖޑઈϯ⥲ㄿᏱԖၨλૈሜǴ٬ܭҔઈϯ᎑ㄿ/ઈϯ⥲ㄿǴҗׯ

ႝ஥όೱុ܄Ǵቚமၩηᎂ౽౗Ψӕਔׯ๓ႝη߳ज़ૈΚǶ 

    ଷ඲่ᄬӧ׷ܭ਑໔඲਱όϰଛǴஒٿᅿόӕ׷਑໔඲਱ᔈΚӧё৒ޑה௃

 ᔈҔǶޑԖਏ܄੝ޑ਑׷ϰଛǴஒډ਑඲਱ၲ׷ٿܭǴаԿܫΠញݩ

 

2-2 pHEMT ድ඲ድ඲ድ඲ድ඲ቫ೛ीቫ೛ीቫ೛ीቫ೛ी 

    HEMT ่ᄬ೯தࢂҗȐ1ȑn -ઈϯㄿᙟᇂቫȐ2ȑn -ઈϯ᎑ㄿᑵ੝୷ቫȐ3ȑ

͌ ᄞᚇޑၩηගٮቫȐ4ȑ҂ᄞᚇઈϯ᎑ㄿ႖ᚆቫȐ5ȑ҂ᄞᚇଷ඲่ᄬઈϯ⥲

ㄿ೯ၰቫȐ6ȑ҂ᄞᚇઈϯㄿ጗ፂቫǴғߏӧઈϯㄿޑъ๊ጔ୷ۭቫǶ 

Ӛቫ่ޑᄬ၁ಒ૸ፕӵΠ: 

ȐȐȐȐ1111ȑȑȑȑᙟᇂቫᙟᇂቫᙟᇂቫᙟᇂቫ    

    ઈϯ⥲ㄿᙟᇂቫǴ೯தख़ᄞᚇޖऊ 1鎵18 cm-3Ǵගٮ HEMT ௗ᝻Ǵۅኻޑӳؼ

फ़եྍཱུႝߔǴΨٛЗΑᑵ੝୷ቫ߄ޑय़਼ϯޜکЮǶ 

ӧ HEMT ύǴଯᄞᚇکଯޑࡋࠆᙟᇂቫǴڀԖߚதଯႝޑηೲࡋǵᙯᏤॶȐgmȑ

Ϸႝࢬቚ੻ᄒЗᓎ౗銦fT)ǶՠࢂǴ೭Ψεεफ़եΑϡҹޑ஝ውႝᓸǴ٬ϐ׳ᜤа

Ǵаᗉխᙟᇂډ႔ཱུпኲǶᙟᇂቫѸ໪ֹӄӦпഐǴόૈᆶ႔ཱུௗೱޑள֡Ϭڗ

ቫ΢ޑѳՉᏤ೯ਏᔈ [16]Ƕ 

 

ȐȐȐȐ2222ȑȑȑȑᑵ੝୷ቫᑵ੝୷ቫᑵ੝୷ቫᑵ੝୷ቫ    

 

    ᑵ੝୷ቫ೯தК೯ၰቫڀԖ׳ቨૈޑሜǶӢࣁઈϯ᎑ㄿ/ઈϯ⥲ㄿ౦፦ௗ

य़ǴڀԖၨεޑᏤႝ஥όೱុǴԾҗႝηவઈϯ᎑ㄿᘉණډઈϯ⥲ㄿǴ׎ԋΒᆢ
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ႝη਻Ȑ2 - DEGȑǴ׎٠ԋଯТႝ಻ஏࡋЪׯ๓Αၩη߳ज़ૈΚǶ 

ᗨฅᖓޑઈϯ⥲ㄿᑵ੝୷ቫૈᕭλ႔ཱུԿߎឦ೯ၰ໔ޑຯᚆǴ཮ளډၨଯޑᙯᏤ

ॶǴՠफ़եΑ஝ውႝᓸǶ 

 

ȐȐȐȐ3333ȑȑȑȑ͌͌͌͌ ᄞᚇၩηගٮቫᄞᚇၩηගٮቫᄞᚇၩηගٮቫᄞᚇၩηගٮቫ    

 

ᄞᚇ ͌ ቫԖаΠᓬᗺ[17-2鎵]Ǻ 

Ȑ1ȑଯཱུؕႝࢬ 

Ȑ2ȑեᚇ፦ණ৔ਏᔈ 

Ȑ3ȑଯጕ܄ᙯᏤ 

Ȑ4ȑଯ႔ཱུߏቨКǴफ़եอ೯ၰਏᔈ 

    ͌-ᄞᚇ׷਑ڀԖၨଯࢬႝཱུؕޑǴࢂӢࣁѬޑଯᐚࡋᄞᚇک҂ᄞᚇޑᑵ੝

୷ቫ཮Ꮴठଯ஝ውႝᓸǶӢࣁၩη೏ज़ڋӧ V Ԗଯڀа܌ηϔύ[21-22]Ǵႝ׎

ᙯᏤॶϷଯޑΒᆢႝη਻ᐚࡋǶԜѦǴӧ೯ၰύႝߔК໺಍ޑ FET ၨλǴ೭٤ᓬ

ᗺஒཱུεӦቹៜ႔ཱུࡋߏλܭ 2͔m[23]ޑอ೯ၰϡҹૈ܄ǶӧଯೲϡҹکᔈҔ

ύǴ͌ ᄞᚇ่ᄬޑଯ౽୏౗ǵଯၩηᐚکࡋଯᙯᏤڀԖወΚǶHEMT ӧ೯ၰа΢

කΕ ͌-ᄞᚇТёڗளၨଯޑᙯᏤॶǶӧ HEMT ೯ၰΠБකΕ ͌-ᄞᚇёڗளၨଯ

஝ውႝᓸǶऩӧޑ HEMT ೯ၰ΢ΠБකΕ ͌-ᄞᚇǴёᕇள׳ଯޑၩηᐚࡋǶ 

ȐȐȐȐ4444ȑȑȑȑ႖ᚆቫ႖ᚆቫ႖ᚆቫ႖ᚆቫ    

 

    ӧ HEMT ύǴႝࢰ、ႝη໔ޑᓉႝբҔᆀࣁ৤ٷණ৔ǶࣁΑှ،৤উණ৔Ǵ

܄ޑ඲ᡏႝډ཮ቹៜࡋࠆޑ೯ၰቫϩ໒Ƕ႖ᚆቫکቫٮॺ٬Ҕ႖ᚆቫஒၩηගך

Ƕૈၨᖓޑ႖ᚆቫ཮ቚу೯ၰύޑТႝ಻ஏࡋǴԖၨեߔႝཱུྍޑǵၨଯᙯᏤॶǵ

ၨٮ೯ၰ΢ගޑࡋ႖ᚆቫૈӧၨեႝ಻ஏޑࠆǶќ΋Бय़Ǵၨࡋஏࢬႝޑၨଯک

ଯႝη౽୏౗Ƕޑࠠڂ႖ᚆቫ2 ࣁࡋࠆ鎵Åɴ5鎵 ÅǶ 
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ȐȐȐȐ5555ȑȑȑȑଷ඲่ᄬઈϯ⥲ㄿ೯ၰቫଷ඲่ᄬઈϯ⥲ㄿ೯ၰቫଷ඲่ᄬઈϯ⥲ㄿ೯ၰቫଷ඲่ᄬઈϯ⥲ㄿ೯ၰቫ    

 

    ӧ 2- DEG ೯ၰύ٬Ҕઈϯ⥲ㄿ׷ࣁ਑Ǵаቚம HEMT Ǵკૈ܄ 2-1Ǵё࣮ډ

ૈሜᆶ඲਱தኧޑ੝܄Ƕ೯ၰቫύޑઈϯ⥲ㄿϷઈϯ᎑ㄿቫ໔ޑ඲਱தኧόϰ

ଛǶკ 2-2Ǵઈϯ⥲ㄿቫ೏ᓸᕭډᆶ඲਱தኧઈϯㄿ܈ઈϯ᎑ㄿ࣬ϰଛǴךॺё

а࣮ډઈϯ⥲ㄿҗѤБࠠ඲ᡏᡂ׎ԋࣁҥБ඲ᡏ่ᄬǶკ 2-3 ᡉҢǴᖏࣚၲࡋࠆ

ವޑதଯߚԖڀǴ྽ઈϯ⥲ㄿ܄ё৒યቸޑઈϯㄿϐ໔඲਱όϰଛکઈϯ⥲ㄿډ

Ըϩ౗ਔǴၸᖓޑᖏࣚࡋࠆቹៜΑໆηЁκႝޑηԛૈ໘Ǵεεफ़եΑ႖ᚆႝη

ቚமႝη໺ሀǵගଯӧໆηϔ೯ၰૈࡴӳೀǴхޑΚǶՠ٬Ҕᖓઈϯ⥲ㄿቫૈޑ

ύޑၩη߳ज़ૈΚǴаϷ׳ଯႝޑηᎂ౽౗Ƕ 

კკკკ 2222----1111    

όӕϯӝނъᏤᡏૈޑሜჹܭ඲਱தኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹܭ඲਱தኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹܭ඲਱தኧޑКၨόӕϯӝނъᏤᡏૈޑሜჹܭ඲਱தኧޑКၨ    
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                                                                                                            კკკკ 2222----2222        

ଷ඲Ԅଷ඲Ԅଷ඲Ԅଷ඲Ԅ HEMTHEMTHEMTHEMT ่ᄬ඲਱௨ӈ่ᄬ඲਱௨ӈ่ᄬ඲਱௨ӈ่ᄬ඲਱௨ӈ銦銦銦銦ٰԾٰԾٰԾٰԾ Fazal Ali Fazal Ali Fazal Ali Fazal Ali کککک    Aditya GuptaAditya GuptaAditya GuptaAditya Gupta ๱բޑ๱բޑ๱բޑ๱բޑ

HEMTs and HBTsHEMTs and HBTsHEMTs and HBTsHEMTs and HBTs ϡҹ่ᄬϷႝၡϡҹ่ᄬϷႝၡϡҹ่ᄬϷႝၡϡҹ่ᄬϷႝၡ))))    

                 

                                კკკკ 2222----3333    

                                        InInInInxxxxGaGaGaGa1111----xxxxAsAsAsAs ჹܭჹܭჹܭჹܭ InAsInAsInAsInAs ವᅟϩ౗ವᅟϩ౗ವᅟϩ౗ವᅟϩ౗ޑޑޑޑᖏࣚࡋࠆჹྣკᖏࣚࡋࠆჹྣკᖏࣚࡋࠆჹྣკᖏࣚࡋࠆჹྣკ    
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ȐȐȐȐ6666ȑȑȑȑ጗ፂ጗ፂ጗ፂ጗ፂቫቫቫቫ    

    ԿϞ，ჹ጗ፂ୔ୱׯޑ๓ςбр೚ӭޑոΚ。ࣁΑၲԋؼӳޑ೯ၰ႖ᚆਏ

݀Ǵ٠੃ନٰԾ୷݈܄ႝޑቹៜǶ҂ᄞᚇޑઈϯㄿޑࠠڂࣁ጗ፂቫǴᗨฅࢂଯႝ

൑Զႝཱུྍ-ؕࣁ႖ᚆਏ݀Ƕႝη཮Ӣޑ୼ىٮගݤǴӵ݀٬ҔӍ፦୷݈൩คߔ

ǴቨૈሜǶלߔԖଯڀ਑Ǵ׷጗ፂቫޑ΋ᅿ౛གྷࢂΕઈϯㄿ጗ፂቫǶઈϯ᎑ㄿݙ

ՠϡҹૈ܄ޑமਗ਼٩ᒘԋୖߏኧǴЬाࢂӢࣁᜤаᕇளؼӳޑௗय़ࠔ፦ǴᏤठ೯

ၰύޑե౽୏౗ǶࣁΑှ،೭ঁୢᚒ，කΕ΋ঁᖓઈϯㄿቫӧޑࠆࠆઈϯ᎑ㄿک

ઈϯㄿϐ໔ǴҔа֎ԏᚇ፦Ǵ٠ගٮ΋ঁѳྖ߄ޑय़๏Π΋ঁઈϯ᎑ㄿޑԋߏǶ

Ѭ႖ᚆΑ୷݈΢ᚇ፦کલഐύౢғ܄ႝޑǴᡣϡҹڀԖၨ֨ޑ٫З੝ک܄༾ݢф

౗ૈ܄Ƕ 

2-3 Βᆢႝη਻Βᆢႝη਻Βᆢႝη਻Βᆢႝη਻ 

    ଆྍܭ 1979 ԃǴT.Mimura റγගрቨૈሜޑઈϯ᎑ㄿᆶҁ፦ઈϯㄿޑϟ

य़ǴӢૈሜόӕǴᏤठௗय़ૈ஥៻ԔԶ٬ႝηಕᑈځύ׎ԋΒᆢႝη਻ǴԜ่ᄬ

੝ՅࢂஒՏܭቨૈሜύႝޑηᚆ໒ᚇ፦ҁᡏफ़եᚇ፦ණ৔Ǵ߳ځ٬ज़ӧ҂ᄞᚇޑ

ҁ፦ઈϯㄿϣǴ೏߳ज़ӧΟفՏૈϔύႝޑη໻ёаӧޜ໔ύٿБӛ౽୏銦y ືǵ

z ື)ёቚуႝη߳ज़ૈΚǴӵკ 2-4Ƕ 

 

2DEGޑໆηϯǴӧკ2-5-aύǴךॺёаӧ InGaAs ೯ၰύډפനեޑΟঁ

ԛૈ஥ǴаϷ GaAs ύ5͍ ک 4͍ ډפǶૈໆ೏ϩණܭ InGaAs ໆηϔޑԛૈ஥

ύǴԶҗკ2-5-bύளޕǴຬၸԭϩϐΐΜΐႝޑηӧനեޑΟঁԛૈ஥ύǴ೷

ԋΒᆢႝη਻ᐚࡋ୔ୱϯϩѲǶ 
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კკკკ 2222----4444    

銦a)AlGaAs/GaAs銦a)AlGaAs/GaAs銦a)AlGaAs/GaAs銦a)AlGaAs/GaAs ౦፦ௗय़໺Ꮴ஥౦፦ௗय़໺Ꮴ஥౦፦ௗय़໺Ꮴ஥౦፦ௗय़໺Ꮴ஥    

銦b)2DEG銦b)2DEG銦b)2DEG銦b)2DEG ΟفՏૈϔ߈՟่ᄬΟفՏૈϔ߈՟่ᄬΟفՏૈϔ߈՟่ᄬΟفՏૈϔ߈՟่ᄬ    

 

 კკკკ 2222----5555    

銦a) 銦a) 銦a) 銦a) ໺Ꮴ஥ύ໺Ꮴ஥ύ໺Ꮴ஥ύ໺Ꮴ஥ύ 2DEG 2DEG 2DEG 2DEG ᐚޑࡋওय़კᐚޑࡋওय़კᐚޑࡋওय़კᐚޑࡋওय़კ銦 銦 銦 銦 ͍͍͍͍iiii    ࣁಃࣁಃࣁಃࣁಃ    i i i i ঁԛૈ஥ঁԛૈ஥ঁԛૈ஥ঁԛૈ஥))))    

銦b) 銦b) 銦b) 銦b) ႝηӧԛૈ஥ޑᐒ౗ஏႝࡋηӧԛૈ஥ޑᐒ౗ஏႝࡋηӧԛૈ஥ޑᐒ౗ஏႝࡋηӧԛૈ஥ޑᐒ౗ஏࡋ    
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ಃಃಃಃ 3333 കകകക    

ϡҹϡҹϡҹϡҹ่ᄬ่ᄬ่ᄬ่ᄬᆶᇙำᆶᇙำᆶᇙำᆶᇙำ    

3-1ϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬϡҹ่ᄬ   

໺಍ޑ Au ႔ཱུϡҹᄒय़კӵკ 3-1 ҢǶMOS ȉHEMT܌ ϡҹӵკ 3-2ǶӧࣴزύǴ

ॺКၨΑך MOS -HEMT ᆶ Au ႔ཱུ HEMTǶӵკ ࣁ3-1 Au ႔ཱུޑ HEMT ᄒय़კǴ

аԖᐒߎឦϯᏢ਻࣬؈ᑈȐMOCVDȑԋߏǴаȐ100ȑБӛޑъ๊ጔઈϯㄿբ

 :аΠ൳ቫࡴ጗ፂ୷݈Ǵ่ᄬхࣁ

(1) 5000Å҂ᄞᚇޑઈϯㄿ 

(2) 1000Å҂ᄞᚇޑ Al0.22Ga0.78As ጗ፂቫ 

Πቫޖ (3) δᄞᚇቫȐ1.2× 1012 cm-2ȑ 

(4) 75Å҂ᄞᚇ Al 0.22Ga0.78As ႖ᚆቫ 

(5) 120Å҂ᄞᚇ In0.24Ga0.76As ೯ၰ 

(6) 75Å҂ᄞᚇ Al 0.22Ga0.78As ႖ᚆቫ 

΢ቫޖ (7) δᄞᚇቫȐ4.5× 1012cm-2ȑ 

(8) 500Åޑ n-Al0.22Ga0.78AsȐ5× 1017cm -3ȑᑵ੝୷ௗ᝻ቫ 

(9) 150Åޑ n -ઈϯㄿȐ5× 1018cm-3ȑᙟᇂቫ 
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႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ    : 1.2 : 1.2 : 1.2 : 1.2 ××××    1鎵鎵 1鎵鎵 1鎵鎵 1鎵鎵 ͔͔͔͔mmmm
2222    

                                                        კკკკ    3333----1  1  1  1  ኬҁኬҁኬҁኬҁ AAAA     ᄒय़კޑᄒय़კޑᄒय़კޑᄒय़კޑ
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႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ႔ཱུЁκ    : 1.2 : 1.2 : 1.2 : 1.2 ××××    1鎵鎵 1鎵鎵 1鎵鎵 1鎵鎵 ͔͔͔͔mmmm
2222    

კკკკ    3333----2  2  2  2  ኬҁኬҁኬҁኬҁ BBBB  ᄒय़კޑᄒय़კޑᄒय़კޑᄒय़კޑ
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3-2ϡҹᇙำϡҹᇙำϡҹᇙำϡҹᇙำ 

 

    ӧᇙ೷ၸำύǴךॺ٬Ҕ኱ྗӀ༾ቹᇑ׎ೌמڅԋკਢǴࣁΑ࡭ߥ඲༝ృ

ϯǴ඲༝Ѹ໪࿼ΕԖЧ✉ޑຬᖂਁݢ୏ᏔύвಒమࢱǴฅࡕӧѐᚆηНؑࢱଳ

ృǴ٠Ъӧ؂΋؁ᡯ߻Ҕଯપࡋේ਻ஒ඲Т֌ଳǶ 

კ 3-3ᡉҢΑᇙ೷ၸำύޑѤঁ؁ᡯǺ 

(1) ኬҁۓՏ 

(2) ଯѠ๊ጔ 

 ឦϯߎޑཱུؕکཱུྍ (3)

(4) ႔ཱུᑵ੝୷ௗ᝻׎ԋ 

    

    

    

Channel 

Buffer 

Substrate 

Schottky 

Cap 

Channel 

Buffer 

Substrate 

Schottky 

Cap ؁ᡯ؁ᡯ؁ᡯ؁ᡯ 1111    

� ኬҁۓՏኬҁۓՏኬҁۓՏኬҁۓՏ    

� ඲༝మࢱ඲༝మࢱ඲༝మࢱ඲༝మࢱ    

؁ᡯ؁ᡯ؁ᡯ؁ᡯ    2222    

� ଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹଯѠ๊ጔ༾ቹ    

� ᇑڅᇑڅᇑڅᇑڅ    

� ѐӀߔѐӀߔѐӀߔѐӀߔ    
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                                                                                კკკკ 3333----3333        ჴᡍᇙำ؁ᡯჴᡍᇙำ؁ᡯჴᡍᇙำ؁ᡯჴᡍᇙำ؁ᡯ    

 

3-2-1 ኬҁۓՏኬҁۓՏኬҁۓՏኬҁۓՏ 

    ӧଯѠ๊ጔளၸำύǴ႔ཱུБӛѸ໪ѳՉܭЬືޑᐍ༝׎კਢǴаٛЗ

lift ȉoff ਔౢғ໒ၡǴӢԜךॺᒧ᏷ޑ႔ཱུ(100)ࣁБӛکଯѠᇑ(011)څБӛǶ 

3-2-2 ଯѠ๊ጔଯѠ๊ጔଯѠ๊ጔଯѠ๊ጔ 

    ଯѠ๊ጔޑҞࢂޑҔٰ෧ϿᅅႝࢬǴӵ݀ؒԖᅅႝࢬǴךॺёаள׳ډӳޑ

֨З੝܄Ƕ඲༝೏Ӏߔ FH -64鎵鎵L ᙟᇂࡕǴעଯѠკਢ༾ቹԿኬҁ΢Ǵฅךࡕॺ

ҔᔸԄϯᏢᇑڅྋన銦H3PO4ǺH2O2ǺH2O=1Ǻ 1Ǻ3鎵)Ǵᇑډڅઈϯㄿቫکઈϯ⥲ㄿ

ቫௗय़ǶךॺᔈዴߥଯѠ๊ጔਔǴ၀ϡҹς೏ᇑډڅ጗ፂቫ܈୷݈ǶࣁΑዴߥᇑ

౗Ǵ٬Ҕڅ ͉  ᜢ߯Ƕޑϐ໔ࡋుڅਔ໔ᆶᇑڅᇑࢗᔠٰݢ

ᘚय़႖ᚆځЬा؁ᡯӵΠǺ 

Channel 

Buffer 

Substrate 

Schottky 

Cap 

Channel 

Buffer 

Substrate 

Schottky 

؁ᡯ؁ᡯ؁ᡯ؁ᡯ    3333    

� ྍྍྍྍ////ཱུؕ༾ቹཱུؕ༾ቹཱུؕ༾ቹཱུؕ༾ቹ    

� 銦銦銦銦Au/Ge/Ni)Au/Ge/Ni)Au/Ge/Ni)Au/Ge/Ni)ᇃᗓᇃᗓᇃᗓᇃᗓ    

� ኘᚆኘᚆኘᚆኘᚆ    

؁ᡯ؁ᡯ؁ᡯ؁ᡯ 4444    

� ᙟᇂቫᇑڅᙟᇂቫᇑڅᙟᇂቫᇑڅᙟᇂቫᇑڅ    

� ႔ཱུ༾ቹ႔ཱུ༾ቹ႔ཱུ༾ቹ႔ཱུ༾ቹ    

� AuAuAuAu ᇃᗓᇃᗓᇃᗓᇃᗓ    

� ኘᚆኘᚆኘᚆኘᚆ    
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1.੗੘ಥН 

2.΢Ӏߔ 

3.௽ᙯ༡թ 

4.೬੘ȐᚼӀ߻੘ȑ 

5.ᚼӀ 

6.ᡉቹ 

7.ฯ੘ 

8.ᇑڅ 

9.Ӏߔ౽ନ 

3-2-3ྍ  ឦϯߎޑཱུؕکឦϯྍཱུߎޑཱུؕکឦϯྍཱུߎޑཱུؕکឦϯྍཱུߎޑཱུؕکཱུ

Ҕ਽НȐNH4OHǺH2O=1:1ȑѐࡕ඲༝Ǵฅࢱ᎜ᕏᏔύуΕЧ✉మݢॺӧຬᖂך   

ନ਼ϯቫ߄ޑय़Ƕ඲༝೏ FH -64鎵鎵L Ӏߔᙟᇂӧ 9鎵ʚ੗੘ 1鎵 ϩដǶӧԜϐࡕǴ

٬ҔӀ༾ቹ׎ೌמԋ၀ႝၡޑკਢǶᇃᗓߎޑឦᆶᙟᇂ݈Ѹ໪ҔЧ✉کᡶለӧຬ

ࢱ᎜ᕏᏔύమݢॣ 20 ϩដǴϐࡕҔѐᚆηНమࢱᆶճҔଯપࡋේ਻֌ଳǶ

Au/Ge/NiߎឦӝޑߎԋϩКࢂٯ 84:12:4Ǵ೏٬ҔӧྍཱུߎཱུؕکឦೱௗǴӧᓸ

Κ 6 ×1鎵-6ɴ7 ×1鎵-6 torr Πᇃᗓ AuǴᏤठௗ᝻ႝߔΠफ़Ƕlift-off Αკਢࣁࢂ

 ௗ᝻Ƕۅኻޑӳؼԋ׎ೲ዗ଏОǴԶזਔ໔ύکࡋྕޑኬҁӧ፾྽ک

ᗓཱུؕکཱུྍ Au  :Ьा؁ᡯӵΠޑ

1.੗੘ಥН 

2.΢Ӏߔ 

3.௽ᙯ༡թ 

4.೬੘ȐᚼӀ߻੘ȑ 

5.ᚼӀ 

6.ᡉቹ 

7.ᇃᗓ 
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8.গᚆ 

9.ӝߎ 

1鎵.዗ଏО 

 

3-2-4႔ཱུᑵ႔ཱུᑵ႔ཱུᑵ႔ཱུᑵ੝୷ௗ᝻׎ԋ੝୷ௗ᝻׎ԋ੝୷ௗ᝻׎ԋ੝୷ௗ᝻׎ԋ 

٬Ҕ਽НȐNH4OHǺH2O=1:1ȑࡕ඲༝Ǵฅࢱ᎜ᕏᏔύуΕЧ✉మݢॺӧຬᖂך   

ٰନѐ߄य़਼ޑϯቫǶӧ႔ཱུߎឦᇃᗓϐ߻Ǵךॺ٬ҔᔸԄϯᏢᇑڅྋన

銦H3PO4ǺH2O2ǺH2O=1Ǻ 1Ǻ30) ѐନᙟᇂቫǴᇑډڅઈϯ᎑ㄿቫǴ׎ԋ႔ཱུп

ኲǶӵ݀ؒԖֹӄѐନᙟᇂቫǴஒԖѳՉᏤ೯ਏᔈǶϐࡕǴךॺ٬Ҕྍཱཱུུؕک

ǶճҔ႔ཱུӀ࿽Ѻ໒႔ཱུпኲǴೌמڅӀ࿽Ǵ೭ኬ൩όሡाӀ༾ቹᇑࣁឦ଺ߎޑ

ฅךࡕॺᇃว Au ӧઈϯ᎑ㄿቫ΢բࣁᑵ੝୷႔ཱུǴ࿶ၸ lift off ၸำࡕǴHEMT

 ϡҹֹԋǶޑ

ᑵ੝୷႔ཱུௗ᝻ޑЬा؁ᡯӧӵΠǺ 

1.ᇑڅ႔ཱུпኲ 

2.΢Ӏߔ 

3.௽ᙯ༡թ 

4.೬੘ 

5.ᚼӀ 

6.ᡉቹ 

7.ᇃᗓ 

8.গᚆ 

3-2-5 ૌ਼Нೀ౛ૌ਼Нೀ౛ૌ਼Нೀ౛ૌ਼Нೀ౛ 

ၸ਼ϯణྋکᇑǴ٬Ҕᘗᘔለڅ܄Ǵௗ๱຾Չ႔ཱུпኲᒧ᏷ࡕᑈ؈ཱུؕ/ྍ    

నѐନઈϯㄿᙟᇂቫǶฅࡕǴஒኬҁ੆Εૌ਼Нύ຾Չ਼ϯǶஒྍ/ཱུؕբࣁᇑ

य़໌ϯਔǴ߄ԋ਼ϯጢǶԜѦǴӧྍ/ཱུؕႝཱུ໔׎य़߄ϯёӧ਼܄Ӏ࿽Ǵᒧ᏷څ
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Ψёаӧӕ΋ਔ໔ۓက႔ཱུ୔ୱǶനࡕǴ٬Ҕӝکߎ lift off က႔ཱུǶӧۓٰ

႔ཱུޑЁκ1 × 1.2 ࣁ鎵鎵 ͔m2ǴаϷཱུؕ - ྍཱུ໔ຯࣁ 7͔m زΠࣴݩ௃ޑ

pHEMTsǶ 

    ਼ϯբҔس಍ύх٬ࡴҔ H2O2ྋనޑ Welsbach T-816 ૌ਼ౢғᏔǴёӧ࠻

ྕ΋ε਻ᓸΚΠᏹբǶૌ਼਻ᡏᐚࡋӧ 17.7 p.p.m.ਔǴݙΕၸ਼ϯణྋన׎ԋ

ૌ਼НǶฅࡕǴpHEMT ϡҹ୺Չ႔ཱུпኲၸำࡕǴஒѬ੆Εډૌ਼НǴӧઈϯ᎑

ㄿቫ߄ޑय़ୁکᏛ׎ԋ਼ϯጢǶ၀਼ϯ౗௦Ҕૌ਼Нೀ౛ऊ 1nm /minǶӢԜǴ

ӧྕ࠻Π੆ݰ 1鎵 ϩដૌ਼НޑϡҹǴளډΑന߄ޑ٫य़ѳ᏾ࡋǶ 
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ಃಃಃಃ 4444 കകകക    

ჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕ    

    ӧ೭΋കךॺஒ૸ፕઈϯ᎑ㄿ/ઈϯ⥲ㄿ pHEMT ᆶ MOS- HEMT Ƕૈ܄ϡҹޑ

ॺஒኬҁϩᜪԋኬҁך，ΑှߡΑБࣁ AȐઈϯ᎑ㄿ/ઈϯ⥲ㄿ pHEMT ϡҹȑᆶ

ኬҁ BȐMOS - HEMTȑ 

4444----1 1 1 1 ᓅᅟໆෳᓅᅟໆෳᓅᅟໆෳᓅᅟໆෳ    

ࡋᐚکᎂ౽౗ޑᓅᅟໆෳǴௗ๱ၩηޑǴ଺Ӛঁድ඲ቫރϪԋ෇ࠔॺஒኬך    

ёаவԜໆෳрٰǶவᓅᅟໆෳрޑኧᏵǴךॺёаᔠᡍԋ่ߏᄬୖޑኧǶᓅᅟ

ໆෳࢂӧᅶ൑ 5000Gǵ300KΠჹኬҁ຾ՉΑΒᆢႝη਻ႝکηᎂ౽౗ޑ੝܄ໆ

ෳǶ 

    ᓅᅟ౽୏౗ޑෳໆ่݀Ǵவ໺಍ೀ౛ౢғޑΒᆢႝη਻ᐚࡋȐnsȑ

2.85×1012cm-2ک౽୏౗Ȑµnȑ5030 cm2ȐV-Sȑ-1ǴԶૌ਼Нೀ౛ 10ϩដঅࣁׯ

2.96×1012cm-2ک 5060cm2(V-s)-1 

߄ـ    4- 1໺಍ೀ౛کૌ਼Нೀ౛ 10ϩដ，਼ϯ؈ᑈࡕ nsޑቚу，೏ᇡࢂۓ

໌ϯޑਏᔈǴவԶफ़ե߄य़ރᄊஏࡋǴ٠ᏤठႝηޜЮӧ 2DEGޑ೯ၰ[24-25] 

 Sheet 

Resistivity 

(ohm/sq) 

 

Mobility 

(cm2/V-s) 

Sheet 

concentration 

(cm-2) 

µn× ns 

(1/V-s) 

Conventional  453 5030 2.85×1012 

 

1.43×1016 

 

With Ozone 

water treatment 

10 minutes 

416.8 5060 2.96×1012 

 

1.77×1016 

 

 

߄߄߄߄                             4444----1111 ϡҹޑᓅᅟໆෳϡҹޑᓅᅟໆෳϡҹޑᓅᅟໆෳϡҹޑᓅᅟໆෳ    
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4444----2222 եᓎᚇૻ੝܄եᓎᚇૻ੝܄եᓎᚇૻ੝܄եᓎᚇૻ੝܄    

ख़ाୖኧϐ΋Ƕեᓎᚇૻࣁ፦ࠔޑወΚǴեᓎᚇૻޑύᔈҔݢϡҹӧ༾ۓ،    

ෳໆࣁΑ຾΋؁ܴқଢᛉᚇૻکόӕᇙำೀ౛ޑޣٿᜢ ǹ߯ԶໆෳਔჹܭъᏤᡏ

གǶؕ௵ࡐय़߄ ཱུᆄႝޑᓸᚇૻ೏(Agilent 35670A)ܫεکᒡрᆄᒡΕډᓎ᛼ϩ݋

ሺ(BTA 9812B)Ǵӧᓎ౗ 1Hz100 ډ KHzΠϩ݋Ƕୃᓸӧ VDS = 2.5 V аϷ Ids= 

100 mA/mmਔǴ٬ҔեᓎᚇૻෳໆளޕӚᅿϡҹޑեᓎᚇૻǴځύϡҹޑՍᖄ

ޑЬᏤեᓎᚇૻǶӢԜǴӧ࣬ӕߔႝ IDSୃᓸᗺǴ٬ҔόӕޑႣೀ౛Ǵჹܭଢᛉ

ᚇૻ੝ࡐ܄ख़ाǶ 

    ଢᛉᚇૻࢂҗܭ႔਼ཱུϯቫکъᏤᡏࣚय़໔ǴӸӧ೚ӭᝌੌᗖǴᏤठԖᚐѦ

ૈ໘Ǵ྽ၩη࿶ၸϟय़཮೏ᒿཀံਆញܫǴ೷ԋྍཱུؕႝౢࢬғᚇૻǴёҗԜள

ᚇޑኬҁԖၨեޑ๓Ƕӵკ 4-1Ǵૌ਼Нೀ౛К΋૓ೀ౛ׯ܌Ԗࡋଳృޑय़ࣚޕ

ૻНѳǶ 

VD = 2.5 V , VG = 0 V

 Sample A VD = 2.5 V , VG = -0.5 V
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კკკკ 4444----1111    

AlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTs ᚇૻᚇૻᚇૻᚇૻޑКၨޑКၨޑКၨޑКၨ 
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ࡋྕࡋྕࡋྕࡋྕ    3333----4444 300K ਔࢬޔޑ੝܄ਔࢬޔޑ੝܄ਔࢬޔޑ੝܄ਔࢬޔޑ੝܄    

 

Ԗϡҹ܌7µmǶ ࣁຯᚆޑµm2ǵྍ-ཱུؕ໔ 100 × 1.2 ࣁ႔ཱུЁκޑԖϡҹ܌    

ࣣҗ KEITHLEY4200ໆෳǶ 

    ܄ᓸ੝ႝ܄ᓸ੝ႝ܄ᓸ੝ႝ܄ᓸ੝ႝ----ࢬႝࢬႝࢬႝࢬႝ 1 1 1 1----3333----4444

    კ 4-2, 4-3ϩձࡰрኬҁ AǵB ӧྕ࠻Πࡼу VGS(max)ࣁ 1 V Կ- 2 Vࠠڂޑ

ӅྍؕႝࢬஏࡋȐIDSȑᆶྍؕႝᓸȐVDSȑ੝܄კǶࡼ܌уႝޑᓸ؂-0.5V/step

Πफ़Ƕკ Кၨኬҁࣁ4-4 A ᆶኬҁ B ǶᡉฅǴኬҁ܄੝ޑᆶႝᓸϐ໔ࢬႝ A ک

B Ƕኬҁ܄੝ޑаϷ֨ЗکႫޑӳؼԖڀϡҹزᡉҢࣴࢂ B Ǵচ܄੝ޑԖၨӳڀ

Ӣӧ਼ܭϯ໌ނϯ෧ϿΑ႔ཱུޜЮ୔کၩηᐚޑࡋቚу٬ؕ/ྍཱུ໔ߔႝޑΠफ़ 

[25-26] 
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კკკკ    4444----2222    

ኬҁኬҁኬҁኬҁ AAAA ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K  Ԕጕ܄੝ࢬᓸႝႝޑԔጕ܄੝ࢬᓸႝႝޑԔጕ܄੝ࢬᓸႝႝޑԔጕ܄੝ࢬᓸႝႝޑ
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   კკკკ    4444----3333    

            ኬҁኬҁኬҁኬҁ BBBB ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K     Ԕጕ܄੝ࢬᓸႝႝޑԔጕ܄੝ࢬᓸႝႝޑԔጕ܄੝ࢬᓸႝႝޑԔጕ܄੝ࢬᓸႝႝޑ
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კკკკ    4444----4444 

AlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTs ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K     ԔጕКၨ܄੝ࢬᓸႝႝޑԔጕКၨ܄੝ࢬᓸႝႝޑԔጕКၨ܄੝ࢬᓸႝႝޑԔጕКၨ܄੝ࢬᓸႝႝޑ
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4444----3333----2 2 2 2 Ѧ፦ᙯᏤ੝܄Ѧ፦ᙯᏤ੝܄Ѧ፦ᙯᏤ੝܄Ѧ፦ᙯᏤ੝܄    

   Ѧ፦ᙯᏤ(gm)کႫکᅅႝࢬஏࡋȐIDSȑϩձբࣁ႔-ྍཱུႝᓸȐVGSȑڄޑኧǶ

٬Ҕ VDS=2.5 Vໆෳኬҁ A ک B ϩձӧკ 4-5ǵ4-6Ƕ 
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კკკკ 4444----5555    

ኬҁኬҁኬҁኬҁ AAAA ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K Ѧ፦ᙯᏤཱུؕکႫࢬႝکѦ፦ᙯᏤཱུؕکႫࢬႝکѦ፦ᙯᏤཱུؕکႫࢬႝکѦ፦ᙯᏤཱུؕکႫࢬႝک 
 

 

 Sample B VDS=2.5 V
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კკკკ 4444----6666    

ኬҁኬҁኬҁኬҁ BBBB ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K Ѧ፦ᙯᏤཱུؕکႫࢬႝکѦ፦ᙯᏤཱུؕکႫࢬႝکѦ፦ᙯᏤཱུؕکႫࢬႝکѦ፦ᙯᏤཱུؕکႫࢬႝک 
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Զკ ҢǴКၨኬҁ߄4-7 A ኬҁک B  IDSǶ ک gm ޑ
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კკკკ 4444----7777    

AlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTs ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K  КၨࡋஏࢬႝکႫཱུؕکѦ፦ᙯᏤޑКၨࡋஏࢬႝکႫཱུؕکѦ፦ᙯᏤޑКၨࡋஏࢬႝکႫཱུؕکѦ፦ᙯᏤޑКၨࡋஏࢬႝکႫཱུؕکѦ፦ᙯᏤޑ

 

 Sample A Sample B 

I dss0 (mA/mm) 151 208 

I d,max (mA/mm) 292 374 

gm,max (mS/mm) 129 162 

GVS (V) 0.932 1.105 

Vth (V) -1.23 -1.05 

߄߄߄߄ 4444----2 2 2 2 ϡҹޑϡҹޑϡҹޑϡҹޑ gmgmgmgmǵǵǵǵIIIIDSDSDSDSǵǵǵǵVVVVthththth    کککک GVSGVSGVSGVS    

߄     4-2 ӈрႫࢬႝکஏࡋȐIDSSȑکനεႫࢬႝکஏࡋȐID(max)ȑǶךॺܴᡉ

Ӧޑᢀჸډ MOS ȉ HEMT ԖၨεޑѦ፦ᙯᏤॶǶMOS- HEMT ϐૈ߄౜рၨଯႝޑ

 ᄊǶރय़߄ԖਏӦ෧ϿΑࣁӢࢂǴࡋஏࢬ

    ԜѦǴךॺۓက႔ཱུႝᓸᘍ൯ȐGVSȑک IDSޑጕ܄ᏹբ୔ୱࣁനεѦ፦ᙯ
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ᏤॶΠफ़ 10ʘǶᆶኬҁ A ޑ 0.932VКၨǴኬҁ B ޑ 1.105Vᕇள GVSቚуǶӢ

ԜǴ٬Ҕૌ਼Н߄य़໌ϯޑઈϯ᎑ㄿ，ԖਏӦගଯΑ IDSS0ǵID(max)ǵgm(max)ǵGVS 

    ྽ཱུؕႝࢬஏࢂࡋ႟ਔǴךॺۓကрᖏࣚႝᓸॶǴ၀ᖏࣚႝᓸॶޑϦԄё߈

՟[27]Ǻ 

ε

φ )(
2

dd
DEG

n

q
c

E

q
B

th
V

∆+
−

∆
−=                  銦4-1) 

ύځ ΦB کᑵ੝୷ቫܭՏࢂǴ∆Ecࡋଯޑ႔ཱུᑵ੝୷Տૈምࢂ InxGa1- XAS೯ၰϐ

໔ޑόೱុ໺Ꮴ஥ǴԶȐd + ∆dȑࢂ႔ཱུک 2DEG ϐ໔ޑԖਏຯᚆǶᖏࣚႝᓸΨӈ

߄ܭ 4-1ǶܴࡐᡉӦǴ໺಍ϡҹޑᖏࣚႝᓸλܭ MOS – HEMTǴ၀໌ϯਏ݀٬

2DEG೯ၰԖၨεޜޑЮ୔ǴΨ཮ڋ׭ӧᑵ੝୷ቫک೯ၰϟय़ޑ 2-DEGǶ 

    ܄ᓸ੝ႝ܄ᓸ੝ႝ܄ᓸ੝ႝ܄ᆄ஝ውႝᓸ੝ٿᆄ஝ውٿᆄ஝ውٿᆄ஝ውٿ 3 3 3 3----3333----4444

    კ 4-8ᡉҢӧྕ࠻Πޑ໺಍ HEMTǵMOS - HEMTޑ஝ውႝᓸȐBVGDȑک

໩ୃᏤ೯ႝᓸȐVonȑ੝܄Ƕךॺۓကٿᆄ஝ውႝᓸࣁ႔ཱུႝࢬ IG/ W ډၲ 1mA/mm

ਔޑ႔ཱུႝᓸ 
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კკკკ 4444----8888    

AlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTs ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K     ஝ውႝᓸКၨޑ஝ውႝᓸКၨޑ஝ውႝᓸКၨޑ஝ውႝᓸКၨޑ
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 Sample ASample ASample ASample A    SampleSampleSampleSample    BBBB    

BVBVBVBVGDGDGDGD銦V)銦V)銦V)銦V)    13 29.5 

߄߄߄߄                      4444----3 3 3 3 ϡҹٿޑᆄϡҹٿޑᆄϡҹٿޑᆄϡҹٿޑᆄ஝ውႝᓸ஝ውႝᓸ஝ውႝᓸ஝ውႝᓸ੝܄੝܄੝܄੝܄    

߄     4-3ᇥܴኬҁ B Кኬҁ A Ԗၨεޑ஝ውႝᓸࢂҗܭၨଯޑᑵ੝୷Տૈም

ଯࡋǶਥᏵΑ Ǵှ஝ውႝᓸࢂ΋ঁᑵ੝୷Տૈምଯ߄کࡋय़ᅅႝڄޑࢬኧǶᡉฅǴ

࿶ૌ਼Нೀ౛ࡕǴ஝ው੝܄ԖࡐεӦගϲǶ 

 

4444----3333----4 4 4 4 ᒡрᙯᏤ੝܄ᒡрᙯᏤ੝܄ᒡрᙯᏤ੝܄ᒡрᙯᏤ੝܄    

 

    კ 4-9ᇥܴኬҁ A ᆶኬҁ B  Ƕ܄Ѧ፦ᙯᏤǵᒡрᙯᏤǵႝᓸቚ੻੝ޑ

 :ࣁကҁ፦ႝᓸቚ੻ۓ

 

d

m
omV g

g
rgA =⋅=                      (4-2) 

     

аΠΟঁኬҁӧ VDS = 2.5 v ௃ݩΠໆෳ௃׎ᡉҢӧ4-4 ߄Ƕ4-4 ߄Ǵҗܭ෧Ͽ߄

य़ഐٝૈ໘ǴᏤठኬҁ B ኬҁ AǶӢԜǴӧኬҁܭᒡрᙯᏤॶեޑ B ёၲډଯ

ᒡрלߔǵ եᒡрᙯᏤکଯႝᓸቚ੻ǶҗܭӧႫک୔ޑեᒡрᙯᏤǴёаගٮ

 फ़եॄၩਏᔈǶکૈ܄ᓸቚ੻ႝܭǴԖճלߔᒡрޑଯ׳
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კკკკ 4444----9999    

AlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTsAlGaAs/InGaAs pHEMTs ӧӧӧӧ 3鎵鎵K3鎵鎵K3鎵鎵K3鎵鎵K ᓸႝཱུؕܭᓸႝᓸቚ੻ჹႝཱུؕܭᓸႝᓸቚ੻ჹႝཱུؕܭᓸႝᓸቚ੻ჹႝཱུؕܭѦ፦ᙯᏤǴǴǴǴᒡрႝᏤᒡрႝᏤᒡрႝᏤᒡрႝᏤǴǴǴǴႝᓸቚ੻ჹޑѦ፦ᙯᏤޑѦ፦ᙯᏤޑѦ፦ᙯᏤޑ

 КၨޑКၨޑКၨޑКၨޑ

 

 

 Sample A Sample B 

gm (mS/mm) 129 162 

gd (mS/mm) 1.08 0.92 

Av(V/V) 106 145 

߄߄߄߄ 4444----4 4 4 4 ϡҹӧϡҹӧϡҹӧϡҹӧ VVVVDSDSDSDS=2.5V=2.5V=2.5V=2.5V ΠޑΠޑΠޑΠޑ gmgmgmgmǵǵǵǵgdgdgdgd کککک Av Av Av Av     

       

4444----4444 ৔ᓎ੝܄৔ᓎ੝܄৔ᓎ੝܄৔ᓎ੝܄    

 

ॺ٬Ҕך     HP 8510Bᆛၡᆶᓎ౗ ډ0.2 50 GHz cascade௖ଞ΋ଆ่ӝෳໆځ

༾ݢ੝܄Ƕ܌Ԗኬҁϡҹޑ႔ཱུЁκࣁ 1.2 × 100 µm2ޑཱུؕډཱུྍکຯᚆࣁ 7 

µmǶ΋ঁ୘཰ኳᔕး࿼ٯӵ HP Eesof TouchstoneࢂճҔ Sୖኧѐϩ݋Ƕӧ 0dB

ਔǴёҗอၡႝၡႝࢬቚ੻ H21ޑϣකݤǴёᕇளᄒЗᓎ౗ fTǶҗനεф౗ቚ੻

(MAG)ޑϣකݤΨёᕇள fmax ǴӢԜǴfTک fmaxё೏ቪԋΠӈБำԄ: 
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π                           銦4-3) 

and 

21
0

max ]2)([2 GDSG

T

CRRG

f
f

π++
≈                    銦4-4) 

 

 Sample A Sample B 

fT (GHz) 10.40 14.64 

fmax (GHz) 14.64 27.09 

߄߄߄߄ 4-5 ϡҹӧ႔ཱུЁκϡҹӧ႔ཱུЁκϡҹӧ႔ཱུЁκϡҹӧ႔ཱུЁκ 1.2 ×××× 100͔͔͔͔ m2ΠޑΠޑΠޑΠޑ fT کککک fmax 

    კ 4-10Ǵ4-11 ϩձᡉҢኬҁ Aǵኬҁ B ᕇளࢬႝޑቚ੻ᄒЗᓎ౗(fT)کനε

ਁᕏᓎ౗(fmax)Ƕ fTǵfmax ܌ޑԖॶ೿ӧୃᓸ VDS= 2.5 v ΠໆෳǴ ༊᏾ӧ߄ 4-5Ƕ

җ໌ܭϯቫ٬ள߄य़ᝌੌᗖफ़եǴΨ٬႔ཱུႝ৒ޑ෧λǴӢԜኬҁ B ࣬ჹܭኬ

ҁ A ǴfTቚу 40.1% Ǵfmaxቚу 85.04%Ƕ 
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კკკკ 4444----1鎵1鎵1鎵1鎵    

ኬҁኬҁኬҁኬҁ A A A A ӧ႔ཱུЁκӧ႔ཱུЁκӧ႔ཱུЁκӧ႔ཱུЁκ 1.21.21.21.2    ××××    1111鎵鎵鎵鎵鎵鎵鎵鎵    ͔m͔m͔m͔m2222ޑ৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝܄ 
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ኬҁኬҁኬҁኬҁ BBBB ӧ႔ཱུЁκӧ႔ཱུЁκӧ႔ཱུЁκӧ႔ཱུЁκ 1.21.21.21.2    ××××    1111鎵鎵鎵鎵鎵鎵鎵鎵    ͔m͔m͔m͔m2222ޑ৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝ޑ܄৔ᓎ੝܄ 

4444----5555 ф౗੝܄ф౗੝܄ф౗੝܄ф౗੝܄    

೛ྍႝޑೲ౗Ƕ٬Ҕᙁൂޑф౗ࢬᒡрҬࣁф౗ᙯᡂࢬޔᒡΕࢂॺଷ೛Ѭך    

஥کፓ᏾Ꮤঁٿф౗Ǵ٬Ҕڗӧ΋ঁ୷ҁᓎ౗Π҅ዴ᠐ߥΑዴࣁ୺ՉෳໆǶٰۓ

೯ᘠݢᏔ่ӝф౗ᔠෳᏔǴமϯྍཱུॄکၩלߔϰଛǶჹܭ AB ᜪᏹբǴኬҁୃ

ᓸӧᖿ֨߈ЗރᄊǴф౗ߕуਏ੻БำԄёቪԋ: 

                      %100×−=
DC

inout
dda P

PPη                    銦4-5) 

 

 Sample A Sample B 

P.A.E. (%) 32.9 42.4 

Pout(dBm) 12.3 13.7 

Gs (dB) 11.5 12.64 

߄߄߄߄ 4-6ϡҹӧϡҹӧϡҹӧϡҹӧ 2.4GHzΠޑф౗߄౜Πޑф౗߄౜Πޑф౗߄౜Πޑф౗߄౜ 
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༾ॄݢၩਉԄф౗੝܄ӧ 2.4GHzໆෳډǶკ ک4-12 4-13ᡉҢᒡрф౗ǵ

ф౗ቚ੻ߕکуф౗ਏૈ(PAE)ჹךॺࣴޑز႔ཱུЁκ 1.2×100 µm2 ϡҹᒡΕф

౗ࢂόճޑǶӧ VDS = 2.5 V௃ݩΠǴኬҁ Aǵኬҁ B уф౗ਏૈ(PAE)ǵᖄߕޑ

ӝᒡрф౗(Pout)ᆶф౗ቚ੻(Gs)ޑኧॶ೏᏾౛ӧ߄ 4-6Ƕҗ߄ 4-6 ёޕǴኬҁ B

٫Ǵ׳уਏ੻(P.A.E.)ǵᖄӝᒡрф౗(Pout)ᆶф౗ቚ੻(Gs)Кќ΋ঁኬҁߕф౗ޑ

Ӣࣁ႔ཱུᅅႝࢬ෧ϿǴЪԖၨεޑ஝ውႝᓸǶ 
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ኬҁኬҁኬҁኬҁ A A A A ӧӧӧӧ 2.4GHz2.4GHz2.4GHz2.4GHz  ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕᒡрф౗ǴǴǴǴф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ǴǴǴǴޑᒡрф౗ޑᒡрф౗ޑᒡрф౗ޑ
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კკკკ 4444----13131313    

ኬҁኬҁኬҁኬҁ B B B B ӧӧӧӧ 2.4GHz2.4GHz2.4GHz2.4GHz  ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕ܄੝ޑᒡΕф౗ܭуф౗ਏ੻ჹߕᒡрф౗ǴǴǴǴф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ф౗ቚ੻ǴǴǴǴޑᒡрф౗ޑᒡрф౗ޑᒡрф౗ޑ
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4444----6666    ᚇૻ੝܄ᚇૻ੝܄ᚇૻ੝܄ᚇૻ੝܄    

კ 4-14Ǵ4-15ᡉҢനλᚇૻኧᏵ(NFmin)کᖄӝቚ੻ჹךॺࣴޑزᏱԖ႔ཱུЁ

κ 1.2 × 100 µm2 ϡҹځᓎ౗όճǶᚇૻ੝܄ӧᓎ౗ጄൎ 1 ډ 8GHz ࿶җ΋Ѡ

HP8970BᚇૻኧᏵሺ߄ෳໆǶ 
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ኬҁኬҁኬҁኬҁ AAAA  ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ
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კკკკ 4444----15151515    

ኬҁኬҁኬҁኬҁ BBBB  ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ܄੝ޑᓎ౗ܭᖄӝф౗ቚ੻ჹکനλᚇૻޑ
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    ӢࣁᙯᏤॶکᚇૻԖᜢᖄǴ྽ᙯᏤॶቚуǴᚇૻ཮Πफ़ǶฅԶǴ߄य़ഐٝ෧

ϿǴ཮Ԗ׳ଯکࢬႝཱུؕޑᙯᏤǴӧന٫ୃᓸᗺ཮Ԗനλޑᚇૻ੝܄р౜Ƕ 

 

 Sample A Sample B 

NFmin (dB) 1.51 1.03 

Associated gain (dB) 2.13 2.43 

߄߄߄߄                       4444----7777 ϡҹӧϡҹӧϡҹӧϡҹӧ 2.4GHz2.4GHz2.4GHz2.4GHz Πޑᚇૻ߄౜Πޑᚇૻ߄౜Πޑᚇૻ߄౜Πޑᚇૻ߄౜    

    നλᚇૻБำԄё೏ࣁၲ߄: 

m

gs
gs g

RR
fKCNF

+
+≈ π21min                    銦4-6) 

߄ 4-7ᡉҢрനλᚇૻኧᏵॶ(NFmin)کᖄӝቚ੻ჹךॺࣴޑزϡҹᓎ౗ό

ճǶவԄη(4-6)Ǵҗךܭॺ٬Ҕ߄य़໌ϯቫ෧Ͽ߄य़ഐ Ǵٝኬҁ B Ԗၨޑ٫ᙯᏤǴ

Ψว౜ኬҁ B നλᚇૻኧᏵॶ(NFmin)ҭКኬҁޑ A  λǶ׳
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ಃಃಃಃ 5555 കകകക    

่ፕ่ፕ่ፕ่ፕ    

    ӧԜጇ஑ᚒύǴ٬Ҕૌ਼Нೀ౛ઈϯ᎑ㄿ/ઈϯ⥲ㄿ MOS-HEMTsς೏ԋф

҂໌ϯܭᇙ೷٠௖૸ǶMOS-HEMTs ࣬ၨޑ HEMTs৖౜р׳ӳکࢬޔޑଯᓎ੝

ޑж໺಍ڗԶࢬ๓႔ཱུᅅႝׯǴૈܴᡉ܄੝๊ߔϯቫᏱԖଯ਼ࢂЬाচӢځǶ܄

ᑵ੝୷ቫǴќѦǴёᙖҗ໌ϯቫ೛ीׯ๓ߔምቫϐ߄य़੝܄Ǵफ़ե߄य़ރᄊ܌Ї

ଆϐ႔ཱུᅅႝࢬǵׯ๓ϡҹπբ੝܄Ƕ 

    ࣬ၨܭ໺಍ HEMT ϡҹ੝܄Ǵҁ஑ᚒࣴ܌ᇙϐૌ਼Нೀ౛ઈϯ᎑ㄿ/ઈϯ⥲

ㄿ MOS-HEMTsϡҹ೛ी࿶ჴᡍᡉҢڀԖၨޑ٫നεᙯᏤॶ 162 mS/mm (ׯ๓

126%)ǵཱུؕႫࢬႝک 208 mA/mm (ׯ๓ 138%)ǵᒡрф౗ 13.7 dBm  (ׯ๓

114%)ǵф౗ቚ੻ 12.64 dB (ׯ๓ 110%)ǵф౗ߕуਏ੻ ๓ׯ) 42.4% 129%)аϷ

஝ውႝᓸ -29.5 V (ׯ๓ 227%)ǵႝࢬቚ੻ᄒЗᓎ౗ 14.64 GHz (ׯ๓ 141%)ǵന

ε᎜ᕏᓎ౗ 27.09 GHz (ׯ๓ 185%)ǶӢԜǴҁ஑ᚒ܌ගрϐૌ਼Нೀ౛ઈϯ᎑ㄿ

/ઈϯ⥲ㄿ MOS-HEMTsϡҹޑ೛ीё፾ӝଯቚ੻ᑈᡏႝၡ೛ीೌמᔈҔǶ 

    ஑ᚒᇙբਔǴමܭჴᡍ࠻ύᢀነϡҹჴ୍ᇙำϷᏢಞໆෳೌמǴᏢಞၸำύ

ଯೲϡҹ೛ीᆶܭॺჹך٬ҔᆶᏹբǴЇวޑჴሞΑှӚሺᏔي੻ঘభǴૈᒃڙ

ᇙำБय़ᐚޑࠆᑫ፪Ǵ٠൚ךۓॺ۳زࣴࡕಎჴޑ୷ᘵǶ 
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