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Abstract：A novel structure composite-channel A10_3Gao 7N／Alo 05Ga0 95N／GaN HEMT(CC-HEMT)microwave monolithic 

integrated circuit voltage-controlled oscillator(VCO)was designed，fabricated and characterized．The CC-HEMT has 1 m 

×100~m gate．The inter-digitated metal-semiconductor-metal(MSM)varactor is used to tune the frequency of VCO．The 

polyimide dielectric layer is inserted between the major metal traces and GaN buffer to improve Q factor of spiral inductors． 

Th e VCO exhibits frequency ran ge between 7．04 ～ 7．29GHz with varactor voltage from 5．5V to 8．5V and average output 

power of 10dBm and average efficiency of 10．4％ at bias gate of-3V an d bias drain of 6V．The measured phase noise is- 

86．25dBc／Hz and-108dBc／Hz at offset frequency of 100 kHz and 1 MHz at varactor voltage(Vtune)of 6．7V．This is al- 

most average phase noise in the range of tuning frequency．To our knowledge，this is the best reported phase noise for GaN 

monolithic GaN HEMT VCO． 

Key words：A10_3 Ga0 7 N／A10 o5 Gao 95 N／GaN HEMT；microwave monolithic integrated circuit(MMIC)；voltage-controlled 
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新型复合沟道 A10．3 Gao．7 N／A10．05 Gao_95 N／GaN HEMT 

低相位噪声微波单片集成压控振荡器 
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摘要：设计并研制了一种新型复合沟道A1o 3Gao，N／Alo Ga0。 N／GaN HEMT(CC-HEMT)微波单片集成压控振荡 

器(VCO)，且测试了电路的性能。CC-HEMT的栅长为 1 m，栅宽为 100~m。叉指金属-半导体-金属(MSM)变容二 

极管被设计用于调谐VCO频率。为提高螺旋电感的Q值，聚酰亚胺介质被插入在电感金属层与外延在蓝宝石上 

GaN层之间。当CC-HEMT的直流偏置为 = 一3V， =6V，变容二极管的调谐电压从 5．5V到 8．5V时，VCO 

的频率变化从7．04GHz到 7．29GHz，平均输出功率为 10dBm，平均功率附加效率为 10．4％。当加在变容二极管上 

电压为6．7V时，测得的相位噪声为 一86．25dBc／Hz(在频偏 100KHz时)和 一108dB／Hz(在频偏 1MHz时)，这个结 

果也是整个调谐范围的平均值。据我们所知，这个相位噪声测试结果是文献报道中基于GaN HEMT单片VCO的 

最好结果。 、 

关 键 词：A1。，Gao，N／A1。。 Gao N／GaN高电子迁移率晶体管；微波单片集成电路；压控振荡器；相位噪声 

Introduction been driven by the applications of communication，the 

radar and high rapid data transfer． In addition，cost 

The requirement of low phase noise in VCO has concerns require that the chip area should be as small 
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Abstract:A novel structure composite-channel Alo.3G!lo.7N/A~.05G!lo.95N/GaN HEMT (CC-HEMT) microwave monolithic 

integrated circuit voltage-controlled oscillator (VCO) was designed , fabricated and characterized. The CC-HEMT has 1μm 

x 100μm gate. The inter-digitated metal-semiconductor-metal (MSM) varactor is used to tune the frequency of VCO. The 

polyimide ~lectric layer is inserted between the major metal traces and GaN buffer to improve Q factor of spiral inductors. 

ηle VCO exhibits frequency range between 7.04 - 7. 29GHz with varactor voltage from 5. 5V to 8. 5V and average output 

power of lOdBm and average efficiency of 10.4% at bias gate of -3V and bias drain of 6V. The measured phase noise is -

86. 25dBc/Hz and -108dBc/Hz at offset frequency of 100 kHz and 1 MHz at varactor voltage (Vtune) of 6. 7V. This is al

most average phase noise in tbe range of tuning frequency. To our knowledge , tbis is the best reported phase noise for GaN 

monolithic GaN HEMT VCO. 

Key words: A1o. 3 G!lo. 7 N/ Alo.05 G!lo.95 N/GaN HEMT; microwave monolithic integrated circuit ( MMIC); voltage-controlled 

oscillator( VCO) ; phase noise 
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摘要 t设计并研制了一种新型复合沟道 A10 3 G!lo 7 N/ A~. 05 G!lo 95 N/ GaN HEMT (CC-HEMT) 微波单片集成压控振荡

器(VCO) ，且测试了电路的性能 o CC-HEMT 的栅长为 1μm ，栅宽为 100μmo 叉指金属-半导体·金属 (MSM) 变容二

极管被设计用于调谐 VCO 频率。为提高螺旋电感的 Q 值，聚耽亚胶介质被插入在电感金属层与外延在蓝宝石上

GaN 层之间 o 当 CC-HEMT 的直流偏置为 V"，= -3V ，几， =6V，变容二极管的调谐电压从 5.5V 到 8.5V 时， VCO

的频率变化从 7.04GHz 到 7. 29GHz ，平均输出功率为lOdBm，平均功率附加效率为 10.4% 0 当加在变容二极管上

电压为 6.7V 时，测得的相位噪声为- 86. 25dBc/Hz (在频偏 100KHz 时)和 -108dB/Hz (在频偏 lMHz 时) ，这个结

果也是整个调谐范围的平均值。据我们所知，这个相位噪声测试结果是文献报道中基于 GaN HEMT 单片 VCO 的

最好结果。
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Introduction 

The requirement of low phase noise in VCO has 
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been driven by the applications of communication , the 
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concems require that the chip area should be as small 
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Fig．1 Schematic of GaN MMIC VCO 

图 1 GaN MMIC VCO示意图 

RFOUT 

— 0 

Fig．2 Fabrication picture of GaN MMIC VCO 

图2 GaN MMIC VCO实物照片 

as possible．In order to achieve smaller chip area and 

improve the reliability of circuits．Microwave monolith— 

ic integrated circuits are developed rapidly． Current 

MMIC VCOs mainly use GaAs—based，InP—based and 

SiGe—based high electron mobility transistors 

(HEMTs) ̈ ．Recently，A1GaN／GaN HEMTs show 

excellent microwave power performance [ ]and mi． 

crowave noise perform ance[ 
． The high power an d 

10w phase noise OScillators have been reported[ 。～ ]- 

Monolithic GaN HEMT VCO was only reported by 

Valery S．Kaper et*a1．[ 
． Th is work reports a mono— 

lithic integrated VCO with novel structure A10 3 Ga0 7 N／ 

A10
． 05 Ga0． 95 N／GaN HEMT employed in a 1 m—gate— 

length technology．Th e phase noise of the VCO is im— 

proved with a comparison as paper ．The VCO dem— 

onstrates low phase noise of 一 86．25dBc／Hz an d 

一 108Bc／Hz at offsets of 100 kHz and 1 MHz
．

． It is the 

best result for reported monolithic GaN HEMT VCO’S． 

1 Circuit design and simulation 

Th e circuit was simulated by using Agilent ad— 

Fig．3 

HEMT 

图3 

兽 
≥ 

f／GHz 

Minimum noise figure f VS．freguency f for GaN 

GaN HEMT最小噪声系数 随频率，变化 

f／GHz 

Fig．4 High~equency characteristics of onrchip spiral induc- 

tor．L is inductance． 

图4 在片螺旋电感 ￡的高频特性 

vanced design system(ADS)software．The schematic 

circuit and the fabrication picture of VCO are showed 

in Fig．1 and Fig．2 respectively．The VCO occupies an 

area of 1．2×1．05mm ．As we know．1ow noise active 

device and high Q inductors and varactors are impor— 

tant factors to achieve low phase noise VCO．A hovel 

structure A10 3 Ga0
． 7 
N／A10

． D5 Ga0． 95 N／GoN HEMT was 

designed as active device of VCO in our design．Th e 

epitaxial layer structure grown by MOCVD on(0001) 

sapphire substrate is different from the conventional A1一 

GaN／GaN HEMT，a thin layer(6nm)of A1GaN with 

5％ A1 composition was incorporated between the A1o
． 3 

Ga0 7N barrier and the GaN buffer，aiming at reducing 

the alloy scattering at the barrier interface．Th is novel 

structure A10 3 Ga0 7 N／A10
． 05 Ga0． 95 N／GaN HEMT exhib— 

its excellent noise figure which is less than 3 dB at fre． 

quency of C—band，as shown in fig．3． A maximum 

drain current density of 910mA／mm and DC extrinsic 

transconductance(Gm)of 175ms／mm were obtained． 
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Fig. 1 Schematic of GaN MMIC VCO 
图 1 GaN MMIC VCO 示意图

Fig.2 Fabrication picture of GaN MMIC VCO 
图 2 GaN MMIC VCO 实物照片

RFOUT •--0 

as possible. In order to achieve smaller chip area and 

improve the reliahility of circuits. Microwave monolith

ic integrated circuits are developed rapidly. Current 

MMIC VCOs mainly use GaAs也ased ， InP-based and 

SiGe-based hìgh electron mobility transistors 

(HEMTs) [I). RecenÙY , AIGaN/ GaN HEMTs show 

excellent microwave power performance [2 -4] and mi

crowave noise performance[5 -12] .四le high power and 

low phase noise oscillators have been reported[13-17] 

Monolithic GaN HEMT VCO was only reported by 

Valery S. Kaper et'al. [17]. This work reports a mono-

lithic integrated VCO with novel structure Alo . 3 Ga07N/ 飞

A1o.05 Gaa.95 N/GaN HEMT employed in a 1μm-gate-

length technology. The phase noise of the VCO is im

proved with a comparison as paper[17]. The VCO dem

onstrates low phase noise of - 86. 25dBc/Hz and 

- 108 Bc/Hz at offsets of 100kHz and 1 MH平. It is the 

best result for reported monolithic GaN HEMT VCO' s. 

1 Circuit design and simulation 

The circuit was simulated by using Agilent ad-
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Fig.3 Minimum noise figure Nf vs. freguency f for GaN 
HEMT 
图 3 GaN HEMT 最小噪声系数 Nf 随频率f变化
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Fig.4 High frequency characteristics of on~chip spiral induc
tor. L is inductance. 
图 4 在片螺旋电感 L 的高频特性

vanced design system (ADS) software. The schematic 

circuit and the fabrication picture of VCO are showed 

in Fig. land Fig.2 respectively. The VCO occupies an 

area of 1. 2 x 1. 05mm2. As we know , low noise active 

device and high Q ìnductors and varactors are impor

tant factors to achieve low phase noise VCO. A novel 

structure A1o.3 GaO.7 N/ A1o. 05 GaO.95 N/ G~N HEMT was 

designed as active device of VCO in our design. 四le

epitaxiallayer structure grown by MOCVD on (0001) 

sapphire substrate is different from the conventional Al

GaN/GaN HEMT , a thin layer (6nm) of AIGaN with 

5 % Al composition was incorporated between the AlO.3 

Gao. 7 N barrier and the GaN buffer , aiming at reducing 

the alloy scattering at the barrier interface. This novel 

structure A1o.3 Gao. 7 N/ A1o. 05 Gao. 95 N/ GaN HEMT exhib

its excellent noise figure which is less than 3dB at fre

quency of C-band , as shown in fig. 3. A maximum 

drain current density of 910mAlmm and DC extrinsic 

transconduct虱配e( Gm) of 175ms/mm were obtained. 
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The details for its DC performances can be found in ． 

In the design of inductor，a polyimide dielectric layer 

(5 m thick)was inserted between major metal traces 

(transmission lines and inductor meta1)and the buffer 

GaN grown on sapphire substrate．A m~imum Q—factor 

of 14 was achieved at frequency of C—band．Seff-reso— 

Dance frequency of the inductor is over 20GHz， as 

shown in Fig．4．The MSM planar inter—digitated va— 

ractors ．which showed improved Q．factor compared 

to conventional meta1．insulator．semiconductor varac． 

tots，were also fabricated on the HEMT structure．A 

small signal S parameter of common—source GaN HEMT 

was used in the design of VCO．The lossless compo- 

nents are usually considered to form  the positive feed— 

back for the most instable HEMT． When microstrip 

transmission line was used to connect the SOurce of 

HEMT and the ground，simulated result showed that a 

long microstrip transmission line was required to push 

HEMT into the most instable． It is bad to get small 

chips．When an inductor was considered instead of mi． 

crostrip transmission line，simulated result showed that 

an inductor did not satisfy the requirement of oscillator 

with positive feedback．When a capacitor was consid- 

ered instead of microstrip transmission line，simulated 

result showed that a capacitor could form positive feed— 

back to satisfy requirement of oscillator． In order to 

provide direct current access，an inductor( 2)was 

paralleled with feedback capacitor(C2)．After simula— 

tion，a spiral inductor(L2：4．3nH)and MIM capaci— 

tor(C2=2．5pF)were selected to be connected be- 

tween the HEMT source and the ground．Next．a re． 

s
．

onator circuit was designed and connected to the gate 

of GaN HEMT．Th e resonator circuit includes the spi— 

ral inductor(L1=4nil)，MIM capacitor(C1=lpF)， 

transmission line(T1 and )，and interdigitated MSM 

varactor(CvAR)．The MIM capacitor C1 was to decou— 

ple the bias gate voltage of HEMT’s and the varactor 

tuning control voltage． By designing proper value of 

passive components of resonator，large negative resist— 

ance that is necessary for oscillation was emerging on 

drain port of HEMT． Then output matching network 

connected between drain port of GaN HEMT and 50Q 

load was design ed according to the oscillation condi— 

tions as follows： 

==] 圈 ●● 嘲  

~rou
．

nd AIGaN Metal Metal 2 

metal 

Fig．5 Cross section of CaN—based HEMT MMIC process 

图5 GaN基 HEMT MMIC工艺的剖面图 

X (f0)= 一imag(Z (f0)) 
( )=÷lreal(Z ( )) (1) 

(2) 

where real(z0uI(f0))is the real part of negative resist— 

ance at the output of HEMT and imag(Z (f0))is the 

imaginary part of that at resonation．RL(f0)and 

(f0)are the real and imaginary part of the impedence 

looking into the load network with 50Q load．f0 is the 

resonation frequency． 

2 Circuit fabrication 

The sample used in this paper was grown by met— 

al—organic chemical vapor depoSition(MOCVD)on 

(000 1)sapphire substrate．The epitaxial layer struc— 

ture contains a 2．5 m undoped GaN buffer layer，a 

6nm undoped A10
． 05 
Ga0 95 N layer． Th e barrier layer 

consists of a 3nm undoped spacer，a 21nm doped(2× 

10埽am～ )carrier supplier layer．and a 2nm undoped 

cap layer． 

Th e fabrication steps of the integrated circuit in— 

clude mesa isolation，source／drain ohmic contacts and 

gate contact form ations，silicon nitride deposition and 

etching，polyimide gelatinization and developing，air— 

bridge and electroplating． Th e fabrication of passive 

components Was incorporated， including microstrip 

transmission line， MIM capacitors， inter—digitated 

MSM varactors and spiral inductors．Fig．5 shows cross 

section of the GaN．based HEMT MMIC process． 

3 M easured results 

Measurements were 

connector for RF output 

performed on PCB with SMA 

and off-chip bias lines for the 

drains，gates and varactor tuning． VCOs chips were 

mounted on ground metal of PCB by silver paste and its 

∞ 

广 
兰 

咄] 上 

] L 
'要M 一 
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The details for its DC perfonnances can be found in[5 l . 

In the design of inductor , a polyimide dielectric layer 

(5μm thick) was inserted between major metal traces 

( transmission lines and inductor metal) and the buffer 

GaN grown on sapphire substrate. A maximum Q-factor 

of 14 was achieved at frequency of C-band. Self-reso

nance frequency of the inductor is over 20GHz , as 

shown in Fig. 4. 咀le MSM planar inter-digitated va

ractors[18l , which showed improved Q-factor compared 

to conventional metal-insulator-semiconductor varac

tors , were also fabricated on the HEMT structure. A 

small signal S parameter of common-source GaN HEMT 

was used in the design of VCO. The lossless compo

nents are usually considered to fonn the positive feed

back for the most instable HEMT. When microstrip 

transmission line was used to connect the source of 

HEMT and the ground , simulated result showed that a 

long microstrip transmission line was required to push 

HEMT into the most instable. It is bad to get small 

chips. When an inductor was considered instead of mi

crostrip transmission line , simulated result showed that 

an inductor did not satisfy the requirement of oscillator 

with positive feedback. When a capacitor was consid

ered instead of microstrip transmission line , simulated 

result showed that a capacitor could fonn positive feed

back to satisfy requirement of oscillator. In order to 

provide direct current access , an inductor (Lz) was 

paralleled with feedback capacitor ( Cz ). After simula

tion , a spiral inductor (Lz =4. 3nH) and MIM capaci

tor (Cz = 2. 5pF) were selected to be connected be

tween the HEMT source and the ground. Next , a re

~onator circuit was designed and connected to the gate 

of GaN HEMT. The resonator circuit includes the spi

ral inductor (L1 = 4 nH) , MIM capaci协r (C1 =1pF) , 

transmission line (T1 and Tz) , and interdigitated MSM 

varactor (CVAR ). The MIM capacitor C1 was to decou

ple the bias gate voltage of HEMT' s and the varactor 

tuning control voltage. By designing proper value of 

passive components of resonator , large negative resist

ance that is necessary for oscillation was emerging on 

drain port of HEMT. Then output matching network 

connected between drain port of GaN HEMT and 500 

load wa晴 designed according to the oscillation condi蝇

tions as follows , 

Interdigitated Active GaN MIM Soiral inductor or 
MSM HEMT Air bridge capacitor trânsmission lines 

~寸~寸 I I 

C::;;;;::J 筐言罢雪- 瞌嚣11 l-.-l r:=:J … 
GroUf1d AIGaN Metal Metal 2 SiN Polyimide ~e~l metal . .._-.. ...._.. -.... - _.- . ....-.---- 3-elec仕-oplat

edAu 

Fig.5 Cross section of GaN.based HEMT MMIC process 
图 5 GaN 基 HEMT MMIC 工艺的剖面图

XL (fo) = - imag( Zout (fo) ) 

凡ω=÷|ml(ZmAA))|
(1) 

(2) 

where real ( Z out (fo)) is the real pa此 of negative resist

ance at the output of HEMT and imag( Z叫(儿)) is the 

imaginary part of that at resonation. RL (/0) and XL 

(儿 ) are the real and imaginarγpart of the impedence 

looking into the load network with 500 load. 10 is the 

resonation frequency. 

2 Circuit fabrication 

The sample used in this paper was grown by met

al-organic chemical vapor deposition (MOCVD) on 

(0001) sapphire substrate. The epitaxial layer struc

ture contains a 2. 5μm undoped GaN buffer layer , a 

6nm undoped Alo.05 GaO. 95 N layer. The barrier layer 

consists of a 3 nm undoped spacer , a 21 nm doped (2 x 

1018 cm -3) carrier supplier layer , and a 2nm undoped 

cap layer. 

咀le fabrication steps of the integrated circuit in

clude mesa isolation , source/ drain ohmic contacts and 

gate contact fonnations , silicon nitride deposition and 

etching , polyimide gelatinization and developing , air

bridge and electroplating. 白le fabrication of passive 

components was incorporated , including microstrip 

transmission line , MIM capacitors , inter-digitated 

MSM varactors and spiral inductors. Fig. 5 shows cross 

section of the GaN-based HEMT MMIC process. 

3 Measured results 

Measurements were perfonned on PCB with SMA 

connector for RF output and off-chip bias lines for the 

drains , gates and varactor tuning. VCOs chips were 

mounted on ground metal of PCB by silver paste and its 
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Fig．6 Measured output spectrum at =6v， 

=6．7V 

图6 测试的输出频谱，偏置电压为 ：6V， 

and ：6．7V 

= 一 3V and 

： 一3V 

Fig．7 Measured phase noise at offset frequency from lOOHz to 

IOMHz at a bias of =6V， = 一3V and 一 =6．7V 

图7 在频偏从 lOOHz到10MHz时测试的相位噪声 ，偏置电 

压为 =6V， =一3V and ：6．7V 

RF output and DC bias were connected to PCB with 

gold wire by W est Bond machine． The power and 

phase noise of VCO were measured by using an Agilent 

Edn．n．OA spectrum an alyzer．Fig．6 and Fig．7 are out— 

put spectrum and phase noise of VCO at center fre— 

quency of 7．207GHz．The data was taken with the an— 

alyzer set to IOMHz span and a resolution bandwidth of 

91kHz．Th e circuit is biased at = 一3V，Vd = 6V 

and tuning voltage of varactor is 6．7V．The DC biases 

are experimentally found to be optimal for both phase 

noise an d the tuning frequency range．Th e phase noise 

iS around 一86．25dBc／Hz and 108dBc／Hz．

at the off- 

set frequency of 1 00 kHz an d 1 MHz respectively．At a— 

bove gate and drain bias， VCO exhibits 250MHz 

bandwidth with center frequency of 7．1 36 GHz，the 

phase noise fluctuation is 17．8 dB and 11dB at offset 

v N 

Fig．8 rI1}le oscillator frequencyf and phase noise Np vel~us va。 

ractor tuning voltage ，at a bias of =6V， = 一3V 

图8 振荡频率厂和相位噪声 随调谐电压 的变化曲 

线，偏置电压为 =6V， =一3V 

Fig．9 Oscillator frequency f．output power P and efficiency 
venus varactor tuning voltage ，at a bias of =6V， ： 一 

3V 

图9 振荡频率 输出功率P和效率r／随变容管电压 的变 

化曲线 ，偏置电压 =6V， ：一3V 

frequency of 1 00 kHz and 1 MHz respectively，while 

tuning voltage(vt )of varactor changes from 5．5V 

to 8．5V as shown in Fig．8．The efficiency changes 

from 14．7％ to 6．5％ and power changes from 

11．5dBm to 7．9dBm with tuning frequencies as 

shown in Fig．9． 

4 Conclusion 

A monolithic integrated C．．band GaN VCO was de．． 

signed．fabricated and characterized． I'he phase noise 

of VCO is improved by using novel structure A10
． 3
Gao

．7 

N／Alo
． 05 Gao． 95 N／GaN HEMT with low noise figure and 

high Q spiral inductors and inter—digitated MSM val~c· 

t0r． I1he VCO exhibits phase noise of一86．25dBc／Hz 

and 一108dBc／Hz at offsets of lO0kHz an d 1MHz． 

The phase noise is the best repoaed results of MMIC 

GaN HEMT VCO’s． 

≥，d口c／ N 
∞：3 ∞ m mm 
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Fig. 6 Measured output spectrum at Vd, = 6V , V gs = - 3 V and 
V.... =6.7V 
图 6 测试的输出频谱，偏置电压为 Vd， =6V , Vgs = -3V 
and V tune = 6. 7V 

Fig. 7 Measured phase noise at offset frequency 企om 1 (}() Hz to 
lOMHz at a bias of V. =6V. L = -3Vand v..._. =6. 7V , . gs 
图 7 在频偏从 1∞Hz 到lOMHz 时测试的相位噪声，偏置电
压为 Vdø =6V , Vgs = -3V and V'une =6. 7V 

RF output and DC bias were connected to PCB with 

gold wire by West Bond machine. The power and 

phase noise of VCO were measured by using an Agilent 

E4440A spectrum analyzer. Fig. 6 and Fig. 7 are out

put spectrum and phase noise of VCO at center fre

甲lency of 7. 207GHz. The data was taken with the an

alyzer set to IOMHz span and a resolution bandwidth of 

91 kHz. The circuit is biased at 飞 -3V，几= 6V 

and tuning voltage of varactor is 6. 7V. The DC biases 

are experimentally found to be optimal for both phase 

noise and the tuning frequency range. The phase noise 

is around - 86. 25dBc/Hz and 108dBc/Hz at the off

set frequency of 100 kHz and lMHz respectively. At a

bove gate and drain bias , VCO exhibits 250MHz 

bandwidth with center frequency of 7. 136GHz , the 

phase noise fluctuation is 17. 8 dB and 11 dB at offset 

7.35 

Fig.8ηle oscillator frequency f and phase noise Np versus va
ractor tuning voltage V:缸， at a bias of 飞. =6V , Vgs = -3V 
图 8 振荡频率f和相位噪声 Np 随调谐电压凡的变化曲
线，偏置电压为几 =6V ， Vgs = -3V 

7.352 』 18

7.30 

71毛反:l:! 7.2 

。恒、 7.15
lO 

7.1 0 

7.05 
6 

7.∞ 5.5 6.0 6.5 7.0 7.5 8.0 8.5 
V.,IV 

Fig. 9 Oscillator frequency f , output power P and efficiencyη 
versus varactor tuning voltage V"' , at a bias of Vdø =6V , Vgs = -
3V 
图 9 振荡频率f、输出功率P和效率η 随变容管电压凡的变

化曲线，偏置电压几 =6V ， Vgs == -3V 

frequency of 100 kHz and 1 MHz respectively , while 

tuning voltage (Vtune ) of varactor changes from 5. 5 V 

to 8. 5 V iis shown in Fig. 8. The efficiency changes 

from 14. 7% to 6. 5% and power changes from 

11. 5dBm to 7. 9dBm with tuning frequencies as 

shown in Fig. 9. 

4 Conclusion 

A monolithic integrated C-band GaN VCO was de

signed , fabricated and characterized. The phase noÍse 

of VCO is improved by using novel structure A1o.3 Gao. 7 

N/ AIO. 05 Gao. 95 N/GaN HEMT with low noise figure and 

high Q spiral inductors and inter-digitated MSM varac

tor. 咀le VCO exhibits phase noise of - 86. 25dBc/Hz 

and - 108dBc/Hz at offsets of 100kHz and lMHz. 

The phase noise is the best reported results of MMIC 

GaN HEMT VCO' s. 
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