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Abstract

This thesis presents the design of Voltage Control Voltage and 

Power Amplifier. First, we use GCT 2.0 um InGap/GaAs HBT process to 

implement 6.2GHz Coupled Inductor Differential Phase Voltage Control 

Oscillator and 5.5GHz Coupled Inductor Quadrature Phase Voltage 

Control Oscillator. The supply voltage of 6.2GHz DVCO is 6V and the 

phase noise is -110.22dBc/Hz@1MHz, the output power is -8.2 dBm and 

the tuning range is 200MHz. The supply voltage of 5.5GHz QVCO is 4V 

and the phase noise is -108.92dBc/Hz@1MHz, the output power is -3.5 

dBm and the tuning range is 120MHz. We measure VCO circuit on 

board level to avoid the noise of power supply.  

We complete the design flow of impedance transform filter and use 

WIN 0.15 um pHemt process to simulate and implement 60GHz 

microstrip type Gap Coupled Filter Amplifier and 60GHz coplanar 

waveguide type Gap Coupled Filter Amplifier. We will measure it at 

NDL.
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3.2 

Items Measurement Result 

Frequency 6.02GHz ~ 6.22GHz 

Bias Voltage Vcc=6V , Vmirror=6.27V , Vb=2.45 

Current(core+buffer) 8.1 mA 

Vtune Voltage 0V ~ 5V 

Tuning Range 200 MHz 

KVCO 40 MHz/V 

Output Power -8.2 dBm 

Phase Noise -110.22dBc/Hz@1MHz 

Die Size 1000um X 1000um 

3.2

6.02GHz ~ 6.22GHz -8.2 dBm 200 MHz

1MHz offset -110.22dBc/Hz
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3.3 

Items Measurement Result 

Frequency 5.41GHz ~ 5.53GHz 

Bias Voltage Vcc(core)=4V ,Vcc(buffer)=4.2V ,Vmirror=4.9V ,Vb=2.5

Current(core) 3.2 mA 

Current(buffer) 16.7 mA 

Vtune Voltage 0V ~ 4V 

Tuning Range 120 MHz 

KVCO 30 MHz/V 

Output Power -3.5 dBm 

Phase Noise -108.92dBc/Hz@1MHz 

Die Size 1500um X 1000um 

3.3

5.41GHz ~ 5.53GHz -3.5 dBm 120 MHz

1MHz offset -108.92dBc/Hz

12.8mW

50

3.4 [1] [2]

3.5 FOM

20log / 10log /1offset osc offset dissFOM Phase Noise F F P mW 3.56
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3.4 

Items Freq Power Phase Noise 

[1] InGaP/GaAs 5.51GHz -13dBm -89.72dBc/Hz@100KHz

[2] InGaP/GaAs 4.39GHz -2dBm -117.8 dBc/Hz@1MHz

[3] SiGe 4.975GHz -3.5dBm -103 dBc/Hz@1MHz 

[4] SiGe 5GHz -13dBm -98 dBc/Hz@100KHz

[5] 0.18um CMOS 5.5GHz -11.8 dBm -115 dBc/Hz@1MHz 

[6] Si BJT 5.8GHz -11dBm -105 dBc/Hz@3MHz 

[7] Si BJT 1.96GHz -8dBm -102 dBc/Hz@100KHz

This Work 1 6.2GHz -8.2dBm -110 dBc/Hz@1MHz

This Work 2 5.5GHz -3.5dBm -109 dBc/Hz@1MHz

3.5 FOM

Items FOM 

[1] InGaP/GaAs -165.3dBc/Hz 

[2] InGaP/GaAs -179.6 dBc/Hz 

[3] SiGe -160 dBc/Hz 

[4] SiGe -180.2 dBc/Hz 

[5] 0.18um CMOS -185.2 dBc/Hz 

[6] Si BJT -156.1 dBc/Hz 

[7] Si BJT -172.8 dBc/Hz

This Work 1 -170.8 dBc/Hz

This Work 2 -172.1 dBc/Hz



57

57



58

58

4.1

WIN 0.15 um pHemt

Microstrip Line Type Gap Coupled Filter 

Amplifier Coplanar Waveguide Type 

Gap Coupled Filter Amplifier

4.2

4.2.1 Chebyshev

4.1

3 2 3
1 2 2 2

2 3

1
1in

g j g g
Z j g

g g
4.1

1
1

in

in

Z
Z

4.2



59

59

Insertion loss

LRP

2
1

1
LR

Power available from source
P

Power delivered from load
4.3

4.1
2

2 *

11
21

in
LR

in in

Z
P

Z Z
4.4

* 3
2 2 2

2 3

2
1in in

g
Z Z

g g
4.5

2 22
2 3 2 3

12 2 2 2 2 2
2 3 2 3

1 1
1 1in

g g g
Z g

g g g g
4.6

2 2 2 2 2 2 2 2 2 4
3 2 3 1 1 2 3 1 2 3

3

11 1 2
4LRP g g g g g g g g g g

g
4.7

4.1 



60

60

Chebyshev Insertion loss

2 2 2 4 2
21 1 4 4 1LRP k T k 4.8

4.7 4.8
2

32

3

1
4

g
k

g
4.9

2 2 2
2 1 2 3

3

4
4

g g g
k

g
4.10

2 2 2 2 2
2 3 1 1 2 3

3

14 2
4

k g g g g g g
g

4.11

R k

Chebyshev L C

4.2.2 

4.2 a

4.2 d

0

0

2
n

Z
L 4.12

0 02nC
Z

4.13

2
1 0 2

2 2 2 2
1 0 1 0 2 0 3 0

2 0 1

1 C J
Ya j

J Z L C J Z
j

L Z

4.14



61

61

4.2 f scaling

4.2 e

' 0
1

0 1

Z
L

g
4.15

' 1
1

0 0

g
C

Z
4.16

' 2 0
2

0

g Z
L 4.17

'
2

2 0 0

C
g Z

4.18

0
1

3

Z
Z

g
4.20

'
1 0
' '
1 0 2 0

1'
2 0

1C
Yb j

L L
j Z

C

4.21

4.2 a 4.2 e J-Inverter

ng

1 0
12

J Z
g

4.22

2 0
1 22

J Z
g g

4.23

3 0
3 2

1
2

J Z
g g

4.24



62

62

2
01

n
n

n

J
b

Z J
4.25

n
n

b
C 4.26

0 1
0 1

1

90 0.5 tan 2
180

Z b
4.27

0 1 1
0 1 0 2

2

180 0.5 tan 2 tan 2
180

Z b Z b
4.28

0 1 1
0 2 0 3

3

180 0.5 tan 2 tan 2
180

Z b Z b
4.29

0 1
0 3

4

90 0.5 tan 2
180

Z b
4.30

1 2 3 4

4.2 



63

63

4.9 ~ 4.11

ng 4.22 ~ 4.24 J-Inverter 4.25

~ 4.30

4.3

4.3.1

4.3

75um

75um

4.3 



64

64

Gap Coupled Filter
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m1
Pin=
Pout_Fund_EXT=21.536
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4.1

Item Spec 

Supply Voltage Vds1=3 V, Vds2=3V, Vgs1=-0.5 Vgs2=-0.5 

Current 72 mA+ 150mA = 222mA 

frequency 60GHz 

Linear Power Gain 7.4dB 

P1dB 14dBm 

OIP3 21.5dBm 

Die size 3000 um × 1000 um 

4.1 7.4dB P1dB

14dBm OIP3 21.5dBm
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m1
Pin=
Pout_Fund_EXT=22.369
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4.2

Item Spec 

Supply Voltage Vds1=3 V, Vds2=3V, Vgs1=-0.5 Vgs2=-0.5 

Current 72 mA+ 150mA = 222mA 

frequency 60GHz 

Linear Power Gain 6.8dB 

P1dB 14.5dBm 

OIP3 22.6dBm 

Die size 3000 um × 1000 um 

4.2 6.8dB

P1dB 14.5dBm OIP3 22.6dBm
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GCT 2.0 um InGap/GaAs HBT

InGap/GaAs HBT
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A
Matlab
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fprintf ('** STEP1 " Z1" **') 

fprintf ('** STEP2 " L*C " " R " " " **') 

fprintf ('** STEP3 " gn" **') 

Z=50; 

Z1=9.05;                                                   % STEP1

R=Z/Z1   

K=((1-R)^2/(4*R))^0.5; 

LC=4*K/(R^0.5) 

A=2*LC*R^2-16*K^2*R 

[L,C] = solve('L*C=1.6380','(5.5249*C)^2+L^2=18.0994');          % STEP2 

G0=1

G1=C 

G2=L 

G3=R 

g0=1;                                                     % STEP3 

g1=3.008279; 

g2=0.5444948; 

g3=5.5249; 
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f=60*10^9;

w=2*pi*f;

Y=0.02;

b=0.1;                                                   % 10%,

J1=(pi*b/2/g1)^0.5/Z; 

J2=(pi*b)/2/(g1*g2)^(0.5)/Z; 

J1=(pi*b/2/g2)^(0.5)/g3/Z; 

B1=J1/(1-(Z*J1)^2); 

B2=J2/(1-(Z*J2)^2); 

B3=J3/(1-(Z*J3)^2); 

% ** Gap Coupled Filter ** 

fprintf('********************** Gap ************************') 

C1=B1/w*10^15 

C2=B2/w*10^15 

C3=B3/w*10^15 

o1=90-0.5*(atan(2*Z*B1))/pi*180 

o2=180-0.5*(atan(2*Z*B1)+atan(2*Z*B2))/pi*180 

o3=180-0.5*(atan(2*Z*B2)+atan(2*Z*B3))/pi*180 

o4=90-0.5*(atan(2*Z*B3))/pi*180 

R3_BP=1/(g3*Y) 
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