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Abstract

                                         
In this thesis, the radio frequency circuits which are suitable for Wireless 

Local Area Network (WLAN) and millimeter wave high speed transmission of 

images applications are designed and implemented. The thesis consists of two 

parts. The first part focuses on designing and analyzing the active bandpass filter.

The second part implements the 2.4/60 GHz dual-mode dual-conversion 

receiver. 

First, we study the architecture of filter and Q-enhancement techniques in 

the chapter 2. And then, we discuss to use the degeneration resistor which can 

improve the linearity of filter and illustrate the tuning range of negative 

resistance and the noise performance of cross couple pair.

With the results in the former chapter, we will implement the 2.4 GHz 

active bandpass filter with its front LNA in TSMC CMOS 0.18- and TSMC 

SiGe 0.18- technology that its purpose is to suppress the noise of filter.

Afterwards we can use it to extend to the 2.4 GHz direct-conversion receiver for 

channel-selected application. Combining the circuit with a sub-harmonic mixer 

will integrate with the low frequency circuit after down conversion. Finally, we 

implement the 2.4/60 GHz dual-mode dual-conversion receiver in TSMC SiGe

0.18- technology.  
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3.1 2.4 GHz LNA

Item Post-Simulation Measurement

VDD 1.8 V

Center Frequency 2.4 GHz 2.4 GHz

S21 (dB) 6.272 5.261

S21 3dB Bandwidth 160 MHz 180 MHz

S31 (dB) 6.177 5.015

S31 3dB Bandwidth 160 MHz 170 MHz

S11 (dB) < -10 <-10

NF (dB) 4.731 6.832

IP1dB (dBm) -22 -21

IIP3 (dBm) -11 -15 

Power 

Consumption
9.65 mW 10.21 mW
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(mm mm)
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(3) (Bandpass Filter)
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3.2 2.45 GHz LNA

Item Post-Simulation Measurement

VDD 1.8 V

Center Frequency 2.45 GHz 2.45 GHz

S21 (dB) 10.6 7.61

S21 3dB Bandwidth 130 MHz 140 MHz

S31 (dB) 10.7 4.88

S31 3dB Bandwidth 130 MHz 150 MHz

S11 (dB) < -10 < -10

NF (dB) 4.327 6.014

IP1dB (dBm) -32 -31

IIP3 (dBm) -26 -19

Power 

Consumption
41.51 mW 44.05 mW

Chip Size 
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10 100 1000
-50

-40

-30

-20

-10

 I channel
 Q channel

IF Frequency (MHz)

Co
nv

er
sio

n 
Ga

in
 (d

B)

Fix LO1 = 28.8 GHz
      LO1 Power = 14 dBm
      LO2 = 2.5GHz
      LO2 Power = 5 dBm

3.63 IF

2LO1 RF1 -40 dB 2LO1 IF -57.5 dB

50 52 54 56 58 60 62 64 66 68
-70

-65

-60

-55

-50

-45

-40

-35

-30

 2LO1toRF1
 2LO1toIF

LO1 Frequency (GHz)

Iso
lat

io
n 

(d
B)

3.64 LO1

0

Hz)

F1

30

2LO1 I

ncy (M

IF

100

MHz)

F

F

0 dB-40 d

equenF Fre

63



2.4/60 GHz

79

LO1 RF1 -55 dB LO1 IF -37.5 dB

22 24 26 28 30 32 34 36
-60

-55

-50

-45

-40

-35

-30

 LO1toRF1
 LO1toIF

LO1 Frequency (GHz)

Iso
lat

io
n 

(d
B)

3.65 LO1

RF1 IF -45 ~ -55 dB

50 52 54 56 58 60 62 64 66 68
-60

-55

-50

-45

-40

 RF1toIF

RF1 Frequency (GHz)

Iso
lat

io
n 

(d
B)

3.66 RF1

4 26 28 30

(GHz)

40

y

O1

28

ncy (GH

 dB-45 ~ -55 d

L65



2.4/60 GHz

80

110

3.67

(2) 2.4 GHz

S11

2.01~2.34 GHz S11< -10 dB

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
-30

-25

-20

-15

-10

-5

0

 POSIM
 Measurement

RF2 Frequency (GHz)

S 1
1 

(d
B)

3.68 RF2

Hz

0

B0 dB-10 d

73.67

4 GHz



2.4/60 GHz

81

2.42 GHz LO2 5 dBm

-20 -15 -10 -5 0 5 10
-15

-10

-5

0

5

10

15

20

25

30

35

 POSIM
 High gain (VC=1.35 V)
 Low gain (VC=1.1 V)

LO2 Power (dBm)

Co
nv

er
sio

n 
Ga

in
 (d

B)

3.69 LO2 CH1

2.46 GHz LO2 5 dBm

-20 -15 -10 -5 0 5 10
-5

0

5

10

15

20

25

30

35

 POSIM
 High gain (VC=1.35 V)
 Low gain (VC=1.1 V)

LO2 Power (dBm)

Co
nv

er
sio

n 
Ga

in
 (d

B)

3.70 LO2 CH2

5

30

35

-10 -5

er (dBm)

3.69 C

35

O2

LO2

LO2 Power (dB

69

OL

LO

Hz

O

6 GH2.46



2.4/60 GHz

82

2.42 GHz IP1dB = -40 dBm( ) IP1dB = 

-29 dBm( )

-60 -50 -40 -30 -20
5

10

15

20

25

30

35

IP1dB = -29 dBm
 High gain (VC=1.35 V)
 Low gain  (VC=1.1 V)
 POSIM

RF Power (dBm)

Co
nv

er
sio

n 
Ga

in
 (d

B)

IP1dB = -40 dBm

3.71 RF2 CH1

2.46 GHz IP1dB = -38 dBm( ) IP1dB = 

-26 dBm( )

-60 -50 -40 -30 -20
5

10

15

20

25

30

35

IP1dB = -26 dBm High gain (VC=1.35 V)
 Low gain  (VC=1.1 V)
 POSIM

RF Power (dBm)

Co
nv

er
sio

n 
Ga

in
 (d

B)

IP1dB = -38 dBm

3.72 RF2 CH2

-50 -40 -3

(VC 1.35 V)
w gain  (VC=1.1 V)

POSIM

CH

8 d

)

Hz I = 

er (dBm
-50 -40

3

3

F2

GHz

71 RF

2.46 G

Powe

RF

RF 



2.4/60 GHz

83

2.42 GHz RF2 34 MHz ( )

2.46 GHz RF2 32 MHz ( )

CH2

2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60
-15

-10

-5

0

5

10

15

20

25

30

35
 POSIM
 High gain (VC=1.35 V)
 High gain (VC=1.35 V)
 Low gain  (VC=1.1 V)
 Low gain  (VC=1.1 V)

RF Frequency (GHz)

Co
nv

er
sio

n 
Ga

in
 (d

B)
Fix IF=20 MHz

CH1

3.73 RF2

2.42 GHz IQ 4.5 dB

2.46 GHz IQ 4.5 dB

2.30 2.35 2.40 2.45 2.50

0

1

2

3

4

5

6

7

8

 High gain CH1
 Low gain  CH1
 High gain CH2
 Low gain  CH2

RF2 Frequency (GHz)

IQ
 G

ain
 M

ism
atc

h 
(d

B)

3.74 IQ RF2

CH

2.25 2.30 2.35 2.40 2.45 2.5

CH1

z

F2

IQ

4 5 dB

ncy (GH

2

5 2.30 2.35 2.40 2.45

z)

CH

2

4.5 dB

RF2

Hz

3.73

2.42 GHz

equenRF FrR

33



2.4/60 GHz

84

RF2 NFdsb 10.5 dB RF2

NFdsb 11 dB

2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55 2.60
-5

0

5

10

15

20

25

30
  High Gain 

                    (VC=1.35 V)
  NFdsb 

RF2 Frequency (GHz)

Co
nv

er
sio

n 
Ga

in
 (d

B)

10

15

20

25

30

35
NFdsb (dB)

CH1 CH2

3.75 NFdsb RF2

2.42 GHz IF 14 MHz (

)

1 10 100
-10

-5

0

5

10

15

20

25

30

35

 POSIM
 High Gain (VC=1.35 V)
 LOw Gain  (VC=1.1 V)

IF Frequency (MHz)

Co
nv

er
sio

n 
Ga

in
 (d

B)

Fix LO2=2.42 GHz

3.76 IF CH1

2.25 2.30 2.35 2.40 2.45 2.50

3.

1

RF2

z IF

2.

cy (GHz

RF2

2.30 2.35 2.40 2.45

7 RFdsb

GHz

5 NFd

2.42 G

quenc

NF

FreqRF2 



2.4/60 GHz

85

2.46 GHz IF 14 MHz(
)

1 10 100
-10

-5

0

5

10

15

20

25

30

35

 POSIM
 High gain (VC=1.35 V)
 LOw gain  (VC=1.1 V)

IF Frequency (MHz)

Co
nv

er
sio

n 
Ga

in
 (d

B)

Fix LO=2.46 GHz

3.77 IF CH2

LO2 IF -27.5 dB LO2

RF2 -57.5 dB

2.0 2.2 2.4 2.6 2.8 3.0
-60

-55

-50

-45

-40

-35

-30

-25

 LO2toIF     CH1
 LO2toIF     CH2
 LO2toRF2 CH1
 LO2toRF2 CH2

LO2 Frequency (GHz)

Iso
lat

io
n 

(d
B)

3.78 LO2

0

ain  (VC=1.1 V)

Hz)

3 CH

27.5

5

2toIF     CH1

ncy (M
10

MHz)

3.

-2

B

LO2 IF

.5 dB

equen

IF

F Fre



2.4/60 GHz

86

RF2 IF  -20 ~ -35 dB

2.0 2.2 2.4 2.6 2.8 3.0
-40

-35

-30

-25

-20

-15

 RF2toIF CH1
 RF2toIF CH2

RF2 Frequency (GHz)

Iso
lat

io
n 

(d
B)

3.79 RF2

NFdsb=11.1 dB @ 15 MHz ( )

1 10
4
6
8

10
12
14
16
18
20
22
24
26

 High gain (VC=1.35 V)
 POSIM

IF Frequency (MHz)

NF
ds

b 
(d

B)

3.80 NFdsb IF CH1

2 2.4 2

ncy (GHz)

N )

22
24
26

RF2

Hz (

RF2 Frequency (

3

NF (Hz

R

15 M

R

B @

79

=11.1 dB



2.4/60 GHz

87

NFdsb=10.65 dB @ 20 MHz ( )

1 10
4

6

8

10

12

14

16

18

20

22

 High gain (VC=1.35 V)
 POSIM

IF Frequency (MHz)

NF
ds

b 
(d

B)

3.81 NFdsb IF CH2

IIP3 = -33.5 dBm OIP3 = -10 dBm( )

-60 -55 -50 -45 -40 -35 -30 -25 -20
-90

-80

-70

-60

-50

-40

-30

-20

-10

0

OIP3 = -10 dBm

RF2 Power (dBm)

Ou
tp

ut
 P

ow
er

 (d
Bm

)

IIP3 = -33.5 dBm

3.82 IIP3 CH1

10

0

1

cy (MHz)

3 CH2

dBm

0

0

10
O

IP3 = -

OI

IF Frequency (M

3.8

03

-10 dBm

OIP

dB

IF

m

sb

5 dB

1 NFd

3 = -33.



2.4/60 GHz

88

IIP3 = -31.5 dBm OIP3 = -6 dBm( )

-60 -55 -50 -45 -40 -35 -30 -25 -20
-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

OIP3 = -6 dBm

RF2 Power (dBm)

Ou
tp

ut
 P

ow
er

 (d
Bm

)

IIP3 = -31.5 dBm

3.83 IIP3 CH2

(trade off)

10 15 20 25 30
-45

-40

-35

-30

-25

-20

-15

 IP1   CH1
 IIP3  CH1
 IP1   CH2
 IIP3  CH2

Gain (dB)

In
pu

t P
ow

er
 (d

Bm
)

3.84 IP1dB IIP3

0

15

5 -50 -45 -40 -35

Bm)

3 CH

(t

15

(
45

r (dBm

3.8 P3II



2.4/60 GHz

89

93

3.85

3.86 (2.66 mm 1.69 mm)

3.85



2.4/60 GHz

90

3.5.3 

TSMC SiGe 0.18- 3.86 RF1 60 

GHz LO1 28.8 GHz GSGSG pad RF2 2.4 GHz GSG pad

LO2 2.4 GHz IF(I/Q) GSGSG pad DC 8 pin

PPPPPPPP pad 4 DC probe 2.66×1.69 = 4.5 mm2

3.86 60 GHz 3.56

RF1 LO1 3.59 3.60

RF1 48.2~52.7 GHz S11< -10 dB 60GHz

50 GHz LO1

20~40 GHz S11< -10 dB 3.61 LO1

14 dBm 2 dBm IQ 10 dB

RF1 RF1

3.62 52 GHz

IQ 10 dB IF 3.63 I

IF 750 MHz Q IF 1 GHz IQ

10 dB

3.67 IQ 110

2.4 GHz

2.01~2.34 GHz S11< -10dB LO2

LO2 -5 dBm 5 dBm

10 dBm BJT 3.4

BJT LO2

IP1dB IIP3 3.84

LO1

z 3.61

62

750

IF

IQ

S 3.

50 

dB IF

Q IF

10 dB

H

0

IBm2 dB

HzMH



2.4/60 GHz

91

VGA RF2

CH1 (fo=2.42 GHz) CH2 (fo=2.46 GHz) -3 dB

34 MHz ( Q 71.18) 32 MHz ( Q 76.88)

40 MHz 6 MHz 8 MHz

Q 3.74 IQ 3.20

RPS IQ IF 14 MHz

20 MHz 6 MHz NFdsb 6 dB

LNA 2.25 GHz CH1

CH2 LO2-RF2

(double-balanced)

3.85 IQ 93

alanced)

Q

bl balan

93



2.4/60 GHz

92

3.3 2.4/60 GHz

Process TSMC SiGe 0.18- m 
Supply Voltage 1.8 V

Simulation Post-sim Measurement Post-sim Measurement

Frequency
2.42 GHz
2.46 GHz
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2.46 GHz 60 GHz 60 GHz
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A1.1 2.4 GHz

Item Post-Simulation Measurement

VDD 1.8 V

Center Frequency 2.42 GHz 2.42 GHz

S11 (dB) < -10 < -10

Conversion Gain  29 dB 27 dB

LO Power 14 dBm 19 dBm

IP1dB -34 dBm -41 dBm

RF Bandwidth 50 MHz 41 MHz

IF Bandwith 25 MHz 18 MHz

NF 8.12 dB 11.4 dB

IIP3 N/A -26.5 dBm

Power

Consumption
64.98 mW 89.64 mW

Chip Size 

(mm mm)
2.43 1.55

hip Si

mm)
3 1.55

P

onsu

dth 50 MHz

ndwith

NF 11

I 26.5

9.6464.98 mW

 dB

.43
Size

Po

um

ith Hz

NF 

IIP -

8
ion

/AP3 N/A

8.12

N/

e



114

Vita 

77 1 12

2003-2006

2006-2010

2010-2012

2011/09-2012/01

2010/09-2011/01

2011/02-2011/06 

2.4/60 GHz

200

2010-

2.4/60 GHz

9-2012/01

2010/09-201

2

2011/02-2011/1

1/09-2

20

2

2011/0

002


