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Abstract

For the coming age of system-on-chip, because the hetero-dyne 

receiver can't satisfy the requirement for modern applications, we focus 

on the low-IF receiver. In this thesis, we introduce many kinds of RF 

Gilbert mixers and a low-IF down converter which uses the architecture 

of complex mixers and complex filters to reject image signals. 

 In this thesis, we implement up-conversion and down-conversion 

mixers for 802.11a WLAN’s applications by using TSMC 0.35 µm SiGe 

BiCMOS technology and GCT 2.0 µm InGaP/GaAs HBT process. In 

SiGe BiCMOS process, there are a 5.2GHz CMFB micromixer, a 5.7GHz 

up-conversion micromixer using LC current combiner, a 5.2GHz LC 

current combine up-converter with lumped element rat-race and a 5.2GHz 

image rejection double quadrature down-converter. In GCT 2.0 µm 

InGaP/GaAs HBT, there are a 5.2GHz single-in single-out micromixer 

and a 5.2GHz single-in single-out micromixer with lumped element 

rat-race.
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3.1 LC

3.1.1

Gilbert Cell Micro Mixer

RF IC

( ) IF(RF) LO

IF(RF) LO ( ) IF(RF)

LO IF-RF(RF-IF) LO-RF(LO-IF) 
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3.1.3 LC

LC

LC

[6]

3.4 ABCD

3.4 ABCD lossless

3.5 ABCD

3.5 ABCD
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3.6 -model ABCD

3.6 ABCD -model 

-model ABCD

3.7 T-model ABCD

3.7 ABCD T-model 
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3.8 -model ABCD

3.8 -model ABCD

3.9 T-model ABCD
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3.10 
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3.26 LC Up Converter Die Photo(0.925525 0.888000mm2)

NDL on-wafer 

off-chip Rat-race 3.27 LO
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3.26 5.7GHz Up conversion 

on-wafer

GSG IF GSG RF GSGSG LO

DC
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IF 3.19

0.3GHz LC
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3.1 LC Up Converter 

LC Up Converter (TSMC 0.35 m SiGe BiCMOS) 

Simulation Measurement

DC Current 5.1mA@3.3V 4.6mA@3.3V 

Conversion Gain -4.9dB@LO:-10dBm -4dB@LO:3dBm

Output P1dB N/A -9.5dBm

OIP3 N/A -1.5dBm

LO-IF Isolation 83dB 32dB

LO-RF Isolation 27dB 40dB

IF-RF Isolation 57dB 46dB

S11/S22 -20.7dB/-25.8dB -18dB/-25dB
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3.2 Rat-race LC

TSMC 0.35 m SiGe BiCMOS

5.2GHz

[8]

3.28 LC

RF LO
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3.28 Rat-race LC
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3.2.4

[7]

LC
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3.35 LC
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3.35(b) LC
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3.49 LC Up Converter Using Lumped Rat-race Die Photo(0.98170

0.83485mm2)
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3.43 LO power LO power 0dBm

-1dBm LO power -6dBm 5dBm
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LO power
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3.2 LC Up Converter Using Lumped Rat-race 

LC Up Converter Using Lumped Rat-race (TSMC 0.35 m SiGe BiCMOS) 

Simulation Measurement

DC Current 22mA@3.3V 11.5mA@3.3V 

Conversion Gain 4.4dB@LO:0dBm -1dB@LO:0dBm

Output P1dB N/A -10dBm

OIP3 N/A -6dBm

LO-IF Isolation 72dB 37dB

LO-RF Isolation 30dB 39dB

IF-RF Isolation 44dB N/A

S11/S22 -30dB/-13dB -10dB/-13.5dB
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CR 90º 

RC

4.5 0 1/ RC 45º(+45º)

45º (-45º) 0º 45º 45º 90º

45º 45º 4.4(b)
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270º 45º 225º 180º
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4.2

802.11a

RF 5.2 GHz 20MHz LO 5.17GHz IF

30MHz 20MHz

RC-CR

LO RF RF
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Quadrature
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I+ I-Q+ Q-
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4.6 RC-CR RF LO

RF
cos , cos
sin , sin

RF RF

RF RF

I t I t
Q t Q t   (4.3) 

LO
cos , cos
sin , sin

LO LO

LO LO

I t I t
Q t Q t (4.4) 

Image
cos , cos
sin , sin

im im

im im

I t I t
Q t Q t                                      (4.5) 

imRF IFLO LO

 RF

 Vout_II+ Vout_IQ– Vout_II– Vout_IQ+ Vout_QQ+

Vout_QI+ Vout_QQ– Vout_QI– 4.1 RF

LO RF

4.8 RF

cos IFt sin IFt cos IFt sin IFt

( cos sinIFj t
IF IFe t j t )

cos IFt sin IFt cos IFt sin IFt

( cos sinIFj t
IF IFe t j t ) RF

RF
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cos IFtcos IF t

sin IF t

sin IFt

cos IF tcos IFt

sin IF t

sin IF t

Desired Sequence ( )RF LO Image Sequence (Im )LO

4.8 

4.1 DQDC

RF LO DQDC outputs
(Low-pass) Image LO DQDC outputs

(Low-pass) 

Vout_I  I+ 1 cos
2 IFt Vout_I  I+ 1 cos

2 IFt

Vout_I Q– 1 sin
2 IFt Vout_I Q– 1 sin

2 IFt

Vout_I  I– 1 cos
2 IFt Vout_I  I– 1 cos

2 IFt

 Vout_I Q+ 1 sin
2 IFt  Vout_I Q+ 1 sin

2 IFt

Vout_QQ+ 1 cos
2 IFt Vout_QQ+ 1 cos

2 IFt

Vout_Q I+ 1 sin
2 IFt Vout_Q I+ 1 sin

2 IFt

Vout_QQ– 1 cos
2 IFt Vout_QQ– 1 cos

2 IFt

Vout_Q I– 1 sin
2 IFt Vout_Q I– 1 sin

2 IFt
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RC-CR 

802.11a 20MHz

20~40MHz RC-CR

4.9

 20~40 MHz

fmax/fmin 2 60dB

RC-CR

4.9 RC-CR 

RC-CR

Step 1) 

Step 2)

Step 3)

Step 4)

Step 5)
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4.44 
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12th GAAS Symposium Amsterdam, 2004
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4.2 DQDC4PPF 

Double-Quadrature Down-Converter with Passive Poly-phase Filter  
(TSMC 0.35 m SiGe BiCMOS) 

Simulation Measurement

DC Current 15mA@3.3V 10mA@2.7V 

Conversion Gain 20dB@LO:-10dBm 1dB@LO:0dBm

Input P1dB N/A -19dBm

IIP3 N/A -9dBm

LO-IF Isolation N/A >48dB

LO-RF Isolation N/A >47dB

RF-IF Isolation 48dB >49dB

S11 -8.6dB -11dB

IRR 69dB 47dB 
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5.1 Single In Single Out Micro Mixer

Single In Single Out Micro Mixer (GCT 2 m GaAs HBT) 

Simulation Measurement

DC Current 85mA@5V 135mA@5V 

Conversion Gain 35.7dB@LO:-13dBm 35dB@LO:-5dBm

Input P1dB N/A -29dBm

IIP3 N/A -25dBm

LO-IF Isolation 24dB 27dB

LO-RF Isolation 29dB 26dB

RF-IF Isolation 6dB -17dB

S11 -20dB -16dB
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5.17 Gilbert Cell Micro Mixer
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5.2 SISO RR Micro Mixer 

Single In Single Out Micro Mixer With Lumped-Element Rat-Race 

(GCT 2 m GaAs HBT) 

Simulation Measurement

DC Current 113mA@5V 125mA@5V 

Conversion Gain 26.7dB@LO:-10dBm 27.6dB@LO:-5dBm

Input P1dB -24dBm -22dBm

IIP3 4dBm -17dBm

LO-IF Isolation 83dB 28dB

LO-RF Isolation 77dB 37dB

RF-IF Isolation 59dB -1dB

S11 -36dB -20dB

S22 -16dB -10dB 



                                                 

120

120

5.7GHz

6.1

LO RF LO

RF

LO

RF

RC-CR LO

LO [14]

RF



                                                 

121

121

6.1  

6.1.1

6.1

Gilbert Cell Micro Mixer I Q LO

I Q LO

RF I Q

I Q



                                                 

122

122

6.1.2

180 collector

Gilbert Double Balance Mixer

6.1.3

LO RC-CR

LO 6.2 (Phase 

Shifting Adder) LO

6.2  

22 2

2
LO LO

1 1
2 2

1cos 1 cos 2
2

xx x x x

t t

2
LO LO

11 ; cos ; ' sin
2

xe x x x t x t



                                                 

123

123

6.3 45 90

0 90 45 90 180

135

45

45 LO

6.3

45

2

1 2



                                                 

124

124

m1
freq=
phase(a)=-135.1 deg

2.850GHz
m2
freq=
phase(b)=-45.01 deg

2.850GHz

m3
freq=
phase(c)=44.93 deg

2.850GHz
m4
freq=
phase(d)=135.0 deg

2.850GHz

2.0 2.5 3.0 3.51.5 4.0

-100

0

100

-200

200

freq, GHz

ph
as

e(
a)

, d
eg

m1ph
as

e(
b)

, d
eg

m2

ph
as

e(
c)

, d
eg

m3

ph
as

e(
d)

, d
eg

m4

6.4 

m9
time=
ts(I270)=4.207 V

105.3psec
m11
time=
ts(I270)=4.207 V

456.1psec
m10
time=
ts(Q315)=3.707 V

70.18psec
m12
time=
ts(Q315)=3.707 V

421.1psec

100 200 300 400 500 600 7000 800

3.2

3.4

3.6

3.8

4.0

4.2

3.0

4.4

time, psec

ts
(I

0)
, 

V
ts

(I
18

0)
, 

V
ts

(I
90

),
 V

ts
(I

27
0)

, 
V

m9 m11

ts
(Q

45
),

 V
ts

(Q
22

5)
, 

V
ts

(Q
13

5)
, 

V
ts

(Q
31

5)
, 

V

m10 m12

6.5 



                                                 

125

125

m2
freq=
dBm(IFI)=-7.669

400.0kHz

5 10 15 20 25 300 35

-200

-150

-100

-50

0

-250

50

freq, GHz

dB
m

(I
F

I)

m2

6.6 I

m4
freq=
dBm(IFQ)=-7.964

400.0kHz

5 10 15 20 25 300 35

-200

-150

-100

-50

0

-250

50

freq, GHz

dB
m

(I
F

Q
)

m4

6.7 Q



                                                 

126

126

m1
LO_power=
Conversion_Gain1=22.331

0.000

-25 -20 -15 -10 -5 0 5-30 10

-20

-10

0

10

20

-30

30

LO_power

C
on

ve
rs

io
n_

G
ai

n1

m1

6.8 I LO (RF=5.7004GHz; LO=2.85GHz) 

m3
LO_power=
Conversion_Gain2=22.036

0.000

-25 -20 -15 -10 -5 0 5-30 10

-20

-10

0

10

20

-30

30

LO_power

C
on

ve
rs

io
n_

G
ai

n2

m3

6.9 Q LO (RF=5.7004GHz; LO=2.85GHz) 



                                                 

127

127

m1
RF_power=
Conversion_Gain1=22.331

-30.000

-38 -36 -34 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12-40 -10

17

18

19

20

21

22

16

23

RF_power

C
on

ve
rs

io
n_

G
ai

n1

m1

6.10 I RF (RF=5.7004GHz; LO=2.85GHz) 

m3
RF_power=
Conversion_Gain2=22.036

-30.000

-38 -36 -34 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12-40 -10

17

18

19

20

21

22

16

23

RF_power

C
on

ve
rs

io
n_

G
ai

n2

m3

6.11 Q RF (RF=5.7004GHz; LO=2.85GHz) 



                                                 

128

128

m1
freq=
dB(S(1,1))=-27.105

5.700GHz

2 4 6 80 10

-30

-25

-35

-20

freq, GHz

dB
(S

(1
,1

)) m1

6.12 S11 



                                                 

129

129

6.13 Octet-Phases Subharmonic Mixer Die Photo(2 1mm2)
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6.1 Octet-Phases Subharmonic Mixer

Octet-Phases Subharmonic Mixer (GCT 2 m GaAs HBT) 

Simulation Measurement

DC Current 122.6mA@5V mA@5V 

Conversion Gain(I) 22.331@LO:0dBm dB@LO: dBm

Conversion Gain(Q) 22.036@LO:0dBm dB@LO: dBm 

Input P1dB -15dBm dBm

IIP3 -5dBm dBm

LO-IF Isolation N/A dB

LO-RF Isolation N/A dB

RF-IF Isolation 52dB dB

S11 -27dB dB
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TSMC 0.35um SiGe BiCMOS

5.2GHz

16dB 66dB  LO-IF

52dB  LO-RF 24dB RF-IF -21dBm P1dB

-11dBm IIP3 178.5mW (35.7mA@5V) 

LC 5.7GHz

-4dB

32dB  LO-IF 40dB  LO-RF 46dB IF-RF

-9.5dBm OP1dB -1.5dBm OIP3 15.18mW

(4.6mA@3.3V) 
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