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Abstract

                                              
In this thesis, we introduce some kinds of RF Gilbert mixers for 

WLAN’s application. For the coming age of system-on-chip, the 

hetero-dyne receiver doesn’t meet the needs for applications, so we 

discuss the image rejection methods by using complex mixers and 

complex filters for Low-IF receiver. Then, we also use the complex 

method to implement a single-sideband up-conversion mixer. 

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

mixers for 802.11a WLAN’s applications by using TMSC 0.18µm 1P6M 

CMOS and GCT 2.0 µm InGaP/GaAs HBT process. In the CMOS 

process which includes a micro-mixer with the LC current combiner, a 

single-sideband up-converter etc. Because the RF model of TSMC 

0.18µm 1P6M CMOS process has been stable and accurate, we get some 

measurement results match the ADS’s simulation. And, in the HBT 

process which includes a micro-mixer with integrated lumped-element 

rat-racing balun, a single quadrature down converter and a double 

quadrature down converter circuits.  
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( )Ix t '( )Qx t
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1 1( ) ( )cos[( ) ] cos( )
2 2
1 1( ) ( )cos[( ) ] cos( )
2 2

sig RF RF RF RFLO LO LO LO

im im im imRF LO LO LO LO

x t A A t A A t

x t A A t A A t
    (3.11) 

2 22

2 2 2

( )
( )

( ) 2 ( )cos
( ) 2 ( )cos

im im
output

sig sig

im LO LO LO LO

RF LO LO LO LO

P the average power of x t
P the average power of x t

A A A AA
A A A A A

                         (3.12) 

 Aim
2/ARF

2

(Image Rejection Ratio:IRR)

(3.12)Pim/Psig  Aim
2/ARF

2

1 2 cos
1 2 cos

IRR                                                                 (3.13) 

= 2 2( ) /LO LOA A (3.13) 3.5

IRR 3.5 40dB

0.2dB 10

3.5
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3.3  (Weaver Architecture) 

900 Phase Shift 

900 Phase Shift

3.6 ,

LO ( 2C ) LO 

( 1C )

3.7 2 12 2RFC C

LPF LPF BFP

0

0

0 0

0

0

0

0

1cos C t

1sin C t 2sin C t

2cos C t

1C

1C

1C

1C

1IF

1IF

1IF

1IF

2IF2IF

2IF 2IF

2IF2IF
1C1C

3.6  
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0 1C RF

0 2

2 12 C RF C

2 12 2C RF C

1RF C

0
1 2RF C C

3.7  

Hartley Weaver I/Q

IC

Hartley Weaver

3.4

3.4.1 

     3.1 LO

( )x t
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( )x t ( )z t

       ( ) ( ) ( )y t z t x t

( ) ( ) ( )Y j Z j X j                                                                  (3.14) 

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

r r r i i

i i r r i

y t z t x t z t x t

y t z t x t z t x t
                                                            (3.15) 

(3.15) 3.8

( )x t 3.8 3.2

( )rx t

( )ix t

( )ry t

( )iy t

( )rz t ( )iz t

3.8 

3.8 RF LO

( ) 3.9

( 3.2)

3.2 I/Q (Single 
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Quadrature Down-Convweter) 3.8 I/Q

(Double Quadrature Down-Converter)

3.9  (a)   (b)

3.4.2  

     

Impulse Response, ( )h t Transfer Function ( )H j

( )h t *( ) ( )H j H j
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( ) ( ) j ( )
( ) ( ) j ( )

r i

r i

h t h t h t

H H Hj j j
                                                                  (3.16) 

    *( ) ( )H j H j (3.16)

( ) ( ) ( )Y j H j X j                                                                           (3.17) 

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

r r r i i

i i r r i

H X H X

H X H X

Y j j j j j
Y j j j j j

                                              (3.18) 

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

r r r i i

i i r r i

y t h t x t h t x t

y t h t x t h t x t
                                                         (3.19) 

3.10 

RC 

( )rx t

( )ix t

( )ry t

( )iy t

( )rh t

( )ih t

( )ih t

( )rh t

3.10 
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     (Linear Frequency 

Transformation)

( )c
c

c

jj                                                                         (3.20) 

(Transfer Function) c

(complex band-pass filter)

Hilbert

cjj j                                                                                  (3.21) 

0 0

1 1
1 / 1 /lp bp

c
H j H j

j j j
                          (3.22) 

(3.22) 0 c 3.11a

(Pole) S- c 3.11b

( )H j

j

( )H j

j
c

(a)

c

(b)

3.11 
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(3.22)

0

0 0
2 2 2 2

0 0

, ,

1( )
1 /

1 / /
1 ( ) / 1 ( ) /

( ) ( )

bp
c

c

c c

bp r bp i

H j
j j

j
j

H j jH j

                               (3.23) 

(3.23)

- (Polyphase Filter)

3.4.3  RC-CR 

     RC-CR

(Band-pass Filter) 

(Band-stop Filter)

RC 3.12

3.13 Laplace

( )in o ov v sRC v                                                              (3.24)  

3.12  RC
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Hilbert 0ss j (3.24) 3.13a

0 3.13(a)(b)

0

3.13   RC

     0( )( )in o ov v s j RC v                                                           (3.25a) 

0 0
1 1( ) ( )in o o in ov v sC v j RCv j RCv
R R

                               (3.25b) 

0
1 1( ) ( ) , when 1in o o in ov v sC v jv jv RC
R R

                          (3.25c) 

inv I/Q ,in inv jv

KCL (3.25c) 3.14

in+V

in+jV

in-V

in-jV

o+V

o+jV

o-V

o-jV

ojV
R

in+V

in+V

in-V

o+V

o-V

3.14  
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0 0v

Pass-band

2

RC-CR 3.15

3.15a

(0º, 90º, 180º,270º) cos ct , sin ct , cos ct  , sin ct

, , ,in in in inv jv v jv

( cos sincj t
c ce t j t ) 3.15b (0º, 270º, 180º,90º ) 

cos ct , sin ct , cos ct  , sin ct , , ,in in in inv jv v jv

( cos sincj t
c ce t j t ) 3.15a

0º CR

90º RC

3.16 0 1/ RC

45º(+45º) 45º (-45º) 0º

45º 45º 90º 45º 45º

3.15b 0º 270º 

0º 45º 270º 45º

225º 180º
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0V

90V

180V

270V

' 0 45V
' 90 45V

'2 45V

0
1.input freq

RC

0V

90V

180V

270V
' 0 45V

' 270 45V
0

0
1.input freq

RC

3.15 RC-CR  (a)  (b)

0

00

0

( )A dB

0

0
0

0

( )A dB

045
04 5

09 0

09 0

3.16 RC 

        

RC

3.17 RC-CR

0 1/ RC
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inI

inI

inQ

inQ

outI

outQ

outQ

outI

3.17  RC-CR 

3.5 

3.18

(SSB) SSB

cos cos sin sin cos( )IF LO IF LO IF LOt t t t t                                            (3.26) 

sin cos cos sin sin( )IF LO IF LO IF LOt t t t t                                           (3.27) 

cosr LOc t t

sini LOc t t

cos IF t

sin IFt

cos( )IF LO t

cosr LOc t t

sini LOc t t

cos IFt

sin IFt

sin( )IF LO t

3.18
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    I/Q 3.18

sin sin (1 )cos cos( )

[1 (1 )cos ]cos( )
2

(1 )sin sin( )
2

[ 1 (1 )cos ]cos( )
2

(1 )sin sin( )
2

out o IF LO o IF LO

o
IF LO

o
LO IF

o
IF LO

o
LO IF

V V t t V t t

V
t

V
t

V
t

V
t

                            (3.27) 

ULB( IF LO ) LSB( IF LO )

( )

( )

1 (1 )cos
1 (1 ) cos

LO IF

LO IF

P

P
                                                       (3.28) 

30dB (Sideband Rejection )

3.18 3.8
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802.11a WLAN

4.1

FCC(Federal Communication 

Commission) 5GHz 300MHz U-NII (Unlicensed National 

Information Infrastructure) U-NII

4.1 

5.15~5.35GHz 5.725~5.825GHz  ERC (European Radio 

Communication Committee) 5GHz 455MHz 

ETSI (European Telecommunications Standards Institute)

HIPERLAN/2



                                                 

51

51

IEEE 802.11a

(Orthogonal Frequency Division Multiplexing: OFDM) 

6Mbps~54Mbps

200MHz 8 20MHz 100MHz 

4 20MHz (Channel) 52 

(Sub-Carrier) 48 4

0.3125MHz

Indoor Outdoor

4.1  IEEE 802.11a

20 MHz

4.2  IEEE 802.11a 

4.2

(Conversion Gain)
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(Port-to-Port 

Isolation)

.

(Unbalanced) 

(Single-Balanced Mixer) (Double-Balanced Mixer)

(Nonlinearity-Based Mixer )

(Multiplier-based Mixers)

4.2.1

4.3

0
( ) ( )

N
n

out in n in
n

V f V V                                                        (4.1) 

inV
outV( )inf V

4.3

RF LO inV

outV N

RF LOm n  m n=0, 1, 2,....                                     (4.2)

: (DC Term)

(Harmonics) (Inter-Modulation Products) (m,n)
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(1,-1) (1,1)

   

IF

RF LO IF

RF LO

LO LO RF

 LO-RF LO-IF

4.2.2 

4.4 RF

(Transconductance Amplifier) LO

(Switching Pair) RF

LO

(RF,LO,IF)
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( ) ( ) ( )IF RFV t s t V t( )s t

t

4.4 

4.2.2.1 

RF

ECP (Emitter Couple Pair) 4.5

RF ( ) cosRF RF RFV t v t (Driver Stage) M1

cosRF DC M RF RFi I G v t                                                         (4.3)  

LO

, sgn[cos )]IF Diff RF LOi i t                                                                         (4.4) 

sgn[cos )]LOt

,
2 2( cos ) [ cos cos3 ...]

3IF Diff DC M RF RF LO LOi I G v t t t                       (4.5) 

        2 1 1cos cos( ) cos( )DC LO M RF RF LO M RF RF LOI t G v t G v t     (4.6) 

(4.6) LO-to-IF (Feed-through)( 2 cosDC LOI t )

RF-to-IF
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,
1{ sgn[cos )]}
2IF Diff RF LOi i t                                                                 (4.7) 

sgn[cos )]LOt

,
1 2 2( cos ) [ cos cos3 ...]
2 3IF Sing DC M RF RF LO LOi I G v t t t                  (4.8) 

1 2cos cos
2 2
1 1cos( ) cos( )

DC
RF M RF DC LO

M RF RF LO M RF RF LO

I
v G t I t

G v t G v t
                                 (4.9) 

(4.9) LO-to-IF ( 2 cosDC LOI t ) RF-to-IF

( 1 cos
2 RF M RFv G t ) RF LO

RF LO ;

RF LO LO

( )s t

t

( )s t

4.5 

IF LO
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4.2.2.2 

4.6

(Gilbert Mixer) RF LO

4.6 

RF ( ) cosRF RF RFV t v t M1 M2

1 cosRF DC M RF RFi I G v t                                                                    (4.10) 

2 cosRF DC M RF RFi I G v t                                                                   (4.11)       

M3 M4 M5 M6

1 1
1 1[ sgn(cos )]
2 2OUT RF LOi i t                                                           (4.12) 

2 1
1 1[ sgn(cos )]
2 2OUT RF LOi i t                                                          (4.13)  

3 2
1 1[ sgn(cos )]
2 2OUT RF LOi i t                                                          (4.14)  
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4 2
1 1[ sgn(cos )]
2 2OUT RF LOi i t                                                          (4.15) 

4.6 IF

, 1 3 2 4

1 2 3 4

1 2

1 2

( ) ( )

( ) ( )
[sgn(cos )] [sgn(cos )]

( )[sgn(cos )]

IF Diff IF IF OUT OUT OUT OUT

OUT OUT OUT OUT

RF LO RF LO

RF RF LO

i i i i i i i

i i i i

i t i t

i i t

                                    (4.16) 

(4.10) (4.11) sgn[cos )]LOt

, 2 cos [sgn(cos )]
2 22 cos [ cos cos3 ...]

3
2 [cos( ) cos( ) ...]

IF Diff M RF RF LO

M RF RF LO LO

M RF RF LO RF LO

i G v t t

G v t t t

G v t t

                         (4.17) 

IF

,
2 cos( )IF Diff M RF RF LOv G v R t                                                      (4.18) 

    CG= 2
MG R                                                                                   (4.19) 

(4.17) LO-to-IF RF-to-IF

IF

, 1 1 2 2IF Sing RF OUT RF OUTv i i i i R

1 3
1 1 1 1[ sgn(cos )] [ sgn(cos )]
2 2 2 2RF LO RF LOi t i t R
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1 1 1[ cos ] [ cos cos3 ...]
2 3
1 1 1[ cos ] [ cos cos3 ...]
2 3

1 [cos( ) cos( ) ...]

DC M RF RF LO LO

DC M RF RF LO LO

DC M RF RF LO RF LO

I G v t t t R

I G v t t t R

I R G R v t t

       (4.20) 

(4.20) LO-to-IF RF-to-IF DCI

(2.2)

SSB DSB

4.7 SSB DSB

4.7 (Input-Referred 

Noise Power) 2 DSB DSBN

SN [22] 

2(1 ) 2(1 ) 2DSB DSB
SSB DSB

S S

N N
NF NF

N N
                     (4.21) 

DSB SN N SSBNF DSBNF  3dB

4.7 (a) SSB (b) DSB 
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4.3
4.3.1  CMOS 5.2GHz

1.8 5.2GHz CMOS

4.8 (Current Combiner) RF

, (Up-conversion)

Balun balun 

RF 

AC 4.9

4.10 L C

   4.8 CMOS 5.2GHz
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1i
1C

1L 2L
2i

4.9 AC

1 1V j L I

1
2L C

1 1 1
"
1

2
12 *2I j C L C I IV

1I 2I

2I"
1 1I I

1when
2L C

"
1 1I I

1
2L C

2I

1 2I I I

C

L L

L 2C 2C

L

L

2C

L

2CL2C

2I2I

2I 2I

1 1V j L I

"
1 1I I

4.10 

Step 1: 

Step 2: 

1 1V j LI

Step 3: 

  LC 1
2L C

Step 4: 
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Norton Equivalent Circuit    

" 2 21
1 1 12 when  2 11

2

I j LV
I I L C I L C

Z
j C

Step 5 6: 

LC

LC RF
TSMC 4.11 N=2.5

5GHz Q ( 11) Q
Q 15GHz

4.11

TSMC MIM 4.12

4.12 MIM
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 Gilbert 4.6 -

LO Gilbert Cell

4.6

L-Type L-Type

IC hybrid Balun

-

4.13 [23] M1 M2 M3 Single to Differential

,M2 (CS) m IFg V M2 M3 (Current 

Mirror) M3 (CG) m IFg V IF

M3(CG) M2(CS) 1
mg R1 R2

,

1 31/ 50 1/ 50

1/ 50 / 2
50

in m m

m

R g g

g                                                                                    (4.21) 

L-type IC

m ing V m ing V

4.13 Balun 
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NDL On-Wafer

4.14~19

6GHz -15dB

LC 5GHz -15dB

5.2GHz IF=300Mhz LO=4.9GHz

-9dB 4-6dB LO

0dbm IP1dB=-5dBm OP1dB 4dB

LO-RF Isolation 24dB LO-RF Isolation 27dB DC Power

4.68mW (2.6mA @ 1.8V )

--- ---

4.14  (S11:IF  S22:RF )
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4.15  (LO:4.9 GHz IF:300 MHz ,-20dBm) 
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 4.16  P1dB ( LO:4.9 GHz,0dBm  IF:300 MHz) 
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4.17 IM3 ( LO:4.9 GHz,0dBm  IF:300 MHz) 

-25 -20 -15 -10 -5 0 5
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Simulation
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4.18 LO-RF 
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20

22

24

26

28

30

32

34

LO
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4.19 LO-IF

4.80 4.85 4.90 4.95 5.00

16
18
20
22
24
26
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30
32
34
36
38
40

LO
-R

F 
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at
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n

LO Frequency (GHz)

Simulation
Measurement

4.20 Die Micro-photo(0.92*0.96 mm2)

DC Bias 

RF Output

LO Input 
IF Output 
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 4-1 CMOS Micro-Mixer

5.2GHz Micro-Mixer (TSMC 0.18µm CMOS)

 Simulation Measurement 

DC Current 2.6 mA@1.8V 2.6 mA @ 1.8V 

Conversion Gain -5 dB@LO:0dBm -9 dB@LO:0dBm 
Input P1dB -6 dBm -5 dBm 

IIP3 1 dBm -2.5dBm 

LO-RF Isolation > 31 dB > 24 dB 

LO-IF Isolation > 27dB > 27 dB 

Input Return Loss > -16dB > -15dB 

Output Return Loss > -40dB > -15dB 

-- --

     / P1dB OIP3 

LO-IF & LO-IF Balun 

model (Substrate Coupling) 

LC LC
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4.3.2 

GaAs

GaAs

LO (Lumped-Element) Rat-Race

RF

- (Common-Collector Common 

Collector)

4.21

4.21  Rat-Race
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              LO Balun

Tee-Network

N e tw o rk  Rat-Race Rat-Race 

4.22 [24] S 4.23

4.22 Rat-Race 

4.23 Rat-Race S ( +/-15%  )  
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         4.23 +/- 15%

4.10

CC-CC

4.24 AC

(RL=500 Ohm) 4.25 5GHz RF

4.24 CC-CC

4.25 CC-CC

    4.26 4.13

Q4 DC
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C (Q2) Miller 

m ing V m ing V

4.26  

--- --- 

4.27 RF  (LO:4.9GHz,-5dBm IF :300MHz,-20dBm) 

4.28   (LO:4.9 GHz IF:300MHz -20dBm) 
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4.29  vs. IF  (LO:4.9GHz,-5dBm IF:-20dBm ) 

4.30  P1dB (LO:4.9GHz,-5dBm IF:300MHz ) 

4.31  IM3 (LO:4.9GHz,-5dBm IF:300 & 301MHz,-20dBm ) 



                                                 

73

73

-- --
4.32  RF     
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4.33   (LO:4.9GHz IF:300MHz,-31.5dBm)
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4.34  RF (LO:4.9 GHz IF:0.01~1.1GHz,-31.5dBm)  
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2 LO:4.9 GHz -3.7dBm IF:-31.5 dBm
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4.35 P1dB  (LO:4.9 GHz  -3.7dBm IF:300MHz USB:5.2GHz LSB:4.6GHz ) 
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-10 LO:4.9GHz -3.7dBm IF:300 MHz

R
F 

O
ut

pu
t P

ow
er

(d
B

m
)

IF Input Power(dBm)

 USB 5.2 GHz
 LSB 4.6 GHz
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4.36 IM3 ( Input IF Power=-20dbm) 

         

4.37 Die Microphoto (1*1 mm2)

IF Input 

LO Input 

DC Bias 

RF Output 
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4.2 Rat-Race

5.2GHz Micro-Mixer with Lumped-Rat Race (GCT  2µm HBT)

 Simulation Measurement 

DC Current 6.1mA@5V 6.5mA @5V 

Conversion Gain 6.5 dB@LO:-5dBm 1dB @LO:-8dBm 

Input P1dB -16.5 dBm -11 dBm 

LO-RF Isolation >45dB 38 dB 

LO-IF Isolation >60 dB N/A 

Input Return Loss <-18 dB N/A 

Output Return Loss <-10 dB <-15dB 

-- —

Balun

CC-CC RF CC-

CC

RF USB  LSB 4dB

USB LO-RF

38dB LO Rat-Racing Balun 

4.4   

4.4.1  CMOS 
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2.18

Q

I/Q 4.38 (Single 

Sideband) (Sibeband)

Q

2cos t

121

121

090 shifter

1cos t

1sin t

1 21 2
2

4.38 

3.18

4.39

4.39 
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   4.26 4.40

4.40 

-- --

4.41 RF (IF:300MHz LO:4.9GHz USB:5.2GHz LSB:4.9GHz) 

4.42 USB LSB vs. IF 
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4.43 SSB  Micro-Photo 

4.5

5GHz

802.11a 5GHz

RC-CR 

4.5.1 InGaP/GaAs HBT

4.44

RF Output LO Input 

DC Bias 

IF I/Q Input 
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RF LO LO

4.44

4.44(a) RF

RF sin RFt   (4.22) 

LO

cos , cos
sin , sin

LO LO

LO LO

I t I t
Q t Q t

 (4.23) 

Image sin imt                                                             (4.24) 

imRF IFLO LO        

RF

 Vout_I+, Vout_Q–, Vout_I–, Vout_Q+ [6] 
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)
1 ( cos )
2

sin( sin

cos(2
IFLO LO

IF IFLO t

t t

t 1 cos
2

)
1 ( sin )
2

sin( cos

sin(2

IF

IFLO LO

IF IFLO t

t

t t

t 1 sin
2 IFt

4.3 RF LO

RF

4.45 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

4.3 SQDC

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

(Low-pass) 

 Vout_ I+ 1 cos
2 IFt Vout_ I+ 1 cos

2 IFt

 Vout_Q– 1 sin
2 IFt Vout_Q– 1 sin

2 IFt

 Vout_I– 1 cos
2 IFt  Vout_I– 1 cos

2 IFt

  Vout_Q+ 1 sin
2 IFt  Vout_Q+ 1 sin

2 IFt
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82

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

4.45 

RC-CR 

802.11a 20MHz

20~40MHz RC-CR

4.46

 20~40 

MHz  fmax/fmin 2

60dB RC-CR

4.46 RC-CR 
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Step 1)

Step 2)

Step 3)

Step 4)

Step 5)

    

30MHz 20Mhz 4.47 .

4.47  RC-CR
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4.48

c (0º, 90º, 180º,270º) cos ct , sin ct ,

cos ct  , sin ct

( cos sincj t
c ce t j t ) (0º, 270º, 180º,90º ) 

cos ct , sin ct , cos ct  , sin ct

( cos sincj t
c ce t j t )

cos IFt , sin IFt , cos IFt  , sin IFt ;

 cos( ) cosIF IFt t , sin( )IFt  sin IFt ,

cos( ) cosIF IFt t  and sin( ) sinIF IFt t

LO I/Q RC-CR

00

0180 0180

00

090

02701
2

3
4

1

1

2

2

3

3 4

4

+

4.48  
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4.49

4.50

   

4.50  

Q6

Vbias1 Vbias1

LO+

LO-

Qsf1

Q3

R1

Vbias1 Vbias1

LO-

R2

Vbias2

Q3

Vbias2

2Q

1Q
inRF
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    (Cascode) 4.51

4.52

[21]

2Q

1Q
inRF

outRF

4.51  

4.52  

3 4 5 6 7 8
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0 Bias:Vb1=1.36V,Vb2=5.0V

 Measurement Data
 Simulation Data

N
F(

dB
)

Frequency(GHz)

4.0 4.5 5.0 5.5 6.0 6.5 7.0
7

8

9

10

11

12

13

14

15

16

 Measurement_S21
 Simualtion_S21

S2
1(

dB
)

Frequency(GHz)
4.0 4.5 5.0 5.5 6.0 6.5 7.0

-20

-18

-16

-14

-12

-10

-8

-6

 Simulation_S11
 Measurement_S11

S1
1(

dB
)

Frequency(GHz)

4.0 4.5 5.0 5.5 6.0 6.5 7.0
-18

-16

-14

-12

-10

-8

-6

-4

-2

0

 Simulation_S22
 Measurement_S22

S2
2(

dB
)

Frequency(GHz)



                                                 

87

87

InGaP/GaAs HBT 4.3.2

RC Loading

4.53

4.53 

 [21]

S

HB
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4.54 (RF=5.2 GHz Image=5.14 GHz  LO=5.17 GHz) 

4.55 vs. IF 

4.56 P1dB(RF:5.2GHz LO:5.17GHz) 
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4.57  IM3 (RF:5.2GHz LO:5.17GHz) 

4.4 LNA+SQDC 

LNA+Single Quadrature Down-Converter (GCT  2 m HBT) 

Simulation Measurement

DC Current 13mA@5V 14mA@5V(SQDC) 
 10.5mA @3.4V(LNA)

Conversion Gain 15dB@LO:-5dBm 3dB@LO:-5dBm

Input P1dB -12 dBm -20dBm

IIP3 -9 dBm -15.6dBm

Image Rejection >50 dB 25dB

LO-RF Isolation > 60 dB N/A

LO-IF Isolation > 30 dB N/A

S11/S22 -19/-9 dB -14dB/-15dB
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4.58 

4.59

4.60 

2 3 4 5 6
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4.61  
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4.62 SQDC Micro-Photo(1.5*2mm2)

4.5.2 InGaP/GaAs HBT

            802.11a

RF 5.2 GHz 20MHz LO 5.17GHz

IF 30MHz 20MHz

RC-

CR LO RF RF

4.63 RF

Rat-Race

3.8a RF

60dB

RF Input 

LO Input 

IF Input 

DC Bias 
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3%

0.1%

Quadrature
Generator

Polyphase
Filter

Polyphase
Filter

Quadrature
Generator

RF+

RF-

LO+ LO-

RF_I+

RF_I-

RF_Q+

RF_Q-

LO_I+ LO_I-
LO_Q+ LO_Q-

IF

II+

II-

IQ+

IQ-

QQ+

QQ-

QI+

QI-

RF

4.63 

        4.64 RC-CR 

RF LO 4.47 4.49

4.64  
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RF Gilbert

DC Bias RC-CR 

Rat-Race

5.65 CB 

4.63

RF
cos , cos
sin , sin

RF RF

RF RF

I t I t
Q t Q t

  (4.25) 

LO
cos , cos
sin , sin

LO LO

LO LO

I t I t
Q t Q t

(4.26) 

Image
cos , cos
sin , sin

im im

im im

I t I t
Q t Q t

                                     (4.27) 

imRF IFLO LO
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RF

 Vout_II+, Vout_IQ–, Vout_II–,Vout_IQ+,  Vout_QQ+, 

Vout_QI+, Vout_QQ–, Vout_QI–.  4.5 RF

LO RF

4.5 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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4.66 IRR(RF:5.2GHz LO:5.17GHz Image:5.14 GHz) 

4.67 (RF:5.2GHz LO:5.17GHz) 

4.68 P1dB  (RF:5.2GHz LO:5.17GHz) 
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4.69 IM3 (RF:5.200&5.201GHz LO:5.17GHz)

4.70 RF 
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4.71 DQDC Layout (2.5*2 mm2)

4.6 DQDC 

Double Quadrature Down-Converter (GCT  
2µm HBT) 

Simulation 

DC Current 35.2mA@ 5V 

Conversion Gain 10 dB@ LO:-5dbm 

P1dB -18 dBm 

IIP3/OIP3 -7.8dBm/0.3 dBm 

Image Rejection >70 dB 

LO-RF Isolation >40 dB 

LO-IF Isolation >60 dB 

Input Return Loss -8 dB 

RF Input 

LO Input 

IF Output 

DC Bias 
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70dB



                                                                                                                

 100 

100

-

TSMC 0.18um CMOS

-9dB -5dBm P1dB -2.5dBm IIP3 4.68mW 

(2.6mA@1.8V) 

20dB

GCT  2.0um HBT Rat-Racing Balun

1dB -11dBm

P1dB -10 dBm IIP3 32.5mW (6.5mA@ 5V)

50dB

Rat-

Racing Balun 70dB
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