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Introduction

• A MMIC two bit phase 
shifter was designed, 
simulated and laid out 
on a 60 mil x60 mil 
GaAs substrate.

• The circuit will be 
fabricated by TriQint. 
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Design Philosophy
• The topology of the design was set such that there was a 

relative phase shift through the net work when compared to 
the zero or though path.  The phase shifter consist of three 
sections.

– Control
– 90 degree shift
– 180 degree shift

• The control section consist of circuitry to convert positive 5 volt 
control voltage to the appropriate voltages to the phase 
switches.

• The 90 and 180 degree shift secitions are the same except for 
the amount of phase shift provided by each section.

• Each phase shift section consists of a positive phase network 
and a negative phase network.  

• The through path passes through the positive phase network 
of each sectin.

• Lets walk though the 90 degree phase section.
• The 90 degree phase shift section consists of a positive 45 

deg. phase shift network and a negative 45 deg. phase shift 
network. If the through path is set through the positive phase 
shift network.  There will be a 90 degree relative phase when 
the path switches, from the +45 degree network to the -45 
degree network.

• With the above described topology, the phase of the through 
path is arbitrary and is not important for the relative phase 
shift.

• The 180 degree phase shift is achieved the same way but 
using +/-90degree networks 
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Design Philosophy
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Design Philosophy
• Emode transistor were 

used to take advantage of 
the positive gate bias
– Can use single positive 

supply
• Dmode transistor were 

used to convert +5V to 
the desired gate voltage
– Smaller than resistors
– Save space in voltage 

dividers.
– FET sized to provide:

• 2mA for 45/90 bit
• 4mA for +5V bias
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Logic Table
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Simulation/Layout
• The phase shifter was first developed with ideal 

components
• TriQuint components were then substituted and retuned
• The components were then inserted into the layout, 

positioned and interconnects added
• The interconnects of the critical paths were simulated 

using microstrip elements in the schematic.
• Critical interconnects consist of:

– Connections between switches, capacitors and inductors of the 
phase shift elements.

• Interconnect between the 90 degree phase shift section, 
180 degree section and pads were not simulated since 
those paths do not affect the relative phase shift.
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Two Bit Phase Shifter Schematic 
with Interconnects
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Two Bit Phase Shifter
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SRC2
Vdc=VGS_45 V

-4.02 mA
V_DC
SRC4
Vdc=5 V

4.02 mA 0 A

-20.2 fA

tqped_phss
Q13

Ng=2
W=10 um

1.03 uA
tqped_res
R51

w=5 um
R=1 kOhm

1.03 uA

tqped_res
R52

w=5 um
R=1 kOhm

17.3 fA tqped_res
R48

w=5 um
R=1 kOhm

759 nA

tqped_res
R50

w=5 um
R=1 kOhm

2.12 mA tqped_res
R42

w=5 um
R=450 Ohm

950 uA
tqped_res
R44

w=5 um
R=1 kOhm

2.01 mA
tqped_res
R47

w=5 um
R=500 Ohm

0 A
tqped_cap
C35
c=10 pF

0 A
tqped_cap
C24
c=2.55 pF

0 A
tqped_cap
C25
c=2.55 pF

0 A
MLIN
TL5

L=17.9 um
W=20 um
Subst="metal_1"

-45

+45

-90

+90
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Neg 45 Degree Shift

90_shift

GND3

Phase_out1

Pos 45 Degree Shift

tqped_pad
P3

Term
Term1

Z=50 Ohm
Num=1

tqped_res
R53

w=5 um
R=1 kOhm

MLIN
TL8

L=70 um
W=10 um

MLIN
TL9

L=100 um
W=10 um

tqped_cap
C29
c=.51 pF

MLIN
TL2

L=53.3 um
W=10 um

MLIN
TL1

L=53.3 um
W=10 um

MLIN
TL3

L=67.7 um
W=10 um

MLIN
TL4

L=67.7 um
W=10 um

tqped_mrind
L15

l2=157 um
l1=240 um
n=13

MLIN
TL10

L=184.5 um
W=20 um

tqped_svia
V5

MLIN
TL11

L=94 um
W=22 um

tqped_cap
C28
c=.51 pF

MLIN
TL7

L=25.5 um
W=10 um

MLIN
TL6

L=70 um
W=10 um

tqped_ehss
Q2

Ng=6
W=50 um

tqped_mrind
L10

l2=272 um
l1=284 um
n=21

tqped_ehss
Q1

Ng=6
W=50 um

tqped_ehss
Q3

Ng=6
W=50 um

tqped_ehss
Q5

Ng=6
W=50 um

tqped_ehss
Q4

Ng=6
W=50 um

tqped_svia
V7

tqped_svia
V10

tqped_res
R51

w=5 um
R=1 kOhm

tqped_res
R52

w=5 um
R=1 kOhm

tqped_res
R48

w=5 um
R=1 kOhm

tqped_res
R50

w=5 um
R=1 kOhm

tqped_cap
C35
c=10 pF

tqped_cap
C24
c=2.55 pF

tqped_cap
C25
c=2.55 pF

tqped_res
R49

w=5 um
R=1 kOhm tqped_svia

V1

MLIN
TL5

L=17.9 um
W=20 um
Subst="metal_1"

90 Degree Phase Shift
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Phase_out1

180_shift

GND3

Neg 90 Degree Shift
GROUND_90

Pos 90 Degree Shift

tqped_cap
C33

w=46 um
c=1.25 pF

tqped_cap
C32

w=46 um
c=1.25 pF

tqped_mrind
L14

l2=237 um
l1=231 um
n=16

MLIN
TL14

L=32 um
W=10 um

tqped_cap
C30
c=1.38 pF

tqped_cap
C31
c=1.38 pF

tqped_mrind
L13

l2=220 um
l1=219 um
n=18

tqped_res
R56

w=5 um
R=1 kOhm

tqped_svia
V19

MLIN
TL13

L=40 um
W=20 um

MLIN
TL17

L=17 um
W=20 um

MLIN
TL16

L=62.5 um
W=10 um

MLIN
TL15

L=32 um
W=10 um

MLIN
TL12

L=40 um
W=20 um

tqped_res
R54

w=5 um
R=1 kOhm

tqped_res
R55

w=5 um
R=1 kOhm

tqped_res
R57

w=5 um
R=1 kOhm

tqped_res
R60

w=5 um
R=1 kOhm

tqped_svia
V17

tqped_ehss
Q10

Ng=6
W=50 um

tqped_ehss
Q9

Ng=6
W=50 um

tqped_ehss
Q7

Ng=6
W=50 um

tqped_svia
V21

MLIN
TL23

L=140 um
W=40 um

MLIN
TL22

L=33 um
W=40 um

Term
Term2

Z=50 Ohm
Num=2

tqped_ehss
Q6

Ng=6
W=50 um

tqped_ehss
Q8

Ng=6
W=50 um

tqped_pad
P4

tqped_res
R59

w=5 um
R=1 kOhm

tqped_cap
C34
c=6 pF

MLIN
TL19

L=50 um
W=10 um

MLIN
TL21

L=30 um
W=10 um

MLIN
TL20

L=50 um
W=10 um

MLIN
TL18

L=50 um
W=10 um

180 Degree Phase Shift
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DC Switch Bias

Zero Degrees/Ref
1.50 V

1.50 V
1.50 V
1.50 V

Ground

0 V

0 V 0 V

5 V

5 V

5 V

86.1 mV

86.1 mV

80.7 uV
Ground

1.42 V

1.65 V
Pos5_supply

24.9 uV
90_shift

3.67 mA

tqped_svia
V7

0 A

tqped_pad
P1

0 A

tqped_pad
P2

0 A

MLIN
TL1

L=53.3 um
W=10 um

0 A

-86.0 uA

86.0 uA

tqped_ehss
Q1

Ng=6
W=50 um

1.71 nA

-1.71 nA

-207 fA

tqped_ehss
Q5

Ng=6
W=50 um

-112 nA

0 A

1.83 aA

tqped_phss
Q11

Ng=2
W=5 um

112 nA

V_DC
SRC2
Vdc=VGS_45 V

-3.97 mA
V_DC
SRC4
Vdc=5 V

3.97 mA 0 A

-20.1 fA

tqped_phss
Q13

Ng=2
W=10 um

86.0 uA tqped_res
R48

w=5 um
R=1 kOhm

3.67 mA tqped_res
R42

w=5 um
R=450 Ohm

150 uA

tqped_res
R44

w=5 um
R=1 kOhm

-112 nA

tqped_res
R47

w=5 um
R=500 Ohm

GROUND_90

0 V0 V

0 V

583 nV

583 nV
583 nV

583 nV583 nV
583 nV
180_shift

1.50 V
1.50 V

1.50 V 1.50 V

1.65 V
Pos5_supply

128 m

128 mV
Phase_out1

128 m

1.44 V

86.0 uA

tqped_svia
V17

-2.62 nA

tqped_res
R62

w=5 um
R=500 Ohm

2.62 nA

V_DC
SRC6
Vdc=VGS_90 V

0 A

tqped_pad
P5

-2.62 nA

0 A

0 A

tqped_phss
Q12

Ng=2
W=5 um

150 uA

tqped_res
R60

w=5 um
R=1 kOhm

1.72 nA

-1.72 nA

-207 fA

tqped_ehss
Q10

Ng=6
W=50 um

64.1 uA

tqped_res
R57

w=5 um
R=1 kOhm

0 A

-64.1 

64.1 uA

tqped_ehss
Q9

Ng=6
W=50 um

0 A

MLIN
TL13

L=40 um
W=20 um

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift
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DC Switch Bias

90 Degrees
5.00 mV

5.00 mV
5.00 mV
5.00 mV

132 uV
Ground

5 V

5 V 5 V

5 V

5 V

5 V

6.73 mV

6.73 mV

132 uV
Ground

5.00 mV

1.24 V
Pos5_supply

1.00 V
90_shift

5.98 mA

tqped_svia
V7

0 A

tqped_pad
P1

0 A

tqped_pad
P2

0 A

MLIN
TL1

L=53.3 um
W=10 um

0 A

10.2 fA

-10.2 fA

tqped_ehss
Q1

Ng=6
W=50 um

1.23 mA

-1.23 mA

751 nA

tqped_ehss
Q5

Ng=6
W=50 um

2.01 mA

0 A

-10.1 fA

tqped_phss
Q11

Ng=2
W=5 um

-2.01 mA

V_DC
SRC2
Vdc=VGS_45 V

-4.00 mA
V_DC
SRC4
Vdc=5 V

4.00 mA 0 A

-20.1 fA

tqped_phss
Q13

Ng=2
W=10 um

-10.2 fA tqped_res
R48

w=5 um
R=1 kOhm

2.75 mA tqped_res
R42

w=5 um
R=450 Ohm

1.23 mA

tqped_res
R44

w=5 um
R=1 kOhm

2.01 mA

tqped_res
R47

w=5 um
R=500 Ohm

252 nV
GROUND_90

0 V0 V

0 V

77.6 nV
180_shift

1.21 V
1.21 V

1.21 V 1.21 V

1.24 V
Pos5_supply

6.81 m

6.78 mV
Phase_out1

6.81 m

1.20 V

11.4 uA

tqped_svia
V17

-348 pA

tqped_res
R62

w=5 um
R=500 Ohm

348 pA

V_DC
SRC6
Vdc=VGS_90 V

0 A

tqped_pad
P5

-348 pA

0 A

0 A

tqped_phss
Q12

Ng=2
W=5 um

23.6 uA

tqped_res
R60

w=5 um
R=1 kOhm

1.55 nA

-1.55 nA

-207 fA

tqped_ehss
Q10

Ng=6
W=50 um

12.1 uA

tqped_res
R57

w=5 um
R=1 kOhm

0 A

-12.1 

12.1 uA

tqped_ehss
Q9

Ng=6
W=50 um

0 A

MLIN
TL13

L=40 um
W=20 um

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift
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DC Switch Bias

180 Degrees
1.21 V

1.21 V
1.21 V
1.21 V

60.4 uV
Ground

0 V

0 V 0 V

5 V

5 V

5 V

11.5 mV

11.5 mV

60.4 uV
Ground

1.20 V

1.24 V
Pos5_supply

18.6 uV
90_shift

2.75 mA

tqped_svia
V7

0 A

tqped_pad
P1

0 A

tqped_pad
P2

-14.2 fA

MLIN
TL1

L=53.3 um
W=10 um

0 A

-11.4 uA

11.4 uA

tqped_ehss
Q1

Ng=6
W=50 um

1.55 nA

-1.55 nA

-207 fA

tqped_ehss
Q5

Ng=6
W=50 um

-83.6 nA

0 A

1.37 aA

tqped_phss
Q11

Ng=2
W=5 um

83.6 nA

V_DC
SRC2
Vdc=VGS_45 V

-4.00 mA
V_DC
SRC4
Vdc=5 V

4.00 mA 0 A

-20.1 fA

tqped_phss
Q13

Ng=2
W=10 um

11.4 uA tqped_res
R48

w=5 um
R=1 kOhm

2.75 mA tqped_res
R42

w=5 um
R=450 Ohm

23.5 uA

tqped_res
R44

w=5 um
R=1 kOhm

-83.6 nA

tqped_res
R47

w=5 um
R=500 Ohm

71.4 uV

71.4 uV
GROUND_90 71.4 uV

5 V5 V

5 V

1.00 V

1.00 V
1.00 V

1.00 V1.00 V
1.00 V
180_shift

4.94 mV
4.94 mV

4.94 mV 4.94 mV

1.24 V
Pos5_supply

6.81 m

6.81 mV
Phase_out1

6.81 m

4.94 mV

3.24 mA

tqped_svia
V17

2.01 mA

tqped_res
R62

w=5 um
R=500 Ohm

-2.01 mA

V_DC
SRC6
Vdc=VGS_90 V

0 A

tqped_pad
P5

2.01 mA

0 A

-10.1 fA

tqped_phss
Q12

Ng=2
W=5 um

1.23 mA

tqped_res
R60

w=5 um
R=1 kOhm

1.23 mA

-1.23 mA

751 nA

tqped_ehss
Q10

Ng=6
W=50 um

-11.0 fA

tqped_res
R57

w=5 um
R=1 kOhm

0 A

11.0 f

-11.0 fA

tqped_ehss
Q9

Ng=6
W=50 um

0 A

MLIN
TL13

L=40 um
W=20 um

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift



JHU December 4, 2006 MMIC Two Bit Phase Shifter 
David J. Wendland

15

DC Switch Bias

270 Degrees
3.87 mV

3.87 mV
3.87 mV
3.87 mV

112 uV
Ground

5 V

5 V 5 V

5 V

5 V

5 V

1.03 mV

1.03 mV

112 uV
Ground

3.87 mV

954 mV
Pos5_supply

1.00 V
90_shift

5.07 mA

tqped_svia
V7

0 A

tqped_pad
P1

0 A

tqped_pad
P2

0 A

MLIN
TL1

L=53.3 um
W=10 um

0 A

-17.3 fA

17.3 fA

tqped_ehss
Q1

Ng=6
W=50 um

950 uA

-950 uA

757 nA

tqped_ehss
Q5

Ng=6
W=50 um

2.01 mA

0 A

-10.1 fA

tqped_phss
Q11

Ng=2
W=5 um

-2.01 mA

V_DC
SRC2
Vdc=VGS_45 V

-4.02 mA
V_DC
SRC4
Vdc=5 V

4.02 mA 0 A

-20.2 fA

tqped_phss
Q13

Ng=2
W=10 um

17.3 fA tqped_res
R48

w=5 um
R=1 kOhm

2.12 mA tqped_res
R42

w=5 um
R=450 Ohm

950 uA

tqped_res
R44

w=5 um
R=1 kOhm

2.01 mA

tqped_res
R47

w=5 um
R=500 Ohm

65.0 uV

65.0 uV
GROUND_90 65.0 uV

5 V5 V

5 V

1.00 V

1.00 V
1.00 V

1.00 V1.00 V
1.00 V
180_shift

3.82 mV
3.82 mV

3.82 mV 3.82 mV

954 mV
Pos5_supply

1.04 m

1.03 mV
Phase_out1

1.04 m

3.82 mV

-2.01 mA

V_DC
SRC6
Vdc=VGS_90 V

0 A

tqped_pad
P5

2.01 mA

0 A

-10.1 fA

tqped_phss
Q12

Ng=2
W=5 um

2.01 mA

tqped_res
R62

w=5 um
R=500 Ohm

2.96 mA

tqped_svia
V17

950 uA

tqped_res
R60

w=5 um
R=1 kOhm

950 uA

-950 uA

757 nA

tqped_ehss
Q10

Ng=6
W=50 um

17.0 fA

tqped_res
R57

w=5 um
R=1 kOhm

0 A

-17.0 

17.0 fA

tqped_ehss
Q9

Ng=6
W=50 um

-1.78 

MLIN
TL13

L=40 um
W=20 um

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift

0.7590.0000000170.7590.00000001713.82E-0710.003955270

0.70.0000000110.0000000451110.0051.90E-051.250180

0.000000045120.70.000000017.8E-081.210.0050590

0.000000333640.000000306865.8E-071.442.50E-051.42000

Igate Neg90 
(uA)

Igate Pos90 
(uA)

Igate Neg45 
(uA)

Igate Pos45 
(uA)

Vgate
Neg90(

V)

Vgate
Pos90 

(V)

Vgate
Neg45 

(V)

Vgate
Pos45 

(V)
Bit 90Bit 45Phase 

Shift
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Two Bit Phase Shifter Layout on 
60mil x 60 mil GaAs Substrate
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Design Specification

• Frequency: 2305 MHz to 2497 MHz
• Insertion loss:    Less than 4dB (3dB Goal)
• Insertion Balance:   +/- 1dB
• Phase shift:      90 and 180 degrees steps
• VSWR, 50 Ohms:    Less than 1.5:1
• Supply Voltage:       +/- 5 Volts
• Control Voltage:      TTL(goal); or 0, -5V
• Size: 60x60 mil ANACHIP
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Achieved Specification
• The Specification of VSWR better then 1.5:1 was not 

achieved.
• A VSWR better then 1.8:1 was achieved

• Frequency(1.8:1 VSWR):  2300 MHz to 2642 MHz
• 1.8:1 VSWR Bandwidth: 342 MHz
• Insertion loss:  3.77 dB (2300 to 2500 MHz)

3.96 dB (2300 to 2642 MHz) 
• Insertion Balance: 0.45 dB (2300 to 2500 MHz)

0.68 dB (2300 to 2642 MHz) 
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Two Bit Phase Shifter Input VSWR

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

Frequency (MHz)

VS
W

R
VSWR Zero VSWR 90 VSWR 180 VSWR 270
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Two Bit Phase Shifter Output VSWR

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

Frequency (MHz)
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W

R
VSWR Zero VSWR 90 VSWR 180 VSWR 270
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Two Bit Phase Shifter Insertion Loss (S21)
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Achieved Specification
• Phase Shift:      90 and 180 degrees step

• Phase Flatness (2300 to 2500 MHz):
– 90 Degree Shift -- 0.15 Deg.
– 180 Degree Shift -- 1.4 Deg.
– 270 Degree Shift -- 0.15 Deg.

• Phase Flatness (2300 to 2642 MHz):
– 90 Degree Shift -- 0.53 Deg.
– 180 Degree Shift -- 1.40 Deg.
– 270 Degree Shift -- 0.49 Deg
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Two Bit Phase Shifter Unwrap Phase (S21)
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Two Bit Phase Shifter; Phase Difference
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Two Bit Phase Shifter: Normalized Phase Difference
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Two Bit Phase Shifter; Phase Difference = 90 Degrees
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Two Bit Phase Shifter; Phase Difference = 180 Degrees
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Two Bit Phase Shifter; Phase Difference = 270 Degrees
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Achieved Specification

• Control Voltage is TTL (zero and +5V)
• Supply Voltage is +5 Volts

• Design fit on the 60 x 60 mil ANACHIP
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Things to look at
• Pay more attention to input VSWR

– Concentrated on phase and insertion loss
• Switch size

– Used default transistor size
– A smaller switch may work as well while conserving 

space
• Wide Banding

– Use two series 45 Deg element instead of a single 90 
deg. element

• Switch gate voltage
– Changed depending on phase selected 



JHU December 4, 2006 MMIC Two Bit Phase Shifter 
David J. Wendland

31

DC Gate Bias
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Two Bit Phase Shifter Unwrap Phase (S21)
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Two Bit Phase Shifter Input Return Loss (S11)
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Two Bit Phase Shifter Output Return Loss (S22)
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Two Bit Phase Shifter Input Return Loss (S11)
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Two Bit Phase Shifter Output Return Loss (S22)
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