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deg

G_MSG
S21

S12m
:= G_MSG 22.625= 10 log G_MSG( )⋅ 13.546= dB

Choose to plot GP for 10 dB. GP 10

10
10:= GP 10=

gP
GP

S21( )2
:= gP 3.052=

CP
gP C2
⎯
⋅

1 gP S22( )2 ∆( )2−⎡⎣ ⎤⎦⋅+
:= CP 0.472= arg CP( )

180
π

⋅ 90= deg

rP
1 2 K⋅ S12m S21⋅⋅ gP⋅− S12m S21⋅( )2 gP2⋅+⎡⎣ ⎤⎦

0.5

1 gP S22( )2 ∆( )2−⎡⎣ ⎤⎦⋅+
:= rP 0.434=

Plot GP = 10 dB circle on ΓL Smith Chart.

VSWR Circles applied to the unconditionally stable modified MLN2037F 
RF power transistor at 1 GHz where GP = 10 dB.

In the prior example, we achieved a Gp = GT = 10 dB gain with VSWRIN = 1 (let 
ΓS = ΓIN*) but VSWROUT = 2.672.  Here, we'll try reducing VSWROUT  to  < 2 by 
allowing for a higher VSWRIN (new ΓS).

S11 0.8128 e
j 156⋅

π
180
⋅

⋅:= S12m 0.08 e
j 63⋅

π
180
⋅

⋅:=
Z0 50:= Ω

S21 1.81 e
j 55⋅

π
180
⋅

⋅:= S22 0.3801 e
j 136−⋅

π
180
⋅

⋅:=

∆ S11 S22⋅ S12m S21⋅−:= ∆ 0.35898= < 1, good

K
1 S11( )2− S22( )2− ∆( )2+

2 S12m S21⋅
:= K 1.1179= > 1, good

Stability Conditions ARE met at 1 GHz.

C2 S22 ∆ S11
⎯
⋅−:= C2 0.162= arg C2( )

180
π

⋅ 90−=
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ΓOUT S22
S12m S21⋅ ΓS⋅

1 S11 ΓS⋅−
+:= ΓOUT 0.496= arg ΓOUT( ) 180

π
⋅ 84.24−= deg

Γb_mag
ΓOUT ΓL

⎯
−

1 ΓOUT ΓL⋅−
:= VSWR_OUT

1 Γb_mag+

1 Γb_mag−
:= VSWR_OUT 2.672=

************************************************************************************

Let's shoot for VSWRIN = 1.666 and see what we can get for VSWROUT.

Γa_1666
1.666 1−
1.666 1+

:= Γa_1666 0.2498=

Cvi1666
ΓIN
⎯

1 Γa_1666
2

−( )⋅

1 Γa_1666
2

ΓIN( )2⋅−
:= rvi1666

Γa_1666 1 ΓIN( )2−⎡⎣ ⎤⎦⋅

1 Γa_1666
2

ΓIN( )2⋅−
:=

Cvi1666 0.83354= arg Cvi1666( )
180
π

⋅ 155.188−= deg rvi1666 0.073=

Plot VSWRIN = 1.666 circle on ΓS Smith Chart along with ΓS = ΓIN
* point.

Again select Point A on the ΓL Smith Chart.  Here the normalized impedance

 zL = 1.6 + j0.4  corresponds to ΓL = 0.274 / 24.94o.

zL 1.6 j 0.4⋅+:= ΓL
zL 1−
zL 1+

:= ΓL 0.274= arg ΓL( ) 180
π

⋅ 24.944= deg

For maximum output power, select ΓS = ΓIN
*.  Check input & output VSWR.

ΓIN S11
S12m S21⋅ ΓL⋅

1 S22 ΓL⋅−
+:= ΓIN 0.849= arg ΓIN( ) 180

π
⋅ 155.188= deg

ΓS ΓIN
⎯

:= ΓS 0.849= arg ΓS( ) 180
π

⋅ 155.188−= deg

Γa_mag
ΓIN ΓS

⎯
−

1 ΓIN ΓS⋅−
:= VSWR_IN

1 Γa_mag+

1 Γa_mag−
:= VSWR_IN 1=
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deg

ΓaB
ΓIN ΓSB
⎯

−

1 ΓIN ΓSB⋅−
:= VSWR_INB

1 ΓaB+

1 ΓaB−
:= VSWR_INB 1.666=

ΓbB
ΓOUTB ΓL

⎯
−

1 ΓOUTB ΓL⋅−
:= VSWR_OUTB

1 ΓbB+

1 ΓbB−
:= VSWR_OUTB 3.188=

ΓSC Cvi1666 rvi1666 ej π⋅⋅+:= ΓSC 0.9= arg ΓSC( ) 180
π

⋅ 157.138−= deg

ΓOUTC S22
S12m S21⋅ ΓSC⋅

1 S11 ΓSC⋅−
+:= ΓOUTC 0.6= arg ΓOUTC( ) 180

π
⋅ 81.73−= deg

ΓaC
ΓIN ΓSC
⎯

−

1 ΓIN ΓSC⋅−
:= VSWR_INC

1 ΓaC+

1 ΓaC−
:= VSWR_INC 1.666=

ΓbC
ΓOUTC ΓL

⎯
−

1 ΓOUTC ΓL⋅−
:= VSWR_OUTC

1 ΓbC+

1 ΓbC−
:= VSWR_OUTC 3.395=

Select ΓS values on the VSWRIN = 1.666 circle at the points A-D (placed at 90o 
intervals on circle) and evaluate how the VSWRs change.

ΓSA Cvi1666 rvi1666 ej 0⋅⋅+:= ΓSA 0.768= arg ΓSA( ) 180
π

⋅ 152.901−= deg

ΓOUTA S22
S12m S21⋅ ΓSA⋅

1 S11 ΓSA⋅−
+:= ΓOUTA 0.41= arg ΓOUTA( ) 180

π
⋅ 92.56−= deg

ΓaA
ΓIN ΓSA
⎯

−

1 ΓIN ΓSA⋅−
:= VSWR_INA

1 ΓaA+

1 ΓaA−
:= VSWR_INA 1.666=

ΓbA
ΓOUTA ΓL

⎯
−

1 ΓOUTA ΓL⋅−
:= VSWR_OUTA

1 ΓbA+

1 ΓbA−
:= VSWR_OUTA 2.406=

ΓSB Cvi1666 rvi1666 e
j
π
2
⋅

⋅+:= ΓSB 0.806= arg ΓSB( ) 180
π

⋅ 159.907−= deg

ΓOUTB S22
S12m S21⋅ ΓSB⋅

1 S11 ΓSB⋅−
+:= ΓOUTB 0.52= arg ΓOUTB( ) 180

π
⋅ 96.13−=
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We allowed VSWRIN =1.666 and achieved a VSWROUT = 2.0532 (not quite < 2).  

VSWR_OUTE 2.0532=VSWR_OUTE
1 ΓbE+

1 ΓbE−
:=ΓbE

ΓOUTE ΓL
⎯

−

1 ΓOUTE ΓL⋅−
:=

VSWR_INE 1.666=VSWR_INE
1 ΓaE+

1 ΓaE−
:=ΓaE

ΓIN ΓSE
⎯

−

1 ΓIN ΓSE⋅−
:=

degarg ΓOUTE( ) 180
π

⋅ 77.27−=ΓOUTE 0.41=ΓOUTE S22
S12m S21⋅ ΓSE⋅

1 S11 ΓSE⋅−
+:=

degarg ΓSE( ) 180
π

⋅ 150.365−=ΓSE 0.851=ΓSE Cvi1666 rvi1666 ej 1.574⋅ π⋅+:=

The ΓS values on the VSWRIN = 1.666 circle near point D yielded the lowest 
VSWROUT.  Now, iteratively search on either side of point D for the best ΓS.

VSWR_OUTD 2.073=VSWR_OUTD
1 ΓbD+

1 ΓbD−
:=ΓbD

ΓOUTD ΓL
⎯

−

1 ΓOUTD ΓL⋅−
:=

VSWR_IND 1.666=VSWR_IND
1 ΓaD+

1 ΓaD−
:=ΓaD

ΓIN ΓSD
⎯

−

1 ΓIN ΓSD⋅−
:=

degarg ΓOUTD( ) 180
π

⋅ 74.81−=ΓOUTD 0.42=ΓOUTD S22
S12m S21⋅ ΓSD⋅

1 S11 ΓSD⋅−
+:=

degarg ΓSD( ) 180
π

⋅ 150.802−=ΓSD 0.867=ΓSD Cvi1666 rvi1666 ej 1.5⋅ π⋅+:=
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How are the gains with the new ΓS value at point E?  

With ΓS = ΓIN
*, we had GT = GP = 9.999 dB and GA = 11.008 dB.

GTE
1 ΓSE( )2−

1 ΓIN ΓSE⋅−( )2
S21( )2⋅

1 ΓL( )2−

1 S22 ΓL⋅−( )2
⋅:= GTE 9.373=

10 log GTE( )⋅ 9.719= dB

GP
1

1 ΓIN( )2−
S21( )2⋅

1 ΓL( )2−

1 S22 ΓL⋅−( )2
⋅:= GP 9.997=

10 log GP( )⋅ 9.999= dB

GA
1 ΓSE( )2−

1 S11 ΓSE⋅−( )2
S21( )2⋅

1

1 ΓOUTE( )2−
⋅:= GA 10.639=

10 log GA( )⋅ 10.269= dB

As expected, GP is unchanged.  

However, GT decreased by 0.28 dB and GA decreased by 0.739 dB.  

Pretty minimal changes for a substantial improvement in VSWROUT albeit at 
the cost of VSWRIN increasing to 1.666.
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deg

G_MSG
S21

S12m
:= G_MSG 22.625= 10 log G_MSG( )⋅ 13.546= dB

Choose to plot GP for 10 dB. GP 10

10
10:= GP 10=

gP
GP

S21( )2
:= gP 3.052=

CP
gP C2
⎯
⋅

1 gP S22( )2 ∆( )2−⎡⎣ ⎤⎦⋅+
:= CP 0.472= arg CP( )

180
π

⋅ 90= deg

rP
1 2 K⋅ S12m S21⋅⋅ gP⋅− S12m S21⋅( )2 gP2⋅+⎡⎣ ⎤⎦

0.5

1 gP S22( )2 ∆( )2−⎡⎣ ⎤⎦⋅+
:= rP 0.434=

CP & rP are for the ΓL plane.

In this example, we will map the GP = 10 dB circle to the ΓS plane, keeping 
our VSWRIN =1.666 circle for an unconditionally stable, modified 
MLN2037F RF power transistor at 1 GHz.

S11 0.8128 e
j 156⋅

π
180
⋅

⋅:= S12m 0.08 e
j 63⋅

π
180
⋅

⋅:=
Z0 50:= Ω

S21 1.81 e
j 55⋅

π
180
⋅

⋅:= S22 0.3801 e
j 136−⋅

π
180
⋅

⋅:=

∆ S11 S22⋅ S12m S21⋅−:= ∆ 0.35898= < 1, good

K
1 S11( )2− S22( )2− ∆( )2+

2 S12m S21⋅
:= K 1.1179= > 1, good

Stability Conditions ARE met at 1 GHz.

C2 S22 ∆ S11
⎯
⋅−:= C2 0.162= arg C2( )

180
π

⋅ 90−=
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First, map the circle of ΓL values where GP = 10 dB to the ΓIN plane.

CIN
1 S22 CP⋅−( )
⎯

S11 ∆ CP⋅−( )⋅ rP2 ∆⋅ S22
⎯
⋅−

1 S22 CP⋅−( )2 rP2 S22( )2⋅−
:=

rIN
rP S12m S21⋅⋅

1 S22 CP⋅−( )2 rP2 S22( )2⋅−
:=

CIN 0.87157= arg CIN( )
180
π

⋅ 160.53137= deg rIN 0.083262=

Now, map the circle on the ΓIN plane to the ΓS = ΓIN* plane and plot on the ΓS 
Smith Chart.

Ci CIN
⎯

:= ri rIN:=

Ci 0.87157= arg Ci( )
180
π

⋅ 160.53137−= deg ri 0.083262=



MLN2037Fmod_ 76

VSWR_IN 1=

ΓOUT S22
S12m S21⋅ ΓS⋅

1 S11 ΓS⋅−
+:= ΓOUT 0.496= arg ΓOUT( ) 180

π
⋅ 84.24−= deg

Γb_mag
ΓOUT ΓL

⎯
−

1 ΓOUT ΓL⋅−
:= VSWR_OUT

1 Γb_mag+

1 Γb_mag−
:= VSWR_OUT 2.672=

Γa_1666
1.666 1−
1.666 1+

:= Γa_1666 0.2498=

Cvi1666
ΓIN
⎯

1 Γa_1666
2

−( )⋅

1 Γa_1666
2

ΓIN( )2⋅−
:= rvi1666

Γa_1666 1 ΓIN( )2−⎡⎣ ⎤⎦⋅

1 Γa_1666
2

ΓIN( )2⋅−
:=

Cvi1666 0.83354= arg Cvi1666( )
180
π

⋅ 155.188−= deg rvi1666 0.07302=

Plot VSWRIN = 1.666 circle on ΓS Smith Chart.

************************************************************************************

Select Point A on the ΓL Smith Chart.  Here the normalized impedance

 zL = 1.6 + j0.4  corresponds to ΓL = 0.274 / 24.94o.

zL 1.6 j 0.4⋅+:= ΓL
zL 1−
zL 1+

:= ΓL 0.274= arg ΓL( ) 180
π

⋅ 24.944= deg

For maximum output power, select ΓS = ΓIN
*.  Check input & output VSWR.

ΓIN S11
S12m S21⋅ ΓL⋅

1 S22 ΓL⋅−
+:= ΓIN 0.849= arg ΓIN( ) 180

π
⋅ 155.188= deg

ΓS ΓIN
⎯

:= ΓS 0.849= arg ΓS( ) 180
π

⋅ 155.188−= deg

Γa_mag
ΓIN ΓS

⎯
−

1 ΓIN ΓS⋅−
:= VSWR_IN

1 Γa_mag+

1 Γa_mag−
:=
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