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B2 1 S22( )2+ S11( )2− ∆( )2−:= B2 0.344=

C1 S11 ∆ S22
⎯
⋅−:= C1 0.689= arg C1( )

180
π

⋅ 161.4= deg

C2 S22 ∆ S11
⎯
⋅−:= C2 0.176= arg C2( )

180
π

⋅ 84.6−= deg

ΓMs_plus
B1 B12 4 C1( )2⋅−+

2 C1⋅
:= ΓMs_plus 1=

arg ΓMs_plus( ) 180
π

⋅ 158.4−= deg

ΓMs_minus
B1 B12 4 C1( )2⋅−−

2 C1⋅
:= ΓMs_minus 1=

arg ΓMs_minus( ) 180
π

⋅ 164.3−= deg

Simultaneous Conjugate Match: Bilateral Case example

1) For the MLN2037F NPN silicon RF power transistor  at 1 GHz:

S11 0.8128 e
j 156⋅

π
180
⋅

⋅:= S12 0.0944 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⋅ S12 S21⋅−:= ∆ 0.37328= < 1, good

K
1 S11( )2− S22( )2− ∆( )2+

2 S12 S21⋅
:= K 0.978= < 1, bad

Stability Conditions are NOT met at 1 GHz.

What happens to the load and source reflection coefficient equations?

B1 1 S11( )2+ S22( )2− ∆( )2−:= B1 1.377=
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degarg C2m( )
180
π

⋅ 90−=C2m 0.162=C2m S22 ∆m S11
⎯
⋅−:=

degarg C1m( )
180
π

⋅ 160.5=C1m 0.69=C1m S11 ∆m S22
⎯
⋅−:=

B2m 0.355=B2m 1 S22( )2+ S11( )2− ∆m( )2−:=

B1m 1.387=B1m 1 S11( )2+ S22( )2− ∆m( )2−:=

Now what happens to the load and source reflection coefficient equations?

Stability Conditions ARE met at 1 GHz.

> 1, goodKm 1.1179=Km
1 S11( )2− S22( )2− ∆m( )2+

2 S12m S21⋅
:=

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

S12m 0.08 e
j 63⋅

π
180
⋅

⋅:=

2) For a modified lower |S12| MLN2037F NPN silicon RF power transistor at
    1 GHz where:

Obviously, these load and source reflection coefficients are NOT useful (all the 
power gets reflected!).

degarg ΓML_minus( ) 180
π

⋅ 72.9=

ΓML_minus 1=ΓML_minus
B2 B22 4 C2( )2⋅−−

2 C2⋅
:=

degarg ΓML_plus( ) 180
π

⋅ 96.3=

ΓML_plus 1=ΓML_plus
B2 B22 4 C2( )2⋅−+

2 C2⋅
:=
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Note: The "-" solutions are useful as predicted.  However, the "+" solutions are 
not useful (negative real resistances for corresponding ZL and Zs.  

ΩZLm_minus 20.39 45.667i−=ZLm_minus Z0
1 ΓMLm_minus−

1 ΓMLm_minus+
⎛
⎜
⎝

⎞
⎠

⋅:=

degarg ΓMLm_minus( ) 180
π

⋅ 90=

ΓMLm_minus 0.64866=ΓMLm_minus
B2m B2m2 4 C2m( )2⋅−−

2 C2m⋅
:=

ΩZLm_plus 20.39− 45.667i−=ZLm_plus Z0
1 ΓMLm_plus−

1 ΓMLm_plus+
⎛
⎜
⎝

⎞
⎠

⋅:=

degarg ΓMLm_plus( ) 180
π

⋅ 90=

ΓMLm_plus 1.54164=ΓMLm_plus
B2m B2m2 4 C2m( )2⋅−+

2 C2m⋅
:=

ΩZsm_minus 83.695 265.945i+=Zsm_minus Z0
1 ΓMsm_minus−

1 ΓMsm_minus+
⎛
⎜
⎝

⎞
⎠

⋅:=

degarg ΓMsm_minus( ) 180
π

⋅ 160.5−=

ΓMsm_minus 0.9006=ΓMsm_minus
B1m B1m2 4 C1m( )2⋅−−

2 C1m⋅
:=

ΩZsm_plus 83.695− 265.945i+=Zsm_plus Z0
1 ΓMsm_plus−

1 ΓMsm_plus+
⎛
⎜
⎝

⎞
⎠

⋅:=

degarg ΓMsm_plus( ) 180
π

⋅ 160.5−=

ΓMsm_plus 1.11037=ΓMsm_plus
B1m B1m2 4 C1m( )2⋅−+

2 C1m⋅
:=
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What is the maximum transducer gain for the modified transistor?

GTmax_m1
1

1 ΓMsm_minus( )2−
S21( )2⋅

1 ΓMLm_minus( )2−⎡⎣ ⎤⎦

1 S22 ΓMLm_minus⋅−( )2
⋅:=

OR

GTmax_m2
S21

S12m
Km Km2 1−−( )⋅:=

GTmax_m1 13.987= GTmax_m2 13.987=

10 log GTmax_m1( )⋅ 11.457= dB 10 log GTmax_m2( )⋅ 11.457= dB

Same answer!

What is the maximum stable (transducer) gain for the modified transistor?

G_MSG
S21

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

What is the maximum stable (transducer) gain for the modified transistor?

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.

Operating Power-Gain (GP) Circles for Unconditionally Stable case

For a modified MLN2037F (lower |S12|) 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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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−
:=

Γb_mag 0.455= VSWR_OUT 2.672=

Check on gain values -->  very good agreement.

GT
1 ΓS( )2−

1 ΓIN ΓS⋅−( )2
S21( )2⋅

1 ΓL( )2−

1 S22 ΓL⋅−( )2
⋅:= GT 9.997=

10 log GT( )⋅ 9.999= 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 ΓS( )2−

1 S11 ΓS⋅−( )2
S21( )2⋅

1

1 ΓOUT( )2−
⋅:= GA 12.612=

10 log GA( )⋅ 11.008= dB

Select Point A on the 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−
:=

Γa_mag 0= VSWR_IN 1=

ΓOUT S22
S12m S21⋅ ΓS⋅

1 S11 ΓS⋅−
+:=
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