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Simultaneous Conjugate Match: Bilateral Case example

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

j-156-% j-63-%
S11 := 0.8128-¢ S12 := 0.0944-¢
Z0:=50 Q
j-55-% j-—lSG-%
S21:=1.81-e S22 := 0.3801-e
A = S11-S22 — S12.S21 Al = 0.37328 < 1, good

. 1-(s11)? - (Is22l Y+ (|a])’

K = 0.978 <1, bad
2|s12-S21|

Stability Conditions are NOT met at 1 GHz.

What happens to the load and source reflection coefficient equations?

B1 = 1+ (|s11])? = (|s22])% - (|a])? B1 = 1.377
_ 2 2 2
B2 :=1+(]S22])° = (|s11])° - (]A]) B2 = 0.344
_ 180
Cl:=S11-A-S22 |C1| = 0.689 arg(Cl)-— = 161.4  deg
T
_ 180
C2:=S522-A-S11 |c2| =0.176 arg(C2)-— = -84.6  deg
T

B1+B12 - 4.(|C1|)?

I'Ms_plus := I'Ms_plus| =1
2-Cl
180
arg(FMs_pIus)-— = -158.4 deg
T
_ B1-B12 - 4.(|C1|)? :
I'Ms_minus := I'Ms_minus| =1
2-Cl
180
arg(FMs_minus)-— = -164.3 | deg
T
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B2 +B22 - 4.(|C2|)?

I'ML_plus := I'ML_plus| =1
_plus >C2 _plus |
180
arg(FML_pIus)-— =96.3 deg
T
. B2 —B2% - 4-(|c2] )2 :
I'ML_minus := I'ML_minus| =1 |
2-C2
: 180
arg(FML_mlnus)-— =729 deg
T

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

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

j-63——
s12m = 0.08.e Y

Am := S§11-522 — S12m-S21 Am| = 0.35898 | <1, good

_1-(Js11)? - (Is22)*+ (|am])?

Km := Km = 1.117 > 1, good
m 2[S12m-S21] [Km 9]

Stability Conditions ARE met at 1 GHz.

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

Bim := 1+ (|s11])% = (|s22])? = (|am| )? Blm = 1.387
2 2 2
B2m := 1+ (]S22])7 - (|s11])” = (|am|) B2m = 0.355
— 180
Clm := S11 — Am-S22 |Cim| = 0.69 arg(Clm)-— = 160.5 deg
I
180

C2m := S22 — Am-S11 |C2m| = 0.162 arg(C2m)-— = -90  deg
I
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B1m ++/BIm? — 4.(|c1m]| )2
2.C1m

I'Msm_plus :=

1 — IT'Msm_plus )
1+ T'Msm_plus )

Zsm_plus := ZO-(

. B1m —/BIm? — 4.(|c1m]| )2
'Msm_minus :=

2-Clm

1 — CMsm_minus
1 + ’'Msm_minus )

Zsm_minus := ZO-(

B2m ++/B2m? — 4.(|c2m] )2

I'MLm_plus :=
2-C2m

1 - T'MLm_plus )
1+ I'MLm_plus )

ZLm_plus := ZO-(

B2m -/ B2m? — 4.(|c2m] )2

I'MLm minus :=
- 2-C2m

1 — TMLm_minus )
1 + T'MLm_minus )

ZLm_minus := ZO-(

a7

I'Msm_plus| = 1.11037 |

180
arg(FMsm_pIus)-— = -160.5 | deg
T

Zsm_plus = —83.695 + 265.9451 Q

I'Msm_minus| = 0.9006

: 180
arg(FMsm_mlnus)-— =-160.5 | deg
T

|Zsm_minus = 83.695 + 265.945i | O

'MLm_plus| = 154164 |

180
arg(FM Lm_plus) — =90 deg
Y

ZLm plus = -20.39 — 45.667i Q2

I’'MLm_minus| = 0.64866 |

: 180
arg(FMLm_mmus)-— =90 deg
T

|ZLm_minus = 20.39 — 45.667i | Q

Note: The "-" solutions are useful as predicted. However, the "+" solutions are
not useful (negative real resistances for corresponding Z; and Z,.
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What is the maximum transducer gain for the modified transistor?

1 2. [1—(|FMLm_minus|)2]

GTmax_ml := (]s21])
. 2 . 2
1- (|FMsm_m|nus|) (|1 — 822~FMLm_m|nus|)
OR
GTmax_m2 := ﬂ-(Km — sz — 1)
|S12m|
|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?

|S21]
|S12m|

G_MSG := |G_MSG = 22.625 | [10-log(G_MSG) = 13.546 | dB
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Operating Power-Gain (GP) Circles for Unconditionally Stable case

For a modified MLN2037F (lower |812|) RF power transistor at 1 GHz:

j-156- —— j-63 ——
S11:= 0.8128.e 80 s12m = 0.08-e OV
Z0:=50 Q
J-55-— j-—136-—
$21 = 181e 80 $22 := 0.3801-¢ 180
A = S11-S22 — S12m-S21 Al = 0.35898 < 1, good
—(1s11)) - (|s22])% + (|a])?
K : K=1.1179 > 1, good
2|S12m-S21| | |
Stability Conditions ARE met at 1 GHz.
. 180
C2 := S22 — A-S11 |C2| =0.162 arg(C2)-—— = —90 deg

T

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

S21
G_MSG := 521} |G_MSG = 22.625 | [10-log(G_MSG) = 13.546 | dB
|S12m|
E
Choose to plot GP for 10 dB. GP := 10 GP =10
GP
gP = — gP = 3.052
(|s21])
P.C2 180
CP = g : : TCP[ = 0.477 | arg(CP)-=~ =00 | deg
1+gp] (522])2 - (|a])?] x

0.5
[1 2-K-|S12m-S21| -gP + (|S12m:- 321|) -gP ]

1+ op] (Is22)% - (1a])?]]
Plot GE = 10 dB circle on FL Smith Chart.
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Select Point A on the Smith Chart. Here the normalized impedance
2, =1.6+)0.4 correspondsto I"') =0.274/24.94°.

zL-1 180
= TL| =0.274 | |arg(IL)-—— =24.944 | deg

zL=16+j-04 I'L :=
J zL+1 T

For maximum output power, select I'g = FIN*. Check input & output VSWR.

S12m-S21-T'L 180
TIN := S11 + TIN| = 0.849 arg(TIN)-— = 155.188 | deg
1-S22.TL n
— 180
I'S:=TIN rs| =0849 |  larg(r's)-— = -155.188 | deg
I
I'IN — F_S 1+Ta ma
a mag = |[— VSWR_IN = — Mg
1-TIN-T'S 1-Ta_mag
'a_mag = 0 | [VSWR_IN =1 |
$12m-S21-T'S 180
TOUT := S22 + TOUT| = 0.496 | larg(TOUT)-—— = —84.24 | deg
1-S11.TS n
rouT - T'L 1+Tb_ma
I'b_mag := VSWR_OUT := —— =M%
1-TOUT-TL 1-Tb_mag
I'b_mag = 0.455 | [VSWR_OUT = 2.672 |

Check on gain values --> very good agreement.

2 2
ot 1=(rsl) (]s21])% 1 () 2 |GT| = 9.997
(l1-riNTS)) (l1-s22L) [10-10g(]GT[) = 9.999 | dB
2
GP = 1 2-(|521|)2- 1-(Jrel) 2 IGP| = 9.997
1-(|rIN|) (]1-s22.TL]|) [10-1og(JGP]) =9.999 | dB
2
GA = 1-(|rs|) (]s21])%- 1 IGA| = 12.612

2 2
(J1-s11r8]) 1-(|routl) [10-log(JGA]) = 11.008 | dB
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