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VSWR Circles applied to the unconditionally stable modified MLN2037F
RFE power transistor at 1 GHz where G, = 10 dB.

In the prior example, we achieved a G, = Gy = 10 dB gain with VSWRy =1 (let
['g =T\ but VSWRg 1 = 2.672. Here, we'll try reducing VSWRg ;1 to <2 by
allowing for a higher VSWR,, (new I'y).

T

J-156-— j-63-—
S11:=08128.e 90 siom:=008-e 80
Z0:=50 Q i
j-55-—— j—136-—
s21:=181.e 80 S22 := 0.3801 ¢ 180
A := S11-S22 — S12m-S21 Al =0.35898 <1, good
- (s11)% - (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
7T
|S21]
G_MSG = ———— |G_MSG = 22.625 | [10-log(G_MSG) = 13.546 | dB
|S12m|
E
Choose to plot GP for 10 dB. cp =102 GP =10
GP
gP = 5 gP = 3.052
B (|s21)
P.C2 180
CP = 9 : ; TCP[ = 0.477 | arg(CP)-=— = 90 | deg
1+gp] (Is22])? - (|al)?] x
[ ]O 5
1-2-K-|S12m-S21| -gP 12m-S21|)“-gP
P = |stam-s21] gP + (|stem-s21])* P = 0.434

1+ gp] (152212 (|a])? ]

Plot G, = 10 dB circle on I', Smith Chart.
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Again select Point A on the I', Smith Chart. Here the normalized impedance

2, =1.6+j0.4 correspondsto I', =0.274 /24.94°.

zL -1 180
= rL| =0.274 | |arg(FL)-—— = 24.944 | deg
zL +1 T

zL:=16+j-04 TL :

For maximum output power, select I'g = '\ - Check input & output VSWR.

S12m-S21-T'L 180
TIN := S11 + TIN| =0.849 |  |arg(T'IN)-—— = 155.188 | deg
1-S22.T'L m
— 180
I'S:=TIN rs| =0849 |  larg(r's)-— = -155.188 | deg
T
I'IN —F_S 1+ T'a_mag
a mag = |———— VSWR_IN = —— == IVSWR_IN =1 |
1-TIN-I'S 1-Ta_mag
S12m-S21-T'S 180
OUT := S22 + TOUT| = 0.496 | |arg(TOUT)-— = -84.24 | deg
1-S11.TS m
'ouT - F_L 1+ I'b_mag
I'b_mag := VSWR_OUT := ——=——= |[VSWR_OUT = 2.672 |
1-TOUT-TL 1-Tb_mag

khhkkkhkhkkkhkhkhkkhhkkkhhhkkhhhkkhhhkkhkhhkkhhhkhkkhkhkhkkhhkhkkhhkhkkhhhkkhhhkkhhhkkhhhkkhhkhkhkhhkkhkkhhkhkkhhhkkhhhkkhhhkkikhhkkhkhhkkhkihkkhihkkiiikkx

Let's shoot for VSWR,, = 1.666 and see what we can get for VSWRy .

ra_1666 - ~000 1 T'a_1666 = 0.2498 |

- " 1.666 + 1 = —

. rin-(1 - ra_16667) _ ra 1666{ 1 - (|rIN|)?]
Cvil666 = 5 5 rvileeo = 5 5

1-Ta 1666 -(|TIN|) 1-Ta 1666 -(|TIN|)

. _ 180 :

||Cvi1666| = 0.83354 | arg(Cvil666).-— = -155.188 | deg  |rvil666 = 0.073 |
I

Plot VSWR,, = 1.666 circle on I'g Smith Chart along with I'¢ = FIN* point.

66
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67

Select I'g values on the VSWR = 1.666 circle at the points A-D (placed at 900
intervals on circle) and evaluate how the VSWRs change.

'SA = Cvi1666 + rvi1666-¢!°

S12m-S21-T'SA
I'OUTA =522 +

1-S11-TSA
I'IN — T'SA
TaA =
1-TIN-T'SA
FOUTA - TL
I'bA =
1-TOUTA-TL
. T
J'E
I'SB := Cvil666 + rvil666-e

S12m-S21-I'SB
'ouTB = S22 +

1-S11.TSB
TIN — TSB
I'aB =
1-TIN-TSB
rOUTB - T'L
I'bB =
1-TOUTB-TL

I'SC := Cvi1666 + rvi1666-¢ ™

S12m-S21.-1'SC
I'OUTC = S22 +

1-S11.TSC
TIN — I'SC
I'aC =
1 —TIN-TSC
rOUTC — T'L
I'bC =
1-TOUTCTL

I'SA

— 0.768 |

I'OUTA

- 0.41 |

VSWR_INA :=

VSWR_OUTA :=

1+ TaA
[N'aA

1+ I'bA
1 -TbA

I'SB

— 0.806 |

rouTs

- 0.52 |

VSWR_INB :

VSWR_OUTB :=

1+TaB
1-TaB

1+TbB
1-TbB

I'SC

=0.9

rouTcC

= 0.6 |

VSWR_INC :

VSWR_OUTC :=

1+TaC
1-TaC

1+ThC
1-TbC

arg (FSA) 1i0

—152.901 ‘ deg
T

180
arg(TOUTA)-— = —92.56
T

deg

IVSWR_INA = 1.666 |

IVSWR_OUTA = 2.406 |

180
arg(I'SB)-— = -159.907
T

deg

180
arg(TOUTB)-— = —96.13 | deg
T

IVSWR_INB = 1.666 |

IVSWR_OUTB = 3.188 |

180
arg(r'sc)-— = -157.138
T

deg

180
arg(TOUTC)-— = -81.73 | deg
T

IVSWR_INC = 1.666 |

IVSWR_OUTC = 3.395 |
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” 180
I'SD := Cvi1666 + rvi1666-¢ >  [[TSD] = 0.867 | |arg(I'SD)-— = —150.802 | deg
I
$12m-S21.I'SD 180
TOUTD := S22 + rOUTD| = 0.42 | |arg(TOUTD)-— = —74.81 | deg
1-S11.T'SD n

TN - I'SD 1+TaD
raD := VSWR_IND := IVSWR_IND = 1.666 |

1-TIN-T'SD 1-TaD

rOUTD - I'L 1+ThD
I'bD := VSWR_OUTD := IVSWR_OUTD = 2.073 |

1-TOUTD-TL 1-ThbD

The I'g values on the VSWR,, = 1.666 circle near point D yielded the lowest
VSWRg 1. Now, iteratively search on either side of point D for the best I'.

T'SE := Cvi1666 + rvi1666-¢f 174"

180
I'SE| =0.851 | |arg(I'SE)-— = —150.365 | deg
T

S12m-S21-T'SE 180
TOUTE := S22 + TOUTE| = 0.41 | |arg(TOUTE)-— = —77.27 | deg
1-S11.TSE n
I'IN - T'SE 1+TaE
T'aE := VSWR_INE := IVSWR_INE = 1.666 |
1-TIN-TSE 1-TaE
FOUTE - TL 1+ TbE
I'bE := VSWR_OUTE := IVSWR_OUTE = 2.0532 |
1-TOUTETL 1-TbE

We allowed VSWR, =1.666 and achieved a VSWRg 1 = 2.0532 (not quite < 2).



MLN2037Fmod_GP10dB_VSWRIN_circle.

[ Smith Chart

0.12 0.13
on ! 0.14
1 A 0.38 0.37 o o
s © el 50 0
9 0 I 35 >
0 2 0,
[y 5\ = S 0 &
& g S - N < 2
N2 A N ~ > o233
S %, $@ew ~ 2
Y s 02 S o
3 N X
& > AL ) 2
S > &\ ” 2
N iy "”/
)
S} o4
S
& i\ N4 SY o 2.
NS 2 <l
X5 3 2
S, Q
$§ 0L v
S
< & 2)
Q-§ s %é§ 2 % A
7 & N <
& < B

& OY' Q <

s 5 S e X

ofS & X 0 3

& S oL 2 2

¢ < 15
£ 9) 2
Sle s -
SIS = 5 My
@ %

5 IS 10 =}
= ~ L o e}
o Z\els
2T alrte
> 0 5
=<
S 0 )
t A |2

[ B o S o o[ = T=—2f—= ] I ) ) ) o (S Z LKA S
ol=|e | S 3 S 3 HHEERERE e R EERE s = SHES S S = Zl=Ts
STS|E ml | l ol&aTs

2

L RESISTANCE COMPONENT (R/Zo), OR CONDUCTANCE COMPON /Yo) 0S] 3‘?

o 02 g
215 o [3)<]-
hite =} 1
get SWR,, = 1.66 S JF

= N h— )
EEW IN : 5 (8
z =
2 . &
A g o8 Gls

& ‘érs r1 1 87§

A 2 &)
) =
2\ e .
S\ Ya\e Q &
2 % X 95 [SVAS
=
X% G 72 S
3
% o5
O ‘0
AW 2 S
o\& O\E < fid -
155.188 NN\ / /7
- D 90
) N\ %
%_ 0! AN)
SXI\ 2 e»“et < : Ly
A ) > N
T 0
¢
2 Q
X7 DD X
14 Q) Es) o W«
A Vi, o &
(\)’y - N 4
\ ) o 4,34] 20 ) S
é,;_a S loly 2 'L?:’Q
D& S " AR
) J = £
4 < 2 ° S - &
% orys < = 3 N
7 N
2o % o o &0 *
2 Lro o 710 <0
0 Tro €10 4
! <0
&0 80 150 2
RADIALLY SCALED PARAMETERS
NG
ﬂi
\9%@17/ (3\)
v X 8 16 1. 21 . ) X ) X . X
Iz 2 10040 20 10 5 2 18 16 14 12 11 1J0 01 0.2 03 04 0.7 08 1 Q‘\)
(e e e O L R AU U L P U A A TS L WAL LA, P, L/AIL. LA, PR, LIS, LI LA,
4 40 3 20 15 10 8 6 5 4 3 2 1 [10 0.01 0.05 0.1 02 3 05 06 07 08 09 1

CENTER

69



MLN2037Fmod_GP10dB_VSWRIN_circle. 70

How are the gains with the new I'g value at point E?

With g = FIN*, we had G; = G, =9.999 dB and G, = 11.008 dB.

2 2
GTE := 1 - (|rse|) 2-(|521|)2- 1- (L)) > |GTE| =9.373
(I1-TIN-TSE]) (l1-s221L]) 10-1og(JGTE]) = 9.719 | dB
1 2 1—(|TL|)2
GP := 2-(|821|) : > |GP| =9.997
1-(|rIN|) (]1-s22-TL|) [10-1og(JGP]) =9.999 | dB
1 - (|rsg])” 2 1
GA = 2-(|521|) : > |GA| = 10.639
(]1-s11.TSE|) 1-(|rouTE|)

[10-log(|GA|) = 10.269 | dB

As expected, Gp is unchanged.
However, Gt decreased by 0.28 dB and G, decreased by 0.739 dB.

Pretty minimal changes for a substantial improvement in VSWRg 1 albeit at
the cost of VSWR,, increasing to 1.666.
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In this example, we will map the Gp = 10 dB circle to the I's plane, keeping
our VSWRN =1.666 circle for an unconditionally stable, modified
MLN2037F RF power transistor at 1 GHz.

J-156-— j-63-——
S11:= 0.8128.e 80 s12m = 0.08-e OV
Z0:=50 Q i
j-55-—— j—136-—
s21:=181.e 80 $22 := 0.3801-¢ 180
A = S11-S22 — S12m-S21 A| = 0.35898 <1, good
—(1s11))2 - (|s22])% + (|a])?
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
7T
|S21]
G_MSG = ———— |G_MSG = 22.625 | [10-log(G_MSG) = 13.546 | dB
|S12m|
E
Choose to plot GP for 10 dB. Gp = 1010 GP =10
GP
gP = — gP = 3.052
(]s21])
P.C2 180
CP = 9 : ; TCP[ = 0.477 | arg(CP)-=— = 90 | deg
1+gp| (15221)2 - (|a])?] 7

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

1+ gp] (152212 (|a])? ]

P .=

CP & rP are for the I, plane.
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First, map the circle of I'| values where GP = 10 dB to the I',, plane.

(1-522.CP)(S11 - A-CP) — rP%.A-522

CIN := 5 5 5
(|1 -s22-CP|)" - rP“-(]S22|)

rP-|S12m-S21|

riIN =
(11— s22.cp|)2 - P2.(|522] )

180
[[CIN] =0.87157 | |arg(CIN)-— = 160.53137 | deg [rIN = 0.083262 |
T

Now, map the circle on the T"|\ plane to the I's =T",* plane and plot on the I's
Smith Chart.

Ci := CIN ri:=rIN

. . 180 :
||Ci| =0.87157 | arg(Ci)-—— = —160.53137 | deg Iri = 0.083262 |
7T
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Select Point A on the I', Smith Chart. Here the normalized impedance

2, =1.6+]0.4 correspondsto I') =0.274 /24.94°.

SR [T —o2ra] farg(rL) 2 - 24944 | deg

zL:=16+j-04 I'L :=
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(T'IN)-=— = 155.188 | deg
1-S22.TL m
— 180
I'S:=TIN rs| =0.849 |  larg(r's)-— = -155.188 | deg
T
'IN - F_S 1+Ta ma

Fa mag = |———— VSWR_IN := -+ 4amdag IVSWR_IN =1 |

1-TIN-TS 1-Ta mag
S12m-S21-T'S 180
FOUT := S22 + FOUT| = 0.496 | |arg(TOUT)-— = —84.24 | deg
1-S11.TS m
rOUT - I'L 1+Tbh ma

I'b_mag := VSWR_OUT := -+ D mg IVSWR_OUT = 2.672 |
1-TOUT-TL 1-Tb _mag
1.666 — 1

Ia 1666 = ———— 'a_1666 = 0.2498 |
1.666 + 1
- 2 2
I'IN-\1-Ta_1666 I'a_1666- 1 — (|TIN

Cvil666 := ( > ) - rvil666 = —— [ 2(| ) 2]
1-Ta 1666 -(|TIN|) 1-Ta 1666 -(|TIN|)
. _ 180 :
||Cvi1666] = 0.83354 | arg(Cvil666).-— = —-155.188 | deg  |rvil666 = 0.07302 |
T

Plot VSWR,, = 1.666 circle on I'g Smith Chart.
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Iy Smith Chart
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