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Example- Let’s base our unilateral constant gain circles example on an
Advanced Semiconductor, Inc. MLN2037F NPN silicon RF power
transistor operating at 1 GHz.

Using the datasheet, the S parameters at 1 GHz are:

S,, =0.8128./156°,
S,, =1.81./55°, S,, =0.3801/ —136°

kkhkkkhkkkhkkhkkkhkkhkkkhkkhkkkhkkkkkhkkkkhkkkkhkkhkkhkhkkhkkhkhkkhkkhkkhkkhkkhkhkkikkhkhkkkhkikkkkkkhkkkkikkkkkkkkkkkk

Input Matching Network- circles of constant Gs on I'; Smith Chart

1) Plot S;,*=0.8128£-156° on I'y Smith Chart (see following page) where
1 1

G = =
ST 1-|S, P 1-0.8128°
= 2.9467566 = 4.6934 dB

2) Let’splot G; =3,2,1,0,and -1dB. To simplify the process, use MathCad

(see following pages) to compute the corresponding Gs and gs. The results
are summarized in Table 1.

S,, = 0 (assumed)

3) Calculate corresponding C, using MathCad. The results are summarized
in Table 1.

4) Calculate corresponding r, using MathCad. The results are summarized in
Table 1.

Table 1 Circles of constant Gs information

G, (dB) 3 2 1 0 -1
G, 1.9953 1.5849 1.2589 1 0.7943
Os 06771 | 053784 | 042722 | 0.33936 | 0.26956

C, 0.6996 0.6293 0.5586 0.4894 0.4234
ZC,, —156° —156° ~156° —156° —156°
r,. 024513 | 0.3321 | 041318 | 048945 | 0.56052

5) Plot T’ circles for constant G, (dB) on Smith Chart (used CorelDraw).
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Output Matching Network- circles of constant G, on I", Smith Chart

1) Plot S,,*=0.3801£136° on I'y Smith Chart (see following page) where
1 1

G = =
ST 118, P 1-0.3801°
—1.16887 = 0.67768 dB

2) Let’s plot G, =0, -1, -2, and -3dB. To simplify the process, use MathCad
(see following pages) to compute the corresponding G, and g,. The results
are summarized in Table 2.

3) Calculate corresponding C, using MathCad. The results are summarized
in Table 2.

4) Calculate corresponding r, using MathCad. The results are summarized in
Table 2.

Table 2 Circles of constant G, information

G, (dB) 0 -1 2 3
G, 1 0.7943 0.631 0.5012
o 0.85552 | 0.67957 | 05398 | 0.4288

(o 0.33212 | 02708 | 02198 | 0.1776
/Cy 136° 136° 136° 136°
Iy, 0.33212 | 050779 | 062171 | 0.70476

5) Plot I", circles for constant G, (dB) on Smith Chart (used CorelDraw).
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Unilateral gain circles example for MLN2037F at 1 GHz

j-156-——
S11:=08128-e 190 S12:= 0
j.55.L j-—136-i
s21:=181.e 80 S22 := 0.3801 ¢ 180
First, calculate GS circle information
1
GSmax = 5 GSmaxdB := 10-log(GSmax) GSmax = 2.94676
1-(Is11]) GSmaxdB = 4.69344 dB
3
0 GS_3dB
GS 3dB =10  GS 3dB=19953 ¢S 3dB = —= gS_3dB = 0.6771
GSmax
2
10 GS_2dB
GS 2dB =10  GS 2dB=15849 ¢S 2B = —= gS_2dB = 0.53784
GSmax
1
10 GS_1dB
GS 1dB =10  GS 1dB=12589 ¢S 10B = —= gS_1dB = 0.42722
GSmax
0
0 GS_0dB
Gs odB=10°  GsodB=1 gS_0dB == —= gS_0dB = 0.33936
GSmax
-1
10 GS_mldB
GS_midB = 10 GS_mi1dB =07943 ¢S mldB:= —=—— gS_m1dB = 0.26956

GSmax
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gS_3dB-S11
1-(|s11])%(1 - gS_3dB)

J1-g53a8 1 (Isu1])?]

1-(|s11])%(1 - gS_3dB)

CgS3dB :=

rgS3dB :=

gS_2dB-S11
1-(|s11])%.(1 - gS_2dB)

J1- g5 208 1 - (|s11))?]

1-(|s11])%.(1 - gS_2dB)

CgS2dB :=

rgS2dB =

gS_1dB-S11
1-(|s11])%(1 - gS_1dB)

J1- g5 18] 1 - (|s1))?]

1-(|s11])%(1 - gS_1dB)

CgS1dB :=

rgS1dB =

gS_0dB-S11
1-(|s11])%(1 - gS_0dB)

J1- g5 008 1 - (|s11))?]

1-(|s11])%(1 - gS_0dB)

CgS0dB :=

rgS0dB :=

gS_mldB-S_ll

CgSmldB := 5
1-(|s11])%-(1 - gS_m1dB)

VIS g5 midB{ 1 (|s11])?]

rgSmldB := 5
1-(|s11])%-(1 - gS_m1dB)

|CgS3dB| = 0.6996
180
arg(CgS3dB)-— = —-156
I

rgS3dB = 0.24513

|CgS2dB| = 0.6293

180
arg(CgS2dB)-— = —-156
T

rgS2dB = 0.3321

|CgS1dB| = 0.5586

180
arg(CgS1dB)-— = -156
T

rgS1dB = 0.41318

|CgS0dB| = 0.4894

180
arg(CgS0dB)-—— = —-156

o
rgS0dB = 0.48945

|CgSm1dB| = 0.4234

180
arg(CgSm1dB)-— = -156
T

rgSm1dB = 0.56052

6/8
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Next, calculate GL circle information

1
GLmax := 5 GLmaxdB := 10-log(GLmax) GLmax = 1.16887
1-(]s22])
GLmaxdB = 0.67768 dB
0
10 GL_0dB
GL_0dB := 10 10 GL 0dB =1 gL 0dB .= —— gL _0dB = 0.85552
GLmax
-1
10 GL_m1dB
GL_mldB := 10 GL_mldB =0.7943 gL _mldB := ————— gL_mldB = 0.67957
GLmax
-2
10 GL_m2dB
GL_m2dB := 10 GL_m2dB =0.631 gL m2dB .= ———— gL_m2dB = 0.5398
GLmax
-3
10 GL_m3dB

GL m3dB = 10'° GL m3dB = 05012 gL_m3dB = gL_m3dB = 0.4288

GLmax
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L_0dB-S22
CgLOdB := g —‘;d S
~([s22[)"-(1 - gL_0dB)
1-9gL_0dB- 1-(|S22
rgLOdB := \/g—[ (]s22]) J
1-(|s22])*(1 - gL_0dB)
L_m1dB-S22
CgLm1dB := g _r; dB-S
- (s22[)"-(1 - gL_m1dB)
2
1-gL_mldB{| 1-(|S22
rngldB::\/ gt_m : [ (| |)]
1-([s22])-(1 - gL_m1dB)
CgLm2dB := gL_r;IZdB-SZZ
- ([s22)"-(1 ~ gL_m2dB)
2
rgLm2dB := Vi- gL—mZdzB-[l —(]s22]) ]
1-([s22])"-(1 - gL_m2dB)
CgLm3dB := gL_ZBdB-SZZ
~ (]s22])"(1 - gL_m3dB)
2
1-gL Bl 1- 22
rgLm3dB := J1-gL_mads 1-(|s22])?]

1-(]s22])°(1 - gL_m3dB)

|CgL0dB| = 0.3321

180
arg(CgL0dB)-— = 136
T

rgLOdB = 0.33212

|CgLm1dB| = 0.2708

180
arg(CgLm1dB)-— = 136

T

rgLm1dB = 0.50779

|CgLm2dB| = 0.2198

180
arg(CgLm2dB)-— = 136
T

rgLm2dB = 0.62171

|CgLm3dB| = 0.1776

180
arg(CgLm3dB)-— = 136
T

rgLm3dB = 0.70476

8/8
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Unilateral Figure of Merit example for MLN2037F at 1 GHz
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