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Impedance Matching

Impedance, Admittance, Reflection Coefficient, VSWR and Return Loss

Impedance: Z=R+jX R: Resistance X: Reactance
Z=2, 1+_F
1-T
Admittance: Y=G+jB G: Conductance B: Susceptance
z-1 -1
Y Zz
Z-7Z, Y,-Y

Reflection Coefficient: T = =|r| S  Z,: Reference Impedance

Z+Z, Y,+Y

VSWR-1 -2 |Z-Z]
M= Vewro1=2 * =7z
VSWR +1 |Z+Z,

RL
Voltage Standing Wave Ratio: VSWR = 1+|F| _1+10 :i = H = ﬂ
1- |F| 1-10 0 |Z| 77, | 0llz>z,
Return Loss:  RL =-20-log|T'| = -20- |ogVSW—F‘>_1 =-20-log |Z _ ZO|
VSWR +1 |Z+Z,

All values for cursor position in Smith-Chart are displayed in window “Cursor”.

Cursor

RetumLoss |20.67 dB VEWR  [1.20 11
a [o12 r |0.093/-38.928 °
Y |(17.20+2.02)m3 z |(57.34-8.73)0

Zo |50.0Q Freq |999.0MHz




Matching arbitrary impedances to 50 Ohm

Example 1: Use 2 reactance elements, Highpass

Problem: Match an impedance of (10+j7)Q to 50Q. Use 2 reactance (L,C) in a circuit topology
with highpass characteristic. Frequency: 150 MHz.

Smith project file: Examplel.xmisc

Schematic EI E3

z
HUQ'9Z  _aasr
uzr—1

Datapoints E 3

Start DP | Point | £ Q Frequency

DP 1 [(10.000 +j7.000) 0 |Q=0.700 | 150.000MHz

TPZ |(10.000-j20.067) 0 | Q=2.007 | 150.000MHz

TP3 |(50.268-j0.078) 0 |Q=0.002150.000MHz

ZHWO05 @000 A+00 01)




Example 2: Use 2 reactance elements, Highpass

Problem:

topology with highpass characteristic. Frequency: 500 MHz.

Smith project file:

Match an impedance of (100—j50)Q to 50Q. Use 2 reactance (L,C) in a circuit

Example2.xmisc

Z
HUL'EZ  onnonr

ZHWO 005 Uloo 0s-00 00 L) H——

Datapoints

Start DP | Point | Z
[ |oP1 | (100.000-j50.000) @ | Q=0.500 | 500.000MHz

P2

{50.112 + j§1.260) O

Q=1.222

S00.000MHz

TP3

(50.112 + j0.047) O

Q=0.001

500.000MHz




Example 3: Use 2 reactance elements, Lowpass

Problem: Match an impedance of (10+j7)Q to 50Q. Use 2 reactance (L,C) in a circuit topology
with lowpass characteristic. Frequency: 150 MHz.

Smith project file: Example3.xmisc

HUg'elL

Datapoints EI 23

Start OP | Point | Z | @ | Frequency

v | DP1 |(10.000 +j7.000) O |Q=0.700 |150.000MHz

TP2 | (10.000 +j20.008) O | Q=2.001 | 150.000MHz
TP3 |(50.025+j0.07%)0 |Q=0.002150.000MHz

ZHWO 051 @000 A+00'01) m——




Example 4: Use 2 reactance elements, Lowpass

Problem:

Match an impedance of (100—j50)Q to 50Q. Use 2 reactance (L,C) in a circuit
topology with lowpass characteristic. Frequency: 500 MHz.

Smith project file: Example4.xmisc

Schematic

Z

451

ZHWO 00s@ U0 0s-00 00 L) ——

HUF 6l

Datapoints

Start DP | Point | Z

ﬂ DPF1 | (100.000 - j50.000) O | @=0.500 | 500.000MHz

TPZ

(48.914 - B1.220) 0

0=1.226

500.000MHz

TP3

(48.914-J0.273) 0

Q=0.005

500.000MHz




Example 5: Antenna Match with 3 or more reactance elements, Low Q, Highpass

Problem: Match an antenna impedance of (20—j12)Q to 50Q. Use L and C in a circuit topology
with highpass characteristic and do not exceed a Q,_, = é = ;—é =0.6 (for maximum bandwidth).

Frequency: 450 MHz.

Smith project file: Example5.xmlsc

Schematic E £3

Datapoints EI E3

Start DP | Point | Z | @ | Frequency

'z
HUO'8L  Foasar
HUG'LZ  Foassr
HUS'BZ  Foassr

4dgiz

DP1 | (20.000-j12.000) O | Q=0.600 | 450.000MHz

TP2 |[(Z7.200 +j0.000) 0 |Q=0.000 |450.000MHz
TP3 | (27.200-j16.197) O | Q=0.595 | 450.000MHz

TP 4 |((35.845-j0.000) 0 |Q=0.000 450.000MHz
TPS |[(36.545-[22.105) O | Q=0.5600 | 450.000MHz
TPE |[(50.107 +j0.040) 0 |Q=0.001 | 450.000MHz

A ZHWO0SP@UI00ZL-0002)




Example 6: Antenna Match with 3 or more reactance elements, Low Q, Lowpass

Problem: Match an antenna impedance of (20—j12)Q to 50Q. Use L and C in a circuit topology
with lowpass characteristic and do not exceed a Q,, = é = % =0.6 (for maximum bandwidth).

Frequency: 450 MHz.

Smith project file: Example6.xmlsc

Schematic E £3

Datapoints E 22

Start DP | Point | Z | a | Frequency

[ o B
Z

4ds0

4ds6

HUS'a
HUl'G
HU9'2L

(20.000 - 12.000) O | Q=0.600 | 450.000MHz

TP2 | (20.000+12.033) O | Q=0.602 | 450.000MHz

TP3 | (27238 +j0.235)0 |Q=0.009 |450.000MHz

TP 4 |(27.238 +(16.351) O | Q=0.500 | 450.000MHz

TPS |(37.0533+j0.116)0 |Q=0.003 |450.000MHz

TP6 |(37.053 + [21.605) 0 | Q=0.583 | 450.000MHz

TPT |(49.548-j0.324)0 | Q=0.007 | 450.000MHz

A ZHINO OSF@UI00°ZL-00 0Z)




Example 7: Match Ceramic Filter to 50 Ohm

Problem:

Smith project file:

For measurement purposes match a 10.7 MHz 300 Ohm Ceramic filter to 50 Ohm
using a parallel resonance circuit with capacitive voltage divider and L = 330 nH.
Frequency: 10.7 MHz.

Example7.xmisc

Schematic

'z

A ZHN 0LBUI00 0H00 00E) H

HUD'0BE  Foann

Datapoints

E=R(ECR

Start DP | Point | Z
(300.000 + j0.000) O | 3=0.000

DP 1
P2

(2.274 + 26.021) 0

| a

0=11.442

| Frequency
10.700MHz

10.700MHz

T3

(2274 +10.354) 0

0=4557

10.700MHz

TP 4

{49.503 - j0.118) 0

Q=0.002

10.700MHz




fo:=107-MHz Ry :=300-Q L :=390-nH
21 LAy
B:=——— =791298 -kHz
R
O
— S
Rres
—
J— Cz RL
O

For Q = 10 following approximations can be used:

f 1
~2 Car—"—
Q B 2nBR
Q C,
~—~ C,~
2 N ' N-1

res



Example 8: Antenna match using reactance and serie line element

Problem: Match an antenna impedance of (30—j40)Q to 50Q . Use one reactance and one
serie line. Frequency: 430 MHz.

Smith project file: Example8.xmisc

Schematic E\ &3

Datapoints EI 3

Start DP | Point | Z | o | Frequency

¥lw/gpoluoos

v | DP1 |(30.000-j40.000) O | Q=1.333 | 430.000MHz

TP2 | (21.388 + [24.666) O | Q=1.153 | 430.000MHz

LB0zZ'0

TP3 |(49.830-j0.146)0 | Q=0.003 |430.000MHz

ZHWO 0er@Utoo orl-00 0E)
([oaE)ww || (shydww] sy
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Example 9: Antenna match using serie line and open stub

Problem: Match an antenna impedance of (30—j40)Q to 50Q. Use one serie line and an open
stub. Frequency: 430 MHz.

Smith project file: Example9.xmisc

Datapoints IEI E3

Start DP | Point | Z | @ | Frequency

@ |DP1 |(30.000-j40.000) 0 |Q=1.333|430.000MHz

LB0Z 0=Y|W/aprol 0 0

(yaajajwwz gel(sfy dwwz 5
5oe L o=vlw/aroluions

TP2Z |(21.398 + |24 .5586) O | Q=1.153 | 430.000MH=z

TP3 |(48.831-j0.000)0Q |Q=0.000 | 430.000MHz

ZHWO 0er@ 000 0F-00 " 0E)
nos W | gp || isfydiww | gy
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Example 10: Antenna match using serie line and shorted stub

Problem: Match an antenna impedance of (30—j40)Q to 50Q. Use one serie line and a shorted
stub. Frequency: 430 MHz.

Smith project file: Example10.xmisc

Schematic E\ 3

z
|
uz—=
H@H

Datapoints EI 23

Start DP | Point | Z Freqguency

a
(30.000 - [40.000) O | G=1.333 | 430.000MHz

TPZ |[(21.398 + [24.665) O | 0=1.153 | 430.000MHz

¥lwsapolio os

L20Z 0=Y|w/gapPolio oG
(1a8jajwwg gaz| (shy diwwg 5oz

ZHWO Oer@Uin0 oFl-00 0E) ——
SORED

TP3 |(49.831 +j0.0258)0Q |Q=0.001 | 430.000MHz

(o | gp Ll (sAydiww | Gy |

12



Example 11: Antenna match using double stub tuner

Problem: Match an antenna impedance of (30—j40)Q to 50Q. Use a double stub tuner with
serie line length of 80 mm with ¢ =1 and Frequency: 430 MHz.

Smith project file: Examplell.xmlsc

Schematic E\ E3
N ]
(=]
a
a == N Qo —= N
o oS 590 =0
: Do o Po
g @D 3D D
5 IS5 3o 25 )
& 25352k
5 23328 Dsapors == =
5 o2 E %E 2 E Start DP | Point | Z Q Freguency
& 2 g g E E = (30.000 - j40.000) O | @=1.333 | 430.000MHz=
g %3 = iw 3 < TP2 |(79.622-/117191) 0 | Q=0218 [ £30.000MH=z
= 3 @ 3
E o o o TP3 |(38.628-20.570) 0 | Q=0.543 [430.000MH=z
) = @
2- - 2- TP4 |[(50.012-j0.057)0Q | Q=0.001 [4£30.000MH=z
< >
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Use Edit Element (doubleclick on element in schematic) to adjust for desired line length.

Edit Element - O X

Type in the new value(s)

R

[ [ma =l

L

[ [t |

c

[ 5 E|

Trafo n=

Z0 Line impedance Er

50.000 1} 1.0000

L electr. in A L electr. in mm L phys. in mm

-~
01710 |119.2000 [119.2000
a dB/m (phys. length
Draw
y
v, oK ﬁ Cance\| ? He\p‘

Change value

OK when done

Or use tuning cockpit (Tune) to adjust for desired line length.

Tune

ﬂ Remove

Remove

s

Z0 Line impedance L electr. in A Z0 Line impedance L electr. in A
Max. Max. Max. Max.
i H BE+1 H £ |1.872E1 g 6E+1 H g 1.376E-1
E Value Value Value Value
E 50.000 0.1560 50.000 0.1147
i Min. Min. i Min. i Min
B P S [1248E4 © [ee " fer3e2
£
Reset Min/Max | Remove all |
OK| Help|

Select element to tune in schematic window

Click Draw and see on Smith-chart and
schematic how this affect transformation

Scheratic

=
—
=

"3 = i, =W
@ o0 0o —O0
Do po Po
=] @D 3D BD
5 35 35 295
= 3 55 35
& sz 3@ Ee
g 2333%3
= £
=] =1 =iuL =1
(5] =0 0o =09
5 Bz g3 &3
=] o@D 35“ [
o 3% 2 3e
= 3 @ 3
— @ o
T = 9 @
o = z
O,
<

14




Example 12: Nonsynchronous Transformer

Problem: Match an impedance of (10+j12)Q to 50Q. Use an open stub and a nonsynchronous
transformer. Frequency: 2.4 GHz.

Smith project file: Examplel2.xmisc

Datapoints E £

Start DP | Point | Z Q Freguency

TP2 |(24.400+j0.000)0 |Q=0.000|2400GHz

¥lwy/gpoltoos

(noep@ww glisiydiww, g
¥Wapolioos

(oaja)wu gl (sfydiww, 5
Y¥lwigapol UF 2

Saalo
0800
0800

TP3 | (29355 +)19.033) O | Q=0648 | 2.400GHz

zHor Z@U00ZI+00 01
[oeEluwg ezl (siydiwws £z

TP4 |(50.080-j01713Q |Q=0.003 |2400GHz

~
L

15



Use Edit Element (doubleclick on element in schematic) to adjust for desired line length.

Edit Element - O X

Type in the new value(s)

R

[ [ma =l

L

[ [t |

c

[ 5 E|

Trafo n=

Z0 Line impedance Er

50.000 1} 1.0000

L electr. in A L electr. in mm L phys. in mm

01710 |119.2000 [119.2000

a dB/m (phys. length
Draw
y
v, oK ﬁ Cancel | ? Help ‘

-~

Change value

Click Draw and see on Smith-chart and
schematic how this affect transformation

OK when done

Or use tuning cockpit (Tune) to adjust for desired line length.

Tune

Remove

Z0 Line impedance
Max.

il 6E+1

Value
50.000

4E+1

Remove

L electr. in &
Max.

i § |2262E1 i

Value
0.1885

Min.

! 1.508E-1

Z0 Line impedance

Max.

Reset Min/Max

| Remove all |

o

Help|

Select element to tune in schematic window

2
"~
L electr. in A i
Max.
3| 5 [o3eE2
Value i s =N EoR
0.0780
i Min.
" [ezeE2
= Bg 22 @R
- g wo 3o 3=
— s 32235852
> £ 28 $2 5%
2 2% %% 5%
® Nd =g =g
B w5 39 39
5 sHh z38 8
T T 3 3
o = =
<

16




Properties of Nonsynchronous Trafo:
It uses two pieces of line with the same length. One line must have the line impedance of the
source and the other line the impedance of the load. The total length depends on impedance
ratio and is much shorter than A/ 4.

Nonsynchronous Trafo
Zz ZZ
Z4 Z,

e

L = Length of one line section

k=212, L=Latan

1
27:\/; 1/k+%+l

Nonsynchronous-Transformer

Linelength in Lambda
o
2
Linelength in Degree
R

Line length as function of impedance ratio k

17



Low Noise Amplifier Design

Example 13: Low Noise Amplifier, 2.0 GHz

Problem:
Frequency: 2 GHz

Smith project file:

A

Example13-input.xmisc

matching
network

Input
S

SZl

Transistor

SlZ
S22

1T

Output
matching
network

Zs

Z1

Import S-Parameters for device BFG33G at 2.0 GHz.

I,

Z

FL = Fg*

Z, =2y

Design input and output matching network for a LNA using BFG33G.

Z

Draw |

Circles
Q Gain |VSWR| Stabilty | NoiseFigure |
Select gain | —Impart
_
’7(-‘ Available Power Gain ¢ Operating Power Gain < ln  SelectFile
1
T ——
© Unilateral —Erm gt
K Power gain [dB]
Source | Load | -
[1-188 J12842 Semith % af341432b.52p
| BFG33G.52P
- Frequency Gmax [dB] S2P-files ) BrRonA.S2p
| .
20000Hz 12842 Substrates "l RFRONAF 57D
. - fr—
[ Magnitud [ Angle [ [ Magnitud [Anglel] penct | 51w Stajge | Saueg | S;iange | S1zieg sizange | szzung szmege
|u_121 |_14g 000 |u_1 08 |59.4DD 0.000 28 ) [ ) 0.008 83900 e )
wown o e T o3 ssur o
BT B e s om e e 1w
oo v B wew  wom owt am o wam
oo nsae s wim mmm e srem ne s
BT = s wew oo st ams <o
s sz 700 000 0.387 73004 8812 112400 0053 60500 0583 42200
—Magnitud —Anglel1 —Magnitud —Anglel] wooo o BT i wrew  |oost o |ass s
o0 lnzsr =0 e wme oo sose0 s x50
[37s6 [r3300 [oz10 [-s¢.500 oo Jome Tmah Toow T o oom o w1
oo oan <o s oo wm o s
own s g s L wom s o
@ Polar " Cartesian [~ dB | & Polar ¢ Cartesian ¢ dB | = L0

P =
J DK| S Cancell ?

He\pl

18




Draw circles for gain:

Circles

a  Gan |vswR| Stabity | Noisefigure |

Select gain
’76‘ Available Power Gain (" Operating Power Gain
1

| —Impart

© Unilateral

Source | Load

[ Gain to show

~

—
Kﬁ‘ Power gain [dB]
’71 188 N [12842 L

\V

[ Frequency |
200

—sn

Gmax [dB]
12.943

512

Magnitud, Angle [
’]0.121 ’]—149 ooo

Magnitud Angle[]———
’]0_1 08 ’]59.400

@ Polar (" Cartesian ' dB

@ Polar (" Cartesian (' dB

s

[ S22

Magnitud; Angle[7]
’]3.756 ’]73 900

Magnitud Angle[] |
’]0.41 0 ’]—54.500

& Polar " Cartesian [ dB

& Polar (" Cartesian ' dB

Draw

12.94 dB
Specify Power gain of  12.50 dB

12.00 dB

and draw each circle

Stability circle for Input
and Output Plane

J OKl x Cancell ? He\pl
Draw stability circles:
Circles
a | Gan |VSWD'BEFigura|
[~ Select Plane  Impart
( | Output l g
[ Frequency
[2000MHz
s sz
Magnitud Anglel] Magnitud Anglel]
’]D 121 ’].149 000 ’]ﬂ 108 ’]59.400
' Polar " Cartesian { dB @ Polar " Cartesian{ dB |
521 =
Magnitud: Angle[7] Magnitude [Angle[]
ﬁa.?ss ’]73.900 (u 410 | [54.500
 Polar " Cartesian [ dB @ Polar " Cartesian " dB |
Draw -
v’ OK| 7< cancel| ? Help

19



ach circle

dddddd

» Specify Noise figure of

(50+j30)Ohm we get a gain of approx. 12 dB and a NF of

Nz

Sl |
o

o  Cartes
qui input noise resistan
0.98 # Normalized

-
E |= 0
L L= L=

approx. 3.85 dB with only a serie inductor as input matching network.

If we choose a source impedance of Zg

Draw Noise figure circles:
Input matching network:

20



Schematic [= @] = |

TPZ | (50.000 +j30.034) 0 | Q=0.601 [2.000GHz

- ]

S =

(=] T

=]

X

[=] R
3 Datapoints =] 52 |
5 Start DP | Point | Z | @ | Frequency

r v Q

(o]

o

I

L

Circles =& = |

Visible | Highlighted | Details

1: input plane const. gain circle ;\Vp=12.94dB ;Gmax=12.94dB ;511=0.12 = -148.00°; 512=0.11 = 59.40%; 3.76 < 78.90°,

N4: Constant 3.90dB noise figure circle; NFmin = 3.60dB; [_NFmin = 0.42 < 35.10; rnoise = 0.88,2.0GHz

2 - G2:input plane const. gain circle ;Vp=12.50dB ;Gmax=12.94dB ;511=0.12 = -145.00°; 512=0.11 = 58.40%; 521=3.76 =< 78.90°, 522=0.41 = -54.50°; 2.0GHz
v v 33 input plane const. gain circle ;Vp=12.00dB ;Gmax=12.84dB ;511=0.12 < -145.00°; 512=0.11 = 55.40%, 521=3.76 < 78.90°, 522=0.41 = -54.50%; 2.0GHz
Icd r 51 Input plane stability circle; stable inzide; K=1.17; 311=0.12 < -145.00%;, 512=0.11 < 59.40%; 521=3.76 < 78.90°, 522=0.41 = -54.50%, 2.0GHz

v r S2: Output plane stability circle; stable outzide; K=1.17; S11=0.12 = -145.00°; 512=0.11 = 59.40%, 521=3.78 < T8.90°, 522=0.41 = -54 50%; 2.0GHz

v - N1: Constant 3.60dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 < 35.10; rnoise = 0.98,2.0GHz

1= r N2: Constant 3.70dB noise figure circle; MFmin = 3.80dB; [_NFmin = 0.42 < 39.10; rnoise = 0.98;2.0GHz

2 v N3: Constant 3.80dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 =< 358.10; rnoise = 0.98,2.0GHz

I I

I3 r

N5: Constant 4.00dB noise figure circle; NFmin = 3.60dB; [_NFmin = 0.42 < 35.10; rnoise = 0.98,2.0GHz

With a few calculations we get:

S-parameters at 2000 MHz: Source impedance at 2000 MH:
i-— 149 i.50 4. Zco = (50 + j-30)-Q
0.121-ej 149-deg 0.108eJ 59.4-deg S
- i.78.9 i 545 Zp=50-Q
37566 (32080 (49, 54 5deg 0
Zs- 2
g :=— =0.083+ 0.275] I'q| =0.287
st4o
arg(FS) =73.301deg
S, S, .-
1,272,1° S .
Iy= 82 ot ———— =0.136-0.392j
, 1- 31,1'FS
1+T
Zy=Zy T = (45.987 — 43.54) Q
-2

For the output network we conjugately match Z, (or T',) to 50 Ohm.
There are several possibilities to realize the output matching network.

21



Problem: Output matching network 1
Smith project file: Example13-outputl.xmisc

Schematic [= @] = |

EL I

Datapoints =)@ = |

Start DP | Point | Z | @ | Frequency

v | DP1 |(45.980-j43.540) O | Q=0.947 | 2.000GHz
TPZ |(49.535 +j43.186) 0 | Q=0.870 | 2.000GHz

ZHS 0 ZBUPS erl-66 SF) H

TP3 | (49638 +)1.303)0 |Q=0.026 | 2.000GHz

22



Simulation of LNA with Output matching network 1 versus Frequency in Agilent ADS:

s2P
SNP1
File="BFG33G.S2P"
-7 e N
0 o L - L Il Tenmn
fr
Term1 L1 L2 C Term2
Num=1 L=2 4 nH L=3.8 nH C1 Num=2
=Z4an =
Z=50 Chm _ = R= S0 c=19pF Z=50 Chm
Output 1 Match
Retumloss vs Freq
0
m m2
[freq=2.000G Hz _
5 E@ﬂﬂl freq=2.000GHz
s [ B —— S(1,1)=0.3737 125.040
10 impedance = 27.457 +j19.48
—= -154
N
N~
gg -20 4
Jaages] aqw
TT -5 o
2151
-30
m6
35+ freq=2.000GHz m1
dB(S(2.,2))=-36.259 freq=2.000GHz
B L T e S me ey o e L IS B 5(2,2)=0.015 / 119.981/
15 16 17 18 19 20 21 22 23 24 25 impedance = 49.220 +j1.31
freq, GHz
freq (1.500GHz to 2.500GHz)
Gain vs Freq NF vs Freq
15 4.0
m3 4 m4
T freq=2.000GHz g freq=2.000GHz
14} dB(S(2,1))=12.005 E nf(2)=3.852
i 3.9
134 ] m4
8 T 30
@ 12} = 3.8_-
s} e ]
o
1] B
J 37
10 ]
9 T I T I T I T I T I T I T I T I T I T 36 ] T I T I T I T I T I T I T I T I T I T
15 16 17 18 19 20 21 22 23 24 25 15 16 17 18 19 20 21 22 23 24 25
freq, GHz freq, GHz

23



Problem:

Smith project file:

Output matching network 2
Example13-output2.xmisc

ZHs 0 ZB OIS Erl-66 GR)

(oa@jw Lzl (shydiww 1z
0st L o=ylwgpoloes

10256 —|—
ul

Datapoints

(=@ ] = |

Start DP | Point | Z
= DP1 |(45.990 - j43.540) O | Q=0.947 | 2.000GHz

P2

(36,273 + 22.146) 0

| @

Q=0.601

| Freguency

2.000GHz

TP3

(50.174 + [0.018) 0

Q=0.000

2.000GHz

24




Retumnloss vs Freq

m5
5] freq=2.000GHz
dB(S(1.1))=-8.408 m5
-10
-15.]
-20]
25
-30]
m6
freq=2.000GHz
354 dB(S(2,2))=:60.579)
-40.
LB I s S e e e L B B R e e e
15 16 17 18 19 20 21 22 23 24 25
freq, GHz
Gain vs Freq
15
m3
freq=2.000GHz
144 dB(S(2, 2.006
13
3
o g2
(D)
o
=]

1_]

104

freq, GHz

nf(2)

s(1.,1)
S(2.2)

Simulation of LNA with Output matching network 2 versus Frequency in Agilent ADS:

Output 2 Match

m2
freq=2.000GHz
S(1,1)=0.380/124.571
impedance =,27.160 +{19.85

ml

freq=2:000GHz
S(2,2)=9.355E-4 / 17.504
impedance = 50.089 +j0.028

freq (1.500GHz to 2.500GH2)

NF vs Freq
4.0
394
mé4
3.8
3.7
36 r~ T 17T T T T 1T T 1T 7T 71T
15 16 17 18 19 20 21 22 23 24 25

freq, GHz
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Output matching network 3
Example13-output3.xmisc

H .
L Zin

1.9pF

83.00|0dB/m|A=0.0838
=1 12 6mm{phys)|12.6mmelectr)

2,
L34 (45.99-j43 54)0@2.0GHz

Smith project file:

Schematic

Problem:




Simulation of LNA with Output matching network 3 versus Frequency in Agilent ADS:

Output 3 Match

Returnloss vs Freq

0 freq=2.000GHz
m5 S(1,1)=0.385/124.358
5 geqi’-OOO‘EHZ impedance = 26.904 + 20,082
. B(S(1.1))=-8.28 l‘@
-10
= -15
N
N
o5 > a g
frages) hala)
TSoT -5 T k
%04 m6
freq=2.000GHz
1 OB(S2.0=- 57 85
ml
-40 T T T T T T T T T T T T T T T T T T
15 16 17 18 1‘5 20 21 22 23 24 25 .013/ -67.850
lance = 50.471 - j1.197

freq, GHz
freq (1.500GHz to 2.500GHz)
Gain vs Freq NF vs Freq
15 4.0
m3 . m4
1 freq=2.000GHz - freq=2.000GHZ
14 dB(S(2.1))=12.009 1 nf(2)=3.852
J 39-]
1] 1 v
SN ]
o N b
) 12_] = 38
= | ]
a ]
1] E
J 37
10—~ ]
9||||||||||||||||||| QR-|||||||||||||||||
15 16 17 18 19 20 21 22 23 24 25 15 16 17 18 19 20 21 22 23

freq, GHz freq, GHz



Conjugate Matching

Example 14: Conjugate Match

Problem: Conjugately match impedance Z; (or Gamma I',) to 50 Ohm.

Method 1: Start at Z; and transform with network to 50 Ohm.

In this case Z; is used as load impedance for the network and after transformation we would like to see
50 Ohm at the input of the network.

Method 2: Start at 50 Ohm and transform with network to
Z,* = conjugate Z,

In this case 50 Ohm is used as load impedance for the network and after transformation we would like
to see Z;* into the input of the network.

Both method result in the same network.

Method 1 Method 2

50Q

Z
r
50 Q p » Ly J

28



=(10-j10)Q

Z

Example:

Method 1:

Example14-1.xmisc

Smith project file:

| 12.7pF

W 9.5MH
=

L (10.00-10.00)C

29



Method 2:

Example14-2.xmisc

Smith project file:

9.5nH

L 12.7pF

L (50.00+0.001C
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Serial Transmission Line with Attenuation

Example 15: Match using transmission line with loss

Problem: Match an impedance of (23.7 +j 101) Ohm to 50 Ohm using a lossy transmission line
with an electrical length of about 2 wavelength, attenuation of 2 dB/m and a serial reactance.
Frequency: 500 MHz

Smith project file: Examplel5.xmlsc

Edit Element - [m] X
pein tl lue(s)
Trafo n=
nnnnnnnnnnnnnnn Er
50.000 1} 21000
L electr. in A L phys. in mm
|1 [e30.0000
a dB/m (phys. length)
2.000
Draw
7
v, OKl < ‘ ?

Schematic E E3

z
uz—T

8 88

3 g8t

— [=H

g :;% Datapoints EI £
5 %E Start DP | Point | Z a Frequency

9 o @700 10100000
S = TP2 |(50.687 - B9.776)Q |Q=1.377 [500.000MHz

% E—_ TP3 |(50.687 +j0.231)0Q |Q=0.006 |500.000MHz

N
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Sweeps

Example 16: Input impedance of a Chebyshev lowpass filter

Problem: Plot input impedance of a 50 Ohm Chebyshev lowpass filter with n = 3, Ripple = 0.1 dB
and cut-off frequency = 100 MHz
Frequency: 10 MHz to 450 MHz

Smith project file: Examplel6.xmlsc

Datapoints EI |E

Start DP | Peint | Z |a | Frequency o

(50.000 +{0.000)© |Q=0.000 | 100.000MHz
Schematic == R TP2 [(50.000+51.522)0|Q=1.030 | 100.000MHz

TP3 |(38.271-45807)0 |0=1.301 100.000MHz
TP4 |(3B2T1+)1.715)0 | Q=0.045 100.000MHz

SP1 |(50.525+j4.584)0 |Q=0.0M1 10.000MHz
SP2 |(52.078+jB.757)0Q |Q=0.168 20.000MHz e

uF—T

ddoee ——

= @ @ SP3 [(54.564 +[12.042)0 |0=0.221 | 30.000MHz
g = = SP4 [(S7.704+[13.354)0 |0=0.240 | 40.000MHz
5 T T SPS |(60.830+[13.572)0 |0=0.223  |50.000MHz
P SPE |(62.703+[10.886)0 |0=0.173 | 60.000MHz
% SPT [(B167T1+6323)0 |0=0.103  |70.000MHz
& SPE [(36612+[1.857)0 |0=0.033  |30.000MHz
§ SP9 [(48.113-]0.104)0 |Q=0.002  |90.000MHz
% SP10 ({38271 +[1.715)Q |Q=0.045 | 100.000MHz
(]

SP11 (29138 +BA2TT)0 | Q=0238 110.000MHz
SP12 |(21.722 +14.131) 0 | Q=0.651 120.000MHz
£ > SP13 | (16.120 + j22.341) 0 | Q=1.386 130.000MHz -
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Example 17: Broadband load match

Problem: Given: Load impedance = (100.8+j24.2) Ohm @ 140 MHz, (106.9+j41.7) Ohm @ 145
MHz, (121.2+j60) Ohm @ 150 MHz

Find LC-lowpass network to match within VSWR of 1.2. Use standard component values as possible.
Frequency: 140 MHz to 150 MHz

Smith project file: Examplel7.xmlsc

SERETane =N EcR
R Dstapoin =
m _L _L 7@ Start DP | Point | Z | @ | Freguency
I I g W |DP1 |(100.300 +i24.200) O | Q=0.240 | 140.000MHz
= s 8 &3 8 E |DP2 |(105.900 +41.700) O | 2=0.380 | 145.000MHz
@ =5 g 7 g [T |pP3 [(121.200 = j50.000) O | Q=0.485 | 150.000MHz
[{n] M T m T
F TP4 |(80.193-58.704)0 |Q=0.732 | 145.000MHz
E TPS |(80.193+[3.248)0 | 0Q=0.041 | 145.000MHz
% TP |(54.350-j37.572)0 |Q=0.691 | 145.000MHz
® TPT |(54.350-j2.041)Q | Q=0.038 | 145.000MHz
g SP1 | (58.151+4.882)0 | 0Q=0.084 | 140.000MHz
= SP2 | (54350-j2.041)Q |Q=0.038 | 145.000MHz
" SP3 | (44930-j4.426)Q | Q=0.089 | 150.000MHz
£ >
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Tune element values

Example 18: Match an Antenna with Lowpass network and fixed L-values

Problem: Match an antenna impedance of (61+ j57)Q to 50Q. Use L and C in a circuit topology
as shown below. Inductors are fixed to a value of 56 nH and capacitors should have a value between
10 and 20 pF. Do not exceed a Q,,, = Xx_80 ~1

R 61
Frequency: 145 MHz.
Smith project file: Example18.xmisc

%
%

7
——
——
H—
ur—T
-

HUD'35%
HUD'35%
Uoos

ZHWO 'SP L @000 0a+00 19) H—
4doz - 0T
4doz — 0T
4doz - 0T
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44444

s 2 5 2 2 Datapoints =N
mmmmm

Start DP | Point | Z | @ | Frequency
(61.000 + 50.000) O | Q=0.984 | 145.000MHz

TP2 |[(B3.867 - j55.061) O | Q=0.657 | 145.000MHz

TP3 |(B83.867 - 4.042)0 | Q=0.043 | 145.000MHz
TP 4 | (34554 -j41.361) 0 | Q=1.197 | 145.000MHz
TPS3 |(34.554 +j85659) 0 |Q=0.280  145.000MHz
TPE |(35.389-8.125)0 |Q=0.230145.000MHz

ZHWO'SFLEBUI00 0ok 0
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Tune capacitors to find a solution.

Schematic EI £3
Tune
[ [ ]
1 1 1
Y ] H LT | ==
T T T4 c : :
Max Max. Max
— —= o —= o —- 1.8E-11 1.8E-11 1.8E-11
=2 o @ o @ o
- L] o L] o L]
o - =] - =] -
L] m T m T m
Tt Walue Valug Value
ra] 15.00pF 15.00pF 15.00pF
o
=
= £ Min Min. Min
[ T freEn 1.2E-11 12611
®
=
o
L]
= Reset Min/Max ‘ Remove all ‘
T
™ Help Select element to fune in schematic window
< >
Schematic 23
Tune
1 1 1
I~ <—| H Remove | T Remove | T Remove
]
—-[ —_[ —_[ =1 G C c
Max Max  Max
= by @ P @ P 2.11E-11 T4BE-11 144611
= : ! ! ! !
- (23] o] ] o] =l
o - =] h=] =] o
L] m T m T m
._+. Value WValue Value
[e2] 17.58pF 10.80pF 10.70pF
o
=
E Min. Min
5 9 887612 96612
=
=
o
L]
= Reset Min/Max ‘ Remove all ‘
T
™ oK Help Select element to tune in schematic window
L4 >
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EnMMMMMM
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1 © E=EE=RE=-RE=RE=]
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Cpgey ¥ | ¥ ¥ T
|41.HB —
[=a] (3] [==]
> FAEISEIE
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mw}ﬁﬂ}
=] [=r]
= ]
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mwwam1
S RAR- AR
=— By R vy T = S = T =
NSRS o) |
m123455
o
Mk © S
Ela
A=
=
mﬂ
(5]

L2

(=&

Schematic

@

—Zin

—— 10.7pF

56.0nH

—— 10.8pF

56.0nH

—— 17.6pF

2
L3+ (81.00+60.00)0@145.0MHz

Many other solutions are possible.
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