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Topics
AReview Impedance and Admittance

AReview Smith chart basics:
AUse interactive software from the Internet to demonstrate how they are used

ADemonstrate how some antenna analyzers display impedance data

AUse an antenna analyzer, a vector network analyzer, and a Smith char
to demonstrate some important transmission line characteristics:



Impedance

Almpedance (Z) is a measure of the opposition to current flow
ADescribes a series circuit

AHas two components:
A The DC component = Resistance (R)
A The AC component = Reactance (X)

AZ (ohms) = RjX 3 2 /4" wherdl 2 =/ R®

A“ j J-1 @ mathematical operator that distinguishes R from X)
AMat h & physics use "i” for this term
A“i” represents current in electronic:

A+jX represents inductive reactance
A-jX represents capacitive reactance
AYou cannot just add R and X (need to use complex math)

A“Resonance” occurs when the net



Impedance (cont’d)
A Z describes aeries circuit

XN =[XC X
—1 ALs XCs ] — XNs

Lins=> % Rs => R Zns= Rt

AMust convert a parallel circuit to a series circuit to determine Z

AEquations for conversion are shown in electronic circuit books and ARRL
Handbooks

AComponent values change when converted

AAt any given frequency, you can shoemponentvalues in either
ohms or Siemens




Admittance

AAdmittance (Y) is a measure of how easy it is for current to flow

ADescribes aarallel circuit

AAdmittance has two components:
A The DC component = Conductance (G) = 1/R
A The AC component = Susceptance (B}

AY (Siemens) =B =l Y /P
A-jB represents inductive susceptance
A+jB represents capacitive susceptance
AS =1 Siemen = 1/Ohm
ANote sign reversal compared to reactances

AMust convert a series circuit to a parallel circuit to determine Y
AHams rarely need to use admittance




Admittance (cont’d)
ADescribes a parallel circuit:

|
Y|Np => Bcp BLp § G  => BNp % G Y=+ ] BVp

<=>
<=>

|
Yine=> | Xp| | Xip % R = XNp % Ro Yino = 1/R0 - 1/) XNp

Note: 1) reactances combine like resistano@g z X — X,



Circuit Conversion Equations




Complex Math

ABreaks numbers into REAL and IMAGINARY componentst g= b

ABad terminology “j ” i s not an i maginary nu
A prefer the termQUADRATURI®mMponent

Ab is the real part

Ajc is the quadrature part

Inductive Reactance Capacitive Reactance

X (ohms) = +j@fL X-(ohms) =|[1/(2pfC)]
Phase =90° Phase =90°

(Voltage leads current) (Voltage lags current)

AHams rarely need to deal with complex math in depth
AUsually use the “j” term to keep tr



Actual Circuit

Example 1

_ -j5OW — SWR =2.6:1
Lins = % 50w e
Zns= Rt ] [XsC %
= 50n- 50w
=70. W@ -45° @

Equivalent Circuits

I
Yo => | j0.01 % 0.01
np = MR- 1/Xp
(D- =0.01S+j0.01S
= 0.014S @~5°
I
Yinp => | 1100w % 100w

What is 4, ?



Example 1 (cont’d)

Actual Circuit Equivalent Circuits
—1 -j50w — SWR = 2.6:1 |
ZNs=> % 50w e Ynp=> | J0.01 % 0.01
Zins= Rt ] [XsC X np = YRe -] 1/Xp
= 50 - j50W X (D =0.01S+0.01S
= 70. TV @ -45° = 0.014S @5°

|
Yinp=> | -j100w §1ocw

ZINp: ZNs: SON'j S50W



Example 1 (cont’d)

Actual Circuit Equivalent Circuits
—1 -j50w — SWR = 2.6:1 |
ZNs=> % 50w e Ynp=> | J0.01 % 0.01
Zins= Rt ] [XsC X np = YRe -] 1/Xp
= 50 - j50W X (D =0.01S+0.01S
= 70. TV @ -45° = 0.014S @5°

|
Yinp=> | -j100w §1ocw

Why is this important?
We need to understand our antenna analyzer measurements



Example 1 (cont’d)
AWhat does artMF3259Bdisplay when F 2 MHZ

Physical Circuit Calculated Measured
| Rs= 50w 54w
?2=> |796pF = 100w~ Xs= 50w 50w
1zl = 70w 74W
Phase = 4850 400

j100W= 796 pF @ 2 MHz  SWR= 26 28
GLYLISRFIYOSE 2aSUSNI T



Example 1 (cont’d)
AWhat does artMF3259Bdisplay when F 2 MHZ

Physical Circuit Calculated Measured
| Rs= 50w 54w
?2=> |796pF = 100w~ Xs= 50w 50w
1zl = 70w 74W
Phase = 4850 400

j100W= 796 pF @ 2 MHz  SWR= 26 28
GLYLISRFYOSE aSUuUSNIT



Transmission Lines Are Lowpass Filters

a trans

A Lumped el eapmaximdtionforilosstess transmission line:
L
_WE”__WJWW"““’I
ACharacteristic impedance of
~J L/IC
AFor RGBS C/U:
Z0 = 50w
C = 30.8 pH
L (not specified). 7ArH/ft
AThe | ine is “Matched” when

A Source of losses: resistance in conductors & dielectric loss

| oad

mp



Example 2

AWhat does an MF359B measure 681 MHz?

ZAN

ZAN

> 5@V

> 5

62 inches R®GB8 C/U

7

1
S0W
|

124 inches R®&G8 C/U

7

1
50w
|




Ln=>"7

Example 2 (cont’d)
AWhat does an MF259B measure &81 MHZz?

62 inches R®GB8 C/U

7

124 inches R®&G8 C/U

ad




Example 2 (cont’d)
AWhat does an MF259B measure at 31 MHz ?

62 inches R®GB8 C/U

N\
Zy=>OPEN T

124 inches R®&G8 C/U

[
Zy=>SHORT Y




Example 2 (cont’d)
AWhat does an MF259B measure at 31 MHz ?

62 inches R®GB8 C/U

N\
Zyn=>SHORT T

124 inches R®&G8 C/U

/.
Zy=>OPEN Y




Example 2 (cont’d)

AWhy?
AAt 31 MHz

62 inches = ¥4 wavelength
124 inches = %2 wavelength

AWhen Z # Z:
ATransmission lines become impedance transformers
AWhen length = g, x ¥ wavelength, transmission lines are impedance inverters

A Quarter wave transformerZy =/ 4 X Z oap
A Ex:to match a 20Wload to 5@vyou need a ¥ line with &2 10Qv
A This is a narrowband (ie, one band) approach
AWhen length = n x ¥ wavelength, transmission lines replicate the load
Impedance



Problem: High SWR on Transmission Line
Als this antenna really shorted?

? feet transmission line

N\
Z\ = Short @ 7 MHz \1/ Ant




Problem: High SWR on Transmission Line
Als this antenna really shorted?

? feet transmission line

N\
Z\ = Short @ 7 MHz \1/ Ant

52y QU 1y286Y bSSR UKS Sf SOUNXOL f



Smith Chart Tutorials

AReferences:
Ahttps://iww.ieee.li/pdf/viewgraphs/smith_chart_tutorial.pdf

Ahttp://www.fourier -series.com/
A“ RF Concepts”
A“ Refl ection & VSWR” : Tutorial 1
A“ Smith Chart”: Tutorial 1



Using the Smith Chart to Match Impedances

cc.ee.ntu.edu.tw/~thc/course_mckt/note/noted.pdf
mail_Chris eBay .'.'.. eHam QTH ™ SpaceWeather G Go ster & Q Craigslist VOACAP RBN CNN  #% MSMEC
/// 5. Possible 4-element L-network \
shorter paths for a wider operational bandwidth
1+x
L Ak

/ N \I h circle £ % % F

7L

circle

Computer programs provide an easier way to solve impedance matching problems



Demonstration Using A VNA 2180

AExample 3: Measure,Z

62 inches R®G8 C/U

ad

4N =>

a) Zonp= Open
b) Z oap= Open with 6dB Loss

Load

At 31 MHz
62 inches = ¥4 wavelength



VNA 2180 With 50w Load

"% YMNA- 2180 Program Version: 3468

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help
Min SWR= 1.01@ 171.005MHz Xs
SWR Resonant freq: 0.672941 Zmag
1.45- ] 5 100
1.40 +
1.35 +
1.30 +
1.254 4
1.20 58-
1.15 +
1.10 T
1.05 1
1.00 = e
| |
0.00MHz 60.00 120.00 180
i FREQ (10.00 MHz/div) T
SWR
E Zmag T
Rs
Xs
- -100-1-
Feb 27, 17 09:30:47
PortAB | Scan A RescanA | Recyde | PoiniData | Limits Scales Smith Comment Status

Average= 8

Settling Time= 2 as

Trend= 0

Line Exten=sion= 0 cm

Zo= 50

Driver Amplitude = 100% »
Freq = 0.5158

Freq Step = 02500

SWR = 1.015
Zmag = 50.744
Phase = 0.017

% refl power = 0.0

Equivalent Circuit

Rs = 50.744
Xs= 0015
Q=00

Ls= 47608 nH
Rp = 50.744

Xp = 100K

Lp =51502.4094 uH

FILES:(546B)
022117.acal
_VNA_Default.cfg

Halt Quit




Example 3a: Z, 5,5 = Open

“fl VMA- 2180 Program Version: 5468 — O >

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help

Min SWR = 23.38 @ 143.505MHz -
SWR Resonantfreq: 0.131014 , 31.141516 , 62.789132 , 93 826073 , 125741311 I m pedan Ce M ag n ItUd e Zmag
2.80
1 2 5000 Average= 8
2. 604 -1~

Settling Time= 2 as

201 >100k @ 5 KHz ~2.5K @ 64|MHz T mrenao

Line Extension= 0 cm

2204 T Zo= 50

2 004200 | 4

1.804 2RO0— Driver Amplitude = 100% .«
Freq = 103.3238

1.60 4
Freq Step = 0.2500

1.40 ShOI‘t @D 31 MHz T

1.20 + SWR = 39.796
Zmag= 26.583

1.001 T Phase = 86.526

% refl power = 90 .4

t . i . | | t t i T
0.00MHz 60.00 1:20.00 180.00

FREQ (10.00 MHz/div)

Equivalent Circuit

_\ J 1 Rs= 1611
Xs = 26534

- 4 Q= 165

Ls= 40.8719 nH

Lp= 41.0225 nH

{Repeats evety ¥ wavelength A 100Kv=> 2.5Kv? Xp= 26632

FILES:(546B)
022117.acal
_VNA_Default.cfg

— -5000-—
Feb 27, 17 09:11:34

PortAB | Scan A RescanA | Recycle | PointData | Limits Scales Smith Comment Status | Halt Quit




Example 3a: Z,,,p = Open (cont’d)

"l VMA- 2180 Program Version: 5468 - | *
File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help

Resonant freq: 0.505001 , 31.565787 , 63.952239 , 95.389905 , 128.183865 I m pedan Ce Phase Zphase

-1 100

—_ ‘II +90) '2 Average i= OFF

Settling Time= 2 as

n 4 Trend= 0
Line Extension= 0 cm
Zo= 50

. i Inductance — 50  Driver Amplitude = 100%.
. Series Parallel 1 Freq= 115014

1 Resonance Resonance T

B T SWR = 39.019
Zmag= 7T2.264

T T Phase = 86.862
% refl power = 903

Freq Step =1

0.00MHz 60.00 1:20.00 180.00
FREQ (10.00 MHZ/div)

Equivalent Circuit:

1 1 Rs= 3956
Xs= 72.156
i 1 Q= 182

Ls = 99.8479 nH
- 90 Rp=1320.147

Capacitance Xp= 72373

Lp = 100.1479 nH

] _9 0) 1 FILES: (546B)

T T Cal_BNC_acal
_VNA_Defauli.cfg

- —L 100
Feb 19, 17 08:34:50

PortAB | ScanA RescanA | Recycde | PointData | Limits Scales Smith Comment Status | Halt | Quit




Example 3a: Z,,,p = Open (cont’d)

“fl VMA- 2180 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help
Min SWR = 22.80 @ 143.505MHz & x Xs
SWR Resonantfreq: 0130153, 31.138118 , 62.788735 , 93.874098 , 125758699 S
2.80 ] I F000
2. 60 -
2.401 T
2201 T
2004200 -4
1.804 1000 ——
1.601 T
1.401 +
1.201 T
1.001 T
| "
—— —— i | T
60.00 1:20.008 180.00
FREQ (10.00 MHz/div)
poog——
-2000-—
Feb 27, 17 08:31:16
PortAB | Scan A RescanA | Recycle | PointData | Limits Scales Smith Comment Status

Average 1= OFF

Settling Time= 2 as
Trend= 0

Line Extension= 0 cm
Zo= 50

Driver Amplitude = 100% «
Freq = 173.6390

Freq Step = 0.2500

SWR = 37.164
Zmag = 60.045
Phase = 86.864
% refl power = 89.8

Equivalent Circuit:

Rs = 3285

Xs = 50955

Q= 182

Ls = 549543 nH
Rp =1097.414
Xp= 60136

Lp= 551193 nH
FILES:(546B)
022117.acal

_VNA_Default.cfg

Halt




Example 3a: Z,,,p = Open (cont’d)

“all VNA- 2120 Program Version: 5468

File Functions Calibrate Setup Markers Bands Utilities

Port B Functions TDR  Help

Min SWR = 2126 @ 143 505MHz & Xp Xp
SWR Resonantfreq: 0.255000 , 31.162254 , 62.890506 , 93.897912 , 125894250
2.807 5000
2.60- +
2.401 4
2201 +
20042/ 4
1.80- | 2500-—
1.601 +
1.404 +
1.20- 1
1.00- A +
. ; . | . ; | —
‘V""’r 60.4 120.00 180.00
] FREQ (10.00 MHz/div) T
- Xp 2500~
- -5000-1-
Feb 21, 17 18:52:00
PoriAB | Scan A RescanA | Recycle | PointData | Limits Scales Comment Status

Average= 4

Settling Time= 2 as

Trend= 0

Line Extension= 0 cm

Zo= &0

Driver Amplitude = 100% «
Freq = 1.7192

Freq Step = 0.5000

SWR =989.000
Zmag = 613.144
Phase = -89.992
% refl power = 99.6

Equivalent Circuit

Rs= 0.091
Xs =-613.144

Q = 1000

Cs = 150.984 pF
Rp = 100,000

Xp =-613.144

Cp = 150.984 pF

FILES:(546B)
022117.acal
_VNA_Default.cfg

Halt Quit




Example 3b: Z,,,p = Open With 6 dB Loss

“ull VNA- 2180 Program Version: 5468 - O ®

File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help

Min SWR= 1.45@ 147.005MHz SWR > 50:1 No Loss

SWR Resonantfreq: 0.726908 , 30.921553 , 62.263019 , 92.168739 , 124278614 Zmag
19.ual 300 5 E—
¥yerage 1S
17.00 - Settling Time= 2 as
| \ N Zmag 6 dB LoSss
500 Zmag No Los g > rrena- 0
| Line Extension= 0 cm
13_qu Zo- EO
11.00
9.00- ! Driver Amplitude = 100% .
Freq =100.234
7.004
Freq Step=1
5.004
SWR: 6 dB Los SwR = 1,509
2.00 ! - Zmag= 37.973
1.004 Phase = 19.756
% refl power = 4.9
0.01MHz 60.01 120.01 180.01

FREQ (10.00 MHz/div)

Equivalent Circuit:

i 1 Rs= 35738
Xs= 12835
Q=04

Ls= 203802 nH

- A 6 dB line loss drops SWR fram >50:1 to 1.6:1 0L rp- 40347

Xp= 11231 I

‘ A 100ft of RG58 gives 6 dB loss on 2M T o= 17m3re0 mu -

FILES:(546B)
022117 _acal
_VNA_Default.cfg

-~ -100-—
Mar 3, 17 11:16:44

PoriAB | Scan A RescanA | Recyde | PointData | Limits Scales Smith Comment Status | Halt Quit




Example 3a: Z,,,p = Open (Smith Chart Demo)

“fl VMA- 2180 Program Version: 5468 - O ®

File Functions Calibrate Setup Markers Bands Utilities PortB Functions TDR  Help

Resonant freq: 0505571, 30.993705 , 62.753914 , 93.464220 , 125813178 ImpEdanceI\/I agnItUde & Phase Zmag Zphase

. ~—— 100
1 5000 Average is OFF

Settling Time= 2 as
Trend= 0

Line Extension= 0 cm
Zo= 50

Driver Amplitude = 100% «
Freq = 146.648

Freq Step =1

_ SWR = 15.549

“ud 7mag = 29517

] T Phase = -81.568

Zo= 50.00 0.00] x| 2x| 3x| 4x| sx| % refl power = 77.3
: SCALE T+

' [ | I | | [ 7| SWRref=2

FREQ (10.00 M|

Equivalent Circuit:

- il Rs= 4329
Xs = -29 197
4 Q= 67

Cs= 37171 pF

50 Rp= 201277
Xp = -29.839
Cp= 36.371 pF

FILES:(546B)
Cal_BNC.acal

L

Feb 20, 17 19:22:17 1
PortAB | Scan A RescanA | Recycle | PointData |

1 100 _VNA_Default.cfg




Example 4: Antenna Matching Problem
AAntenna Tuner Can’'t Find A Matc

J

Zn= 4.6V \[/ 70 = 50 | oad

AMost tuners can match high Z better than low Z:
AEX MFD 93B spec’d mal60vi ng range is 6



Example 4: Antenna Matching Problem (cont’d)
AAntenna Tuner Can’t Find A Matc

“all VNA- 2180 Program Version: 546B - O *
File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help

5-[r|— Average i= OFF

Settling Time= 2 ms
=4 Trend= 0

Line Exztension= 0 cam
Zo= 50

. il
/= 47+jﬁl Zo= 5000 0.00j

SWRref=2

SWR =10:1
N

2.5-4— Driver Amplitude = 100% .
Freq =13.9943

Freq Step = 0.1000

- SWR = 10.699
Zmag= 5.081

T Phase = 22897
% refl power = 68.7

Pa

}
|
|
|
|
|
|
|
|
|
|
|
|
14.00 15.00 16.00
[0.20 MHz/div)

Equivalent Circuit:
Rs= 4.681

Xs= 1977

1 Q=04

Ls = 224825 nH
51 Rp= 5516

Xp= 13.059

Lp= 148.5194 nH

Pt

)

0.5

FILES:(546B)
022117 acal
_VNA_Default.cfg

Marker Data | Print | Close |

Mal Mar 3, 17 09:29:36
FortAB | ScanA | RescanA | Recyde | PointData | Limits Scales Smith Comment Status | Halt Quit




Example 4: Antenna Matching Problem (cont’d)

Almpedance At 14 MHz With Additionaft8f 50w Line:

Lx VMA- 2180 Pragram Version: 5468

File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help
Xs
1 500 [
=
Zo= 5000 0.00; i xaxl axis) ~T SWR = 10:1 2501~
SWRref= 2 SCALE
05 +4
__.—l—'—'_'_——_———-
[
14.00 15.00 16.00
3 = 1020 MHz/div)
2501
Q9.5 T
Marker Data | Print | Close | T
-500-—
Mai Mar 3, 17 09:37:37
PortAB | scanA | RescanA | Recycde | PointData | Limits Scales Smith Comment Status

Average iz= OFF

Settling Time= 2 as

Trend= 0

Line Eztension= 0 ca

Zo= L0

Driver Amplitude = 100% «
Freq = 15.0525

Freq Step = 0.1000

SWR 9717
Zmag = 129.810
Phase = 72.325
% refl power = 662

Equivalent Circuit:

Rs = 39.412

Xs = 123.682
Q= 31

Ls= 1.3077 uH
Rp = 427.549

Xp = 136241
Lp= 1.4405 uH
FILES:(5468)
022117 _acal

_WNA_Default.cfg

Halt Quit




Example 4: Antenna Matching Problem (cont’d)
Almpedance At 14 MHz With Additionaft8f 50w Line:

I Yl VNA- 2180 Program Version: 5468 - O x I

File Functions Calibrate Setup Markers Bands Utilities Port B Functions TDR  Help

|

Average iz= OFF

Constant SWR (SWR = 10:1) o

Settling Time= 2 as
Trend= 0

Line Eztension= 0 ca

Z = 39+J]_2w :: Zo= 50

o
i
-
Zo= 50.00 0.00] 1| 2x | 3x| 4x| 5x|_~] SWR = 101 2501~ Driver Amplitude = 100% .
SWRref= 2 . S Freq = 15.0525
05 T —_—
A Freq Step = 0.1000
I
+ SWR = 9717
02 4 Zmag = 129.810
Phase = 72.325
" . | | | | | ! | % refl power = 66.2
é_ | oo 1:'5.[10 16.00
1 . . . .
A Match is now possibleue to higher impedance
e e Vd b A~
A{2w RARYQUO OKFIyYy3aSH
\
\\ e RE= -
RN Xp= 136241
0.5 Lp= 1.4405 uH
=L T
FILES:(546B)
Marker Data | Print | Close | T 022117.acal
_5004- _WNA_Default.cfg

Mai Mar 3, 17 09:37:37
PortAB | scanA | RescanA | Recycde | PointData | Limits Scales Smith Commen t Status | Halt | Quit

O M wa B3 xB N



Summary

AMake sure you know what impedance measurements you are getting
when using antenna analyzers

AWhen Z # Z transmission lines become impedance transformers
AThis behavior can either be helpful or harmful

AA Smith chart can be a good learning tool, but it may not be the easies
way to solve impedance matching problems

ATransmission line loss reduces the measured SWR

AAdding a short piece of transmission line can sometimes help an
antenna tuner achieve a match



