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1. Mesuring the Impedance of a Coax Using an SWR Analyser
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- Calculate the required frequency (F in MHz), which is related to the cable length L in feet :
F =185/L (This is approximately the quarter wavelength frequency)
HRIERNUSESHIETT &N , BREERNZESIHK BTN 1/4N, A4 L A9
URHER , F IR IEHHZE.

- Connect the cable to the SWR analyzer and terminate the other end with a 50 ohms load.
WS —EEIERER | B—imix S0QRGE,

- Measure the SWR. If you get 1:1, then the cable impedance is 50 ohms.
If the SWR is above 1:1, change the frequency to maximize the SWR reading.

MEIER, MRFERIRITERELA 1, NSRS HERF RN 50Q ;
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- Calculate Zcable at the frequency where the SWR is maximum, or use the graph below:

IRIBEENEIBAIERITE B T AR E RSB IR S RS EER AR,
Zcable =50*+4/SWR

Exemple: SWR = 2.25 gives Zcable = 75 ohms
) : SWR=2.25 , 18 Z8i4F4MEin=750Q

- NOTE: This technique is valid for Zcable >= 50 ohms.
TR ¢ AR AT HRNIER AR > 50QRYEIR.
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2. Computing the cable impedance Zo with an L-C meter:

RYE L-C BB S RITE H 4T

Zo - 31.62 = || Lot short L is measured with the line end shorted
C (pF) open C is measured with the line end open

L (nH) short AR imGEE MY TUSHIER, S0 nH
C (pF)open  #MLSKiHFEEAIER TUEMNBEE, BAA pF
Zo WML BTV EFMERR T

The cable length should be less than 1 % of the wavelength at the test frequency.
So, if using the AADE L-C meter, the cable length should be under 12 feet.
If measuring at 100 KHz, the cable length should be under 80 feet.

WNLBRIREFE/NT L-C BFRUISIERIIALRIKAY 1%
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3. Computing the cable impedance Zo with a VNA:
RFRXMAMELERITE L %8085

Computing the cable impedance as:

RiE Ut R HZ4E R
Zo = V Zopen x Zshort

-Measure the complex impedances Zopen and Zshort with a VNA.

{ERXM D BINERNESTRInTTH, ERITHISERER |

Perform the calculation. #RiE_ EEAIATUITEHELETT ;

-Contact me for an Excel spreadsheet that does these calculations.

The best frequency to use is around 45 degrees line length.

See: http://ve2azx.net/technical/Degrees-Length.pdf

BEKE A5 BTSRRI TSN, [ROUEE VE2AZX BIE T —(RBH TEHXIR ( = LHEAY
) ICRENMRPEEEER.

-Zo calculated will have a complex value, ie a small amount of negative reactance. This is normal.

IHRERBERSSEDIFRER , XERIEER.




Ladder Line Impedance
from Open/short Impedance
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Example of Zo magnitude measurement on a ladder line.

B - TR (AT ) tREe LSRRI,

A 4:1 balun was used to improve the accuracy of

impedance measurements (derived from S11).
WEHFERT— 41 BISRESUIASE (B S11 #SM*% )

The peaks occur at line lenghts which are multiples of 90 degrees. These errors are caused by
inaccuracies in measuring extreme values of impedance.

IBEHIE 90°RIBEEUEL | IXENRER BN ERTIRERHIANERIERT SR,

BT - TLAER A5 (UEHTIEE |, it EERS VR,



4. Computing the cable impedance Zo with a TDR:
1R#E TDR B LRI E K411t
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% T : TDR——Time-Domain Reflectometer
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TDR IEMFFIRBERTERES , HAMYMEBNASGE,

-Use your pulse generator to make your TDR
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A basic TDR - Time Domain Reflectometer
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Time Domain Reflectometer - Impedance measurements
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* Modern TDR’s directly read

A

< ';;'Eaf;*zT; L the impedance and the reflection
= coefficient with a cursor.
» The Vf factor may be found from
the pulse length and the line length.
Line under test » Given the Vf factor, the distance is
read from the time axis.
—G) Zo » This is the quickest method for
| measuring Zo.
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# divisions # divisions

above 500 Ohms below500 Ohms
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03 61.1 -1.2 214
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1
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—a 1 100 05 357
1.1 1079 04 38.2
1.2 116.7 0.3 409
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Degrees and Length Calculations

c is the speed of light in megafeet / sec = 983.57 ¢c:=983.57 CHNE, Phrl JEERESH

Vf is the velocity factor Vf R R

f is the frequency in MHz N Gea

deg is the line length in degrees fﬁﬁ)@%“iﬁfﬂ Ik .
A is the wavelength in feet deg ﬁ—?—%ﬁr%ﬁgﬂgﬁfg . BIA
L is the length in feet N 7R, BA%ER

L AKE , BLIA%ER
The wavelength times the frequency = speed of propagation of signal
A-f=c-VFf

Solving for A :
c-Vf

A= —— (Eq. 1)
£

The number of degrees in length L is:
L

deg = —-360
A

Solving for L:
_ deg-A
360

Substitute Eq. 1 into Eq. 2, we get:

deg-c Vf Lisinfeet 2R
— —_— IS In Tee
360 T >

(Eq. 2)

Setting L in inches = Li
. _ deg-c-12 Vf
O

The above may be simplified:

c-12
— =327
360 32.786

Liis in inches Z&<J

A%
Li= 32_786—deg-T Where Li is the length in inches Z&J

Example

Vi =067 f =146 deg := 285

Vf
Li:= deg-32_?85-T Li= 4288 in inches Z&~}

Setting deg = 360 gives the actual wavelength in inches at freq. f
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From Tektronix application note B Z=5aR FAFAM :

TDR Impedance Measurements: A Foundation for Signal Integrity
248 - www.tek.com/dI/55W_14601_2.pdf

— Capacitor Load Termination
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— Inductor Load Termination
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Figure 6. Capacitive and inductive load terminations

— Short Circuit Termination

— Shunt Capcitance Discontinuity .
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Figure 7. Capacitive and inductive discontinuities

Figure 4. Short and open circuit terminations
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— Mismatched Load Termination — Shunt Capcitance - Series Inductance
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Figure 8. Mixed capacitive and inductive loading
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Figure 5. Matched and mismatched load terminations
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Figure 9. The TDR waveform reveals trace discontinuities



