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TUTORIAL 2866

Converting S-Parameters from 50Q to 75Q
Impedance

Nov 21, 2003

Abstract: Cable television integrated circuits are usually designed to interface with 75Q input and output
impedance, while most RF test equipment is 50Q impedance. In most cases, minimum loss pads are
used to convert the input and output impedance from 75Q to 50Q), and visa versa, for testing purposes.
Although convenient, minimum loss pads should be avoided when measuring S-parameters. One easy
way to perform such measurement is by treating the input and output impedance of the cable device as
50Q, perform the test, and use the equations and Excel spreadsheet presented in this application note to
convert the 50Q-referenced S-parameters back to 75Q.

Introduction

Cable television integrated circuits are usually designed to interface
with 75Q inputs and outputs, while most RF test equipment use WiI'EIEiE THEhMIagY
50Q impedance. In most cases, minimum-loss pads are used to Overview
convert the input and output impedances from 75Q to 50Q, and
vice-versa. Although convenient, minimum-loss pads should be 1 ! ]

. . Click here for an overview of the wireless
avoided when measuring S-parameters. components used in a typical radio

transceiver.

This application note presents an easy way to perform S-parameter
measurements by treating the input and output impedance of the
cable device as 50Q, performing the test, and making a mathematical conversion. We provide the
equations and a handy Excel spreadsheet to convert 50Q-referenced S-parameters back to 75Q.

S-Parameter to Impedance

The conversion of a 50Q-referenced S-parameter to 75Q begins with equation 1. Both the S-parameter
and input impedance are complex numbers (R + jX), where R represents the real component, and the X
represents the imaginary component. Zp is usually a real impedance. For the sake of simplicity, input
return loss (S11) will be considered throughout this application note.

S Eq.01
Zin+ 2o

Rearrange Eq. 1 to obtain an input impedance (Z|N) expression Eq. 2,

Eq. 02

ZIN=ZD(1+S”]

1-5n
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Replace the S11 with R + jX,

T Eq. 03
1R -jX

Multiply the denominator of Eq. 3 with its complex conjugate to separate the real and imaginary
components,

Y 1+R+J}{ 1—H+J.}( Eq. 04
1-R-X | 1-R+ X
- 2 T,
A sl e Ca Eq. 05
C(-R)+ P
Eq. 6 is the real component of the input impedance,
2 1
Zin(REAL) =Zo Lj{z Eq. 06
(1-R) +x*
Eq. 7 is the imaginary component of the input impedance,
Zin (IMAGINARY) = Za $ Eq. 07
(-R) +x*

Impedance to S-Parameter

Once the complex input impedance is obtained, Eg. 1 is used once again to convert the impedance back
to a 75Q-referenced S-parameter.

Eqg. 8 is the same expression as Eq. 1, except Z|y is replaced with R + jX,

_R+X-Zo
R+ X+Zn

Multiply the denominator of Eq. 8 with its complex conjugate to separate the real and imaginary
components,

St Eq. 08

G R—Znﬂ.}{ R +Z0 —J_}{ Eq. 09
F+Zo+# | R +7Z0-jx
3 73 &7t
g o ZD+><2+J:¢;>¢ZD Eq. 10
(H +Z|:|) + X
Eq. 11 is the real component of the input return loss (S11),
1 1 1
Si (REAL) = Lﬂz”{z Eq. 11
(R +Z|:|) + X
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Eq. 12 is the imaginary component of the input return loss (S11),

22Xz,

Si1 (IMAGINARY) = rena

Eq. 12

Example

Sy =04h3-j012 (Keturn loss value taken from a netwaork analyzer)

] 2 2
Zin(REAL) = Zo L;Kz
1-R)+x

' - 1-(053)* —(-0.12)*
(1-053) +(-0.12)" ]

Zin (REAL) = 149 750

X ' j2(-0.12) '
Zin (IMAGINARY) = Zo| —<~ | =50
i ] D[ﬁ-ﬁ)%}:i] [(1-0.53)%(-0_12)2]

Zin (IMAGINARY) = —j51Q

Zin=149.75 - j51Q

511 (REAL) R 71 +x*  (149.75)F —(75)% +(-51)°
1 = =
R+Zo)+x*  (149.75+75) +(-51)°

Si1(REAL) = 0.37

St (IMAGINARY) = 12%%0 ___ 12(=50(75)
R+ZoF+x*  (149.75+75) +(-51)°

S (IMAGINARY) = -0.14

S11=0.37 - |0.14 (Keturn loss of the device with 752 characteristic impedance)
Excel Spreadsheet

Table 1 shows the Excel spreadsheet that allows fast conversion of 50Q S-parameter data to 75Q.
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Network Analyzer Impedance: 50
MAX3550/3553 Input Impedance: 75
Frequency S11 {in 500) Impedance S11 {in 750)
{MHz) Real Image Real Image Real Image
1 0.53 -0.12 150.95 -A017 0.37 014
2 0.53 012 148,11 5237 0.36 014
3 0.53 013 14559 -55.14 0.36 -0.16
4 0.52 -0.14 142 BB A7 .44 0.36 017
5 0.52 014 139.69 -59.71 0.35 -0.18
= 0.5z -0.16 136.83 &51.40 0.35 -0.19
Fi 0.51 017 133.72 £3.43 0.34 -0.20
g 0.51 -0.18 13063 -55.16 0.34 -0.21
9 0.51 -0.19 12748 6663 0.33 -0.22
10 0.50 -0.149 124,44 /7.4 0.33 -0.23

Download Table as an Excel Spreadsheet (XLS, 16kB)

Related Parts

MAX3507 Upstream CATV Amplifier
MAX3509 Upstream CATV Amplifier
MAX3510 Upstream CATV Amplifier
MAX3514 Upstream CATV Amplifiers
MAX3516 Upstream CATV Amplifiers
MAX3517 Upstream CATV Amplifiers
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