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Balanced S-Parameter Measurement [ﬁB
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S-Parameter Terminology Q|
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For unbalanced terms the form is,

S<me0|sured port><injected port>
For example, S;, is the response measured at port 3 from
the signal injected into port 2

For balanced terms the form is,

S<moo|e of measured port><mode of injected port> <measured port><injected port>
For example, S,.;, is the ditterential response measured
at ports 1/3 from a common mode signal injected on
both ports 2 and 4 (see balanced measurement diagram)

Correctly interpreting the common mode to ditterential
conversion measurement is difticult. More on that topic later.

This presentation will focus on the various S;; terms
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Balanced Port Values

Differential Common
Mode Mode
Voltage Va—Vs Va+Vs
2
Current la— e Ia+ B
2

Impedance 7oM = Vom 7cM = Vew
Y lcm
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I Reflection Coetticient (I) and Sy Q|

How do the S,; terms .

correlate to the reflection T — Vireflected L — 4,
. . 2

coetticients \/incident Zt -I-Zi

The reflection coefficient (I)
is the ratio of the amplitudes
of the reflected wave to the
incident wave

Incident Wave

It can be computed from the
impedances of the incident
media and termination Refle¢ted Wave

uolnuIWId]

The magnitude of I is p and
the S;; magnitude is then

S11=20 |Og(p) Zincidenf :ﬁ Zferminaﬁon :ﬁ
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Comparison of p and S;; Results Q) |
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To verity the interpretation of the Sy, terms is correct, the

fol{owmg circuit was constructed with various termination
values

Both S;; and p where measured. S;; was then veritied
using ’riwe equations presented earlier

Incident Wove

RTERI\/\INATION
> 50 Ohm >
Transmission Line ]

Reflec’red Wave

Incident Wove

RTERI\/\INATION
> 50 Ohm >
Transmission Line ]

Reflec’red Wave
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Comparison of p and S;; Results Q) |
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In the following case the ditterential impedance matches
the transmission line at TO0Q2 but the common mode
impedance is 22.2Q). Since the legs are mismatched a
conversion is also infroduced. We will introduce a
common mode signal and analyze the conversion.

Incident Wove

> 50 Ohm > 60.70
Transmission Line L

Reflected Wave

Incident Wove

> 50 Ohm 33.302
Transmission Line : S

Reflected Wave
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Comparison of p and S;; Results Q) |
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. Fie Edit “iew Setup Utlies Help [Triggered i Tekroni | |5 %]
COlCUthng the j%lﬁsiﬂlmic ]HunHStopi,&chudeiﬁwerage J Tng]lnternal[ﬁlnck _j_" 5 E‘ii
reflection coefficient p [P =i = Mifmﬂl af x|l w s MBil0) Ff"_iﬁlﬁ_

S00.0rmp - : : ; : : ; ; =

5 C3 100 .Orn pdcdis
|1 4 100 0mpidiv

tor the first leg we

obtain is 0.143 and - S T |
O,ZOOforfhesecond ........

5"2 zun_nmp
Also note that the v S0y
results match very

closely to the B SR R R
meosuredv0|ues ....... ........
For the reflected wave |
experiencesoposiﬁve ........
transitioning signal o i oon | )
Clnd the Sngon(? |eg a C4a ]1DDDm|:|.-'!jj 0.0p _j-j IMaln CR @l_ i?ﬂnnnnns!jjjssamun !HEJ 509 PM 140/2007

negative transitioning 66.7 —50 33.3-50

one p=— =0.143 p= =-0.200
66.7 +50 33.3+50




Comparison of p and S;; Results

The reflected waves can be thought
of as a signal injected into the
instrumentation by the DUT. The
same balanced port equations apply
but in the opposite direction

The reflected waves can be
expressed as a ratio of the original
signal injected into the termination
network

To determine Sy, for the DUT, we
merely need to interpret the retlected
currents as differential mode signals
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I A(reflected)
=0.143* |a

|
B Vg

O

«—

I B(reflected)
=—-0.200* Is

Balanced 1-port
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Comparison of p and S;; Results Q]
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The equation for differential

mode currents presem-ed Measured Scd1l and Sdcl1l
earlier is (I, - I3)/2. Using 150 ‘ |
the calculated values we 152 2 ’
. S
obtain: 154 Ry
el
0.143-(-0.200 158 |
( ) =0.172 -15.9 1 \
2 -16.0
o :12:; | —Scd11
Spc11=20 |Og(0172) =-15.3 163 \/ —— Sdot1
-16.5
-16.6
. -16.7
Below 1 GHz, this value 183
compares well with the 170
actual measurement shown 172
to the right 7.4 ”
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Full Spe1 Equation

The equation used in the
above comparison is:

2O*Iog(ppos_leg ;pneg_leg)

Assuming identical
impedance for both legs of
the testing fixture we obtain

Rpos _term — Zfixture

in

DUT Test Board

o W‘ii ‘
Transmission
Lines on DUT

Fixture

o

-4

Tx
or
Rx

Rneg _term — Zfixture

20* |Og( Rpos _term + Lfixture

Rneg _term + /fixture )

2
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What do S, values mean?

The fixture shown below
can be used to demonstrate
the relationship between

S11 and S21

The that S11 and S21 are

the relative amplitude and
not power
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I What do S,; values mean? (]

For interfaces with Power Reflection / Transmission
impedance discontinuities,
power is conserved. The
sum of the reflected and
transterred power is equal
to the injected power — _
minus the power dissipated
across the span of the

discontinuity.

W Power
Reflected

GHz

W Power
Transmitted

Signal Amplitude Reflection / Transmission

Signal amplitude is

determined by the reflection g
coefficient. " S onarited

0% 50% 100% 150%

S;7 is not a direct indicator
og what S, is

Ratio of Incident Signal
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Vendor Samples

To the right are Spp;
measurements of two test
boards provided by two
different PHY suppllers

The measurements are
made with power on and

off

Test board eftects were not
de-embedded from the

measurements

Vendor A Measurements
0.0 ‘ ‘
50010 2.0 4.0 60 80
-10.0 1 /f?ﬁ/
150 /A\\v i~ — rx pwr off
0 . - \/V\/ — X pwr on
Q ¥
-20.0 A tx pwr off
/ tx pwr on
-25.0 M
-30.0 -
-35.0
GHz
Vendor B Measurements
00 T T T
-5.00,0 4.0 8.0
100 ’\/\ f\
15.0 // /?\ //\\’ — rx pwr off 1
2 -20.0 “f \ — rx pwr off 2
-25.0 ¥ rx pwr off 3
-30.0
-35.0 - V
-40.0
GHz
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I Reference Material ()]

Agilent has two application notes with materials
used in this presentation. Both are good for
turther reading on this topic.

Characterization of balanced digital components and
communication paths

Advanced measurements and modeling of ditterential
devices
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