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Proposed Modified or Additional 
Specifications to Control EMI

• Differential to Common Mode Conversion 
(SCD11 & SCD22)
– Constrains CM voltage generated from differential 

signal
– Similar to “Impedance Balance” in SATA spec

• TX Common Mode Voltage
– Convert from single RMS or peak voltage to a limit 

across frequency spectrum
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Proposed Format of Specs
Measured Value < max [ L, min [ H, N + 13.3 log10(F/3GHz) ] ]

100 MHz < F < 6 GHz
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H:  Max value (high 
frequency asymptote)

L:  Min value (low 
frequency asymptote)

N:  Value at Nyquist 
frequency (3 GHz)



20 Dec 2006 T10/07-007r1

FCC Radiated Emissions Limits
(relative to 1uV/meter)

Radiated Emissions Limits

Frequenc
y (MHz)

Field 
Strength 
(microvolt
s/meter

Measured 
Distance 
(meters)

0.009-
0.490

2400/F(k
Hz)

300

0.490-
1.705

24000/F(
k Hz)

30

1.705-
30.0

30 30

30-88 100 3
88-216 150 3
216-960 200 3
Above 
960

500 3

30 100 40.0 90 39.1 20 35
88 100 40.0 90 39.1 2000 61.66
88 150 43.5 150 43.5

216 150 43.5 150 43.5
216 200 46.0 210 46.4
960 200 46.0 210 46.4
960 500 54.0 300 49.5

8500 500 54.0 300 49.5
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Mechanism for converting 
common mode noise into 

EMI is unknown, but EMI is 
assumed to be proportional 
to the noise that causes it.

Hence, limit curve for each 
parameter (in dB) should 
reasonably track these 

Radiated Emission limits.
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Proposed TX CM Voltage Limit  
( L = 12.7 dBmV(rms), N = 26 dBmV(rms) )
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S-parameter Single-ended to 
Mixed Mode Conversion

Port 1

Port 2

Port 3

Port 4

SDD11

SCC11

SDC11

SCD11

Note: S12 = S21 (reciprocal), so
SDC11 = SCD11 = (S11–S22)/2

For derivation of conversion to mixed mode parameters, see (for example):
http://www.simtech.a-star.edu.sg/Research/TechnicalReports/TR04JT03.pdf
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Proposed SCD11, SCD22 Limit
(L = -26dB, N = -12.7dB)
TOLp 0.05 Cp: 0.94 pF
TOLn 0 Cn: 0.7 pF

Zo: 0.05 kOhm 3 ps (skew)
-15

GHz S11 S22 SCD11
0.01 1.000377062 0.06 5E-002-3.12.05+3. 2.43879 -32.24 -2.1991 2+2.199-1.20902 -59.18 ###
0.10 1.003777026 0.63 5E-002-3.12.05+3. 2.41559 -30.84 -2.1991 2+2.199-1.20888 -39.18 ###
0.20 1.007568318 1.26 5E-002-6.22.05+6. 2.34536 -28.21 -4.398222+4.398-4.83376 -33.16 ###
0.50 1.019028330 3.14 5E-002-0.12.05+0. 1.85644 -22.02 -0.109952+0.109-3.01345 -25.21 ###
1.00 1.038418737 6.28 5E-002-0.32.05+0. 1.47799 -16.39 -0.2199 2+0.219-1.19458 -19.23 ###
2.00 1.078313475 12.57 5E-002-0.62.05+0. -6.14957 -10.74 -0.439822+0.439-4.6130 -13.36 ###
5.00 1.207431721 31.42 5E-002-1.52.05+1. -0.34833 -4.39 -1.099552+1.099-0.23210 -6.34 ###

10.00 1.457891360 62.83 5E-002-3.12.05+3. -0.68843 -1.57 -2.1991 2+2.199-0.5473 -2.62 ###

SATA TSATA RX
30 0.03 100 0 -15 150 0.15 -30 -30
88 0.088 100 0 -15 300 0.3 -30 -30
88 0.088 150 3.5 -11.5 300 0.3 -20 -30

216 0.216 150 3.5 -11.5 600 0.6 -20 -30
216 0.216 200 6 -9 600 0.6 -10 -20
960 0.96 200 6 -9 1200 1.2 -10 -20
960 0.96 500 14 -1 1200 1.2 -10 -10

8500 8.5 500 14 -1 2400 2.4 -10 -10
2400 2.4 -4 -4

30 0.03 90 -15.92 5000 5 -4 -4
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RP = Zo x (1+TOLP)

Rn = Zo x (1+TOLn)

Additional skew 
added to +Input
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A Note about Impedance Scaling 
in Mixed Mode Conversion

For scattering parameters, the incident & reflected ‘power waves’
are defined as V+/sqrt(Zref+) and V-/sqrt(Zref-), respectively, where 
Zref+ is the reference impedance of the incident wave and Zref- is 
the reference impedance of the reflected wave.

In mixed mode parameters, these impedances can be different.
Hence, a differential input voltage of 1200mVpp encountering the 
proposed limit SCD11 of -12.7dB = 0.232 at the Nyquist frequency 
results in a reflected common mode voltage of:

Vcm = 1200mVpp x 0.232 x sqrt[25Ω/100Ω] = 69.6mVpp.

This limit compares reasonably with the proposed +26dBmV(rms) 
common mode TX voltage limit, equivalent to 20mV(rms) = 56.6mVpp.

ref: http://en.wikipedia.org/wiki/S-parameters


