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Objective

• Design termination networks to 
reasonably recreate worst case SDD11, 
SDD22, SCC11, SCC22, SCD11 & SCD22
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But 1st… where is this going?
• Three applications:

1. Validation of channels
2. Validation of TX
3. Validation of RX

• 1st two applications are software, but 
3rd application requires hardware 
implementation of reference TX

• Problem: lab equipment cannot emulate 
worst case return loss
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Proposed Solution

• Since 3rd application (RX validation) 
always uses 10 meter SAS cable, TX 
return loss affects far end waveform 
very little.

• Termination networks should be applied 
only to software ref. TX & RX
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Model #1

Zo2/Zo ZoC1 C2

C3

R1*
R3

R2*

Port 1
(+IN)

Port 2
(-IN)

R1 = R1* || Zo,    R2 = R2* || Zo,     R1 C1 = R2 C2 = R3 C3 = τ

S11 = [(2/Zo) * (R1||(R2+R3)) - 1 – sτ] / [1+sτ] 

S22 = [(2/Zo) * (R2||(R1+R3)) – 1 – sτ] / [1+sτ]

S12 = [(2/Zo) * (R1R2 / (R1+R2+R3))] / [1+sτ]
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Normalizing resistors to Zo:  r1 = R1/Zo,  r2 = R2/Zo,  r3 = R3/Zo 

S11 = -[(1 - 2(r1||(r2+r3))) + sτ] / [1+sτ] 

S12 = [2(r1r2 / (r1+r2+r3))] / [1+sτ]

S22 = -[(1 - 2(r2||(r1+r3))) + sτ] / [1+sτ] 

SDDnn = [S11 + S22 – 2 S12]/2

= -[(1 – r3||(r1+r2)) + sτ] / [1+sτ] 

SCCnn = [S11 + S22 + 2 S12]/2

= -[(1 – [4r1r2+r1r3+r2r3]/[r1+r2+r3]) + sτ] / [1+sτ] 

SCDnn = [S11 - S22]/2

= [ (r1-r2)r3 / (r1+r2+r3) ] / [1+sτ] 
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r1 r2 r3 tau R1* R2* R3 Zo
0.65 0.6 10 25 93 75 500 50

ps ohms ohms ohms ohms
11.25 -15

0.224889 0.069 0.136
GHz S11 S12 S22 SCC11 SDD11 SCD11

0.01 1+1.5707963 0.00 0.224896.933310.13600 -12.03 -19.06 -27.02
0.10 1+1.5707963 0.02 0.225086.931620.13621 -12.01 -18.98 -27.02
0.20 1+3.1415926 0.03 0.225656.926490.13685 -11.96 -18.73 -27.03
0.50 1+7.8539816 0.08 0.229646.890820.14129 -11.65 -17.33 -27.05
1.00 1+0.1570796 0.16 0.243556.766370.15680 -10.69 -14.40 -27.13
2.00 1+0.3141592 0.31 0.294516.310510.21361 -8.32 -9.93 -27.43
5.00 1+0.785398 0.79 0.520604.288170.46562 -3.75 -4.08 -29.11

10.00 1+1.5707963 1.57 0.776451.999570.75082 -1.35 -1.44 -32.42
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Model 
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Model #2

Zo2/Zo ZoC1 C2

Port 1
(+IN)

Port 2
(-IN)

ZoC1/2 = τ1     ZoC2/2 = τ2

S11 = – sτ1 / (1+sτ1) 

S12 = 0

ZoZo

S22 = – sτ2 / (1+sτ2) 

SDDnn = SCCnn = [S11 + S22]/2

SCDnn = [S11 - S22]/2
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Model 
#2

Values

C1 C2 tau1 tau2 Zo
2 0.5 50 12.5 50

pF pF ps ps ohms
52.5 -15

2.847619 0.038 -0.0095238
GHz S11 S12 S22 SCC11 SDD11 SCD11

0.01 1+3.1411+7.8539816 0.00 0.00 -9.86950 0.00 -6.16849 -54.12 -54.12 -58.56
0.10 1+3.1411+7.8539816 0.03 0.01 -9.85987 0.00 -6.16812 -34.12 -34.12 -38.56
0.20 1+6.2831+1.5707963 0.06 0.02 -3.9323 0.00 -2.46679 -28.11 -28.11 -32.55
0.50 1+0.1571+3.9269908 0.16 0.04 -2.40798 0.00 -1.53975 -20.23 -20.23 -24.69
1.00 1+0.3141+7.8539816 0.31 0.08 -8.9830 0.00 -6.13068 -14.49 -14.49 -18.99
2.00 1+0.6281+0.1570796 0.63 0.16 -0.28304 0.00 -2.40798 -9.38 -9.38 -14.09
5.00 1+1.5701+0.3926990 1.57 0.39 -0.71159 0.00 -0.13360 -4.72 -4.72 -10.60
6.00 1+1.8841+0.4712388 1.88 0.47 -0.78036 0.00 -0.1817 -4.05 -4.05 -10.45
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Conclusions
• Since model #2 does a much better job of 

emulating worst case SCD11, it is chosen as 
the termination model

• TxRefTerm.s4p & RxRefTerm.s4p
uploaded in 07-267r0.zip are 
cascadable 4-port models

• TxRefTerm:  2pF to GND on ports 1(in) & 
2(out) and 0.5pf to GND on ports 3(in) & 
4(out)

• RxRefTerm is identical, but with 2pF and 
0.5pF reversed

1 2

3 4
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