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Presentation Goals

• State fundamental analysis assumptions for 
serial links

• Propose starting point for serial channel 
terminology

• Start discussion on common reference terms
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Fundamental Assumptions

• SERDES drivers / receivers are linear devices
– Channels can be treated as linear, time-invariant (LTI) 

systems
– Operating parameters may drift over time, but local (billions 

of bits) conditions are static

• All analysis can be done in either frequency or time 
domain (or a mixture of the two)

• Data for any channel component can be supplied as 
either time or frequency domain & converted
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LTI Theory
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Network Parameters
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Scattering Parameters
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Impulse Response
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Dirac’s Delta Function
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Pulse Response

We will be offering a definition for pulse 
response as part of this effort
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Transfer Function
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SERDES Driver Model
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Driver Terminology
• Bit stream b(t)

– Sum of delta functions

• Data symbol p(t)
– Single bit width pulse

• Transmitter equalization hTE(t)
– Sum of  weighted delta functions

• Coefficients & delays

• Transmitter characteristic hTX(t)
– Rise/fall time
– Voltage swing
– Drive impedance
– Capacitance

Bit Time

0 0 1 0 0 1 0 1 1 0 …

Tr, Tf

Amplitude +-
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Driver Math

• TX data
= b(t) p(t) 

• Equalized TX data symbol
= p(t) hTE(t)

• Equalized TX data
= b(t) p(t) hTE(t)
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Channel Math

• Channel impulse response
= hTX(t) h(t) hRX(t)

• Channel pulse response
= hTX(t) h(t) hRX(t) p(t)

• Equalized channel pulse response
= hTE(t) hTX(t) h(t) hRX(t) hRE(t) p(t)

• Equalized RX data:  y(t)
= hTE(t) hTX(t) h(t) hRX(t) hRE(t) p(t) b(t)
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Domain Conversions
Input Network Characteristic Output

Time 
Domain

Frequency 
Domain

x(t) Impulse Response
h(t) y(t) = x(t) h(t)

X(s) Transfer Function
H(s) Y(s) = X(s) * H(s)
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Bi-Lingual Channel Math

• Channel impulse response
= htx(t) h(t) hrx(t) [Time Domain]
= HTX(s) * H(s) * HRX(s) [Freq. Domain]

• Channel pulse response
= htx(t) h(t) hrx(t) p(t) [Time Domain]
= HT(s) * H(s) * HR(s) * P(s) [Freq. Domain]

• Equalized RX Data
= hTE(t) hTX(t) h(t) hRX(t) hRE(t) p(t) b(t) [Time Domain]
= HTE(s) * HTX(s) * H(s) * HRX(s) * HRE(s) * P(s) * B(s) [Freq. Domain]
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Modeling SERDES Drivers
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Discussion Points

• Is a TX API needed at this time?
• Is a single receiver model useful?
• What standard data should a receiver model return?
• How should interaction between TX and RX 

equalization be handled?


