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To Divide a RX Circuit: 

PC 

GC 

AGC + 

CTLE 

PC 

GC Z1 E1 

Z2 
AGC + 

CTLE 

For modeling a RX circuit,  we usually need to separate the whole design into buffer part and 

algorithm part: 

Modeling to IBIS model Modeling to AMI model 
 

1. Question 1: What’s the value of Z1 and Z2? 

2. Question 2: What if the whole design is described in an encrypted netlist? 
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IBIS model 
- generated from AMI generation tools 

Many AMI generation tools will generate an IBIS model along with the AMI models 

generation: 

 

1. Question 1: Can we use this IBIS model? 

2. Question 2: If yes, is there any requirement of the circuit while modeling this  

circuit in this way? 

 

 

3. Question 3: If  my circuit could meet the requirement list above, how to do the 

modeling? 

YES 

The circuit should be a RX one composed of linear components. 

Detailed in the following pages 
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Thevenin’s Theorem 

In short: VTH = The voltage across the Port – “node A and 

B” while treating the Port – “node A and B” 

as OPEN 

ISC = The current goes into node A and leaves 

node B while treating the Port – “node A 

and B” as SHORT 

RTH = VTH/ISC 
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Thevenin Equivalence 
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Typically, an RX test topology 
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Thevenin Equivalence(Cont’d) 
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You can do a small experiment – the following 2 netlist will give the same 

waveform result at the EQ’s output 

R100 pos neg 100 

 

E1 intp intn volt='2*v(pos,neg)' 

 

R50p intp intp_c 50 

R50n intn intn_c 50 

 

.INCLUDE './rx_model.sp' 

.PARAM para1=0 para2=0 

 

X_DUT intn_c intp_c rx_comp_m rx_comp_p ref_eq  

+ para1=‘para1' para2=‘para2' 

 

erxnode rxnode ngnd volt='v(rx_comp_p,rx_comp_m)' 

.INCLUDE './rx_model.sp' 

.PARAM para1=0 para2=0 

 

X_DUT neg pos rx_comp_m rx_comp_p ref_eq  

+ para1=‘para1' para2=‘para2' 

 

erxnode rxnode ngnd volt='v(rx_comp_p,rx_comp_m)' pos 

neg 

rx_comp_p 

rx_comp_m 

pos 

neg 

intp 

intn 

Intp_c 

Intn_c 

rx_comp_p 

rx_comp_m 
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Thevenin Equivalence(Cont’d) 
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Hard to tell the difference 
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neg 

rx_comp_p 

rx_comp_m 

pos 

neg 

intp 

intn 

Intp_c 

Intn_c 

rx_comp_p 

rx_comp_m 



© 2017 Cadence Design Systems, Inc. All rights reserved. 8 

Alternative RX 
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Source Stimulus 

Alternative RX 

Dummy 

Buffer 

Treat as an “Whole DUT” 

Modeling 

in IBIS 

Modeling 

in AMI 
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IBIS of the Dummy Buffer 
Check the RX IBIS model, which is generated along with the AMI model, to see if 

it’s a 100Ohm terminator between positive node and negative node:  

For example, some AMI generation tools generate RX IBIS model with 90Ohm 

terminator between positive node and negative node – tell from the [Power Clamp] 

and [Ground Clamp]: 
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Alternative RX for a 90Ohm terminator 
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IBIS model of 100Ohm terminator 

Vstimulus 

50Ohm 

50Ohm 

1
0

0
O

h
m

 

VCVS 

+ 

- 

vTerm 

= 2 x vTerm 

50Ohm 

50Ohm 

DUT 

Source Stimulus 

Alternative RX 

Dummy 

Buffer 

Modeling 

in IBIS 

And now, you don’t need to model the 

IBIS part or use the non-100Ohm 

terminator IBIS model. You just use the 

files here attached: 
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The content of these files: 

IBIS model of 100Ohm terminator (Cont’d) 
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Characterizing: 

Vstimulus 

50Ohm 

50Ohm 

DUT 

Now, you use the same stimulus to 

characterize the circuit inside the Blue 

Dashed Box, that is: 

 

1. The same voltage swing 

2. Fast rising time – 1e-21sec (1e-

9ps) 

3. Small time steps, no more than 1ps 

 

Which we use to characterize the 

channel. 

Alternative RX 

Treat as an “Whole Equalizer” 

Modeling 

in AMI 
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Characterizing - Normalizing: 

Normalize to the voltage swing you use to characterize the 

channel and the equalizer. 
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Characterizing – Normalizing (Cont’d): 
Beware!!: 

You may wonder the input 

stimulus is 2x0.57=1.14V, 

0.57v 

-0.57v 

1.14v Why do we 

normalize it 

to 0.57v? 



© 2017 Cadence Design Systems, Inc. All rights reserved. 16 

Characterizing – Normalizing (Cont’d): 
The answer is: 
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HERE!! 
Question: What if you are using an IBIS model which is equivalent to a 90Ohm 

terminator instead of a 100Ohm? 
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Correlation – Channel Analysis  
between the IBIS-AMI and the Transistor Netlist 

RX EQ 

Circuit 
Buffer 

Circuit 
TXTest 

Circuit 

Data_out 

para1[0:7] 

AVSS 

AVDD 

para2[-2:2] 

RX AMI 

Model 
Dummy 

IBIS 
TXTest 

Circuit 

Data_out 

AVSS 

AVDD 

40 levels of strength: P0, P1, P2, ….P39 

Under a simple test environment: 

Red: Eye Contour of Transistor Netlist under Channel Analysis 

Blue: Eye Contour of IBIS-AMI model under Channel Analysis 
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RX EQ Circuit 
Buffer 

Circuit 

Data_out 

Para1 

AVSS 

AVDD 

Para2 

TXPKG(wb) + Long PCB 

Routing + RXPKG(wb) 

FFE 

Circuit 
Output 

Circuit 

Data_in 

Para[0:2] AVSS 

AVDD 

TXPKG(wb) + Long PCB 

Routing + RXPKG(wb) 

TX 

AMI 

Model 

TX IBIS 
Data_in 

AVSS 

AVDD 

1 certain 

preset tap 

among 64 

combinations 

RX AMI Model 
Dummy 

IBIS 

Data_out 

AVSS 

AVDD 

1 certain level 

among 40 

combinations 

Correlation – Mid Length Channel 

Transient Analysis: 

Channel Analysis: 
Probe 1 Probe 2 
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Correlation – Mid Length Channel (Probe 1) 
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Correlation – Mid Length Channel (Probe 2) 
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RX EQ Circuit 
Buffer 

Circuit 

Data_out 

Para1 

AVSS 

AVDD 

Para2 

TXPKG(wb) + Long PCB 

Routing + Long Cable + 

RXPKG(wb) 

FFE 

Circuit 
Output 

Circuit 

Data_in 

Para[0:2] AVSS 

AVDD 

TXPKG(wb) + Long PCB 

Routing + Long Cable + 

RXPKG(wb) 

TX 

AMI 

Model 

TX IBIS 
Data_in 

AVSS 

AVDD 

1 certain 

preset tap 

among 64 

combinations 

RX AMI Model 
Dummy 

IBIS 

Data_out 

AVSS 

AVDD 

1 certain level 

among 40 

combinations 

Correlation – Long Length Channel 

Transient Analysis: 

Channel Analysis: 
Probe 1 Probe 2 
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Correlation – Long Length Channel (Probe 1) 



© 2017 Cadence Design Systems, Inc. All rights reserved. 23 

Correlation – Long Length Channel (Probe 2) 
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Limitation 
This method is only valid while being applied to a pure CTLE which is composed of linear 

components, such as R, L, C, Linear E(VCVS), Linear F(CCCS)…etc. 

 

Or in short, a CTLE which satisfies: 

CTLE 𝒙(𝒕) 𝒚(𝒕) 

CTLE 𝒏 ∙ 𝒙(𝒕) 𝒏 ∙ 𝒚(𝒕) 
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Limitation (Cont’d) 
There’re still lots of circuits not suitable for this method. For example: 

CTLE 

CTLE 

SLICER 

AMP 
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Conclusion 

• Cutting/Dividing the whole design is a necessary process during RX IBIS-AMI modeling. 

This slides provides a method which guarantees the combination of the sub-designs so-

divided is exactly equivalent to the original whole design.  

 

• Also, the method in this slides benefits modelers that they will no longer need to model a 

RX IBIS model. A dummy IBIS will be used for all cases while the buffer characteristics 

has been modeled into the AMI model. No cutting/dividing is needed any more. 

 

• This slides provides a method to generate IBIS-AMI simply by characterizing the V/T of 

the netlist – away more accurate than generating IBIS-AMI by inputting parameters 

values. 

 

• However, this method is only valid while being applied to a purely linear equalizer, that 

is, there exists a purely linear relationship between the input and output of  the 

equalizer. 

 

• What else? Can a TX FFE be modeled simply by characterizing? Can an non-linear RX 

CTE be modeled simply by characterizing?  

 



© 2017 Cadence Design Systems, Inc. All rights reserved. 27 

RX EQ Circuit 
Buffer 

Circuit 
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Correlation – Mid Length Channel 

Probe 1 Probe 2 

In fact, now we’ve even developed a flow which can successfully model a non-linear DFE-

free RX EQ with very good accuracy simply by characterizing: Example 1 

Para1[3:0] 

Para2[3:0] 

Para3[2:0] 

Probe 1 Probe 2 
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RX EQ Circuit 
Buffer 

Circuit 
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Routing + Long Cable + 

RXPKG(wb) 
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Correlation – Long Length Channel 

Probe 1 Probe 2 

In fact, now we’ve even developed a flow which can successfully model a non-linear DFE-

free RX EQ with very good accuracy simply by characterizing: Example 2 

Para1[3:0] 

Para2[3:0] 

Para3[2:0] 

Probe 1 Probe 2 
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