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Background: Challenges in IBIS-AMI Analysis of DDR5 

 Faster Speed (3200MT/s to 6400MT/s)   

 Equalizer (FIR,CTLE and DFE) requirement for 
DDR5,LPDDR5 and GDDR6. 

 Asymmetric raise and fall edges in single-end 
signals 

 Clock forwarding and jitter tracking in both 
controller and DRAM side 

 With the development of new technologies such as 
3D-IC and equalization, the SI/PI problem tends to 
become more complex and the design difficulty 
increases 
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AMI simulation tools needs to be extended 

Basic IBIS 

• No support DDR5 with Equalization 

IBIS-AMI 

• Support Equalization 

• Don’t support PDN effects 

• Only support Differential Signal 

• Only for point to point 

• Don’t support external clock 

New IBIS-AMI for DDR5 need 

• Equalizer (FIR,CTLE and DFE) requirement for DDR5,LPDDR5 and GDDR6. 

• Asymmetric raise and fall edges in single-end signals 

• GetWave clock input for forwarded clocking 

• IBIS-AMI standard needs to be extended to support DC offset in single-ended 
signaling. 
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DER in bit-by-bit is a more accurate way to simulate 
asymmetrical signal edges 

• Rise Time ≠ Fall Time 
• Worst Cross and voltage level of voltage and timing 
• In SerDes channels, the rising edge and falling 

edge of differential signal are symmetrical, so only 
a single step response is needed for channel 
simulation 

• For a single ended signal, there are two step 
responses, rise and fall, need to be obtained 
simultaneously.  

• At the same time, the simulator needs to use the 
corresponding step response to calculate when the 
signal rises and falls 
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DER to deal with Asymmetric rise and fall edges 

• SBR • DER 

• The rise and fall step 
responses need to be 
obtained. 

• DER algorithms are 
developed to capture the 
difference between rise and 
fall waveforms 
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PDA method Result Comparison  

SBR DER 

• DER algorithms are developed to capture the difference 
between rise and fall waveforms 
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AMI Reserved Parameter: DC_offset 

• Resolved in BIRD197.7 with the introduction of a new reserved 
parameter: DC_Offset 

• DC offset is an offsetting of a signal from zero 
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AMI Reserved Parameter: DC_offset 
• New reserved parameter: DC_Offset in 

BIRD197.7 

• How to remove DC Offset: 
• 1, Get the step response curve of each channel 

by Transient simulation;  

• 2, Extract high and low level signal in step 
response curve (V_high, V_low);  

• 3, V_dc_offset=(V_high + V_low)/2; 

• 4, Recover bias voltage by V_dc_offset;  
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Eye Diagram with DC_offset 

• Need to add DC_offset when to do Statistical eye simulation and 
bit-by-bit simulation; 

Eye Diagram without EQ Stateye Diagram with EQ  Stateye Diagram with EQ  
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IBIS 7.1 standard mentions clock jitter based DDR5 

• SERDES signal usually recovers the clock signal from the signal 
itself through the clock and data recovery (CDR). 

• DQ signal is triggered by DQS signal 
• The clock input is the DQS Rx output 
• Data DFE and sampling are clocked by DQS 
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Significant SSN analysis 
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Eye-diagram Analysis with power noise  

• Load Noise 
• Caused by Current Change by chips 

• Frequency Band: Under KHz 

• Regulator Noise (Ripple Noise) 
• From power circuit Regulator LPF 

• Frequency Band: Under KHz 

• Switching Noise 
• Coupled with VRM Phase Signal 

• Frequency Band: Several Hundred MHz 

• White Noise: 
• From Resonance, Reflection, Radiation, Measurement equip 

• Frequency Band: Several Hundred MHz-GHz 
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SSN: IBIS simulation result with external PDN effect 
Internal Power 

External Non-ideal Power 

Eye Width：-13ps 
Eye Height：-8mV 
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DDR5 simulation result 

CPU  Package    PCB  

  DIMM0  

DIMM1  

Rank0 

Rank1 

Rank2 

Rank3 

• Include S-parameter of 
CPU package; 

• Include S-parameter of 
PCB transmission line (2-
Slot); 

• Include S-parameter of 
DIMM; 

• Write signal: Rank 
ODT48 and Rank 
ODT240; 

• Read signal: CPU ODT48, 
Rank ODT240;  
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DDR5 simulation result 
Bit-by-bit Stateye 
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Summary 

 

• DER algorithms are developed to capture the difference 
between rise and fall waveforms 

• Remove and restore DC Offset to solver DQ with 
EQ/DFE 

• To enable modeling of clock forwarding, Rx 
AMI_GetWave API is extended to take both data and 
clock input waveforms 

• Analyze DDR signal quality using SSN simulation 

 




