
 

 
WELCOME FROM MICHAEL MIRMAK, INTEL CORPORATION 

 
On behalf of the IBIS Open Forum, I would like to welcome you to the fourth annual 
Asian IBIS Summit (China).  We are very pleased to once again meet in Shanghai with 
our friends from across the People's Republic.  Our relationship with IBIS users and 
developers in China has been excellent in recent years and we have received many helpful 
contributions toward improving the specifications we manage.  These summits both help 
strengthen our relationship and allow us to say "thank you" to IBIS participants in China. 
 
As always, we are deeply grateful to our generous co-sponsors for making these summits 
possible.  We also greatly appreciate you, the attendees, whose enthusiasm help make 
these events successful.   
  
After the summit, we invite you to continue participating, with your questions, comments 
and suggestions, in the online IBIS community.  We hope you find the summit rewarding.  
  
- Michael Mirmak 
  Chair, IBIS Open Forum 
 

我仅代表 IBIS 开放论坛，衷心地欢迎您参加第四届亚洲 IBIS 技术研讨会(中国)。

我们非常高兴再次与我们的朋友在上海见面。近年来，在中国的 IBIS 用户和开发

商与我们保持着的极好的关系，IBIS 接受了许多有用的建议来改进 IBIS 标准。亚

洲 IBIS 技术研讨会加强了我们的关系，请允许我们说“谢谢您”对 IBIS 关注及参

与。 

一如既往，我们非常感谢赞助商对我们支持使亚洲 IBIS 技术研讨会成为可能。我

们也感谢您，各位与会者，使亚洲 IBIS 技术研讨会成功。   

在亚洲 IBIS 技术研讨会以后，我们恳请您继续参与 IBIS 各项活动和工作，提供您

的问题，评论和建议。  我们希望亚洲 IBIS 技术研讨会对大家有所收益。  

 

马梦宽 
IBIS 委员会主席 
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WELCOME FROM LI, JINJUN, HUAWEI TECHNOLOGIES 

 
Dear Experts, Ladies and Gentlemen, 
 

Since the year of 2005, IBIS Asian Summit in China has been successful meeting on 
high-speed design topics. This year the attendance, paper quality and quantity have 
increased, and more companies are joining as sponsors. 

 
Huawei continues to support the IBIS Committee.. Last year, Huawei made some 

progress in areas such as validation of models by measurement. 
 
Welcome everyone. 
  

Best Regards, 
Li Jinjun 
Huawei Technologies 
 
 
各位专家，各位来宾， 
     自从 2005 年以来，IBIS 已经成为了中国国内高速设计的一次盛会。现在，不

仅内容一届比一届更深入，范围更广泛，赞助厂商和参加人数都在增加。 
     华为一如既往支持 IBIS 组织的活动。华为在过去一年中在这个领域也做了很

多工作，取得了一些进步，如测试验证模型的建议。 
谢谢大家 

华为公司 厉进军 
 

 

Shenzhen 2005 Shanghai 2006 

Beijing 2007 
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AGENDA AND ORDER OF THE PRESENTATIONS 

 
(The actual agenda might be modified) 

 
 
 
 
 
 
 

------------------------------------------------------------------ 
 
          I B I S  S U M M I T  M E E T I N G  A G E N D A 
 
8:15    REFRESHMENTS & SIGN IN 
          - Vendor Tables Open at 8:30 
 
9:00    Welcome 
          - Li, JinJun 
              (Huawei Technologies, China) 
          - Mirmak, Michael 
              (Chair, EIA IBIS Open Forum, Intel Corporation, USA) 
 
9:20    Look into IBIS Buffer Curves  . . . . . . . . . . . . . . . . 5       
          Wang, Lance, (IO Methodology, USA) 
 
9:50    Study of Solving IBIS Single VT . . . . . . . . . . . . . .  13 
          Chen, XueFeng (Synopsys, China) 
 
10:20   BREAK (Refreshments and Vendor Tables) 
 
10:35   Micron's IBIS Model Quality Process . . . . . . . . . . . .  24 
          Wolff, Randy (Micron Technology, USA) 
 
11:05   Using Behavior-level Model for SSN Analysis . . . . . . . .  33 
          Yang, ZhiWei and Zhu, ShunLin (ZTE Corporation, China) 
 
11:35   New Table-based Keywords in IBIS 5.0, A Cookbook-style  . .  42 
        Guide 
          Mirmak, Michael (Intel Corporation, USA) 
   
12:00   FREE BUFFET LUNCH (Hosted by Sponsors) 
          - Vendor Tables 
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AGENDA AND ORDER OF THE PRESENTATIONS (Continued) 

 
 
 
 
 
 
 
13:30   IBIS EBD Modeling, Usage and Enhancement, An Example  . . .  50 
        of Memory Channel Multi-board Simulation 
          Xu, Tao (Sigrity, China) 
 
14:00   Touchstone Version 2.0 Mixed-Mode Syntax  . . . . . . . . .  59 
          Ross, Bob (Teraspeed Consulting Group, USA) 
  
14:10   Optimum Frequency Sampling in S-Parameter Extraction  . . .  67 
        and Simulation 
          Huang, JingHua (Synopsys, China) 
 
14:40   System-level Serial Link Analysis using IBIS-AMI Models . .  80 
          Westerhoff, Todd (Signal Integrity Software (SiSoft), USA) 
 
15:10   BREAK (Refreshments and Vendor Tables) 
 
15:25   IBIS-AMI Support via VHDL-AMS . . . . . . . . . . . . . . .  92 
          Muranyi, Arpad* and Hou, MingGang** (Mentor Graphics 
          Corporation, USA* and China**) 
 
15:40   AMI Model in SI Simulation  . . . . . . . . . . . . . . . . 100 
          Guan, Tao (Huawei Technologies, China) 
 
16:10   Eye Diagrams in IBIS  . . . . . . . . . . . . . . . . . . . 110 
          Meng, YuBao (Cadence Design Systems, China) 
 
16:25   Quasi-Analytical Estimation of Very Low Bit Error Rate  . . 116  
          Lu, DingQing*, Gupta, Sanjeev**, Marcu, Mihai**, and 
          Yuan, XuLiang*, (Agilent Technologies, *China and **USA) 
 
16:55   Accurate GHz Channel Simulation and Statistical . . . . . . 124 
        Analysis for SSE (Solution Space Exploration) 
          Li, BaoLong* and Hou, WeiPing** (*Ansoft and **Huawei 
          Technologies, China) 
 
17:25   Concluding Items 
 
17:30   END OF IBIS SUMMIT MEETING 
 
------------------------------------------------------------------ 
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Copyright © 2006-2008 
IO Methodology Inc. 1

TMTM

Look into IBIS buffer curves

Lance Wang
lwang@iometh.com
2008 Asian IBIS Summit 
November  11th, 2008 
Shanghai, P.R.China

Copyright © 2006-2008 
IO Methodology Inc. 2

Outlines

Buffer Structures
Buffer Curves in IBIS
HIGH, LOW, OPEN States
Loadlines
Relationship between V-I and V-T Curves
On-Die Termination using IBIS Submodel
Conclusions
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Copyright © 2006-2008 
IO Methodology Inc. 3

Basic I/O Buffer Structure

Pad Capacitance

Output / Driver 输出 Input / Receiver 输入

Diodes
Pull-up
Device

Pull-down
Device

Copyright © 2006-2008 
IO Methodology Inc. 4

IBIS Buffer Structure

PU

PD

PC

GC

PKG

PU_ref PC_ref

PD_ref GC_ref Vol_ref

C_comp

C_comp_gc

C_comp_pcC_comp_pu

C_comp_pd

Output/Input

All curve data are independent with own voltage references  

PU – Pullup
PD – Pulldown
PC – Power Clamp
GC – Ground Clamp

Plus V(t)
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Copyright © 2006-2008 
IO Methodology Inc. 5

V-I Curves in IBIS model

Reference @ 0 v
Reference @ 1.8 v

Copyright © 2006-2008 
IO Methodology Inc. 6

IBIS V-I Curves using the same 
reference voltages

All Curves Reference @ 0 v
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Copyright © 2006-2008 
IO Methodology Inc. 7

IBIS V-I Curves @ High, Low, Open 

Copyright © 2006-2008 
IO Methodology Inc. 8

Loadlines

IBIS Curves @ High, Low, Open (Details)

LoadlinesLoadlinesLoadlinesLoadlinesLoadlinesLoadlinesLoadlinesLoadlinesLoadlinesLoadlinesLoadlines
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Copyright © 2006-2008 
IO Methodology Inc. 9

Loadline Crossing

LoadlinesLoadlines

X2

X1

X3

X4
X3X3

X4X4

X2X2

X1X1

Copyright © 2006-2008 
IO Methodology Inc. 10

The IBIS Curves to check

Individual V-I Curves

Combined V-I Curves

V-T Curves
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Copyright © 2006-2008 
IO Methodology Inc. 11

Individual V-I Curves

It is NECCESSARY
to check the curves 
with the SAME
reference voltage 

It is NECCESSARY
to check the curves 
with the SAME
reference voltage 

Copyright © 2006-2008 
IO Methodology Inc. 12

Combined V-I Curves

These are the curves 
that simulator uses. 
HIGH, LOW, OPEN

These are the curves 
that simulator uses. 
HIGH, LOW, OPEN

Shown for I/O Buffer. Other types may not have all the states
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Copyright © 2006-2008 
IO Methodology Inc. 13

V-T Curves

Insure the timing 
related FACT

Insure the timing 
related FACT

Copyright © 2006-2008 
IO Methodology Inc. 14

On-die terminations using IBIS Submodel

Driving case only
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Copyright © 2006-2008 
IO Methodology Inc. 15

Conclusions

IBIS buffer curves are individual and using different 
reference voltage points
It is necessary to convert all the curves using the 
same reference voltage points for checking
Combined curves for HIGH, LOW, OPEN states are 
important for validations
Make sure your V-I and V-T curves are correlated 
with loadlines
On-die termination using Submodel needs to be 
considered for IBIS validations 

Copyright © 2006-2008 
IO Methodology Inc. 16

IO Methodology Inc.

http://www.iometh.com
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Study of Solving IBIS Single VT

Xuefeng Chen
(xfchen@synopsys.com)

SYNOPSYS
Asian IBIS Summit Meeting

Shanghai, China
November 11, 2008

2

Outline

• Introduce of VT Solving
• Try Two Methods to Solve Single VT

- Method 1: Experiential Way
- Method 2: Impose Constraint 
- Comparison of Two Methods

• Conclusions
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3

Outline

• Introduce of VT Solving
• Try Two Methods to Solve Single VT

- Method 1: Experiential Way
- Method 2: Impose Constraint 
- Comparison of Two Methods

• Conclusions

4

Introduce VT Solving
• VT waveforms occur firstly in IBIS2.0

• VT waveforms describe transient characteristic of 
buffer, and be used to solving PU,PD scaling coefficients 
in pre-simulation computing.

• The well known 2EQ/2UK algorithm is for two VT 
waveforms – one waveform for one linear equation.

Arpad Muranyi:  http://www.vhdl.org/pub/ibis/summits/mar06/muranyi1.pdf
Bob Ross: http://www.vhdl.org/pub/ibis/summits/jun03a/ross.pdf

• Theoretically,  there is no solution for single VT – one 
linear equation, but two unknowns.
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Introduce of VT Solving 
- Recall 2EQ/2UK algorithm 

0 = Ku(t) * Iu(Vwfm1(t)) + Ipc(Vwfm1(t)) - Kd(t) * Id(Vwfm1(t)) - Igc(Vwfm1(t)) - Idie(Vwfm1(t))
0 = Ku(t) * Iu(Vwfm2(t)) + Ipc(Vwfm2(t)) - Kd(t) * Id(Vwfm2(t)) - Igc(Vwfm2(t)) - Idie(Vwfm2(t))

Solution of two unknowns : Ku(t) , Kd(t) i.e. scaling coefficients of PU, PD 

Where Idie(t) can be obtained by VT waveform and *_fixtures.
(Refer http://www.vhdl.org/pub/ibis/summits/sep07a/chen.pdf )

6

Description of Test Example

- For 2EQ/2UK algorithm, VT waveforms with V_fixture = 0v and 1.8v are used
- For Single VT waveform try,  the VT waveform with V_fixture=0.9v is used
- In later slides, the same model is used

Model_type      I/O
|
Vinl = 0.650V
Vinh = 1.150V
Vmeas = 0.900V
Vref = 0.900V
Cref = 0.000pF
Rref = 25.000Ohm
|                       typ min             max
C_comp 2.911pF         2.841pF         2.984pF
[Voltage Range]         1.800V          1.700V          1.900V
[Temperature Range]     25.0            85.0            0.0
|******************************************************************************
[Pulldown]

…
[Pullup]

…
[GND Clamp]

…
[POWER Clamp]

…
[Ramp]
R_load = 25.000Ohm
|                 typ min                     max
dV/dt_r 0.532V/152.000ps        0.441V/172.000ps        0.600V/138.000ps
dV/dt_f 0.532V/328.000ps        0.441V/372.000ps        0.600V/296.000ps

[Rising Waveform]
V_fixture = 0.000V
V_fixture_min = 0.000V
V_fixture_max = 0.000V
R_fixture = 25.000Ohm
L_fixture = 0.000nH
C_fixture = 0.000pF
|
[Rising Waveform]
V_fixture = 0.900V
V_fixture_min = 0.850V
V_fixture_max = 0.950V
R_fixture = 25.000Ohm
L_fixture = 0.000nH
C_fixture = 0.000pF
|
[Rising Waveform]
V_fixture = 1.800V
V_fixture_min = 1.700V
V_fixture_max = 1.900V
R_fixture = 25.000Ohm
L_fixture = 0.000nH
C_fixture = 0.000pF

[Falling Waveform]
V_fixture = 0.000V
V_fixture_min = 0.000V
V_fixture_max = 0.000V
R_fixture = 25.000Ohm
L_fixture = 0.000nH
C_fixture = 0.000pF
|
[Falling Waveform]
V_fixture = 0.900V
V_fixture_min = 0.850V
V_fixture_max = 0.950V
R_fixture = 25.000Ohm
L_fixture = 0.000nH
C_fixture = 0.000pF
|
[Falling Waveform]
V_fixture = 1.800V
V_fixture_min = 1.700V
V_fixture_max = 1.900V
R_fixture = 25.000Ohm
L_fixture = 0.000nH
C_fixture = 0.000pF
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2EQ/2UK solutions

1. Basically Ku, Kd swing between 0 and 1
2. For rising, Kd decreases to 0 earlier than Ku increases to 1;
3. For falling, Ku decreases to 0 earlier than Kd increases to 1
4. The time cost of Kd transition for rising(or Ku transition for falling) is about 15% of total time cost
5. The delay before Kd transition for rising(or Ku transition for falling) ) is about 15% of total time cost

total time cost of rising(low to high) total time cost of falling(high to low) 

time cost of Kd transition time cost of Ku transitiondelay of Kd delay of Ku

Kd

Ku

Output

8

Outline

• Introduce of VT Solving
• Try Two Methods to Solve Single VT

- Method 1: Experiential Way
- Method 2: Impose Constraint 
- Comparison of Two Methods

• Conclusions
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• For rising:
- construct solution of Kd as simple PWL 
- computing Ku by the single VT waveform and Kd

• For falling:
- construct solution of Ku as simple PWL 
- computing Kd by the single VT waveform and Ku

Note of  two key values in PWL - delay and ramp:
- They can be tuned well to get proper percent value of total transition time.  

E.g.  Both are15% in the test case.  
- But It’s hard to apply this fixed value to all IBIS models

delay
ramp

Solution of Kd for rising or Ku for falling

Two Methods to Solve Single VT 
- Method 1: Experiential Way

10

Solution by Method 1

Kd is constructed for rising Ku is constructed for falling

Kd

Ku

Asian IBIS Summit 2008, Shanghai China
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Buffer Output by Method 1 
- Loaded In Series with R and V (1)

Rload = 25ohm

Vload = 0.9v

Vload = 1.35v

Vload = 0v

Vload = 0.45v

Vload = 1.8v

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveform 

12

Buffer Output by Method 1 
- Loaded In Series with R and V (2)

Rload = 5ohm

Vload = 0.9v

Vload = 1.35v

Vload = 0v

Vload = 0.45v

Vload = 1.8v

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveform 
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Buffer Output by Method 1 
- Loaded In Series with R and V (3)

Rload = 45ohm
Vload = 0.9v
Vload = 1.35v

Vload = 0v
Vload = 0.45v

Vload = 1.8v

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveform 

14

A simple constraint is imposed, with formula: 

Ku + Kd = 1

Two Methods to Solve Single VT 
- Method 2: Impose Constraint
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Solution by Method 2

Ku

Kd

16

Buffer Output by Method 2 
- Loaded In Series with R and V (1)

Rload = 25ohm

Vload = 0.9v

Vload = 1.35v

Vload = 0v

Vload = 0.45v

Vload = 1.8v

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveform 
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Buffer Output by Method 2 
- Loaded In Series with R and V (2)

Rload = 5ohm

Vload = 0.9v

Vload = 1.35v

Vload = 0v

Vload = 0.45v

Vload = 1.8v

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveform 

18

Buffer Output by Method 2 
- Loaded In Series with R and V (3)

Rload = 45ohm
Vload = 0.9v
Vload = 1.35v

Vload = 0v
Vload = 0.45v

Vload = 1.8v

V(out_2vt) : output by solving two VT waveforms
V(out_1v): output by solving single VT waveform 
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Comparison of Two Methods

1. Experiential Way

2. Impose Constraint

• Better accuracy if constructed PWL is tuned well
• Hard to find a general well-tuned PWL for all IBIS models

• Worse Accuracy especially when loading is far way 
from R_fixture/V_fixture of VT waveform in model. 
• It’s a general method and easy to implement

Note: 
From testing, more cases show better accuracy with method 1, even 
with fixed percent values of delay and ramp w.r.t total transition time

20

Outline

• Introduce of VT Solving
• Try Two Methods to Solve Single VT

- Method 1: Experiential Way
- Method 2: Impose Constraint 
- Comparison of Two Methods

• Conclusions
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Conclusions

• It’s not easy to find a general method to get 
accurate enough solution for all IBIS model with 
single VT waveform.

• For more cases, Method 1(experiential way) 
with fixed percent of delay and ramp time can 
get better solution than Method 2(impose 
constraint)

• Maybe we can offer two tuning parameters for 
model extractor in IBIS model file in order to 
improve accuracy of Method 1. 

22

Predictable Success
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MICRON CONFIDENTIAL

© 2008 Micron Technology, Inc. All rights reserved. Products are warranted only to meet Micron’s production data sheet specifications. Information, products, and/or specifications 
are subject to change without notice. All information is provided on an “AS IS” basis without warranties of any kind. Dates are estimates only. Drawings not to scale. Micron and 
the Micron logo are trademarks of Micron Technology, Inc. All other trademarks are the property of their respective owners.

© 2008 Micron Technology, Inc.  | 1November 08

Micron’s IBIS Model Quality 
Process 

Asian IBIS Summit
Shanghai, China
November 11, 2008

Randy Wolff
Micron Technology
rrwolff@micron.com

© 2008 Micron Technology, Inc.  | 2November 08

Overview

• Micron builds in quality checks into each step of the 
model creation process

‣ Spice netlist creation

‣ IBIS creation process

• Quality Report documentation for customers

• Conclusions

Asian IBIS Summit 2008, Shanghai China

Page 24 of 134



© 2008 Micron Technology, Inc.  | 3November 08

Spice netlist creation

• Multiple pre-driver stages are included - critical timing 
paths unmodified

• Standard Parasitic Format (SPF) netlists are created for 
circuits with completed layouts

• SPF includes two flavors

‣ C only – Capacitance of all layout structures included

‣ RC – Resistance and Capacitance included

‣ RC is more accurate but creates unreasonably large netlists

‣ C only with additional PRC elements on critical nets can 
approach accuracy of RC netlist but be much smaller

© 2008 Micron Technology, Inc.  | 4November 08

Spice Netlist: SPF Format Effect on Vox

In this 
example, PRC 

elements 
were needed 
to properly 
model the 
effect of 

long, 
imbalanced 
metal lines 

between the 
pre-driver 
logic and 
pre-driver 

stages.

Quality : Correct Vox level
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© 2008 Micron Technology, Inc.  | 5November 08

Determining C_comp min/max
C_model_min = C_package + C_comp_min
C_model_max = C_package + C_comp_max

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

A0 A1 A2 A3 A4 A5 A6 A7 A8 A9
A10 A11 A12 A13 BA0

BA1
BA2

CAS#
RAS#

RST#
WE#

CK
CK#

CKE0
CKE1

CS0#
CS1#

ODT0
ODT1

DM_T
DQS

NF_T
DQS#

DQ0
DQ1

DQ2
DQ3

DQ4
DQ5

DQ6
DQ7

DQS
DQS#

C
in

 (p
F)

Model min

Model max

Meas 1 min

Meas 1 max

Meas 2 min

Meas 2 max

Quality : Correct C_package and C_comp

© 2008 Micron Technology, Inc.  | 6November 08

Correlating I-V curves to Measurements

• Must match exact Process/Voltage/Temp conditions between Spice 
simulation and Measurement

• Process model adjustment example

‣ Process corners set by parameter range: -1=Slow, 0=Typical, 1=Fast

‣ IDSN model corners (uA/um) (for specific Vds and Vgs voltage setting)

Slow: 359.0 Typical: 399.8 Fast: 450.9

Silicon Measurement: 397.3, Adjusted 6.1% towards Slow (-0.061)

‣ IDSP model corners (uA/um)

Slow: 173.1 Typical: 203.7 Fast: 242.1

Silicon Measurement: 194.1 , Adjusted 31.5% towards Slow (-0.315)
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© 2008 Micron Technology, Inc.  | 7November 08

Correlating I-V curves to Measurements
• Model = yellow, Measurement = red

Before PVT Adjustment After PVT Adjustment

Quality : I-V curves match measurements

© 2008 Micron Technology, Inc.  | 8November 08

Model Quality

• Model Creation Checklists

‣ Spice model development

: Transistor model libraries setup and correlated to speed grades

: Correct power supply decoupling included in netlists

: Variable capacitance added to PAD node for proper C_comp 
variation

: Clamp diode currents adjusted through bulk node resistance

: All control signal combinations function properly

Asian IBIS Summit 2008, Shanghai China
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© 2008 Micron Technology, Inc.  | 9November 08

Model Quality

• Model Creation Checklists

‣ IBIS model development

: Run IBISCHK – explain any warnings

: Component names and Pin lists agree with the datasheet

: Input model parameters match the datasheet

: I/O model parameters match the datasheet

: V-t curves time correlated and on/off time relationships valid

: Combined Submodel curves show proper ODT voltage midpoint 
termination and resistance

© 2008 Micron Technology, Inc.  | 10November 08

Quality Reports

• IBIS Open Forum – IBIS Quality Task Group

‣ Released the IBIS Quality Specification, Rev 1.0, 3/31/04

‣ Currently working on an updated release

• Micron follows the IQ Spec, but releases a detailed 
report with each model

‣ Compares model to specification data

‣ Compares model to measurement data

‣ Compares IBIS model to HSPICE model
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Quality Reports - Introduction

© 2008 Micron Technology, Inc.  | 12November 08

Quality Reports – IQ Summary

• IBIS Quality Summary included based on IQ 1.0 
specification

• Report will detail IQ 1.1 spec once released

• IBIS model does not include full IQ Summary, but 
instead states: 

|IQ SUMMARY Overall Quality of component and models Level 2b

|See Micron IBIS Model Quality Report for full IQ SUMMARY
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Quality Reports – IOH/IOL vs. Spec

© 2008 Micron Technology, Inc.  | 14November 08

Quality Reports – C_comp, ODT & Slew Rates vs. 
Specification

ODTC_comp

Slew Rates
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Quality Reports – C_comp & IOH/IOL vs. 
Measurement

C_comp

IOH/IOL

© 2008 Micron Technology, Inc.  | 16November 08

Quality Reports – IBIS vs. HSPICE

Test load
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Conclusions

• Model users demand quality models

• IBIS Quality Committee work is essential for 
standardizing quality levels and methods

• IBIS Quality checklists work to maintain quality 
standards

• Quality Reports go above and beyond checklists to 
document thorough model checking

• Demand Quality models from vendors!  

‣ Show them examples of quality models.
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Using Behavior-level Model for SSN 
Analysis

Yang ZhiWei, Zhu ShunLin
High-Speed System Lab, ZTE Corporation

Yang.ZhiWei2@zte.com.cn, Zhu.shunlin@zte.com.cn

Asian IBIS Summit
Shanghai, China

November 11 , 2008

2008-11-11 Macromodeling and Multi-GHz System Simulation 2

Agenda

Overview
Solution Method of SSN 
Application with IBIS Model
Improve Accuracy with IBIS Model
Summary and expectation
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2008-11-11 Macromodeling and Multi-GHz System Simulation 3

Overview

Schematic diagram of simultaneous switching circuit

Delta-I Current and Inductive Coupling result in SSN

2008-11-11 Macromodeling and Multi-GHz System Simulation 4

Solution Method of SSN

Use SPICE Model
Good accuracy
models are derived from transistor-level netlist and layout
Relatively long simulation time and sometimes convergence problems
Intellectual property protection concerns

Use IBIS Model
Models are derived from measurements and/or full SPICE model 
simulations
Fast simulation run time
overestimates power noise, ground noise and quiet line noise
on account of no considering voltage feed back

Use Macro Model based on IBIS model
Fast simulation run time
Good accuracy
Complex process in Modeling
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2008-11-11 Macromodeling and Multi-GHz System Simulation 5

Application with IBIS Model

Schematic diagram of test circuit

2008-11-11 Macromodeling and Multi-GHz System Simulation 6

Application with IBIS Model

V3.2 IBIS Model
Driver Model

Receiver Model
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2008-11-11 Macromodeling and Multi-GHz System Simulation 7

Application with IBIS Model

N-port for mimicking PDS

for simplifying, the 2-Port composed of RLGC component 
is applied 

2008-11-11 Macromodeling and Multi-GHz System Simulation 8

Application with IBIS Model

IO voltage for quite and signal line
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2008-11-11 Macromodeling and Multi-GHz System Simulation 9

Application with IBIS Model

Correlation between buffer’s quantity and VDD voltage

2008-11-11 Macromodeling and Multi-GHz System Simulation 10

Application with IBIS Model

Correlation between switch time and VDD voltage
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2008-11-11 Macromodeling and Multi-GHz System Simulation 11

Application with IBIS Model

VDD current vs Time

2008-11-11 Macromodeling and Multi-GHz System Simulation 12

Improve Accuracy with IBIS Model

Solution with IBIS Model is competent for optimizing PDS 
and SI/PI design
As described in many paper, the accuracy isn’t enough for 
evaluating SSN. Exactly, the result with IBIS Model 
overestimates power noise, ground noise and quiet line 
noise 
Some Method is proposed for improve accuracy with IBIS 
Model

Improve IBIS model with macro models
Improve model with voltage feedback
Improve algorithms to the extractions of parasitic current 
…
BIRD95 methodology

Asian IBIS Summit 2008, Shanghai China

Page 38 of 134



7

2008-11-11 Macromodeling and Multi-GHz System Simulation 13

Related Presentation

Varma, Proc of EPEP’04, SSN issues with IBISmodels
Create IBIS model of the driver using spline functions with finite time 
difference approximation modeling techniques

Varma, Proc of EPEP’05, New method to achieve improved 
accuracy with IBIS models

Create IBIS model using voltage feedback by providing voltage 
controlled capacitances

CHEN R Y, DesignCon’04, Adding on-chip capacitance in IBIS 
format for SSO simulations

A new compensation capacitor is needed for the power and ground
parasitics to maximize SSO correlation with realistic PDS models

BIRD95:http://www.vhdl.org/pub/ibis/birds/bird95.6.txt
Solving SSN will be achieved through the use of I-T tables updated 
BIRD95.6 now

2008-11-11 Macromodeling and Multi-GHz System Simulation 14

Use IBIS model with voltage feedback

Parasitic capacitance exists between all MOSFET 
terminals
For the I/O pin, this is modeled in IBIS by C_comp
A new compensation capacitor Cdie is needed
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2008-11-11 Macromodeling and Multi-GHz System Simulation 15

Use IBIS model with voltage feedback

Complement the IBIS driver as a separate subcircuit that 
users would add in conjunction to the B element in their 
circuit

The subcircuit consists of
three separate Voltage 
Controlled Capacitances 
(VCCAPs) that are placed 
between the power and 
ground rails, the output
and the power rail and the 
output and the ground rail

2008-11-11 Macromodeling and Multi-GHz System Simulation 16

BIRD95 methodology with IBIS Model

BIRD95 shows great promise
Total VDDQ current will be measured for the transistor level model
Current versus time tables will be added to the IBIS file
The IBIS simulator will use the I_VDDQ(t) tables to include the parasitic 
currents from the pre-driver, I/O termination, crowbar, etc.
A power / ground impedance model is necessary for optimal correlation
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2008-11-11 Macromodeling and Multi-GHz System Simulation 17

Summary and expectation

Solution with IBIS Model of analyzing SSN is available for optimizing 
PDS design
Many solutions of improving IBIS Model are proposed for evaluating 
SSN. BIRD95 Improves IBIS models to obviously facilitate accuracy of 
the SSN simulation
Expect chip vendor put more efforts on generating more effective and 
accurate IBIS Model for circuit-level’s designer as with birds95.6 format 
contained in IBISv5.0. And EDA vendor can develop corresponding tool  
to support the simulation based on the models
It is expected by chip vendor and circuit-level’s designer  that develop a 
conversion tool that can generate IBIS model of higher version from 
SPICE model
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New Table-based Keywords 
in IBIS 5.0

A Cookbook-style Guide

Michael Mirmak
Intel Corporation

Chair, IBIS Open Forum
michael.mirmak@intel.com

IBIS Summit
Shanghai, China

November 11, 2008

马梦宽
英特尔公司

IBIS 委员会主席

亚洲 IBIS 技术研讨会

中国上海

2008 年 11 月 11 日

*Other names and brands may be claimed as the property of others

2

Legal Disclaimers
THIS DOCUMENT AND RELATED MATERIALS AND INFORMATION ARE PROVIDED
"AS IS" WITH NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT 
LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR A 
PARTICULAR PURPOSE, NON-INFRINGEMENT OF INTELLECTUAL PROPERTY 
RIGHTS, OR ANY WARRANTY OTHERWISE ARISING OUT OF ANY PROPOSAL, 
SPECIFICATION, OR SAMPLE. INTEL ASSUMES NO RESPONSIBILITY FOR ANY 
ERRORS CONTAINED IN THIS DOCUMENT AND HAS NO LIABILITIES OR 
OBLIGATIONS FOR ANY DAMAGES ARISING FROM OR IN CONNECTION WITH 
THE USE OF THIS DOCUMENT. 

Performance tests and ratings are measured using specific computer systems 
and/or components and reflect the approximate performance as measured by 
those tests. Any difference in system hardware or software design or 
configuration may affect actual performance.

Intel may make changes to specifications, product descriptions, dates and plans 
at any time, without notice.

Copyright © 2008, Intel Corporation. All rights reserved. 
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*Other names and brands may be claimed as the property of others

3

IBIS Development

IBIS 3.2#

IBIS 4.0#

IBIS 4.1

IBIS 4.2#

IBIS 5.0

# ANSI standard

• Links to Verilog-AMS, VHDL-AMS 
and Berkeley SPICE files 

• Differential thresholds, loads

• New meas. & delay loads
• Golden Waveforms and loads

• All IBIS 2.1 features plus
• Package modeling
• Series devices 
• Scheduled drivers

• Added analog-only support (Verilog-A)
• Fixes for standardization

• Advanced Modeling Interface (AMI)
• Gate modulation support
• Current distribution support 

2004
1999

2006

2008

2002

Multi-
Lingual

*Other names and brands may be claimed as the property of others

4

Two New IBIS 5.0 Table-Based Keywords
• [ISSO_PD], [ISSO_PU]

• Originally called BIRD97/98

• Characterizes buffer current modulation due to supply variation
– For example, SSO, “droop” or “bounce” events

– Tools today scale the [Pulldown]… I-V tables, which is inappropriate

• Each one a table of current vs. voltage (I-V) data, per corner

• [Composite Current]
• Originally called BIRD95

• Characterizes currents from the supply rail through the buffer, as the 
buffer switches into a known load

• A table of voltage vs. time (V-t) data, per corner

• Resolves ambiguous rail current distribution from known pad current
– For example, can capture crowbar and/or pre-driver currents

– Tools today “guess” at buffer current distributions
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*Other names and brands may be claimed as the property of others

5

ISSO_PD

Similar to but different than [Pulldown], which characterizes 
output strength with fixed reference

• How is it extracted?

PD

PU

Vcc

Short-circuit
effectively
removes

the pullup section

Vtable

Pulldown
section is “on”

(buffer at logical 0)

+

-

Measure the current
as voltage is swept
from –Vcc to Vcc

Results
An I-V table that

characterizes
pulldown strength 

as its reference
voltage varies…

I

*Other names and brands may be claimed as the property of others

6

VccISSO_PU

Similar to but different than [Pullup], which characterizes 
output strength with fixed reference

• How is it extracted?

PD

PU

Short-circuit
effectively
removes

the pulldown section

Vtable

I

Pullup
section is “on”

(buffer at logical 1)

+

-

Measure the current
as voltage is swept
from –Vcc to Vcc
(relative to Vcc!)

Results
An I-V table that

characterizes
pullup strength 
as its reference
voltage varies…
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ISSO_PD
• What does the resulting waveforms look like?

Pulldown

-3.00E-01

-2.00E-01

-1.00E-01

0.00E+00

1.00E-01

2.00E-01

3.00E-01

-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1

Voltage (V)

C
ur

re
nt

 (A
)

Diode effects 
should be 
removed 
from the 
raw data

Simple 
example: no
pre-driver,

single-stage 
CMOS

*Other names and brands may be claimed as the property of others

8

ISSO_PD, ISSO_PU - Recommendations

Very similar to traditional I-V tables

• Ensure that extraction polarities are correct
• Similar to sweep sources for [Pullup], [Pulldown]

• Watch out for clamp currents
• Clamp currents should be excluded from ISSO tables

• This includes on-die termination effects!

• Watch out for reference voltages
• [Pullup Reference], [Pulldown Reference], etc. still apply

• Beware of what isn’t included
• ISSO keywords describe the final driver stage, not the pre-driver

• The keywords describe static, not dynamic, current modulation
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9

Composite Current
• How is it extracted?

PD

PU

Vcc

I

Predriver

Vfixture

+

-

Rfixture

On-die
decoupling

Classical
IBIS Buffer

Rail
Parasitics

*Other names and brands may be claimed as the property of others

10

Composite Current
• What does the resulting waveform look like?

Com posite Cu rren t - 50  ohm s

-5 .00E-03

0 .00E+00

5 .00E-03

1 .00E-02

1 .50E-02

2 .00E-02

2 .50E-02

3 .00E-02

0.00E+00 2.00E-09 4 .00E-09 6.00E-09 8 .00E-09 1.00E-08 1 .20E-08 1.40E-08

Tim e (s)

C
ur

re
nt

 (A
)

Falling  -  P ulldown On
Rising - Pu lldown O ff
Rising - Pu llup On
Falling  -  P ullup  O ff

Wave shapes will be
similar to [Rising …] and 
[Falling Waveform] V-t 

tables

Watch for noise…
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Composite Current - Recommendations

Very similar to traditional V-t tables

• Supply sufficient data, ideally including…
• Tables using the same load as [Rising…] and [Falling Waveform]

• Tables for no-load conditions (extremely high resistances)

• Ensure the data is time-correlated to existing V-t tables
• Must start and end in states and with delays matching associated 
[Rising Waveform] and [Falling Waveform] tables

• Make the power delivery structure is complete and includes…
• Buffer rail inductances and resistances

• Pre-driver structures (if/when connected to the driver rails)

• On-die decoupling structures, at buffer-level scale

• Follow general V-t table rules
• Provide sufficient time-points for smooth transitions

• Use resistive-only loads

*Other names and brands may be claimed as the property of others

12

Additional Notes

• Support
• IBISCHK5 parser should be available in the first half of 2009

• No tools today support these keywords, or automatically extracting 
data for them

• Today’s Options
• SPICE templates can be created to extract the data manually

• Composite Current data can be used with existing models in a SPICE 
implementation (see References) 

• The IBIS 5.0 specification contains guidance on [ISSO_PD],  
[ISSO_PU] adjustments to how I-V and V-t data interact
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Summary

Start collecting data now, and encourage
your model and EDA tool providers 

to support these keywords!

• [ISSO_PD], [ISSO_PU]

• Characterize buffer supply voltage modulation

• Resembles traditional I-V tables like [Pulldown]

• Can capture gate variation, bounce and droop effects

• [Composite Current] 

• Characterizes buffer current distribution

• Resembles traditional V-t tables like [Rising Waveform]

• Can reveal and include crowbar current effects 

*Other names and brands may be claimed as the property of others

14

References
• Official IBIS Website, including tools, articles, specifications

– http://www.eigroup.org/ibis/

• IBIS Specification 5.0
– http://www.eda.org/ibis/ver5.0/

• IBIS Summit presentations
– http://www.eda-stds.org/ibis/summits/index-bydate.htm
– Excellent presentations in 2005 and 2006 cover BIRD 95 and 97/98

• Test Code and Development Documents
– http://www.vhdl.org/pub/ibis/futures/ 
– http://www.eda.org/ibis/docs/

• The IBIS 4.0 Cookbook – recommended for model creation!
– http://www.eda-stds.org/ibis/cookbook/

• Join the IBIS and IBIS-Users e-mail reflectors!
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IBIS EBD Modeling, Usage and 

Enhancement 
An Example of Memory Channel Multi-board Simulation

IBIS EBD Modeling, Usage and 

Enhancement 
An Example of Memory Channel Multi-board Simulation

Tao Xu                                     Asian IBIS Summit

taoxu@sigrity.com Shanghai China

November 11, 2008

2

Agenda 

� Memory channel simulation 

� EBD description

� EBD model for DIMM module

� EBD’s pros and cons

� EBD enhancement requirement
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3

Memory channel simulation  

� A typical DIMM structure of memory channel

4

Challenge in memory channel simulation 

� Multi-drop topology for different signal groups, 

especially for ADD/CMD and clock.

� High Speed signaling with transmission loss through 

dielectric material 

� More tight timing requirement among different signal 

groups

� Serious crosstalk among signals and SSO

� Model accuracy for I/O buffer and sub-system of 

board component
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5

EBD introduction 

� EBD--Electrical Board Description

� A pure transmission line description without coupling for board 

component

� All inductance and capacitance parameters listed in the file are derived 

with respect to well-defined reference plane (s) within the board

� Via in EBD is described as zero length with lump RLC value

� EBD is good for transmission line effect assessment and timing analysis 

for first order consideration.

A board level component is the generic term to be used to describe a printed circuit board 

(PCB) or substrate which can contain components or even other boards, and which can

connect to another board through a set of user visible pins. The electrical connectivity of 

such a board level component is referred to as an Electrical Board Description.

6

EBD description

� [Ibis Ver]      

� [File Name]     

� [File Rev]      

� [Date]          

� [Disclaimer]    

� [Copyright]     

� [Notes]         

� [Begin Board Description] 

� [Manufacturer]  

� [Number of Pins]  

� [Pin List] 240

� [Path Description] A0

� Pin 100

� Len = 0.0037....... Main part of EBD

� ......

� Node aa.1

� [Reference Designator Map]

� aa ddr3.ibs  ddr3input

� [End Board Description]

� [End]
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EDB used as DIMM module_ address path 

� [Path Description] A0

� Pin 100

� Len = 0.00334997 L = 3.6198e-07 C = 9.34292e-11 R = 
6.47878 /

� Len = 0 L = 1.886294e-10 C = 1.0395e-13 /

� Len = 0 L = 1.886294e-10 C = 1.0395e-13 /

� Len = 0.02320685 L = 3.6679e-07 C = 1.2723e-10 R = 
13.9845 /

� Len = 0 L = 9.431472e-11 C = 5.1975e-14 /

� Fork

� Len = 0 L = 9.431472e-11 C = 5.1975e-14 /

� Len = 0.00213924 L = 3.6198e-07 C = 9.34292e-11 R = 
6.47878 /

� Node D11.K3

� Endfork

� Len = 0 L = 9.431472e-11 C = 5.1975e-14 /

� Len = 0 L = 9.431472e-11 C = 5.1975e-14 /

� Fork

� Len = 0 L = 9.431472e-11 C = 5.1975e-14 /

� Len = 0.00214104 L = 3.6198e-07 C = 9.34292e-11 R = 
6.47878 /

� Node D3.K3

� Endfork

� Len = 0 L = 9.431472e-11 C = 5.1975e-14 /

� Len = 0.03001702 L = 3.29692e-07 ..........

trace

via

8

EDB used as DIMM module_ data strobe path

� [Path Description] DQS0

� Pin 13

� Len = 0.00316589 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 /

� Node RP42.5

� Node RP42.4

� Len = 0.00206140 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 /

� Len = 0 L = 1.886294e-10 C = 1.0395e-13 /

� Len = 0 L = 1.886294e-10 C = 1.0395e-13 /

� Len = 0.02299734 L = 3.29692e-07 C = 1.41546e-10 R = 11.1876 
/

� Len = 0 L = 1.25753e-10 C = 6.93e-14 /

� Fork

� Len = 0 L = 1.25753e-10 C = 6.93e-14 /

� Len = 0.00176569 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 
/

� Node D8.C3

� Endfork

� Len = 0 L = 1.25753e-10 C = 6.93e-14 /

� Len = 0.00176569 L = 3.6198e-07 C = 9.34292e-11 R = 6.47878 /

� Node D0.C3

� |

� [Path Description] DQS0-

� Pin 27

� ..............
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EBD usage for memory channel simulation

� EDA tools 

support IBIS 

EBD model

� Automatically 

linkage to 

EBD file 

makes usage 

very 

convenient

10

EBD Simulation Problem

� Power/Ground are ideal in EBD 

� PDS noise is contributed by PCB power/ground planes design

� All coupling effect among signals only occurred on PCB level

� Return current issue can’t be considered completely due to idea P/G and lost interaction between 
signal and P/G  

current

PDS noise

EBD with

Ideal P/G
IBIS
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Simulation structure and result

� Power and signal result

� SSN result (got from motherboard only, that is, power pin in chips on EBD 
has similar waveform as power pin at connector) 

� Signal result (in EBD part only ideal Tline effect was considered )

12

Pros and Cons

� Pros

• Full topology of board component was described.

• Most manufactures provide the model – easy to get

• Easy to be used in EDA tools for system level analysis.

� Cons

• Don’t have coupling information for crosstalk analysis among 

traces. Differential signal was considered separately 

• Ideal ground and power assumption that make PDS analysis not 

complete.
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EBD enhancement –Cross talk

� Why important?
• Most of memory bus now is parallel. Cross talk effect is 
obvious among signals. 

• Differential signaling is common for DQS and Clock. 

� How ?
• Mutual R, L, C can solve the issue in some degree. 

• S parameter matrix 

14

EBD enhancement– real power and ground

� Why important?

• SSN analysis is very important for parallel bus such as 

memory bus. 

� How?

• Path for power and ground description was added into 

also
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Power integrity  versus signal integrity ?

One signal switching

without reference 

plane change

L

G

P

One signal switching 

with reference plane 

change

L

G

P

Multiple signals 

switching with 

reference plane 

change

P

G

L

16

Power integrity  and signal integrity !
SSN/SSO – Simultaneous Switching Noise/Output

Ideal Case: Trace 

on top layer, no 

RPD

8 Drivers
4 Drivers

1 Driver

skew

ringing

Timing and waveform 

degradation are two major 

types of SI analysis.

Power & ground as signal 

return paths affect both. 
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Power integrity  and signal integrity !
effect of adding decaps

Ideal case: Trace on

Top layer, no RPD

32 caps (0603)

plus 4 caps (0805)

No decoupling caps
4 caps (0805)

Max Overshoot/Undershoot

No decoupling caps:  772 mV

4 caps:  260 mV

36 caps:    49 mV

Ideal case:    39 mV

18

Conclusion 

� EBD is good to be used as module model in IBIS 

family 

� EBD has weakness in modeling crosstalk and real 

power/ground

� Enhancement was required with today’s design 

trend. 
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Touchstone Version 2.0
Mixed-Mode Syntax

Bob Ross
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Outline

• Background and Overview
• Generalized mixed-mode syntax

• (Abbreviations)
– SE: single-ended
– MM: mixed-mode for differential and common 

modes such as “Sdd11” or “Sdc12”
– GMM: generalized mixed-mode for 

combination of SE and MM data
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Background

• Touchstone issued in 1984 by EEsof (now part of 
Agilent Technologies)

• Touchstone is an OPEN, de-facto format 
supported by nearly all companies supplying or 
handling S-parameter data

• Older Touchstone “Version 1.0” uploaded as 
public reference for ICM reference
– http://www.eda.org/ibis/connector/

• Touchstone Version 2.0 extended to remove 
some format limitations and to add some 
resistance per port flexibility for PDS applications
– http://www.eda.org/pub/ibis/adhoc/interconnect/

© 2008 Teraspeed Consulting Group LLCPage 4
TERASPEED

CONSULTING
GROUP

Touchstone Version 2.0
Eight IBIS-like Keywords (so far)

• Required keywords
– [Version] 2.0
– [Number of Ports] <n>
– [Two-Port Data Order] {21_12 | 12_21}          (for n=2 only)
– [Number of Frequencies] <nf>

• Optional keywords
– [Reference] <list of n reference resistances in port order>
– [Matrix Format] {Full | Lower | Upper}
– [Mixed-Mode Order] {Di,j, Ci,j, Si,j entries} 
– [Number of Noise Frequencies] <nnf>

• Details (except [Mixed-Mode Order]) reported February, 
2008
– http://www.eda.org/ibis/summits/feb08/ross1.pdf
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“Version 1.0” Fixed Format Examples
(f = frequency, s = data-pair)

S1P
f s    
f s   
f s
f …

S2P
f s s s s  
f s s s s  
f s s s s
f …

S3P
f s s s 
s s s   
s s s   
f s s s  
s s s   
s s s    
f …

S4P
f s s s s   
s s s s       
s s s s       
s s s s      
f s s s s     
s s s s     
s s s s     
s s s s     
f …

S5P
f s s s s  
s           
s s s s    
s            
s s s s    
s           
s s s s     
s           
s s s s     
s            
f …

S6P
f s s s s  
s s         
s s s s    
s s         
s s s s    
s s         
s s s s    
s s         
s s s s    
s s         
s s s s    
s s         
f …

Formatting, frequency ordering, 
and end of file implies number of 
ports and frequencies values.

Etc …

© 2008 Teraspeed Consulting Group LLCPage 6
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Version 1.0 Block Arrangement

Option Line                             
For example, # GHZ S MA R 50 

N-port Data Block                    
(rigid format rules)                                    

SE Data

Optional Noise Data Block     
(n=2 only)
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Version 2.0 Block Arrangement

Option Line and All Keywords 
(first entry is [Version] 2.0)

N-port Data Block                    
(flexible format, new line only for 

each frequency)

SE, MM or GMM data

Optional Noise Data Block     
(n=2 only)

© 2008 Teraspeed Consulting Group LLCPage 8
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] Keyword

• Applies for S, Y, Z n-port matrices
• Allows general re-ordering of ports (SE, MM, 

GMM)
• Main document (3 pages) and Appendix A (6+ 

pages) gives mathematical details
• Argument port indices are for new SE ports

– S<k> C<i,j> D<i,j> for single-ended, common mode, 
and differential mode port numbers (1, …, n)

• Argument positions apply to data block
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© 2008 Teraspeed Consulting Group LLCPage 9
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] D1,2 C1,2 S3 
(balun, splitter, op. amp. example)

1

2
3 “2”

“1d”

“1c”
SE GMM

pos entry GMM

1 D1,2 1,2

2 C1,2 1,2

3 S3 3

Sdd1,2 Sdc1,2 Sd1,2;3

Scd1,2 Scc1,2 Sc1,2;3

S3d1,2 S3c1,2 S33

S11 S12 S13

S21 S22 S23

S31 S32 S33

SE port notation 
in both blocks, 
position gives 
mapping

“S” above means 
n-port entry (S, Y, 
or Z)

“S” argument 
means Single-
ended

Data Block

© 2008 Teraspeed Consulting Group LLCPage 10
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] D1,2 C1,2 S3
(with GMM port notation)

1

2
3 “2”

“1d”

“1c”
SE GMM

pos entry GMM

1 D1,2 “1”

2 C1,2 “1”

3 S3 “2”

Sdd11 Sdc11 Sd12

Scd11 Scc11 Sc12

S2d1 S2c1 “S22”

S11 S12 S13

S21 S22 S23

S31 S32 S33

Typical GMM 
port notation 
(“1”,”2”) NOT 
used

“1”
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© 2008 Teraspeed Consulting Group LLCPage 11
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] D1,2 S3 C1,2
(GMM data with new S3 C1,2 positions)

1

2
3 “2”

“1d”

“1c”
SE GMM

pos entry GMM

1 D1,2 “1”

2 S3 “2”

3 C1,2 “1”

Sdd11 Sd12 Sdc11

S2d1 “S22” S2c1

Scd11 Sc12 Scc11

S11 S12 S13

S21 S22 S23

S31 S32 S33

GMM data block 
with different 
positions “S22”
and “Scc11”

Interchange 
2 and 3

© 2008 Teraspeed Consulting Group LLCPage 12
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] D1,3 S2 C1,3
(SE defined with new order)

1

3
2 “2”

“1d”

“1c”
SE GMM

pos entry GMM

1 D1,3 “1”

2 S2 “2”

3 C1,3 “1”

Sdd11 Sd12 Sdc11

S2d1 “S22” S2c1

Scd11 Sc12 Scc11

S11 S12 S13

S21 S22 S23

S31 S32 S33

Mapping data 
block to new SE  
port order
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© 2008 Teraspeed Consulting Group LLCPage 13
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] D1,2 D3,4 C1,2 C3,4
(1,2 and 3,4 port-pairs)

1

2

3 “2d”“1d”

“1c”
SE MM

pos entry MM

1 D1,2 “1”

2 D3,4 “2”

3 C1,2 “1”

4 C3,4 “2”

Sdd11 Sdd12 Sdc11 Sdc12

Sdd21 Sdd22 Sdc21 Sdc22

Scd11 Scd12 Scc11 Scc12

Scd21 Scd22 Scc21 Scc22

S11 S12 S13 S14

S21 S22 S23 S24

S31 S32 S33 S34

S41 S42 S43 S44

Diff Port notation 
by position, 
numbers for SE 
ports

“1”
4 “2c”

“2”

© 2008 Teraspeed Consulting Group LLCPage 14
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] D1,3 D2,4 C1,3 C2,4
(1,3 and 2,4 port-pairs)

1

3

2 “2d”“1d”

“1c”
SE MM

pos entry MM

1 D1,3 “1”

2 D2,4 “2”

3 C1,3 “1”

4 C2,4 “2”

Sdd11 Sdd12 Sdc11 Sdc12

Sdd21 Sdd22 Sdc21 Sdc22

Scd11 Scd12 Scc11 Scc12

Scd21 Scd22 Scc21 Scc22

S11 S12 S13 S14

S21 S22 S23 S24

S31 S32 S33 S34

S41 S42 S43 S44

Diff Ports 
reference same 
SE positions

“1”
4 “2c”

“2”
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© 2008 Teraspeed Consulting Group LLCPage 15
TERASPEED

CONSULTING
GROUP

[Mixed-Mode Order] S1 S3 S4 S2
(SE-1 data re-ordered to SE-2)

1

2

3 21

4
SE-2 SE-1

pos entry SE-1

1 S1 1

2 S3 3

3 S4 4

4 S2 2

S11 S13 S14 S12

S31 S33 S34 S32

S41 S43 S44 S42

S22 S23 S24 S22

S11 S12 S13 S14

S21 S22 S23 S24

S31 S32 S33 S34

S41 S42 S43 S44

SE-1 uses SE-2 
data notation in 
matrix

4 3

© 2008 Teraspeed Consulting Group LLCPage 16
TERASPEED

CONSULTING
GROUP

Closure

• Several EDA tools already implementing portions 
of the mixed-mode syntax
– S, Y, Z parameters for n-ports
– SE, MM, GMM capability

• Touchstone 2.0 provides standard, interchangable
GMM format when adopted by industry

• Minimal changes from Touchstone “1.0” and 
Touchstone 2.0 for easy bi-directional migration 
of tools over several years

• Some minor changes still being considered
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Optimum Frequency Sampling 
in S-Parameter Extraction and 

Simulation

Jinghua Huang
(jhhuang@synopsys.com)

SYNOPSYS 
Asian IBIS Submit
Shanghai, China

Nov. 11, 2008

2

• Issues in S-parameter creation (model 
generation strategies)

• Handling bad S-parameters (simulation 
strategies)

• Tools to check S-parameter quality

Agenda
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• Issues in S-parameter creation (model 
generation strategies)

• Handling bad S-parameters (simulation 
strategies)

• Tools to check S-parameter quality

Agenda

4

S-parameter creation

• Suppliers often ship S-parameter 
representations of their product (package, 
connector, amplifier, etc.)

• S-parameter models are extracted by test 
and measurement equipment or by 
numerical methods (i.e., simulation)
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Issues in S-parameter creation

• S-parameter “table” model typically shows 
its weakness when…
– Limited frequency range coverage
– DC point absent
– Coarse sampling
– Unintentional non-passivity

• Especially with bad terminations
– Measurement noise
– etc…

6

Influence on simulation results

• Frequency domain accuracy verification 
(AC analysis)
– Key point: get required frequency point from 

provided S-parameter table model using inter-
/extrapolation method.

• Time domain accuracy verification 
(Transient analysis)
– Key point: Get time domain impulse response 

h(t) and do convolution
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• IFFT 
– Equally spaced 2^N points needed
– Need to cover wide enough frequency range, from 

DC to several harmonics of input signal

• Rational Function Approximation
– Delay extraction
– Sampling and start pole determination 
– Avoid measurement noise

Accurately obtaining not-given S-parameters 
from the table model is extremely important 

to simulation results! 

Key points in obtaining h(t) 

8

AC analysis example (sparse vs. dense)

• Sparse: narrow range, few samples
.ac lin 101 1e6 10e9

• Dense: wide range, lots of samples
.ac dec 301 1 30e9
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AC verification results: 1 MHz - 60 GHz

.ac lin 101 1e6 10e9

Magnitude vs Frequency (1 MHz - 60 GHz)

.ac dec 301 1 30e9

Max diff = 539 uV
RMS diff = 63 uV

Max  diff = 139 uV
RMS diff = 27 uV

Sparse S Model 

Dense S Model 

Absolute Diff (1 MHz - 10 GHz)

10

# Hz S MA R    50.0000    
0.100000E+07   0.925839E-02  6.32755 . . .

. . .
0.368301E-03  16.4700 . . .

0.100990E+09   0.354922E-01  60.3283 . . .
0.205661E-02  47.4395 . . .
. . .

0.200980E+09   0.608898E-01  66.5493 . . .
0.314144E-02  46.8725 . . .

Sparse S Model issues in AC
Sparse S Model: 1 MHz - 10 GHz

1 MHz 101 MHz

Interpolation error

Extrapolation error
• The ".ac lin 101 1e6 10e9" 

generated S model data up to 10 
GHz

• AC verification test bench specified 
fstop of 60 GHz
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Transient response - 3 GHz Pulse

Max diff = 11 mV
RMS diff = 3.4 mV

Max diff = 25.3 mV
RMS diff = 11.5 mV

Sparse S Model

Dense S Model

Transient waveform Absolute Diff 

12

• Provide DC point
• Covers wide enough frequency range

– From DC to several harmonics of input signal
• Necessary dense data point (but not too 

dense to avoid big data files)
• Passive, within the unit circle in Smith Chart
• Smooth, without measurement noise
• etc…

What does “good” S-parameter look like?
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• Issues in S-parameter creation (model 
generation strategies)

• Handling bad S-parameters (simulation 
strategies)

• Tools to check S-parameter quality

Agenda

14

Using bad S-parameters?

• S-parameter “table” model typically shows its 
weakness when…

– Limited frequency range coverage
– DC  point absent
– Coarse sampling
– Unintentional non-passivity

• Especially with bad terminations 
– Measurement noise
– etc…

• Can we use this kind of S-parameters if they 
are provided?

Yes, if…
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Guessing not-given values  

•Interpolation & extrapolation
– Piecewise constant
– Piecewise linear
– Spline
– Partially apply rational function approximation
– Hybrid method
– etc…

•Base data format
– Real/Imaginary(RI)
– Magnitude/Angle(MA)
– etc…

Physical modeling (guess) based 
on provided table model!!

16

Interpolation method comparison

Inter-
/extrapolation 
method

Numerical polynomial 
approximation 
(Piecewise constant, 
linear, spline, etc.)

Partially apply 
rational function 
approximation

Hybrid method

Advantages . Quick
. Bounded error

. Consider causality

. Accurate phase 
estimation

. Combing 
advantages of 
several methods

Disadvantages . Causality & passivity 
issue

. Phase estimation 
difficulties

. Time consuming

. Passivity violation

. Noise sensitive

. False switch 
between each 
method
. Noise sensitive

Suggestions Efficient for most 
common cases

Usually used in 
hybrid method

Use for cases with 
local resonances
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Interpolation method comparison

Base data format Real/Imaginary(RI) Magnitude/Angle(MA)

Advantages . No phase over-
estimation issue in local 
resonance region 

. Smooth curves 
connecting given sample 
points (more physical)

Disadvantages . May under-estimate 
phase information
. Straight line between 
given sample points 
(unphysical)

. May over-estimate 
phase change in local 
resonance region

Suggestions use with very dense 
table model

Efficient for most 
cases

18

RI v.s. MA (linear) interpolation

• Real/Imaginary
– Straight line

• Magnitude/Angle
– Circled 
– Suitable for linear 

systems
– Requires 

unwrapped phase 
guess

• Clockwise 
assumption

RI interpolation

MA interpolation
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Local resonances

Turning clockwise locally, looks counter-clockwise globally

20

Hybrid interpolation

• Combine possible best ways
– Advantage of MA based interpolation
– Capture local resonances

• Finding local centers
• Use rational functions

Conventional MA Hybrid
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Noise reduction 

• Data smoothing functions

22

Passivity check/enforcement 

• Passivity violation makes unintentional 
oscillator

– Voltage blows up 
• Passivity checker

– Check eigenvalues of I-SS’ (S’: conjugate 
transpose)

• Passivity enforcement
– “modify” original parameters
– Add minimum amount of constant loss

Under construction

Asian IBIS Summit 2008, Shanghai China

Page 77 of 134



23

• Issues in S-parameter creation (model 
generation strategies)

• Handling bad S-parameters (simulation 
strategies)

• Tools to check S-parameter quality

Agenda

24

• Check your given S-parameter table 
model on Smith Chart

• Determine which method and what data 
format should to be used for inter-
/extrapolation

• Check what you get from the selected 
inter-/extrapolation S-parameter data on 
Smith Chart

How to select proper inter-/extrapolation 
method?
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What does good S-parameter look like?

Good quality 
S-parameters 
always show 
beautiful
curves on 
Smith Chart!

26

Predictable Success
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Signal Integrity Software, Inc.

System-level Serial Link Analysis 
using IBIS-AMI Models

Todd Westerhoff, SiSoft
twesterh@sisoft.com

Asian IBIS Summit 
Shanghai, China

November 11, 2008

2
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Agenda

• Serial Link Analysis
• IBIS Algorithmic Modeling Interface (IBIS-AMI)
• Network Characterization
• Statistical Analysis
• Time-Domain Analysis
• IBIS-AMI Simulation Performance
• Correlation
• Summary
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3
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

SerDes Analysis Requirements

• User requirements
– Multi-million bit simulations
– Model specific SerDes IP

• Equalization
• Clock recovery

– Analyze channel & SerDes IP tradeoffs
– Support lab correlation (eye height/width, BER, etc.)

• SerDes vendor requirements
– Protect SerDes IP
– Single model supported in multiple EDA tools

4
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Traditional SerDes Simulator Flow 

SSS
Network 
Characterization

Pulse Response

Link
Analysis SerDes

Simulator 

TX EQ RX EQ

Eye StatisticsPulse Response
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5
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Traditional SerDes Challenges 

• SerDes vendor tools don’t work together
– Simulating cross-vendor links is difficult or impossible

• Open-source tools lack IP vendor models

Observation
• Most SerDes tools take S-parameter or pulse 

response data, then use signal-processing & 
statistical techniques to predict behavior

• A standardized SerDes analysis flow and model 
format would address both user & SerDes vendor 
issues  

6
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

IBIS Algorithmic Modeling Interface
(IBIS-AMI)

• Part of the approved IBIS 5.0 specification
• Divides SerDes simulation into two parts

– Network characterization
• Determines impulse response for unequalized analog network

– Communications analysis
• Models TX/RX equalization and clock recovery behavior
• SerDes IP models are provided as executable code linked 

into the simulator at run time

• Standard mechanism for declaring model-specific 
parameters
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7
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

IBIS-AMI Models

An IBIS-AMI model has two parts:

Analog Model
• Used to model behavior of 

the unequalized analog 
network 
(Network Characterization) 

• TX: output impedance & 
parasitics

• RX: receiver input 
termination network & 
parasitics

Algorithmic Model
• Used to perform end to end link 

analysis including equalization 
and clock recovery behavior

• Models supplied as loadable 
object code

• Models can operate at two 
different levels:
– INIT: impulse response 

processing
– GETWAVE: time-domain 

waveform processing

8
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Model-Specific Parameters

8SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft

IBIS File

Algorithmic (.dll) Model

.AMI File

Asian IBIS Summit 2008, Shanghai China

Page 83 of 134



5

9
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

6.25 Gbps Design Example

• Channel design questions
– Which connectors?
– Effect of tolerances?
– Minimum link spacing?
– Back-drilling?
– Low-loss dielectric?

• SerDes IP questions
– Equalization needed?

• TX?
• RX?

– How many taps?
– RX DFE needed?
– Benefit of 8B10B encoding?

Backplane Z0 = 90-110 ohms,
maximum length = 18”

PCB Z0 = 90-110 ohms,
maximum length = 8”

Package Z0 = 85-115 ohms

9SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft

10
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Channel Model & Design Decisions

10SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft

SerDes TX
Tap settings
Voltage swing

SerDes TX
Tap settings
Voltage swing

Packages
Breakout pattern
Packages
Breakout pattern

PCB Traces
Cross section
Dielectric
Spacing
Via design

PCB Traces
Cross section
Dielectric
Spacing
Via design

Connector
Vendor selection
Breakout pattern

Connector
Vendor selection
Breakout pattern

SerDes RX
Peaking filter mode
DFE settings
CDR settings

SerDes RX
Peaking filter mode
DFE settings
CDR settings

Design
Decisions

IBIS-AMI ModelsIBIS-AMI Models Lossy Transmission LinesLossy Transmission LinesS-Parameter DataS-Parameter DataModels

Tolerances
SerDes TX
Process
Voltage
Temperature

SerDes TX
Process
Voltage
Temperature

Packages
Process
Packages
Process

PCB Traces
Impedance
Velocity

PCB Traces
Impedance
Velocity

SerDes RX
Process
Voltage
Temperature

SerDes RX
Process
Voltage
Temperature
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11
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Network Characterization

• Analog circuit analysis 
includes TX output 
impedance/parasitics & RX 
input termination network

• Impulse response derived for 
use with algorithmic models

• Other network parameters 
may be extracted and 
displayed 
– S-parameters and transfer 

functions are shown in this 
example

Channel S-Parameters

11SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft

Transfer Function over Process, Voltage, Temperature

12
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Statistical Analysis

• Computes eye distributions / 
statistics directly

• Extremely fast – over 1015

equivalent bits/second
• Models linear TX/RX 

equalization
• Conceptually similar to many 

proprietary tools, but with 
vendor-specific SerDes IP 
models

12SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft
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13
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Optimizing Transmitter Tap Settings

13SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft

64 permutations

Tap settings to be investigated

BER vs. TX tap settings

Statistical Analysis

Statistical Eye @ RX

14
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Time-Domain Analysis

• High-performance simulation
– ~1,000,000 bits/minute

• Models non-linear effects
– Decision Feedback 

Equalization (DFE)

• Models time-varying behavior
– Auto-adaptation
– Detailed clock recovery

• Models different encoding 
schemes and impact of worst-
case pattern  sequences
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15
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

No EQ TX EQ

TX & RX EQRX EQ

Equalization Configurations

15SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft

No EQ: BER=0.030  Eye Margin = 0mV TX EQ only: BER=0  Eye Margin = 36.8mV

RX EQ only: BER=1.26e-018  Eye Margin = 26.4mV TX & RX EQ: BER=0  Eye Margin = 50.8mV

16
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Modeling Adaptive Optimization

• RX DFE model includes 
adaptive equalization 
behavior, allowing model to 
optimize tap coefficients 
based on input data stream 

• Model outputs internal state 
(tap settings) information as 
simulation progresses

• Tap behavior is saved in a 
format that can be loaded 
and displayed

RX DFE Taps Without TX EQ

RX DFE Taps With TX EQ

16SiSoft Confidential SiSoft Confidential Copyright Copyright ©© 2008, SiSoft2008, SiSoft
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17
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Simulation Performance

• Statistical Analysis
– Simulating 10100 equivalent bits takes under 2 seconds
– Hundreds of simulations can be run in a few minutes

• Time-Domain Analysis
– Typical performance: 250K – 1M bits/minute, depending on 

model complexity
– 10 million bit simulations are practical, billion bit simulations 

are possible

• IBIS-AMI models provide 500-10,000x the 
performance of traditional SPICE-based simulation

• IBIS-AMI models provide equivalent simulation 
performance to proprietary SerDes simulation tools

18
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

SPICE to IBIS-AMI Correlation

PCI Gen 1 PCI Gen 2

XAUI

Green = SPICE,  Blue = IBIS-AMI
Where waveform is green, simulations match

IBIS-AMI and SPICE models provided by IBM
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19
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

IBM HSSCDR to IBIS-AMI Correlation

Green = HSSCDR results, Blue = EDA Tool results using IBIS-AMI models
Where waveform is green, results are identical

20
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

Summary

• Systems designers need high-performance, 
interoperable SerDes IP models

• IBIS-AMI models are interoperable (mix different 
vendor models) and transportable (models run in 
different EDA tools)

• IBIS-AMI models support statistical analysis and 
time-domain simulation at ~1,000,000 bits/minute

• IBIS-AMI models have been correlated against 
multiple reference simulation environments

• IBIS-AMI models are available now!
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Signal Integrity Software, Inc.

Additional Slides

22
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

SPICE/EDA Tool Correlation Process

?

SPICE Analysis

Reference
Waveform

Test Pattern
EDA Tool

IBIS Analog, IBIS-AMI Models

IBIS-AMI
Waveform
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23
System Analysis with IBIS-AMI – Shanghai IBIS Summit – Nov 11, 2008 © 2008, SiSoft

HSSCDR Correlation Methodology

TranslatorTranslator

EDA Tool

IBIS Analog,
IBIS-AMI Models

IBIS Analog,
IBIS-AMI Models

HSSCDRHSSCDR

S-Parameter
Channel Models

S-Parameter
Channel Models SettingsSettings
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HUAWEI TECHNOLOGIES CO., LTD.
Page 1

11.Nov 2008

HUAWEI TECHNOLOGIES Co., Ltd.

www.huawei.com

AMI Model 
in SI Simulation

November 11,2008
Asian IBIS Summit, Shanghai China

Guan Tao
guantao@huawei.com

HUAWEI TECHNOLOGIES Co., Ltd. Page 2

Outline

AMI Model in Serial Link Simulation

Background

Serial Link Introduction

Experiencing AMI Simulation 

Highlights and Questions

PLL Model and AMI 

Background

JTF and PNS
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HUAWEI TECHNOLOGIES Co., Ltd. Page 3

Background

Generally, the development of serial link SI simulation is left behind the Serdes

development.

It is difficult to acquire the chip model for SI simulation. For data rate of 6Gbps＋，

Serdes encrypted Hspice Model is not available;

Even with some private simulation tools and models from chip vendors, a high confident 

result is difficult to get through simulation;

Now, evaluating the serial link system through measurement is normally used; 

However only measurement is not enough, and simulation is still an important way;

IBIS 5.0 was ratified at 29th August, 2008, which provides users a good solution for serial 

link simulation. 

IBIS committee makes a great progress on Serdes model and serial link simulation. 

HUAWEI TECHNOLOGIES Co., Ltd. Page 4

Background
IBIS-AMI Modeling:

Constructing sub-components in transmitter with AMI model;

The channel is characterized with impulse response;

Constructing sub-components in the receivers with AMI model, including CDR;

Providing a process on how to use AMI models.

Transmit
Equalizer

Package
Interconnect

System
Interconnect

Clock
Recovery

Data
Recovery

Serializer

Package
Interconnect

Receive
Equalizer

TX RX

Picture reference from “SerDes Modeling and IBIS” at DAC_2007_IBIS_Summit
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HUAWEI TECHNOLOGIES Co., Ltd. Page 5

Experiencing AMI Simulation

Simulation setup:
IBM AMI model includes 3-tap Tx FFE, 5-tap Rx DFE;
CDR behavior model embedded in RX model; 
11.0Gbps data rate and one million bits simulated;
Tx and Rx package models included;
Three different backplane channels used;
Three data patterns: CJPAT, PRBS 7, PRBS 31.

HUAWEI TECHNOLOGIES Co., Ltd. Page 6

Experiencing AMI Simulation

Channel descriptions:
Channel 1 : 10.72inch FR4 + 25inch Rogers Backplane + 2 connectors

Channel 2 : 23inch N4000+20inch FR4 + 2 connectors

Channel 3 : 30inch FR4 + 2 connectors 

Channel 1 Channel 2 Channel 3
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Experiencing AMI Simulation
AMI Model Introduction:                                       
("hss11_cu08.dml" 
(IbisIOCell
(ideal_50term_pulldown 
(MacroModel
(MacroType TDiffIO ) 
(NumberOfTerminals 8 ) 
(SubCircuits “)

……
(hss11_cu08_rx_dfe 
(ami
(ibmhssrx_103_win "E:\IBMSerdes\dll_lib" 
(ibis 1 ) 
(ndfe 5 ) 
(dfelimit
(0.5 0.25 0.125 0.125 0.125 ) ) 
(dfe
(0 0 0 0 0 ) ) 

(rotlin "E:\IBMSerdes\include_files\pr_fast.dat" ) ) )

(hss11_cu08_tx_ffe 

(ami

(ibmhsstx_104_win "E:\IBMSerdes\dll_lib" 

(ibis 1 ) 

(nffe 3 ) 

(rffe 1 ) 

(cffe 1 ) 

(qffe 6 ) 

(lffe

(0.25 1.0 0.5 ) ) ) ) 

AMI Rx model

AMI Tx model

This is the IBM Serdes AMI model 
supporting 11Gbps.

HUAWEI TECHNOLOGIES Co., Ltd. Page 8

Experiencing AMI Simulation

****Channel Analysis Report******
Tue Sep 02 09:45:44 2008

Channel Inputs:
Bit period                  = 9.09090909091e-011
No of drivers               = 1
No of taps                  = 1   
Tap optimization            = No
Stimulus configuration      = poly31 
Channel coding              = No 
Char Directory              = 

E:IBMSerdes/result_channel/char/
Simulation Controls:

No of bits simulated        = 1000000
Measurement Delay           = 4.4e-005

Eye Measurements:
Eye height                  = 91 mV
UI at max height        = 0.48 UI
Eye jitter                  = 0.36 UI

BER Report:
logBER     UI 

-9 0.57
-10 0.56
-11 0.55
-12 0.54
-13 0.53
-14 0.52
-15 0.51

Simulation Input Parameters:
Simulation Type  =  Time Domain Channel 
Simulation
Random Jitter = 0.44 %
Periodic Jitter:

Magnitude = 0.05 UI
Freq (cycles per ui) = 0.01

Frequency Offset = 0 ppm
Duty Cycle Distortion = 0 %

Report Sample:
Eye width 

under different 
bit error ratios

Eye Height

Asian IBIS Summit 2008, Shanghai China

Page 95 of 134



IBIS-AMI Support via 
VHDL-AMS 
Asian IBIS Summit, Shanghai 

China , November 11, 2008

IBIS-AMI Support via 
VHDL-AMS 
Asian IBIS Summit, Shanghai 

China , November 11, 2008

Arpad Muranyi
Arpad_muranyi@mentor.com
Minggang Hou
Minggang_hou@mentor.com

Arpad Muranyi
Arpad_muranyi@mentor.com
Minggang Hou
Minggang_hou@mentor.com

©© Mentor Graphics Corp., 2008, Reuse by written Mentor Graphics Corp., 2008, Reuse by written 
permission only.  All rights reserved.permission only.  All rights reserved.

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

IBIS-AMI Support via VHDL-AMSIBIS-AMI Support via VHDL-AMS
22

IBIS-AMI Support via 
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1. Attributes in VHDL-AMS
2. An IBIS-AMI example using the FOREIGN attribute
3. Conclusions – future work
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Attributes in VHDL-AMS
There are two types of attributes: pre-defined and user defined

— Pre-defined attribute examples:
T’left, T’right, T’low, T’high, etc...
A’left(n), A’right(n), A’low(n), A’high(n), etc…
S’delayed(t), S’stable(t), S’quiet(t), etc…
Q’tolerance, Q’dot, Q’integ, Q’above,
Q’ltf(num, den), Q’ztf(num, den, t, delay), etc…

— User defined attributes can be given to a wide variety of 
entity_classes, such as:

procedures, functions, packages, 
architectures, natures, quantities, terminals,
constants, variables, signals, etc… (long list)

One EDA vendor’s VHDL-AMS implementation has a built-in 
user-defined attribute called “FOREIGN” acting as a C-code 
interface (which in turn can call practically any compiled code)

— other EDA vendors may have different mechanisms to achieve the 
same results

IBIS-AMI Support via VHDL-AMSIBIS-AMI Support via VHDL-AMS
44

Calling IBIS-AMI through VHDL-AMS

The VHDL-AMS model calls a C-code wrapper using the 
FOREIGN attribute

— the C function argument types are mapped to VHDL-AMS types
— obviously there are some limitations, but the wrapper function 

can take care of most of the type conversions if necessary
— the wrapper function calls the Init, GetWave, and Close 

functions according to the IBIS specification
— additional features and capabilities (bells and whistles) may be

added to the wrapper function

As a result, IBIS-AMI models can be executed directly 
from any VHDL-AMS simulator

— all of this is “user code”, no product changes are required

Asian IBIS Summit 2008, Shanghai China
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IBIS-AMI Support via 
VHDL-AMS 
Asian IBIS Summit, Shanghai China , 

November 11, 2008

1. Attributes in VHDL-AMS
2. An IBIS-AMI example using the FOREIGN attribute
3. Conclusions – future work
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Block diagram of the following example

Circuit simulator

VHDL-AMS engine

channel modelstep function generator (out)

channel response (in)

call to IBIS-AMI wrapper

IBIS-AMI wrapper

execute IBIS-AMI 
DLLs

results processing (optional)

plot results

argument type conversion,

optional pre/post-processing,

enforce IBIS rules, etc…

This is only one of many possible ways of implementing 
IBIS-AMI support via VHDL-AMS

Asian IBIS Summit 2008, Shanghai China
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Example with IBIS-AMI Tx and Rx models

Tx driver 
impedance

Channel 
model

Rx package 
and input 

capacitance

VHDL-AMS 
model to 

interface the 
IBIS-AMI DLL

IBIS-AMI Support via VHDL-AMSIBIS-AMI Support via VHDL-AMS
88

Example circuit description
U1 contains a VHDL-AMS model

— it includes a step function generator to excite the “channel”
R1 represents a simple resistive driver impedance
TL1, L1, C1 represents a T-line, package and input

— the “channel” can be an arbitrary circuit, including S-parameter 
models, but it must include the Tx and Rx impedances

The first part of the TD simulation generates a channel 
response

— the duration is parameterized in the VHDL-AMS model
When the channel response is done, the AMI Tx and Rx 
models are executed using that channel response

— the VHDL-AMS model includes a PRBS pattern generator
After that, the results are returned to the simulator 
through the VHDL-AMS model for plotting

Asian IBIS Summit 2008, Shanghai China
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Waveform results of the example

channel response

step function

IBIS-AMI GetWave results

IBIS-AMI Support via VHDL-AMSIBIS-AMI Support via VHDL-AMS
1010

100k bits of PRBS 22 over 20 µs – no EQ
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100k bits of PRBS 22 over 20 µs – Tx EQ

~100 mV

IBIS-AMI Support via VHDL-AMSIBIS-AMI Support via VHDL-AMS
1212

100k bits of PRBS 22 over 20 µs – Tx & Rx

~170 mV
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IBIS-AMI Support via 
VHDL-AMS 
Asian IBIS Summit, Shanghai China , 

November 11, 2008

Attributes in VHDL-AMS
An IBIS-AMI example using the FOREIGN attribute
Conclusions – future work
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Conclusions – future work

IBIS-AMI models (DLLs) are fully supported from 
VHDL-AMS through attributes

— this is direct execution of the compiled IBIS-AMI models
Any programming language, capable of producing 
executables could also be supported the same way

— Matlab, Visual Basic, Perl, you name it
— execution speed of the compiled code does not suffer any 

degradation through VHDL-AMS since it is executed 
externally

An IBIS (v5.0) parser will be needed to automate the 
IBIS parameter extraction for the IBIS-AMI models

— this will happen most likely soon after the IBIS v5.0 parser 
has been released
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Experiencing AMI Simulation 

Eye Diagram Bathtub

• CJPAT-- blue 

• PRBS 7-- cyan

• PRBS 31– red

Cases of channel 2 and channel 3 are listed in the following page>>>

Channel 1 Channel 1

HUAWEI TECHNOLOGIES Co., Ltd. Page 10

Experiencing AMI Simulation
Channel 2 Channel 2

Channel 3 Channel 3
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Experiencing AMI Simulation

Data pattern                Channel 2 Eye Height (mV) Eye Width (UI)

CJPAT(8B/10B) 21 0.33

PRBS 7 45 0.58

PRBS 31 15 0

Data pattern                Channel 1 Eye Height (mV) Eye Width (UI)

CJPAT(8B/10B) 100 0.59

PRBS 7 104 0.64

PRBS 31 91 0.54

Data pattern                Channel 3 Eye Height (mV) Eye Width (UI)

CJPAT(8B/10B) 3 0.11

PRBS 7 41 0.71

PRBS 31 16 0

HUAWEI TECHNOLOGIES Co., Ltd. Page 12

Highlights

AMI model includes FFE, DFE and CDR. The model integrity is better. The encrypted 

Hspice Model always excludes the DFE and CDR.

It is feasible for users to do a large amount of bits simulation, and ISI effect is fully 

taken into consideration.

Users could set jitter parameters of Tx and Rx, so the jitter of Serdes could be 

considered..

AMI model support calculating the coefficients of DFE and FFE automatically, and it 

could shorten the simulation cycle. 

Asian IBIS Summit 2008, Shanghai China
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Drawbacks
Modeling method is complicated and no auxiliary tools helping generate the AMI model. 
Most IC vendors do not supply AMI models. 

Users cannot evaluate the simulation results, owing to lack of the mask specification. 
So it is difficult for users to judge whether the serial link meets the requirement. 

It is impossible for users to judge the accuracy of AMI models and to improve it. 

Some IC vendors suggest that the simulation is a reference for design and cannot be 
used for a final decision.

The AMI model, used in the previous example, is a vendor-specific format model, not 
based on IBIS. The interoperability is not good. 

With current AMI model, users couldn’t analyze the contribution of clock jitter and 
power noise, owing to lack of JTF (jitter transfer function) and PNS (power noise sensitivity).

HUAWEI TECHNOLOGIES Co., Ltd. Page 14

Outline

AMI Model in Serial Link Simulation

Background

Serial Link Introduction

Experiencing AMI Simulation 

Highlights and Questions

PLL Model and AMI 

Background

JTF and PNS
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Background
In the current product, clock jitter and power noise are important contributions of BER;

According to our survey, it is feasible to construct PLL model through measurement;

It is a good solution to add the JTF and PNS into the AMI model, This could improve 

the integrity of Serdes model.

Users could use the solution to estimate the link jitter contributed by the jitter of 

reference clock and power noise of the PLL.

Chun xing Huang gives an initial idea on analyzing PLL model in the Serial Link 
Analysis and PLL Model at Asian IBIS Summit 2007, Beijing. The engineers 

of Huawei continue a research on constructing the PLL model.

HUAWEI TECHNOLOGIES Co., Ltd. Page 16

JTF and PNS
Jitter Transfer Function (JTF) is defined as the ratio of output data jitter and 
reference clock jitter;

refclock

data
Jitter

JitterionTransfunct =

m

data
U

JittertivityPowersensi =

Power Noise Sensitivity (PNS) is defined as the ratio of output data jitter and 
power noise.

Ref clock
PLL

Tx
Data

Trigger clock

Power Noise
PLL

Tx
Data

Trigger clock

JTF PNS
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JTF and PNS

Jitter Transfer Function Power Noise Sensitivity

PLL characteristics are derived by measurement

The measurement environment is the IBM Serdes, supporting 2.0Gbps~3.2Gbps. 

HUAWEI TECHNOLOGIES Co., Ltd. Page 18

JTF and PNS Application

When jitter transfer function is known, jitter introduced from input clock could be 

calculated;

Jitter_out(f) = transfunction(f)*jitter_clock_in(f)

When power noise sensitivity is known, jitter introduced from power noise could be 

calculated:

Jitter_out(f) = powersensitivity(f)*power_noise(f)

According to the description above, users could analyze the output jitter introduced by 

reference clock jitter and power noise, and optimize the power of PLL.

It is time for us to consider the PLL model in the SI analysis.
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Suggestions

Users will feel more convenient, if AMI model could provide the following features:

Some keywords of eye mask specification, such as eye height and width, which is used to 

estimate simulation results, should be provided in the AMI model;

Checklist for AMI model is necessary to guarantee AMI model quality. 

Adding the jitter transfer function and power noise sensitivity in AMI model
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Page 109 of 134



1

IN
V

E
N

T
IV

E

Eye Masks in IBIS

Meng, Yubao (yubao@cadence.com)
Cadence Shanghai SPB R&D Center

Asian IBIS Summit, 
Shanghai China, 
November 11, 2008

2008-10-242

Agenda

• Problem – Eye Masks are independent of IBIS models
• Proposal – Include Eye Mask data in IBIS models
• Examples
• Conclusion
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2008-10-243

Problem

• Eye diagrams can be used to validate clock and data 
meets:
– Interface standards
– Device specific requirements

• Eye masks are not tied to IBIS models today
– They must be manually added to simulation results
– This may delay eye mask checking until late in design flow

• IBIS  does support voltage threshold, but there is no 
support of a time domain ‘threshold’

2008-10-244

Proposal

• Eye mask data should be included in IBIS files
– Design flows will be improved

• Eye mask data can represent either standard 
requirements (i.e. PCI Express) or device specific eye 
limits
– IC companies can offer more value and differentiation in their 

IBIS models

Asian IBIS Summit 2008, Shanghai China
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2008-10-245

Eye Masks in IBIS Models
Allows integration of device specific time and voltage limits

• SerDes Channel Analysis
– Interface standard eye masks can be included in IBIS models for 

easy checking of interface compliance
– SerDes vendors may want to “advertise” less stringent eye mask 

requirements in their IBIS models

• Common / Source Sync
– The time ‘threshold’ limit can be sum of setup and hold time and 

other relevant elements
– A device specific eye mask can be located at a time axis that 

equates to the clock / strobe edge

2008-10-246

Example: HDMI SerDes Eye Mask

• HDMI eye mask

• HDMI TP2 eye mask

Asian IBIS Summit 2008, Shanghai China
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2008-10-247

Example: Source Synchronous Signal Eye 
Mask

• Source synchronous signal eye mask are aligned with 
their strobe signal sampling time

• The basic eye mask elements can be setup time, hold 
time and strobe jitter

2008-10-248

Example: Common Clock Signal Eye Mask

• Common clock signal eye mask should be located at 
time axis according the driver’s clock edge

Asian IBIS Summit 2008, Shanghai China
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2008-10-249

Conclusion

• Eye masks are commonly used to validate that signals 
are compliant with standard interface requirements

• Including eye mask data in IBIS models will
– Promote earlier use of eye masks in the design process allowing 

problems to be discovered earlier
– Allow IC vendors to advertise their device-specific less-stringent 

eye mask requirements

• We would like to share our experience and promote this 
to the IBIS standard

2008-10-2410

Thanks
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Quasi-Analytical Estimation 
of Very Low Bit Error Rate

Dingqing Lu
Sanjeev Gupta
Mihai Marcu
Xuliang Yuan

Agilent Technologies Inc.

Contact Email: xuliang_yuan@agilent.com
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Outline

Background and related works

System model

QA estimation

Properties of QA estimation

Examples using QA

Summary & Future Works
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Background and related works

Very low BER estimation for system with ISI, Jitter and Noise is needed

Monte Carlo (MC) is very slow 
Very few simulation runs contribute to error events in the statistics

Fast BER techniques have been proposed

Importance sampling – a way to speed up simulation
More simulation runs contribute to error events in the statistics

QA estimation is very efficient
100% simulation runs contribute to error events in the statistics
We need to know its statistical properties

China User Group Meeting
System Design

단기 4341년 10월 11일Page 4

System model

Linear system with ISI, Jitter and Noise
The input sample of the decision device can be expressed by

)()()( ktnvktsvkty +=

Vn is zero mean white Gaussian noise
Vs is given by

∑
=

−=
M

i
k

j
iks iTtheatv i

0

)()( θ

i-th sample from a random process with zero meani-th sample from the input data set

Impulse response
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System model

Aak −=
Aak +=

Ho:
H1:

Under Ho, BER is given by:

nsnns dvvdvfvfP ∫Ω=
0

)()(0
0

]:),[( 00 Tvvvv nsns ≥+=Ωpdf under Ho                Noise pdf  and

Under H1, BER is given by:

pdf under H1                Noise pdf  and

nsnns dvvdvfvfP ∫Ω=
1

1
1 )()(

]:),[( 11 Tvvvv nsns ≤+=Ω

1100 )()( PHPPHPPe +=

The error probability for the system is given by

where P(H0) and P(H1) are prior probabilities for Ho and H1, respectively

With the assumption of equal prior probabilities for H0 and H1, symmetry of the 
noise density, and channel symmetry: 10 PPPe ==
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QA Estimator

Under Ho, the BER expression as:

ssv nnn dvvfdvvfP
s

)(])([ 0
0 ∫∫

∞

−

∞

∞−
=

A QA estimator can be constructed as

∑
=

=
N

i
iPNP

1

^

0 )/1(

∫
∞

−
−==

s
iv

i
snnni vQdvvfP )/()( σ

where N is the number of the simulation samples, and for the i-th sample of the signal we define the Pi as

i-th sample of the signal                   noise standard deviation 

complementary distribution function

For the white Gaussian noise with zero mean and variance of     .  We have 2
inσ

∑
=

=
M

i
iin h

0

222 σσ

Asian IBIS Summit 2008, Shanghai China

Page 118 of 134



4

China User Group Meeting
System Design

단기 4341년 10월 11일Page 7

Properties of QA Estimation

QA Estimation is unbiased because 0][)/1(][
1

^

0 == ∑
=

N

i
iPENPE

QA Estimation variance is given by ∫
∞

∞−
−−= ])()/()[/1(][ 2

0
02

0
^

PdvvfvQNPVar sss σ

QA Estimation variance is upper-bounded by 

])/()[/1(][ 2
0

2
max

22
0

^
PvQNPVar sUBQA −−=≤= σσσ

Simulation speed improvement ratio defined by

22 / QAMCr σσ=

Lower-bound improvement ratio is given by

)/(/ 2
max0 σsLB vQPr −≈
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Applications

Let us consider a linear system with ISI, jitter and additive white Gaussian noise.  
We start from Monte Carlo simulation to estimate the BER as shown in Figure 1 

Figure 1.  BER Simulation using MC Method
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Applications

For the same system as Figure 1, we use the QA Estimation as shown in Figure 2.

Figure 2.  BER Simulation using QA Method
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Applications

To show the QA estimation is unbiased, the BER values based on both MC and QA are plotted together in Figure 
3.  
In the MC and QA, the simulation samples were set to 100000 and 100, respectively.  The results from both 
methods are matched very well.

Figure 3.  BER Vs Eb/No (dB) for both QA and MC Methods at Time Offset = 0
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Applications

In the QA example, a sweep control can be used to plot the BER Vs Time Offset as seen 
from Figure 4.  The simulation time is less than one minutes. 

Figure 4.  BER Vs Time Offset at input Eb/No=16 dB
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Applications

To compare the simulation speed, an improvement ratio for QA vs MC is calculated.  
For BER = 3.4e-17, to get a reasonable accuracy the MC samples can be set to 3.4e18 in MC.  
The estimation variance for MC is 1e-35.  
In the QA, we found                 = 5e-33.  Using QA the equation of the estimation variance, we 
know only about 500 samples are required for the same estimation variance.  

The improvement ratio QA Vs MC is greater than 6.8e15

)/(2
max σsvQ −
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Summary and Further Works

We have shown that the error probability in system due to ISI, jitter and 
Gaussian noise can be effectively estimated by using the QA method .
Further investigations show that the QA method is better than not only the 
direct MC method, but also many other variance reduction techniques, such 
as, importance sampling approach and group sampling approach in linear 
system simulations.  
The QA method can be generalized for M-ary signaling cases.  When the 
noise is non-Gaussian, the QA method also can be used for estimating the 
error probabilities with a desired accuracy.
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simulation and statistical 
analysis for SSE(Solution
Space Exploration)
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Gigabit Design Requirements 
- “Accuracy models are in fashion…”

Page 4

Traditional simulation method

Method1：SPICE– transient  simulation
High accuracy
Difficult edit
Long time, non-convergence

Method2：Mathematics
Matlab based program
Vendor  depend 
Only S- parameter channel model
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Initial statues

SPICE level transient simulation
Altera StratixII 6.25Gb/s example 

Sink

Source

Tx/Rx contol
Simulation setting

Channel model

Page 6

Evaluation system
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Simulation result
UDT：tranciever＋2.5”daughter board＋26” mother board

Tx pre-emphasis：1st post=9

code：PRBS7

eye（mV）

Sim 124

Meas 131
Results： Tolerance<10%!!!

Page 8

Transient simulation Vers. 
statistical analysis

Traditional Transient Methods 
Solve the system response for each time step
System response predicted using unequal time steps
Slow simulation time for a large number of bits ⇒
1/BER

Statistical– The Fast Convolution Method
Takes advantage of superposition assumption to 
create a system response. – “generally bounded by 
the LTI Assumption”
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Transient Analysis
C reate  C ircu it

Y es

L inearize  an d  S o lve D C  C ircu it
E qua tion s u sing  N ew ton-R ap hson

D id  N R  M ethod
C on verge  to  D esired

A ccu racy?

S o lve  T ransien t
T im e S teps

N o

W rite  N od al E qua tion s

C reate  D iscreet T im e A pprox im ation
using  an  In teg ration  T echn iqu e

D isp lay
R esu lts

Y es

S o lve L inearized  C ircu it E qua tions
u sin g  N ew ton-R ap hson  M eth od

D id  N R  M ethod
C on verge  to  D esired

A ccu racy?

N o

A re A ll T im e S tep s
C o m p le te?

N o

statistical analysis – The Fast 
Convolution Method

)()(
)()(

22

11

tYtX
tYtX

⇒

⇒

)()()()( 2121 tYtYtXtX +⇒+

)()( 11 taYtaX ⇒

)()( 11 ττ −⇒− tYtX

Input yields output

Additive property

Homogeneity property

Time invariant property
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SSE——Solution Space 
Exploration

Sweep variants：
T-Line length：system framework
connector：Performance = Price 
Footprint ：perfect  layout and routing cost long time

Simulation requirements at first step
Trade-off among multi-elements in the design 
⇒Approximations for speed

Each element of the channel have different effect to the final 
results
Cost and time-to-market pressure

Variants sweep for Solution Space Exploration is 
critical

Maximize the 
performance and 
minimize the cost of 
interconnection 
technology

Page 12

Jitter and BER

Jitter is a critical elements of BER！
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Algorithm:
Run transient

Generates step response
Detect the delay
Impose the step response

On UI grid 
Calculate probability of error (BER) 

For a single cell in the grid
Based on statistical assumptions

Generate Eye contour
Visualizes worst eye

statistical analysis1statistical analysis1---- BERBER

“statisticalal Eye” Analysis
(lower accuracy, highest speed)

“statisticalal Eye” Analysis
(lower accuracy, highest speed)

statistical analysis2statistical analysis2–– Eye mask and jitterEye mask and jitter

Algorithm:
Run transient 

Generates step response
Convolve

Input bit-stream with step response
Allows for very long input bit patterns
Provides fast time and eye plots
Visualize eye mask violations
Determine Jitter through Histogram of 
threshold crossings
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V(Port1)
Transient

Bridge between statisticalal Eye & transient 
(medium accuracy, medium speed)

Bridge between statisticalal Eye & transient 
(medium accuracy, medium speed)
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Full channel model

1. Sweep the variants 
of each element 

2. Optimize full channel

Page 16

Footprint effect
Back-drill length Anti-pad diameter
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Connector effect

Connector performance Connector  model– Spice or S-

Page 18

Transmission line Length effect
Length

Eye mask BER PDF
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Total effect

Eye mask BER PDF

length

Including T_line length, connector  and footprint effect 。

Page 20

SSE for full channel

Fast trade-off 
among T-Line 
length, 
connector and 
footprint at first 
step
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Spice transient simulation 
Accuracy
Take long time

statistical analysis
Speed!
Easy for SSE

Conclusion 
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