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A WORLD 
WITHOUT IBIS 

How could that be?! 



The Perfect Storm 
• PCI Spec -> Behavioral Modeling -> 5,000 hours 

– Arpad Muranyi 

• Pentium Chipset 

– Analysis 

– Models to customers 

• The “intel Buffer Information Sheet” -> iBIS 

• Road trip 

– Some tools already had it 

2/3/2023 IBIS: 30 Years and Counting 3 

“a match on dynamite” 



The 1.0 “Spec” 

• Vision:  The IBIS Open Forum 
– Begins 4/23/93, iBIS -> IBIS 

• 7 to 9 EDA Vendors 
– “Intend to support IBIS” 

– Golden Waveforms -> “IBIS Capable” 

– BIRDs 

• 1.0 spec resolved in 4 meetings 
– https://ibis.org/minutes/min1993/ 

– Released to larger audience at DAC on 6/17/93 
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Section 7.1 

https://ibis.org/minutes/min1993/M042393.TXT
https://ibis.org/minutes/min1993/


Technical Challenge and Solution 

• Challenge simulating EISA bus at 50 MHz– SPICE 
models not accurate 

• Verified inaccuracy on curve tracer 

• Devised I/V method under HSPICE and tweaked 
until accurate enough 

• Moved on to PCI development 

• Refined model methodology (moved from Ramp 
to V/t) 
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Execution, Expansion 

• My (Will Hobbs’) charter in Intel as Modeling Manager: 
– Assemble, develop and distribute logic and I/O models of Intel processors and 

chipsets to help customers with early designs 

• Environment for I/O Buffer models within Intel in 1992 
– Spice Netlist level models 

• Not available for customers: 
– Too much proprietary info, too slow to simulate 

– Simplified Electrical Models (SEM/First Order Models) 
• Behavioral, created by x86 CPU division 
• Simple RLCD models tweaked to emulate I/O characteristics 
• Generated largely by hand, then automated 
• Fast, supported by all analog simulators 
• Limited in accuracy at process corners, complex load topologies 
• Time-consuming to generate and validate 

– “Second Order Models” 
• Behavioral, created by chipset division 
• Tabulated list of I/O characteristics over corners 
• Generated by simulation or measurement 
• Fast, but only supported by two analog simulators 

• Some inter-divisional friction apparent (1st order versus 2nd order models) 
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First Intel I/O Modeling Summit and Workgroup 

• November 1992 road trip to visit European customers– message clear: 
accurate and consistent models needed 6 months to 1 year before silicon 

• Convened I/O Buffer Modeling Summit within Intel on 12/7/92 
– Participants included divisions producing and consuming models, and technologists 

– Presentations described both SEM and 2nd order models in detail 

– Light bulb moment: SEM is a subset of 2nd order model, not in conflict 

• Formed internal working group to hammer out convergence 
– Met weekly, addressed: 

• Model generation and validation methods (automation, “golden topologies”) 

• Accuracy 

• What corners to support (fast, slow, average) 

• Distribution to customers 

• Support by EDA Vendors 

– Coined name, iBIS (Intel Buffer Information Sheet), quickly changed it to IBIS (I/O 
Buffer Information Sheet) to encourage other IC Vendors to join 

– Final nut to crack: getting more than 2 EDA vendors to support IBIS 
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Engaging the Industry 

• First IBIS Open Forum for the Wider Industry: 4/23/93 
– Don Telian convened meeting to address lack of broader EDA Support 

• 7 Simulator Vendors and Intel took part: Hyperlynx , Integrity, Intusoft, Meta-
Software, MicroSim , Quad-Design, Quantic Labs 

– Open Forum met biweekly 
• Other EDA vendors joined: Cadence Design, Contec  

• Agreement reached on content of IBIS V1.0 by third meeting, 5/21/93 

• IBIS opened to the industry at DAC, 6/17/93 
– Broader participation: 

• AnSoft, Cadence Design, Contec, High Design Technology, Integrity Engineering, 
Intel Corporation, Logic Modeling Corp., Mentor Graphics, MicroSim, North 
Carolina State University, Performance Signal Integrity, Quad-Design, Quantic Labs, 
Thomson-CSF/SCTF 

– IBIS changed to I/O Buffer Information Specification (instead of Sheet) 

– Version 1.0 ratified 

– Agreed to tri-weekly or monthly meetings and additional Face-to-Face 
Summits 
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Subsequent Growth, the Next 3 Years 

• Formalized IBIS Open Forum 
– Chose officers 

• Will  Hobbs, Chair through 1/97; various treasurers and librarians 

– Addressed improving and enhancing IBIS 
• Introduced the Buffer Issue Resolution Document, or “BIRD” 

– Set up database, email reflector 
– Formalized charter and other administrivia 
– Did Trademark Search 
– Set up bank account 
– Encouraged press, wrote articles and press releases 

• Featured in December, 1993 EDN  in their “Hot 100 Products” of 
the year 

• Expanded membership 
– Critically, more silicon vendors 
– Additional EDA Vendors 
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More Progress 

• Created additional support collateral 
– Golden Parser, funded by member companies 

• Suggested by Jon Powell, developed by Paul Munsey and Ron Neville 
• Freed us from having to hand-check users’ models 

– Cookbook– aided model users and developers 

• Continued improving the spec 
– E.g., Added Support for more devices (ECL, Open Drain, improved package models, …) 

• Affiliated with standards organizations 
– Nationally (US), IBIS V2.1 became ANSI/EIA-656 
– Internationally, affiliated with IEC, resulting in IEC-62014 

• In January, 1997, I (Will Hobbs) turned over the gavel: 
– Chair: Bob Ross 
– Vice Chair: Syed Huq 
– Librarian: Jon Powell 

• And the rest, as they say, is history 
• Here’s to 30 more years!! 
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Appendix 
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What the early IBIS Sheets Embodied 

Elements of an I/O Structure 
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Component: Buffer Type:

Signals: <file name> Revision:

I_ol I_ol I_oh I_oh

V_ol min max V_oh min max

-5.0 -193 -460 -5.0 -201 -517

-4.0 -189 -446 0.0 -201 -517

-3.0 -176 -401 0.5 -201 -517

-2.0 -145 -310 1.0 -197 -513

-1.0 -86 -181 1.5 -192 -507

0.0 00 00 2.0 -176 -493

0.5 45 94 2.5 -152 -472

1.0 86 181 3.0 -123 -437

1.5 121 256 3.5 -86 -378

2.0 145 310 4.0 -45 -303

2.5 164 366 4.5 00 -217

3.0 176 401 5.0 45 -118

3.5 184 425 5.5 86 00

4.0 189 446 7.0 176 217

4.5 191 452 8.0 197 378

5.5 191 460 9.0 201 472

10.0 193 466 10.0 201 502

Beyond the Rail Info    Packaging Characteristics Ramp Time (into 0pF, no pkg)

Diode to GND Diode to Vcc min max unit min max unit

V I (mA) V I (mA) R_pkg 0.001 0.001 mOhm Rise 4.5/1.3 5.5/0.5 volt / ns

0.0 0 5.0 0 L_pkg 6.6 13.5 nH Fall 4.5/1.5 5.5/0.3 volt / ns

-0.4 0 5.4 0 C_pkg 1.3 5.6 pF

-0.5 0 5.5 0 C_comp 12.7 17.1 pF

-0.6 0.0007 5.6 0.0007 Simplified Output Resistance

-0.7 0.024 5.7 0.046 min max unit

-0.8 0.69 5.8 3.57 Low 5.3 11.6 ohms

-0.9 36.5 5.9 34 High 6.1 ohms

-0.9 72 5.9 82

-5.0 72 10.0 82

HIGH
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I_oh (mA)
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Example IBIS Sheet 



IBIS and Simplified Electrical Model Correlation 
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Simplified Electrical Model (SEM) 

Lp

CpCo

Ro

dV/dt

 SEM 
Parameter 

Corresponding 
IBIS parameter 

IBIS Diagram 
Number 

dV/dt Ramp Time 4 

Ro Simplified Output 
Resistance 

6 

Co, Cin C_comp 5 

Lp, Cp L_pkg, C_pkg 5 

Correlation Between SEM 
and IBIS Parameters 



IBIS Input Structure 
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IBIS Input Structure 

3

5
L_pkg R_pkg

C_pkg C_comp



Early IBIS Sheet Example 
[IBIS Ver]  1.0 

[File name]  example.ibs 

[File Rev]  1.0 

[Componenet]  p24c 

[pulldown] [pullup] 

|V_ol 
I(typ) I(min) 

i(max) | V_oh 
I(typ) I(min) 

I(max) 

-2.0 -340 -400 NA -2.0 -67 -110 NA 

-1.5 -190 -210 NA -1.5 -66 -110 NA 

-1.0 -60 -75 NA -1.0 -65 -110 NA 

-0.5 -23 -37 NA -0.5 -65 -110 NA 

0.0 00 00 NA 0.0 -63 -110 NA 

0.5 19 33 NA 0.5 -61 -100 NA 

1.0 33 57 NA 1.0 -57 -100 NA 

1.5 41 74 NA 1.5 -52 -97 NA 

2.0 44 83 NA 2.0 -38 -84 NA 

2.5 44 85 NA 2.5 -18 -61 NA 

3.0 45 85 NA 3.0 15 -32 NA 

3.5 45 86 NA 3.5 45 09 NA 

4.0 45 86 NA 4.0 75 52 NA 

4.5 45 87 NA 4.5 105 93 NA 

5.0 46 87 NA 5.0 136 130 NA 

7.0 47 88 NA 7.0 240 290 NA 

[Package]       

|Beyond the Rail Info 
|variable   typ min max 

[GND_clamp] 
    

[POWER_clamp] 
    

R_pkg NA 140m 325m 

|V I (typ) 

I(min) I(max) 

|V I (typ) 

I(min) I(max) 

L_pkg NA 8.52nH 14.49nH 

0.0 0 
NA NA 

5.0 0 
NA NA 

C_pkg NA 6pF 6.6pF 

-0.4 ###### 
NA NA 

5.4 1.00E-04 
NA NA 

C_comp 
  

NA 6.1pF 6.1pF 

-0.5 ###### 
NA NA 

5.5 4.10E-03 
NA NA 

-0.6 0.22 
NA NA 

5.6 0.22 
NA NA 

-0.7 NA 

NA NA 5.7 

NA 

NA NA 

[Ramp] | Time (into 0pF, no pkg) 

    

-0.8 NA 
NA NA 

5.8 NA 
NA NA | variable typ min max 

-0.9 NA 
NA NA 

5.9 NA 
NA NA 

dv/dt_r 
NA 

3.4/1.914n 2.8/1.813n 

-1.0 NA 
NA NA 

6.0 NA 
NA NA 

dv/dt_f 
NA 

3.4/2.1314n 2.8/1.330n 

-5.0 NA 
NA NA 

10.0 NA 
NA NA 

  

  

[Comment char]  |_char 

[Date]  06/15/93 
False  

[Source]  From cse simulation data 
Simplified Output Resistance 

[Notes]  This is it   min max unit   

[Disclaimer]  Intel does not Guaranty diode operation Low 20.0 62.5 ohms   

[Manufacturer]  Intel High 44.5 133.4 ohms   

[Model]   model_name Assumed High Level: Low= 5 volts, High= 5 volts     

Model_type  input 

Polarity    Inverting Intel does not guarantee diode operation 

Enable     Active-High 

for purposes other than ESD protection 

Vinl = 0.8V 

vinh = 2.0 

|variable  typ    min   max 

C_comp   12.0pF    10.0pF    15.0pF 

|Variable     typ   min   max 

[Voltage range]    5.0V    4.5V    5.5V 

[Pin]  signal_name     model_name  R_pin  L_pin  C_pin 

| 

1    RAS0#     Buffer1    200.0m  5.0nH  2.0pF 

2   RAS#1     Buffer2   209.0m  NA  2.5pF 

.. 

... 

.... 

20   Vcc5    POWER   226.0m  NA  1.0pF 2/3/2023 IBIS: 30 Years and Counting 15 
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IBIS EDN Article 
March 16, 1995 
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EDN Hot 100 Products 
of 1993 
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Another EDN 
article, 9/2/93 

2/3/2023 IBIS: 30 Years and Counting 18 


