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The PCI Express Environment
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Overcoming ISI using 
Transmit Equalization (De-Emphasis)
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Macromodeling Steps 
- Understanding Structures
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Macromodeling Steps
- True Differential Pair IBIS Models Extraction

TxP

TxN

Vtt

100ohms

Ip

In

TxP

TxN
In_cm

Ip_cm Ip_diff

• Common Mode I-V Tables
– Pull-up
– Pull-Down
– Clamp to represent Rterm

• Differential Model
– Non linear Series Mosfet Representation
– Linear Resistor Representation

• V-t Table
– Recommended to have 2 sets of curve for each TxP 

and TxN
– 1)Low –High 2)High-Low

• C_Comp/Cdiff
– Represents C of transistors, die pads and on-chip 

interconnects. It does not include pkg C
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Macromodeling Steps
- Extracting Common and differential Mode Currents

• Pull up and Pull Down Common 
Mode and differential Mode 
Current

• Vp = Vn we are measuring common mode 
current

• When Vp ≠ Vn, we are measuring common 
+ differential currents

• To get the differential current, we need to 
subtract the common mode current

• I-V Table Extraction for Clamp Data & 
On-Die Termination

• One way to include on-die termination is 
to use superposition and add the 
termination currents to the diode currents 
in the clamp sections

• Clamps are always active in an IBIS 
model, regardless of whether the buffer 
is driving or receiving. 
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Macromodeling Steps 
- In & Ip Surface Plots of Total Current
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Macromodeling Steps 
- V-t Data Extraction

V-t Table
V_fixture = 0V
V_fixture = 1.8V
R_fixture= 
Typical load of 50 
ohms
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Pad Capacitance: Common and differential Ccomp

• Run frequency domain simulations (.AC) with the 
above circuit

– Give one of the AC sources 0 V AC amplitude (makes 
it a DC source)

– Give the other AC source a small AC amplitude (1 
mV)

– Give both of the sources an appropriate DC bias
• Calculate capacitance using: 

C = Im(I) / (2πf*Amplitude)
– For Ccommon use the current of the “DC” source
– For Cdiff use the current of “AC” source minus “DC” 

source
• Repeat everything at different DC bias voltages
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Macromodeling Steps 
- Pull Up, Pull Down and Clamp Curves

|************************************************************************
|               PULL UP Data
|************************************************************************
[Pullup]        
|Voltage                     I(typ)              I(min)         I(max)             
1.8 -2.34E-05 NA NA
1.78 8.32E-04 NA NA
1.76 1.47E-03 NA NA
...
...
0.04 3.47E-06 NA NA
0.02 8.07E-06 NA NA
0 7.00E-06 NA NA
|************************************************************************
|               PULL DOWN Data
|************************************************************************
[Pulldown]   
|Voltage                   I(typ)              I(min)           I(max)                
1.8 2.09E-02 NA NA
1.78 2.09E-02 NA NA
1.76 2.09E-02 NA NA
....
....
0.04 4.31E-03 NA NA
0.02 2.19E-03 NA NA
0 0.00E+00 NA NA
[GND Clamp]
|     Voltage            I(typ)                     I(min)      I(max)
0.0000           0.00000000e+000      NA    NA
1.8000           0.00000000e+000    NA   NA
[POWER Clamp]
|  Voltage            I(typ)                         I(min)             I(max)
1.8 -2.91E-02 NA NA
1.78 -2.87E-02 NA NA
...
...
0.04 5.27E-03 NA NA
0.02 5.70E-03 NA NA
0 6.14E-03 NA NA

Pull up/Pull Down/Power Clamp Curves
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Macromodeling Steps 
- Understanding Structures

Tx=IBIS Buffer Model
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Slide from Arpad Muranyi’s
true diffpair modeling 

IBIS Summit 2003
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Macromodeling Steps 
- Understanding Structures
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Macromodeling Steps 
- Coefficient table for HiLoDrv, DEq and DTx

* coefficient to control the current source
.param ctrlcoef='if(hilodrv == 0) (1.00)
+ elseif(hilodrv == 1) (0.50) 
+ elseif(hilodrv == 2) (1.4) else(1)‘…….
+…….

* coefficient to control dtx bits
.param dtxcoef='if(dtx == 0) (1) 
+ elseif(dtx == 1)  (1.05) 
+ elseif(dtx == 2)  (1.1)
+ elseif(dtx == 8)  (0.6)………
+ ............

* coefficient to control the eq bits
.param deqcoef='if(deq == 0) (1.0) 
+ elseif(deq == 1)  (0.96) 
+ elseif(deq == 2)  (0.92) 
+ elseif(deq == 3)  (0.88)
+ elseif(deq == 4)  (0.84)……..
+……..

HSpice is capable for this circuit.
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Macromodeling Steps 
- Understanding Structures
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Macromodeling Steps
- Output Block Example

.subckt txpre_2 nvdd out ngnd in en 
+ bitp=400p inv0=0 inv1=1
+ cf0=1 cf1=0 scale=1  padcap=1.2p ampctrl=1

* Here are the subcircuit calls for the tap inputs
xin0 in0 in ngnd delayin inv=inv0 
xin1 in1 in ngnd delayin inv='inv1' del='bitp'

xtx0 nvdd out ngnd in0 en tx sclpux='scale*cf0*ampctrl' sclpdx='scale*cf0*ampctrl'  
xtx1 nvdd out ngnd in1 en tx sclpux='scale*cf1*ampctrl' sclpdx='scale*cf1*ampctrl' 

* This is the subcircuit definition for tx, used for the taps.
.subckt tx nvdd out ngnd in en sclpux=1 sclpdx=1  
bdrvr nvdd out ngnd in en Model=BUFF File=ibis_file
+ VIScale_pullup='sclpux'  
+ VIScale_pulldown='sclpdx'  
.ends tx

EQ Driver 

Delay = Bitp

Tx

Tx

TxIn Main Driver

Txpre_2

HSpice is capable for this circuit.
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Macromodeling Steps
- P & N Pins

* P side driver subcircuit call
xp nvdd outp ngnd in en txpre_2 BUFF=BUFF ibis_file=ibis_file
+ bitp=bitp inv0=inv0 inv1=inv1
+ scale=scale
+ cf0=cf0
+ cf1=cf1
+ rt=rt
+ ampctrl=ampctrl

* N side driver subcircuit call
xn nvdd outn ngnd inn en txpre_2 BUFF=BUFF ibis_file=ibis_file 
+ bitp=bitp inv0=inv0 inv1=inv1 
+ scale=scale
+ cf0=cf0
+ cf1=cf1
+ rt=rt
+ ampctrl=ampctrl

HSpice is capable for this circuit.
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Macromodeling Steps 
- Understanding Structures

Tx=IBIS Buffer Model

Main Driver

EQ Driver 

Delay = 0

Tx

Tx

TxP

EQ Driver 

Delay = Bitp

Tx

Tx

TxN

InP

InN Main Driver

DEq DTx HiLoDrv

Txpre_2

Txpre_2

Serial Currents



|

Outline

• PCI Express Serial Link
• Macromodeling Steps
• IBIS 4.2 Spice Macromodeling
• Validations and Optimizations
• Conclusions



|

Wrap into IBIS 4.2
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Wrap into IBIS 4.2
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Validations and Optimizations
- DEq = 0, DTx = 0, HiLoDrv = 0

• Use combined die capacitor 
instead of  C_comp in IBIS model

• Use combined on-die terminator 
instead of clamps

• Adjust DEq and DTx initial levels
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Macromodeling Steps 
- Understanding Structures
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Validations and Optimizations
- DEq = 8, DTx = 0, HiLoDrv = 0

• Added one more series_switch
on parallel

• Added Miller Capacitances



|

Macromodeling Steps 
- Understanding Structures

Tx=IBIS Buffer Model w/o Clamps & Ccomps
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Simulation Results 30” Backplane

Simulation Time 
(WinXp, 2.1GHz CPU, 2GB RAM)

IBIS Macromodels Transistor 
Models

PCB SI 
(3000 bits)

HSpice
(2000 bits)

HSpice
(2000bits)

12mins. 7mins. 1.5 hrs
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Conclusions

• Spice Macromodeling using IBIS 4.2 [External Model] is accurate 
and much faster than transistor-level models

• Spice Macromodeling is durable and can work on existing Spice 
simulators
– Understanding the structure is the key

• IBIS future enhancement requests
– Open IBIS for other commercial Spice simulators 
– Spice [External Model] needs to pass Parameters too 
– “Self-containing” IBIS Buffer from [External Model] is required for Spice 

Macromodeling. (Some commercial Spice simulators have this 
capability already)
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Thank You!
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