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IBIS Modeling (Part 2):
How to Create Your Own

IBIS Model

Part 2 of the IBIS modeling series presents a guide on how to use LTspice to build your
own IBIS model, from the IBIS premodeling procedure to IBIS model validation.

imulation plays a key role in building any system.

It allows designers to foresee problems and prevent

time-consuming and costly revisions. The goal is

alwaysto do it right the first time! In the case of simu-
lating high-speed digital interfaces, a simple PCB trace could
affect the quality of the signal if not designed properly. In signal-
integrity simulations, an IBIS (input/output buffer information
specification) model is used as a representation of the device’s
digital interfaces.

As discussed in Part 1 of this article series, IBIS is a
behavioral model that describes the electrical characteristics
of the digital interfaces of a devicethrough tabulated current
vs. voltage (I-V) and voltage vs. time (V-T) data. It's
important for the IBIS model to be as accurate as possible
and not have any parsing errors to avoid any issues when
using it later.

In addition, there should be an available IBIS model for
each part or device that has a digital interface. So, whenever
customers need one, they can download it directly from the
manufacturer’s web page. However, this is not always the case.

For IBIS model users, one problem they always face is model
availability. When the part they chose for their design doesn’t
have an IBIS model, this might delay product development.

Thebest source for an IBIS model is from the manufacturer
itself; however, its still possible for the user to create IBIS
models. This article introduces a way to create the most
basic IBIS model derived from a Spice model using LTspice.
The following sections use the specifications from the IBIS
Modeling Cookbook for IBIS version 4.0 to discuss LTspice
simulation setups. Validating the IBIS model also is tackled
utilizing the qualitative and quantitative figures of merit.

What is the “Most Basic” IBIS Model?

To help customers create a basic IBIS model with LTspice,
the term “basic” needs to be defined. A basic IBIS model
is not only dictated by the I/O model keywords, butalso by
the type of digital buffer that must be modeled. This means
that earlier versions of IBIS need to be revisited to define the
minimum requirements required to model a buffer and the
type of digital interface that was being modeled at thattime.
As it turns out, the single-ended CMOS buffer is one of the
simplest digital IOs that can be modeled with IBIS, which is
the scope of this article.

Figure 1 shows the structure of a 3-state CMOS buffer
IBIS model. As mentioned in Part 1, the components or
keywords in an IBIS model depend on the model type. Table
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Table 1: Summary of IBIS Model Components Based on Model_type

Model_type [Package] [GND7 Clamp] [glc;“:f;]f [Pulldown] m V-T Tables m
g g g g — — — —

Input
3-state v v v v v v v v
110 v v v v v v v v
I summarizes the components of a basic vDD package type, device pinouts, loading
IBIS model, depending on the Model_type. conditions for timing specifications (Rjg,q
and/or C;,4) for digital outputs, and the
The Use Case low-level input voltage (Vy) and high-
In this article, an LTspice model of a DINI— > DOUTI level input voltage (V) for digital inputs.
hypothetical ADxxxx device will be used to Figure 2 illustrates the ADxxx Spice model,
create an IBIS model. Its a single-input and and Table 2 lists its specifications.
single-output digital buffer with an enable All of the information regarding the
pin. Thus, the resulting IBIS model willhave  EN GND digital interfaces of a device are put

two inputs (DIN1 and EN) and a three-state
output (DOUT1).

As a general guideline, there are five
basic steps in generating an IBIS model:

« Set up the premodeling procedure.

o Perform LTspice simulations for C_

comp, V-I,and V-T data extraction fromthe Spice model.

o Format the IBIS file.
o Check the file using the IBIS parser test.

« Compare the simulation results of IBIS model from the
Spice model results under the same loading conditions.

The IBIS model provides the typical, minimum, and
maximum data. They’re determined through the operating

supply voltage ranges, temperature, and
process corners. For brevity, only the
typical conditions will be covered in this
article.

2. An ADxxxx 3-state digital
buffer Spice model.

together in an IBIS file through the use of
keywords. A keyword is an identifier in an
IBIS model that’s enclosed by brackets, as
discussed in Part 1 (please refer to it for
more details).

The keyword related to the IC package

model is [Package]. It contains the RLC (resistance-
inductance-capacitance) parasitics

that represent the

bonding from the die pad to the IC pad/pin. This information

for another IBIS

can be obtained from the manufacturer. One also can look

file’s [Package] data if that device has the

exact same package as the device being evaluated and comes

from the same manufacturer. The device package parasitics
for a 6-lead SOT-23 package is listed in Table 3.

Table 2: ADxxxx Datasheet Parameters

The ibischk series of Golden Parser VDD 1.8 V (typ)
is useful to check the IBIS models to Operating temperature 25°C
comply with the IBIS specifications. The
ibischk executable file is available free  Vin 0.3 x VDD
of charge at IBIS.org. For this article, a AV 0.7 x VDD
third-party IBIS model editing software
with integrated ibischk was utilized. (O pEE S 6-lead SOT-23

CLoad 15 pF

Premodeling Procedure

Before starting with the simulation,
the user should have the device’s
datasheet downloaded, as well as the
Spice model and LTspice file installed.

Table 3: 6-Lead SOT-23 Package Parasitics

[Package]

Perform initial evaluation of the part “
ariable T Max
by determining the number of digital P
interfaces it has and what type it is (e.g., R_pkg 1.595E-01 NA NA
input, open-drain, 3-state, etc.). e 4 455E-09 NA NA
From the device datasheet, determine —PKg :
the operating supply voltage, operating C_pkg 0.370E-12 NA NA

temperature, integrated-circuit (IC)
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The device pinouts are listed in Table 4. The keyword [Pin] is used [Power_Clamp]
to describe the pins and their corresponding model name. [Pin] is I-v
generally in a 3-column format. The first column is for the pin number,
the second is the pin description, and the third is for the model name. 1, core e ] Pad
Some packages have more similar pins (VCC, GND). These pins can be

grouped and described together by the model.

In this case, given that a Spice model was given with no information
about the internal transistor-level schematic, its good practice to have
a separate model for each digital interface. Model names “Power” J_
and “GND” are used to name power and ground pins in the IBIS file. =
Nondigital interfaces and “Donot connect” pins are described as “NC” or 3. Conceptual diagram of [Power_Clamp]
no connect. Take note that the modelname s case sensitive. As they willbe and [GND_Clamp] keyword structure.
used later in the modeling procedure, the

[GND_Clamp]
-V

Hierarchy View Simulate Jools Window Help

exact model name should be indicated. PIAEN QAR LI OB S DEMASB L LML 3 ZOMDG O ar AP
Table 5 presents an ADxxxx truth table.

This is useful when setting up an LTspice

simulation. It’s important to know how VDD

to set the DOUT1 pin in high-impedance 18

(high-Z) mode, Logic 1, and Logic 0.

VDD

LTspice Setup and Simulation
Generally, an IBIS model describes the | ouTE
behavior of digital buffers through I-V VDI1 VSWEEP
(current vs. voltage) and V-T (voltage 0 —{enN GND 0
vs. time) data as mentioned earlier. Each J7 Rees=0>
type of digital interface has its own set
of I-V and/or V-T data needed in IBIS
modeling as summarized in Table 1.
Those datasets are more elaborately 4. An ADxxxx DOUT1 ground-clamp setup.
presented in Table 6. Take note on the
remarks for each dataset. Those tagged as Table 4: ADxxxx Pin List

“Recommended” mean that their absence

will not result in an error in the ibischk _ Signal_name Model name

parser test. However, these datasets have

.DC VSWEEP -1.8 1.8 0.1
.TEMP 25

. . . . 1 VDD Power
certain effects in channel simulation. For
example, clamp data helps in analyzing 2 DIN1 cmos_di1
signal reflections. 3 EN cmos en
[Power_Clamp] and [GND_Clamp] n
[GND_Clamp] and [Power_Clamp] 4 DOUT1 cmos_out1
show the behavior of the electrostatic- 5 GND GND
discharge (ESD) devices of the digital NG NG

buffer through tabulated I-V data

(Fig.3). [Power_Clamp] represents the
overall behavior of ESD devices Table 5: ADxxxx Truth Table

referenced to VDD, while the ground
clamp shows the overall behavior of the_ DIN1 DOUT1

ESD devices referenced to GND. 0 0 High-Z
In LTspice, I-V data can be measured )
using the .DC Spice command/directive. g ! Al
The ground damp of DOUT1 is measured 1 0 0
using the setup in Figure 4. In the setup, 1 1 1

appropriate supply voltages were applied

05" LEARN MORE @ electronicdesign.com | 3


http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF

Table 6: |-V and V-T Datasets for Input and 3-State Interfaces

| BiSkeyword _ input 3-State

C_comp Required Required
[Power Clamp] Recommended Recommended
V-| data [GND_Clamp] Recommended Recommended
[Pullup] — Required
[Pulldown] — Required
o Load to VDD — Recommended
[Rising Waveform]
Load to GND — Recommended
V-T data . Load to VDD — Recommended
[Falling Waveform]
Load to GND — Recommended
[Ramp] — Required
to configure the device in a i S il o

| file view plotSertings gimulation Iools Window Help
PEHEDFNAQAARIBRCERE I DRMHAB/ LD =3 DU 0D Cimiid P

A ADXKXX_V_Setupasc £ ADXOOCN_Setupraw

high-impedance state (refer to
Table 5). This ensures that the
ESD devices areisolated from
the core circuit. VSWEEP is
the sweep voltage referenced
to GND. Referencing
VSWEEP to ground ensures
that only the GND clamp
ESD device is characterized.
AspertheIBISspecification,
I-V data should be swept
beyond the rail (preferably
from -VDD to 2 x VDD)—
in this case, from -1.8 V to
+3.6 V. By doing this directly,
sweeping voltage beyond
VDD will turn on the power- 5. Ground-clamp simulation result.
clamp ESD device. To avoid
this, initially sweep VSWEEP
from -1.8 Vto +1.8 V and use
extrapolation methods to add that 3.6-V data point.
This method is applicable for all I-V datasets. Salect Wavelorme 10 Expo
In addition, note that all I-V datasets accept only  cui-Click to toggle
up to 100 data points. Exceeding this number of data 44
points will prompt an error on the ibischk parser test. ~ |V(n001)

; V(n002)
Set the increment of the .DC command so that the I(Vdd)

Ix(U1:0UT1)

Right-Click to manually enter Horizontal Axis Limits

[ select Traces to Export X

File: |£:\Users\F‘ublic\ADXXXX_IBIS_MODEL\ADXXXX_OUT1_GND_CLAMP.D(! J

resulting number of data pointsis less than or equal to :gf“,}iep,

99. This is to accommodate that extra one data point :"(E}[E’“)

for2 x VDD extrapolation. '
ix(U1:VDD)

With dc sweeps, one might encounter very high
reverse currents in simulations. To deal with this,
set the start sweep from the approximate diode
barrier potential (-0.7 V) to VDD (+1.8 V). Then Cancel oK
extrapolate the data to comply with VDD to 2 x
VDD I-V data. Another way is to place a small resistor 6. Exporting simulation data as text.
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4, ADXOOLIV Setup.asc

vDD

vDD

DI ouUT1L

VDD—

o

Rser=0.5

VDI1

° J—1en GND

.DCVSWEEP-1.81.80.1
.TEMP 25

Ix(U1:0UT1)_

7. ADxxxx OUT1 power-clamp setup and result.

(Rser) in series with VSWEEP to limit
the extreme currents.

By clicking the Run button, LTspice
runs the simulation. Since the DOUT1
is being evaluated, the node of
interest is Ix(U1:DOUT1). Although
the I(VSWEEP) also is technically
correct, the polarity of the current on
Ix(U1:DOUT1) is what’s needed on the
IBIS model. This is to minimize further
data formatting on I(VSWEEP) data to
make it suitable for the model. The result
should look like the graph in Figure 5.

After simulation, save the data by
clicking the Results window first,
then click File -> Export data as text.
Navigate on to the directory where you
want to save, then click on the node
under test, and then click OK (Fig. 6).

[Power_Clamp] data extraction is
similar to the ground clamp setup, such
that the sweep voltage (VSWEEP) is
referenced to VDD. The setup and result
are shown in Figure 7.

[Pulldown] and [Pullup]

Figure 8 shows the conceptual diagram
of theI-V keyword structure. [Pulldown]
and [Pullup] represent the behaviors
of pullup and pulldown elements in a
buffer. In graphical form, they look like

the I-V characteristic curve of a MOSFET.
In extracting the data for [Pulldown] and [Pullup], its

VDD

Input .—

Logic
Control

Enable .—

[Pullup]
-V

[Power_Clamp]
-V

] Pad

[Pulldown]

-V

[GND_Clamp]
-V

|||—0

8. Conceptual diagram of a |-V keyword structure.

[ wTspice XVIl - [ADXOCK IV Setup.asc]

4 file Edit Hierarchy View Simulate Jools Window Help

PEFETAFONAAARRIEBY DN ES LD+ DD ODCimiitadp

VDI1

vDD

VDD

vDD

ouTL
VSWEEP

Rser=0.5

.DCVSWEEP -1.8 1.8 0.1
.TEMP 25

9. An ADxxxx OUT1 pulldown setup.

The setup in extracting [Pulldown] and [Pullup] data is
similar to [GND_Clamp] and [Power_Clamp]; it’s just that the

important to know how to manipulate the signal coming DOUT1 pin is enabled and not in high-Z mode.
out of the output pin through the device’s truth table.
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P& LTspice XVIl - [ADXOOOLIV_Setup.raw]

[ File View Plot Settings Simulation Tools Window Help

be set to Logic 0 output or

PERRFORQARBROIEBE sD2RMHMOES L S0 + 35

4, ADXOUCIV_Setup.asc B ADXCX_V_Setup raw

0 V. Thus, appropriate supply
voltages must be put in place
as depicted in Figure 9. Logic
high voltage equivalent to 1.8
V was applied to the EN pin
to enable the DOUT]1 pin, and
Logic 0 or 0 V was applied
to the DINI pin to set the
DOUT1 pin to Logic 0 output.
This can be confirmed through
the truth table presented in
Table 5. The results are plotted
in Figure 10.

Zooming in on the
[Pulldown] data, it resembles
the I-V characteristic curve of

[ Lspice XVII - [ADYOCOXIV_Setup.raw]

|2 Eile View Plot Settings Simulation Tools Window Help

PEEDXHAQAARIBHEEEE sDEHEE /P =3

1x(U1:0UT1)

10. An ADxxxx OUT1 pulldown plot.

DO QEmEdAaop

a MOSFET (Fig. 11).
In saving the pulldown
data, take note that it

A ADXXXX_IV_Setupasc £ ADXOX_IV_Setup.raw

constitutes to the total
current from [GND_Clamp]
and [Pulldown]. This can
be better explained in the
diagram from Figure 12. To
remove the [GND_Clamp]
component, simply subtract
it from the [Pulldown] saved
data point by point. To do
this more easily, it’s important
that the voltage increment,
start voltage, and end voltage
of the dc analysis of [GND_
Clamp] and [Pulldown] be
the same.

The setup in getting the pullup data is shown in Figure
13. Appropriate supply voltages were placed to set DOUT1
to Logic 1 (1.8 V). This ensures that the pullup elements are
active/turned on. Then VSWEEP also is swept from -1.8 V
to +1.8 V and referenced to VDD. Connecting VSWEEP this
way prevents the user from formatting the data to conform
to the IBIS specification.

Just like [Pulldown], the saved [Pullup] data is a result
from the total [Power_Clamp] and [Pullup] currents (Fig.
14). Therefore, users need to remove the [Power_Clamp]
component by subtracting it point by point from the saved
[Pullup] data. This can be done easily if their dc sweep
parameters are the same. As a general reminder, use the same
dc sweep parameters for all I-V data measurements.

[C_comp]

The [C_comp] keyword represents the buffer’s capacitance;
it has different values for minimum, typical, and maximum

11. An ADxxxx DOUT1 pulldown plot (zoomed view).

ey
==

-

[GND_Clamp]
-V

1 Pad .
PD

loc+lpp

[Pulldown]
-V

12. Actual current from pulldown saved data.

&

VSWEEP

|||—0

corners. Its the capacitance of the transistors and die and
differs from the package capacitance. [C_comp] can be
extracted in two ways: It can either be approximated using
the formulain Equation 1, or be computed using the formula
in Equation 2 when the pin is supplied by an ac voltage.

Ccomp =Cpv— CPackage (1)
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13. ADxxxx DOUT1

L ADXOOXXIV_Setup.a [=a|R] [eE@|x3]
R— —@pwrm | pullup setup and
result.
vDD
vDD VDD
1.8
VDD VSWEEP
o
Rser=0.5
DI ouT1
VDI1
18 VDD—EN—gnp H
.DC VSWEEP -1.8 1.8 0.1
.TEMP 25
x= 1800V y=7252mA
VDD _vDD_

C _ Impge) 2) _I

comp — 2xmxfx Ve

where Imy,_ is the imaginary value of the measured current,
F is the frequency of the ac source, and V 5 is the amplitude [Pullup] [Power_Clamp] (.,_)
of the ac source. I-v -V T

C_Comp Extraction Using LTspice

The buffer capacitance could be extracted by supplying an ley 'Pc* Pad lec +lpy
ac voltage with a frequency sweep as shown in Figure 15. Since .

ac voltage is supplied, there will be real and imaginary parts of

the current to be measured. The polarityof the current must

be inverted to measure the value of the current flowing intothe
buffer while sourcing it with ac voltage. When measuring the
output buffer capacitance, the only change that must be made from Figure 15 is that the ac source must be connected in the

output pin.

_
'

14. Actual current from [Pullup] saved data.

An ac voltage will be supplied with any value of amplitude, but usually it’s set to 1 V. It will be processed by a frequency
sweep as dictated in the Spice directives. When plotting the waveform using the .AC command, it’s set by default to

5 Ulepica 4 - Duafsac
B fda Heorchy Yoow Gl Jook Miedew Hep

PEEDFLHRAARKREBEIEBE tDENOB LM x3 XDBOD Cimeimp

15. ADxxxx C_

ol [ Gt

£ Buaflne

==&

comp extraction

ac1 |
SINE() :
V2
LACLIN 10 1K 10K
.OPTIONS MEASDGT=7

.TEMP 25

VDD

DI

—

ouUTi—0UTL

JOPTIONS MEASCPLXFMT=CARTESIAN

L

.MEAS AC CURRENT FIND Ix(U1:DI1) AT 5K
.meas AC C_COMP PARAM -(CURRENT)/(2*PI*5K)

setup.

Bight chik £ ot Ul Disipaiona 224055l
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display in Bode mode, which uses dB units. It must be set
to Cartesian mode to seethe numerical value of the current
sothat it can be directly processed to the formula for the
buffer capacitance.

To view the waveform of the buffer capacitance, the user
must first right click the Waveform window and click
Add Trace, then select the pin being measured (Fig. 16).
The waveform plot window will display two lines.

The solid line represents the real value of the measured
current, while the dottedline represents the imaginary value
of the measured current.

To change the plot settings from Bode to Cartesian, right
click the y-axis on the left side of the waveform window and it
should open the Left Vertical Axis—Magnitude dialog box.
Then change the plot representation from Bode to
Cartesian (Fig. 17).

LTspice Directives for C_Comp Setup

LTspice directives are used to set a circuit's mode of
operation, measure variables, and process parameters to
compute for the C_comp. Listed below are the LTspice
directives used to measure the buffer’s C_comp value:

o AC Lin 10 1k 10k: Sets the mode of operation of the
circuit to AC linear frequency sweep from 1 kHz to 10 kHz.

o .Options meascplxfmt: Changes the default results of the
.meas commandto Bode, Nyquist, or Cartesian mode.

o .Options measdgt: Sets the number of significant figures
for the .meas statement.

o .meas statements: These directives are used to find the
value of certainparameters in the circuit.

These Spice directives can be modified depending on what
parameter the userwants to display. A detailed explanation
about the directives that are usable in LTspice
can be found in “LTspice Help.” The result of
the measure statements is viewable in Tools >
SPICE Error Log (Fig. 18).

The results shown in the SPICE Error Log will
be in Cartesian form. The x-coordinate is the
real part of the current and buffer capacitance,
while the y-coordinate shows the imaginary
part of the current and buffer capacitance. As
mentioned above, when measuring the buffer
capacitance, the imaginary part of the current is
needed for the buffer capacitance, so the actual
value of the C_compis the one highlighted in
Figure 18.

(O (none)

(OPWLFILE:

What Are Rising and Falling Waveforms?

The [Rising Waveform] and [Falling
Waveform] keywords model the switching
behavior of the output buffer. Four V-T datasets

(®) PULSE(V1 V2 Tdelay Trise Tfall Ton Period Neycles)

Make this information visible on schematic:

[B¥ Add Traces to Plot
Only list traces matching

E— ox

Available data: [ Asterisks match colons Cancel
Viout1)
V(vdd)
V(n001)
Vinc_01)
(V1)
1(V2)

Juen:
k(U1:EN)
k(U1:0UT1)
x(U1:VDD)
Expression(s) to add:
[xu1:D17)
[ AutoRange

16. An Add Traces to Plot dialog box.
[&F Left Vertical Axis -- Magnitude X
Range Representation
Top: I -142dB Bode v
2 Bode ca',ce.
Tick: | 2d8 quist
S Cartesian
Bottom: | -166d8 TR
Dont plot the mggnﬂudg:

17. Changing the plot setting from Bode to Cartesian.

[y SPICE Error Log:

k‘.‘ireuit 5

Direct Newton iteration for .op point succeeded.
Ignoring empty pin current: Ix(ul:gnd)
Ignoring empty pin current: Ix(ul:gnd)

current: ix(ul:dil)=(-0.004176966,-5.16943 8) 3
.645481e-012

c_comp: -(current) / (2*pi*5k)=(1.32957e-007

18. Measure statement results in SPICE Error Log.

W Independent Voltage Source - V2 X

Functions DC Value

Make this information visible on schematic:

() SINE(Voffset Vamp Freq Td Theta Phi Neycles)
(OEXP(V1V2Td1 Taul Td2 Tau2)

(O SFFM(Voff Vamp Fcar MDI Fsig)

QOPWL{t1vI t2v2..)

Small signal AC analysis(.AC)

AC Amplitude:
AC Phase:

Bl Make this information visible on schematic:

vinitav): [ 0|

Parasitic Properties
Series Resistance[()]

Parallel Capacitance[F]

Von[V] 18 L
Tdelays] ns Make this information visible on schematic:
Trise[s] ns
Tall[s] 0
Ton[s] 1s
Tperiod[s]
Ncycles

Additional PWL Points

Cancel

are recommended for inclusion for an output

19. Sample rising edge input stimulus using pulse voltage supply.
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model: rising and falling waveforms with a load

7 Wspica XVI - [ADIOOOK VT setup.ase] -
“ Fle Edt Mieorchy View Smulste Jools Window Meip
D@ EHTFLRQRAQARAR] SBE LN OSSP £3 TDOVOO Cimeihop

referenced to ground and rising and falling waveforms
with a load referenced to VDD.

Extracting the Rising and Falling V-T data

To extract the rising or falling waveforms of OUT1
in LTspice, a rising-edge or falling-edge input stimulus
in the form of a piecewise linear (PWL) signal or pulse
voltage supply is sent to the input pin (Fig. 19). The
transition of the input stimulus used in the simulation
needs to be fast to extract the fastest output transitions
for the model.

Transient analysis will be performed on the
schematic using the .TRAN command while

< ADIOO0VT ot 352 1 ADIOOO_VT_salupram

VDD
vi
TRAN 20n
.TEMP 25 LB
VDD <~
out1
2 DI ouT1
R1
VDD

= EN—aNnD ) 150

PWL(0 1.8 1ns 1.8 2ns 0 3ns 0) L

measuring the voltage at the output pin. A 50-Q 20. ADxxxx setup for falling waveform with a ground-refer-
resistor is used as the load for extracting the data of enced 50-Q load.

the four V-T waveforms for 3-state outputbuffers, but
it may vary depending on the buffer design and drive
capability to make an output transition. 50 Q is the default
load value for V-T data extraction because it’s the typical
value of PCB trace impedance. The 50-Q) load is connected
to the buffer’s output pin with respect to ground (load to
ground) or VDD (load to VDD).

Falling Waveform with a Ground-Referenced 50-Q Load

To produce a ground-referenced falling output waveform,
a falling-edge input isneeded and the 50-0) load needs to be
referenced to GND (Fig. 20). The resulting V-T waveform is
shown in Figure 21, wherein the output settles at around 16
to 20 ns. It’s important to note that the transient analysis
time should be enough to capture the falling waveform as
it settles.

Falling Waveform with a VDD-Referenced 50-Q Load

Figure 22 shows the setup and result for a falling waveform
with a VDD-referenced 50-Q) load. As seen in the figure,
the transient time needed is 50 ns to fully capture the falling

21. ADxxxx result
of falling waveform

BET LTspice XV - [ADXIOO(NT_setup.raw]
£2 Fle View PlotSetiings Simulation Jools Window Help

BEHDFLA0ARRIERE e N OB/

transition of the output.

Rising Waveform with a Ground-Referenced 50-Q2 Load

For the rising waveforms, a rising-edge input stimulus in
the form of a PWL signal was used. In Figure 23, the setup
shows a load resistance connected to the output pin with
respect to ground, which will yield the V-T data for rising
load to ground.

Rising Waveform with Load Connected to VDD

The same rising-edge input stimulus was used, but the 50
Q needs to be referenced to VDD (Fig. 24).

One way of checking the correctness of the V-T data is
by looking at the logic-low and logic-high voltages. VDD-
referenced waveforms should have the same logic-low and
logic-high voltage levels, and the logic-high voltage should
be the same as VDD. On the other hand, GND-referenced
waveforms also should have the same logic-low and logic-
high voltages and the logic-low voltage level should be

DSt} EDYH OO CEmEshop

~{ ADXXOXX_VT_satupasc EL ADXOO_VT_setup raw

with a ground-
referenced 50-Q
load.

x= 128505y = 0353V

__ V{out1)
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22. ADxxxx setup and
plot of DOUT1 falling
waveform with VDD-
referenced 50-Q load.

23. ADxxxx setup
and plot of DOUT1
rising waveform with
a ground-referenced
50-Q load.

24. ADxxxx setup
and plot of DOUT1
rising waveform with
a VDD-referenced
50-Q load.

[T LTspice XVl - ACOCOO( VT _setup.ram
File View Plot Settings Simulation Jools Window Help
P HTFHAQARRYERE I N DS/ S0 + 30U 0D Cimcidy

- ADXOO_VT_setup asc BL ADSOOMXX_VT_setup raw
€ ADIOOOX VT setup.asc =
1 \
VDD el \
vj' .62V
.TRAN 50n
TEMP 25 18 Mo i MO G B
vDD »
d
ouT1 \
. DI UT1 !
R1 \
VDD |y e 50 [l \
PWL(0 1.8 ins 1.8 2ns 0 3ns 0) %7 e i \
RIT1TS (APPISSOPR: PRSP S \\ ....................................
e e (T [ ey
8 -
Ons Sns 10ns 15ns 20ns 25ns 30ns 35ns 40ns 45ns 50ns
[T LTspice XVl - ACOCOO( VT _setup.ram - a *

Fle View PlotSetiings Simulation Jools Window Help
P HTFHAQARRYERE I N DS/ S0 + 30U 0D Cimcidy

~{ ADXOXX_VT_setupasc EL ADXOO_VT_setup raw

€ ADIOOOX VT setup.asc =sl@i®
o . -
H /
VDD ¥ A
vi i 1/ ............................
.TRAN 105n /
.TEMP 25 sl || ER N N . RS T
VDD - /
ouT1 “'
v DI UT1 -
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VDD
T [EN——anD | I

PWL(0 0 1ns 0 2ns 1.8 3ns 1.8)

> Z:/

0. 1 ;
Ons 10ns 20ns 30ns 40ns 50ns 60ns Tons 80ns 90ns  100ns

x= 165505 y = 1.140V

[E7 LTspice XViI - ADXCOOCVT_setup.raw
Fle Yiew Plot Settings Simulation Jools MWindow Help
PFEHDTFIRQAARIBED BT S RN OSSP 3 DD ODCimeidor

< ADXOUVT_setupasc. B4 ADOGKX_VT_selupraw
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“TEMP 25 L8
vbD
1.4!
= bI uTa | OUTL 1.
R |
wol . U1 | < [haedfoionn
~ |EN—GND B9
1.1V
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BT LTspice YW1 - [ADXOK_VT _setup.raw]
£5 file View Plot Settings Simulation Jools Window Help

PEHEPFLAQAREBEOERT IR LS/ L0

T I DO O CEmEdaop

. ADXOCO(_VT_setup ase BL ADNXCOXK_VT_satup.raw

V{out1)

- U EUUUUSRERURN. | WSSO G G print Py

Q,Zonm to th
i!l Autorange Y-axis

View »
£ Add Traces
E Add Plot Pane
Delete this Pane
"1 Sync. Horiz. Axes
Dvawe 3
............... Edit Rl e e e L e s S e

Marching Waveforms L

I save Plot Settings
T Float Window K3 Save Plot Settings As
e Reload Plot Settings

& print._.

0.2v< | 1 Execute MEAS Seript
Convert to Fast Access
_:._1-_’!:\.“ z‘r.\_ .'_;J.\, |;.I s l\ Ii‘-‘::- 2r 'i;" . 20
Export selected data to a text file.
25. Saving the LTspice plot as a text file.
[ Select Traces to Export X
approximately 0 V. ] _
Exporting the Waveform Fie: [ - |
The V-T waveforms extracted from the four setups must Select Waveforms to Export Browse
then be saved byperforming the following steps (Figs. 25 and Ctr-Click to toggle
26): T
« Right-click on the Plot.
« Hover to File and click on Export data as text. V(n00T)
o Choose the waveform that will be exported and the :2511 ;
directory where it will be exported. 1(v2)
» VX and VY: represent the voltage at 20% and 80% point ::231[5):‘11))
of the rising/falling transition edge. IX(U1:0UT1)
« dV and dT: these are the computed values for the [Ramp] IX(U1:vDD)
keyword for the IBIS model.
Ramp Data Extraction Using LTspice
The [Ramp] keyword is the ramp rate (dV/dt) Cancel | oK |
representation of the rising and falling V-T data taken at 20%

to 80% of the rising or falling transition edge. This method
can be achieved on LTspice because it has the capability to
compute those parameters using the MEAS and .PARAM
directives. The ramp extraction process can be done by
adding Spice directives on the VT waveform setup. This
implies that the ramp and VT waveform can be extracted at
the same time.

Figure 27 shows the setup for the rising waveform’s ramp
computation. For the falling waveform’s ramp computation,
the time values for VLO and VHI should be interchanged
since the output waveform for the falling ramp starts at the
buffer’s logic high and transitions into logic low.

26. Selecting trace and setting the saving directory.

LTspice Directives for Ramp Extraction

The Spice directives used for ramp extraction are:
.TRAN, which is the Spice directive used for the VT rising/
falling waveform; .OPTIONS, to set the output that will be
displayed on the Spice Error Log to Cartesian mode and
limit it to the desired number of significant digits; and
.MEAS, for the actual computation of the ramp (Figs. 27
and 28):

» VLO: Represents logic low voltage.

05" LEARN MORE @ electronicdesign.com | 11



http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF

Ele [t Wuwchy Yow Sdste ook Vindow Help

BEHPFANRAQARR]EBE I DEH OB DI F I XCBODCimiidp

AN T

27. ADXXXX VT [ = e =
setup with addi- ' ' :

tional directives for =
ramp extraction for 5 18

rising waveforms. e
DI uT1 ouri 1
‘ V2 R1
© VDD—EN GND 50
=7 PWL(0 0 1ns 0 2ns 1.8 3ns 1.8) N

.OPTIONS MEASDGT=7

TRAN 0 100n

.MEAS TRAN VLO FIND V(OUT1) AT=0

.MEAS TRAN VHI FIND V(OUT1) AT=30n

.MEAS TRAN VX PARAM VLO+DIFF

.MEAS TRAN VY PARAM VHI-DIFF

.MEAS TRAN DIFF PARAM ABS(0.2*(VLO-VHI))

.MEAS TRAN T1 FIND TIME WHEN V(OUT1)=VX
.MEAS TRAN T2 FIND TIME WHEN V(OUT1)=VY
.MEAS TRAN DV PARAM ABS{VY-VX)

.MEAS TRAN DT PARAM ABS(T2-T1)

TEMP 25

» VHI: Represents
logic high voltage.

o Diff: Represents the voltage at the
20% point of the transition where this ~ VHI
will be added and subtracted to the VLO
and VHI parameters, respectively, to get VY-
the 20% and 80% point of the transition. '

Building the IBIS Model

All extracted I-V and V-T data are
compiled to the IBIS model (.ibs)
file. Below is an actual template of the ~— VX--
IBIS file, which the user can use as a
reference in building the IBIS model VLO
(see IBIS file 1).

An .ibs file starts with the [IBIS Ver]
keyword, followed by its file name and 28. Rising ramp waveform description.
revision number. IBIS version 3.2 will be
used in the [IBISVer] keywordsinceit’s e e e e T T
the minimum version needed to model ADI IBIS Modeling
a3_state outputbuﬂ_er. ’Hle ﬁle name Ak EAE AR AR AR AR AR AR R AR AR R AR AR AR R AR R e Rk Rk

Ofthe .ibS ﬁle and the ﬁle name in the | [IBIS Ver] 3.2
[File Name] keyword should be the [File Hame] adxxxx.ibs
same; otherwise, the parser will detect [File Rev] el
it as an error. In addition, the file name [P2%€] SECLL Mby S0l
. [Source] Analog Devices, Inc.
should not contain any uppercase letters T

because the parser only allows lowercase |
letters to be used in the file name. Other | [Copyright]
important keywords will be discussed in

. . This model is an exclusive property of Analog Devices Inc
the latter part of this section. i =

and is not to be rescld or redistributed without the written

The next part of the .ibs file includes permission of Analog Devices.
the [Component], [Manufacturer], |
[Package],and [Pin] keywords (see IBIS Copyright(c) 2021 Bnalog Devices, All Rights Reserved

de o e o o e e e o o e e ok e o o ok o e e ke o e o ol o e e o ol o o o e ok ol e o o e o ol o o ke e ok e o e o

file 2). ADxxxx has two input buffers
(DINI and EN) and one Outplltbuﬁer AEAEAEREAEREAEREAE R EAE R EAE R R AR AR A R AR AR AR ARk R R A R R &
(DOUT1), so its IBIS model will have a IBIS file 1
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total of three buffer models. The [Package] keyword serves
as the package model of the device through RLC package
parasitic values. The model names for all device buffers
are defined under the [Pin] keyword, which is similar to the

naming variables and defined under the [Model] keyword.

In the next part of the .ibs file, the device’s digital buffers
are modeled using themeasured I-V and V-T data (see IBIS
file 3). The contents of a buffer model vary depending on

the buffer type specified in the Model_type variable. Since
| the model cmos_dil is an input buffer, its buffer model only

:Eﬂﬁ;zz:iiei?ﬁlq evices. Tne. includes C_comp, [Power_Clamp], and [GND_Clamp]

[Package] data. An input buffer model also contains its Vg and Vi,
ét "i risble 5 ’;Eg’g s E“ E;X values, which can both be found in the device datasheet.
_pkg -59E- . . .
L_pkg 2. 59E_09 NA WA Given that DIN1 and EN are both input buffers, their buffer
T_Pkg 1.38E-12 HA HA model has the same structure. (see IBIS 3)
| A 3-state buffer model, on the other hand, contains
| some keywords similar to an input buffer model but with
[Pin] s3ignal name model name e
1 vgm = A additional I-V and V-T data. The buffer model of cmos_out1
2 DIN1 cmos_dil includes additional sub-parameters—Cref, which represents
3 EN cmo3_en " .
) DOUTL S theoutput capacitive load, and Vmeas, which represents the
5 GND GND reference voltage level (see IBIS file 4). Usually, the Vmeas
6 Ne NC . .
being used is half the value of VDD. (see IBIS 4)
| Aside from C_comp, [Power Clamp], and [GND_
IBIS file 2 Clamp], a three-state buffer hasadditional I-V data: [Pullup]
and [Pulldown] (see IBIS file 5).
Lastly, all IBIS models should be closed with the [End]
keyword (see IBIS file 6).
|;-'\AAA;-'\A;-'\Aa-'\hAhAhAhAhAhAhAJl.-'\.A.-'\.A.-'\.A.-'\.A.-'\.A.-'\.A.-'\.AAAAAAAAAAAAAAAA#A#A#A#A . .
| N ——— IBIS Model Validation
|JiiiiiiiiJi*A*A*A*A*A*A*A*iiiiiiiiiiiiiii?iiiiiiiiiiiii*i*i*i*i
|
[Medel] cmos_dil
Hﬂd&l t}'P& Inp.ut Kk kdhkAkd kA kbR k bbbk ke r bbbk ke d ik ik
vinl=0.36 Model:cmos_outl
‘i.Tj_nh:]_ 44 kkkdhkd kR hd kR ke kAR ke e kR ke kR ke R kR
| variable typ min max ! Mod]e_l-‘]: ﬁ;&tl
C_comp 1.645481le-012 NA HA Crm&[:ﬁ PPYP"
| Vmeas=0.9
[ Temperature Range] 25 HA RA e Y typ i s
[Voltage Range] 1.8 HA NA C_comp 4.143501E-11 NA HA
[Power Clamp Reference] 1.8 HA RA |
[GND Clamp Reference] 0 HA KA [Temperature Range] 25 NA HA
[Voltage Range] 1.8 NA HA
[POWER C1 Reference] 1.8 HA HA
amp
[Power_clamp] [GND Clamp Reference] o HA HA
| Voltage I(typ) I(min) I(max) [Pullup Reference] 1.8 HA NA
~1.800000 1.898645E+00 NA NA [Pulldown Reference] o L L
~1.700000 1.714524E+00 NA NA
~1.600000 1.511816E+00 NA NA [ECWER clamp]l o 2 o e
Voltage I(typ) I(min) I(max)
[ _1.800000E+00 2.074265E+00  NA NA
1.700000 7.601960E-12 HA BA -1.700000E+00  1.887999E+00 HA HA
1.800000 2.800000E-12 NA NA —1.600000E+00  1.685262E+00 NA NA
3.600000 —4.400000E-12 NA NA =
| 1.700000E+00  -6.471900E-11 NA NA
[GND_clamp] 1.800000E+00  -1.606903E-10 NA NA
| Voltage I({typ) T(min) I(max) 3.600000E+00 —8.012131E-10 HA HA
~1.800000 -1.895275E+00 NA NA
~1.700000 ~1.710353E+00 NA HA [GND_clamp] o )
~1.600000  —1.507593E+00 NA N2 Voltage L{typ) I{min) I(max)
| _1.800000E+00 —_2.047257E+00 NA NA
L 1 455209E_11 @ - _1.700000E+00 —1.861165E+00 NA NA
: : = -1.600000E+00 -1.658421E+00 NA NA
1.800000 1.620648E-11 NA NA I
3.600000 2.140000E-11 NA Na 1.700000E+00 1.221660E-10 NA NA
| 1.800000E+00  1.638958E-10 NA NA
|i!i!i!i!i*Jl'\*Jl'\*Jl'\*Jl'\*Jl'\*Jl'\*Jl'\*i!i!i!i!i!i!i!i!i!i!i!i!i!i!i*i*i*A*Jl'\ 3-60000031.00 5-271379R_10 m HA
| End of Model:cmos_dil
|;-'\AAA;-'\A;-'\Aa-'\hAhAhAhAhAhAhAJl.-'\.A.-'\.A.-'\.A.-'\.A.-'\.A.-'\.A.-'\.AAAAAAAAAAAAAAAA#A#A#A#A
| IBIS file 3 IBIS file 4
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[Fullup]
Voltage
-1.800000E+00
-1.700000E+00
-1.600000E+00Q

1.700000E+00
1.800000E+00
3.600000E+00

[Pulldown]
| Veltage
-1.800000E+00
-1.700000E+00
-1.600000E+00

1.700000E+00
1.800000E+00
3.600000E+00

I(typ)

2.075567E+0D0
1.889618E+00
1.686874E+00

-2.166668E-02
-2.181376E-02
-2.453158E-02

I(typ)

—2.048355E+00
-1.862534E+00
-1.65%785E+00

1.934561E-02
1.942086E-02
2.086263E-02

[Rising Waveform]

R_fixture = 50
V_fixture =
I

| time
0.000000E+00
4.000854E-10
8.001709E-10

3.880B29E-08
3.920837E-08
4.000000E-08

1.8

Vityp)
8.722465E-01
8.722824E-01
8.723076E-01

1.799903E+00
1.799910E+00
1.799923E+00

[Falling Waveform]

R fixture = 50

V_fixture = 1.8

|

| time
0.000000E+00
5.001068E-10
1.000214E-09

4.851036E-08
4.901047E-08
5.000000E-08

Vityp)
1.800005E+00
1.799995E+00
1.799985E+00

8.723745E-01
8.723730E-01
8.723702E-01

[Rising Waveform]

B _fixture = 50
V_fixture = 0

time
0.000000E+00
1.050224E-09
2.100449E-09

1.018718E-07
1.029220E-07
1.050000E-07

I
IBIS file 5

Level O
Level 1
Level 2a
Level 2b
Level 3

Vityp)
-5.744911E-086
7.964322E-06
4.059370E-05

1.004326E+00
1.004331E+00
1.004340E+00

Table 7: IBIS Quality Levels

Quaity Lovel

Passes the Golden Parser (ibischk)

-
E]
B
o

T EBE BEEB

EEE BEE

Vimin)

EEE EEE

V{min)

EEE EBE

V{min)

EEE EBEE

In correlation with simulation

H
=]
m
¥

EEE EEE

o
¥

EEE BEEF

V{max)

EEE EEE

V{max)

EEE EEE

V{max)

EEE EEE

Complete and correct as defined in the checklist documentation

In correlation with measurement
All of the above

[Falling Wawveform]
R_fixture = 50

v _fixture [i]

|

| time Vityp) Vimin) V(max)
0.000000E+00 1.004369E+00 NA HA

2.000427E-10 1.004357E+00 HA RA

4.000854E-10 1.004356E+00 WA NA

-

1.940414E-08 1.912548E-04 HA NA

1.960419E-08 1.816631E-04 NA RA

2.000000E-08 1.631222E-04 WA RA

|

[Ramp ]

| variable typ min max
dv/dt_ r 6.026073E-01/1.327850E-08 HA HA
dv/dt_f 5.565810E-01/5.189650E-09 HA HA

R _lgad = 50

|jki*ititi*itikikititjki*ititi*itAhi!i!i!i!iiiiihiii!ihi!i!

| End of [Model]l: cmos_outl

|5ii*kt;ki*it;kiii*A*Aii*At;ki*itAkiAiAAAAAiaAAAhAAAAAkAAiA

[End]

IBIS file 6

As discussed in Part 1, the IBIS model validation is comprised of
a parser test and correlation process. These are necessary steps to
ensure that the IBIS file complies to the IBIS specification and the
model performs as close as possible to the reference SPICE model.

Parser Test

The IBIS file created in the previous section should first undergo
a parser test before moving forward to the correlation process.
The ibischk is the Golden Parser used to check the IBIS file. This
checks the compliance of the IBIS file to the specification set by
the IBIS association. More details are available at ibis.org. At the
time of writing this article, the latest parser being used is ibischk
version 7.

In performing a parser test, it's best to use IBIS model editing
software with integrated ibischk, such as Cadence Model Integrity
and Hyperlynx Visual IBIS Editor. These tools provide ease in
checking the syntax. However, if the user doesn’t have any of these,
the executable code is free of charge at ibis.org. Its compiled at a
variety of operating systems, so users needn’t worry about which
operating system to use.

Correlation Procedure

In this stage of validation, the IBIS model needs to be checked
if it performs like the reference, which, in this case, is the Spice
model. Table 7 shows the different IBIS quality levels from Level
0 to Level 3. It describes how accurate the IBIS model is to the
reference, depending on the test it has undergone.

In this case, since the reference is an ADxxxx SPICE model,
the generated IBIS model can qualify for Level 2a. This means
that it passes the parser test, it has a correct and complete set
of parameters as described in
the datasheet, and it passes the
correlation procedure.

To correlate the IBIS model to
the reference Spice model, there
are general steps that can be
followed. These are summarized
in the flow diagram shown in
Figure 30.

Setting the Figure of Merit
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W SPICE Error Log:

Circuit:

Direct Newton iteration for .op point succeeded.
Ignoring empty pin current: Ix(ul:gnd)
Ignoring empty pin current: Ix(ul:gnd)

vlo: v(outl)=0.8722517 at 0

vhi: v(outl)=1.798981 at 2.4e-008

vx: vlio+diff=1.057598

vy: vhi-diff=1.613635

diff: abs(0.2*(vlo-vhi))=0.1853458

tl: time=3.350427e-009 at 3.350427e-009
t2: time=5.192001e-009 at 5.192001e-009
dv: abs (vy-vx)=0.5560373

dt: abs(t2-tl1l)=1.841574e-009

29. SPICE Error Log for ramp rate computation.

The basis of correlation is that the IBIS model should
behave the same as the Spice model digital interface under
the same loading conditions and input stimuli. Thismeans
that their outputs should theoretically lie directly on top of
each other. In general, there are two ways to describe how
close the IBIS model output is to theSpice model reference:
qualitative and quantitative. Users can employ these two
means to determine how the IBIS model correlates to the
Spice model.

A qualitative figure-of-merit (FOM) test utilizes the
user’s observations. It involves visual inspection of the
two outputs to determine whether the correlation passes.
This could be done by superimposing the output results
from both IBIS and Spice and use engineering judgment
to determine whether the graphs correlate or not. It can
serve as a preliminary test of correlation before it proceeds
to the quantitative FOM test. This test is sufficient when the
interface operates at a relatively low frequency or bit rate.

Another qualitative FOM test was presented in the IBIS
IO Buffer Accuracy Handbook, which is the curve envelope
metric. It uses the minimum and maximum curves defined
by the process voltage temperature extremes. The minimum
and maximum curves serve as a boundary for correlation.
To achieve a pass mark, all of the points on the IBIS results
should fall within the minimum and maximum curves. This
method isn't applicable in this article because it’s limited to
typical conditions only.

A quantitative FOM test uses mathematical operations
to measure how IBIS correlates with Spice. The curve
overlay metric, which also was presented in the IBIS IO
Buffer Accuracy Handbook, uses the data points of IBIS and
Spice outputs. It computes the summation of the absolute
value of the x-axis or y-axis differences between the IBIS
and reference data points divided by the product of the
total range used in the axis and the number of points. This
is illustrated in Equation 3 and is suitable as a correlation
method in the use case presented inthis article.

However, other factors still should be considered. The
FOM presented in Equation 3 has a requirement that the
results from both IBIS and Spice should be mapped on a

Start |

A

Set a Figure of Merit (FOM)
Parameter and
Pass/Fail Condition

A

Simulate IBIS Model
and SPICE Model

'

Collate Results
and Compute the FOM

Debug the Simulation
Setup/Testbench of
IBIS Model and
SPICE Model

What Is the
FOM Test Result?

Debug the IBIS Model

IBIS Model Correlates
with the SPICE Model

30. Flowchart of an IBIS to Spice model correlation.

common x-y grid, and this will use numerical algorithms
and interpolation methods. If the user wants to do a quick
quantitative FOM test, this article presents another method,
the curve area metric, which uses the area bounded by the
curve and x-axis.

B le\i ) |xi(reference) — xi(IBLS)|
Ax x N

FOMcop = 100% x |1 (3)

The curve area metric compares the computed area under
the curve of IBIS using the Spice result as the reference. It’s
defined in Equation 4. However, it’s required that the created
model passes the qualitative test before proceeding to the
curve area metric test. This ensures that the IBIS and Spice
curves are in-phase and laid on top of one another.

FOMgp = 100% x |1 — s = Aspicel "
Asprce

In getting the area under the curve, the user can use
numerical methods such as the trapezoidal rule or midpoint
rule, given the samemethod is used on both the IBIS and
Spice results. When using this method, it'’s recommended
to have as many points as possible to better approximate the
area.

Validating the ADxxxx IBIS Model
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As mentioned, the first step of IBIS model validation is
the parser test. Figure 31 shows the parser test results of
an adxxxx.ibs IBIS model file, which was written using
the HyperLynx Visual IBIS Editor. When the user performs
the parser test, the goal is to receive no errors. If there are
any error or warning prompts, the model maker needs to
fix them. This guarantees compatibility of the IBIS model
among simulation tools.

The next step involves setting up the FOM parameter.
This article is limited to the use of the qualitative FOM and
curve area metric as measures of correlation. The test will
involve the transient response curves from IBIS and Spice
using the same loading conditions and input stimuli. The
calculated curve area metric FOM should be 295% to pass
the correlation. The DOUT1, DIN1, and EN correlations are
described below.

DOUTI

The Spice testbench on LTspice for DOUT1 correlation
is shown in Figure 32. Appropriate voltage supplies were

placed on the schematic to enable the driver; a pulse signal
source is placed on the DIN1 pin to drive DOUT1. Additional
components are needed to complete the DOUT1 driver
model in LTspice. The C_comp represents the die capacitance.
After adding C_comp and C_load to the LTspice model, the
RLC package parasitics (R_pkg, L_pkg, C_pkg) and C_load
are placed.

The DOUT1 IBIS model correlation testbench was set up on
the Keysight Advanced Design System (ADS) (Fig. 33). The
same input stimuli, C_load, voltage source, and transient
analysis were used as the LTspice testbench. However, the
C_comp and RLC package parasitics weren't placed on the
ADS schematic because they were already included on the
3-state IBIS block.

The transient response curves are measured from the C_
load. LTspice and ADS results have been compared and laid
on top of one another for qualitative FOM. As seen in Figure
34, the LTspice and ADS DOUT1 responses are very similar.
The difference can be quantified with a curve area metric.
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The area under the curve is computed
for the duration of a 1-us transient.
The computed curve area metric is
99.79%, which satisfies the set 295%
pass condition. Thus, the DOUT1 IBIS
model correlates to the Spice model.

DINI and EN

In validating the input port, the
transient response curves from LTspice
and ADS will be correlated through the
qualitative FOM and curve area metric.
The testbench in LTspice is shown in
Figure 35. This is applicable for both the
DIN1 and EN pins.

Like DOUT]1, the extracted C_comp
is placed right at the DINI port, then
followed by the RLC package parasitics.
After that, a 50-Q R_series resistor
followed by an input stimulus pulse
voltage supply are connected. The probe
point for measuring the response is at
DIN1_probe.

Figure 36 shows the Keysight ADS
testbench for validating input ports.
Similarly, an R_series 50-() resistor
is placed before the input port and
the same input pulse stimulus is used.
The C_comp and RLC parasitics aren’t
placed because they're already included
in the IBIS block. The probe for the
measurement of transient response is at
DI1_probe.

The transient response curves from
LTspice and ADS were laid on top of
one another for the qualitative FOM
test. As seen in Figure 37, the curves
are the same—the LTspice curve is
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completely behind the ADS curve. The 34.An LTspice vs. IBIS model OUT1 response.
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DI1_correlation [ADXXXX_correlation_lib:DI1_correlation:schematic] (Schematic):3
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computed curve area metric for DI1 is at 100%,
which satisfied the set >95% pass condition.
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The same plot and curve area metric also were
obtained from EN pin correlation results.

Final Thoughts

The article presented a methodology on how
to extract data and build an IBIS model using
LTspice. It also described a way to correlate the
IBIS model to the reference Spice model through
qualitative FOM and quantitative FOM through
the curve area metric. For users, this could bring
a level of confidence that the IBIS model behaves
similarly to the Spice model.

Although other types of digital IO aren't
presented here, the procedure in extracting
C_comp, I-V data, and V-T data may serve as
a stepping-stone in creating other types of 10
models. You can download and install LTspice for
free and start creating your own IBIS models.
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36. An ADS DI1 correlation testbench.
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