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IBIS Modeling (Part 1):
Why IBIS Modeling is
Critical to Design Success

Beyond saving cost, designers using IBIS models can foresee and address signal-
integrity issues before proceeding to board prototyping or fabrication, shortening
board development cycles and thus speeding up time-to-market.

BIS stands for input/output buffer
information specification. It repre-
sents the characteristics or behavior
of the digital pins of a device that IC
vendors provide to their customers for Data
use in high-speed design simulations. Gathering
These models mimic the device’s I/O

behavior using parameters specified
by the IBIS Open Forum, an industry
organization that manages and updates
the specifications and standards for IBIS e i
models. T
IBIS models use an ASCII text file | | g
format by means of tabulated voltage-
current and voltage-time information. IBIS
They don't contain proprietary data Formatting
because the IC schematic design in-
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parameters of the device model used
in the design of the buffer schematic,
and circuitry—arent revealed in the
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model. Furthermore, IBIS models are [Aoeusar| TR e lass
supported by most EDA vendors and [ B
can be run in a majority of industry-

wide platforms.

Model

Why Use IBIS Models? Validation

Imagine an IC was tested, and it
passed. And then a board was de-
signed using that IC and subsequently

endorsed immediately for fabrication.
After the board was fabricated, the
board performance failed and the fail- 1. The chart represents the IBIS model generation process.
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2. A diagram of IBIS model keywords.

ure was caused by some signal-integrity issues that resulted
in crosstalk, overshoot/undershoot of a signal, or reflections
caused by a mismatched impedance. What do you think
happens next? Of course, the boards will have to be rede-
signed as well as refabricated.

At this point, time has been wasted and costs have ris-
en—all because a very important stage was not performed:
presimulation. This stage is where system designers use sim-
ulation models to verify the signal integrity of their design
before building the board.

Simulation models such as Spice and IBIS are now being
widely developed for use in simulations to help system de-
signers foresee signal-integrity issues during the presimula-
tion stage, so that they can be addressed before fabrication.
This stage helps lessen the chances that the board fails dur-
ing testing.

History

In the 1990s, with the rising popularity of personal com-
puters, Intel started to develop a new I/O bus for its low-
power ASICs operating up to around 33 MHz. There was
a need to ensure that signal integrity wasn't compromised,
and this sparked the creation of IBIS.

A team led by Donald Telian came up with the idea of
creating an information sheet for the I/O buffer and using
this information in testing Intel’s boards. Soon it also shared
these sheets with its customers for their board designs with-
out giving any proprietary information. To be able to trans-
fer the information from the paper-based spreadsheet reli-
ably to the customer’s simulators, Intel decided to partner
with EDA vendors and other computer manufacturers.

The IBIS Open Forum was created to help standardize
a text-based machine-readable format of the buffer infor-
mation. IBIS was originally called Intel buffer information

sheet and later was changed to I/O buffer information speci-
fication. IBIS version 1.0 was issued in 1993.

From then on, the IBIS Open Forum continued to pro-
mote IBIS, provided tools and documentations, and im-
proved the standard to add capabilities in specialized areas.
In 2019, IBIS version 7.0 was ratified. This just goes to show
that IBIS continues to advance and meet the new demands
of technology.

How are IBIS Models Generated?

IBIS models generally model the device’s receiver and
driver buffer behaviors without revealing proprietary pro-
cess information. This is done by extracting the behavior of
the standard IBIS buffer element and representing it through
V-Tand V-t data in tabular form.

In generating IBIS models, data gathering usually comes
as the first step in the development process. Figure 1 shows
the three main stages in generating IBIS models.

Data Gathering

There are two methods in gathering data for IBIS models:
o Simulation method: This method requires access to the de-

sign schematic of the part, the datasheet, and the lumped
RLC package parasitics.

e Bench measurement method: This method requires actual
units and/or eval board, the datasheet, and the lumped
RLC package parasitics.

Figure 2 shows a diagram of the four main elements/com-
ponents described in an IBIS model.

The two diodes connected to the pin are responsible for
protecting the buffer in case the input exceeds the operating
range or the buffer limit in terms of power clamp reference,
which is typically Vpp, and in terms of ground clamp refer-
ence, which is typically ground or -V, depending on how
it was designed to operate. These diodes serve as ESD clamp
protection and turn on as needed, whereas the pull-up and
pull-down components are responsible for the driving the
buffer’s behavior during high and low state. Thus, the pull-
up and pull-down data are taken when the buffer is in op-
erating mode.

These four main elements are represented in the model in
the form of voltage vs. current (V-I) data, under keywords
[Power Clamp], [GND Clamp], [Pullup], and [Pulldown].
The I/O buffer’s switching behaviors also are represented in
the model in the form of voltage over time (V-t) data.

Voltage-Current Behavior Keywords

o [Power Clamp] represents the V-I behavior of the digital
1/0 pin’s power-clamp ESD protection diodes during high-
impedance state, with respect to the power-clamp voltage
reference.

o [GND Clamp] represents the V-I behavior of the digital
I/O pin’s ground-clamp ESD protection diodes during
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high-impedance state, with respect to the ground-clamp
voltage reference.

o [Pullup] represents the V-1 behavior of the I/O buffer’s
pull-up component when it’s driving high, with respect to
the pull-up voltage reference.

o [Pulldown] represents the V-I behavior of the I/O buffer’s
pull-down component when it’s driving low, with respect
to the pull-down voltage reference.

The data for these keywords is taken in the recommended
voltage range of -V to 2 x Vpp, and in three different cor-
ners: typical, minimum, and maximum. The typical corner
represents the behavior of the buffer when it’s operating in
the nominal voltage, under nominal process and nominal
temperature. The minimum corner represents the behavior
of the buffer when it’s operating in the minimum voltage,
weakest process, and highest operating junction tempera-
ture for CMOS/lowest operating junction temperature for
BJT. The maximum corner represents the behavior of the
buffer when it’s operating in the maximum voltage, stron-
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gest process, and lowest operating junction temperature for
CMOS/highest operating junction temperature for BJT.

For each voltage swept in the pin, its corresponding cur-
rent is measured, thereby gaining the voltage-current be-
havior required by the IBIS specifications in modeling the
buffer. Waveform examples of these four V-I curves taken in
three corners are shown in Figure 3.

Switching Behavior

Aside from the V-I data, the I/O buffer’s switching behav-
iors in the form of rising (low-to-high output transition)
and falling (high-to-low output transition) waveforms also
are included in the V-t data table. This data is measured with
a load connected to the output.

The load used is usually 50 Q, to represent the typical
transmission line characteristic impedance. It’s still best to
use a load that the output buffer will actually drive. This load
pertains to the transmission-line impedance to be used in
a system. For example, if a system will use a 75-Q) trace or
transmission line, then the recommended load to obtain V-t
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3. Sample waveforms of V-I curves for (a) power clamp data, (b) ground clamp data, (c) pull-up data, and (d) pull-

down data.
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data is 75 Q.
For a standard push/pull CMOS, four types of V-t data are
recommended for inclusion in the IBIS model:
« Rising waveform with load referenced to Vpp
« Rising waveform with load referenced to ground
« Falling waveform with load referenced to Vp
« Falling waveform with load referenced to ground

The two rising waveforms are contained under the model
keyword [Rising Waveform]. It describes the low-to-high out-
put transitions of the I/O buffer when its load is connected to
Vpp and ground, respectively. On the other hand, the two fall-
ing waveforms under the model keyword [Falling Waveform]
describes the high-to-low transitions of the I/O buffer when its
load also is connected to Vp and ground respectively.

It should be noted that because of the load connected at
the output, it’s not expected that the output swings will make
a full transition. Like the voltage-current behavior, the volt-
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age-time data is taken in three different corners. Examples
of these transitions are shown in Figure 4.

V-t tables also extract ramp-rate values. The ramp rate is
the rate at which the voltage switches from one state to an-
other, taken at 20% to 80% of the rising or falling transition
edge. The ramp rate is listed in the IBIS model in the form of
dV/dt ratio, under the [Ramp] keyword, which is normally
shown after the V-t tables. This value is taken excluding the
effects of the package parasitics, as it only represents the in-
trinsic output buffer’s rise-time and fall-time characteristics.

In addition, IBIS models include some of the datasheet
specifications where the simulations are based, such as the
operating voltage and temperature range, input logic volt-
age thresholds, timing test load values, buffer capacitance,
and pin configurations. They also include the lumped RLC
package parasitics. They can’t be found in the datasheet but
are essential when simulating the traces for a high-speed de-
sign system, since these parasitics add loading effects to the
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4. Sample waveforms of an I/O buffer’s switching behavior for (a) a rising waveform with load referenced to Vyp,
(b) a rising waveform with load referenced to ground, (c) a falling waveform with load referenced to V), and (d) a
falling waveform with load referenced to ground.
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simulations. They affect the integrity of the signal that passes
through the transmission line.

IBIS Formatting

This section describes the second stage, which is building
the model—also known as IBIS formatting. After gathering
all necessary data, the model can now be created. An IBIS
model consists of three main parts: the main header file, the
component description, and the buffer model.

The main header contains the general information about
the model (Fig. 5). It specifies the following:
IBIS Version
» Model Keyword: [IBIS Ver]
o This is where the model is based. It tells the simulator’s
parser checker what type of data to expect in the file; thus, it
plays an important role in determining if the model passes
the parser checker or not.
File Name
» Model Keyword: [File Name]
o This should present the actual name of the file, in lower-

case format, using the proper file extension .ibs.

Revision Number
» Model Keyword: [File Rev]
» This helps track the revision level of the file.
Date
» Model Keyword: [Date]
« This shows when the model was created.
Notes
» Model Keyword: [Notes]
o This is included for the customer’s reference about the

model—that is, if the data was taken from simulations or
from bench measurement.

Source

» Model Keyword: [Source]

« This tells where the model originated or indicates the mod-
el provider.

Disclaimer

» Model Keyword: [Disclaimer]

Copyright

» Model Keyword: [Copyright]

Note that the first three items listed under the main head-
er are required. Other items aren’t required but are good to
include since they add additional details about the file.

The second part of an IBIS model describes the compo-
nent (Fig. 6). For this part, the following data is required:

Component Name
» Model Keyword: [Component]

o As the name states, this is the name of the device being
modeled.

Pin List

» Model Keyword: [Pin]

« This part appears in the model with at least three columns:
pin number, pin name, and model name. This list is based
on the datasheet. It should reflect the correct matching of
pin number and pin name to avoid confusion. It also is
important to note that in an IBIS model, each pin would
have a dedicated model name. This model name may not
necessarily be the same as the pin name stated in the data-
sheet because the pin’s model name is at the discretion of
the model maker. In addition, some pins may point to one

model name. This is the case for buffers

5. Sample main header file in an IBIS model using Cadence Model Integrity.

R el _~ 2 _* having the same design schematic. It’s
i) File Edit Search View Tools Window Help cadence -9 *
e —— Yy e expected that they would have the same
s | =/ behavior, so one set of data is enough to
& 5 | ADI IBIS Modeling @
oF i ‘ represent them.
o :E o [IBIS Ver] 4.0 M
= @ rput! pdv [File Name] ad:zsele,soic.ibs anufacturer
@ i [File Rev] i
i il [Date) Novexber 4, 2019 « Model Keyword: [Manufacturer]
O rpuz 5w [Source] Analog Devices, Inc.
8 o a [t o It identifies the manufacturer of the
b8 fryed ] component being modeled
;-gq ::ﬂﬁl::‘lp}( | Before zﬁ)\t:\%ca'llv . please read and p g .
- pr e e Package Parasitics
g i I CENS
@ :E ;:‘:;i:pm | information in this IBIS model i . Model Keyword: [Package]
ToR avny } i Thaks f e TS i) . . .
b =§ R } oncrenstersble licens « This item describes the electrical char-
& @ 01 % Y the terms of ti o ,
B o | Before using the IBIS model, the lic 1d read this 1 acteristics of the components PaCkage
| ng or redistributi S model,lice . . .
[ to become bound by the terms sement . If the lic ac in terms of lumped resistance, induc-
| ms, then the lic e IBIS model and
| e tance, and capacitance values. If the
\ szt on dn moditied pins RLC parasitics also are available,
I
1 it should be listed along with the pin
| . . .
‘ list in the model under the [Pin] key-
1| word. This provides a more accurate
U 2 model and would override the RLC
[ Physical ... [ osiectview i adm256te_soic [ .
values listed under the [Package] key-

word.
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The third part of an IBIS model describes the buffer mod-
el. This is where the behavior of the I/O buffer is presented,
particularly its I-V and V-t data. It begins by identifying the
model name, using the [Model] keyword. The model name
should match what’s listed in the third column under the
[Pin] keyword.

For each buffer model, the parameter Model_type must
be specified. Buffer capacitance also must appear under the
parameter C_comp, to describe the capacitance seen when
looking from the pad back to the buffer.

Different types of buffers can be modeled, and special
rules apply for each. The following describes the four most

common types of buffers and their re-

quirements in an IBIS model:

Input Buffer Model Type: Input
This model type requires the values

of input logic thresholds, under the pa-
rameters Vinl and Vinh (Fig. 7). If un-
defined, the default values to be used by
the simulator are 0.8 V and 2 V, respec-
tively. These parameters help the simu-
lator perform timing calculations and
detect signal-integrity violations.

Two-State Output Buffer Model Type:
Output

This model type represents an out-
put buffer that’s always enabled, either
driving high or driving low (Fig. 8). It
includes the timing test load values
under the parameters Vref, Rref, Cref,
> and Vmeas. These parameters aren’t re-

2 Model Integrity - [adm2561e_soic] - o X
i) File Edit Search View Tools Window Help cadence -5 X
i@ & 72 N 55
z HE
& H X}, odm256Te_soic I =
@ adm256le I
® 2 adm256le |
& @ o _ipbr [Compenent ] adm2561e
5 @Y input1_2pSv [Manufacturer] Analog Devices, Inc.
5 @Y input1_3p3v [Package]
- B nput1 Sv I
- @Y npu2_ipsv I
i B nou2_psv | variable typ min max
- @Y npu2_3pdv R_pkg 3.59E-02 1.40E-02 6.30E-02
& @ nput2_5v L _pkyg 2.52E-09 1.90E-09 3.90E-09
@ @ input3_Tpsv C_pkg 1.38E-12 4.30E-13 8.00E-12
- @ input3_2pSv I
5 @ input3_dpdv I %
o @Y input3_sv [Pin] signal_name model_name
- @ nowd v 1 GHD 1 GND
o @ rpwd S 2 GND1 GHD
- @Y output1_Tpdy 3 GHD1 GND
5 @ ouput_2p5v 4 vee Power
o @Y ouput]_Ppd 5 GND1 GND
& @8 ouput! 5v 6 GND1 GHD
@ B 01_33v i VIO Power
ERCT- R Y 8 RxD outputl
9 REb inputl
10 DE input?2
11 TxD input2
12 INV input3
13 NIC NC
14 GMD 1 GHD
15 GND2 GND
16 GND2 GHD
17 2 ial
18 B iol
19 NIC NC
20 NIC NC
21 GHD2 GHD
22 GND2 GND
23 VISOIN Power
24 GHDISO
25 VISOOUT Power v
IE3
[ prysical .. [ csectven agm2561e_soi |

quired, but their presence in the model

6. Sample component description in an IBIS model using Cadence Model

will help the simulator in performing
board-level timing calculations.
Note that since this type of buffer

cannot be disabled, the keywords [Pow-
er Clamp Reference] and [GND Clamp
Reference] will not be listed, as well as

Integrity.
(2] Model Integrity - [adm2561e soic] - o X
i) File Edit Search View Jook Window Help cadence - %
BDERD &2 | N 8T
lx
5 BT}, adm256Te_soic 1 =
@ 2dm2561e I Model: inputl_1pBv
@ admitle ‘I...u......m.....u.....n......;.......n................,u...,‘.,.....(.,u...u.
@ @F rput1_pdy
® .E mpuﬂ_;fw [Model] inputl 1p8v
5 @ rput1_3p3v Model_type Input
- @ nput 5v 5
5 @Y npu2_Tpav Vinl=0.54
© @ npu2 5 Vinh=1.2
& OF o2 v | variable typ min max
& @ input2_5v C_comp 2.615333e-12 2.469772e-12 2.779644e-12
- @ input3_Tp8v
B ot 2050 [Temperature Range] 25 -40 105
S rou3_pav [Voltage Range] 1.8 17 1.9
o @8 npud Sy [Power Clamp Reference] 1.8 dv 1.9
© @ rpud 3 [GND Clamp Reference] 0 i} 0
& @ inputd_5v I
& @8 output1_Tpdy [Power_clamp] .
= B8 oot 25w | Voltage I(typ) I (min) I (max)
& B ouput1_pdv -1.800000 1.133752E+00 1.043531E+00 1.247631E+00
o OFY ool bv -1.763265 1.086492E+00  1.003B84E+00  1.191382E+00
- @ 133 -1.726531 1.039397E+00 9.643524E-01 1.135360E+00
= @ o1 5 -1.689796  9.924840E-01  9.249476E-01 1.079593E+00
-1.653061 9.457741E-01 B8.856819E-01  1.024115E+00
-1.616327 8.992913E-01 8.465693E-01 9.689631E-01
-1.579592  B.530630E-01 B8.076254E-01  9.141813E-01
-1.542857 B.071208E-01 7.588684E-01 8.598183E-01
-1.506122 7.61S008E-01 7.303189E-01  §.059282E-01
-1.469386 7.162441E-01 6.920002E-01 7.525690E-01
.432653  6.713971E-01 6.539393E-01 6.99B003E-01
-1.395918  6.270112E-01  6.161665E-01  6.476798E-01
-1.359184 5.831422E-01 5.787165E-01 5.962587E-01
-1.322449 5.398491E-01 5.416286E-01 5.455764E-01
-1.285714 4.971917E-01 5.049466E-01 4.956578E-01
-1.248980 4.552268E-01 4.687191E-01 4.465132E-01
-1.212245 4.140052E-01  4.329989E-01  3.981443E-01
-1.175510  3.735682E-01  3.978425E-01  3.505560E-01
-1.138776 3.339477E-01 3.633078E-01 3.037727E-01
-1.102041 2.951695E-01  3.294529E-01  2.578610E-01
I -1.065306  2.572632E-01  2.963339E-01  2.129602E-01 v
<
1 prysical ... [ oectviewr " adm2sste_soi |

the V-I tabular data for [Power Clamp]
and [GND Clamp].

Three-State Output Buffer Model Type:
Three-State

This model type represents an output
buffer that’s not only represented in its
driving high and driving low state, but
also in its high-impedance state, since
this type of buffer can be disabled (Fig.
9). As with an output model type, it also
includes the timing test load values un-
der the parameters Vref, Rref, Cref, and
Vmeas. Adding these in the model will
help the simulator perform board-level
timing calculations.
> I/O Buffer Model Type: I/O

This model type is a combination of

7. Sample representation of input buffer model using Cadence Model

Integrity.

input and output buffer (Fig. 10). There-
fore, the parameters to be included in
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this model are Vinl, Vinh, Vref, Rref, Cref, and Vmeas.

The model maker must take note of these guidelines in
generating an IBIS model. More of these can be found in the
IBIS Cookbook from the IBIS Open Forum website. Proper
modeling guidelines must be followed; otherwise, a model
will not pass the validation stage.

Model Validation
Validating an IBIS model is divided into two parts: the
parser test and the correlation process.
Parser Test
When building the model, it’s best to use a software that
already features a Golden Parser. This program performs
the syntax checking and verifies data

matching of the created IBIS model with

reference to specifications of the model
version. Some of the software with this

feature are Cadence Model Integrity

and Hyperlynx Visual IBIS Editor.

If the model passes the parser test, this
means that the model generated follows
the standard format and specifications,
and V-I data matches with V-t data. If it
doesn’t, it’s best to find out what causes
the error. The simplest possible cause is
there may be a format or keyword used
in the model that wasn't in accordance
with the IBIS specification—this is easy
and straightforward to correct.

The other type of error is the V-I
and V-t data matching. When this oc-
curs, it'’s possible that the error lies in
2 the pull-up or pull-down V-I data, or

in the V-t data. This is the case where

the behavior represented by the V-I data
doesn’t match the behavior represented
by the V-t data.

To address this issue, resimulation

may be required. Before doing that,

though, first review the voltage and
loading values you've placed in the

model and check if theyre correct.
Save yourself from spending more time
resimulating when the cause of error is
as simple as a mistakenly defined volt-
age value.

Figures 11 and 12 show, respectively,
a sample IBIS model that failed and
passed the parser test.

In Figure 11, observe how the soft-
ware flags the error causing the model
to fail during the parser test. This makes
it easy for the model maker to correct
the model before proceeding to the next
validation step. In this example, the er-
> ror is due to the model type used for the

[EJ Model Integrity - [adm2561e_soic] - o X
i) File Edit Search View Tooks Window Help cadence -8 %
iMDEeRE@ &% (v HE N L {8, <
€ =l
5 B[] adm2561e_soic ] =
@ com2s6le | Model : outputl_lpBt
@2 admZS6le I
@ @Y nput1_tplv
- @ nput1_Zp5v [Model] outputl_1p8v
5 @ input1_3p3v Model_type Output
- @ nput1_Sv
- 8 input2_Tpv Vref=0
- @Y npu2_ 5 Rref-106
& O npu2 v Cref=15p
o @ rpu2 5 Vmeas=0.9
- @ input3_tp8y | variable VP min max
5 @ rput3 25w C_comp 2.96746%-12 2.771852e-12 3.191263e-12
& ] input3_3pv
- @Y npu3 v [Temperature Range] 25 -40 105
o @ nowd v [Voltage Range] 1.8 157, 1.9
& @R inputd_Sv [Pullup Reference] 1.8 1.7 e
5 @F oput?_Tpby [Pulldown Reference] 0 0 0
- Y output1_25v I
5 @ ouput]_pdv I
o By output1_5v [Pullup]
@ OF ok | Voltage 1(typ) I(min) 1 (max)
- R o1 5 -1.800000 4.196526E-02 4.309478E-02  4.237395E-02
-1.763265 4.045283E-02 4.163582E-02 4.128214E-02
-1.726531 3.89586BE-02 4.018283E-02  4.026423E-02
689796  3.74B564E-02  3.873620E-02  3.929058E-02
-1.653061 3.603733E-02 3.729636E-02 3.833585E-02
-1.616327  3.461845E-02 3.586383E-02  3.738017E-02
-1.579592 3.323505E-02 3.443917E-02 3.640652E-02
3.189468E-02  3.302307E-02  3.540283E-02
.5 3.060611E-02  3.161629E-02  3.436701E-02
-1.469388 2.937789E-02 3.021979E-02 3.330576E-02
-1.432653 2.821482E-02 2.883467E-02 3.222850E-02
-1.395916  2.711320E-02  2.746228E-02  3.114353E-02
-1.359184 2.605979E-02 2.610425E-02 3.005719E-02
=1.322449 2.50381B8E-02 2.476258E-02 2.897421E-02
-1.285714  2.403636E-02  2.343973E-02  2.789823E-02
-1.248980 2.304845E-02 2.213870E-02  2.683219E-02
-1.212245 2.207271E-02  2.086323E-02  2.577870E-02
J<_1 178510 7 11NG4SF-N? 1 GR17ASF-N2 2 474N2NF-N2 "
L prysical .. [ Csiect viewr adm2561e_soi |
8. Sample representation of a two-state output buffer model using Cadence
Model Integrity.
[ Model Integrity - [adm2561e_soic] - o X
i File Edit Search View Tools Window Help cadence -8 %
D EEe & ¢ I S MM
s
= B et soe o O O —
®F adnzsele | Model: cutputl 2pSv
@ 2 2dm256le I
5 @Y nput1_Tp8y |
5 @Y nput]_ZpS [Hodel] outputl_2pSv
B W ol v Model_type 3-state
& @Y nput1_Sv
& @Y npu2_ipdr Vraf=0
5 @Y npu2_Zp5v Rref-=10G
5 @ npu2 v Cref=15p
o @] rpui2_5e Vmeas=1.25
© @8] rpud_Tpdr 1 variable typ min max
5 @Y inp3_2psv C_zomp 2.915671e-12 2.719736e-12 3.141766e-12
& 8 npud_3pdv
o @ npud Sy [Temperature Range] 25 -40 105
& @Y inputd_3pdv [Veltage Range] 2.50 2.25 2.75
© @ nputd 5v [Power Clamp Reference] 2.50 2.25 2.75
5 @ outputl_Tpdv [GND Clamp Reference] 0O 0 0
@ @Y output]_2p5v [Pullup Reference] 2.50 Zok P P
5 @Y cutputl_pdv [Pulldown Reference] ] 0 0
& @Y output1_Sv |
o @Y o1 %W [Power clamp] :
5 @8 o1 5 | Voltage I(typ) I(min) I(max)
=2.500000 2.109830E+00 1.870207E+00 2.399860E+00
-2.449495  2.042129E+00 1.812880E+00  2.319246E+00
-2.398990  1.974427E+00  1.755554E+00  2.238643E+00
-2.348485  1.906744E+00  1.698227E+00  2.15B8056E+00
-2.297980  1.839064E+00 1.640900E+00  2.077492E+00
-2.247475 1.771402E+00 1.583585E+00 1.996942E+00
=2.196970 1.703747E+00 1.526270E+00 1.916408E+00
-2.146465  1.636106E+00 1.468962E+00  1.835900E+00
-2.095960  1.568478E+00  1.411660E+00  1.755407E+00
-2.045455  1.500860E+00  1.354364E+00  1.674930E+00
-1.994943 1.433256E+00 1.297076E+00 1.594474E+00
1944444 1.365667E+00 1.239795E+00 1.514038E+00
-1.893939 1.298092E+00 1.182521E+00 1.433651E+00
-1.843434  1.230S58BE+00 1.125258E+00  1,353513E+00
-1.79292% 1.163320E+00 1.068102E+00 1.273724E+00
-1.742424  1.096350E+00  1.011165E+00  1.194346E+00
l -1.691918 1.029724E+00 9.544768E-01 1.115449E+00 v
<
&2 Physical ... [ Otiectview adm2sée_soic |

buffer. The IBIS specification requires

9. Sample representation of a three-state output buffer model using Cadence

Model Integrity.

the I/O model type to be entered in up-
percase format, whereas in this figure,
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lowercase format is used.
Figure 12 shows a model passing the parser test. Notice in

the Model_type keyword that I/O was changed to uppercase
format. This resolved the error.
A model can only proceed with the

correlation process if it passes this stage.

Correlation Process

= So, one might ask, how can we make
sure that the generated model behaves
as accurately as the actual part? The an-
swer is the correlation process. There
are different quality levels/correlations
for IBIS models (see table on next page).

This article describes a Quality Level
2a IBIS model. After passing the parser
test, the model will be simulated, in-
cluding the effects of RLC package par-
asitics with external loads added. The
loads are typically the timing test load
values found on the datasheets used in
characterizing the I/O buffers. Similarly,
the design schematic of the part will be
simulated employing the same setup

B Model Integrity - [adm2561e_soic] - [m] X
i file Edit Search View Took Window Help cadence -8 %
MDD EH@ & % H W i M9,
=
& EX) adm2561e_soic I
®F am256le I Medel: iol 3p3v
@A admrsle ‘I..”.., p— 20202 22 N R
@ input]_TpBv
® :g ‘ﬁv:zgfw [Model ] iol_3p3v
i @Y nout1 _3pdv Model_type 10
- @ nput1_Sv
- @S] npu2_ipdv
- @Y npu2_2pSv
- @ nput2_Bp3v
- Y nput2_5v
- @ input3_Tpdv
- @ nput3 S
& @Y npud v I variable typ min max
& @ nputd 5 C_comp 2.884505e-11 2.864773e-11 3.704523e-11
& @ iputd_3p3v |
B @ ipud_5¢ [Temperature Range] 25 -40 105
& O atutl_Tod [Voltage Range] 3.30 3.00 3.60
o O ot 5w [Power Clamp Reference] 3.30 3.00 3.60
@ @ ouputl_Bpdv [GND Clamp Reference] 0 0 a
o @ opul 5 [Pullup Reference] 3.30 3.00 3.60
5 @ o5 [Pulldown Reference] 0 0 0
- @ 15
[Power clamp]
| Voltage I(typ) I(min) I (max)
-30.000000 4.833325E+00 3.335585E+00  6.685798E+00
-29.393940 4.538282E+00 3.091046E+00  6.329363E+00
-28.787880 4.243626E+00 2.84707BE+00 5.973211E+00
-28.1816820 3.949410E+00 2.603773E+00  S5.617377E+00
-27.575760 3.655692E+00 2.361246E+00  5.261896E+00
-26.969700  3.362550E+00  2.119643E+00  4.906815E+00
-26.363640  3.070076E+00  1.879163E+00  4.552188E+00
-25.757580 2.778390E+00  1.640070E+00  4.198083E+00
-25.151520 2.487648E+00 1.402742E+00  3.844581E+00
-24.545450 2.198056E+00  1.167739E+00  3.491789E+00
-23.939390 1.909901E+00 9.359384E-01  3.139843E+00
-23.333330  1.623593E+00  7.08846BE-01  2.788922E+00
-22.727270 1.339755E+00  4.893659E-01  2.439272E+00
-22.121210 1.059397E+00 2.841870E-01  2.091245E+00
l -21.515150 7.843325E-01 1.122111E-01  1.745360E+00 e
< >
[ prysical ... [ Coiectview adm255te_soic |

and loads. The results of both simula-

10. Sample representation of an I/O buffer model using Cadence Model

tions will be superimposed to verify if
the generated model matches the be-
havior of the schematic-based results.

In another article, a use case on generat-
ing IBIS models will be presented using

open-source software.

Why IBIS Models are Essential for
Your Simulation

IBIS models are widely supported by
most EDA vendors. They’re easy to use
and come in smaller sizes, thus provid-
ing faster simulation time. They don't
contain proprietary process and circuit
information, which enables most semi-
conductor vendors to readily provide
IBIS models to their customers. And the
models present all of these advantages
while accurately modeling the device’s
1/O behaviors.

IBIS models enable designers to fore-
| see and address signal-integrity issues

before proceeding to board prototyping

or fabrication. Doing this puts them in
a good position to shorten their board
development cycles and, in turn, help
speed up their time-to-market.

2 Simply put, customers use IBIS mod-

Integrity.
2 Model Integrity - [adm2561e_soic] - =] X
i File Edit Search View Tools Window Help cadence -7 %
iBDEEE 8¢ ie iARAD W B8 e
= =
© B X), adm256Te_soic I =
@ aom256le I Model : iol_3p3v
® 2 adm256le |
@ O nput!_Tpv R
@ @Y input1_2p5v [Model ] iol 3p3v
@ rpu1 ® Model_type i/o
@Y w1 5 ¢
& @Y input2_tpdv Vinl=0.99
& @Y npu2_psv Vinh=2.31
5 O iou2 3 Vraf=1.65
o @ rpu2 5v Rref=54
% @ input3_1p8v Cref=100p
& @] inputd_2p5v Vmeas=1.65
B @ input3_3p3v | variable typ min max
) @Y noutd sv C_comp 2.884505e-11 2.864773s-11 3.704523s-11
@ @Y inpud_p3r
@ @ inputd_Sv [Temperature Range] 25 -40 105
& @ output1_Tpsy [Voltage Range] 3.30 3.00 3.60
- @] odpt1_25v [Power Clamp Reference] 3.30 3.00 3.60
5 B o] [GND Clamp Reference] a 1] 0
i @ ool S [Pullup Reference] 3.30 3.00 3.60
5 @ ol kv [Pulldown Reference] 0 0 a
= @ o1 5 I
[Power clamp]
| Voltage I(typ) I(min) I (max)
-30.000000 4.833325E+00  3.335585E+00  6.68579BE+00
-29.393940 4.538282E+00 3.091046E+00  6.329363E+00
-28.787880 4.243626E+00 2.847078E+00  5.973211E+00
-28.181820 3.949410E+00 2.603773E+00 5.617377E+00
-27.575760 3.655692E+00 2.361246E+00 5.261896E+00
-26.969700  3.362550E+00  2.119643E+00  4.906815E+00
-26.363640 3.070076E+00 1.879163E+00 4.552188E+00
-25.757560  2.778390E+00  1.640070E+00  4.198083E+00
-25.151520  2.4B764BE+00  1.402742E+00  3.844581E+00
-24.545450 2.198056E+00 1.167739E+00  3.491789E+00
-23.939390 1.909901E+00 9.359364E-01 3.139843E+00
-23.333330 1.623593E+00 7.088468E-01  2.7B88922E+00
-22.727270  1.339755E+00  4.893659E-01  2.439272E+00
-22.121210  1.059397E+00  2.841B70E-01  2.091245E+00
J -21 S1516M 7 R433VEF-N1 1 122111F-N1 1 7483ANF+NN
< >
1 Prysica ... [I8 Coiect e ) adn256le_soic |
—’_“ Results of the most recent parse: A
- IBISCHEG Ve.1.2
Checking C:\Users:
ERROR (line 6625) - Invalid Model_type ("ise") (try "I/0")
Errors : 1
File Failed "
<
'\ Parse Messages  LogFie ), FndinFies |
Ready Eit Line: 6625 Col: 15

els because utilizing them in their simu-

11. Parser test of a failed IBIS model using Cadence Model Integrity.

lations helps save not just cost, but also
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time in designing, debugging, and generating revenue from
their board designs.

A collection of IBIS simulation models for Analog
Devices’ products can be found here.

Jermaine Lim joined Analog Devices in October 2014 as a
product applications engineer. Since then, her contribution to
ADI has focused on developing IBIS models for various ADI
products. Jermaine received her bachelors degree in electron-
ics engineering from Pamantasan ng Lungsod ng Maynila.

Keith Francisco-Tapan joined Analog Devices in March
2012 as an analog design engineer. She initially worked on

tion engineer. She gained her bachelors degree in electronics
engineering from Mindanao State University-Iligan Institute
of Technology.
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Quality Description
Level
Level 0 Passes the Golden Parser (ibischk)
Level 1 Complete and correct as defined in checklist
documentation
Level 2a Correlation with simulation
Level 2b Correlation with measurement
[ Model Integrity - [adm2561e_soic] o =] X
il2) File Edit Search View Tooks Window Help cadence -8 %
((ADSHE@ &¢ io W W L 5 e Qs
=] x]
=] ﬂii 2dm256 Te_soic | = i’
@5 aon25hle I Model: iol 3p3wv
@£ adn256le I
@ input1_Tp8v.
& :g it [Model]  iol_3p3v
& @Y nput v Model_type I1/0
& @Y nout Sv |
- @2 input2_Tp8v Vinl=0.99
ER-4 perypes Vinh=2.31
- @Y nput2_%p3v Vref=1.65
- @8 npu2_5v Rref=54
& O noud_ipdy Cref=100p
- @Y npu3 2p5v Vmeas=1.65
- @Y roud v | variable typ min max
@ @8 input3Sv C_comp 2.884505e-11 2.864773e-11 3.704523e-11
- G inputd_3p3v
- @ npud 5v [Temperature Range] ) -40 105
-8 output1_Ipdy [Voltage Range] 3.30 3.00 3.60
@ @ ouputl 25 [Power Clamp Reference] 3.30 3.00 3.60
&S otputl P [GND Clamp Reference] 0 0 1]
5 O ovputl v [Pullup Reference] 3.30 3.00 3.60
o @ 1% [Pulldown Reference] 0 0 0
@Y o1 5 I
[Power clamp]
| Voltage I(typ) I(min) I(max)
-30.000000 4.833325E+00 3.335585E+00 6.685798E+00
-29.393940 4.538282E+00 3.091046E+00  6.329363E+00
-28.787880  4.243626E+00 2.847078E+00  5.973211E+00
-28.181820 3.949410E+00 2.603773E+00 5.617377E+00
-27.575760 3.655692E+00 2.361246E+00 5.261896E+00
-26.969700 3.362550E+00 2.119643E+00 4.906815E+00
-26.363640 3.070076E+00 1.879163E+00 4.552188E+00
-25.757560  2.778390E+00 1.640070E+00  4.19B083E+00
=-25.151520 2.487648E+00 1.402742E+00 3.844581E+00
-24.545450 2.198056E+00 1.167739E+00 3.491789E+00
-23.939390 1.909901E+00 9.359384E-01 3.139843E+00
-23.333330 1.623593E+00 7.088468E-01  2.788922E+00
-22.727270 1.339755E+00 4.893659E-01  2.439272E+00
-22.121210 1.059397E+00 2.8416870E-01 2.091245E+00
J¢-71 515150 7 R43325F=-N1 1 122111F=-N1 1 7453ANF+NN > L
[ Physical ... [ Osiectview 1 adm2561e_soic |
f’ Results of the most recent parse:
- IBISCHK6 V6.1.2
Checking C:\Users“\
Errors : 0
File Passed
< >
4 14115 |31\ Parse Messages f LogFik  Findin Fies ]
Rug Bt Line: 6613 Cok: 44

12. Parser test of a passed IBIS model using Cadence Model Integrity.

05" LEARN MORE @ electronicdesign.com | 9


https://www.analog.com/en/design-center/simulation-models/ibis-models.html
https://www.analog.com/media/en/technical-documentation/application-notes/AN-715.pdf
https://www.analog.com/media/en/technical-documentation/application-notes/AN-715.pdf
https://www.analog.com/media/en/technical-documentation/application-notes/AN-715.pdf
https://ibis.org/cookbook/
https://ibis.org/ver7.0/
https://www.springer.com/gp/book/9780387241593
https://www.springer.com/gp/book/9780387241593
https://www.springer.com/gp/book/9780387241593
http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF

