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IBIS MODEL ACCURACY IMPROVEMENT USING VARIABLE STEP

In all times of integrated circuits (IC) manufacturing, the speed of getting the
product on the market has been the main problem for all manufacturers. The main reason
for late products has always been the speed of the tools that carry out the testing. The main
simulator used by every manufacturer is the SPICE simulator, but with the SPICE simulator
it can take up to months to simulate the whole TXRX macro. But since the 1990s with the
introduction of the I/O Buffer Information Specification (IBIS) models, the testing time has
decreased dramatically.

A method is proposed to generate IBIS models with a variable step, that will help to
increase the accuracy of the IBIS model during signal integrity (SI) simulations and will
correlate with SPICE simulations better. The proposed method can be implemented for all
types of TX drivers and IBIS models.

Keywords: transmitter, signal integrity, variable step, accuracy, IBIS.

Introduction. From the start of integrated circuit (IC) design, SPICE simulation
has always been used in areas such as IC design to simulate the design because of
its high level of accuracy. However, at the system level, the SPICE simulation has
a few cons for the user and the device manufacturer. SPICE simulations could only
model a circuit at the transistor level, so the simulator should have exact information
about the circuit and PVT parameters. Many IC vendors consider this type of
information unacceptable and avoid making their models available to the public.
Even though SPICE simulations are very accurate, simulation speeds are very slow
for transient simulation analysis, which is often used when assessing signal
integrity performance. Also, not all SPICE simulators are fully compatible. Default
simulator options may also differ with different SPICE simulators. Because some
very essential options control accuracy, convergence, and algorithm type, any
inconsistency in options may produce poor correlation in simulation results between
different simulators. As SPICE variants exist, models are often incompatible between
simulators so they should be extracted for a specific simulator. Another choice for
SPICE simulation is I/O Buffer Information Specification (IBIS) [1]. Intel initially
developed IBIS to give customers access to accurate I/O buffer models without
risking their intellectual property. The core of the IBIS model consists of Vt, It, Iv,
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and capacitance tables. At first, the IBIS models included only 2 types of tables:
current vs. voltage (Iv) and voltage vs. time (Vt). But because IBIS models were
just models for TX, they would not give the same result as the SPICE simulation.
That is why the standard of the IBIS models has changed since then. During the
development of the IBIS model, developers created a new type of IBIS model
called IBIS-AMI [1].

The If simulations are used for calculating the capacitance value on the
output and the power rails. The clamp simulation is used for characterizing the
ESD diodes on the output. Then the characterization tool uses the DEC algorithm
to get power and ground clamp values. The pullup and pulldown simulations are
used for calculating the impedance of pullup (PU) and pulldown (PD) segments
respectively. The resistance is calculated on the termination voltage, which is
VDDQY/2 for most cases. ISSO PU and ISSO_PD simulations are used to calculate
the noise coming from the power and ground rails. The Vt waveforms are used to
see the transition speed, the VOH an VOL wvalues. The rise/fall gnd and
rise/fall_sup differ from each other by the 50 Ohms termination resistance (for _sup
simulation, the resistance is connected to the VDDQ and for _gnd simulation, it is
connected to the ground). For these simulations, the input signal is ideal (1 ps
transition time) as per IBIS standard. The testbenches for It and Vt simulations are
the same except for the probe values. The impedance of the IBIS models can be
calculated from the pullup(pulldown) and Vt simulations [2]. Three-state output
buffer consists of pull up/down characteristics, ESD structure and package
parameters (Fig. 1).
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Fig. 1. Three-State Output Buffer

In case of the ISSO PU simulation, the driver is in a high state, the
voltage source of the VDD sweeps form —VDDQ to VDDQ. In case of ISSO PD
simulation the driver is in a low state and the voltage source of the VDD sweeps
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form —VDDQ to VDDQ. In case of pullup/pulldown simulation the driver is in a
high/low state, voltage source of the VDD and voltage source of the VSS have
DC values and the Vtable 1 sweeps form —VDDQ to 2*VDDQ. The GND and
power clamp data need to be subtracted from the pull-up and pull-down data.
Otherwise, the simulator takes this into account twice. The ramp rate (dV/dt)
describes the transition time when the output is switching from the current logic
state to another logic state. It is measured at the 20% and 80% points with a default
resistive load of 50 Ohm. The falling and rising waveforms show the time it takes
the device to go from a high to low and from a low to high when driving a resistive
load connected to ground and VDD. For a standard push/pull CMOS, four different
waveforms can be generated: two rising and two falling (Fig. 2). In each case, one
is with the load connected to VDD and the other with the load connected to GND.

In 2 3n an 0 In n 3n an
12(lin) 12

Rising with load connected . Falling with load connected

to VDD to VDD
B Rising with load connected . Falling with load connected
" to GND Y to VDD

In bl 3n dn 0 In n 3n 4

Fig. 2. V-T waveforms of IBIS model with both terminations

Currently used IBIS models and their restrictions. There are types of IBIS
models that are currently being used. The first one is called clipped IBIS model
which contains all Iv and If tables but contain only the edge part of the Vt and It
tables [3]. The Vt and It tables have 1 ps step which gives better accuracy for
edges. But for higher frequencies it is not good to use clipped model, as it may not
include correct VOH and VOL as well as overshoot and undershoot [4]. This may
cause to a bad correlation with SPICE simulations on high frequencies. That is why
non_clipped IBIS models are used to exclude those mismatches. But with
non_clipped models, the edge of Vt and It waveforms have 10 ps step due to table
data point restriction. The restriction states that IBIS model table should not
contain more than 999 data points, or the ibischk6 parser will find errors in the
IBIS model, and the simulator that will be used for IBIS simulations will not parse
the data correctly [5]. To show the comparison of correlations between 10 ps step

IBIS vs SPICE and 1 ps IBIS vs SPICE simulations have been done (Fig. 3).
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Fig. 3. Simulation results with 10ps, Ips IBIS models and the SPICE

The proposed solution and simulation results. To exclude the restrictions
that clipped and non_clipped models have, it is proposed to have an IBIS model
with a variable step, where the edge of the Vt and It waveforms have 1 ps step
size and the DC portions of the waveforms have variable steps. This way the
edge will be most accurate, and there will be no loses as in clipped model. This
approach will give an opportunity to have better correlation with SPICE. To
achieve that, automation script has been developed which separates the edge part
from the DC part and generates the IBIS tables with separate steps by considering
that the combined data points should not exceed 999 data points. The start and
end points of the edge are given by the user. The user should open the Vt and It
raw SPICE data, check the start and end points of the edge and manually put
those values in the automation script [6].
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Fig. 4. Transition and DC regions of the Vt and It waveforms
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Fig. 4 shows the transition and DC regions of the Vt and It waveforms.
During the variable step IBIS model generation, the user should take into
account the transition time start and end point of all PVT corners. As the IBIS
model includes tables for 3 PVT corners the end point should be the value of the
furthest end point between PVT corners. Generally, it is the value of the SS
corner because the edge of the SS corner is the slowest [7]. This approach can
also be used to exclude overclocking issues during high frequency simulations
[8]. The Table below shows the results of 3 IBIS models (10 ps step,1 ps step
and variables step) and the SPICE simulations.

Table
Summary table
Crosspoint (mV) | EYE height (mV) | EYE width (ps)
SPICE 128 283 313
1 ps IBIS model 133 283 312
10 ps IBIS model 135 283 311
Variable step IBIS model 129 283 313

Simulations results of the Table above are taken from the EYE diagram (Fig. 5).
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Fig. 5. EYE diagram

Conclusion. A new approach to increase the accuracy of the IBIS model has
been proposed and designed using the Galaxy Custom Designer tool [9]. The two
types of the IBIS models have been discussed and pointed out the limitations of
those models. The new approach gives an opportunity to have an IBIS model that
correlates with SPICE better than the other two models, exclude the overclocking
issues for high frequency IBIS models. To exclude human error while generating
the variable step IBIS model, automation script has been developed.
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U.U. 1.NhYUUSUYL, 2.9, YUMYULBUL, E.S. MUMBUYL, E.B. WUrUAES3UL,
L. U2USr8UL

ONONUTUL LUSLE OQSUGNOUUULR UNPSL/GLL UfGLh2bh
SENBUUSYNRE8UL UNTMELD LKCSNRESUL LUYUMUNRUL

buunbgpuy upubiwibph wpnumpmpyul’ popnp dudwiuibpnud wpnunpuibpp sndjw goipu
phpbnt wpwgmipinibip Enky E popnp wpununpnnubph hhdwljwt jpanhpp: Uypubpubph nipwg-
dwl hhdtwljut yuwndwnp dhon bk k hnpdwpynud juwnwpnn gnpshpubph wpuqugnpdnip-
Jul nibwynipeniip: Zhdbwlu uhunyjunnpp, npt oquawgnpénid b jnipupwiginip wpwnwnpnn,
SPICE udwbwluwt gnpshpt b, npnyd thnpdwplynudp Jupnn b wbb) dhiph wdhutbp wdpnne
hwnnpnhs/punmithy hwignygh dnphjwynpdwt phuypnud: Uwluygh 1990-wljubiibphg uljuws,
Ununp/tip Ypluhsh mbnkjunynipjut (UBYS) dnpkjukph tkpppuudp, phunuynpiwi dwdw-
twlp Yupny tjughy b

Unwguplym k thnhnjuwljwb pugn] UBYS ungljubp unbnstym dkpnn, npp Yogquih' pupd-
pugulint UBYS dnpkjh £ogpuinipiniip wqpuipwih wdpnnouwintipjut dnphjwdnpdut dw-
Uwtwy b wdkih juy Yuwulgh SPICE upunijjughwutph htwn: Unwewplynn dbkpnnp Jupnn &
Yhpwnyk] pninp mbuwljh hwinnpnhs hwignygubtph & UGYS dnpkjubph nkypnud:

Unwhgpuyhll puunkp. hwnnpnhs, wqnuipwih wdpnnowlwinipnil, hnthnjuwlwb puy),
Lounnipinil, UGUS:
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C.A.I'YKACSIH, A.B. BAPJIAHSH, D.T. ITAIISIH, 2.E. KAPAIIETSH,
P.H. XAYATPsAH

HOBBIINEHUE TOYHOCTHU MOJIEJIU CIIEHU®PUKALINN
NHOOPMAIIUU O BY®EPE BBOJIA/BBIBOJIA C IIOMOIIbBIO
INEPEMEHHOI'O ITAT A

Bo Bce BpeMeHa mpou3BOJICTBA MUKPOCXEM CKOPOCTh BBIBOJIA MPOAYKTAa HA PHIHOK
OblTa rIIaBHOM NPpOOJIeMOit [uIsl Bcex npou3BoauTeseil. OCHOBHOM MPUYMHOMN MO3IHErO BbI-
ITyCKa MPOAYKTOB BCeraa OblIa CKOPOCTh MHCTPYMEHTOB, BBHINIOJHSIOIMIMX TECTHPOBAHHUE.
OCHOBHBIM CUMYJISITOPOM, KOTOPBIA HCIIONB3YET KKl NPOU3BOAUTEND, siBisieTcst SPICE,
HO C €ro NoMolpl0 MozeaupoBaHue Bcero makpoca TXRX MOXET 3aHATH HECKOJBKO
mecsieB. Hauunas ¢ 1990-x To10B, ¢ MOSsIBIICHHEM Mojeiei cnenudukaui nHbOopManun
o 0ydepe BBona/BeiBoga (CUBB), Bpems TecTupoBaHust pe3KO COKPATHIOCH.

IIpennaraercs meron rerepamuu mozeneir CUBB ¢ mepeMeHHBIM I1arom, KOTOPBIHA
MTO3BOJIUT TOBBICHTH TOYHOCTH Monmenn CHBB Bo BpeMmsi MomenwpoBaHUS LEIOCTHOCTH
curHaiia u Oyzper xiyume koppemupoBaTh ¢ mozpenupoBanueMm SPICE. IlpenmosxeHHBIIH
METOJI MOXKET OBITh pealIn30BaH Ul BCEX THIOB JpaiiBepoB u moxeneii CUBB.

Kniouegvle cnosa: nepenaTuik, NEIOCTHOCTh CUTHAJIA, TIEPEMEHHBIN 1IAT, TOYHOCTS,
CUEBB.
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