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IBIS MODEL OUTPUT IMPEDANCE CORRECTION APPROACH USING
CCCS

With the CMOS technology size scaling aggressively and the transmitter (TX) output
resistance becoming smaller and smaller, it becomes necessary to have a good impedance
correlation between TX and receiver (RX). The mismatch between the impedances can
cause a noise and a response which will dramatically decrease the efficiency of the circuit.
Nowadays, those mismatches are being tested using IBIS (Input/output Buffer Information
Specification) models owing to low cost and testing speed.

A method is proposed to use a current-controlled current source (CCCS) which will
decrease the mismatch and make it less than 1%. The proposed method can be implemented
for all types of TX drivers and IBIS models.

Keywords: transmitter, receiver, impedance mismatch, CCCS, IBIS.

Introduction. In all times of IC manufacturing, the speed of getting your
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 do the testing.
The main simulator which every manufacturer uses 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 IBIS models, the testing
time has decreased dramatically [1]. 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 wouldn’t 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. IBIS-AMI models run in a special-purpose SerDes
channel simulator, not in a SPICE-like simulator and consist of two text files (*.ibs
and *.ami) plus a platform-specific machine code executable file (*.dll on
Windows, *.so0 on Linux). IBIS-AMI support statistical and so-called time-domain
channel simulations, and three types of IC model ("impulse-only," "GetWave-
only," and "dual mode"). Nowadays the standard IBIS model has a wider usage
than the IBIS-AMI model. The standard IBIS model includes 16 simulations for
each PVT corner which can be seen in Fig. 1. The simulation can be divided into
four groups, which are Iv (current vs. voltage), Vt (voltage vs. time), If (current vs.
frequency) and It (current vs. time).
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Fig. 1. Simulations needed for IBIS generation

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
VDDQ/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 values. 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 (1p
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. The testbenches for the
Vt(It) can be seen in Fig. 2 and Iv tables can be seen in Fig. 3.
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Fig. 2. Testbenches for gnd and _sup Vt(It) simulations
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Fig. 3. Testbenches for Iv simulations

In case of the ISSO_PU simulation, the driver is in a high state, Vtable 2
and Vtable 3 have DC values and the Vtable 1 sweeps form —VDDQ to VDDQ. In
case of ISSO_PD simulation the driver is in a low state, Vtable 1 and Vtable 3
have DC values and the Vtable 2 sweeps form —VDDQ to VDDQ. In case of
pullup(pulldown) simulation the driver is in a high(low) state, Vtable 1 and
Vtable 2 have DC values and the Vtable 1 sweeps form —VDDQ to 2*VDDQ.
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The impedance mismatch impact on the output signal. To present the
impedance mismatch impact on the output signal, two cases are considered:
Case 1: 60 Ohms output impedance with 60 Ohms termination.

Case 2: 60 Ohms output impedance with 120 Ohms termination.

The testbenches to show the difference are shown in Fig. 4.
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Fig. 4. Testbenches used for showing the impedance mismatch

In the first case, the output impedance of the driver is equal to the RTT
impedance which represents the input resistance of RX, so there should be no
signal return and noises. But due to impedance mismatch in the second testbench,
there will be noise and signal return [2]. To see the difference, the same full swing
input signal has been given to both inputs. To see the mismatch, the eye diagram
and Vt waveforms should be looked at. The waveforms are shown in Fig. 5. The
red waveform in Fig. 5 represents the case for the 60 Ohms RTT resistance and the
blue one represents the case with the 120 Ohms RTT resistance. The results show
that when we use equal resistances, we don’t get any reflection on the output. But
for the 120 Ohms case, there is reflection on the output signal, and the settling time
becomes longer [3].
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Fig. 5. a) Vt waveforms for both cases b)EYE diagrams for both cases
88



The proposed solution and simulation results. Fig. 5 shows the importance
of impedance mismatch. So, it is proposed to have an impedance correction approach
that will give better impedance match. The approach is to add 2 current-controlled
current sources to control the output impedance of the driver. The approach has
been applied for the raw driver [4], but as the IBIS model has become the main
way to represent and test the driver, we must have the same approach for IBIS
models. The approach is to add the CCCS in the IBIS generating process to have
our desired impedance value. The main difficulty is to find the correct ratio by
which the output current will be controlled. An automation script which finds the
correct ratio and puts the correct ratio values in the testbenches has been created.
The CCCS values are controlled separately to have an ability to have 2 different
values between pullup and pulldown impedances. The simplified model of the
testbenches used in the IBIS generation is presented in Fig. 6. CCCS_PU is
responsible for adjusting the PU resistance, whereas the CCCS_PD is responsible
for PD resistance. In this paper, an ideal CCCS is being used. To control the CCCS
we need to have a voltage source (VSOURCE) connected to the PAD to be able to
calculate the current on the PAD. And after having the controlling current, which is
the PAD current, the ratio of CCCS is adjusted. To be able not to turn on both
CCCSs at the same time, the designer must put max=0 in the testbench, where the
CCCS is called. Putting max=0 helps with that, because the current flowing
towards PAD is always positive and the current coming from the PAD is negative.

‘ Rpu
| Netlist_ @ =
PAD

Rpd

Fig. 6. A simplified model of the testbenches

3 IBIS models have been created. The first model is a standard model which
has a 40 Ohms output impedance for all three PVT corners (TT FF SS) [5].

For the second model, it has been decided to have +10% impedance for the
SS case and -10% impedance for the FF case using a calibration circuit. The third
model should have the same impedance requirements as the second model, but it

should use the proposed method [6]. The results are summarized in Table 1.
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Table 1

Summary table
IBIS SPICE
PVT | Rpu (Ohms) | Rpd (Ohms) | Rpu (Ohms) | Rpd (Ohms)
First model TT 59.123 59.324 59.11179 59.29795
FF 59.637 59.6139 59.62123 59.60889
SS 58.4066 57.4424 58.3967 57.45891
Second model | TT 59.123 59.324 59.11179 59.29795
FF 53426 54.0123 53.42699 54.0101
SS 66.5673 66.2606 66.52813 66.2663
Third model | TT 59.123 59,.324 59.11179 59.29795
FF 54.0102 54,0076 54 54
SS 66.0184 659972 66 66

Table 2 shows the difference between IBIS vs nominal, SPICE vs nominal
and SPICE vs IBIS [7].

Table 2
Summary table
IBIS DIFF SPICE DIFF IBIS vs SPICE Diff
pyT | RpuDIFF | Rpd DIFF | Rpu DIFF |Rpd DIFF | Rpu DIFF | Rpd DIFF
(%) (%) (%) (%) (%) (%)
TT 1.46 1.12 1.48 1.17 0.0189 0.0439
First model | FF 0.605 0.64 0.631 0.651 0.026 0.008
SS 2.655 426 2.672 4235 0.016 0.028
TT 1.46 1.12 1.48 1.17 0.0189 0.0439
Second
model FF 10.956 9.979 10.955 9.831 0.0018 0.004
SS 10.945 10.434 10.88 10.443 0.0588 0.0086
TT 1.46 1.12 1.48 1.17 0.0189 0.0439
Third model | FF 9.983 9.987 10 10 0.0188 0.014
SS 10.03 9.99 10 10 0.0278 0.0042

IBIS DIFF column shows the difference between IBIS impedance and the
nominal impedance which, in this paper, is 60 Ohms. The SPICE DIFF column
shows the difference between SPICE impedance and the nominal impedance. The
IBIS vs SPICE DIFF column shows the difference between SPICE and IBIS.

Conclusion. A new approach to correct the output impedance of the IBIS
model has been proposed and designed using SAED 14 nm FinFet technology [8]
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and with the usage of Galaxy Custom Designer tool [9]. The phenomena of
impedance mismatch have been examined on the driver. The standard methods for
impedance mismatch correction don’t give good correlation between impedances.
With the new approach, the designer can have the desired output impedance for the
driver. The approach has been used in IBIS generation which gives an opportunity
to have an IBIS model which can be used to test the newly corrected driver in top
simulations and save crucial time and resources.
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2.9.9UruLsuy

IBIS UNQGLE GLRUSHL HhUUNNRR3UL TSUUUL UNSE3NRU 24zU-b
oasSuaNrouuuUr

TUNY mkhuninghwibph swthtpp, wgpiuhynpkt dwusnwpwdnpdwi b hwnnpnpsh
Epuyht phdwnpnipjut thnppugdwt ywwnmdwnny, yuwhwienid ki nibkiiw nphdwnpnipini-
ulkph (] hwdlwywnwupiwitkgnid hwunnpnhs b pugniithy hwiugnygutph dhel: Thuwnnpni-
pintuttinh nmwuppbpnipiniip upnn E qyuntw) wndniyh b wqnupwbh JEkpugupdh gquwn-
Swin, npp suhwqug Jthnppuguh onpuh wpynibwybnnieniup: Lkipjuynudu wyn muppk-
poupnLtlitpp phunu]npdoud Ba' oquiugnpstyn] UUbU (Ununp/kp Ypljihsh hupnpuwghugh
uyighdhughw) dnnkukp, nph wwndwnubpp ghtp b phunwynpdwb wpugnipniab G

Unwownlynid t hnuwtpny jurwjupynn hnuwtiph wnpnipp (242U0) oquiwugnps-
dwib dbkpnn, npp Yujuqbtguh yEpnhhojuy withwdwwywwnwuhiwinipemniin b wyt Ynwupduh
1%-hg wwlwu: Unwowplynn dbpnnp Yupnn bt oquuugnpdyt] jnipupwiymip nbkuwlh
hwnnpnhy hwugnygutiph b UYPU dnpbkjubkph nhypnud:

Unwigpuyhli punkp. hunnpnhs, pugniuhs, nhdwunpoipiniiuiph wthwdwwywnwu-
hiwtinipeynit, 242U, U4PU:

A.B. BAPJAHSH

nHoAXO0A K KOPPEKIIMM BbBIXO/JHOI'O UMIIEJAHCA MOJEJIN
CHHEHU®PUKALIMU THOOPMAIINU O BY®EPE BBOJIA/BBIBOJIA C
HNCIIOJIb30BAHUEM UCTOYHUKA TOKA C PEI'YJIUPYEMbBIM
TOKOM

ITockonpky pazmep KMOII TexHOJIOTHH arpecCHBHO YMEHBIIAETCS, a BBIXOTHOE
conpoTtuBiieHre niepenaTanka (TX) CTAHOBUTCS BCe MEHBIIIE W MEHBIIE, BO3HUKAET HEOO-
XOJMMOCTh UMETh XOPOIIYI0 Koppelsuio umnenanca mMexay TX u mpuemHuKoM (RX).
HecooTBercTBHE MEXTy MMIIEIaHCAMH MOXKET BBI3BATh IIYM M PEAKIIHIO, KOTOPHIE Pe3KO
CHIXAIOT 3(QEKTUBHOCTh CXeMBbl. B HacTosiee BpeMsi 3TH HECOOTBETCTBHS IIPOBEPSIOTCS
¢ ucnonezoBanreM mozeneit CUBB (cnemmduxanus napopmaryu o Oydepe BBoaa/BHIBOAR)
13-32 HU3KOW CTOMMOCTH ¥ CKOPOCTH TECTHPOBAHUSI.

Ipennaraercs METOM HUCIOIB30BAHUS UCTOYHMKA TOKa C peryiaupyeMsiM TokoMm (MTPT),
KOTOPBIN MMO3BOJIIET YMEHBIIUTH PaccoriiacoBaHue U caeiath ero meHee 1%. IIpemnarae-
MBIN METOJ] MOKET OBITh PeaTu30BaH /sl BceX THUIOB ApaiiBepoB TX u moxeneit CUBB.

Kniouegvle cnosa: niepenaTymik, MPUEMHUK, HECOOTBETCTBHE MIMIIETAHCOB, HCTOYHHK
TOKa C PEeryJIMpyeMbIM TOKOM, crienudukanus nadopmanuu o 6ydepe BBo1a/BHIBOIA.
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