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Outline

What happened on IBIS (IBIS)J; 2)

3  Copyright © 2005, Cadence Design Systems Inc.



What happened on IBIS
- Spice Transistor Level Models (/A% A @B TR)

DSP B’r“t DSP
Blocks ocks Blocks

Fast PLLs —Iﬂ;zi
:

DPA - 8 x 3.125 Ghps
Channels ‘ Transceiver
Fost PLLs B2 .

DPA - 8 x 3.125 Ghps
Channels Transceiver

= =1 Channels
Fast PLLs T-‘ i ;

MRAM  Enhance
Block PLLs Block

Layout Extractions (IRiEFEMHIRED

-Very Complicated
-A lots of unusable stuff
-Too slow in the simulations
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What happened on IBIS
- Behavioral Models (474 A5 A AR AR )
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What happened on IBIS
- IBIS is behavioral Model (IBISE4T HZHazR)

IBIS model

~ s
| I VAl Voo
Ramp pull- POWER -
up —1 up clamp
ackage
nput [}— threshoid (or V-t) Y -V pacxas o
o T w\_r_.
3-state v T pin
enable [ control Ramp pull- GND E=
down — down clamp C_comp
(or Vi-t) -V RY, T
I l s sl GND
1

Block diagram of CMOS buffer

A basic IBIS model consists of:
four 1-V curves: - pullup & POWER clamp
- pulldown & GND clamp
two ramps: - dV/dt_rise
- dV/dt_fall
die capacitance: - C_comp
packaging: - RLC values

for each buffer on a chip
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What happened on IBIS
- The Original “Box”

18t PCI Chipset
(33 MHZz)

IBIS

«1st Pentium uP
(66 MHz)
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...and the “Box” did grow

18t PCI Chipset
(33 MHZz)

IBIS O

«1st Pentium uP
(66 MHz) PN

3.2 An increasing
41 amount of Complex
10 models are
O missing the box
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What happened on IBIS
- IBIS Model Vendors (IBISHIZI$2 (i3 )
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Top10 IBIS Model Vendors on Web
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What happened on IBIS
- IBIS in EDA Tools (IBISZTEEDA T E )

* Major EDA Simulators are supporting IBIS now

— Cadence
— Mentor oy
SPIGE Simulators @f&taking
IBIS now 1! ma"y
— Agilent maﬂ 9

and
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Outline

‘Why IBIS (IBIS{{jiF4b)
—Speed and Accuracy GHEJE AR E)
—Industrial Examples ( TOALH] 1)
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Why IBIS (IBIS[{/iFAb)
-Speed and Accuracy (RIS )

» Behavioral data in Spice simulators
l(pad) = Ipd(V(pad)-V(gnd))*Wd(t) + Icd(V(pad)-V(gnd_c))
+ Ipu(V(pad)-V(pwr))*Wu(t) + Icu(V(pad)-V(pwr_c))

=*Results are acc@i
“Much, much faspI&3lalilE} i

=20-1000 timesREE (={dNE
*|P Protected

___________

S S S S SN S

HSpice Transistor Model vs. IBIS Model
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Why IBIS (IBISHJ#F4b)
- Industrial Examples (T ML F) (133MHz)

100,90 MIL

1860.00 ML Top sub- Tile

Driver: IDT 79RC32438
Receiver: Micron MT46V16M8TG

=
&
=
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Q40000 mi
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Blue: Measured result Red: Simulated result
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Why IBIS (IBISHJ#F4b)
- Industrial Examples (LM ALHIF) (622Mbps)
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Why IBIS (IBISHJ#F4b)
- Industrial Examples (TMALHIF) (622Mbps)

sm!: (B DOUTPT 1) B DOUTPI I Pulse Typ Reflection

casel) - Fri Nov (04 18:21:01 2005
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Eye Height: 210mv Eye Height: about 240mv
Eye Width: 1.1ns Eye Width: about 1.15ns
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Outline

- Advanced IBIS Technologies (172 IBIST A )

—Complex-l0O Devices (& Z41/02844)
—Macromodeling is a solution (ZEHAIAE TR IT )

—Experiences and Industrial Examples (Z&5651 T4k
B
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Complex-lO Devices (& Z:/0%5/F)

Pre-emphasisTii /il /De-emphasis 2: il
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7S i i r=---—"""===777 b
I :I : 1 P
tl_“pult 1EQID,0 1000 " MNorkInverting » TX+ Pad 1000 1000
stimulus < ' | I ;
pattern |0111 01117 inverting » | TX-Pad 0111 0111
I
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stimulus < -
pattern | X

in concert

Picture from Michael Mirmak’s presentation in DesignCon East IBIS Summit 2004
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Complex-lO Devices (& Z:/0%5/F)

Self calibrating driver

(Calibrating Output Impedance only)
(For DDR2, when controller in a read cycle, the receiver is terminate )
(50 ohms. The resistor also requires to calibrate at run-time)

< d

Y E—

=y —

BQ

ADC

Note:
1)

Resistor (calibrated)

output

CMP
VREF

PMOS side is not being shown here.

External Ref Resistor
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input

Note:

Driver with Slew Rate Control

|
—E(
SC2_ R

SCZiR_| _| sc2£_|

For simplicity, NMOS and PMOS are used interchangeable.
Independent slew control for Rise and Fall.

output




What is

< T,
P ) |

MacroModeling and Why?

o i
K
S keyConclusions
M
Equation-based macromodeling of LVDS drivers
M % Flexible methodology
- no specific assumption on device internal structure (preserve IP)
- handle drivers with enhanced features (e.g., control ckts)
+ Accurate and efficient macromodel (5+10x speed-up)
et ,r_jw':l'fl Virer d\P’STVI-" A!r” ||rpemptat|ons
M /I_\‘ { ad,}..,.var‘nule also1 "_/75—;}7@ IBIS
umlmgua(\'fensmn
. . Methodology onl
(]
‘V o Prmg ulmrlxl:“r g]:mL\n Ive ' ] Ix I r
W Crowretetmers aetmtongy !
SPI12004  spi 2004 17 QPOUP
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Macromodel fro

m architecture templates

MEAF G AR L

PN St

* Most modern devices are based

on known DSP circuit
architectures

II

&Word
Aligner

Recovered .
ClocktoCore  [al* 54

Match template parameters to
Layout model to get an
accurate macromodel

Vit
Rt

Cramdl S O&t

GO

in

Macromodel template with parameters

Known circuit architecture
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Industry example- Altera Stratix GX

“Altera successfully
adapted the MacroModel
templates to produce fast
and accurate models of
our multi-gigabit
transceivers. Not only did
the resulting model
correlate well, it also
simulates between 20 to
400 times faster than its
transistor-level
counterpart. And the
model can be easily
adjusted to match the ,
behaviors of actual silicon ™" Fleprelessulobugtodids sl uedlue
measured in the lab.”

Correlation: MacroModel vs TransistorModel

“Overall, the templates were simple to work with and very valuable amidst the challenges
of multi-gigahertz design."
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Correlation - Altera Stratix GX

- 5Q signal explorer expert: tx_rx_example.top 1.0 Project: C:.. \TX_ Correlation |:||E||Z|
Eilz  “iew Edit Set  Analyze Hslp

TLIME]

TLIMEE
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1.00 MILg 7

Ready
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- Transistor Level Model (HSpice) . _
_ Spice Macromodel (Cadence DML) Transmitter output at factor=5
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Case Study: Agere Systems 4 Gbps SerDes

Behavioral SerDes Macromodel Example
LI

"|""I""|""I""|'"'I""|""|""|""I""|""I""
Given transistor simulation

output and macromodel
template, how many
iterations and how much

1000 |

000 F—

. . Behavioral SerDes Macromodel Example
3 time required to make an T T T T
- Inal Lorreiation ,
B — accurate model? 7 ‘
- .\ = 171 lteration
700 f—
600 —
500 f—

Transistor 9th Try (15 mins) 12th Try (30 mins)
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Cadence IBIS 4.1 Kit

IBIS 4.1 Kit

README

SN\ /S N\ V-
IBIS 4.1 IBIS 4.1 IBIS 4.1
MODELS SIMULATIONS TOOLS
For Simulators Templates
. SPICE * SerDes - Ibis2signoise
» HSpice « Gate Modulation « |bischk4
« Spectre * PCI Express 10 « SPICE manual

Non-ideal Power

Pass-thru Rx

Self-calibrating Tx

 DFE
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