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IBIS-AMI Fundamental Assumptions

« Millions of bits of behavior are needed to adequately
characterize serial links

« SERDES transmitters / receivers can be modeled
as a combination of analog & algorithmic elements

— TX output driver and RX termination network can be
considered linear and time-invariant (LTI)

— TX/RX equalization and clock recovery behavior can be
modeled at the algorithmic level

e Serial channels can be characterized using
S Parameter data and/or other passive interconnect
models
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IBIS-AMI Serial Channel

Analog Channel h,(t)

Passive Channel h(t)
‘ RXEQ/
i Sysem > ove
(Algorithmic) Package Interconnect Package EQCC_J\:]GI‘_y
t
hrx(®) U i

High-Z Connection

Passive Channel includes interconnect only
Analog Channel includes TX driver & RX termination network

End-End Channel includes everything

n SiSoff
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.. Passive Channel — h(t)
802
0 I:\]OJ .
Jg 0 Passive Channel h(t)
0 ;.5 - ™ System RX |
0 ﬁi Package Interconnect Package
» Pad-pad passive interconnect (including TX/RX packages)

e Can be modeled using any method the simulator supports
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~ Analog Channel — h,(t)

X
(Analo:

Analog Channel h,(t)

Passive Channel h(t)

X

Package

System
Interconnect

RX
Package

RX

(Analo

* IBIS-AMI Analog models for TX driver & RX termination network

* Network Characterization uses Analog models & circuit analysis
techniques to determine impulse response

* Analysis can be performed using any method the simulator

supports
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IBIS-AMI| End-End Channel

Analog Channel h,(t)

RXEQ/
Clock
Recovery

* Analog network is modeled as impulse response
o Channel Simulation uses IBIS-AMI Algorithmic models

* |BIS-AMI Reference Flow (IBIS 5.0 / Section 10 / Item 2.3)
defines simulation results

n SiSoff
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IBIS-AMI Models

An IBIS-AMI model has two parts:

Analog Model Algorithmic Model
Models unequalized analog * Models equalization and
device behavior clock recovery behavior
Included in IBIS component « Supplied as executable code
model (.IBS) files « Models can operate at two
Used to characterize analog different levels:
netWOI’k and denve |mpU|Se — |INIT: |mpu|se response
response processing
Analog [Model] points to AMI — GETWAVE: time-domain
[Algorithmic model] waveform processing
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IBIS-AMI Algorithmic Models

* Provided as binary code
— Fast, efficient execution
— Protects vendor IP
— Extensible modeling capability
— Allows models to be developed in multiple languages

e Standardized execution interface
— Defines .dll loading mechanism & call signature
— Defines data input/output formats

e Standardized control (.AMI) file
— Supplied as plain text file
— “Reserved parameters” section - model capabilities
— Model-specific parameters let users control the model

e SiSoft
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IBIS-AMI Algorithmic Models

Impulse Response Processing

A e X —>£5 = RX —>b§ ~
“INIT” “INIT”

. With TX, RX E
Analog Channel With TX EQ Q
Impulse Response

Waveform Processing

{ S - convolved { ‘ [ \ / \
with
Analog Channel Impulse Response Sl
Recovered
l Clock
M “GETWAVE” M “‘GETWAVE” M
Input Waveform With TX EQ With TX, RX EQ
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IBIS-AMI Simulation

IBIS-AMI analysis has two stages:

Network Characterization Channel Analysis

Uses the passive network and | | ¢ Uses impulse response to

IBIS analog models as input represent Analog Channel
Performs either time-domain e Links IBIS-AMI Algorithmic

or frequency-domain circuit models into simulator

analysis « Users may vary model-specific
Derives the impulse response settings

for the analog network e Statistical and/or Time-Domain
All analog effects considered analysis depending on simulator
are included in the impulse and model capabilities
response
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IBIS-AMI Terminology

° Bit stream b(t) 0010010110 ...
— Sum of delta functions N t N t 1 H !

e Datasymbolpt)y e o e
— Single bit width pulse Bit Time

e TXanalog characteristic hpy(t) *
— Rise/fall time

— Voltage swing _ I
. . Amplitude
— Drive impedance ><

— Capacitance

e TX*“Init” equalization hpg(t) * T
— Sum of weighted delta functions
» Coefficients & delays v v

« TX“Getwave” equalization ggs() *

. X
— Not considered LTI WH M _""’WH Il

— Waveform in, waveform out With TX EQ

* Similar terms exist for RX 8 . -
w SiSoft
11
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LTI Channel Math

 Channel impulse response
Nac(t) = hey(t) ® h(t) © hgy(t)

. Channel(gulse response
= hyx(t) @ h(t) @ hgy(t) ® p(t)

 Unequalized waveform @ RX pad
= hey(t) ® h(t) ® hey(t) @ p(t) @ b(t)

. Channel(gulse response with TX & RX “Init” E
= hyx(t) @ h(t) @ hgy(t) ® p(t) ® hrg(t) © hgg(t

e Waveform @ RX pad with TX “Init” E%
= hiy(t) ® h(t) @ hgy(t) ® p(t) ® b(t) ® hyg(t)

Waveform @ RX sampler with TX & RX “Init” EQ
= hrx(t) ® h(t) ® hey(D) ® p(H) ® b(t) ® hyg(t) ® heg(®)

e SiSoft
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Reference Flow

2.3 Reference system analysis flow

Zystem =simulations will commonly involwve both T and RX algorithmic
models, each of which may perform filtering in the AMI_Init call, the
AMI Getwave call, or both. 3Sinee both LTI and non-LTI behavior can he
modeled with algorithmic models, the manner in which models are
evaluated can affect simulation results. The following steps are
defined as the reference simulation flow. Other methods of calling
models and processing results way be employed, but the final simulation
waveforms are expected to match the waveforms produced by the reference
simulation flow.

The steps in this flow are chained, with the input to each step bheing
the output of the step that preceded it.

3tep 1. The =imulation platform obtains the impulse response for the
analog channel. This represents the cowbined impulse response
of the transmitter's analog output, the channel and the
receiver's analog front end. This impulse response represents
the transmitter's output characteristics without filtering, for
example, equalization.

Ftep 2. The output of Step 1 iz presented to the T model's AMI Init
call., If Use_Init Output for the TX model is set to True, the
impulse response returned by the TX ANI Init call is passed
onto Step 3. If T=ze Init_ Output for the TX model iz set to
False, the same impulse response passed into Step 2 is passed
on to step 3.

Step 3. The output of Step 2 is presented to the RX model's ANI Init
call. If Use Init_Output for the RX model is set to True, the
impulse response returned by the RX ANI Init call is passed
onto Step 4. If Use_Init_Output for the RE model is set to
False, the same impulse response passed into Step 3 is passed
on to step 4.

Step 4. The simulation platform takes the output of step 3 and conbines
[for example by convolution) the input hitstresm and a unit
pulse to produce an analog waveform.

Ftep 5. The output of =tep 4 i= presented to the TX model's AMI Getwawve
call, If the TX model doesz not include an ANI Getwave call,
this step is a pass-through step, and the input to step 5 is
passed directly to sStep 6.

IBIS AMI Terminology — DAC 2009 IBIS Summit — July 28, 2009 © 2009, SiSoft

IBIS 5.0 Spec, Section 10,
ltem 2.3

Lists model evaluation order
to define reference
simulation waveforms

Can be used with IBIS-AMI
toolkit to produce reference
waveforms

Other evaluation techniques
may be used as long as the
resulting waveforms are the
same

IH']. QiSoft



Use Init_Output

when both entry points are present

4 possible cases:

TX RX
Case Use Init_Output Use Init_Output
1 False False
2 False True
3 True False
4 (Default) True True

Controls linkage between Init() and Getwave() calls

The following slides consider cases where TX and RX

models implement both AMI_Init and AMI_Getwave —
other cases are simpler
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Case 1: TX = False, RX = False

Impulse response input to TX AMI_Init

— h, ()
Impulse response input to RX AMI_ Init
— he(t)

Impulse response after RX AMI_Init

— h, ()

Waveform input to TX AMI_Getwave
— P(t) ® b(t) ® hc(t)

Waveform input to RX AMI_Getwave
— Orec( P(H) ® b(t) ® h,c(1))

Waveform output from RX AMI_Getwave
— Orea( Grec( P(t) ® b(t) ® h,o(t) ))

IBIS AMI Terminology — DAC 2009 IBIS Summit — July 28, 2009 © 2009, SiSoft
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L. Case 2: TX = False, RX =True
3053

wUJ * Impulse response input to TX AMI_Init
%%D o hAC(t)

200, » Impulse response input to RX AMI_Init
90350 a hAC(t)

)l Impulse response after RX AMI_Init
8,00 = Nac(®) ® hrei(®)

j « Waveform input to TX AMI_Getwave
005, — Pp(0) ® b(t) ® hy (1) © hgg (D)

0300« Waveform input to RX AMI_Getwave

o003 ~ Grea( P ® b(t) ® hue(t) ® hee (1))
0, « Waveform output from RX AMI_Getwave
030" ~ Oreo( Grea( PD) ® b(D) ® hyc(t) ® heg(h)))
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Case 3: TX =True, RX = False

Impulse response input to TX AMI_Init
— he(t)

Impulse response input to RX AMI_ Init
— hyg(t) ® h, (D)

Impulse response after RX AMI_Init

o hTEI(J[) ® hAC(t)

Waveform input to TX AMI_Getwave

— Pp(t) ® b(t) ® hpc(t) @ heg(t)

Waveform input to RX AMI_Getwave
— Orec( P(D) ® b(t) ® hpe(t) @ hig(t) )

Waveform output from RX AMI_Getwave
— Orec( Irec( P() @ b(t) ® hyo(t) ® hig(t) ) )

IBIS AMI Terminology — DAC 2009 IBIS Summit — July 28, 2009 © 2009, SiSoft
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" Case 4: TX = True, RX = True

2@ 10U

00°°3

wUJ * Impulse response input to TX AMI_Init

o~ e | |
300, = Impulse response input to RX AMI_lInit
135& - hTE|(t) ® hAc(t)

il « Impulse response after RX AMI_Init

5,00 — hyg(®) ® hac(t) ® heg((d)

j « Waveform input to TX AMI_Getwave
00, — p() ® b(t) ® huc(t) ® hyg () ® hge(®)

0300« Waveform input to RX AMI_Getwave

o003 — Grea( P(N) ® b(D) ® hyc(t) ® hgy(t) @ heg(1))
15, = Waveform output from RX AMI_Getwave
J'jo; ' - gREG( gTEG( p(t) ® b(t) ® hAC(t) ® hTEI(t) ® hREI(t) ) )
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Observations

* In all cases, the best-case (least distorted) input to
TX AMI_GetWave is p(t) ® b(t) ® h,(t)

— Input bit stream and bit time boundaries are not recoverable,
makes modeling Dj and DCD nearly (if not completely)
Impossible

e In cases 2 and 4, the input to TX AMI_GetWave
Includes the RX AMI_Init equalization hgg (t)

— How could the writer of TX AMI_GetWave be expected to
write code that compensates for an unknown external
equalization function?

* The current “analog waveform” input to TX
AMI_Getwave doesn'’t really work

— SiSoft will address this is an upcoming BIRD
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Summary

Reviewed IBIS-AMI fundamental assumptions
* Introduced channel and model terminology

e Reviewed LTI channel math and IBIS-AMI reference
simulation results

e |dentified issue for future resolution

« Comments welcome and appreciated!
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