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#1 AMI modeling barrier
Model Generation Time

AMI Modeling suppose to Speed-up System Design Cycle,
BUT, Model-generation takes Significant Time & Resources

+ 48,

....System Vendors have to wait a LONG
time before accurate AMI models become
available

|

Note: Vendors with NO experience in AMI modeling are spending 6-12+ months to

come up with first-generation models

Models come very late in Design Cycle = used only for Validation, NOT Design
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- Why AMI-model generation takes so long?

Typical Signal Integrity Engineers are NOT programmers

/ ....they are having “Nightmares” in trying

I to develop AMI models

* Cryptic Matlab/C++ code passed from System-Architectures = AMI Modeler (if lucky)

* Challenge to Convert Algorithm design Code - AMI format

0 months 8 months

AMI 101, Decipher Code First-model to Customer
O O @) O
Nightmare Begins Early Model prototypes
© & 4 months 12 months
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Typlcal AMI model generation flow...

Jan Feb Mar  Apr May  Jun Jul Aug Sep  Oct Nov  Dec

Matlab/C++ Model |
Compile C++ code I

C++ Code -> AMI (.dll, .ami)

Channel Simulator Validation
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i 1F
 Automated AMI model generation flow... il |

Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oct Nov  Dec

Matlab/C++ Model
——

Library of Common
Building Blocks

Compile C++ code

-FIR/IIR .
“FFE/DFE Automatic C+-!-
_CDR Code Generation
-S-block

-Peaking, VGA etc.

C++ Code -> AMI (.dll, .ami)

Automatic AMI Generation

Channel Simulator Validation
—

Automated AMI Flow
—
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ESL flow for Automated AMI Modeling

Electronic System Level (ESL) design and verification is an emerging electronic design
methodology that focuses on the higher abstraction level concerns first and foremost.

ESL flow facilitates utilization of appropriate abstractions in order to increase
comprehension about a system, and to enhance the probability of a successful
implementation of functionality in a cost-effective manner

Here is an Example of SerDes modeling using ESL flow-

....................................... Customer TX Channel Customer RX
—————— e e FrETagesimm
BitFormat DFETans=0:0(10 o
NRZ ps=0.0f00n
Bit1 : 1V
BitD : -1V
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gl
SL flow: TX Modeling Example (1) *g”m&p

Step-1: Starting Architecture Design with Generic Model

R A o I e e

. ResponseType=StepResponse .= . . . . . Gan=1[Gan] . . . = . . . Coeffments 0:1.0[Taps] . . . . . . . .
. TimeStep=1e-12[sample_interval) =~ . . . . . . . _SamplesPerBit=16 [SamplesPerBit)] . =~ . . . . .

Different blocks represent high-level TX architecture
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‘More on FIR Filter... ol
How to bring in Spice or Measured data?
S1 {TimeResponseFIR@Data Flow Models}
TomeSpe 1o 12 [carple merva]
Challenges:
1. Typical Simulation and Measured Data is not equally time-stepped
—_ ‘ Sampling Rate determines Simulation Accuracy

]
Low Sampling|Rate ‘ //

// —a— TImedsEsTanoEe —a— SmuE 2 // M“'ﬁ.\-\.-
/ ‘ High Sampling|Rate ‘
//

FIR model should support /

“Arbitrary” Sampling Rate //
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ESL flow: TX Modeling Example (2)
Step-2: Customize IP -> Bring in Math Lang or C++ Code
—.—> inputBIindFFE:utput " Designator: I B2 [~ show Designator
Description: | lind Feed-Forward Equalizer (B
= P
Coefficients=0:1;0 [Taps] Model: | MathLang@Data Fiow Models | I Show Model
SamplesPerBit=16 [SamplesPerBit]
= Manage Models. .. | & Model Help | Use Model il

Equations |I,r'CI I Custom Parametersl

1 bersistent dSamples; =
2 per=zistent numSamples;
3 persistent taps;
4
S5@=—if isempty(dSamples)

F|ne—tune and Cust0m|ze (3 % first time we hit thi=s routine

. 7 numSample=z = length (Coefficients) * Sample=zPerBit;

mOdels Wlth Math Lang 8 dSamples = zeros( 1, numSamples);
9 dSample= (1) = input;

and/or C++ COde 10 taps = Coefficients";
11 " clse
12 dSample= = [input,dSample=(l:numSample=-1)];
13 end .
14
']iﬁ itk = r'!ﬂamr'l eal(l:8amm ] eaPerRit :numSamnlesl % tans: LILI
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ESL flow: TX Modeling Example (3)

Step-3: One-click AMI Code-Generation

| Define Reserved and Model Specific Parameters ->
' "Customer_Tx"’ ' Automatically configure appropriate AM| wrapper

Taps=1,0.2;0.4;0;0.[[1..2 .4 0 Q]]

Gain=1
— Shell Configuration ‘
Shell Type: IIBIS Algorithmic Modeling Interface &j AMI Model: customer_tx j
AMI Configuration | AMI Reserved Parameters | AMI Model Specific Parameters |
~Model Type — | [ Serdes Tx/Rx ——— — AMI_Init Arguments
T o [ *Tx  Rx Impuise Matrix | =]
E — Output Port Mapping I J
Wavefarm qutput j SEI'I'IF:“E Interval
Clodk Il:uuu:uut j Bit Time I j
One-click AMI

Code-generation T Generate Now ok |  cace | @ Hep |
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ESL flow: TX Modeling Example (4)

Step-4: Automatically Generated .ami and Visual-Studio project

File Edit WView Project Build DOebug Tools Window Help

A-E-E o %Gl 55| b Debug v Win32 - | ﬂ@ﬁﬁ&t"ﬂ'i
-w% A,|;_——— OPSaR86R

X m

=g
X

&) (gv_ami_tx 4 AMI - Visual C++ 2008 Express Edition
I: Solution 'AMI' (1 project) (Reserved Parameters
I 28 sv_ami_tx {Init_Returns Impulse (Usage Infc File Edit View Project Build Debug Tools Window Help pulsze True"))
= E’ Header Files (GetWave Exists (Usage Info) (TvL . = ")
- ] sv_ami_th (Use_Init Output (Usage Infa) tl‘yhj - = - @ | & Ea *—l;Ll| “) - ™ - v‘ﬂ "B b Debn)
b 0] sv_ami_tx_AMLh ) a
Bl [ IBIS-AMI Files (Model Specific T % B A | | OSSP @[ &3 & Crl]
[ 3] sv_ami_be.ami {Coefficients solution Explarer

o || sv_ami_tx_ibis. txt
Bl [ Source Files
..... €+ sv_ami_tx.cpp

(index0 (Usage In) (Tvpe Tap)
{indexl (Usage In) (Type Tap)

=l

(zv_ami tx

L €4 sv_ami_tx_AMLcpp (index2 (Usage In) (Type Tap) 5.:.|u1j|:.r. AMI ettt o iBezerved Parame
- £ XML Files } ! = 5 sv_ami_ Build Solution (Init_ Returr
..... | | ReadMe. txt ) = B Header Rebuild Solution [Ge EWEI.VE_EKj

----- [h] sv_s . (Use Init O
_____ 0] sv_; Clean Solution
= [ 1BIS-AM Batch Build... odel Specific
""" (1] sv_4 - (Cosfficient
. . . . Configuration Manager...
The visual studio project automatically = Ble ’ : (index0
= Source f Add » :
3 indexl
created -> One click tocreate dll | =Py -
_____ o sy 4 Set StartUp Projects... (index2
B O XMLFile| 8| paste }
----- || ReadMe
Rename
% Properties
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- Example #1 S |
6.0 Gb/s (SATA 3.0)

6.0 Gb/s SATA 3.0 SerDes

Generate square bit :::::::::::::::::::::::::::CTLE&DFE
wave, including . T, o AMI Rx
modeling impairments : AMI TX

S R . T R ‘Data2 AMI CTLE Ry~
B1{PRES@Data Flow Models} CFETaps=0:0;0;0 [[0 00 0] .
" BitRale=be<oHz [BitRate] P T R P S .. 51{5ink@Data Flow Models} .
L e R . . o R v e e .

CTE S
- w4>5_’_‘ —
L E L AM_CTLE_ Rt .. . RxBits.

L | meeseser || AMITX 6 | L e —
. P2 {JitterGenerator@Data Flow Models} . .. Datad {AMI_Tx_6}. . .. . 82{SData@DataFlowModels} - - . . - . I I »@ .

BitRate=6eSHz . . . . . .. Taps=1:0:0[100] . .. DatasetName="Tyco_Channel_Diffs2p .

. beb=0 00 ... Gan=05 L o
. PJ_Amplitude=0s P o
PJ_Frequency=1e+9Hz

e

SData —y»

L5
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['X Modeling
6.0 Gb/s (SATA 3.0)

TX Architecture

L R O S

+ .
BlindFFE
51 {TimeResponseFIR@Data Flow Models} = . G1{Gain@Data Flow Models}. . . . B2 {BlindFFE@Data Flow Models} .
ResponseType=5tep Response . . . . . . Gain=1[Gain] . . = . . Cogefficients=0;1,0 [Taps]

2.2 Agilent Technologies
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Modeling
.0 Gb/s (SATA 3.0)

RX Architecture

.clock.

R I R o B
CTLE CDR
AMI Rx

.C1{CDR@Data Flow Models}.
_SamplesPerBit=16 [SamplesPerBif] .

.____x><$sfff::::::::::::::%P“_ )
G % T B R W

ve

11

X

. . . . O CTLE Output . .. output . .
.Datat {CTLE_Rx} . . . . . . | ’D .. . . . . . .B2{BlindDFE@Data Flow Models} . | ’Q .
. Samplelnterval=1 [Sampleinterva) =~~~ ~ —  _ _  _ _ Coefficients=1,0,0[DFETaps]. . .= .~ — .
~ Alpha=0.01[Alpha]

2.2 Agilent Technologies
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Results
6.0 Gb/s (SATA 3.0)

TX Output After Channel

After CTLE EQ After CTLE+DFE EQ

*Note: EQ taps not optimized for maximum eye
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" Bi [PRES@Data Flow Models}

© ' BitRate=10.31e+9HzZ [BitRate]

~ Example #2
10.3125 Gb/s (10-GB Ethernet)

10.3125 Gb/s SerDes

Generate square bit
wave, including
modeling impairments

JitterGenerator

. P2 {JitterGenerator@Data.Flow Models} .

Page 17

. BitRate=10_3125e9Hz |
DCD=0
PJ_Amplitude=0s
" 'PJ_Frequency=1e+9Hz
R

AMI TX

gt w4>5—’\m oot

AMI_Tx_10

Data3 {AMI_Tx_10} .
. Taps=1:0:0[[100]]

Gain=0.5

Molex 2006 Channel

Agilent Technologies

FFE & DFE
AMI Rx

Data2 {AlMI_Rx}
'DFETaps=0:0:0 [[0 0 0]]
Alpha=.001

" NumberPrecursors=3

© " NumberPostcursors=3

oo A(0) . SData Lo ] R
A1)

' a2)
et e
AMI_Rx

o

Y
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' X Modeling ﬂ; - gg
- 10.3125 Gb/s (10-GB Ethernet)

o odock. o
Non-blind FFE | - - 'T""‘“ m“’?"@ e |
o CDR 1.'.:...
o o . .C1{CDR@Data Flow Models}. . | >m o
BlindDFE

<:> ’ 12 "‘" . 10 10 >""" . 1"
FFE C S output

.. NumPrecursorTaps=3 [NumberPrecursors]. . . . . . . . . . B2{BlindDFE@Data Flow Models} . .

. NumPostcursorTaps=3 [NumberPostcursors} .~~~ Coefficients=1,0 [DFETaps] = = =
~ Alpha=001[Alpha]

2

4.3~ Agilent Technologies
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Example #2
10.3125 Gb/s (10-GB Ethernet)

TX Output
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AMI model correlation study

Strategy
1. Correlate Transistor Simulation vs. AMI model

2. Correlate Measured vs. AMI model

%%~ Agilent Technologies
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~ Transistor Simulation vs. AMI Model  ae7zdG/c

ICROSYSTEMS™

Steps-
1. Generate Step Response from transistor simulation

2. Generate AMI model using Agilent SystemVue

3. Compare

PCB

<.3- Agilent Technologies
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- Step Response Model NETM GIC

ICROSYSTEMS™

r"rrw MMWW

— T

S1 {TimeResponseFIR@Data Flow Models}
] ResponseType=Step Res.ponse
TimeStep=1e-12 [sample_interval]

Step Response from

q
/ transistor simulation . .
W FIR filter with Step

Response Input

<.3- Agilent Technologies
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Correlation NeTLBGIC
transistor model vs. AMI model

Excellent match between transistor simulation and AMI model

Good faith in model-generation methodology!
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Measurement vs. AMI Model NETLBGCIC

ICROSYSTEMS™

i
S

Steps-
1. Measure waveform

2. De-embed Channel

3. Output Impulse response

4.3~ Agilent Technologies
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Impulse Response Model

T | ﬁﬁﬁﬁw

NETLOGIC

ICROSYSTEMS™

mpulse Respanse derived
rom Scope Measurement | |
g T |
S1{TimeResponseFIR@Data Flow Models}
- ResponseType=Impulse Response

Response=Real Array (70x1)
ResponseTimeStamps=Real Array (70x1)
TimeStep=1e-12 [sample_interval]

Page 25

FIR filter with Impulse
Response Input
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TX Correlation Measured NETLAGIC
emphasis #1: tap 0, 1, -0.2

Jitter RMS( ) 1. S . |
Jllititsgriﬁgg g goegg Eg '1292% gg 1512?14939 }%% & Measurement Current Minimum Maximum
Fall time{ ) 20.89 ps 20.44 ps 121.78 ps 122 [ Jitter{rms] 1B 1.632 ps 1632 ps 1.632 ps
' Jitterp-p] KL 5.386 ps 5386 ps 5386 ps
Rise Time 1B 218 ps 218 ps 218 ps
Fall Time e 218 ps 218 ps 218 ps

.2 Agilent Technologies
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TX Correlation Measured NETLAGIC
emphasis #2: tap 0, 1, -0.25

Measured

B 4 e e ¢

.~ Meas
Jitte ) 2.017 ps 640 020 168
Jitte ) 8.444ps  2.667 ps  B.444 ps 168 - _
Rise time{ ) 17.78ps 17.33ps 114.22ps 158 Measurement Current Minimum Maximum
Fall time{ ) 18.22 ps 18.22 ps 114.67 ps 168 -
| Jitterfrms] 1B 2.160 ps 2.154 ps 7162 ps
Jitter[p-p] 1B 6464 ps 6.248 ps 6.464 ps
Rise Time 1B 204 ps 204 ps 204 ps
Fall Time 1B 204 ps 204 ps 204 ps

o .

o e®
%
.

Agilent Technologies

EEsof 2010




gt §5;
~ Benefits of ESL Design Flow "‘m
Automated AMI-Model Generation

1. Complete “Automation” of Code-generation and Model Compilation
a task that routinely takes months because of its complexity

2. Basic building blocks that can used to start model development
FIR/IIR filters, FFE, DFE, CDR etc.

3. Easily customize models to include custom IP
Custom C++ and Math-Lang

<.3- Agilent Technologies
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