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Motivation
AMI model development :

©)

Model i1s not an executable, it needs driver

o Spawn child (simulation) processes is tricky to debug
o Optimization/flow is beyond model developer’s control

Open source link-analysis platforms

O

O O O O

Includes useful building blocks (e.g. Figure of Merits, BER)
Mostly use generic Tx/Rx EQ blocks/algorithms

Can be adapted to use IBIS-AMI models

Can shorten AMI modeling design cycle

E.g. COM 1. @ & PyBERT @)



Background 1/3

« COM (Channel operating Margin)
o Is alEEE 802.3bj Spec (Annex 93A)
Published codes, well documented and maintained
Is a simplified version of BER analysis
Figure of merit based channel optimization and analysis
Jitter, Noise etc are also included

O O O O

InEul randomly chosen from Detect transmitted signal,
L-level alphabet compute error ratio

COM = 20log,y(A4./4,,)

Figure 93A-1—COM reference model



Background 2/3

o COM has channel components and conditioning algorithms

Filtering Channel s-
Tx filter Tx package parameters Rx package Rx filter
H, (F Is] (sdd21, sdd11, Is] H..(f)
'* sdd22) ~
D D

o Use FOM to find FFE, CTLE settings, then apply DFE for BER

Determine
best reference Tx Amplitude Tx FFE3 . CTLE
equalization At* Ag Hyyere(f) Total Channel Gain H,,(f) Her o (f) Ref Rx Eq.
settings
: : i SBR(t
o Single-bit-response based . M s




Background 3/3

e COM use exhaustic search for FFE + CTLE ¥
o Generic implementations cTLE

One degree of freedom: G

O CTLE |S gdC Only Horsa(F) = Jof+025-f105

U f+025 fo) G- f+ 1)

o DFE is not optimized together : T GyispC i
: ~\\ in dB

g_ac gd
kacdec = 10A(g dc/?_O)
CTLE_fpl = param. CTLE _fpl(ctle_index);

CTLE_fp2 = param.CTLE_fp2(ctie_index);

for k_cm2=1:Tength(cm2_values)
cm2=cm2_values (k_cm2);
for k_cml=1: 1ength(cm1 values)
cml=cml_values(k_cml);
for k_cp1=1:1ength(cp1_va1ues)
cpl=cpl_values(k_cpl);
for k_cp2=1:length(cp2_values)
cp2=cp2_values (k_cp2);
for k_cp3=1:length(cp3_values)
pxi=pxi+1;
progress = pxi/(lenath(cm2_values)* lenath(cml values)*length(cpl values)*lenath(gdc_values)*length(cp2_values)*Tength(cp3_values)*1f_indx
txffe = [em2, cml, 1-abs(cm2)-abs(cml)-abs(cpl)-abs(cp2)-abs(cp3), cpl, cp2, cp3]

% Skip combinations with small values of c(0), not guaranteed to be supported by all transmitters.
if txffe(3)<param.tx_ffe_cO_min
continue;




Use AMI models in COM 1/2 °

i == teration loop Package iteration loop

/ / CTLE gdc iteration loop / /‘ Arrayl/optimization control loops

' i eration loops AMI_INIT call to CTLE (Rx)
AMI_INIT call to FFE (Tx)

FOM Calculation -
FOM Calculation

A \
L DFE

\ - \ Modified COM flow using AMI_Init

Original COM flow A




Use AMI model in COM 2/2

Package iteration loop
// Array/optimization control loops

Conv Channel’s SBR with Bit Stream * Use Ioadllbrary mechanism

* AMI parameters can be pre-assembled
« Example library loading/calling in COM

mex -setup
load('SPISimAMI_WIN64.d11', ‘ami.h')
libisloaded('SPISimAMI_WIN64")

libfunctions ('SPISimAMI_WIN64')
AM |_GetWave Ca" tO FFE (TX) calllib('SPISimAMI_WIN64','ami_init', htInput, rowSize, numAggr...)

unloadlibrary('SPISimAMI_WING4')

AMI_GetWave call to CTLE (Rx)

AMI|_GetWave call to DFE (Rx)

\_ FOM Calculation

\

Modified COM flow using AMI_GetWave (Bit-by-bit)
Y |



Example Results 1°°
* Replace COM’s FFE with self-optimization FFE

Channel Response
Minimum Mean-Square Error (MMSE) Algorithm

TX Eq. Channel

Wi hy ¥

TX Eq "w" Matrix
Rows = n+¢-1 where n = tap number
Columns = ¢ = input symbol number

channel output vector, y
Rows = k+n+¢{-2
where k = channel pulse model length

o) o o0 .. 0 o Two) 0 o .. o
¥(0) ¢(0)
A1) h0) 0 .. 0 0 W w0) 0 .. 0 0 p
0 |0t IR 0
) v 0 0 .. hlk-1) h(k-2)| 0 0 0 .. wn-1) wr-2)| =
Wnvk=3) 0 .. 0 Ak-n] o 0 0 . 0 w1 (r-1)

Channel “h” Matrix
Rows = k+n+¢-2
Columns = n+¢-1

¢ input symbols, ¢

t-based order like 1,3,2,4...

Avaisble picked

IAFE

e Add >

FreorT

acc

vco Add All >>

DsP

one <Remove .
av

Info. parameters

50.0001p 100p 150.0001p 200p 300.0001p 350p 450p 500p 550p 600.0001p N . L

FFEO: Feed Forward Equalizer using LMSE Optimization

* FFE with optimized tap coefficients

* User provide unit interval channel pulse response (lene pulse) ht
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Example Results 1
13 gdc * 24 FFE sweep (red) vs customized FFE (blue)

Sweep CTLE + FFE (FCI_CC_Long_Link_Pair_1_to_Pair_9)
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Example Results 2
« 13 gdc * 24 FFE sweep (red) vs customized FFE (blue)

Sweep CTLE + FFE (FCI_CC_Short_Link_Pair_2_to_Pair_10)
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DFE_TAPS

DFE_TAPS




12

Summary:

e AMI model can be used in COM analysis:

o COM is a great open platform for link analysis/AMI development
o Replaces multi-level CTLE and FFE loops with AMI call
o Can pull-in DFE for co-optimization

e Considerations:

o QOriginal COM flow supports AMI_Init type LTI only
m AMI_GetWave based flow needs SBR &® BitStream first

o AMI parser is not necessarily needed
m Parameters can be pre-assembed as strings

o Can be used for back-channel analysis development

©n
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