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Background

* Good AMI models are hard to develop
— Analog / algorithmic partitioning
— IBIS-AMI requirements: samples per bit
— Portability issues between EDA tools

« AMI development typically occurs “after the fact”
— AMI Models are “customer collateral”
— Created by different group
— Limited testing before distribution
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SerDes Design

 Architectural models
— Created up-front to define architecture & budgets
— Limited design detall, execute relatively fast
— Good for design budgets & control loop behavior

* Implementation models
— Detall varies from architectural to gate to circuit level
— A “snapshot” of the design at a point in time

* This presentation is based on Architectural models
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An AMI Model Primer

Analog channel Algorithmic model Analog model Package model

\ \ /
SiSoft_AMI_Tx AMI TX AMIRX RX1
SiSoft_AMI_Tx sisoft_serdes
40.0ps - SerDes._.. SiSoff_ AMI_Rx N
None SiSoft AM| Rx b IE P BRD
H b IE_P BRD 1 BRD.. DIE_P b H IECN_BRD..

: 4/

s1 s3 s2
\ s_sample_pkg s_channel s_sample_pkg
-~ V-

High-impedance nodes

Fundamental Assumption Model Components
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AMI Simulation Primer

AMI Init
* Model configuration parameters
* Impulse response processing End to End Channel
* Linear, Time-Invariant (LTI) #5500 B —
AMI Getwave |E i j|
*  Waveform processing ' r - A -
*  Clock ticks o R o R
* Non-Linear, Time-Varying (NLTV)

*  Network Characterization (Circuit Simulation)
AMI Close *  Channel Simulation (Signal Processing)
* Clean up & exit

Algorithmic Model Channel Simulation

For more info: “Understanding IBIS-AMI Simulations”, DesignCon 2015
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SerDes Architectural Exploration

Typical flow: end to end link in
Architectural simulator

Test Bench Generation

Veruor_Tt w
106t SerDes £ o m.
Ly

P

AMI Model Generation

Our flow: leverage strengths of
Architectural and AMI simulators
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IBIS-AMI Model Development Loop

AMI Simulator Architectural Simulator
Analog model 1.
Generate test Interactive design Export AMI .dll
—lp — .
Test channels ‘ I setups and debug and .ami files

|

- Batch testing—
Identify cases of «— | many channels &

interest model settings
AMI Simulator Architectural Simulator
* Test case generation * Interactive design & analysis
* Batch & regression tests * Test case debugging
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Leveraging Existing Infrastructure

IBIS-AMI File (.ibs)
N |

Simulink Model (.slx) AMI [Model] Model RX
T —— _ Parameter )I(odel_type Input
B [ Yew Dty Oogtom Sewimen frtw Cole e tiew » .
%8 BO-E-4Ob ¢ 0 meim = 30 E- F“e. C_comp 0.55p 0.50p 0.60p
e g (-ami) Vinh = 0.55

Vinl = 0.45

1
‘ Embedded [Algorithmic Model]

-> Executable Windows_c117.00.61030_32 FIR win32.dll FIR.ami
der [End Algorithmic Model]
T
[Temperature Range] 25 100 0
e . . [Voltage Range] 1.0 0.9 1.1

Compiled (GND Clamp]
S - —p  C code -2.5 -.05 -.05 -.05
(d“) _, _/ 0.00 +.00 +.00 +.00
& I 4

2.50 +.05 +.05 +.05
|

Y

Build on existing capabilities for embedded software code generation
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Mixing Structure and Code

[ Editor - Blc  MATLAB/TX_FIR. JATLAB Function
adv_r/CDR_DFE TX_FIR_Filter/MATLAB Function | + |
function y = fcn(u, aml, a0, al, a2, bit_time, sample interval)

%*#codegen

I

1

2

3

[ %% Initialize state memory for 4 states, 128 samples per bit max
g[= persistent buff;

& - persistent firptr;

7= persistent Cnorm:

8- persistent OSR:

9

10 - if isempty(buff)
iilf= buff = zeros(4*128,1):

12 - firper = 1:

13 - € = [aml a0 al a2];

14 - Cnorm = C/sum(abs(C}):

15 - OSR = round(bit_time/sample interval);:

16 end

17

18 %% Size output to match input

19 - ¥y = u;

20

21 %% Loop through input to update state buffer and compute output
22 - for idx = 1:numel (u}

23 - buff (firptr) = u({idx):

24 - y(idz) = Cnorm*buff (mod(firptr-[0:3]*0SR-1,05R*4)}+1):

25 - firptr = mod (mod (firptr-1,0SR%4}+1, 05R*4)+1;

26 end

« Key parts of SerDes designs are often implemented as “code”
* Ability to mix structure and code is critical
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Creating Algorithmic Models

Identify model type Identify AMI parameters Generate Code & Compile

124 *TX_FIR_Filter Y Gusl = ((1.0 / rtb_Tap_Sum * TX_FIR Filter P-vaml =
125 TX_FIR_Filter U Unequalized + 1.0 / rth_Tap_Sum * IX_FIR Filter P->a0 =
Select: 126 TX_FIR Filter B->VariableIntegerDelay) + 1.0 / rtb_Tap_Sum *
AMI version | 6.0 127 TX_FIR_Filter_P->al » TX_FIR_Filter_B->VariableIntegerDelayl) + 1.0 /
Solver | op o, o # TR FIR, Fileen Bova? * oerios pee biey
Data Import/Export AMI model type | Init_Returns_Impulse o '
> Optimization 130
> Diagnostics 131 Model update functia
Maximum number of aggressors 32 v s -
Hardveare Implementation a9 __D_ :Z voia ';X;F;Iz_;;;\::x;upds;auml‘_molm:L_’;})(_FIR_F)IEEI_T const TX_FIR_Filter_M,
rea slter U Unequalize
x T TX_FIR | U
Model R.eferencmg Number of bits to ignore 4 it 134
» Simulation Target o
135 B_TX _FIR Filter T *TX _FIR Filter B = ((B_TX_FIR Filter T #)
4 Code Generation [ Generate 32-bit library 136 TX_FIR_Filter M->ModelData.blockIO):
Report 137 DW_TX_FIR_Filter T *TX_FIR_Filter DW = ((DW_TX_FIR Filter T *)
Comments [] Generate cross-platform library (Windows only) + 138 TX_FIR_Filter M->ModelData.dwork);
Symbols x 133 inc T 1dxbela
Custom Code Name modifier for 32-bit Windows library |_win32 rorm_s0 10 for (iaxDelay = 0; idxDelay < 127; iaxDelayrh {
Deb 141 Update for 1able ger Delay
ebug Name modifier for 64-bit Windows library |_wing4 142 TX_FIR_Filter_DW->VariableIntegerDelay_DSTATE [idxDelay] =
Interface = 113 TX_FIR Filter Di-sVariableIntegerDelay DSTATE[idxDelay + 11;
Verification B 144
Code Style Name modifier for 32-bit Linux library _ginx8s x 115 / Update for D 1515/ able
Templates norm._st 146 TX_FIR_Filter DW->VariableIntegerDelayl DSTATE [idxDelay] =
Code Flacement Name modifier for 64-bit Linux library _glnxa64 j:; TX_FIR_Filter DW->VariableIntegerDelayl DSTATE [iduDelay + 1]:
. 143 Update for Delay: '<S1>/Variable Integer Delay2’
a!z,_ 150 T FIR_Filter Di->VarisslelntegerDelay2 DSTATE [iaxDelay) =
H H H - 151 TX_FIR Filter_DW->VariableIntegerDelay? DSTATE [idxDelay + 11;
ased on aesign cnaracteristics = s
L
*a BUild COde 1or SUDSYStEmTX_FIR_Fiter - omEa
Plok Sunatss paramasees
Vanatia tiame clazs Stovage class
£ a0 acuie linkeAaal |~
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IBIS-AMI Model Types

@ .-{zdi..ﬂl--{ﬂi
bl Integer ke Integer

\/"“\/ \/ ; \/ Simple, linear, non-adaptive
| = “Init” or LTI model

TX: 4 tap filter
==l = - Complex, non-linear, adaptive
— = +all = “Getwave” or NLTV model
= — Design characteristics drive

- proper IBIS-AMI model type
RX: CTLE, Saturation, 8 tap DFE, CDR
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A Simple AMI Transmitter

™

ter_ MATLAB/TX_FIR |
. . . simulink_csv_read.m TX_FIR_Filter/MATLAB Function +
4 ta P TX with normalization L funcuien ¥ - fontu, smd, a0, a1, a2, biv cime, ssmis inverva)
3
4 %% Initialize state memory for 4 states,
- captured two ways M=
) N 6 - persistent
e | ez 8
7~ | persistenc
‘ - It persistent
| ]
| 10 — if isempty(
| D e
1 E 12 - =1
13 - C = [aml a0 al a2];
. 14— - C/sum(abs ()
15 - - bit_time/semple interval;
16 end
Scope 17
18 %% Size output to match input
18- y=u
20
2n 2% Loop through input to update state buffer and compute output
22— [for idx = 1:inumel (w)
75||= ) = u(idz):
. | "‘ 20— v(idx)
ﬂ'\"‘l‘\'\! ‘||"|1,‘ 25 -
i !/ e 2 end

er/MATLAB Function

128 samples per bit max

-1,05R*4)+1);

Structural model

i I nam
Ry I
L

ATy V[ "
LI | W
UL VAN st
! ' VL

I
|

I
W

T=2.560-08

Reaty

Channel behavior with & without equalization

MATLAB code
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Generated C++ Code

rth_Tap Sum = ((fabs(TX_FIR_Filter P-»aml) + fabs(TX_FIR Filter P->al)) + fabs
(TX_FIR Filter P-»al)) + fabs(TX FIR Filter P->aZ);

f/ Product: '<Sl»/samples_per bit' incorporates:
// Constant: '<31>/bit_time '
Yy Constant: '<51>/sample interval '

//Bind model parameters

szamples_per_bit = TX_FIR Filvter P->bit_time / TX FIR Filter P->»sample_interval; amiContainer—>TX_FIR Filter P.a0 = param(0].p_val.dbl val;
amiContainer->TX_FIR Filter P.al = param[l].p_ val.dbl_val;
// Delay: '<S1>/Variable Integer Delay' incorporates: amiContainer->TX FIR Filter P.a2 = param[2].p_val.dbl val;
' Delay: "<351>/Variable Integer Delavl' amiContainer->TX_FIR Filter P.aml = param[3].p_val.dbl_wval;
// Delay: '<S1>/Variable Integer Delay2' amiContainer->TX _FIR Filter P.bit time = bit_time;
' Inport: '<Root>/Inl' amiContainer->TX_FIR Filver P.szample_interval = sample_interval;
if ({samples_per bit < 2) |l rtIsNaN{samples_per bit)) { //Bind model data
TX_FIR_Filter B->VariableIntegerDelay — TX FIR Filter_ U Unequalized; amiContainer->TX FIR Filter M->ModelData.defaultParam =
TX FIR Filter B->VariableIntegerDelayl = & (amiContainer->TX FIR _Filter F);
TX FIR Filter B->VariableIntegerDelay; amiContainer->TX FIR Filter M->ModelData.blockIO =
samples_per_bit = TX_FIR Filter B->VariableIntegerDelayl: &(amiContainer->TX FIR Filter B);
} else { amiContainer->TX FIR Filter M->ModelData.dwork =
if (samples per bit > 1 i & (amiContainer->TX_FIR Filter DW):
samplasip;rih;tio =
} else {
tmp = floor(samples_per bit): AMI Wra pper
if (rtIsNaN{(tmp) || rtIsInf(tmp)) {
gamples_per bit 0 = 00;
} else {
gamples_per bit 0 = (uint32_T)fmod(tmp, <.2
}
}

Model behavior
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Architectural vs. AMI Results

TX1

5

State:

TX_FIR_Filter w1
100.0ps - SerDes...

*_1_diff_strip_w...
$W1:Length

RX1

SiSoft_ldeal_Rx

>

default

Topology: 2_ami_tests

Architectural simulation ends,
AMI simulation run for more bits

/

Test bench

TX output resistance 50 ohms

TX output capacitance 0.5 pF

TX output voltage supply | 1 volt

TX output rise/fall time 10 ps

TX EQ applied Cursor = 0.745, 1

Postcursor = -0.285

Data rate

100ps

Channel model

Simple lossy stripline

RX input resistance

50 ohms

RX input capacitance

Zero

RX EQ applied

None

Yolts (mv)

-100.0—]

-0 n—L

Waveform
Simulink = Blue, QCD = Red

/

200.0] ‘

100.0—]

0.0}

2.0 220 230 24.0 250 260 270 28.0

Time ins)

Output waveform comparison
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USB 3.0 Recelver Model

RX Amplification rrge

RX EQ

RX
326 w LE/DFE

a na.-‘og_.-": digital

« Low power mobile receiver with multi-protocol support
« Design challenge: balance AGC, linear/non-linear EQ and CDR

« USB3.0 On-the-Go (OTG) support especially challenging

W8 SiSoff
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Model Correlation

A\ (/11— . e\ 1 —

Simulator v
to T i
Simulator . -_—

S| (11111 I\ () .

Architectural Model AMI| Model

o W Measured
W Simulated

Simulator i )
2 Receiver hardware reports eye height
to 5 . .
g and width based on sampling clock
Hardware g

-50 0.00 50
Time (ps)
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Other Findings

Internal models

Adaptive settings
Programmable seftings
Timers

(o

Y

\

RX

PED w LE/DFE j—_
clk

_ T

SLW, SLW P/I/D (Loop Filter)
Pé? Eg;’ Acquisition/Tracking timers

Expose “extra” controls and outputs
Internal testing & design tuning
Internal regression testing

External (customer) models

Adasti .
Programmable settings

Timers
I LMS I—I
I
y

\

o 5
| E/DFE _‘F o

PAD w . |

cli |

|

CDR |-

sty sLy PlD{eopFilter]

FST FST _AcquisitienfTracking

Fewer exposed controls & outputs
Early models for key customer feedback
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Other Findings

Throughput AMI Compliance
I L, |
- - d
‘—I bit_time L’d Z‘ |_
‘ Execution Control ‘ samples.per_nt Variable Integer Delay |
.................... l .................... sample_interval
¥ ¥
‘ Simulator ‘ ‘ Simulator ‘ ‘ Simulator ‘
[ l data clock position + (l+cdr ref) *samples per bit-1;

Post-Processing

*  AMI models run 4-8x faster than their *  AMI requires models run at any setting of
Architectural counterparts “samples per bit”

*  Running AMI simulations in parallel can *  Architectural models can be set up to meet
provide ~150x speedup for regression testing this requirement
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AMI Parameters

AMI Parameters

[Model_S pecific Pammete =

1

AMI RX Mode| | sturstion elock
Code,
Continuous Time,
Time-Domain
CTLE /
Saturation L CDRI/DFE
S e
prenenee | © o e - =
\ e 5] CDR/DFE
\ o —t m—=T Code,
\ — ot outpt wave
\ T e O Sampled Time,
\\ e i ——— @ | Time-Domain
\ - - =
\ - ;D
H M COR_DOFE e CIOCk TiCkS
Peaking Filter o D — tout
Structural, outpu

Continuous Time,
Frequency-Domain
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AMI RX - Architectural Slmulatlon

CDR/DFE

v o

i - _
peaking fitermode: 1-0f, 24xed Szmuraton 2::3/‘\:6'
. CDR adaptation
@- 4@ @ S-a-F-F@-
Data Clock Position

H\ | [

o R o= o= g i

4 H'li ’I l\i AL ALY L) Adl L ” VJ ‘ Hl\l UI
— s AN J_w i Llf i
—] 1h wmw p WW “w Eaﬂv/}?TeCognt 'ﬁW Li i

DFE Taps

alr o (| -
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Eye Diagram Output

Control Inputs

Compliance - Samples/Bit

i TR TimeDomain_128spb

Performance Test [Simulation Time |Reference Time|Relative Speed
Statistical 1sec 1sec 1.000x
TimeDomain_008spb 1.46 min/Mbit 1.30 min/Mbit 0.889x
TimeDomain_016spb 1.87 min/Mbit 1.46 min/Mbit 0.783x
TimeDomain_032spb 3.33 min/Mbit 2.60 min/Mbit 0.781x
TimeDomain_064spb 7.97 min/Mbit 6.02 min/Mbit 0.755x

27.97 min/Mbit|  22.77 min/Mbit 0.814x

Clock Output

Simulation Speed

« Comparable to hand-written models

Compliance - Block Size
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Summary

« AMI models can be created from Architectural models
normally created during the SerDes design cycle

* The parameters exposed in an AMI model can be
varied depending on the application

« Models produced with this process behave just like
any other well-constructed AMI model
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