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Abstract

This paper proposes a new approach for IBIS-AMI correlation using trend and
distribution analysis to overcome the limitation of the current correlation methodology.
Trend analysis demonstrates the behavior of the internal eye opening of the RX when
varying TX settings and distribution analysis shows where 1BIS-AMI simulation results
are relative to a volume of measurements. The combination of trend and distribution
analysis for IBIS-AMI hardware correlation can give enough level of confidence on the
optimized settings from simulation.

We applied this new methodology for IBIS-AMI correlation up to 28Gbps and
simulation results agreed well with measurements.
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Introduction

Multi-gigabit serial link channels using Serializer/Deserializer (SERDES) are becoming
prevalent, and moving rapidly to 28Gbps and higher. Link simulation is crucial to
determine if a multi-gigabit differential link meets the system requirement. SERDES
models, the most important element, are traditionally available as transistor level models
that are encrypted to protect intellectual property of the vendor. While these transistor
level SERDES models provide the most accurate results that include both linear and non-
linear effects, due to large simulation time, the user cannot achieve results at the low bit-
error-rate (BER) required by most modern standards. As an alternative to reduce
simulation time, IBIS-AMI models have been proposed, and primarily used to predict
low BER result in a serial link at much faster simulation time. For more accurate
simulation results and optimized link, IBIS AMI models needs to be correlated with
silicon to reflect the distribution of parts across the variation of process-voltage-
temperature (PVT). This correlation between IBIS-AMI model and silicon becomes more
critical to achieve and guarantee optimized settings from simulation.

Most of IBIS-AMI correlation is performed under specific settings and small number of
silicon parts with little regard to PVT variation. This approach cannot guarantee accurate
correlation throughout all other settings under distribution of real parts across PVT.
Simulation results need to follow behavioral trends from real hardware measurements
with all possible combinations of the controllable settings under reasonable tolerance.
Consequently, the results need to reflect the distribution of real measurement across PVT
in order to achieve reliable simulation optimization in a mass production system. [5][6]

This paper proposes a new approach for IBIS-AMI correlation using trend and
distribution analysis to overcome the limitation of the current correlation methodology.

Proposed Methodology

We have proposed the trend correlation[7] and distribution correlation for IBIS-AMI
model correlation instead of the absolute value correlation or simple waveform
correlation.

Trend Analysis

The trend correlation means how eye opening that is recovered by RX equalizer is varied
when TX equalizer is changed. The trend is able to be verified by the plot of vertical and
horizontal opening of RX eye diagram, the plot should be acquired by a lot of
combination of TX equalizer such as main cursor, pre cursor and post cursor settings. If
the trend between simulation and measurement do not match, the optimized setting from
simulation cannot be trusted. However, if the trend would be matched under reasonable
tolerance, the optimized transceiver settings from the simulation can give a higher level
of confidence with trend-matched simulation.



120
Real optimum setting
100 Optimum setting by simulation .
o) .
>
& 80t
S—
-
M=
.80
o 60
=
[
)
Bl
20+ -
—®— Measurement
--4-- Simulation
0 1 1 1 1 L

TX equalizer setting

Figure 1 Concept of trend correlation for mismatching case.

Figurel and 2 show the concept of the trend correlation. As shown in Figurel, if the trend
of the simulated eye height doesn’t follow the measurement, the optimum TX equalizer
setting will be different from real optimum value. But if the trends match like Figure 2,
even though the absolute value of eye height is different, the optimum setting will be
same.
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Figure 2 Concept of trend correlation for matching case.

Distribution Analysis



The distribution correlation shows where IBIS-AMI simulation are located inside a
volume of measurement across PVT (process-voltage-temperature) variation.
For good distribution correlation, the measurement across PVT variation would be
located above the minimum boundary set by the IBIS-AMI simulation. At the same time,
the measurement distribution should be sitting beside the simulated boundary as close as
possible. If the simulation cannot reflect the distribution of the silicon measurements
across PVT adequately, the optimized settings from simulation cannot be trusted across
large number of links in mass production system. The combination of trend and

distribution analysis for IBIS-AMI hardware correlation can give enough level of
confidence on the optimized settings from simulation.
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Figure3 Concept of distribution correlation for mismatching case

Figure3 and 4 show the concept of the distribution correlation. As shown in Figure3, if
the distribution of the simulated eye heights doesn’t locate at the boundary of the
distribution of the measurement at specific TX equalizer setting, the simulation result
cannot be trusted across the large number of links in real system. But if the distribution of
the simulation sits at the one of hardware measurement like Figure 4, the optimization by
IBIS-AMI simulation can be much more trustable during future mass production and the

link margin can be controllable.
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Figure4 Concept of distribution correlation for matching case

Correlation between Hardware and IBIS-AMI Simulation

The following Xilinx transceivers and IBIS-AMI models are used for the correlation.

- Xilinx UltraScale GTH Transceiver
o0 10.3125 Gbps
0 16.325 Gbps
o IBIS-AMI Model v3.1

- Xilinx UltraScale GTY Transceiver

0 28.0 Gpbs
o IBIS-AMI Model v3.0
o]

Characterization of IBIS-AMI models to hardware require two setups (transmitter
measurements, and receiver measurements) to cover all parameters of interests. IBIS-
AMI hardware correlation uses a volume characterization system containing the
following silicon PVT corners:

e Silicon Process Corners:
0o SS,FFand TT parts
e Voltage Corners:
o0 Nominal voltage level
0 -3% of nominal voltage level
o0 +3% of nominal voltage level
e Temperature Corners:
o 70C
o -40C
o 100C
In IBIS-AMI simulation, we cover silicon variations mentioned above with three PVT
corner settings for the transmitter and receiver models, respectively. Please refer to the



UltraScale GTH/GTY IBIS-AMI User Guide for more information of PV T corner
parameters. [1][2][3][4]

Measurement Setup
Setup for the transmitter:

Figure 5 shows the bench setup for transmitter hardware measurements.

Board Traces
(UC12508)

Figure 5 Test Bench Setup for Transmitter Measurements

The transmitter distribution analysis is to measure the TX differential amplitude range.
The TX transmits 4Gbps, 20°b0 20°b1 patterns and the differential signal amplitude is
measured for each TXDIFFCTRL settings from 0 to 15 using an Infinitum DCA-X
86100D.

For de-emphasis distribution analysis, the TX transmit signal is 10.3125Gbps, 20°b0
20’b1 patter and the pre-emphasis and post-emphasis are swept and recorded from its
minimum to maximum value, independently at a given TXDIFFCTRL setting. The de-
emphasis measurement is recorded in hardware using an Infinitum DCA-X 86100D

Setup for the receiver:

Figure 6 shows the test bench setup for hardware measurements, and Figure 9 shows the
IBIS-AMI test bench setup for simulation. The non-destructive Eye Scan feature in
Vivado® is used to capture internal eye width and height using a total bit count of 1E10
bits.
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Figure6 Measurement setup for the receiver correlation

Receiver distribution and trend analysis is performed by sweeping discrete transmitter
settings using a PRBS31 signal at 10.3125Gbps, 16.375Gbps and 28.0Gbps in a medium
and high loss link. In each test case, the internal eye width and height is recorded and
compared with the simulation result. The inner eye contour measurements are recorded at
BER 1e-10.

Table 1 summarizes the differential loss of backplane channel of each tests.

. Xilinx EQ ISI Channel Diff Insertion
Case Line Rate .
Transceiver | mode Loss Loss

1 | 16.375Gbps U'tcr;aTS:'a'e DFE | HighLoss | 23dB @ 8GHz
2 | 16.375Ghps U'téaTS:'a'e DFE | MedLoss | 19dB @ 8GHz
3 |10.3125Gbps U'téaTsﬁa'e DFE High Loss | 24dB @ 5GHz
4 | 10.3125Gbps U'téaTsﬁa'e DFE Med Loss | 18dB @ 5GHz
5 |28.0Gbps U'téaTS\‘;a'e DFE High Loss | 28dB @ 14GHz

Table 1 - Test Cases for Receiver Trend and Distribution Analysis

Table 2 summarizes TX equalizer setting to find the trend and distribution. All
combinations of TX equalizer setting cannot be swept because of too much time. This
paper picks TXPOSTCTRL setting with 4 different categories, [No TX EQ, Small TX
EQ, High TX EQ, Over TX EQ)], to find the behavior of transceivers.



Case TXDIFFCTRL | TXPOSTCTRL | TXPRECTRL
1 [B, D, E, F] [00, O, 16, 1F] | [00]
2 [9, B, D, F] [00, O, 16, 1F] | [00]
3 [9, B, D, F] [00, OE, 16, 1F] | [00]
4 6,7, 9, A] [00, OA, 12, 16] | [00]
5 [12,13,14,15] | [00, OC, 12, 1B] | [00]

Table 2 - Transmitter Settings for Receiver Trend and Distribution Analysis

Channel Model

Most important requirement is the accurate channel model, the correlation errors are
frequently happened due to the lack of the model accuracy. Basically, the channel model
should be correlated with measurement first before achieving IBIS-AMI correlation.

Xilinx evaluation board coupled with Samtec’s Bulls Eye connector are used to connect
the transceiver to external equipment. One 24” Bulls Eye cable is included in the
evaluation board s-parameter model as Figure 7 shows.

Figure 7 shows the differential insertion loss and return loss of UltraScale GTH
evaluation board. This s-parameter is extracted by post-processing the evaluation board
measurement.

m2
freq=8.000GHz
dE(S({1,23)=-3.008

m 1
freq=5.000GHz
dB{S(1,2))=-2.254

m
. m2 20—
T -30—

A0

_a0—]

-60

10

freq, GHz freq, GHz

Figure 7 (a) Differential Insertion Loss (b) Differential Return Loss of Evaluation board
and 24” cables

Figure 8 shows the correlation of converted TDR from the S-parameter of the evaluation
board and hardware TDR measurement of actual board trace. The two TDR graphs are
matched well, meaning that the s-parameter models can be trustable for time domain
IBIS-AMI simulation.
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Figure 8 TDR Comparison between converted TDR of S-parameter and measured TDR

Transmitter Correlation

Transmitter correlation is one of important factor to achieve good trend and distribution
correlation. The transmitter waveform has been characterized across PVT and compared

with IBIS-AMI simulation.

Transmitter Waveform Correlation:

Figure 9 and 10 show the superimposed TX simulation and hardware waveform with
PRBS7 pattern which is one of the traditional correlation methodology.
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Figure 10 Transmitter Waveform Capture for (a) TXDIFFCTRL=4 (b)TXDIFFCTRL=8
at 16.3Gbhps

Transmitter Distribution Correlation:

Xilinx IBIS-AMI model has 3 different PVT corner cases for both TX and RX to
represent the distribution of hardware. Figurell shows the distribution of the transmitter
differential swing level at each TXDIFFCTRL setting with UltraScale GTH. The black
dotted lines are from the each corner case of IBIS-AMI simulation and the colored lines
are from the measurements. It shows the distribution between simulation and high
volume hardware data is well matched.

IBIS-AMI vs. Silicon
Volume Characterization - TXDIFFCTRL

TX_PVT =2

ey
,-:f/ TX_PVT=0

—
TX_PVT =1

-t

Differential Voltage (Vpp)

TXDIFFCTRL Code

Figure 11. Distribution of Transmitter Differential Output Swing at UltraScale GTH

Figure 12 shows the distribution of the transmitter differential swing level at each
TXDIFFCTRL setting in UltraScale GTY. The 3 black lines are from each PVT corner
case of the simulation and colored dots represent actual measurement value at given TX
DIFFCTRL setting. It shows the distribution of hardware measurements are located
between boundaries set by IBIS-AMI simulation.
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Figure 12. Distribution of Transmitter Differential Output Swing with UltraScale GTY

Figure 13 shows the distribution of de-emphasis level with UltraScale GTH transmitter
by post-cursor at TXDIFFCTRL =6 and pre-cursor at TXDIFFCTRL = 13. The de-
emphasis level from IBIS-AMI simulation is located within the distribution of hardware
measurement.

IBIS-AMI Vs. Silicon
Violume Characterization - Post-Emphasis

\~N - IBIS-AMI e

1BIS-AMI Vs. Silicon
Volume Characterization - Pre-Emphasis

Figure 13. The distribUtioh of de-emphasis of UltraScale GTH Transmitter by (a) Post-
Cursor (b) Pre-Cursor

Figure 14 shows the distribution of de-emphasis level with UltraScale GTY transmitter
by post-cursor and pre-cursor at TXDIFFCTRL =12. The de-emphasis level from IBIS-
AMI simulation is located within the distribution of hardware measurement.
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Figure 14. The distribution of de-emphasis of UltraScale GTY Transmitter by (a) Post-
Cursor (b) Pre-Cursor

Receiver Correlation

Figure 15 shows the topology of channel which is being used for the receiver correlation.
The different backplane has been used to give the corresponding differential loss for each
test case.

TX Package TX Board Backplane RX Board RX Package
S-Parameter S-Parameter S-Parameter S-Parameter S-Parameter
™~ [ n ) [ 7 T ( ) .
S~ —t —t —t ——t — — F—t
I3 T 1 [ [ ) ./‘
— —t —t — — — B— F—
Package TX Trace 24" BullsEye Tek's 24" BullsEye RX Trace Package
In UC1250 EVE Connector + Cable Backplane \ Connector + Cable In UC1250 EVE
S S S — A/m : \ - e
s ) - -
l ] 1104 pm - 1t
P — N —
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""" = g R e 2 e 25 33 g B = o
Extracted Model by Test Coupon Measurement §5556555553% Extracted Model by Test Coupon Measurement

Figure 15. The channel topology for RX Test

Casel: 10G Medium Loss DFE Mode:

The differential insertion loss of the channel for the medium loss DFE is around -18dB at
5GHz. This loss includes backplane, TX evaluation board, RX evaluation board and
cables.
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Figure 16. The differential insertion loss and return loss for medium loss at 10.3125Gbps

The non-desruptive internal 2D eye scan is performed through above channel and
collected eye height and eye width in order to compare it by IBIS-AMI simulation result.

Figure 17 shows the trend analysis between typical corner case in IBIS-AMI model and
typical device / typical temperature / typical voltage. The trend between simulation and
hardware measurement at given condition is well matched.
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Figure 17. The trend correlation of Typical PVT case (a) Eye Width (b) Eye Height

Figurel18 shows the distribution correlation of this case. . The black dotted lines represent
the minimum and maximum simulation values of IBIS-AMI simulations, the solid lines
represent the hardware minimum and maximum measurements across PVT. The graph
shows that the IBIS-AMI transceiver models can represent very well the margin

boundaries of silicon PVT variation.
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Figure 18. Distribution Correlation of medium loss DFE at 10G (a) Eye width (b) Eye

Height

Figure 19 shows histogram plots that shows in more detail the receiver distribution at
specific TX equalizer configuration, AMP=0x09 and POST=0x0A.
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Figure 19. Spot Check at given TX equalizer setting (a) Eye Width Histogram (b) Eye
Height Histogram

There can be outliers of hardware measurement which lower than “MIN_SIM” or bigger
than “MAX_SIM” by the distribution of jitter or noise in real silicon. The bigger outliers
bigger than “MAX_SIM” are usually acceptable because it makes the model more
conservative. Figure 19 shows there is only acceptable outliers of hardware distribution
which is bigger than “MAX_SIM”,

Case2: 10G High Loss DFE Mode:
The differential insertion loss of the channel for the medium loss DFE is around -24dB at

5GHz and -29dB at 6GHz. This loss includes backplane, TX evaluation board, RX
evaluation board and cables.
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Figure 20. The differential insertion loss and return loss for medium loss at 10.3125Gbps

Figure 21 shows the trend analysis between typical corner case in IBIS-AMI model and
typical device / typical temperature / typical voltage. The trend between simulation and
hardware measurement at given condition is well matched.

EYE Width Trend Correlation

EYE Width (UI)

T I
AMP = 0x09 AMP = 0x0B AMP = 0x0D

e H ®
I &S
LY QQQQQ,Q LA Q‘q‘
g o gl o i a\‘(/r@g

&

DJQQ J" qq" ‘z° < %Q" ¥ /% ¥ < <z°0<z°“<z°k</z

ERE é\é’ &8

L

@0 QB

f.c )
530

_O
e
O
"o

-\Q @Q & @Q @Q

TX Equalizer Setting

L
&L
vvvv-va-

p@@“
< 5

<
P

I
AMP = 0xOF

»
< Q‘B@
N
& A\,
B
@Q

EYE Height Trend Correlation

AMP = 0x09

e SI_TPATO_RPVTD

AMP = 0x0B AMP 0x0F

NN

&

@

AMP 0x0D

No Tx_EQ
Small Tx_EQ
High Tx_EQ
Over TX_EQ

EYE Height (V)

&

.\‘5

$
S &

P07 BT /\
QO QO Q\Q qo QQ %QO q\o QU Qo QO

07 07
\Q \Q - v“‘Q R \?S;\Q = \q @ @Q

$ 0“ <§> u“ 5 959 oy
& Q\‘ Q\ & €
(V Gl 'ﬂ/ 1 ‘a
0« S
<zo'1 q‘0“’ Qo Qa Q° Qo
&7
é‘Q '\Q &Q @Q

6’
O

X Equa\lzer Setting

Figure 21. The trend correlation of Typical PVT case (a) Eye Width (b) Eye Height

Figure 22 shows the distribution correlation of this case. . The black dotted lines

represent the minimum and maximum simulation values of IBIS-AMI simulations, the
solid lines represent the hardware minimum and maximum measurements across PVT.
The graph shows that the IBIS-AMI transceiver models can represent well the margin
boundaries of silicon PVT variation. There are little bad outliers which is smaller than
“MIN_SIM” at few TX equalizer settings, but it is small distribution compared to overall
distribution. This bad outliers may be caused by the jitter and noise distribution of real

silicon parts across PVT.
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Figure 23 shows histogram plots that shows in more detail the receiver distribution at
specific TX equalizer configuration, AMP=0x0F and POST=0xO0E.
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Figure 23. Spot Check at given TX equalizer setting (a) Eye Width Histogram (b) Eye

Height Histogram

There can be outliers of hardware measurement which lower than “MIN_SIM” or bigger
than “MAX_SIM” by the distribution of jitter or noise in real silicon. The bigger outliers
bigger than “MAX_SIM” are usually acceptable because it makes the model more
conservative. Figure 23 shows there is only acceptable outliers of hardware distribution

which is bigger than “MAX_SIM”,

Case3: 16.3G Med Loss DFE Mode:

The differential insertion loss of the channel for the medium loss DFE is around -19dB at
8GHz. This loss includes backplane, TX evaluation board, RX evaluation board and

cables.
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Figure 24. The differential insertion loss and return loss for medium loss at 16.325Gbps

Figure 25 shows the trend analysis between typical corner case in IBIS-AMI model and
typical device / typical temperature / typical voltage. The trend between simulation and
hardware measurement at given condition is well matched.
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Figure 25. The trend correlation of Typical PVT case (a) Eye Width (b) Eye Height

Figure 26 shows the distribution correlation of this case. . The black dotted lines
represent the minimum and maximum simulation values of IBIS-AMI simulations, the
solid lines represent the hardware minimum and maximum measurements across PVT.
The graph shows that the IBIS-AMI transceiver models can represent very well the
margin boundaries of silicon PVT variation.
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Figure 26. Distribution Correlation of medium loss DFE at 16G (a) Eye width (b) Eye
Height

Figure 23 shows histogram plots that shows in more detail the receiver distribution at
specific TX equalizer configuration, AMP=0x0F and POST=0x0E.
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Figure 27. Spot Check at given TX equalizer setting (a) Eye Width Histogram (b) Eye
Height Histogram

There can be outliers of hardware measurement which lower than “MIN_SIM” or bigger
than “MAX_SIM” by the distribution of jitter or noise in real silicon. The bigger outliers
bigger than “MAX_SIM” are usually acceptable because it makes the model more
conservative. Figure 23 shows there is only acceptable outliers of hardware distribution
which is bigger than “MAX_SIM”,

Case4: 16.3G High Loss DFE Mode:
The differential insertion loss of the channel for the medium loss DFE is around -23dB at

8GHz. This loss includes backplane, TX evaluation board, RX evaluation board and
cables.
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Figure 28. The differential insertion loss and return loss for medium loss at 16.325Gbps

Figure 29 shows the trend analysis between typical corner case in IBIS-AMI model and
typical device / typical temperature / typical voltage. The trend between simulation and
hardware measurement at given condition is well matched.
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Figure 29. The trend correlation of Typical PVT case (a) Eye Width (b) Eye Height

Figure 30 shows the distribution correlation of this case. . The black dotted lines
represent the minimum and maximum simulation values of IBIS-AMI simulations, the
solid lines represent the hardware minimum and maximum measurements across PVT.
The graph shows that the IBIS-AMI transceiver models can represent very well the
margin boundaries of silicon PVT variation.
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Figure 30. Distribution Correlation of high loss DFE at 16G (a) Eye width (b) Eye Height

Figure 31 shows histogram plots that shows in more detail the receiver distribution at
specific TX equalizer configuration, AMP=0x0F and POST=0xO0E.
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Figure 31. Spot Check at given TX equalizer setting (a) Eye Width Histogram (b) Eye
Height Histogram

There can be outliers of hardware measurement which lower than “MIN_SIM” or bigger
than “MAX_SIM” by the distribution of jitter or noise in real silicon. The bigger outliers
bigger than “MAX_SIM” are usually acceptable because it makes the model more
conservative. Figure 31 shows there is only acceptable outliers of hardware distribution

which is bigger than “MAX_SIM”,

Caseb: 28G High Loss DFE Mode:

The differential insertion loss of the channel for the medium loss DFE is around -29dB at
14GHz. This loss includes backplane, TX evaluation board, RX evaluation board and

cables.
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Figure 32. The differential insertion loss and return loss for medium loss at 14GHz



Figure 33 shows the trend analysis between typical corner case in IBIS-AMI model and
typical device / typical temperature / typical voltage. The trend between simulation and
hardware measurement at given condition is well matched.

EYE Width Trend Correlation EYE Height Trend Analysls

0.

1.¢ g g g e TT_TRiOM_VMiOT n_ﬂ: AMP = 0x12 Sl

09 4 & A2 A EETLAT i e ML B
_ 05 i %% o s
S oz ) g8 & g
£ 06 @ P 4 & 2 AMP=0x14 AMP = 0x16 AMP = 0x18
S os s |3
= o4
= o3

02 T ;L )L ]

01 T T

T T
AMP=0x12  AMP=0x14 AMP=0xl16 AMP=0x18

TX Config X Config

Figure 33. The trend correlation of Typical PVT case (a) Eye Width (b) Eye Height

Figure 34 shows the distribution correlation of this case. . The black dotted lines
represent the minimum and maximum simulation values of IBIS-AMI simulations, the
solid lines represent the hardware minimum and maximum measurements across PVT.
The graph shows that the IBIS-AMI transceiver models can represent very well the
margin boundaries of silicon PVT variation.
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Figure 34. Distribution Correlation of high loss DFE at 16G (a) Eye width (b) Eye Height

Conclusion

In this paper we proposed a new methodology for the correlation between IBIS-AMI
simulation and real hardware in order to design the high speed SerDes links up to
28Gbps. This new methodology includes the trend and distribution correlation and the
correlated IBIS-AMI model can give more confidence for the designed link with IBIS-
AMI simulation. We applied this methodology to Xilinx UltraScale GTH and GTY
device at 10.3125Gbps, 16.325Ghps and 28.0Gbps and showed the trends are matched
well and the distributions of real circuits are described well by IBIS-AMI simulations.



The proposed methodology can contribute to achieving better design process of high
speed link using SerDes up to 28Gbps with IBIS-AMI model which is replacing SPICE
simulation.[5][6]
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