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Traditional signoff flow —

Using transistor SPICE netlist model

VRM1

.......

 Circuit simulation:
1. Kirchhoff's current law (KCL)

At any node (junction) in an electrical
circuit, the sum of current flowing into
that node is equal to the sum of
currents flowing out of that node

2. Kirchhoff's voltage law (KVL)

The directed sum of the electrical
potential differences (voltage) around
any closed network is zero
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Traditional signoff flow —
Using transistor SPICE netlist model (con'’t)

Advantages:

* Accurate PI prediction o
under limited bits
transmission

* Accurate jitter prediction 3
under limited bits ;
transmission

8hr34min for 1024 bit patter simulation

Disadvantages:

* Very slow for SPICE
netlist model - Takes
weeks/months to get bit
error-rate (BER) prediction

e Can’t model the adaptive
mechanism in RX
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LTI — Linear time invariant (con't.)

 Signal expressed in an impulse-train format:

* Quasi-Impulse:

At
At
0,|f| >?
§(t) =144 At
_’| | < —
At 2

SO0, f §'(t)dt =1

e Any Signal:

/
f(t)
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LTI — Linear time invariant (Con't.)

 Linear  Time Invariant

ax,(t) + bx,(t) —»

ay; (t)+b y,(t)

R r

x(t) = Z x(nAt)é' (t — nAt)AtI y(t) = Z x(nAt)h' (t — nAt)At

lAt—)O

x(t) = f mx(r)a(t — 7)dt H_—» y(t) = J' mx(r)h(t —1)dr = x(t) *h(t)
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Channel-Sim
* Channel simulation :

LTI system
Linear time invariant, which implies:
Input Output
Signal Signal
Impulse Response
x(t) * h(t) = y(t)
(convolute)
y(t) = J:oox(r)h(t —T1)dt I
X(f) X H(f) = Y ()

Multi-times faster than circuit simulation!!

=) \What if the system is not an LTI one?
cadence
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What is IBIS+AMI model (Example: TX)

O Pos_Out
O Pos_Out
Digital
Y o———— IBIS out
bata-In (Feg%q;q%)rrlwafdc Ig\s/lluafazef) (Power-Aware IBIS -
model — above IBIS
5.0)
O Neg_Out
PrdJsgaibedestioPostl
Accompanied with channel simulator: But you might be concerned:

* Pl prediction with good accuracy without
limits on transmission bits

« Jitter prediction with good accuracy
without limits on transmission bits

* Very fast for IBIS+AMI netlist model -
Takes minutes to get BER prediction

e Can model the adaptive mechanism in
RX
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IBIS+AMI model signoff flow

13

Original Netlist
(Buffer + EQ)

Generate Modified Netlist
model (Buffer + EQ 1)

SPICE + AMI
(Buffer + EQ 1) +

Not Match Simulation/Comparison via

(Buffer + EQ) + Test Ckt
(Buffer+ EQ = ') + + Test Ckt

Generate Not Match

model

Simulation/Comparison via

(Buffer + EQ < ') + Test Ckt
+ Test Ckt

Your concern:

Not Match Simulation/Comparison
(Buffer + EQ) + Test Ckt

+ + Test Ckt

Not Match Simulation/Comparison
(Buffer + EQ) +

©

+ +

. Is my system an LTI channel?

. Is my IBIS model accurate

* Circuit Simulation for item 1 enough? Especially being used

* €hannel Simulation for item 2 to describe a truly differential
buffer? To contain the
deterministic jitter existed in my
SPICE model? \%

. Is my AMI model accurate
enough to describe my EQ? Vv

* Circuit Simulation for item 1 « Is my channel simulator accurate
* Channel Simulation for item 2 enough to get ey —_——
simulator? \

Now, you can sign off your PKG/PCB design

) 2016 Cadence Design Systems, Inc. All rights reserved.

> with the IBIS+AMI model so generated
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Why Cadence?

Sigrity™ T2B ™ AMI Builder

:_ ::' - e .l
| 1
|i ! —
» = .
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Why Cadence - IBIS generation

Better differential modeling for truly differential buffer

* For some differential buffer designs, the common voltage is not a fixed valt

Common mode M
—> N -
0.5v T = -

N

* To better model this kind of buffer, in Sigrity™ T2B™, no matter in V/T or V/I table extraction, the tool
uses topologies as in the following:

V, |
DD output_p py
_— -
b™ T input—

lout_n

-

output_n |
CCcCs

" 1 | v
\

ISS During modeling one of the positive and negative, Sigrity T2B will add a CCCS (current
controlled current source) at the other side, with the value exactly the same as the
current flowing out of the Viixture but in the opposite direction, to make sure the current

- flowing out of the positive pin coincides with the current flowing into the negative pin
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Why Cadence — IBIS generation: Sigrity T2B (con't.)

Validation and report

Sigrity™ T2B™ provides an easy user interface for model validation and the report generation.

______________________________________

........

_________________________________________________________________________

------------------------------------------------------

T28 Validation Report

ICE /.

A quantized mark for pass/fail criteria is introduced: FOM (Figure of Merit)

N
> [F(LAB) - T,(BIS))|
FOM =100e 1=

AV o NV

MY [Max-Min) of HSPICE waveform
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Why Cadence - IBIS generation: Sigrity T2B (con't.)

IBIS+ model

« Jitter aware and truly differential

Patent Pending

Several models for different power voltages, such as, typ/min/max, will be built into the new model which
can be dynamically composed according to the real power voltage during the circuit simulation

weey  \Without Power-Induced Jitter Model Vohege ) With Power-Induced Jitter Model

_________________________________________________________________________________

.05V

TSMC DDR2 1/0 with Hroqe10MHz
both P/G noise moéel—@—o Vec0=1.8V

-- Transistor-level model (golden

R=500 reference)
'010101100...' DDR;>—W\—0 Vref=Veor2 )
-= No-jitter model

Vp=0.05V
freq=14.1MHz

O -= Power-induced jitter model
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Generate
model

* An abundant and rich library for you to describe your
EQ design

« Afriendly user interface to guide you through the
model generation process

 Fast and accurate
j AGC adaption will be based on — SNR or DFE cadence



Why Cadence — simulation: Sigrity SystemSl|

* One click to know if your system/channel to be analyzed can
be treated as LTI or not:

W Fle Edt View Setup |Tools SN ——
Channel Characterization :l'::_‘: 2L o e
B e
Bus Simulation [l

Timing Budget...
Write Leveling. ..
Waorst Case Pattern Generator...

Circuit/Channel Sim Correlation...

Freguency Response...
5 Parameter Extraction...
5 Parameter Viewer...

Sweep Manager...
Your concern:

Result Browser...

Is my system an LTI channel? V
Is my IBIS model accurate
. : B enough? Especially being used
to describe a truly differential
buffer? To contain the
deterministic jitter existed in my
SPICE model? \%
. Is my AMI model accurate
enough to describe my EQ? V
. Is my channel simulator accurate
enough to get close to circuit
simulator? \

Options 4
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Why Cadence — simulation: Sigrity SystemSI (con't.)

* All these four blocks of simulation for model’'s validation can be
done in Sigrity™ SystemSI™ technology no matter:

1. Channel simulation or circuit simulation
2. Transistor netlist HSPICE model or Spectre® model

3. IBIS and IBIS+AMI model

Channl Sim Circuit Sim
off

off ~ AMI IBIS

\

* Circuit Simulation for item 1
* Channel Simulation for item 2

IBIS AMI

* Circuit Simulation for item 1

Real Channel * Channel Simulation for item 2

IBIS AMI Real Channe

cadence



Why Cadence — simulation: Sigrity SystemSI (con't.)

* All these four blocks of simulation for model’'s validation can be
done in Sigrity™ SystemSI™ technology no matter:

1. Channel simulation or circuit simulation
2. Transistor netlist HSPICE model or Spectre® model
3. IBIS and IBIS+AMI model

cadence



Why Cadence ?

* Now, please help yourself by checking:

For IBIS model:

=

Does your IBIS generation tool describe a truly differential buffer well enough?

2. Are you forced to give up the V/T information in your IBIS during channel
simulation due to channel simulation engine or extraction methodology?

3. Or, can you just use a “Dummy” IBIS model (generated by AMI model

generation tool) which behaves in just a different way from your own design?

Generate
modal

cadence



Why Cadence? (con't.)

* Now, please help yourself to check:

For AMI model:

1. Does your AMI generation tool provide you a convenient way to validate your
AMI model by:
e Channel simulation over your netlist of Buffer+EQ _on
e Channel simulation over your netlist of Buffer+EQ _off combined with
AMI model so generated?

cadence



Why Cadence ? (con't.)

* Now, please help yourself to check:

For simulation:

1. Does your channel simulator tell you how LTI your system is with only one-

button click?

Does your channel/circuit simulator work with Spectre® netlist?

3. Does your channel simulator give results close enough to the result generated
by circuit simulator? Is it easy to validate this item in your simulator?

4. Does your channel simulator provide power-aware result?

N

cadence
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Areal case
* The original SPICE netlist:

¥ crores |
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A real case

* AMI model generation:

AMI Builder

Bin-c-xs oale e aild

—

kbt v b
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A real case
 AMI model validation:

Vatiage (V)

—
05—

03—

e
02+4--- /

‘‘‘‘‘‘‘

[

womglogy <

I I

Genrosert

03—

-04

R TR T o] 024+-—-

AL AR \

SR _ B
1 0

—n g 054 % /

cadence



A real case

* |IBIS model generation:

Not Match

7 o0 5 P v B k.

o

oot
s

BT, o o it 854, e rarge ey b
- LI DR

FAT
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A real case
* |IBIS model validation

Sigrity™ T2B™

cadence’

Data: 11:41 June 27, 7016

1 General Information
T8 version: 16.0.1 04281 002
File rames and batations:

+ T2B project file: HyperCare_T.t2b
+ File location: Dr/Case_CONS_20160616_BrS_AM|/Modelize_TX/

2 IBIS Correlation Result Summary

FOM lown lim : 97%

T2B Validation Report

I preoe |

Loud Figen of Mt 04

| cossso.ree | e | srorc s

3 Simulation Results
3.1 Model Validation Task 1

3.1.1 Simulation Setup

Sescopion Vi
Pornactd_brustance
Povarhd Copmeitice | 8
Povadad_indzmecn | &

Gremndtad Ermimcs

Goomndiad fndurmce | &
[y ye— »
Sl Cpeames | ®
Sl s ®

[

3.1.2 Load Diagram

Power rail

Growsd radl

3.1.3 Validation Result Plots

Vialidatian Pt fex Model : CONS_5G_THN And pin: eg_pos

Wchage (miv) widir_PADMN, o

£

00

a0

Tirva ()
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A real case
* |IBIS+AMI model validation

T " Circen Smuaten o em 1
S« Channel Simulsion for gam 3

Circuit sim over
transistor model in
- Sigirty™
-] SystemS|™
technology

Channel sim over
o G IBIS+AMI model in

Sigrity SystemSi|

technology
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A real case

* Glreuly Smulation for tam 1 '
"~ Channgd Simulmton for fem 2 =t

Extracted in Cadence® Sigrity™ PowerSI®3DEM in 35min

Heal Channel
A5 AMI - Rest Channel
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Conclusion

An accurate IBIS+AMI model could be an alternative approach to validate your “system”
design versus a transistor netlist model

An accurate IBIS+AMI model consists of two parts — an accurate IBIS model and an
accurate AMI model — validation is the key

An accurate IBIS should be generated by a tool which can well describe a truly
differential pair in all V/I, VIT and I/T curves, such as Sigrity™ T2B™ technology

An accurate AMI model should be generated by a tool with a rich library such that the
generation tool can use all available means in the library to describe all your possible
designs, such as Cadence® AMI Builder

A simulation environment which supports transistor netlist models — not only HSPICE,
but also Spectre® simulation - is fundamental for IBIS+AMI model generation/validation,
such as Sigrity™ SystemSI™ technology

Sigrity SystemSI technology provides good correlation between channel simulation
and circuit simulation Now, only with Sigrity SystemSI, you can trust channel
simulation as you used to trust circuit simulation.

More than model generation/validation and system simulation, Sigrity SystemSI| + AMI
Builder tools also provide a handy EQ design environment......

cadence
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Sigrity SystemSl| — probe all eyes at every stage

» Accompanied with Sigrity™
SystemSI™ SLA, advance

EQ designer can use “Probe

all eyes” and “Output last

1000 bits at Tx input,

TX output, Rx input”to

validate if the EQ works

properly
Eye before TX EQ

Eye After TX EQ

Package /DL,
E Q Interconnect lnh Interconnec: | E Q
|
_____________ |
Advanced AMI Options
[ 1gnore dock ticks from AMI models

[Vl Probe all eyes (Contours at Tx Input, Tx Output and Rx Input.)

DtDLIH st 1000 bits at Tx Input, Tx Cutput and Rx Input.
(NteTwavFomlprted nly if Tx AMI model has a GetWave)

[ Getwave block size (in bits) |512
Eye Before RXEQ

Eye After RX EQ

(ddence




Sigrity SystemSI| — evolution of EQ adaption

> high_loss_channel

While using AMI Builder’'s AMI model in Sigrity™
SystemSI™ SLA, you will be able to observe the evolution
of EQ adaption and it will help you have a more clear picture
. about how the equalizer works

Rx1
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Sigrity SystemSI| — evolution of EQ adaption

As you can see, in this simulation, the adaption is not stable yet. The parameters of AGC,
CTLE, and DFE are still under tuning to find a better value.

First Tap Rxlsdier cosffout

R=1:AGC>adapt_cte_zel fileode

Time {us)

0fF=————-+ T T 2.5
| |
001 Po------- Toooooo g 5
-0.02 - b e T -
- 1.5
0.03 F-——m="- s i
| | B
a 10 1h

First Tap Rxl>dier cosffout

R#1:CTE»adapt_cte_zel_filerode

Time {us)

You will notice some significant

1. AGC parameter’s value

facts:

keeps moving up from O to

15us

2. CTLE parameter’s value

jumps between the rang
from O to 3 in the period
O to 15us

3. DFE parameter’s value

e
from

seems to be stable after 10us

{ am_version 9.1 )

( lgnore_Bits 40000 )

{ Max_Init_Aggressors @ )

( Init_Returns_Impulse False )
( GetWave_Exists m )

( Rx1

{ AMI_Versiqna2.l .
( 1gnore_sits 400000
( Max_Init_Aggressors & )

( Init_Returns_Impulse False )
( GetWave_Exists True )
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Sigrity SystemSI| — evolution of EQ adaption

Tx1

high_lnss_channe

.' resulti2
. -
et ._:,;,.___:'.;. '
Rxi1
result\2 resulti2
First TR« dies coefioFint »AGC adapt_cle_sel flede First TRt dies coeffoPix1 = CTE »adapl_cte_s=| filede

gy Y

Tirne {us)

10

5 0 15
Tirne {us)

|=
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Sigrity SystemSI| — evolution of EQ adaption

First Tap Axl>diercoeffout Rxl»AGC>adapt_cte_sel fil€ode

0= P Tz 2.5
1 |
0 Po---—-—- e i Lo
002 1 B ittt
1.5
003 4-— o= i e
: ; -
b 10 15

Time {us)

First Tap Rl>diercosffout Rx1>CTE>adapt_cte_sel fileode

Time (us)

First TaR«1>diex coeffoRx1 > AGC> adapt_cte_zel_filede

First TaR«1>die> coeffmF=1>CTE > adapt_cte_szel_fiede

-3 0 3
2.5
2 0.02 - 28
1.5 2k
-1 -0.04 + ;
en
Time (us) Time (us)
003 l - = —m\___,_/-h 0.03 | “HX__,_/~| n
g ilii 1“: & 1IU 1":
Tirne (us) Tirne {us)
=
] |
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