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I 5 to 6Gen High Speed Interconnection

B 5to 6Gen =&t : Processor Trend
42 Years of Microprocessor Trend Data
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Mew plot and data collected for 2010-2017 by K. Rupp
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B 5to 6Gen =&f : DRAM Trend
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B 5to 6Gen =&f : DRAM Trend
DDRS5 Progress

* IBIS 7.1 improves IBIS-AMI support for DDR5

— AMI Reserved Parameter DC_Offset for inherent signal DC bias

— C_comp Model for analog model improvement
— GetWave Clock input for forwarded clocking (DQS)

— AMI Reserved Parameters Component_Name and Signal_Name for

DQ-level buffer model tuning
— Backchannel Statistical Training

* EDA Tools

— Capturing system non-linearities for Init and/or GetWave functions
— DDR5-specific EDA tool support for IBIS-AMI model setup, bus

analysis, sweeps, and validation

*Source : Designcon2022—-
SLIDES_Track2_Panel_AMI_Models_7yearltch_Telian2
-1.pdf
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B 5to 6Gen =8F: High-Speed, High-density, High-power
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— Electronic System : High—speed, High—density, High—power

— 2023 : 800Gb(100G-PAM4 x 8lane) Ethernet , PCle Gen6(PAM4), DDR5, GDDR6/7(PAM4)
— Copper Traces are lossy at high—speed

— Thermal Integrity

— Silicon Interposer (TSV)

— DC~80GHz S—parameters modeling

— Accurate Impulse response from S—parameters

— Large number of ports (signals) ch. Models —> ~10GB

— AMI model for estimating BER/Eye Eye—diagram
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B 5to 6Gen =8F: High-Speed, High-density, High-power

Signal return through vias, PKG, wire—bonding, connector, cable :

— Non ideal Transmission Line region

— 3D EM coupling => 3D region (Standard : ANSYS HFSS) solving needed

— Loop resistance, Inductance on signal return (Common) path => X-talk, reflections
- Full X-talk transient solving and verification system needed

— Mixing CAD, Mixing Solvers needed

3D Layout 3D Layout: Full Assembly
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B 5 to 6Gen =8F: Chiplet Al
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B 5 to 6Gen =sfF : HBM

.
.

[HH

High Bandwidth Memory (HBM) DRAM &

- GODRELOH =2 HIZ2 =S g401)| floll 2= ez &3,

- 2013¥ SK HynixOlAd = =2 HBM chip &4 JEDEC EECZ THEE.

- 2016¥ HBM2 JEDEC EZ, 8 dies per stack, 2GT/s, 256GB/s per package

- 2019Y¥ HBMZ2E, 8 dies per stack, 3.6GT/s, 460GB/s per stack

- 2022E HBM3 JEDEC E = 238A, 12 dies per stack, 6.4GT/s, 819GB/s per stack

HBM 2.5D Memory System

DRAM Slice

SoC
DRAM Slice
DRAM Slice
Base Die DRAM Slice
DA balls - TSV DRAM PHY PHY
Interposer
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Package

HBM &= 3| Xl (*Source : Rambus)
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B 5to 6Gen =& : PCle

PCle (Peripheral Component Interconnect Express) E= :

- 20224 PCle Gen6.0 #3 =S¢t &
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10



I5 to 6Gen High Speed Interconnection

B 5to 6Gen =8F: UCle

2l

UCle (Universal Chiplet Interconnect Express) E= :

— Rev. 1.0 (Feb. 2022)
— Die—to—die | Xl &I S&t= {st &3 QIHHOIA &
— PCle Gen5/6, CXL 2/3 support

[HH

— Intel, AMD, Samsung, SK hynix, LG, Nepes, TSMC, NVIDIA, Qualcomm & major chipmaker = & OtL|2I,

package, Interface IP & EDA S HI=0| 22 #0oID US.
— Pitch JF &0IX 88 28 2M JIsd %S Advanced Package & A 0fl CHoll Interconnect Redundancy

Remapping 0fl CHoll 26t US.
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B 5to 6Gen =8F: CXL

Introducing CXL

* Processor Interconnect: Wircless = AT g

: A A8\
interconnect
Inter DC links

o Open industry standard
o High-bandwidth, low-latency
o Coherent interface

J Spine Switch

o Leverages PCI Express® architecture =
J Leaf Switch

o Targets high-performance computational :
workloads 6 . ]TORSwitm

* Artificial Intelligence

Data center

* Machine Learning interconnect
- HPC

Processor
« Comms interconnect

SoC
interconnect

*xSource : Designcon2022— CXL_PCI-SIG_DesignCon 2022 Panel_03302022[80] — Read-Only.pdf

SHRIOMLIN
Faow

Y3INID ViIVa

A new class of
interconnect
for device
connectivity
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Bl 5to 6Gen Tech. Issues :

Circuit pin port modeling RF port modeling

TeCh. |SSU€S : Sig1_in_pin Sig1_out _pin

SigalT \ | Signal1 1
; Sig1_in_Gap_Port Sig1_out_Gap_Port
- S—-parameters VSS. i ref pin VSS—O“t—ref—S%_ q] M i q]
!

= V/SS Reference = VSS_Reference !
— Impulse Response 1& \QL
- Jitter —

_ X-talks i ¥

I "—, I D I Sig1_in_pin Sig1_out_pin
T+
| i i Sig1_in_Gap[ Port Sig1_pul_Gap_Port
I VSS_in_ref|pin VSS| out ref_pin L

— Skin Effects 1 L 1
- PAM4 = = -
— Hardware Security

— Full Ch. Auto verification Ve J L

© i (N + ref) model l HFSS B= N+ref to N-port=2 HetEl 22
e T MET_2 _r{e-r_g_p — O [ T NET_2 \ ﬂET_E_CI T [
' MET_2 V46 >
127 T —1 oy R3 *
! | ""'""'i"“—'" l_ Namei=||:-_|1 Name=io_load
7T e DC=T2v j_g

| tekmas | Transient sim 2] 2HERIE 9T dummy 2 2

Ix .|L_

%
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Bl 5to 6Gen Tech. Issues :

Tech. Issues : Objective — Develop Failure Analysis Diagnosis Express Tool

— S—parameters

— Impulse Response
- Jitter

— X-talks

- RL,TOT

- IL =F—FF

— Skin Effects NPT
- PAM4 Fesben) Determine the cause of failure

— Hardware Security Failure analysis diagnosis tool and Fast Simulation " Moy Db stuichumfoatotsl
- FU" Ch Auto Verification * Analysis: insertion loss, return loss, crosstalk, and impedances

* FEM 3D simulation: 3D electromagnetic simulation for high-frequency electronic products (e.g, Ansys HFSS)
* High accuracy by solving wave equations in small mesh areas
Long design cycle: require finer mesh for devices at high-frequency (smaller wavelength) = need hours of simulation per design
iteration
Proposed 1D distributed physical based circuit model as an alternative and complementary express tool
Goal: accurately predict electrical performances and identify the failure mechanism (root causes of Sl degradations)

3D model u/ Add-in Card

Connector body
(CEM)

I Commercial product I

Pass the secs?_J
R yes

Diagnosis

* Source : SLIDES_Track 13_Distributed—Physical—-Based_Transmission—Line Model_of_PCle5 _He.pdf , DesignCon 2023

=> EM modeling ol & AlZt, &2 = A

= ANSYS Slwave Hybrid region

15
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Bl 5to 6Gen Tech. Issues :

Tech. Issues : 22 Signal Integrity

— S—-parameters Mixing ‘-‘“Dk - " -
- Networking hardware will have to work witl
- lmDUISe RGSDOI’ISG next generation signal rates of 28 and 56 Gbps
- Jitter to handle data loads of 49 exabytes per month
by 2021. This will require data lanes to be
— X—-talks modeled using a more holistic approach versus
the piecemeal approach used in the
- RL,TDT past. Hence more complex geometries will
_ need to be analyzed together.
I L . - Ansys HFSS 3D (MCAD) — Use for modeling
— Skin Effects complicated 3D objects such as connectors,
wehicles, complicated antennas, and other
- PAM4 MCAD objects
— Hardware Security - Ansys HFSS 3D Layout (ECAD) — Used for
modeling circuit boards, chip packages, and — —

— Full Ch. Auto verification chips. The ECAD environment is much easier NS
-

to work with when simulating these types of A e |

ohjects. -
o -

- The ECAD and MCAD environments can be Q = o ?ﬂr a
rmixed using layout-driven assembly. In this ’it — \i\ v il 1
case, 30 CAD models can be pulled into the ST L !l: o
ECAD environment and placed on or around i e, ..
circuit boards, etc * :i.'.'.', A

without uses
interaction

* Source : ANSYS

=> Mixing CAD, Mesh Fusion, 3D Components
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Bl 5to 6Gen Tech. Issues :

Tech. Issues :

XX Signal Integrity

— S—parameters

— Impulse Response Mixing Solvers
- Jitter - Design and analysis time reduction through mixing
— X—talks 2.5D and 3D Full-wave field solvers
- Ansys HFSS tackles complex geometries, such as exit
- RL; TOT routing under a BGA or connector landing patterns
- IL - Ansys Slwave handles high-speed signal trace
— Skin Effects gepmeties
- PAM4
— Hardware Security
— Full Ch. Auto verification simulation Time

Siwave Only 10 hours and 39 minutes
Slwave with HFSS Regions | 12 hours and 25 minutes
HFSS Only 30 hours and 39 minutes
Eye Characteristics Stwave Only HFSS Regions in Simulation of the Cut

St Simulation | Out in HFSS Only

I Peak to Peak Jitter 6.6 ps 7.0 ps 7.0 ps
Minimum Eye Height 663.7323 mVv 696.2321 mV 699.0568 mv
Minimum Eye Width 94 ps 93.6 ps 93.6 ps

* Source : ANSYS

=> Mixing Solvers : 2.5D (Fast Slwave) and 3D Full-wave (HFSS region)

17
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B 5to 6Gen Tech. Issues :

Huwin S-tools : S—Correction => Causality/Passivity enforcing
Tech. Issues :

— S—parameters Soesgner [ scomection |

- Impulse Response Load snp fle Cousality emor

- Jitter C:\Users\JYCho\Desktop\CHO_PKG_20GHz.526p . .
— || Processed

— X—talks o

- RL,TDT Correction option = Z:

- I L Causality 0 3 6 9 12 15 18

Frequency (GHz)
— Skin Effects Reciprocity
- PAM4 Passivity

— Hardware Security . os —go
— Full Ch. Auto verification

Causality error -24.7636  dB 09
o 3 6 9 12 15 18

Frequency (GHz)

Passivity

Passivity (max) 0.9999880!

Total error -24.7636  dB Total error

e W oo
- L — || Processed
T
8 10 P 20
Bl 206 7 5 Corecion 2 R e s i

e

SE=S Mo S
-1 O | 1O T
> Non-causal error » Causal 29l

18
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B 5to 6Gen Tech. Issues :

Tech. Issues : Huwin S—tools : S—Designer => channel .snp file generation

— S—parameters
- Impulse Response

. [5] Designer [5] Correction

- Jitter

— X—talks m—

- RL,TOT E— ; .
- freqo - Seusae SESS iaas

- IL Frequency [ 0 ]Hz Eraion L Rt i

. Insertionloss ;[ 1dB

- Skln EffeCtS Returnloss @ [ ] gB
PSNEXT C 0 ]dB =

- PAM4 PSFEXT 0 ]1dB | | =i

— Hardware Security e ) —~ | 1

ape N - 17 o | |

— Full Ch. Auto verification Frequency : [ Hz 1.
Insertion loss ;[ 1dB :
Returnloss © [ ]1dB e e e T
PSNEXT 0 ]dB DadsaooLa DAads 808 LT
PSFEXT DT ]de o L raren
- fregs - :
Frequency [ ] Hz = - |
Insertion loss © | 1dB i
Returnloss : [ ]1dB : .
PSNEXT [ 1dB =
PSFEXT DT ]de ol
Max freq. @ [ ] GHz
Freg.step @ | ] MHz
Liness[ 1] Export

Ul concept

19



I 5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X-talks

- RL,TOT

- IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification

Huwin www.snpview.com => channel .snp file verification

n
"2" SnpView.com 3 2023.05.30
2Zports m Options TDR advanced options . Charts
+ Mixed Mode O dB O Mag Rising time 20 ps
Ot Owmooman oy . TORTOD11
Single view A
O Phase O Group delay Port 7 @ N
'orf Ohm
. 250
probe.s32p13,14 < - > 29,30 (O smitn () 20 Polar pcopion @) Auto () open
O 3D Polar O Passivity
TDR
@ n Cap.load O On @ off 200
Export
O T X axis unit @ Sec O Meter £
= =
PerfectCal® O Eye-diagram o 150
(De-embedding)
Cascading & TOR port
(repeat:~~_rep_n~~) @ 511
100
(O sz2
0.92
TDR advanced options > nsec
TDT:TDD21 & Add chart
0
S 8 1
0.4
Detail info _20
0.2 DELAY : 16.56 psec, SLEW : %
43981000000.00000 (mV/psec) -30
> 0
-40
o 50
—0.4
0.0 13 27 40 53 67 80
GHz
nsec —— 5DD11 —— SDD21

Accurate TDR/TOT, IL, RL
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Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification

Huwin SimX engine

Extrapolation method for extracting accurate and causal impulse responses
» Low/high frequency range extension for the band-limited S-parameter
# Ensuring low-frequency accuracy and causality of the impulse response

Extrapolation of the band-limited S-parameter

e A Causal impulse response

Y -~ -

Accurate impulse response

Correct adaptation of EQ
in AMI simulation

hy(t)

1
1
1
[ = - -
/-\_Ji ’-“..‘: -
. * - ==
! b 1 Delay-causal ™
L] —’.
i
]
1 E
] ;
1

Accurate results of AMI analysis * . ' »
\/y {] fﬂ-ﬂ fw f 0 Tp ti
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Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X—talks

- RL, TOT

-|L

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification

> Jitter Noise Analysis using ACVS :

v ACVS Basic Sl report to estimate the Jitter Noise

=> Insertion Loss/ Return Loss /X-talk Summation
=> Accurate TDR/TDT report

=> Quick report for the jitter noise estimation in early design stage

v ACVS Eye/BER report to estimate the Jitter Noise

=> Accurate Eye/BER report to measure

- DJ (deterministic jitter), Non intrinsic
(design-related deviations) jitter which can be controlled or fixed with
appropriate signal Ch. design improvements.

- Periodic modulation (phase, amplitude, and frequency),
Duty cycle distortion(DCD), Inter-symbol interference (ISl), Crosstalk,
Reflection caused by unmatched media

=> ACVS has the function of Fast Eye (Hawk eye) diagram/BER
including DDJ, ISI, Distortion, Crosstalk, Reflections through Ch.

=> Faster solution with highest accuracy
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Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification
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Bl 5to 6Gen Tech. Issues :

Tech. Issues : Huwin Memory module: Single-ended AMI (DDR5/GDDRE6) En:are
= for SI/PI

— S—parameters Basic principle
— Impulse Response > Extracing All X-talk responses
- Jitter » Wave synthesis using all X-talk responses
— X—talks v Computational load t
- RL,TOT
- L Rising/falling
— Sliz\ll\r/llfffects AN Insgert?:'lniex-talk
-P DAL
— Hardware Security e [xm‘x engine] -
— Full Ch. Auto verification oosting analysis speed :

DQO) [\

DQ1 _—

oatl o | MU

— E 1

A | a3~ M |
P DQ4, (o] I
DQy| R |
DQs6| Y :

DQ7]" Channels |DQ7

[

Waveform
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B 5 to 6Gen Tech. Issues :

Tech. Issues : » Huwin ACVS Basic SI (FEXT) and Eye/BER report results correlation example for Jitter analysis

FEXT
Eye density : Output Point BER

— S—parameters
— Impulse Response

— Jitter .

— X-talks - |$

- RL,TOT el LR RERN TRAEN -
- 1L SRR -
— Skin Effects ACVS Basic report example of Good ch, ACVYS EYE/BER report example of Good ch,
_ PAM4 Satisfy the FEXT Imit (far end cross—tak With less Jitter noise

summation)

— Hardware Security
— Full Ch. Auto verification

FEXT

Eye density : Output Point BER

TERT o
B £ 2 3
B 8 B B

ACYS Basic report example of Bad ch, Over ACVYS EYE/BER report example of Bad ch,
the FEXT imit{ far end cross-tak summation) With more Jitier noise caused by FEXT

25
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Bl 5to 6Gen Tech. Issues :

Tech. Issues :

Here is a table that summarizes the cross talk requirements for different generations of PCle:

— S—parameters
— Impulse Response

— Jitter PCle Generation Adjacent Lane Mon-adjacent Lane
— X—talks
- RL,TOT PCle 5.0 -43 dB -53 dB
- IL
— Skin Effects PCle 4.0 40 dB 50 dB
- PAM4
— Hardware Security
— Full Ch. Auto verification PCle 3.0 -37dB -47dB
PCle 2.0 -34 dB -44 dB
PCle 1.0 -31dB -41dB

f] SheetsZ W=L47|

* Source https://bard.google.com/
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Bl 5to 6Gen Tech. Issues :

. Huwin Update plan: Adv. SerDes Pack Next wave
Tech. Issues : P P T forsi/p!
EM automation + Full X-talk SerDes AMI
~ S—parameters » Fully integrated automation of ANSYS EM for SerDes channel
B |mDU|SG Response » World 1st automation in SerDes AMI simulation including full X-talk
— Jitter » Applications: PCle Gen3, UFS, etc.
- )Iélt?::i)('? » EM automation: Released, General SerDes AMI: Released, Full X-talk SerDes AMI: 2023. 30
- |L EM automation for SerDes channel
— Skin Effects ~
- PAM4

— Hardware Security
— Full Ch. Auto verification

» ANSYS Slwave,
HFSS, etc.

e sbp files

.x\ )

: ACVS
/ . _
nivs -
a o W B n L — |
a o ¥ =8 = AR

Automation

EM automation

Seamless processing flow
using EM models & snp files

The world 1st full X-talk automation
in the SerDes AMI simulation.

(2023.30)
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Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification

PCle 6.0 Platform Crosstalk Reduction :

— Coaxial via protected PCle 6.0 receive path

Coaxial via protected PCle 6.0 receive path

[}
" Y
— dsmnmnmn
£ 5 E
g ds{s|mn.mn_|
S Setupl : Swee,
100

Ground wall

Coaxial via cross section view

NEXT Comparison

Red: baseline reference design

Freq [GHz]

Near-end (NEXT) crosstalk comparison

* Source : SLIDES_Track07_DesignofaSIPIOptimizedPCle _Final_Gao.pdf , DesignCon 2023
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Bl 5to 6Gen Tech. Issues :

Tech. Issues : » Huwin ACVS Basic Sl (RL, TDT) and Eye/BER report results correlation example for Jitter analysis :

TDR

- X-talks i TS 0
- PAM4 ACYS Basic report example of Good ch, ACVS EVE/BER report example of Good ch,

— S—parameters -

— Impulse Response - Eye density : Output Point | -
- RL,TOT ' E:jéf

- L

— Hardware Security Safsfy e TOR mpedence/ R imit (Fictn Wilh less Jiter noise

- Jitter . AL =
— Skin Effects o
— Full Ch. Auto verification

TOR

Tl
I’t‘ - o Eye density : Output Point BER
3 s |

o ACAVS EYEMBER report example of Bad ch,
ACVS Basic report ole of Baxl ch. With more Jitter noize cauvsed by Retumn Loss

the TDR im pedance/ AL limit {Retun Loss)

29
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B 5 to 6Gen Tech. Issues :
» Huwin ACVS Basic Sl (IL, I1SI) and Eye/BER report results correlation example for Jitter analysis

Tech. Issues :

IL

— S—parameters T

— Impulse Response
- Jitter
— X-talks :’f 2
— RL,TOT )

_ |L - 1ot II.:_‘ .
— Skin Effects

- PAM4 ;F:;Sm B;':TL'E;PT;IH“FE 'IJL (33;1'1 ch, ACVS EYE/BER report example of Good ch,
. m nsertion With less Jitter noize
— Hardware Security

— Full Ch. Auto verification

Eye density : Output Point BER

=

T o

Eye density : Output Point BER

Feem. [

ACVS EYE/BER report example of Bad ch, Wit more
ACYS Basic report example of Bad ch, With Jitter noise cauvsed by Inserion Loss or 151
more IL {Insertion Loss) -
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I5 to 6Gen High Speed Interconnection

B 5to 6Gen Tech. Issues :

¢

Solve inside

Solve bounvdary

Tech. Issues :

HHHIHHEN

— S—parameters

- Impulse Response
- Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security
— Full Ch. Auto verificati

T ]
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I5 to 6Gen High Speed Interconnection

H 5to 6Gen Tech. Issues : _» High density layer

Tech. Issues :

— S—parameters
— Impulse Response

- Jittel' High Speed SerDes
— X-talks
- RL,TDT : -
~ L Fig. 6. Proposed RDL cross-section|
— Skin Effects * Source : Hybrid RDL Design in Fan—out Package, EPTC IEEE 2021, ASE
- PAM4
— Hardware Security 200
— Full Ch. Auto verification £.75]
EI&15.0 g
12.5 7 — Thin_R_per_1mm |
' Imported
- Thick_R_per_1mm-
Imported

Differential_Line_Resistance
~ o
(4] o
| |

>0 |
= _/‘m/-/‘
00 T T T T T T
0 10 20 30 40 50

Freq [GHZ]

16.00

Thin, Thi%ﬁ RDL layer line resistance/mm vs. freq.
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I 5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

Tech. Issues :

HFSS
— S—parameters * HFSS 3D Layout integrations — Raptor-X, Q3D
— Impulse Response Full IC design EM modeling & simulation w/Raptor-X
- ;J(Ittterlk Q3D for package & PCB RLCG parasitic extraction
— A—1alksS
~ RL.TDT Model transfer to HFSS 3D Layout
- IL ’ Multiple EM solvers in 3D Layout (FEM, MoM/IE)
— SKin Effects Full chip-to-system simulation
- PAM4
— Hardware Security
— Full Ch. Auto verification
EM
Crns;sltall-c
I
* Source : ANSYS
7 AnalogRF
Helic oater 1] Block
= Raptor—X Core(s) =5
. o Aggressor
integration — Criical net
Victim
to HFSS R
delivery
Typical SoC network o= |—P %
Package / InFO {Interposer \/”'f'!‘
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I5 to 6Gen High Speed Interconnection

H 5to 6Gen Tech. Issues : BE-TZA BF-NN BFL-NF
(HVLP 1) (HVLP 3) (HVLP 5)

Tech. Issues :

1 GHZ
— S—parameters

— Impulse Response
- Jitter

— X-talks 15 GHZ
- RL,TOT
-IL

— Skin Effects
- PAM4 55GHZ
— Hardware Security

— Full Ch. Auto verification

13

=8=BF-TZA (HVLP 1)
=#-BF-NN (HVLP 3)
=®=BFL-NF (HVLP 5)

1.25

1.2

K (P/PO)

1.15
11

1.05

0 10 20 30 40 50 60 70
f (GHz)

* Source : SLIDES_Track04_Finite element modelling of copper_Wittmann.pdf , DesignCon2023
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I5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verificatio

Insertion loss (dB)

Improve serdes and circuit media

0

Reduce jitter/noise + introduce equalization — TXFFE * ClockRecovery * RXCTLE * RxDFE * RxFFE

How We’'ve Obeyed Moore’s Law

Increase BW until IL~ 30 dB /\4" pack more bits into each Ul

I

5Gb/s
! |
40 28 Gb/s
50
60 |
0 10 20 30 40
Frequency (GHz)

50

Insertion loss (dB)

PAM16 |
\4

112 Gb/s

6 Gb/s
‘ /\/\‘\_\
NRZ \/ \
28 Gb/s i
10 20 30 4 50
Frequency (GHz)

* Source : Designcon2022- Case of the Closing Eyes Panel 2022_FINAL.pdf
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I5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—parameters

— Impulse Response

- Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification

001001101110

i |
: | : :
NRZ 5 : P l
? i § |
0: 0 0 0:1 i1 i0:i1 i1:i1:i0
<« Word1 - T
3N : P i b i
10 10 10 : l
PAM4 : || P
4101 o S S i B
. | : - -
300 00 J
<4+—— Word1 > < Word2 —»

NRZ : overlaid eye with PDA pattern

EH = OJ?IV

EW=0.83 Ul

0 10 20 30 40 50 60 70 80
Samples/Ul

20

S
10

0

PAMA4 : overlaid eye with PDA pattern

_— | EH=0.104 V
EW=0.28 Ul

| EH=0.104 V
pg EW=0.31 Ul

_ | eH=0.104v
EW=0.28 U

* Source : Designcon2023— SLIDES_Track06_PCle6.0(PAM4)Signalintegrity_Liu.pdf

PAM4 signaling is more sensitive to cross—talk, signal reflections, and power supply noise
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I 5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

|
uh SnpView.com @ Impedance correction added!

HEE Options . Charts
Tech. Issues : R e e O®  Owe

O Real O Imaginary Worst-case eye-diagram

O Phase O Group delay
- S-Dal'ametel's probe.s32p13,14<->2930 [N () 20 Polar

_ |mpu|se Response m O 3D Polar O Passivity

T () ToR o
Jitter

~ X~talks — .

- RL,TDT [:De—emneddin:g) ® (Diff.signaling)

— IL I_Casr.:?i!ing Data rate 25000 Mbps

— Skin Effects " '

- PAM4

Single view A

Export

Low V -1 v

High v 1 v

— Hardware Security [
— Full Ch. Auto verification ' . Worst-oase eye-diagram
(O Rz (@ Pama

Chart Type

Worsteye | | BER

Show options >

# DD/DC/CD/CC : =
DD EE
_D_z_
Dc ch

—0.4+

psec

SnpView.com , PAM4 vs. NRZ Eye diagram




I 5 to 6Gen High Speed Interconnection

B 5 to 6Gen Tech. Issues :
Power Noise and EMI Issues in Hardware Security

Tech. Issues :
Secret Key Extraction .
Faraway from if;ié
Cryptographic IC

— S—-parameters
- Impulse Response

— Jitter O

— X—-talks

- RL,TOT Tamper Resistant & EMField ™ > BN et
- IL Secured Cryptographic IC Roadboibon T VRM

— Skin Effects — From PDN e

- PAM4

— Hardware Security
— Full Ch. Auto verification

PDN Current
Containing Information

Decoupling Capacitor A.:.

* PDN is the path where power/ground currents flow to AES core, which resembles
the operation behavior.

» As aresult, radiation from the PCB PDN can cause EM information leakage issues.

* source : Electromagnetic (EM) & Interconnection Modeling and Analysis for SI/Pl, EMC, Hardware Security,
Prof. Youngwoo KIM, Sejong University
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I 5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

EMCoS SRC3D toolkit :

Tech. Issues : Eq. magnetic dipole source (EM reconstruction)
— S—parameters

— Impulse Response

- Jitter

— X-talks o

- IFli_L,TDT Hx_mag, Hy_mag (x,y,2,f)

— Skin Effects P 4O s

- PAM4 2

— Hardware Security
— Full Ch. Auto verification

Dipole source to 3D EM (HFSS)
: => Simulation/optimization to
e aiainntutaiute ol reduce the EMI

Secret Key Extraction

w
Faraway from 1
Cryptogr: 1phl IC
\
N

» EM Probe

Secured Cryptographic IC Radiation e

—— From PDN

4 [ it R
PCB PDN s ] PDN C urrent
H + Containing Information

|

|

I

|

|

| -
| Tamper Resistant & EM Field
|

|

|

I

|

|

|

APREL EMI- Slght Scan @ Huwin
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I5 to 6Gen High Speed Interconnection

B 5to 6Gen Tech. Issues :

Tech. Issues : Huwin ACVS Case study-3: Al Chip Ch. Verification Issues (Single-ended AMI)
» Al Chip Complexity : PCle Gen5(32Gbps x 32ch.), GDDR6(16Gbps, > 300 I/O nets), HBM3(6.4Gbps, 1024 I/O nets)
> Full Ch. X-talk sum, TDR, BER/Eye Verification needed

- IS-palramF?terS » Schematic base manual verification is difficult (time and human error issues)
— Impuise Response ——
- Jitter i
- X-talks o [ I?I‘T‘ — I m;T:: -
- RL,TOT i S i i =
- IL RIS — - T =
— Skin Effects - SR —~ - LTI =
- PAM4 — e —
— Hardware Security -
— Full Ch. Auto verification ﬂlﬂﬂ'ﬂlﬂl‘mmilil - -
_u.n.u [

||1||||||||
CITLELLLL

| S T |

il

-

i

T iRt
EE RSN

LLLEELL LT

Basic-SI: 2h. 40m (GDDR6 Byte0~7)

. : 2 ByteQ Write | ByteO Read Byte01 CA
ACVS Ch. Verification solution (GDDR6 total: ~10 hours) AMI analysis: 6h.30m (GDDR6 Byte0~7)
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I 5 to 6Gen High Speed Interconnection

B 5to 6Gen Tech. Iss

ues -

Tech. Issues :

— S—-parameters

— Impulse Response
— Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verificati

Huwin ACVS: The dedicated solution for SI/PI analysis with the high-speed channels

EM simulation

/IR

[ sAmsuns Slh,mix [ Jr— AIST
s = |
ReferTopes Pimaritach StepSystern [5] sesurre

ACVS: system simulation/reporting

= ANSYS Shwave,
HFSS, etc.

..\-

4

N\ 0

» Automation of system simulation
with SimX engine.
* Reporting: charts and measurement.

> Applications: DDR4, DDR5, GDDR6/HBM(AI chip),

PCle Gen5~, C-PHY, etc.

<7

owver 600 ports, higher data rate,
complex channel structure

—

-

/
J/

/

| Expanding automation coverage for recent applications |

Report

= —

ST C

# Customized report
\. /

e o
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I 5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

Tech. Issues : Huwin ACVS Case study-1: LPDDR4 (Transient)
» 4.266Gbps, step->Ul/32, sim. time-> 7.68us (215 PRBS)
— S—-parameters » Tx/Rx IBIS models: Non-linear model (Rising/falling waveform, pull-up/pull-down I/V data)
— Impulse Response ¥ Simulation environment: Intel i7 13700K, 32GE RAM
— Jitter

40p 5-parameters

— X-talks ey
- RL,TOT =
- 1L v 5 s .
— Skin Effects > e -
- PAM4 SR
— Hardware Security S
— Full Ch. Auto verification S pRe s R T
LPDDR4 ByteQ/1 (s40p) Solution-B ACVS
{Pkg+Board+Pkg)
n::_ e Splution-B
) e BCWS
0.35 Solution type Conditions Analysis time
E 0,25 -

-manual setting
0.2 Solution-B {over ~30 min) 27 hours
= o8 -without reporting

0.1 =

0.05 ] ACVS -auto setting

26 min

o] -auto reporting

=005

60 faster

1 T T T 1 Transient simulation comparison- "3‘

Tirmier {risac)
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I 5 to 6Gen High Speed Interconnection

Bl 5to 6Gen Tech. Issues :

Tech. Issues :

— S—-parameters

— Impulse Response

— Jitter

— X-talks

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security

— Full Ch. Auto verification

Txfﬁ:-{ AMI models + Channel S-parameters
PRES: total 2,270,000 bits
(=ignore bits: 2,240,000+ input bits: 30,000)

1'[@?".:!:6_!'!-;1:3 (Usage Info) (Type Integer) (Default 2240000)

Schematic {(manual)

Solution type

Conditions

Analysis time

-manual setting

Solution-A {over ~1h) AMI: Sh 30m
-without reporting
o -auto setting Basic-51: 38m
ACYS “Q -auto reporting AMI: 3h 40m :
Analysis results /?a x2.6 faster

ot

S,
SOoX SO

a
a
a
o
4

Huwin ACVS Case study-2: PCle Gen5 channel (32 Gbps, IBIS-AMI)

. . M

T T T TTTTT T TTTT T
a m F 1] a = o m

Solution-A ACVS

Solution: ANSYS Ch. modeling + ACVS SI/Pl analysis

T (ki i T =====

e i == e o ::-?-.E-__:_-ﬂ:

ppn—_— i e R

e =

__J e =

s e

e —— Seme= ===

= === 1 - :'.F—TL":
Basic-5l: 38m AMI: 3h 40m
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