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5 to 6Gen 동향 : Processor Trend 

5 to 6Gen High Speed Interconnection

* Source : https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/

1.5X per year

1.1X per year
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5 to 6Gen 동향 : DRAM Trend  

5 to 6Gen High Speed Interconnection
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5 to 6Gen 동향 : DRAM Trend  

5 to 6Gen High Speed Interconnection

*Source : Designcon2022-
SLIDES_Track2_Panel_AMI_Models_7yearItch_Telian2
-1.pdf

Rx DFE
w DQS clocking
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5 to 6Gen 동향 : High-Speed, High-density, High-power  

5 to 6Gen High Speed Interconnection

- Electronic System : High-speed, High-density, High-power
- 2023 : 800Gb(100G-PAM4 x 8lane) Ethernet , PCIe 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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5 to 6Gen 동향 : High-Speed, High-density, High-power  

5 to 6Gen High Speed Interconnection

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 AssemblyMCAD

Geometry chang
es can quickly b
e implemented, 
adaptive meshi
ng gives confide
nce on every sol
ution without u
ser interaction

* Source : ANSYS 
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5 to 6Gen 동향 : Chiplet AI  

5 to 6Gen High Speed Interconnection

* Source : https://www.hellot.net/news/article.html?no=78002

Huwin ACVS : 

Advanced (AI) Chip Verification System

HBM3
UCIe
PCIe Gen6
EM (ANSYS) 해석 자동화
Eye-diagram 최적화 위한 Tx/Rx 모델
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5 to 6Gen 동향 : HBM   

5 to 6Gen High Speed Interconnection

High Bandwidth Memory (HBM) DRAM 표준 : 

- GDDR보다 더 높은 메모리 대역폭을 달성하기 위해 적층 형태로 설계.
- 2013년 SK Hynix에서 최초로 HBM chip 생산, JEDEC 표준으로 채택됨.
- 2016년 HBM2 JEDEC 표준, 8 dies per stack, 2GT/s, 256GB/s per package
- 2019년 HBM2E, 8 dies per stack, 3.6GT/s, 460GB/s per stack
- 2022년 HBM3 JEDEC 표준 238A, 12 dies per stack, 6.4GT/s, 819GB/s per stack

HBM 집적 패키지 (*Source : Rambus)
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5 to 6Gen 동향 : PCIe  

5 to 6Gen High Speed Interconnection

PCIe (Peripheral Component Interconnect Express) 표준 : 

- 2022년 PCIe Gen6.0 규격 최종안 확정, 64GT/s, x16 lanes 로 구성, 최대 256GB/s 전송이며, 

- PCIe Gen5 (32GT/s) 대비 PAM4 시그널링을 적용하여 데이터 대역폭을 확장함.

PCIe 규격 및 전송속도/대역폭 (*사진 = PCI-SIG)
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5 to 6Gen 동향 : UCIe  

5 to 6Gen High Speed Interconnection

UCIe (Universal Chiplet Interconnect Express) 표준 : 

- Rev. 1.0 (Feb. 2022)
- Die-to-die 패키지 레벨 통합을 위한 칩렛 인터페이스 표준
- PCIe Gen5/6, CXL 2/3 support
- Intel, AMD, Samsung, SK hynix, LG, Nepes, TSMC, NVIDIA, Qualcomm 등 major chipmaker 들 뿐 아니라, 
package, Interface IP 및 EDA 업체들이 대부분 참여하고 있음.
- Pitch 가 작아서 접합 오류 발생 가능성 높은 Advanced Package 설계에 대해 Interconnect Redundancy 
Remapping 에 대해 정의하고 있음.
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5 to 6Gen 동향 : CXL  

5 to 6Gen High Speed Interconnection

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



5 to 6Gen High Speed Interconnection

5 to 6 Generation 동향

5 to 6 Gen Tech. Issues

13

Contents :



14

5 to 6Gen Tech. Issues :  

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* Source : SLIDES_Track 13_Distributed-Physical-Based_Transmission-Line Model_of_PCIe5 _He.pdf , DesignCon 2023

=> EM modeling 해석 시간, 효율 문제

➔ ANSYS SIwave Hybrid region

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

=> Mixing CAD, Mesh Fusion, 3D Components

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification

* Source : ANSYS 
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

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

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification

* Source : ANSYS 
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Huwin S-tools : S-Correction =>  Causality/Passivity enforcing

적용 전
➢ Non-causal error

적용 후
➢ Causal 확인

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Huwin S-tools : S-Designer => channel .snp file generationTech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

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

Accurate TDR/TDT , IL, RL

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Accurate impulse response

Correct adaptation of EQ 

in AMI simulation

Accurate results of AMI analysis  

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification



5 to 6Gen High Speed Interconnection

➢ Jitter Noise Analysis using ACVS : 

✓ ACVS Basic SI 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

✓ 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 (ISI), 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

5 to 6Gen Tech. Issues : 

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* Source https://bard.google.com/

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* Source : SLIDES_Track07_DesignofaSIPIOptimizedPCIe _Final_Gao.pdf , DesignCon 2023 

PCIe 6.0 Platform Crosstalk Reduction : 

- Coaxial via protected PCIe 6.0 receive path

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Solve inside Solve boundary

20GHz

10GHz

1GHz

0.1GHz

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification



Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
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- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* Source : Hybrid RDL Design in Fan-out Package, EPTC IEEE 2021, ASE

Thin, Thick RDL layer line resistance/mm vs. freq.



33

5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Helic
Raptor-X 
integration 
to HFSS

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification

* Source : ANSYS 
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* Source : SLIDES_Track04_Finite element modelling of copper_Wittmann.pdf , DesignCon2023

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* Source : Designcon2022- Case of the Closing Eyes Panel 2022_FINAL.pdf

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

PAM4 signaling is more sensitive to cross-talk, signal reflections, and power supply noise

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification

* Source : Designcon2023- SLIDES_Track06_PCIe6.0(PAM4)SignalIntegrity_Liu.pdf
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

SnpView.com , PAM4 vs. NRZ Eye diagram

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

* source : Electromagnetic (EM) & Interconnection Modeling and Analysis for SI/PI, EMC, Hardware Security, 

Prof. Youngwoo KIM, Sejong University

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

APREL EMI-Sight Scan @ Huwin

Hx_mag, Hy_mag (x,y,z,f)

EMCoS SRC3D toolkit : 
Eq. magnetic dipole source (EM reconstruction)

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

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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5 to 6Gen Tech. Issues : 

5 to 6Gen High Speed Interconnection

Tech. Issues : 

- S-parameters
- Impulse Response
- Jitter
- X-talks
- RL,TDT
- IL
- Skin Effects
- PAM4
- Hardware Security
- Full Ch. Auto verification
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Leading the Simulation Market for 50 Years

Uniquely Positioned 
for GrowthThe Industry Leader Simulation is 

Our Core Business
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Setting the Gold Standard for Simulation Solutions 

Expert Engineering 
Partner

Simulation
Accuracy

Comprehensive 
Simulation Suite

Open
Ecosystem



Thank You
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