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New simulation techniques required

ü Statistical analysis to predict behavior over millions of bits

ü IBIS-AMI can be used to model the equalization

Forwarded clock problem

ü Timing and voltage margins are specified at an extremely low BER(1E -16)

PCIE GEN5 Channel Topology

* : Y. L. (Nvidia), Y. H. (Amphenol), άPCIe Gen. 5 CEM Connector and Add-Lƴ /ŀǊŘ t/. 5ŜǎƛƎƴ hǇǘƛƳƛȊŀǘƛƻƴǎέΩΣ 5ŜǎƛƎƴ/ƻƴ2019

16Lane Tx/Rx : X32 pair 
(32GT/s)
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5Generation : ~50GHz  - > 

SerDes/DDR Memory Tips & Solutions

Expected to implement equalization

ü PCIe Gen6, USB4, 100G per-lane Ethernet and OIF/CEI

ü DDR5, GDDR6, C-PHY

64Gbps (16ps UI), S- para. BER ? HawkEye

SimX
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3D EM Modeling :
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& Characterization :

SerDes/DDR Memory Tips & Solutions

× ♬̓ Ἅ ˺̓ ╪
ü PCB∟▫◓╥ ᶹἛ̓ ᾒⱠ Ⱡ▬ӈ PCB╥ ┬♣═╥ ╪ʺ Ⱶ◓

V ͎ ╪ʺ תּ Ώּתᵣ TDR ˺ ̓ ẋ̪ᾎ –ʼ╥ delay ╪ʺ Ϯ ϶
V ♪ PCB╥ ˿↕ Ἰᾒ ˃╥ ṒỮ╪ ⅝

ü Ⱡ▬ӈ PCB Ữ╪ Ἅ̓ ╪ʺ Ⱶ◓
V PCB Ữ╥ ⁄ ḓ ᶔ ˞ ͙ Ữ╙ trace ṨṪṊᴛ ♬ ḙ₅ ͙Ѥ ‡ᴓ̆ ͌
♠╬ ὡ ᵑ ♠↔ ⁴ Ἅ ⅝(♠↔ ʺѫ Ϯ ═Ἓ╪ ᵰ↕ ԑ‡ּ̆ת ͌˃╙ ♠↔
ҵ ₡ ʺ תּ Ώ╛)

V PCB traceḌҵ ֞Ѥ ̇ᵉ Ӯ╥ Ữ⁄ ӻג ⱠⱳỮ╥ ₡ ʺ ḛỸ
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PCB Materials & Technology :

SerDes/DDR Memory Tips & Solutions
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PCB : PCB 

SerDes/DDR Memory Tips & Solutions

× HFSS Ἅ⁄Ἄ Ợ↔ Ѥ PCB relative permittivity Ѥ time delay, dielectric loss tangent Ѥ
insertion lossᵑ ╪↔ ⁴ ̯ ὡ ▓╛

× PCB ♬̓ Ἅ ˺̓ᵑ ẋ̪ ⁴ ┬♣═̓ Ἰᾒ˃╙ ṒỮ
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PCB : De - embedding 

SerDes/DDR Memory Tips & Solutions

× DUTŋ ♬◑ẋ₮ ⁷˺ ͙ ─ Ⱶ◓ Ѥ PCB Ӯ╥ fixtureʺ ⅝
× DUT̋ Ўᶴ ▬╘ ˿↕⁄ ♬ probeỢ╪⁄ coupling╪ ḛỸ ͙ ԅᶷ⁄ ╪˶╪ ⅝
× Fixture + DUT + fixture ̯ⱳ⁄Ἄ ‚ fixture Ἓ╙ Ⱡ˞ ⁴ DUT Ἓ╙ ̯
× Fixture ӎˌᵑ ⁷˺ 2X thruᵑ ♬ ⁴ Fixture╥ ⁵ ὡᵑ ̯
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PCB : 

SerDes/DDR Memory Tips & Solutions

× 2X thru ♬ ˺̓
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PCB : 

SerDes/DDR Memory Tips & Solutions

× DUT ♬ ˺̓



ANSYS Electronics 

3D EM Modeling

Memory/SerDes Џ ṧἊ/ᶘҥᵝ
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3D 

SerDes/DDR Memory Tips & Solutions

× ͐ ̆ἶ ᾐ ♣Ἶ В╘ ͎ ͙ʺ ♩♩ ▬ῷּ̆ת ▓͙ ԅᶷ⁄ ♪וֹ ♬╪ Ṭʺѫ ̆ Ⱡⱳ
ὡ♬╪ Ṭʺѫ ⁴ Ἅ╙ ╪↔ ἒ́╥ ⅝Ἓ╪ иῷ︠

× ▬ῷּ̆ת ṓ◌ בֿ В╘ via, socket, connector Ӯ╥ ѻ‚ Ṭ⁷ἶ ╬ ╪ᾅ╥ ▐ Қᾅ ᵰ ̓
Ữ ʼἘ╥ ₅ ╙ ̆ᴎ ⁴ ἒ́Ӈ‡‒

× ͙Ⱶ╥ ʻ В ̯Ἓ╥ S-parameter╥ ⁷˺ᴛ ♣ В ṪἍ╪ Ṭʺѫ ̆ 3D Ἅ╙ Ữ ₅
Ἓ ṪἍҵ ⅝

× ᶛӧ В╙ 3D Ἅ╙ ╪↔ ⁴ ṪἍ Ѥ ˦╪ ʺ◑ ♬ ᵣ, ᾎʼתּ ♥–╙ ─ 3D Ἅ╪ ⅝
ṨṪ╙ Ѿ ⁴ ♠♥ ↔ Ѥ ḢΌ╪ ⅝

× ▀ḙ♠╬ PCB traceѤ SIwave̋ ̓♠╪̆ Package₮ ˉ╘ PCB╥ top⁄Ἄ bottom ╖ᴛ ⁷˺ӇѤ ̯
ⱳѤ HFSS 3D layout, connector Ӯ╥ 3D ˌ ᵑ ṨṪ╘ HFSSŋ ↔ Ѥ ˦╪ ̓♠╬
Ἅ Ḣḹ



14

Stack up via 

SerDes/DDR Memory Tips & Solutions

× Stack up╘ PCB Ợ‚ אַ ʺ◑ ⅝אַ ᶜ╖ᴛ ╬ ὡ
ü HFSS 3D Ἅ⁄ ⅝ ′Ѥ layerѤ Ⱡ˞ Ѥ Ḣḹҵ ▓╛

× Via ♬ṒѤ via ἐ Edit Padstacks ᵚ ⁴ ╬
ü layout data⁄ ♬ ░ᴏӇּת Ώ╘ ˿↕ʺ ▓͙ ԅᶷ⁄ ╬ ὡ)

Layer Stackup Wizard
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SIwave HFSS 3D layout : SIwave region

SerDes/DDR Memory Tips & Solutions

× SIwaveѤ ӈ♬תּ region ̯ʼ╙ HFSS3D layoutᴛ Ἅ Ѥ ͙ѫ╙ Ⱡ̑
ü 3D Ἅ ̯ʼ╙ region╖ᴛ ἒ♬

× Region ἒ♬ ᾎ ╥ל Ợ
ü Region╘ SIwave portᵑ ̯ʼᵣ ἒ♬ ʺѫ
ü ̯ʼ ˿́ᶔ╘ HFSS 3D layout port ἒ♬╪ ʺѫ ҵᴜ
˿́ᶔ⁄ ὡֹו reference plane╙ ‒

× Region ἒ♬ӈ ̯ʼ╘ SIwave ˺ ̓ җ╥ HF#ᴛ ♇◑ӊ

3D Ἂ ̬ʹ

SIwave Ἂ ̬ʹ
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HFSS 3D layout PCB 

SerDes/DDR Memory Tips & Solutions

× PCB₮ ˉ╘ ♠ ̯ⱳ Ἅ╘ layerᵡѻ 2D triangular meshᵑ ỸἛ Ѥ phi meshing ͙ὥ╪ ┬↔

× Ἅ╘ HFSS solver╙ Ợ↔ ͙ ԅᶷ⁄ HFSS₮ ˞╥ ˉ╘ ˺̓ᵑ Ϯ Ѓ

× Package ₮ ˉ╪ top⁄Ἄ bottom ╖ᴛ ⁷˺ӇѤ ╥ Ἅ╘ SIwave region Ợ↔╪ Ṭʺѫ ͙ ԅ
ᶷ⁄ 3D layoutᵑ

× BGA₮ die╥ solder ball ᶛҨ╙ ∟תּ ̆ port ἒ♬ҵ ṪἍ netᵣ ἐ ᶔ ▫ҿ╖ᴛ ỸἛ╪ ʺѫ
͙ ԅᶷ⁄ ᶛҨᵠ ᾎʼҵ ♥–ӊ

BGA
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SIwave : / 

SerDes/DDR Memory Tips & Solutions

× Via ṨṪ Ἅ ˺̓ ╪ ▓╛
× Trace ṨṪ Ἅ ˺̓ ┬Ợ
× ἵ⅝ ᾎʼ / ᶉᶛᵙѤ ╪ʺ ▓╛

ü SIwave: 10h 39m / 67GB
ü SIwave(Region): 12h 25m / 65GB(88GB)
ü HFSS: 30h 39m / 55GB

SIwave
SIwave(Region)

SIwave
SIwave(Region)
HFSS
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HFSS PCB : HFSS region 

SerDes/DDR Memory Tips & Solutions

× PCBr Ἅ Ѥ ˿↕ 3D Ἅ╪ ⅝ ṨṪᵣ HFSSᴛ Ἅ Ѥ Ḣḹ
× Port ἒ♬ ⅝
× HFSSᴛ Ἅ region ּת♬ ⅝

Region 0 Region 1

HFSS Ἂ ᾋ

Region
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HFSS PCB : HFSS region 

SerDes/DDR Memory Tips & Solutions

× SIwave Ἅ╥ solution name̓ ҿ▀ ╪ᵒ╥ җ⁄ ♇◑ӊ
×ʻ region╪ ӻᴛ ♇◑Ӈ̆ region(Ὠ▫)Ѥ HFR(Ὠ▫) җ⁄ ♇◑ӊ
× SIwave ▀ᶘ + ŗ_wo_regionsŘ╥ ╪ᵒ╖ᴛ Ϯᵾּת ṨṪ╪ ♇◑ӊ

HFR0

HFR1
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HFSS PCB : HFSS 3D layout

SerDes/DDR Memory Tips & Solutions

× М ֞Ѥ IC ᶛҨ╪ ′╪ PCBr Ἅ Ѥ ˿↕ HFSS 3D layout ↔ ḢΌ
ü Export > HFSS 3D Layout ᵚ
ü PCB♣ ἐ ῷמ ͎ᵝ̓ ˉ╪ ₪Ἢ ḓ ▀ ─ ♬תּ OK ᵚ
ü͙ṕ Project name╪ HFSSᴛ export₮ ҿ▀ ˭ Ӈḃᴛ♬תּ ▀ᶘ ṉ˿ ⅝
üἒ♬ӈ Region╪ ′Ѥ ˿↕⁄ export ʺѫ
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HFSS PCB : HFSS 3D layout

SerDes/DDR Memory Tips & Solutions

× BGAἐ ἶἛ ╥ Model info ᵚ
× Component Model ⁄Ἄ BGA ɒ Ҩ ἒ♬ OK ᵚ
×ˉ╘ Ḣḹ╖ᴛ connector ᶛҨҵ ҿ▀ ˭ ἒ♬

BGA
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HFSS PCB : HFSS 3D layout

SerDes/DDR Memory Tips & Solutions

× BGAᶛҨ ἐ ↕ ᵚ > Port > Create Ports on Component ᵚ ⁴ port ỸἛ
× М ҵ ˉ╘ Ḣḹ╖ᴛ port ỸἛ
× HFSSsetup ἐ Ἅ בֿ

BGA ᶘҥ

connector ᶘҥ
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HFSS PCB : HFSS 3D layout PCB export

SerDes/DDR Memory Tips & Solutions

× HFSS3D layout╥ solution ↕ ᵚ > Export > HFSS Model ᵚ ⁴ export

HFSS3D layout

HFSS
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SIwave to HFSS : HFSS PCB 

SerDes/DDR Memory Tips & Solutions

× SIwaveѤ PCB ҥ╪ ᵑ import ⁴ ♪וֹ Ἅ ˞Ϯ ⅝ל ╬▫ᵑ ︡ ⁴ HFSSᴛ export ʺѫ

× stack-up ︡
ü PCB ҥ╪ ╥ stack-up ὡ♬╪ ʺѫ ᶒ, ᶛҨᵠ ▬‰ ♣ ╬

× SIwave export ₪Ἢ ἒ♬
ü 100% via fill: Pad stack editor ╥ Via Plating ᶴᾎ
ü Separate dielectric layers: ┬♣ ꜙᵆṊᴛ Ṫᵙ
ü Ignore unconnected pads: trace ʺ ⁷˺Ӈּת Ώ╘ pad ᶴᾎ

100% via fill ♫ ừ

Ignore unconnected pads
♫ ừ
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HFSS : 

SerDes/DDR Memory Tips & Solutions

× BGA ֞ Ѥ socket̓ ˉ╪ trace ╥ Ṓʺ Ṭʺѫ ˿↕ ▐ Қᾅ Ṭ⁷ἶ╪ ḛỸ

× В Ἓ⁄ ҍ ₅ ṪἍ╪ ⅝ ̆ ˌἐ╙ ─ ἌѤ stack-up ṉ˿ Ӯ╪ ⅝

× ♬ ṪἍ╙ ─ Υ 3D Ἅ╪ ⅝

PCB ̬ ʹ Connector ŘFixture Board
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HFSS PCB : HFSS 3D layout

SerDes/DDR Memory Tips & Solutions

× Ἅ ₰ᴮ Excitations ↕ ᵚ ⁴ Differential Pairs ᵚ ⁴ ἒ♬
× Report ⁄Ἄ Ἅ Solution ἐ Ἅ ˺̓ ╬
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HFSS PCB : Connector import & 

SerDes/DDR Memory Tips & Solutions

× М ṨṪ ḓ PEC ground ợⱠ
× Menu bar╥ Modeler > import ᵚ М ᶛҨ ἐ ⁴ ⁸͙
×▀ḙ♠╬ М ͙̯ ▀╘ import ♣͙♠ Ἓ ἒ♬ ⅝

ᶶἘ Ἇ♩Import ừ
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HFSS PCB : PCB

SerDes/DDR Memory Tips & Solutions

× PCB Ữ╥ М ᾒ◑ ⁄♩תּ Ữҍ ꜝ ʺ
× М ᵑ ṓỢ ⁴ PCB ▀⁄ ṳ⁴К͙ ԅ М ▀╥ global ꜝ Ѥ PCB ▀╥
Ữҍ ꜝ ᴛ ṳ⁴К͙ ӊ

М ▀╥ global ꜝ

PCB ▀╥ global ꜝ
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HFSS PCB : port 

SerDes/DDR Memory Tips & Solutions

× М Ἅ ᾎ mate Ữ ᴛ Ἅ ‒ ♬ ˺̓ᵑ ╙‫ ὡ ▓╛
× B2B М ╥ ˿↕ Ữҍ PCB ʺ ⅝



MLCC PAM4 application design guide : PAM - 4 Signaling
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CEI- 56G : 56Gbps PAM4 - > fNyquist = 14GHz => BW : 5*14GHz=70GHz

SerDes/DDR Memory Tips & Solutions



MLCC PAM4 application design guide : 70GHz AC coupling
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Transmission Line only results
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SerDes/DDR Memory Tips & Solutions

3.1mm

Diff. Z0

SDD21[dB]

SDD11[dB]

TDR(tr=10ps) TDT(tr=10ps)

Eye Diagram



Transmission Line + MLCC results
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SerDes/DDR Memory Tips & Solutions

3.1mm
SDD21[dB]

SDD11[dB]

TDR(tr=10ps) TDT(tr=10ps)

Eye Diagram
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Series Capacitor TDR 

SerDes/DDR Memory Tips & Solutions

0402M MLCC (260nF , ESR: 40m ,̝ ESL:0.3nH) TDR Test :

260nF Series Cap. 1kHz ~100kHz S- parameter curve 
Time .

=> 1kHz Sweep .

MLCC 3D EM model 
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Series Capacitor TDR curve 

SerDes/DDR Memory Tips & Solutions

TDR Test :

ESL Impedance peak

ESR Impedance add :
50+0.04 ohm

Capacitance Impedance slop :
C slop 

Series C
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MLCC 3D EM model

SerDes/DDR Memory Tips & Solutions

IL, RL of Differential line with MLCC 3D EM model :

10MHz 
extrapolation .

=> Capacitor 200nF 1kHz .
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Series Capacitor 3D EM TDR curve 

SerDes/DDR Memory Tips & Solutions

TDR of Differential line with MLCC 3D EM model :

1kHz sweep S- parameter ( )

10MHz sweep S- parameter 

10MHz sweep DC 
, Capacitor impedance

slop .

* Ref. TDR : www.snpview.com
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Transient Simulation : ±

ÅS- parameter Eye- diagram 

ü S- parameter , Causality, Passivity 
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