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M [TO1 SO1] IBIS-AMI Modeling Methodology for Simultaneous Bi-Directional (SBD) Die-to-Die
Chiplet Connectivity, A. Kothari, Eliyan Corp.
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M [TO1 SO1] IBIS-AMI Modeling Methodology for Simultaneous Bi-Directional (SBD) Die-to-Die
Chiplet Connectivity, A. Kothari, Eliyan Corp.
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B [T02 S02] Modeling Transmitter with Boosting Capacitor based on Plugged-in Behavior IBIS, W.
Yang, Huawei Technologies Co., Ltd.
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B [T02 S02] Modeling Transmitter with Boosting Capacitor based on Plugged-in Behavior IBIS, W.
Yang, Huawei Technologies Co., Ltd.
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[TO4 SO7] From copper surface microroughness to the full transmission line: a comprehensive
multiscale modeling approach to insertion loss., B. Wittmann, Circuit Foil
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B [TO4 SO07] From copper surface microroughness to the full transmission line: a comprehensive

multiscale modeling approach to insertion loss., B. Wittmann, Circuit Foil
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B [TO7 S3] New technique for crosstalk reduction in High Density PCBs, R. Bloch, Xsightlabs
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Bl [TO7 S10] Reinventing the Backplane: Why Al Demands an Active Approach, C. Blackburn,
Astera Labs
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B [T08 S02] Improving Spectral Efficiency by Optimizing Sub-Nyquist Equalization for 448 Gbps,

A.

Josephson, Samtec
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B [T08 S02] Improving Spectral Efficiency by Optimizing Sub-Nyquist Equalization for 448 Gbps,
A. Josephson, Samtec
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B [T08 S02] Improving Spectral Efficiency by Optimizing Sub-Nyquist Equalization for 448 Gbps,
A. Josephson, Samtec
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B [T09 S04] Analysis of High-Order Pulse Amplitude Modulation for 400+ Gb/s per lane in
Ethernet for Al, T. Wang, Huawei Technologies
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Bl [T12 S10] Bridging the Gap Between Simulation and Measurement in DDR5: Techniques for

Improved Correlation, L. Forni, SECO
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Bl [T12 S10] Bridging the Gap Between Simulation and Measurement in DDR5: Techniques for

Improved Correlation, L. Forni, SECO
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M [T13 S05] Impact Analysis of Package Manufacturing Process Variations Across Different Design

Scenarios, P. Krotnev, Huawei Canada
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Bl [T14 S04] Holistic Design Optimization of 3D-IC Package Substrate Interconnections in Multiple
Power Domain Environments based on Hierarchical Reinforcement Learning, S. Ryu, KAIST
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B [T02 S01] Modeling & Study of Power Supply Noise (PSN) in server DDR Links, K. Bhardwaij,

AMD.
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B [T02 S01] Modeling & Study of Power Supply Noise (PSN) in server DDR Links, K. Bhardwaij,

AMD.
= O o o =35
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Bl [TO3 SO05] 200G Per Lane Linear Direct Drive Optical Channels for Power Efficient Al
Interconnect, M. Kimber, Semtech.
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Bl [TO3 SO05] 200G Per Lane Linear Direct Drive Optical Channels for Power Efficient Al

Interconnect, M. Kimber, Semtech.
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B [T04 S06] Breakthroughs in PCB Technology for PCle 7.0 Interconnects, D. Liu, Alibaba Cloud
Computing.
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B [T04 S06] Breakthroughs in PCB Technology for PCle 7.0 Interconnects, D. Liu, Alibaba Cloud

Computing.
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B [T06 S3] Analytical Derivation of P/N Skews in Coupled Channels:

Impact on 400G PAM6

SerDes, D. Nozadze, Cisco Systems.
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B [T06 S3] Analytical Derivation of P/N Skews in Coupled Channels: Impact on 400G PAM6
SerDes, D. Nozadze, Cisco Systems.
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B [T06 S3] Analytical Derivation of P/N Skews in Coupled Channels: Impact on 400G PAM6
SerDes, D. Nozadze, Cisco Systems.
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B [TO7 S9] Next Generation 448 Gbps SERDES, Package, Long Reach Channels, and End-to-End

Link Simulation and Analysis, M. Li, Altera.
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B [TO7 S9] Next Generation 448 Gbps SERDES, Package, Long Reach Channels, and End-to-End
Link Simulation and Analysis, M. Li, Altera.
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B [T07 S16] Crosstalk Sensitivity New finding on PCle 7.0 Channel Through S-parameter
Manipulations, D. M. Cortes-Hernandez, Intel.
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B [TO7 S16] Crosstalk Sensitivity New finding on PCle 7.0 Channel Through S-parameter
Manipulations, D. M. Cortes-Hernandez, Intel.
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Bl [T10 SO1] Embedding of Capacitor Blocks within PCB for Al Accelerator, L. Lu, Meta.
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Bl [T10 SO1] Embedding of Capacitor Blocks within PCB for Al Accelerator, L. Lu, Meta.
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M [T10 S10] Al-Driven Emulation of Power Supply Ripple via HSS Jitter Analysis and TIE-Based

Source Isolation for PI-SI Co-Design, N. Hegde, Tektronix.
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M [T10 S10] Al-Driven Emulation of Power Supply Ripple via HSS Jitter Analysis and TIE-Based

Source Isolation for PI-SI Co-Design, N. Hegde, Tektronix.
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B [T12 S08] Connector-Free Termination for FEXT Measurements Using Absorbers on BGA Pads, L.
Daniel, Missouri University of S&T.
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B [T12 S08] Connector-Free Termination for FEXT Measurements Using Absorbers on BGA Pads, L.

Daniel, Missouri University of S&T.
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B [T13 S04] Via & Fan-Out Designs for 448Gbps: S| vs Technology, Y. Bi, ZTE.
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B [T13 S04] Via & Fan-Out Designs for 448Gbps: S| vs Technology, Y. Bi, ZTE.
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H [T14 S03] Towards A Fully Customizable Chiplet Ecosystem: Signal Integrity-Constrained
Throughput Maximization via Symmetricity Guided Imitation Learning, H. Rachel Kim, KAIST &
SK Hynix.
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H [T14 S03] Towards A Fully Customizable Chiplet Ecosystem: Signal Integrity-Constrained
Throughput Maximization via Symmetricity Guided Imitation Learning, H. Rachel Kim, KAIST &
SK Hynix.

—e —e —t —e
St ofo ) A H ) oOsM2 o 2F X| ™ CFAH
v StEE|X] 2 E2o AIABINAE 100% 84 FRE2 RAIoHH XelZ Xzt Zd
XIMES S22 S ‘6‘LAI:II-I:I-I Gl o] old e = HXIsF Xl A HI A Ol M M2 =
v l:Hooe Eoon_l' = OlE | I'Ql' == :::OZI —||=|°J /\lAl—I:I E7:”—| REOJ-l'ooe oAloﬂ
—h -t
sl A Oleo2 Ol 5
etHSt = AS= €S
Average of 100 Test Problems Valid Average of Valid N Solutions
‘é 400 = P2R Expert o Valid | Valid Throughtout | S la[l. Process | Memory | Total | Throughput
= = Neural Agent etho Chiplet | HBM Tm‘lig njtpu ((;ouuign Latency | Latency | Latency | [Token/s]
2 00 | el e ] s] 5] Is]
= - Random
= Search - - 0 -
o (1,000)
0 20 40 60 100 PR i
Problem Number Bxpert | 092 | 031 27.87 7 8.37 224 | 1061 | 39808 ||
L]
[1007H2] S Z2| MM HIAE AHHOA H X2|ZF H|w Pﬁ’:ﬂ‘:ifid 9.83 | 2.65 | 299.00 100 | 1138 | 287 | 1425 | 29900 |
Average of 100 Test Problems Valid Average of Valid N Solutions
Valid Valid . Process | Memory | Total | Throughput
Method Chiplet | HBM T;l.;glﬁgmsp]u : Sglfl’liﬁn Latency | Latency | Latency | [Token/s]
Count Count [s] [s] [s]
EP2R 4.33 2.11 147.15 41 10.39 1.38 11.77 358.91
xpert
Proposed | g 47 | 318 281.02 100 13.28 1.86 15.14 281.02 Translation (x3) m
Method T - o == Rotation (x3) il RNk Wi
| 12 Chlplets + 8 HMBs ) Action Permutation (x3) Zr0s U !‘M] ;’t‘i"u"nlhn il il ‘"'""’"*
Average of 100 Test Problems . Average of Valid N Solutions 8 = THREAR(33) g "
; B Valid = == Original g os
Method Valid Valid Throughtpu: (SRS Process | Memory Total | Throughput O 2z
Chiplet | HBM [Token/s] Count Latency | Latency | Latency | [Token/s] f;s‘ = 5 03
Count_| Count [s] [s] [s] = b = Translation (x3)
P2R 20 2 o === Rotation (x3)
Expert 1.31 0.36 34.54 8 6.58 3.10 9.68 431.72 S = Action Permutation (x3)
Pro, lj)sed ] \ | ”' — Tj R + AP (x3)
P 8.30 1.67 246.65 100 17.73 331 21.04 246.65 | N " o — Original
Method I - 2 . = >
| 20 Ch|p|ets + 8 HMBs 0 000 10000 15000 20000 0 100 200 300 00 00
- - Steps Steps
Average of 100 Test Problems valid | -Average of Valid N Solutions < Training Convergence Comparison > < Validation Accuracy Comparison >
Method Valid Valid Throughtput RIS Process | Memory Total | Throughput A
Chiplet | HEM [Token/s] | Count Latency | Latency | Latency [ty Data Type Original Translation Rotation ction All
Count | Count [s] [s] [s] Augmentation Permutation
EP2R ) ) ; . ] ; . . em Count 5 X3 X3 x3 x(1+1+1)
Pr:ﬁ;ﬁ v Average Reward [tokens/s] 298.96 316.27 291.85 286.15 299.39
Method | 206 1.00 74.81 100 71.32 L.o1 72.33 74.81 Improvement from Original +5.79% -2.38% -4.3% +0.14%
| 30 Chiplets + 8 HMBs
- g -~ _ = . = &
[CHrst M3l AlA=IO|A Rloksh o] Saalat A4 B (R4 olE 52 S0l THE A5 B4
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M [T14 S10] Fast PDN Impedance MatrixPrediction for PCB Design Utilizing Latent Space
Embedding, Hamburg University of Technology (TUHH).

A
o

0| =38t= ML =2 7)&f
SACE HHFHO

é
>
e
0

9b= {0l PDN A7 IO A LSt TH|S EM AIE0|N B2
QEQIALIe A FDS ZBto}0] Y|k EHPI2 XA YL HA BB
UUEA Z2TAS B B0 YHo}0] 47 Zho] M|

2 PCB HOIEINS S8 HO| 8 U 55 ot 7Y X8

AN

Transfer

Impedance
] Zy | Zi | 2y /) % Zu | Ze | Zs
Latent o 2 o
— /T Zn | Em | Z» Encoder gt Decoder 2. [DEEN 2
Zy | Zm | Zm ﬁ Zy | Zn | Zn
a) Top view of PCB b) Cross section of PCB
S al Erd
[E3 CIO|E{Al L} PCB AEHQ] 5! EHA] .m,i‘;'im

a) AE reconstruction of full impedance matrix

c
e ( N 3 T f
De;glgsled Initial PCB PCB Design PCB Performance _ Im;a:; ;;
Design Constraints Metrics : !
\ Y, )

> D % Zy | Zn | Zn
Space Decoder S Zo Zza
D d Zy | Zn | Iy

Self
Impedance

! -

Check for similar 0 Fast MLAbased | Compare to

PCBs? Analysis Performance

L argets
I A

Y Y Y

Adapt Existing Q 9 J Successfull PCB
[Postprocessing ] Adapt PCB (—[Target reached? Design

J

b) FNN prediction of full impedance matrix

[PDN2| A2 7|4 Z3 24 {AEZER]
[AEQt FNNS 85t Self U transfer YI|HA X 2]
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M [T14 S10] Fast PDN Impedance MatrixPrediction for PCB Design Utilizing Latent Space
Embedding, Hamburg University of Technology (TUHH).

v/ 550t 7 O] &to| IOl 4l st&S S HBHME =2 o5 S22 E A
v ML 7|H+ O|=Z0] AlZa|0|M A|ZHE = k23l QAL AAH EFAH Ol x| X O
EI?&% HEf =8 Jt5atst
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- s 0 H
E £ H —— Simulation
E ] L .
- -90° = === Prediction
23 Zn Zn Zy
- e H— Predicﬁo;\ [ p— Pr!d.lct.iul; a
% o --- Simulation —-- Simulation &
£ 3 2
50 & 2
b s =
2 —— Simulation \, — Simulation E é | = Simulation 4 —— Simulation v
E 102 o prediction \f 1 F--- Prediction y ) i Frodicticn : | i==lto :
10° ot 102 10° 10 o i 10* 100 o o7 10° 100 ol 02 10° 10° 10; (MHI)‘F 10° 10° 10; (MHI)OZ 10*
Frequency (MHz) ( a) Frequency (MHz) Frequency (MHz) (b) Frequency (MHz) Tequency ] (c) requency 7)
ol A sHEd (fl 2. o = HNoHEl mEio] A2 O|0|E{of CHSH LUImHA T 7|9} QA
[BEEE= E2 S @) 371 () 2%, (9 BE] "o H e OImete] B AIZHOI ATl A
e PDN Impedance at IC Port (Bare Board) = o= = T = = =4 =
4+ ® Close P(‘Z)Bs L 4 I I = Closest PCB
® Target PCB == Target PCB
<eev Target impedance
10 L
AL
i 5
. . %
!, s 44 io c = MAs
2 z 44 s :. g - *HE"' HE E Eﬁl% [[H,
g ] ")
i & : : AE#o|ME HEEE Sa|E o4,
[ ] FAbet 7|’° HEE HOtM TALE 75
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B [TO1 S03] 448G Package Interconnects Design, X.Su, Marvell

v' Data rate 3710 2 Bandwidth 22 #A|, Channel Loss 7t, I{7|X| CHE2}t0]| (2 Warpage =X

v' Modulation : PAM-4 CliH| Bandwidth &0| £11, PAM-8 L{H| SNR & &7} 0|3t PAM-6E L[{OtO = MEH

0jo

v BGA 1 CPC 25 224G PAM-6 £FM0| & == Q!
: 100GHz O] 49| roll-off frequency &4
: (CPC + cable 200mm, BGA + PCB 12mm)

Data rate, Giga bit per second (Gbps) 112 224 448
Number of PAM levels 4 4 4 6 8 16
Bits per symbol, log2 (level) 2 2 2 2.58 3 4
Signaling rate, Gbuad 56 112 224 173.3 149.3 112
Fundamental frequency, Giga Hertz (GHz) 28 56 112 86.66 74.67 56
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B [TO1 S03] 448G Package Interconnects Design, X.Su, Marvell
v" BGA Solution (Chip-to-Chip)

; BGA Solution 2= 87GHz PAM6 #+& 7tsd ¢ -
DYE I§7[X|| B2 pinE 2% H Routing0| L2 RO”_O)‘;‘( Freq. 100GHz 04

- ATHE O 2 | oss7t Y-S ] .

: BGA pitch 2t ball sizeOf 212t %
1.l

{

20— I

Port @ TX bump Port @ RX bump 3 IL RX bump ->TX bump I
. 1

PG trace 2571 RL@TXt
PCB trace: 12mm - é R ﬁ g b'urlnp 87 bHZ PAMB
0 101 40‘5‘0 60 70'BIOY9IO 130‘1110 1;0 130
freq, GHz
[Simulation model diagram (NPC configuration)] [IL&RL of Chip-to-chip scenario]
500um raw ball diff IL and RL 600um raw ball diff IL and RL

-

5.5 575
848 8E8
IL PCB ->bump
RL @ bump
RL @ PCB

'I'I'I”'l'l'l'l'
60 70 80 90 100 110 120 130

- BGA ALO|=7} Of &2 4
- I|A =M 2l Risks o
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B [TO1 S03] 448G Package Interconnects Design, X.Su, Marvell

v" BGA Solution (Chip-to-Chip)

: Coaxial PTH(Plated—Through Hole) 1} £ Bt& 0l PTH?
Viall X2 l= &AM &4, Via transition &2 &t
MR EEA0 ol 200t 32X o822, ABIAOI pPTH & 50| ot= 20| JtA |

D—j St-dciﬁ. re_galar PTH B e R _ﬂ\a/v\ @ @

= 1Sdd21, regular PTH

"sa01.co OeO® 06
\/ ®© 0

Sdd11, coaxial PTH

Regular PTH
20 —
25 = — (SO DATT))_1 [~ ®
R_PCE_LI_vous=0 1mer -
0 - ———————————~ — .} ——— —
o 2 b P 80 1% 130 1o )
Freq [GHz] Coaxial PTH

[ Regular PTH vs. Coaxial PTH (bump to PCB simulation) ]
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B [TO1 S03] : 448G Package Interconnects Design, X.Su, Marvell
v' CPC Solution (Chip-to-Chip)
: Tx pkg + 200mm cable + Rx pkg 2| Insertion Loss -10dB (@Nyquist Freq.) =& 2 ¢,

Roll-off Frequency 100GHz O|%f
: X-talk 100GHz7}X| 65dB O| 2t ==

MM

bl Bump + (LRX package + cap) + CPC R sl Coaxial cable (200 mm) — CPC + (LTX package) + bump —
P2 P1

Hz 1176 6
10806 | a o S ar
10317 |dB(S(1.2))=-2.292

|
10399 |dB(S(2:2))=-27 78

85+
| so- 200mm cable

85

T T T T T T T T
-01 01 03 05 07 09 11 13 15

[Simulation model of CPC solution & x-talk result ]

[ Cascaded model including TX and RX package models and 200mm CPC cable ]
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B [T02 S04] Scaling to 100+ Tb/s Switches Using Co-Packaged Connectors (CPC), A.Chakravarti,

Marvell

v' Architecture & Loss budget H| I : CPC7} NPC CHH| Loss budget 10dB &

A) PCB system Backplane Cable

(25-27AWG)

Backplane
Connector

Backplane Cable

Flyover Cable (25-2TAWG)

(>30AWG)

Flyover Cable
(>30AWG)

T2 pETETe g

Backplane Cable
(25-27TAWG)

Flyover Cable
(>30AWG)

1111111111

Backplane
Connector

Flyover Cable
(>30AWG)

jo2 spgoon Sos

Backplane
Connector

IITIITIIIIIIT
PCB

BGA System Loss Budget (dB loss at 53G

XPU Package + PCB 21.2 dB
Backplane connector + cable (1.5 — 2m) 19.5 - 23 dB
Switch Package + PCB 18.9 dB
TOTAL ~59.6 — 63.1 dB

Table 1: BGA system loss budget for cabled backplane

NPC System Loss Budget (dB loss at 53G

XPU Package + PCB 10.6 dB

NPC + Flyover cable 3.9dB
Backplane connector + cable (1.5 — 2m) 11.3-14.8 dB
NPC + Flyover cable 2.1dB

Switch Package + PCB 16 dB

TOTAL ~43.9 - 47.5 dB

Table 2: NPC system loss budget for cabled backplane

CPC System Loss Budget (dB loss at S3GHz)

XPU Package 4.6 dB

CPC + Flyover cable 3.5dB
Backplane connector + cable (1.5 — 2m) 11.3-14.8dB
CPC + Flyover cable 3.3dB

Switch Package 10.8 dB
TOTAL ~33.5-37 dB

Table 3: CPC system loss budget for cabled backplane
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B [T02 S04] Scaling to 100+ Tb/s Switches Using Co-Packaged Connectors (CPC), A.Chakravarti,

Marvell

= o A XFSEE= fe] A
CPC & 7|ZH0f| 2Tt F 7hA| Sl 4
XX h =0 olo SE A ol
v' Solder mount : &%t HYE HiX| 7t — ASIC 7|Z 37| Y %= UAZ, Connector torqueZ 2Ist &4+ 2|
o e
v' Compression Mount : S X2 Z408H0 27
Solder mount Compression Mount
HE A soldering JIHE SEEZ 5HA
2 J|(Footprint) &3 2 (2E X 2R)
LT L I|E 37| DEE AE I 2E€s Rel Lo Lot o HAE Z
SN2 S&=cl/uM 20ts & WM Its
JlE EH Hel LMol DA ENIPIG 2= (&3 & X Y B = |X)
ENPIG (Electroless Nickel Immersion Palladium Immersion Gold)
m1 m2 m1 m2
Freq=60GHz Freq=80GHz Freq=60GHz Freq=80GHz
dB(S(1,1))=17.697 | | dB(S(1,1))=7.582 dB(S(1,1))=-14.424 | | dB(S(1,1))=-19.276
dB(S(1,2))=-1.088 dB(S(1,2))=-4.550 dB(S(1,2))=-1.455 dB(S(1,2))=-1.523
dB(S(2,2))=17.344 | | dB(S(2,2))=-7.820 dB(S(2,2))=-12.824 | | dB(S(2,2))=-17.199
mi m2 m1 m2
0 0
5-] 5
10 104
<154 <15
ZE2 20+
ggg »
25+
40
45 -5
50 -4 50 -4
N 5' 1b 'Il'i 7'\7 ?I5 '%ID 3"3 dlﬂ dIS 'sIEI 5"3 GIB F‘EI ?I"s “ 5 ]IO '\‘5 ZII] ZIS 30 35 4I|] 45 50 .5'5 5‘5 70 7'5
freq. GHz e, GHz
A) Solder mount B) Compression
(@) (b)
Figure 2: Simulated differential IL & RL for solder mount and compression type CPC. Reference Figure 3: Mechanical prototypes of 100 Th/s switch with solder mount (a) and compression mount (b)

planes fm twin-ax cable and stripline on metal 2 of an ABF package substrate with 40um thick GLI107

dielectric.

CPCs. Connectors are arranged in 5-2-5-3 configuration along the edges of the switch substrate
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B [T02 S04] Scaling to 100+ Tb/s Switches Using Co-Packaged Connectors (CPC), A.Chakravarti,

Marvell

v Lane © 400Gb/s PAM4E £k 2F4f:

o

v' 200Gb/s PAM4 Lane= & Hi 757} : ASIC/SWltch 7|12t FZ0| CPC connector £t ME2 S

v CPC7|Bt M2 d& BE32t: CPC-backplane-CPC Xl E *lgﬂﬂol*" Z 1t |EEE 8 23d_j HSZC
Cable 22 M P/N SkewOf C{3t &

Backplane Cable
Flyover Cable (2m)
(300mm)

Backplane
Connector

Flyover Cable
(200mm)

Backplane
Connector

000000000000 ¢
PCB

[CPC topology using cabled backplane for performance simulation]

dB (Sij)

Marker Readout

Frequency
5.333e+10

s[D1,02)
-42.5909 dB

S[D1,01]
-7.05466 dB

@53 125GHz

e e R T e e

[Bump to bump IL and RL of the simulated channel]

: connector, trace, transition =X 2 EHOHE SHEHO| A7 U S

|

- X OI:oI- ol
= T AT
TXPKG
2mm S U S Connector [ 5ockolone
+CPC Conn Cable _‘

l

RXPKG
Backplane 200mm CPC SN |, o conn
Connector Twinax

32mm

[Serdes Tx to Serdes Rx end-end channel used for simulating 200 Gb/s]

N~
[N~

ayAy
| Backplane conn

—/—"f\

i ==> Backplane cable (2m).
i Flyover cable

1
X IRSTRRRRBARR
1

‘
: /
. CPC

[TDR plot of the simulated channel]
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B [TO5 S2] Beyond Off-chip Bandwidth Limits: Pl-aware Extended Scale Cache (ESC) Stacked-GPU-
HBM Module for Transformer-scale Al Computing, H.Park, KAIST
HBM A& E= Bl SRAM THA

O
v ds XNote| flol: EsfiATE B EI(GPT, BERT &) AUer Tt2t0|Ef X2|A| InterconnectE &t 9lH S HBM
MNATLFR HE
v HO|H 0|Z 24 : MHA(Multi head attention) &AF A| GPU2F HBM ALO| CHF 2 H|O|E O|= 2k
— QIMEBHCH 22| T E0| 23l 950] 28 &= ‘Memory-bound’ &8 22 &
|

*FlashAttention: An Al model optimized for data flow Query
GPU — Softmax
__ |DGFLops Q Logit]". ¢ —[Afend .
B HBM R/'W (GB) 3 Key (L) A Output
O Training Time (ms) Input
T On_cll.l,][PB! Value Multi-head
| (Tens o s) (V) Attention (MHA)
: Input Tokens({) & Weight (W, Wy, Wy)
! | 12 Cache | Q=1 X W), K (=1 X Wy), V=1 X Wy)
- —— y . QK
| | | v Off-chip L (= O KT
_ I [k 1 I (1.2 TB/s per L B
Conventional. FlashAttention ‘ LY RIE | | HENEE | y HBMJ3E) A (=sn§m$x(l.\fﬂ)
£l 3 O
UEW XA V)

v Training Time o« HBM Traffic

[ HBM Access as a Performance Bottleneck in GPU-HBM Module ]

01T

m 0.074

(16nm) N16
g m 0.042
= (10nm) 0.021 N5 N3
2 0.027 m (3nm(N3E))
(7am)  0.021m E m Scaling . -
(5nm) 0.0199 ;
(3,,,“(N35,)S‘““m“°“ Logic 824%  Logic 77.5% Logic 71.4%

T S R T T R T R SRAM 17.6%  SRAM 22.5% SRAM 28.6%
0.01 T T 1 it 1 T T 1

15 °16 *17 “18 ‘19 ‘20 ‘21 ‘22 ‘23 ‘24 ‘25

Year

[ Massive Data Movement between GPU and HBM ]

[ Limitations of Extending On-chip SRAM Cache Capacity ]
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Bl [TO5 S2] Beyond Off-chip Bandwidth Limits: Pl-aware Extended Scale Cache (ESC) Stacked-GPU-
HBM Module for Transformer-scale Al Computing, H.Park, KAIST
Mot &£F M : ESC (Extended Scale Cache) & X
1) —_rLZF_E' %x' TSVQF Hybrid bonding 7|§ )\f-g- — GPU & EHO Cache HiX] & ® AN &=0|& HBM HE=(720um)d| &=
2) BE ©F: 7|E HBM DM 589mm — ESC BE —‘P‘ 33mm — &f 50% &

3) ZALHAE =t e GPU2} ESC AtO[ Q| | Of E 7‘1* A= 168 TB/s & E“H - 33 XA
HBM HBM —| Reduced Latency |— —( Maintain Memory Hierarchy |—

! [! ]‘! ! e ded Seale Cach ! ! 1 == *L: latency Conventional Proposed
: xtended Scale Cache == =
T (ESC) [ 5 A
[ T i — =k 1. - L / 1\
T — = e EHD) st
" "ﬁ HBM HBM
TSV Lot-chip™ Lon-chip
GPU | [+
R channe | Utilize High On-chip Bandwidth |— ] Maintain Package Size ]—
|LOEi(. Die PHY PHY GPU Core PHY PHY Logic Die U | ~ =
= ENRENRE M # of On-chip A = - -
Silicon __'__m Short Interconnect ortn-e I'p coess? I = iLz H GPU HL2 E = ‘
Interposer | Channel | .(TNN 360“1:“? ‘ | ‘ ‘ ‘ ‘ ‘ ‘ # of Off-chip Access | T 1
— [— [— f— (a— — [a— — 2o - ESC K |
4 ~— Long Interconnect |r—— — — 4 e B — — Util High on- - stacked = " gaue
(z Smm) chip bandwidth - GPU K- : :
[ ESC Stacked-GPU-HBM Module ] [ Key Advantages of the Proposed Architecture ]
EEEE EEE =
IEN (BN PED fER B (BN el e
O:GNDTSV O:SIGTSV | ——
s [ o EEEE HEEE
00000000 \ = E Lt HE ol : On-chip Channel (~105TB/s)
8 8 8 8 8 8 8 8 e Tagetc | Cache | Cache| Tagete 1.9 mm E ‘ 50 MB L2 Cache / Interconnection Nelwork (Cmssbar)
00000000 N ESC Tagete | CTR | CTR | Tagetc E TSV Channel (~168TB/s)
O00000OO0O0 i olo <ESC> 1 576 MB L2 Cache / Interconnection Network (Crossbar)
"8 B R S T e e T T T [ T I
8 8 888 8 gg K‘l SIRIG}BBA ,fé' :J::‘ SlR}\j,}gd Interposer Channel (~ 15TB/s) 1 - [- -
EE DRAM, | [DRAM| || DRAM| || DRAM| | [DRAM || |DRAM
v SIG one pair TSV array i 5 praM| || DRAM| | DrAM| | DRAM | | [DRAM | | [DRAM
2mm  02mm L 1 L 1| | C 1 1
v #of /0 : 336,000 < Next Gen. I | N i :
v Datarate per I/O: 4 Gbps HBM > DRAM | DRAM | | DRAM| DRAM| | DRAM| | DRAM
DRAM | DRAM | | DRAM]| DRAM: DRAM| | | DRAM
[ Configuration of the Designed ESC ] [ Overall System of the Proposed Architecture ]
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Bl [T06 S6] Link Dynamic Modeling and Simulation using IBIS-AMI Framework C.Chou, AMD

HAH AIAEE 252, 55 5 S E B0 M2 dA[ZHe = HEh Static Al=20|M2 BtE =7
2 28 X5t B8 Ol o 52 M8 A S JH|SHE 24 A2 =2 0|0

ANANAN
AT H
o
g
2
el
10

not converged

not converged

26
24 24

. ol T [l [ . .
| I [ 20
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»14

105 £12
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104 10+

105 £12

108 10°®

(=L -

107
<5x 108
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=5 x
0 2 46 8 101214 16 18 2022 24 26 Dol 0 2 46 8 101214 1618 20 22 24 26

(=L -

0 2 4 6 8 101214 1618 20 22 24 26
Pre Pre Pre

(a) Lowest BER <5e-8 (b) Lowest BER <5e-8 (b) Lowest BER <5e-8

[ TX FIR (pre vs. post) sweep at 3 different temperatures. ]

M2 B2 TXFR A =0 Y2 BER Ed
L+o BE S O =O0f =|Al &OtZ
=3 = =2 pre-tapdt ¥2 post-tap YHF2 2 O|=
TX FIR 287 Heh - AH A|AE2 RX Adapation2 2 Z3AHs |FX|

not converged

103

10+

1 0.5

10

107
<5x10°%
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Bl [T06 S6] Link Dynamic Modeling and Simulation using IBIS-AMI Framework C.Chou, AMD

MP4AMI Dynamic Simulation Platform

update channel

v Matlab 7[BtO 2 7|&E BIS-AMI 22 =7 gl0] &&3t= g +%
S o
v 2528 MY S-parameter WA A &0 A= DRSS HA[ZE DX
i o _ / o P I=] A =
v TX 28 HZF Al Ol HIE IfHZ CtA| ELjE 'Warm-up’ 232 &l =8 5d x4}
P~ —t = . == A — -
v 24 B3t Z0| = RX adaptation loop?t St 810 A& S&SIY A S2 2td AL
Configuration TX AMI
Processing T;psz?tt;g (AMI_Init)
P Configuration P TXAMI CurrentlTxAMI
Processing (AM I1_I nit) Bitstream TXwaveform | | ;ﬁM |:GE“N9V9;]
1 Generation Pre-processing Next TX AMI
Bitstream TX waveform TXAMI | (AM]_Getwave)
Generation Pre-processing (AMI_Getwave) ™ :\Ml
(AMI_Init)
Channel Channel
Convolution Convolution
— [@ RXresutls RX AMI | Result ]| _ RXresutls RX AMI
esu Post-processing (AMI_Getwave) Post-processing (AMI_Getwave)
t
RX AMI
RX AMI (AMI_Init)
(AMI_Init)

[ Conventional IBIS-AMI simulation platform ]

[ Proposed Matlab-based dynamic simulation platform ]

Current channel
Next channel
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Bl [T06 S6] Link Dynamic Modeling and Simulation using IBIS-AMI Framework C.Chou, AMD

v 25 #H310] kA Dynamic Simulation Z
v E3 2t 257 Ak ZOIX| sk =QIX| 0 [[fEf BER ZHatXl
224 g3 oY =2Ee

v" Dynamic Modeling2 *'Xﬂ *lﬁ'?él

gEds O 2 S -

T e‘ = discrete simulation
—&— dynamic simulation
—— Temperature

10° L

Counted BER

107
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1 80

1 60

1 40

Temperature (C)

1 20

1-20

1 1 1

1 1 1 1
5 16 25 35 45 55 65 75 85 95
simulation symbol count (Millions)

1 1
Y105 116 125 135 145 155 165

[Counted BER for discrete and dynamic simulation under rise-
then-steady temperature profile. ]

Counted BER

[Counted BER for discrete and dynamic simulation under rise-then-fall
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[Insertion loss at 13 temperatures.]
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B [TO7 S5] Advancing Signal Integrity for High-Speed SerDes: From Package-Board Constraints to
On-Package Interconnects, H.Silva, Amphenol

v PKG - PCB Transition2| 2&d : 7|& #Z0| A& C4 Bump, BGA ball, PTH VIA & Ct5 Q&2 Q)
DZnt CH oA IL, RL, X-talk A3}

v EAZIA BEE SO0 OlMet = Betoh AL TA el STAF JITEA HAE &

s

Package-to-PCB

transition
DIE < ﬁ,ﬁ:ﬂl bu mp /
% /

Package -
PCB - I
T- Trace
L Backdrill
with epoxy fill
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B [TO7 S5] Advancing Signal Integrity for High-Speed SerDes: From Package-Board Constraints to
On-Package Interconnects, H.Silva, Amphenol

v' Eigenmode =43 : PCB L GND Cavity %! 0|5 2 2E Ex 5 W50 g5 X5t el 13
m &

v §Zt¥(Hexagonal) Ball grid7} AP“*(Square) OiH| S Fh=E =4 A

X-talk (ICN) ¥&

v" Via HiX| : GND viaZ Signal via ZX 2 O|SA|7] Cavity 7|8 & - &
v Modal Excitation : I'E # 0 & [} £ Mode?} excitation |0 CHEZE Ht - X0 2
E-field Plot L—v E-field Plot : / v
¢~ L N WA - (@ ¢ o o # P
< / . f I e 4 2 L
<q ; ‘ )K o A b & a4
< : -; > : > A N et
| I I i [ e ONEY | SSRENGY (SR
78 s . 0 _
- '?,r"'-—'v v 7 ot o "0 ,is
‘ f- ) 1 o
‘é [ ) o T » :3
f,~49.4GHz f,~67.2GHz f,~54.5GHz f,~72.3GHz

[ Electric field distribution of the first resonant mode.] [ Electric field distribution of the second resonant mode.]
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B [TO7 S5] Advancing Signal Integrity for High-Speed SerDes: From Package-Board Constraints to
On-Package Interconnects, H.Silva, Amphenol

v On-package &% : Board Routingdl BGA transition2 X35t IL, RL d& 2. 7H& &= COM OHE 2 ¢
&

v EQ 288 U HHH3}: Mz EZO0| EOM RxC| FFE tap = &4 7ts — PHY Layout HA HA & 3 AH|
=4 o

Model includes trace up to VIA Model includes trace up to VIA
Backplane
DIE < s Cable As)sembly DIE ~ Through
Package { ' ':TfaceBGA ball "\, PTH VIA R"%:::an‘g'e_,_\ ] Package { C:Ef;g:i;ﬁv Connector
- Connector -
A PCB pad “AVIA ; Backplane
PCB‘|: VIA® N T T;':;ce T PCB VIA Cable Assembly
Backdrill Backdrill Backdrill Backdrill
with epoxy fill with epoxy fill with epoxy fill with epoxy fill
a) Traditional package-to-board Channel. b) Near-package Channel.
. On-package _
Modelincudestraccup o VIA - o) Assembly Parameter name Traditional Near-package | On-package
DIE -c\ﬁ!ﬂ bump (= ™ Channel Channel Channel
\“;::T—“"v VIA Pass Through COM [dB] 4,85 5.15 5.12
Package { race Connector IL dB die to die at Fnq[dB] | 35.81 34.49 35.54
Fitted IL. dB at Fnq [dB] 35.50 3443 35.90
Backplane FOM ILD [dB] 0.196 0.167 0.031
PCB Cable Assembly ERL [dB] 12.91 12.72 23.38

¢) On-package Channel.

On-Package &2 MO0| ILD (Insertion Loss Deviation), ERL(Effective Return Loss) 25 50| 7t& 243

- EQ 2E &2
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B [T07 S13] Investigating BGA Solder Shape Impact on 2008400Gbps Signal Integrity, M.Tucker,

Shennan Circuits Co.,Ltd

v" BGA Soldering : Chipdt PCBE
solder ball & 27

v O|EHA =2 AL TDR Test Z _'f BGA solder ball 2
v E Bglo %”'%h O HIZZZ2 B F/A, HF2
No | Height [um] Cross-Section
Row1l
ROW2 Rowl 317.9
Row3
Row4 Row?2 358.4

Row3 378.7

Row4 402.7

[ Cross-section of 112G BGA Soldering experiments, from chip edge to center ]

HAZASH= a4 =CHO|X|TH T Chip(120x120mm O] &f) 2

Warpage2 QI5f

200Gbps MEOAM 7He 2 JOEL 2HE0| Bdot= X F
23 It E 8L -L'=0| XFO| (Z[CH 30%) LS SI =X

100

o T —

Trace-in| 7_,1‘
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-
=1
1

100

SO-J.
0
;5_5 Sig2, Pastemask_B

1 Sig4, Pastemask_B
nd Sig6, Pastemask_B

] ISoIder Package Via
85— T —————1 —
1.00 105 110 115 120 125 130

tme, nsec

[ TDR Impedance of 112G BGA soldering interface ]
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B [T07 S13] Investigating BGA Solder Shape Impact on 2008400Gbps Signal Integrity, M.Tucker,

Shennan Circuits Co.,Ltd

v Solder ball AFO|=7} HESF
mm

v Solder MgtF =0|7} 0.53m
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ol | o
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B [TO9 S06] PAM6 vs. PAMS8 — a Few Considerations more...

ME &40

rot

v 448G PAM42| 7| : 7|E PAM4 A2 100GHz 0| 2| =2 Nyquist T2t @ 7|0 o2

7| X A ZF A=

PAM6= PAMSBO|| H[3l| 2R 7t AH=|7} 20] O[EX 22 SNR SHO|AM 2.92dB2| 175

Ol = 7I%

v' litter Scaling : PAM82 O &2 UIE 7tM0f StX|BH & X A|ABI0 M= Jitter7F AHX|St= Hlg k= #HX|7] T{Z0
Ul O &4

v" PAM Level distance :

10°

. PAM-L
107
-4
w
w
10-10 L
Jitter
Noise
10-15 1 1 1 1 1 1 :‘H‘: PAM'L
0 5 10 15 20 25 30 35 Jitter
20*10g10(1/7,) "

[Jitter scenarios and their transformation from time to voltage, a)

[SER of PAMA4/6/8 schemes versus same amount of noise]
Constant-Ul, b) Constant-time]
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B [TO9 S06] PAM6 vs. PAMS8 — a Few Considerations more...

v OIO|EZ|E &7 2tF : 145Gbps HW(AFE X ADC)O| A 4= £=%& - MATLAB Soft DSP(FFE, DFE, MLSE) 2 2 X{ 2|
v X248 BER: Short i€ A Long A2 8 ZF PAM67F PAM8O] H[3H Pre-FEC BER d& Al

v SAME HMESERLM) 3 2AH : PAMBE Bt
— DFE X|&310f &fF2t

SOFT PROCESSING in MATLAB

———————— ENC [+—{ PRBS |¢——{ DEC J¢—o==<—{ DFE }<—~—| FFE ]4—@—
S AWGN
PROCESSING in HW
.
Channel IS

«

O

| Setup used for data acquisition |

Rate Selection e

*RLM (Ratio of Level Mismatch)

: Transceiver? BHS0{U= A= LevelQ| 7tH0] HOtL} # ot X| LIEIL = =X
10| 7Pt 2 =5 7S LIEH

: PAM8O|A RLMO| 2B DFE H= 7Y Al 2F Zd 7Isdx AHX|7| HZ0
— Optimization loop?t RLMO| R 2™ DFE 7| =& E0|A &

2 H0| 2ot DACO| OjNet = 2wdo| LA BS
o

RLM impact on BER

BER

1.E-04

—e— PAMSE Long Chnl Tl
< PAME Short Chil
—— PAME Long Chri

==+=-PAME Short Chnl
1E-05
051 0.92 0.93 054 0.85 0.96 057 0.98

X vs. RLM [Long Channel)
08

0.6 /

—=—PAMG, o
—=—PAME, o

0.91 0.92 0.93 0.94 095 0.96 0.97 0.98 0.99
RLM

b)
[ Dependency on DAC RLM, a) BER, b) DFE tap ]
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B [T10 S04] Bridging the Time-Frequency Chasm in PDN Design: Leveraging Cumulative Power-rail
Noise & Reverse Pulse Techniques for Spatial-Frequency Insight, Ethan Koether, Amazon

v' 400G/800G A|CHS| PDN Ea2i|Of

- 0ds HAlH M) MF AZZF 1000A 1, PDNO| 275 & YOjEHA 5= A uQ 7K ZOoHH

v 7| A gAof oA

: Target Impedance B EH2 A|AEHZ LumpedZE 7HE317(0] BGALS| =2|[H {IX[0f M2t MR LOo|=L Yo[HAQ
A7|7t CHES Ot X

v 5x5 Grid model &%

: copper planel| Mgt & Inductance =0 2 £ = =9 MZF1t [R-Drop 7L, transient B} &

Lumped Model AC [;/] Typical plane AC [V]
0 s @—0—@ @@ Legend s4my e S RPT [mVp-p]
) 1
odos | @ VRM
04 o Cap 107 10734
g 03 @ load/Port
o RPT worst-case noise: 10.2 mVpp
02 1074 4 1074 4
01 ® 102 100 10° 10° 4 . .
Frequency [Hz] 102 104 10° 108
01 02 03 04 05 01 02 03 04 05 Frequency [Hz]
Column Column
Lumped Model [V] — Lumped Model [V] Typical plane [V] 1mv Typical plane [V]
g [ 1] [ | "
1.5mv4 800 pV A
o PDN R L C 800 pV A s 1,3pm -
Components 1mv4 0 600 pVv 4 .
= 600 pV - 1mvA H
9 03 VRM 0.25mQ | 50nH - 500 vy
“ ! ¥l 400 v+ 500 v - 400 v 1
0V
0z . . . . Capacitor 1 | 187 mQ | 20nH | 100 pF ' 200 uv ov 200 pV 1
~500 pv 1
-l I ‘ v S .00 i o T 8 B
Capacitor 2 3 ma 0.5 nH 10F 10°° 10-5 10-* 01\:’98 ps 2us  2.02 s 2.04 ps 107 107° 107 1.98us 2ps 2.02ps 2.04 s
01 02 03 04 05 Time [s] Time [s] Time [s] Time [s]
Column
. . . o ge . P . B
[Simple 25-node SPICE representation of simplified PDN] [Frequency and transient response of lumped PDN & ‘typical’ plane]
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B [T10 S04] Bridging the Time-Frequency Chasm in PDN Design: Leveraging Cumulative Power-rail
Noise & Reverse Pulse Techniques for Spatial-Frequency Insight, Ethan Koether, Amazon
v" RPT (Reverse Pulse Technique)
MY AR AR EM =8, THY step response 2F2 Z PDNO| 5112 S 3}SHH= Worst-case profile S4HE
— ZF TO|AM 2t = Q= peak-to-peak &S| =&

v CPN (Cumulative Power Noise)
: Power Sum Crosstalk 7' PDNO|| A8, 2 S2|& T {[X|(xy) B2 FHO|AN 0= L0[= MEHZ
spectrum &0f 4t — O pin0| =O|=0)| 7+& FUHX| 2D S Zt0f| LIEHH

0.03

g 0.02 A (A i h L
y E : ] I -%
g HIEEAY ’° |
£ | .
£ 0.00 : : : 1 i
—0.01 L1 —1 I L - 5
10~ 10-5 10" :
log(t) (s) s
< ot -
= tp N .
o : et L i | :
5 — | ’
U e
o
0 20 40 60 80 100 120 140
log(t) (s)
[ (top) RPT T F I E S THS7| 2|t Step Response H timing [ (left) 5x5 test 22| CPN Z I} min. max. avg, (right) CPN Spatial plot ]

=& 11, (bottom) %|F RPT worst current profile ]
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B [T10 S04] Bridging the Time-Frequency Chasm in PDN Design: Leveraging Cumulative Power-rail
Noise & Reverse Pulse Techniques for Spatial-Frequency Insight, Ethan Koether, Amazon
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[ “Real World” DUT PDN: CPN (30kHz) ] [ “Real World” DUT PDN: CPN (1.45MHz) ]
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Bl [T12 S13] Manual Micro-probes for One-Port PCB Characterization with a Single Touchdown. A.

Rao. Qualcomm

v 7|Z9| Delta-L &4| (2-Port Delta-L)
: Microstrip 2| FIt=0f| 2 effective DkE FEot= ZHEHoH HHHE
: &Y PCBO| M2 CHE &0l 4= TS E HiX|
: VNARE S212| PhaseE 57 — Time Delay A4t — & d=2| 22|X ZO| X}0|E 0|&3df effective Dk =

_—

Long Line
ol
5 10
{ os
Fom
son  Long Line ¢
£om 9 g 066 TD.. Figure: Delta-L DUT
I e § o -
P 3 ose- ¥ 4
b haghiagies) . 040+ ¢ Foao = o o
@ 5 1 15 20 25 3 35 &0 BI?S-‘B'&’BQ'W 1 2 3 4 5 8 7 8B B 10 E“w Py
frag, ik freq, GHz froq, GHz S;EE Short Line 01 2 3 éreq%GHS 7 8 9 10
X nmL*__*
Short Line RN EEEE
) P
- ::J: T.D diff = T.D Long — TD sport
; a0 68 407 I L aiff
~ . . L
£ os0 38 VoL =
Zom &, TD girr
- —_—
00| £ 34
BT 1T T 4000 J DA w
01 23456 789w 0123 4567 8 810 001 2 3 4 & B T 4 @10 32
g, GHz treq, GHz Yo GHz . , ]
0123 456 78 910 T0 1 23 456 7 8 8 10
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—360 x |
(520 in degrees = T c X TD girr\°
L — [ vacuum 7 - diff
| eff _( L )
R diff
~360 X vy X TD . - _ ET—
sdmasrees=—— === 1= length of the line . —
- L . I .
vy = speed of light in the transmission line TR L
_ . .. . FOg
se0xfxa,xro M= wavelength in the transmission line / |
¢(Szl)in degrees = T r.msl -
|

Fig. 1. Experimental setup for the two-microstrip-line method.

—&(521)in degrees

™ = 360 %[ [1] N.K. Das, S. M. Voda, and D. M. Pozar, “Two
Methods for the Measurement of Substrate Dielectric
Constant,” JEEE Trans. Microwave Theory Techn., vol.
35, no. 7, pp. 636—642, Jul. 1987, doi:
10.1109/TMTT.1987.1133722.
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Bl [T12 S13] Manual Micro-probes for One-Port PCB Characterization with a Single Touchdown. A.
Rao. Qualcomm
v' 1-Port Delta-L 24 K¢t : 1-Port Y

FAl O
AlO
v' SET2DIL Probe & 2*8 leferentlal *I§%

2 =Y (H._ H Open HE) — setup SHERE
p obe E ;o H -6;" |_—| touchZ &+ _IE %Al éjg
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4.0
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359 -1 Port Delta L
3.0 -2 Port Delta L

25 f PPN
20
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1.0 |
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)
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BR255382488

. 25 — e ]
15 0246811211182 207 o 1012 16 1820
time, nsec freq, GHz freq, GHz

(a) (b) (c)
[ SET2DIL Probe AtE, TDR, S11, Effective Dk ]

o
o
o
@
o

[ 1-port, 2-port Delta-L '44{9| X}0] |

. 60

f 58_R fVNA ! Probe landing
St \ - Reference —: and pads
VN2 .com 2 56— :
www.g\gatest E 54__ Plane SETZDIL :
O 52 : probe : : Uniform lines
g 32 ! ] E
E 46—— i - Short Line
Q 1) . H H A
E 44- Svees - Long Line
42+
40+
0.0 0.5 1.0 1.5 (b)
time. nsec
[ SET2DIL Probe £ single-ended 50-ohm 2 lines % Z1} | [ Probe pads 2} alignment hole ]
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Bl [T12 S13] Manual Micro-probes for One-Port PCB Characterization with a Single Touchdown. A.
Rao. Qualcomm
v Delta-W T#+Z F7}: FTH0f 2ot o EOlXI Copper O|E =X ¢ | T

- NELCHE = W1, W29 =EMZQAM 92 GO|H 2 47l|o| Bt Ao HE XX EM 2
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En=l;
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[de-embedding & re-normalizing] [Top-layer Correlation] [Core parameters and Similarity metric]
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B [T13 S07] Breaking the Bandwidth Barrier: Test Fixtures and Methodologies for 448Gbps Data
Transmission, T.Mosavirik, Amphenol

v" Signal Return path 7§ : GND stitching viag & 2= UA B X|5}H, Insertion LossOl| F2|

v Gold =&0| immersion tin(* Z==)0f BleH 1% r oo A MEF0|D W2 Loss profileS FX|2t

v 1.85mm connector CH2l Tmm vertical connectorol 42 PAM6 Nqust =m0 A 7dB O|AF L2|t
— Lt Roll-off Frequency= connector 2Lt PCB Xt X footprint AA 0| O 2 I3 &S

o= &=

Maximmum frequency for standard coaxial components
- _ Coaxial Maximurm Maximum analytical
%i g- connector size | industry-standard | frequency (TE;,) Impedance
E 2. frequency
o £ 2.4 mm 50 GHz 56.5 GHz 50 {1
_'_Z & 1.85 mm 65-70 GHz 73.3 GHz 5011
) - 1 mm 110 GHz 135.7 GHz 5011
0.5 mm (new) Up to 250 GHz 272.2 GHz 5010
20 40 60 80 100 20 40 60 80 100
Frequency (GHz) Frequency (GHz) ] 1 g
[ GND Stitching via2| " & X}0| A ref. Impedance 1000hmJ.} 92ohm H|u : 2
=2 YW= 9| GND stitching V|a2|- 920hm ref. impedance 4|7t 2|8 ] 10 i S5mm launch N |
— | mm launch j- i

-20

s PAM6

fayg

0 z
.10 —PCBC z
—PCB D

Insertion loss (dB)

I
I
I
I
— ) I
2 \ g. -30 !
7 1 i
2 2 I
£ E H -40 :
= .50 I
K 20 40 B0 ] 100
50 ; Frequency (GHz)
20 40 60 80 100 20 40 60 80 100
Frequency (GHz) Frequency (GHz)

1mm vertical connector G =2 launch sizes

[ 223 PCBZl 110GHz MHX| IL & MAXH Y. 3 E3F0]| surface roughness, [1. Vs
HSHO|M 44860 & Heget ] nFEut EME M52 K| T footprint XX 2t7t S4HE|0fOf

=L A
obdd, nFEot &
]

OI‘J
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B [T13 S07] Breaking the Bandwidth Barrier: Test Fixtures and Methodologies for 448Gbps Data
Transmission, T.Mosavirik, Amphenol

v' Anti-pad size, GND via2| {X|, HE M2 HA X A3} + vertical-launch X3} — fixture LHY=Z 22 FQ 24
v" De-coupling Capacitor?| L|HA HE L roll-off frequency XI0|& HA|7|= 2210 & £ S,

O !
5| |
) . Blue: Test fixture’s Tx side
%'10 I Green: Test fixture’s Rx side
S5/
@ -20 -
=
25+
_30 L I I I i i 1 I i H i A i I I I
2.03 inch d 0 20 40 60 80 100
0 .03 inch trace (measured) Frequency (GHz)
120 — o ‘(‘; NS CTrénsitionfrbmlaunchtoFr’EBﬂ
-5 —Previous 2X Thru ‘ ( ) A (‘an/ti-pia.rea)
- —Mew 2X Thru —~ [ -
i 0 110 - L2 -
-':_C:‘, -10 E £ | Decoupling e
7 i i § : capacitor
= P g 100}
E -13 Achieved ~31% insertion-loss ! ! § t
- - i i L
2 Improvement at ~30 GHz i i ® 90 F RX differential trace | Vertical launch
£ .-20 ; : g. | connector
i : o [ TX/RX Termination
25 E i 80 connector
i i s G s - = Y | — 1 | |
0 20 40 60 20 100 1 1.05 1.1 1.15' 1.2 125 13 135 14
Frequency (GHz) Time (ns)
[ Vertical-launch transition Z£|X3}7} CHH = 2t%&0f 71%E 528 291 ] [ Tx, Rx IL % TDR Simulation Result ]
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B [T13 S07] Breaking the Bandwidth Barrier: Test Fixtures and Methodologies for 448Gbps Data
Transmission, T.Mosavirik, Amphenol

v Circuit board Design Z|& 3} : Vertical-launch connector 2| transition 2| inductive peak A7t SR
v 110GHz O| 49| M &5 oPYHM o 2 X 0{8t7| 2I8f via stublt 7| S E2S %|Cist AXE = e F= X O
—» PAM4 Nyquist (112GHz) IL -5.90dB, RL 100GHz 7tX| -10dB & 24

Os——T1— =33 == T - ] 0 —— I e [
1 : : : AZ 1z =
L —Simulated insertion loss £
= Blue: Baseline —. ated re “Q :
g 1o Green: Optimized %’ -10 Simulated return loss
o )
ERY 2
T ! S -20
820 72
= e
25 33_30 PCB trace
]
_30 . L . . | . . | | . | 2
0 20 40 60 80 100 a
Frequency (GHz) o -4()
(&9

20 40 60 80 100 120

| Blue: Baseline !
. I Green: Optimized (“ f” ', le‘hlvi""a Frequency (GH7)
@ 1!
T:’ 20 HH {M ’f W” ’ ] [ Tx side?| test fixture2| %|& 3} Simulation IL, RL Simulation Z1}]
© |
E; 30 Table 4: Simulated insertion and return loss at Nyquist frequencies for various signaling schemes on the
E i Tx side of the test fixture (derived from Figure 17)
! Nyquist frequency Insertion loss Return loss
o ‘;':0 60 ’ 80 100 @112 GHz (PAM4) -5.90 dB -7.45 dB
reauency (OHz) @89.6 GHz (PAM6) -3.48 dB -9.94 dB
[ improved design, 2-inch stripline trace ] (@74.7 GHz (PAMS) -2.76 dB -14.20 dB
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B [T13 S07] ML-Based Transient Thermal Solver with Arbitrary Power Pattern Sequence & Realistic
Boundary Conditions in 3DIC, Zelin Lu, University of Maryland

v FEME HESX| B [i7 2 3D IC B0 QALAIZIO| LR 2D 022| £87} T4
(o]
C

v Z1EMLEEZ 07FE A =AMBE ASSH0 HAEHC A HE0| oA 7 A
v" Thermal Foundation Model K¢t : @e|e| 2D M= mjHI AMLXOl H# Y SH é A+ 22 25 Y0}
Transient ResponseE O £t Transformer 7|t OF7| Bl

v Per-tile Activation : M& A|AEIO| Superpositiong 28 - 4 TileO] Ttxl= Fd3 E/US I € SH OIS

— 0| M Asto] A M Yofl oot 2= AL

Static —> MLP —>
Private )
Static —> CNN-based L)
(Tra . N ed\ Linear i ‘ Encoder | . " ' ‘
nsformer-bas Su osmon ; ’ Transformer Transformer :
Transient Thermal | h Encoder | > Decoder | >| Fold | |
Solver J h l ‘
P ; —
: ‘:‘t”er - Thermal
auern - Shared Response
Full Transi Response q Dynamic - CNN-based > at next

' 1 Bocoder timestep

| Thermal

‘ Response

b | History

Single-tile
Activated Power
Pattern
olojo E1 E{0 2{7H S I:|-0| E1 i 13 Ke) =35 . .
[ 22le| = ol 02712l activated = HEHOZ F3f [ The Architecture of the proposed foundation model. ]

- ‘é superposition 2 M| H= B 25 A4k
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B [T13 S07] ML-Based Transient Thermal Solver with Arbitrary Power Pattern Sequence & Realistic
Boundary Conditions in 3DIC, Zelin Lu, University of Maryland

v Si7|®, BAHZ interconnectE 22 A El Die ZE (12mm X 12mm)

v RedHawk-SC 8310 Golden ResultE &tHE — 50 =2

v 0|& =T : Ground Truth O 28 Al global error : 7%, At7| 2|# = A| global error : 17%
v FEM CHH| 72008} &&= 2kef S HE2| ALEZ 0.05%2 &2

Parameter Value
Heat transfer coeflicient 0-1000 W/m=-K
=i | Target die size (Tgi. % Udie) 12 mm x 12 mm
Interconnect Layer Die height (i) 700 7am
Dielectnchinterconnect thickness 6 jum
- Insulation layer thickness 005 g
Zdie :
el Insulation Layer i 0o
Si substrate conductivity L1305 mW/ipam-K
_Insulation layer conductivity | 138 x l_l["ﬂ“_r'{ﬂﬁ_
Dielectric/interconnect conductivity 1.38 x 107 mW/pm-K

[ Chip thermal model Configuration ]

Abs Error

Predicted Temp Ground Truth Temp Abs Error Predicted Temp Ground Truth Temp

[ The predicted response, Ground truth response and the absolute error for a single-tile activated case at different timesteps. ]
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B [TO1 SO5] Practical Modeling of 3D Interconnects with Hatched Ground Planes in Silicon
Interposers, Bridges & Flex PCBs, H. Lee, Keysight Technologies

v' Advanced packaging 7|=0| & 823l X| ™A Silicon interposer, bridge, flex PCB S0| 22| AFEE|1, M= X AlZ|
M g2 E 2|8l hatched ground plane &7t H& &

v Hatched T+Z&& return current Z2E& W3[5k, loop inductanceE S7tA|7|0, impedance discontinuity 2}
crosstalk 7t A7 SIE XM5tA|H

v IR} EXS|E £=2 Full wave 3D EM 7|EF BEIZIL2 T}
XX =zt0f| ME85H7|7F O 2 &

or

ORAIEE, Al4h AlZtat 22| 20| 249] S/t

Silicon Bridge

[Hatched ground plane with differential signal
routing structure]

=> Hatched ground= patter0O| &1 return path

ot EI*oH/H EM solver& Soll 2 fieldE H &St

J1J1 &

Silicon Interposer w/ RD (Feveros-R2.5D)

* Graphic source: Intel Foundry * Graphic source: Wisol

[Advanced packaging architecture] [Silicon bridge routing layout]
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B [TO1 SO5] Practical Modeling of 3D Interconnects with Hatched Ground Planes in Silicon
Interposers, Bridges & Flex PCBs, H. Lee, Keysight Technologies

v 2 =20|AM= hatched ground plane2 Z& %t 3D interconnectE &

approachE | ¢tgt

v Via transitiond} Z2 critical @92 3D FEM2E 2M5l10, st M&E5M
Fl 2t BHO| S-parameterE 2250 TH A|AHES ZEY
b

v O|& 3ol 7|E Y4 tiH| Al=2f0]d A[ZEH2 OF 15H]

M|

1000um single-ended microstrip with
rectangular hatched ground planes in
4 RDL layer silicon bridge

Complete
3D interconnect
S-parameters

= Viatransition
== S-parameters + S-parameters + S-parameters

Full-wave 3D FEM simulation for via transition
regions

These critical regions, which demand the highest
accuracy, are solved using the full-wave FEM (Finite
Element Method) solver.

Specialized quasi-static 2D EM simulation for
uniform traces on the hatched ground plane
The longer transmission line sections are efficiently
modeled using less computationally specialized quasi-
static 2D field solver technology.

Uniform trace Via transition

M517| 23l Mixed-domain modeling

-
r¥
rlo
0
c
Q
v,
43
Q
[}
(@)
N
W)
wn
o
<
()
-
Hu
ot
L]
rot

75



| Designcon 2026 xt2 271

B [TO1 SO5] Practical Modeling of 3D Interconnects with Hatched Ground Planes in Silicon
Interposers, Bridges & Flex PCBs, H. Lee, Keysight Technologies

Te
rr
=
B
>
ot
ot

v" Hatched ground plane T 2t A0 E=XO[X|0 M FAEN BHE S8EE SA0] S7HA|7

= T8 #¢ Z otLtY

v 7|1E9| full-wave 3D EM 7|8t 242 =2 F2E E HISHX[T, ALk H|80] 0f2 7 A4 gt=1 450 H=&
Ho|UZ
v H|2HEl mixed-domain modeling approach= d2 =2t 2&8dS SA|0 RtEot= 28X a2 =5 &2
e =2 MM EZ 2 0] advanced packing A A signoff 20| M8 TS 2
10+ 0 -
e o © 00 ° Measured 1 , © o0 Measured
: 2 _
0 Simulated -3 Simulated
TEG2 S 51 Mean Similarity Metric 3 :g:
simulation - g =-18.9 dB S e
testcase ¢ -104 S
15: g1 Mean Similarity Metric
E o]=-1714dR
2?4 bl oy e e e e e s e m A e e e e
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
freq, GHz freq, GHz

[Correlation between measured and simulation s-parameter]
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B [T03 S02] 448Gb/s Challenges for Scale Up and Scale Out Applications, S. Priyadarshi, Arista

Networks corp.

v Al A|A”RIO O 2 T|E electrical interconnect 7|8 FLZ0| A= PCB routing loss &7} connector ! crosstalk
=M 7t gl
v' Chip/package 2|2 0| A= beachfront I/0 N3t 2 Qldf| HERA CHHE =E0| bottleneckS 2 223t
v O|O|E £X7} 448Gb/s2 S 7t5IH A insertion loss, jitter, noise sensitivity7} 37510 7|& WAoo 2 = OHH X QI
& MSHEO0| {2/ M MZ2R interconnect O |EI X7t 2R3t
CIOIEl &£ & &ItZ modulation S&& &It o L oCHpes
| P e e R Tl
' essess s e Backplane Cable é choet | 2
b5 E soTerd Rlave o Connector - -
ﬁ | s oo ¢iRi06 e o o I 1 1 1
‘g. E e o 0 0 0 9 0 0 0o 1 I |
5 S | e 0o 0 00 0 0 0 0 0 / ! : !
% Weo | s
4 ! CPC, Connector T4 (Ol &
: Route & Cable e s
; pitch restrictions el O.EDRIER
% 26; CPC = Co-Packaged Copper LN“fomDUtinﬂ
! UFL S LOTackage xN Memory BW
Today x1 Network 10 BW
[Date rate evolution and signaling transition] [Limitations of conventional PCB/backplane interconnect and need for CPC]
]

77



| Designcon 2026 xt2 271

B [T03 S02] 448Gb/s Challenges for Scale Up and Scale Out Applications, S. Priyadarshi, Arista
Networks corp.

v 2 =20Me= 7[F PCB 7|8t interconnectl| oA E =3 =5}7| {8l CPC(Co-Packaged Cable) 3 CPO(Co-
Packaged Optics) 7|8t 7+ x=E A otgt

M

v’ CPC T+Z : ASICH cableg 5 € W7|X|/EE 2X0M &Y HAZASIO 7[E PCB routing A backplane Z2& %
22}5k1 signal lossE E0] interconnect 22 ZFAHA|Z

v' CPO T+ : Optical engine= ASIC Ij7|X|0f & S5t electrical pathE Z[A2t5t0 =2 1/0 density2f
bandwidth =&0| 7} S5t & &

102.47 Switch ASIC

~ / :

~___ 6.4T Optical
Engine

Backplane
Cable
Cartridge

Switch ASIC Substrate

[System-level CPC interconnect replacing PCB/background routing] [Co-packaged optics enabling high-density 1/0 and bandwidth scaling]

—
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B [T03 S02] 448Gb/s Challenges for Scale Up and Scale Out Applications, S. Priyadarshi, Arista
Networks corp.
v HetEl CPC A CPO 7|8t &= 7|E PCB 7|8t interconnect| SI 3HA £ sff 2t

v CPCE electrical channelOf|A £24& &0 448Gb/sOIN = 52 7Hsd S 2SI, CPOE optical integrations
SOl A2l SA0M latency2t power2 X E SA|0f s Z &t

v' EESH Advanced modulationd} FEC 7|HE At ZM XtM|ICH interconnect 22| &4l 7|22 EEE £+ UZ
«  PAM4 offering significantly better performance Data Rate (Gb/s) 448 448

margins than PAM6 Baudrate 224 179.2
= High impact of optical modulator BW on PAM4 _
than PAM6 SNR Margin 2.5 0.2

o Assuming no additional FEC to KP4 Frequenc
25 0.2

= To support longer communication distances SNR Hargin Nyquist
o Improvementin receiver sensitivity (TIA, IRN, better m Nyquist <1e-6 2.3e-4
FEC
) Soamis . SNR Margin 80GHz 1.7 0.0
o Improvement in dispersion coefficient
= Possible requirement of coherent or coherent m 80GHz 8e-6 3.5e-4
lite optical links for longer distance in intra-data SNR Margin 100GHz 2.2 0.4

center m 100GHz <1e-6 1.7e-4

[Comparison of PAM4 and PAM6 at 448Gb/s]
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l [TO4 S04] An Improved Broadband Material Characterization Method, F.-N. Wu, Samtec Inc.

v & QIHHYE(112Gbps, 224Gbps) A0 M= A|&2|0| M o|EE7F ZOX|HAM = £/4(Dk DfO| E=H
2 Q&

v 7| NRW/NIST 7|8t &7 B2 reference plane E &, MUT ®1X|, 378 2%t S0 RIZSHH 8517 0] Z

ok

10[0f| 2| =St Mz N7 = &0l 22[517] 0=

m\l

v ZZE Dk/Df 20| & 37|, 24 EN, ME

0.00087mm

Rotating the ref. plane == == -, | = — -

/ \
: / e-Yd’ \
H Field
H E Fild [Vim] A
Max: 2739.808 Max: 10.231

= Require precise reference-plane alignment. .zmm l|030
2507 827 945

L) . 2275447
= Sensitive to MUT length and manufacturing 7 70 2043268 e
. - 1811.085 690

1678.904
1346.723
1114542
882362
650.181
418,000
[Min_ 418005 |

tolerances.

Include metal loss and geometric factors

Reference plane

180
Mn 1836

Resonance issue at multiple one-half

wavelengths( limited MUT length). [E/H field distribution when the sample faces are rotated

by approximately 0.034 deg. At 11 GHz]

[A dielectric sample in a transmission line] => Oj =2 XX %}0.034deg) M2 E field 2=
7t I=|I|IH’“0I E[of i X oot et
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l [TO4 S04] An Improved Broadband Material Characterization Method, F.-N. Wu, Samtec Inc.

m|o

v 2 =&0 A= Propagation constant 7|2 EEHE S & X 3% 2EEE MAHSIL Mz 17 SHUE F=

—

ote LES He

v FIHH QI measurementE T 21510 reference plane 3! MEZ Z 0|0 Lt o|EHEZ X ASt1, Dk/Df7F Z0|0f =&
HO| =& ALt

v Mo RS SOl 7|E NRW CHH| &, 5% §4d, K| %0 Ciet RS ZdaAlZ
FitureA Fixture B Reference plane Reference plane
50mm E_?ﬂf 1".:.'_.!".':’{J
_ Fixture A’ I Fixtiire B’ | ] [ ]
60mm ] | ]
» ) ' 70 70 Zo 70 7.0
- Mur ;| | | - |
Fixture A Fixture B NRW setup Additlonal measurement
L, Efl_n\i"“ [Comparison of direct measurement and NRW method]
Fixture A g Fixture B’ 4 Airline 2 E dielectric2 = W H air gaps HAHE2Z
1 = e, 60m M MUTIE TtHAEH S0 KAXIGH=SE E&HE
i | dielectric
! Mut!
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l [TO4 S04] An Improved Broadband Material Characterization Method, F.-N. Wu, Samtec Inc.

v 7| NRW/NIST ghAlof s

v

Relative Permittivity( Dk)

45 T 1
| w—  xtrac 50N from measurement
|jwmm = DS model
Mean Swisstlo
8 Web
4r Tolerance rad#=1.453 mm
Tolerance radi=1.455 mm
35
40 GHz O| M UM E =2 HEEE 2E0HS

=X 2! reference plane, Z
getot FESH0], 1% QIEAHHE LA of M2l

Y X YHS UAAUOE M MY

25 . A . 8 'y A Ao . -
10 20 30 40 S0 60 70

Frequency(GHz)

100 11

80 90

20|, 7= o|Ed= HAe
=2 Ho[HE HSe

FA

-

0ot

o o
02 { T L LJ T T T T
S Extraction from measurement
018 — DS model
Meoan Swissto

0.16 ¢ | B Web

‘ Tolerance rads=1.453 mm
0.14} ; Tolerance radi=1.455 mm

Loss tan( DI)
o

o
o
®

OOQM ]

o | . 4 - - 4 4 4 4 . S +
10 20 30 40 S50 60 70 80 90

Frequency(GHz)

100 110

[The Dk and Df of the proposed method Swissto12 MCK, D.S. model and the data sheet values]

82



| Designcon 2026 xt2 271

B [TO5 S3] Enabling Beyond 10.8Gbps/pin LPDDR5X Interface Using Bandwidth Improvement

Techniques & Power Saving Features, B. Koo, Samsung Electronics Co., Ltd.

v

DRAM CHEYZE @77t Z7+SHHA DVFS(Dynmaic Voltage and Frequency Scaling)7t M8 &|=0|, M RHSIZ Qld|
/0 timing variationO| 75t SI7F XotE|= X7

WCKe DQ 2 7t 22X Z 28| VRM(Valid Window Margin)O| Z+235t0 22| 20| O{2{ &

7| & driver &&= 7l critical path2t 2 7|4 Y222 Q15| PSI(Power-Supply-Induced Jitter)2t 1SI7t 71510
8.5Gbps O| &0 M= otAI 7} U=

Data Transfer Rate[Gbps]

10.7

67%

6.4 faster

0.533

LPDDR LPDDR2 LPDDR3 LPDDR4 LPDDR4X LPDDR5 LPDDRSX LPDDRSX+  LPDDRSX++

Advanced 7200pHD Goggle Maps AR gaming Dualcameras  BK Video Computational imaging
cameras Video Mavigation 4K Video Livestreaming Quad cameras 5G, ADAS, ARVR
Dual-screens

Figure 1: Data transfer rate for each generation of LPDDR DRAM

Al
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B [TO5 S3] Enabling Beyond 10.8Gbps/pin LPDDR5X Interface Using Bandwidth Improvement

Techniques & Power Saving Features, B. Koo, Samsung Electronics Co., Ltd.

= —L.E—.'?'_—% 10.7Gbps/pin 0|& &%F2 2|6l LPDDR5X PHY ™A £ =& MEA 45+, bandwidth 241 power
savingg SA[0 Ed3t= QIEIO|A V[ ] E A otet
v Txe segmented driver2} ADSCE &3l operating frequencyOf| [t2f drive strengthg& ZE3 22Kt dynamic
powerg = ¢
v RxE HF/LF modeS eawm 0| A= CTLE/VGA 7|8t equalization® AME3tI K& 0|A = Tt CMOS
inverter =X 2 MEHZ ?.Sl_._g}oF
v' Fast periodic trainingd} real-time VT compensationg &3l DVFS & 2 3t= WCK-DQ timing mismatch2t
blackout2 X & 2tztet
Full DVFS control VDDZH
Perodc vabing conrol_ P vooa NAD/NORE critical pathOflA] X|H gt
ADSC
—
~l L Pull-up ZQ code Pull-up ZQ code
= | ™ _
= @ [
% | p‘f_q
£ pee voo vooa Data \AA—pq  Data A
g _P'::E __’ e DRV — p m—
gl |5
% % RX HF Mode
— | Yoo _‘ 'l TL 4—:}“&—
TLFMQ Pull-down ZQ code Pull-down ZQ code
] @*0<|—- (al (b)
iy T g B RIQHE X
[Proposed over 10.7Gbps LPDDR5X interface schemes] [Output driver scheme with ZQ code control]
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B [TO5 S3] Enabling Beyond 10.8Gbps/pin LPDDR5X Interface Using Bandwidth Improvement
Techniques & Power Saving Features, B. Koo, Samsung Electronics Co., Ltd.

v H|Ctel LPDDR5X PHY«= 2nm FinFET SEO|A #RERA2H, 10.7GbpsE HO0A= &S SHE CLHYT circuit
techniqueE &

v F3 41 10.7GbpsOl Al real VWM 0.35U1, write VWM 0.45UIE & 23510, WCK duty-cycle error= 48~52% #H %
2 FXZS =0 E.*

v St de-embedded measurementOHH 12.8Gbps7ItX| cleargt WRITE eye openings 2 3}04, M|t T2 =7} KAl CH
LPDDR6 QIE{L|O|A0 = 2t Vtsot 2 EAS EY

Table 2. READ VWM Test (10.7Gbps)

NT-ODT  SOC-ODT  UI(%) DS NT-ODT  SOC-ODT  UI(%)

40 33.74 a8 . a8 34.8

40 240 48 3178 48 240 &0 32.27

Real-Time Eye 40 120 &0 33.74 48 120 80 28.39
29.400 kUl | 40 80 80 31.84 a8 80 120 29.87
600 Wfms 10 50 120 31.84 48 50 240 30.86

' 40 48 240 32.33 a8 48 . 31.78

10 40 . 33.81 a8 - &0 30.86

40 - 48 32.27 a8 240 80 30.79

40 240 60 32.27 48 120 120 32.33

40 120 80 30.79 48 80 240 28.89

40 80 120 31.84 48 50 . 30.3

40 &0 240 31.35 &0 . &0 303

40 28 . 30.79 &0 240 80 31.35

0 - 60 30.86 &0 120 120 27.9

40 240 0 30.36 &0 80 240 32.33

40 120 120 32.83 &0 50 . 31.28

[WRITE Eye-diagram after de-embedding @12.8Gbps] :g :2 2‘_‘0 ii:z :g :2 2'_10 ii::
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Bl [T06 S7] A Performance Evaluation Method of Electrical-Optical Channel Coupling for
112G/224G LPO/RTLR Based on IBIS-AMI Redrive Fitting Model, Q. He, ZTE corp.

v OOl £E71 Z7IZ Qs & Q{74 E (Optical Sub-Assembly) 7|8t SerDes A|ARIO| 2tk

§9
ojo

v' 7|Z Traditional Pluggable Optics *+Z&= DSPE Z& ot &5t E-O-E(Electrical-Optical-Electrical) ZE2& A&}
Of MEHAER} latency?t S7t5H= HAI7F U2

v Ol 7iM3t7| fI8ll DSPE XSt LPO(Linear Pluggable Optics) &2t RxO| 2t retimerE &%+ RTLRT X7t |
ot
Traditional Pluggable Optics
Switch & Switch

H:st Retimed TX Linear RX (RTLR)
X

Electrical Channel Electrical Channel

Optical Fiber

Linear Pluggable Optics (LPO)

Switch \ / ) Switch Electrical Channel

Channel i Channel
Host Optical Fiber Host
: - "

Electrical Channel Electrical Channel

4 AHAHYE £=7t DSP SHOAM DSP HAH == HH = Y
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Bl [T06 S7] A Performance Evaluation Method of Electrical-Optical Channel Coupling for
112G/224G LPO/RTLR Based on IBIS-AMI Redrive Fitting Model, Q. He, ZTE corp.

o

M E|
o

d

v

O

IHHHYES Lot LPO/RTLR T+&0|A= EOE B27t 2t &l S8t k{20

v E79| optical componentE nonlinear & memory effectE 7tX|E22 7|E IBIS-AMI 7|8t B H 2 = Yoo g &
7

FOl2i=

N jm

F

[l

+ Qe M2 e weo| Ba

[ot

v [2}A optical channel2 IBIS-AMI2t 2 8tk|= HEZ 2R

Backgrounds: Modelling Challenges

+ Coupling Issue: In LPO/RTLR systems, optical and electrical channels are tightly coupled and thus must be
assessed as a whole. Therefore, designers must evaluate end-to-end electrical — optical — electrical (E-O-E)
behavior.

* Nonlinear + memory behavior: Optical components exhibit complex nonlinear + memory behavior. Traditional
IBIS-AMI models — designed for linear or mildly nonlinear electrical systems — cannot directly represent these
effects.

« Simulation tool gap:

* Optical Solvers: Physics-based models are accurate but computationally intensive and unsuitable for system-level
long-sequence simulations.

* Electrical Solvers: Rely on the IBIS-AMI standard, which does not natively support traditional optical compact models.

0]




| Designcon 2026 xt2 271

Bl [T06 S7] A Performance Evaluation Method of Electrical-Optical Channel Coupling for
112G/224G LPO/RTLR Based on IBIS-AMI Redrive Fitting Model, Q. He, ZTE corp.

v & =z0M= OSA 7|8t optical channel2 <t&%t £ Volterra kernal 7|8t reduced-order-model 2 #2511, O
£ IBIS-AMI redriver FE| 2 T3 St= YRS X otet

v Ol &4l 7|& IBIS-AMI B 0| M = Electrical-Optical channelg S5O 2 HEZIStT A|AH B Al 0|M
o| 7tsgt

Validate AMI

Implement OSA Reduced Build

Data FNN

design n Lumerical et raini order model Custom model in
collection ainin )
INTERCONNECT™ £ extraction AMI model IBIS-AMI
AMI_1

PRES_L MRz - : modulationtype  PAM4 -

e M smpleperbt | 32 Create photonic AMI models
Il > m W starttime 2e-10 s
LWL o meston

W stop time 200 ns

Proparties Properties: « mode number 1
biteate = 53.125 (Ghita/s) bq'r:sp"i'—:l:i\‘au v Machlne Learﬂing trai... g
prms.2 iz2 2| publish to folder D:/Tests/ibis-...

W batch size 100

® leaningrate  3e-05 Electrical-Optical simulation in system-level tools

10 s
1-|u.n| autput madulation m cutput g '™ epoch number 100

W target traininger... 1e-07

Properties: Properties:
bitrate = §3.125 [Ghits/s) bias=125 {a.u)} o0 = W memory length 100 -
amplituce =05 (su) H u Ph . I EI t I MI
: ! Electrical AMI otonic AM ectrical A
3 RING_2
o weD_1 H ANG_t FIBER_1 -
2 port 1 port3
output input output ;:rn — pm-z ;u-n : C : poﬂ-2 ;:rtl portd Red river Rx
Properties:
Properties: Properties Proparties: Properties length = 106-006 ()
power=1[mW} length = 10e-008 (m) frequency = 153.1 [THz} length =1 (ko)
fregusncy = 1550 (nm) lsngth = 108-006 (m)
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Bl [T06 S7] A Performance Evaluation Method of Electrical-Optical Channel Coupling for
112G/224G LPO/RTLR Based on IBIS-AMI Redrive Fitting Model, Q. He, ZTE corp.

optical channe= IBIS-AMIQ} 2 2tE|= HE|E ZRZSHY| {3l Volterra kernal 7|2 reduced-order

M=
&l * JdHE= Metet

v 2 =20M
model2 &
S5l 7|= IBIS-AMI 2tH 0| A = Electrical-Optical-Electrical £8 X2 S AlE280|M & = 2H, LPO U

v 0|E
RTLR 2EO| Chat AIAE 28 A5 WIS JHsop &

() (b) (©)

Tx Driver Rx
IxVpps STXBRGE (o) nnel |- Gain | channel | >F a2l B REye

Type

RTLR | 0.6V 6dB 0dB - 12dB 9dB (a)
RTLR 0.8V 6dB 0dB - 12dB 9dB (b)
RTLR | 0.6V 6dB 0dB - 18dB 9dB (c)

[224G Linear system simulation result : RTLR]
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Bl [TO7 S6] Vertical Velocity: Next-Gen Scale-Up Networks & the Push for Terabit-Class Data
Rates, B. Riaz, Ciena corp.

JH:I

v AlLAAE MO Z HO|HAME LY scale-up HEYIE M O =2 (Y =0t ¢4 L2 273

v /0 QUE I 0| Ao =2 XotE[0 U0 beachfront problemO| 24tk

L-_O

2ey

v OIO|H M& {5 T 7} 448Gbps/tX| S7tSIHAM SI/PI ZSHOIA A O =3 7| 20 22 interconnect 7| =0

* Fundamental issue with scaling semiconductors: compute power area
grows quadratically, IO beachfront grows linearly.

» Potential solutions: bevelop larger GPU
for more compute power
= Change from fast/narrow to slow/wide ,
o

» In process, years away

' Die Area +36%
= Go faster
» Significant progress
Die Perimeter +17%
=> Ui 40| BIISIHA 1/0 84S SH &M

Gen1 Gen 2
. Beachfront - Hi Speed 10 . Caore - Compute

0
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Bl [TO7 S6] Vertical Velocity: Next-Gen Scale-Up Networks & the Push for Terabit-Class Data
Rates, B. Riaz, Ciena corp.

v 2 =20Me 7|E passive copper 7|8t FZRO|M HHO{L} active cable 3! optical interconnectE &&%t M2
=7 M eHE

v DSP->LPO->CPOE Z4+E2 M&H | HE|l| &1
=> AZxZ=d8 4§ & e OIE11L1|0| £ & 70| 7= FEE HE

Cracking the XPU beachfront bottleneck with optics

Fully Retimed (DSP o optial modu
[Pow':;r 3ow(1a(5p.u)bn) bk ry - DSPE 0|
ole 27X (H

J DsP TIADRY

27
S0
X

—

JSE =1l
>
fol
1]
P==
0=

DSP based, retimed links are a
fundamental component of data center
networks today as they provide robust

connectivity among other benefits.

Pluggable Receive Optics

-
Half Retimed (LRO)
Power: 20w (12.5 pJ/bit)

(M AH| 20W)

Electrical Channel

Linear Pluggable (LPO) Linear Pluggable Optics

[iner:10w(ﬁ.5pJfbit) w . DSP A0 | 0|‘Lé"§j. t(’; O

Substrate

At Al scale, the costs of these benefits
are enormous - measured in 100’s of
MW’s and billions of dollars.

:ear I'-fgck(asgedgﬂ;lcs (NPO) IR : OIEHHIOIADI & 2™H2
— 0|E( & AH| 8W)

Fiber port
Co-Pack Opti CPO ] . = = =
Bl coonseo | = O . oEHOIAS HY &N

Substrate ,u,Hal él (X-i e;’_ALt” 5W)

Further, at 448Gbps PCB connectivity
to front panel breaks down, demanding
a new paradigm.

PCB
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Bl [TO7 S6] Vertical Velocity: Next-Gen Scale-Up Networks & the Push for Terabit-Class Data
Rates, B. Riaz, Ciena corp.

£ S7HAE

OF
-
=
o
D
-
n
—~
<

Ot 52 458 o Fe 3zto) 7

v 7|Z pluggable T+Z Ci{H| CPO= &Y 4

v' Co-packaged opticse= A|2E ZEEE S7HA7|2 T3 ~H|E EHE = Ue dd 7|=¢

Al interconnect 7+ ¢

s

v [MEkM, CPO= 1% HIO|H HE 280 2edil S SA0 22 = Us

Increasing density with co-packaging

Co-packaging doubles density versus pluggable architectures )

102T Switch 64 x 1.6T OSFP Modules in 2 RU

~
s - 102T CPO Switch with MPOs / SN-MTs in 1 RU

Other benefits from co-packaging )

Eliminate DSP Overhead Power savings from
Power: ~15W x 64 = 960W shorter reach host channel

Cost (including ODM margin) = =$100 Example: LR 6pj/bit x 2 (DSP + ASIC) = 12 pj/bit

$100 x 64 = $6400 VSR = 3 pj/bit for co-packaging

Latency = ~35ns per DSP > 75% power savings

Software and qualification... 0.75 x (512 channel x12 x 224mW) = 1036 W

Possibly for a number of DSP vendors
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B [TO7 S14] Breaking Barriers in 448 Gbps Serial Links: Bandwidth, ESD, & Linearity Challenges in

High-Order PAM Systems, J. Salinas, Neuron IP corp.

v HO|E ME 2| scale-up X scale-out & &H O = QIS QIHHUE K271 ZI15t0 20, O|F |

PAMBIF 22 1X} I HAj0] HEE

—

—_—

S7t

Mot

v SEX|2F R Kb t=E eye opening0| #4810 M= 7 2t 0| FIt5HY linearity ! A= &
o
d

0.0 25 50 75 10.0
time (ps)

I
CIE
oI

|

Upgrade or Upgrade or

Replace ooy m mummmmm ~ RoPlace

Scale Out

Append &
Distribute
Wiork

Append &
Distribute

00 25 50 75 100 125
time (ps)

[PAM6 vs PAMS]

[Simplified example of scale-up vs scale-out as SerDes application]

PAMG6

PAMS
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B [TO7 S14] Breaking Barriers in 448 Gbps Serial Links: Bandwidth, ESD, & Linearity Challenges in

High-Order PAM Systems, J. Salinas, Neuron IP corp.

v

v

v

PAM6, PAM8 X &0|2 QI35 4l FHO0| ot @77t S7t5t0, 55| bandwidth, linearity, delay §d0| 2%t 2

=]
A2 B2t

=]

O bt}
TT =

Ap
ﬂJ|0
got

o|f 1/0 A HO|A0 X Ql ESD &£ 7| capacitanceE T7FA|71 bandwidth Zr2 B A= of

O|E 8 Z8}7| 98l ESDS} loadS 2|3 Multi T-coil FE7F AQHE|D UG
Trade-offs in High-Order Modulation

Frequency Relief:
*PAMG6 Nyquist ~87 GHz
*PAM8 Nyquist =75 GHz

New Constraints:

*Linearity: More eye levels reduce voltage swing per
eye, making the system highly susceptible to static

HV

Pogo Pin ——
'ogo Pin Supply

nonlineal‘ity Insulator - >100MW
*Group Delay: Stringent requirements on group delay Field Plate -~
performance to prevent ISI CDM ESD Test Setup

*ESD: Achieving bandwidth targets under stringent ESD
protection is increasingly difficult
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B [TO7 S14] Breaking Barriers in 448 Gbps Serial Links: Bandwidth, ESD, & Linearity Challenges in
High-Order PAM Systems, J. Salinas, Neuron IP corp.

v 7| single T-coil #+Z&(D1,D2)= ESD capacitance 7t Al bandwidth 24 % delay = 24

v 0| & d{A5t7| 95 ESD2 loadE =2|5t= Multi TOcul 7Z(D3,D4)& X 2t

1
o

x| A3}t

v Split-ESD T Z&(D4)= ESD capacitanceE =2HA|7] 4= 9f

Ly
Cm::k (‘ Vou
R, Ny Icmm
L
Cozoe= 1 : Vou L
’ k?.( Lz C;,g,qn Cﬁz= 2(. C
g7 g L
C E = .
e Tk Coi= 7
‘(‘ Ly Icssp ’ﬁ( L ICE—;D
VE'-" Vin
chnﬂ IICPM 3) D@Sign | {Dl} b} DCSign 2 (D2)
c) Design 3 (D3) d) Design 4 (D4)

Single-Ended T-coil/ESD Interface Designs evaluated Single-Ended T-coil/ESD Interface Designs evaluated
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B [TO7 S14] Breaking Barriers in 448 Gbps Serial Links: Bandwidth, ESD, & Linearity Challenges in

High-Order PAM Systems, J. Salinas, Neuron IP corp.

v' ESD capacitance S7t A| 2= 720N d5 X5t7t

v’ D4(Split-ESD)= 7+&
7t Itse

v E3| 1< pAM6/PAMS &t

OFH ™ Ol pandwidth SX|t11,

ZAOf| A topology A1E#0| o

H D~
2

JhEF L

& =2 group delay ripple, 7}

Xt

CESn = BOfF CESD = 120fF
0
[ — .s_
g-]l;l g.‘.c
Gain | % =
2.8 2
«20
0 20 40 60 80 100 ) 20 &0 a0 80 100
Frequency [GHz) Frequency [GHz|
12 12
10 ,-
- w
= pd —— =
Group | & 65— S 2ae ast
o —— +58 g ~-‘:»____
Delay | 3 « - \ — -
3 e G
2 2
0 0 :
0 C 40 &0 E0 0o o 20 40 0 80 100
Fraquency [GHz| Fraquency [GHz|

L=t eye opening & &

52 AN QAR D47} 448GBpsof| Hetehe golst

a =/ - O

—— 01 Max Flat Amp
o011 Max Fls GD
—— 02 Max Flat Amp
@~ D2 Mix Flat GD
—a— 03 Max Flat Amg
wdbes 03 Mxx Flst GD
w04 Max Flat Amp
» D4 Mxx Flat GD
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Bl [T08 S05] PCle Backchannel Optimization: FFE & Sampling Setup Tuning for Enhanced ED

Performance with Complementary ML Integration, F. Maliqi, BitifEye corp.

v PCle MICHZt Z7Fet0]l 2} channel loss&= #HX| 1 timing margin2 &0 &

O|2 QIdl BER W7Io| Het &tHE 28l loopback 7|2t2| ED(Error Detector) HHAEZF H4-HMO 2 ALEE

v
v 53| TXDUTOAM EDE MEHE=
g2 A ATo| LME £ S
Forward channel
PG ISI board Rx DUT

—— e

2o S Redriver |— N
-

L/

BER \—/Oscilloscée
Backchannel (focus of this work) PO,

[Test configuration for PCle Rx testing]

backchannel2 re-driver?t FFEE &3l H & 3| equalization | 0{0F o}, I & X

Challenges in Backchannel Optimization

Conventional backchannel optimization approaches rely on exhaustive sweeps of Tx presets,

re-driver settings, ED FFE taps, and sampling parameters

» Multidimensional sweeps often require hundreds or thousands of measurements, increasing

tuning time
» Auto-FFE convergence depends on initial conditions and is run-dependent

» ED sampling setup requires joint tuning of timing dimension, voltage dimension, and slicer
thresholds

=>J|&E L2 sW~d BIO EH0| BRI tuning AIZH0I iR 20 &
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Bl [T08 S05] PCle Backchannel Optimization: FFE & Sampling Setup Tuning for Enhanced ED
Performance with Complementary ML Integration, F. Maliqi, BitifEye corp.

v 2 =20M= pulse-response 7|2t FFE £[X 3}, Newton 7|8t sampling Z| &3t ML 7|8 0|52 Z&$t hybrid
frameworkE A| 2t

- Pulse-response 7|2t FFE Z| X 3t= ED YHO|M S E pulse responseE 7|22 = FFE tap= XX 3tet
- Newton 7|2t FFE Z|Hol= 7 3+ UF 220 WEA XX sampling 22U £&
- ML 7|8t 0| F2 X7[2E MS5H Newton 7|EF EM HRE =
| Reference vs Actual & Optimized Pulse - Scenario: 181, BER a5 a Function of Edge Delay and Input Range___ -
035 S e LS s S => BER a‘tg CHE6IK D 288 & 045
. ) i EHE XILIDION = EHES I 0 i
=> Equalizatlon% Soll &K 2= B
2 ASE OI4HQ EHZ 2R | 8t 5
b o ~ = %_\> 005
[Pulse-response 7|8t FFE X| &2} [Newton 7% sampling Z| &3}
Predicted

Redriver Boost

Channel Loss _, Apply Predicted

— Predicted —>

(dB) - feaii Equalization => Y AEE oz o} A
€ aps (Redriver & ED) T s T
equalization It2t0|E{ € 0l S3dt= ML
2d 32X

Preset-specific MLP

[ML Z|&F of| =]
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Bl [T08 S05] PCle Backchannel Optimization: FFE & Sampling Setup Tuning for Enhanced ED
Performance with Complementary ML Integration, F. Maliqi, BitifEye corp.

v X = ED auto-FFE CHH| T} 2 eye opening= XMS5t1, CHYet Tx preset E0A ds 718 =

v EBH ML 7|8t Z=7]3}t2} Newton XXM 3HE &3l tuning AlZHE 3H £0|1, PCle Gen5/Gen6 SHEME HEHS
o) =3}

T ED-cmimixeldwlveform -

[Eye diagram : —9.9dB channel without equalization] [Eye diagram : the optimized FFE coefficients from the ED]

ISi-min scenario waveform
T T

06

[Eye diagram : optimizegewlgFE coefficients obtained with proposed method]
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B [T10 SO05] Stability & More — Going Beyond Bode Stability Assessment, S. Sandler, Picotest corp.

v

7|E Pl 2M0|ME FZ Bode plot 7|8t2| VNAZ}L AL E

=> SFAIZH0| 21, Y 25 2F oA HEEH 7 2t HO|H ME VRMIF 22 ML HA A|AH0=
HE0| o=
10

AT A|AE A0 M3HSE OFNME B HiBO| Qs

Short, One-Shot Measurement

=> No Over-Heating

=>» No High-Power Load Resistors
Many Probe Choices

—> SEPIAE B2 AlI2t &2 =3, 4X &3

Pros Familiar-Looking Plots / Results

Ja

=

or

Freg-Sweep Taking Long-Time

=» Over-Heated, Cooling MUST
Cons | Continuous “kW” Loading Basic Laplace-Transform Needed
=> Need to Convince your boss ¥

50Q Terminated Probes/Ports:
48V /50Q ~ 1A = 50W! = 50Vx1A

—> JIE UNA 2AI2 21 SZAIZ, 2 2X|, D2 B

100



| DesignCon 2026 xt2 271

B [T10 SO05] Stability & More — Going Beyond Bode Stability Assessment, S. Sandler, Picotest corp.

v SEPIA= time-domain load transient &= 7|82 3|22 PHHE Eﬁﬁ‘“ﬂ% A== diol
Step load 20 2|3l &-ddt= ringing SEE &40 Quality factor(Q) 3¢ phase margin(PM)= A 4hgt
DE 22X A|AHIO| ST HEfO| ZtA| T EMS 7ITICHE 22|H EHE 7|EICZ &

x= 5| I2{0[ES 0/25H0] R L CS0| 312 QA4S QXM & & 99

A NERANERN

Step load 2!Jt6t0 time—domain & £&
Ringing Peaks from a system of Quality Factor Q = 5.52

#2 — Q=552
5.03 1 K
H #4
5.02 #6 ~
5.01 - ‘ ’# 8#10#12

* #16#18#20#22

VV'V

\ LT
Ringing peak 24 &

4.97 A #3 (
H #1 S ol Q-factor H &t
<=

0.9 1 1.1 1.2
Time (ms)
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B [T10 SO05] Stability & More — Going Beyond Bode Stability Assessment, S. Sandler, Picotest corp.

v SEPIA= Time-domain 7|8t 242 5| Fot= sweep 10| HE A HE HIIE 7tsotA &
v AN AAH SHHAME M8 7tsot HME S A|ZE Bt EME TR AIAHINE 858
v Simulationd} bench test 250 A 2t80|7t5610 A FH 80|

SEPIA'
PM: 2997¢ | «<— PM,Q,RLC Lt2t0IH F£& Jts

% 1.664 pH
c: 1.880 pF
Q Factor: 1.863

Bad-Tune V4 ICOUT

277.248877k  337.210273k
59.961396k

G(iod-Tune, 100% ﬁUT Default

e
X
~~
(1l
e
0x
02
m
1]
Ib]
13
JA
|0
Hu
[=
£
|
olr

H 919915‘»1-]

[SGbOOS LT 60TLIP'ZE

Loop_Gain _Gain Margin 5.7592915dB
‘Loop_l‘hase Phase Margin 32.301585degrees,

[LLoop_Gam Gain Crossover Frequency 277.6222kHz
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B [T12 S06] Practical Semi-Automated Approach for Signal Integrity Testing of High-Speed, High-
Density Cable Harnesses at the System Level, K. Zhang, Ciso Systems inc.

ol

7t

v HEZA ZH|o| 50| 25.6T->51.2T, 400G->800GE S 7t5tHA Cable harness®| SI 25 £2 40| 8249

(=13
=]

4 L B B l',«

P0BB DG

[1% Y E$ 3 ZH|[(NVIDIA-Chassis)]

JIE S| EllﬁE E,'é*_J SHH A
wafer level : X& 0|F H&F gl
TDR : Impedance S4&!, 8 A S| &
BER: PHY g&2o=z2 gHI S| i
Manual VNA : 170A12t AR

_"\J
—_

0
I 050

[Traditional VNA measurement setup]
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B [T12 S06] Practical Semi-Automated Approach for Signal Integrity Testing of High-Speed, High-
Density Cable Harnesses at the System Level, K. Zhang, Ciso Systems inc.

v Xt&3t 7|8 system-level S| HIAE X E H|Qt

- Switching matrix 7|8t +&=E& E6H 4-port VNAE M2 (2048 pairs) EH 7}3

- Automation= &9l &7, HIO|H =%, Pass/Fail “W‘* NNt -
- Mechanical fixtureE &3l operation 2|Ed KA 5! repeatability QLE |
- De-embedding 7| &S H&5}0 switch 8 #|0|= %";%t X 7

Fixture
Chassis
— Test board Cable A/

—
.

o — - LC Test board(for 4pair Con) MXPM Cable
AT Iy Switching A

A 3

MXPM Cable
Y "

— S

el b o ==l

¥
-~
L eey

[XI-SSHE system-level SI £ 7 X]
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B [T12 S06] Practical Semi-Automated Approach for Signal Integrity Testing of High-Speed, High-
Density Cable Harnesses at the System Level, K. Zhang, Ciso Systems inc.

v 7|Z manual CiH| HAE A|ZHOIZE ZA (170A|ZH->SAME ==

—

v' Full S-parameter 22F Sl K| channel 58 24 7=
v O 4ol 7|8 242 Edlf Sl spec Xzt U failure A2 24 Jts
v Modular TEZ HAH E0 112G->224G->1.6TIHX| & 7t&

tsstE HHAE UIE Soll Ch== XH

2 =N 5F & 2

) (

whmens 8pairs testing 32second
. —
| Run
[User interface of the control software] [Display of various S-parameters metrics and
corresponding specification requirements]
]
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B [T13 S02] Port Referencing in S-Parameters: Critical Insights You Need to Know, P. J. Pupalaikis,
Ciena corp.

F

ot

v 7|& EM 7|8t S-parameter 40 M= port referencing 7HE 0| H=tSHX| ot 3|2 HZE B oM F I L
=> Port reference 7| 20| 2 H=SH S-parameter S & XHA|7F HRE =

__ AP - EM simulationOild= 8 &0 250l OtLIct signalt reference 2t M X2 F2
=> Referencet HIH S AT HIHI| HHEW & 2= 2t 2= iS00k &

Is this correct analysis?

[Single_ended micro_strip trace simulation in HFSS] It IOOkS like bOth pOl’tS are referenced to abSO|Ute ground.

It looks like “ground” was shorted out the in the field
solver simulation.

SingleEndedTLine VOI
Is the “ground” taken into account? Is it ideal?

1 2 A

50.0 ohm

How do | hook the “ground” sheet to a circuit?

50.0 ohm What is the exact interpretation of this result?

[Simulation of single-ended micro-strip in signal Integrity]
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B [T13 S02] Port Referencing in S-Parameters: Critical Insights You Need to Know, P. J. Pupalaikis,

Ciena corp.

v Porte= thest M= THALIE OfL| 2t signal metallt reference metal 21
Ol Al AlAtEl S-parameter= reference metal 2|
v Voltage= E52f0| OFtl signalz} reference 72| X}O|(differential voltage)

v' EM solve

& XD &2 reference metal DX =

Signal trace

reference metal

[Differential coplanar waveguide/micro-strip trace]

R1 : Signal & &
R2 : Reference & &

101 ‘/102 70

0 RI
Bl gy iy (==
VGl VOl R2 V02 VG2
AW

=> Signal & OtL|2t reference B2 NtAl £ & & oFLES Al A

doZ olAE) =20 & =2 &= SA0 EtSE

_I_

o &A= FeolE

S| 2l Aoty

u
o
1z
o
e}

o

A port is one or more pieces of metal (signal) referenced
to one or more other pieces of metal (other signals and
reference “ground”).

Here we have two signal metals relative to coplanar
reference metal, as well as reference metal underneath
the signal traces.

N pieces of metal leads to N — 1 modes of propagation,
and 2 - (N — 1) ports in the device.

The resulting s-parameters are surprisingly the
series arrangement of R1 and R2:

. RL+R2 220
S=wmrmzz | 2.720 R1+R2

107



| Designcon 2026 xt2 271

B [T13 S02] Port Referencing in S-Parameters: Critical Insights You Need to Know, P. J. Pupalaikis,

Ciena corp.

v EM solver®| A M=l S-parameter= signaldt reference Zt X}0|E 7|HtO 2 HO|=l 7/

v' Voltage= ECHZL0| OtL|2} signalt reference 7+ XtO| QI differential 7H'E 2 2 sl A{sjjof &t

Referencell E{LIX| &2 X Referencelt E{t 72X

magnitude (dB)
magnitude (dB)

N 20 i il =0 Lo 1] Eal i) bl bl 100

Without exposed reference trequency (GHz) frequency (CGiHz)
With exposed reference SD2D1 magnitude response without exposed reference SD2D1 magmtixle response with exposed reference
a2 — a—2X)
1 3 4 2 2
I>—D + + D—=<2 g3 Z-40
= =
2 4 = g0 =40
»C - - C}l—<4 &
-5 g 50
) X 0 20 i il bt 1o 1 20 n (il bl 1
Non-exposed reference conversion to mixed mede frequency (GHz) frequency (GHz)
SDIDI magmiude resporse without exposed reterence SRR magmiwle response with exposed reference
+}— + = 35 —_‘ 09
AR rin 36 P — |* %0 % 50
>—p |- - [LDl—~ £
B4 215
N in 2 5 N out : 3 &
3>—-C - ._—‘ + + —]-— - C_<4 § 10 Em
‘4 R ; ) R —200 0 20 0 GO0 S0 100 120 20 0 20 0 G0 =0 100 120
il I R in 1 4 R out - Iength {ps) length {ps)
SDIDI impedance prafile without exposed reference SDIDL impadance profile with exposed refererce
Exposed reference conversion to mixed mode . .
[Without exposed reference] [With exposed reference]

=> |mpedance ¥ S—parameter 2= S LS A&
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Bl [T13 S08] Uncovering the Blind Spot: TX-to-TX Crosstalk in NEXT-Gen Ethernet Standards, R.
Bloch, Xsightlabs corp.

v 1% 91T 0| A(200Gb/s O| 40| A crosstalk2 A|AE M52 3A MotA|7|= T8 291

 Electric-field (capacitive) coupling between adjacent conductors
Magnetic-field (inductive) coupling caused by shared current loops
Return-path discontinuities that force fields to spread and couple into
nearby structures

» Package or PCB crosstalk issues cannot be fixed without a tape-out (TO)

+ Aggressor (transmitter) induces noise (voltage) on the victim (receiver) - Layer-to-layer coupling (Z-axis) through thin dielectrics, vias, and packages
+ From BGA (chip balls), and die bumps (connection on die to silicon)
* Reduces eye opening — both width (jitter) and height (voltage margin) - Parallel routing over long distances, which increases coupled energy
+ Impedance discontinuities (vias, connectors, packages) that
* Introduces unwanted noise into the system enhance field radiation
+ Asymmetric geometries that increase mode conversion and coupling
+ Degrades neighboring sighals and overall channel performance + High edge rates / high frequencies, which expand the effective
coupling bandwidth
+ Indicates poor signal-integrity design + Crosstalk couples in all directions—360° around the signal trace,

including the Z-axis.

* Increase spacing between aggressor and victim traces

+ Use solid reference planes and maintain continuous return paths = |ts all about Signal to Noise Ratio
» SNR = P(signal)
* Optimize routing: avoid long parallel runs; cross at right angles when possible P(noise)

» Add ground shielding (guard traces, ground vias, or ground pins between lanes) P(signal)
= SNR in Power dB — SNR(dB) = 10log ——2-%2

o P(noise)
« Control impedance and symmetry to minimize mode conversion
* Reduce edge rates where possible (TX de-emphasis, slew control) = SNR in Voltage — SNR(dB) = 20log V((S"gfm?
V(noise

* Minimize stubs and discontinuities (connectors, vias, packages)
. . = High SNR — clean signal, low noise, good eye diagram
* Apply loss-aware and frequency-weighted analysis early to

catch issues before layout is frozen — our idea = Low SNR — noisy signal, eye closes, higher BER, unstable link
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Bl [T13 S08] Uncovering the Blind Spot: TX-to-TX Crosstalk in NEXT-Gen Ethernet Standards, R.
Bloch, Xsightlabs corp.

v 7|Z COM 7|8t B2 multi-port S-parameter®t full-channel 184S @710 275F £7| A CHA AN HE
Ol o=

v’ EES} Crosstalk® T noise voltage 2B WIHSHO] A A| A|AE G2k HHHO| A|oHH &

Table 179B-3—SFP224 mated test fixtures integrated near-end crosstalk noise voltage

Parameter Value Units
Table 179-19—Number of crosstalk paths used in calculation of COM
Integrated near-end crosstalk noise voltage (max) 16 mV
T (other end)
s NEX i 5 = QSFP'DDMOO The multi-lane mated test fixtures integrated crosstalk noise voltages are determined using Equation (92-44)
Vit (e snd) ik SEE2N SRR QEEERA4 or OSERI0N0 through Equation (92-48). given the multiple disturber near-end crosstalk loss MDNEXT loss(f) and
SFP224 1 0 1 3 7 multiple distwrber far-end crosstalk loss MDFEXT loss(f). The multi-lane mated test fixtures integrated
crosstalk noise shall meet th specifications in Table 179B-4
SFP-DD224 2 1 1 3 7
QSFP224 4 3 3 3 7
Table 179B-4—Multi-lane mated test fixtures integrated crosstalk noise voltage
QSFP-DD1600 or 8 7 7 7 7
OSFP1600
Parameters Value Units
’ COM ﬁl & O” }d i a:‘ =H 0#6"2 CI’OSStalk 4 = JH — jl’ MDFEXT mntegrated crosstalk noise voltage (max) 42 mV
. =
Els"jl [[H o 0'” IH LE'_i Ol s& Ol’ ™ )'ﬂ At Ol’jl O‘i a:‘ T—I & MDNEXT integrated crosstalk noise voltage (max) 1.5 mv
419 " & 4
Copyright © 2025 IEEE. Al rights reserved. Total mtegrated crosstalk noise voltage (max) 44 mV
This is an unapproved IEEE Standards draft, subject to change.
—> |EEE #A WA= crosstalks mV ©212 noise2 &9
H S —
—> Multi-lane 83Ul = =1+ S4 L Channel loss
deS S0l gtEolXl =&
]
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Bl [T13 S08] Uncovering the Blind Spot: TX-to-TX Crosstalk in NEXT-Gen Ethernet Standards, R.

Bloch, Xsightlabs corp.

Loss = 8dB

har
EyeHeight
yemam

EyeHeight

........

race Char 4608 FEXT

30480
1698

<3008 PEXT
|||||

Xsight Labs

CrosstalkO| EIt&+5,
Eye opening0| 248 Loss = 14dB

56Gbps NRZ: -8dB IL at 28GHz

Xsight Labs 56Gbps NRZ: -14dB IL at 28GHz

........

111111

— Crosstalk ¥ &t

2 channel lossOll T2t I H Eetd
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Bl [T13 S08] Uncovering the Blind Spot: TX-to-TX Crosstalk in NEXT-Gen Ethernet Standards, R.

Bloch, Xsightlabs corp.

v' Crosstalke EtY scalar {22 B715H= MZ2 metrice A2t

v' Frequency weighting function2 X-&350] Fht+H Jr & HtY
v" Channel loss2} crosstalke2 SA[0| 12{5}= loss-aware 22 H&
v' Full channel 7+ 80| crosstalk @& 7t 7ts

P ro pos e d S 0 I u t i 0 n Frequency Weighting with Decreasing Harmonic Peaks

100 A

» Using weighting function
To create depended function
Related to fundamental frequency

80 1

60 4

Weight (%)

Crosstalk — 28

: i Freque%lcy (namalizjd, f/f0) ; ’
W (f)— frequency weighting function

PSXT(f)— TX-to-TX power-sum crosstalk

L., (f)— channel loss weighting / attenuation dependence

[hax— fixed allowable limit (design criterion)
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Bl [T13 S08] Uncovering the Blind Spot: TX-to-TX Crosstalk in NEXT-Gen Ethernet Standards, R.
Bloch, Xsightlabs corp.

v' Tx-to-Tx crosstalk= 1% A|AEIOA 529 45 N5t 22

oe

B2 frequency R loss& L2{¢t THY metricg M[E3HAY full channel 748 80| & crosstalk 2 E7t
7tssiM 27| A THAOAM wHE oA EE X AA Z[H3t Vs

» Tx-to-Tx FEXT crosstalk becomes a critical impairment at 200 Gb/s (PAM4+),
yet no simple metric exists to rapidly assess its impact on channel performance.
We propose deriving a single scalar figure of merit that incorporates Tx-to-Tx
FEXT or other crosstalk as well into the COM framework, evaluated as a function of
COM weighting, channel loss, and frequency-dependent crosstalk behavior,
rather than fixed limits (e.g., PSXT < -60 dB).

The resulting metric enables pass/fail channel assessment aligned with COM
expectations, without full multi-port S-parameter cascading.

This method provides a practical early-design tool to identify crosstalk-limited
channels and support informed architectural decisions.

» This method can also work for other crosstalk types
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B [T14 S08] Agentic Al for SI/Pl: From Concept to Design Execution, P. Kashyap, Hewlett Packard

Enterprise
v' LLM(Large Language Models)dt Al 7|=0| W2A ZHTSIHA IC 27 E0k0= €5 H&0| T [X[TH, SI/Pl A
A2 EA ZO0F0ME &8 ARZE Meh &
v SI/PIEAIE A7 flow7t SRS WHE N Q0| BOF A AA S 0| Ayt
v GloE 2ot 2XZ o/ LM 80| XBE 0, LiR 4 BMS Bgts H20| Way
v [2tA, agent 22 RAG 7|8to] LLME &-&3%t SI/PI EA At53t A (X3t 7|=0| Had
<)
N/
; j Retriever
AN "l Embedding LLM
<)
N8/
4
Document Document Retriever
Loader Splitter Embedding

%

[LHF 24 EME E8517] fI8t RAG

7|t

LLM 7X]
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B [T14 S08] Agentic Al for SI/Pl: From Concept to Design Execution, P. Kashyap, Hewlett Packard
Enterprise

v & AF0|M= Manager agent?t X S &2 M OS2, O 2] sub-agent?} A&Z EESH= multi-agent TE2E A|

oret

Al supervisor agent _ .
Manaer Agent creates design plans Opt|m|zat|on Agent
- &M S8 HA — &} ¥ == tuning

- sub—agentOll Al task &4 —— PLAN ~ sensitivity analysis
- 845 =& 3H(SI,BER &)

o  —

o  —

o  —

Retrieval Agent
- PDG / vendor A
A B JIHS

— RAG 7l |:>

Constraint Agent
— Routing constraint A4
— designrule AtS M A

QO

knowledge retrieval

Agent generate routing

Agent optimizes design
rules for PCB

Agent ingests design
parameters

knowledge from chip vendor
and manufacturer documents

VU —— KX
: i
% S P b

[ | e s NI o
i kel Illll I

Routing control file
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B [T14 S08] Agentic Al for SI/Pl: From Concept to Design Execution, P. Kashyap, Hewlett Packard

Enterprise

v 2 A70A = specificationF H TR NA| AZAL|= end-to-end SI/PI A A5zt ZH LRI E A etet

v Manager-Sub-agent +XE S retrieval, constraint 44, XXz} 7|52 ZESI -4 FOdS 223

v AKX constraint M4 I XXMt ZOE

Ofm

off LLM 7|8t EA Xts=to| d VtsdE 43

101 —— Mean Best Resulf
FQ M ELH S50 2 IS 018 | lteration0l AHEHST &S50 HHE Standard Eor of Mean
Tab Length (Top) _
Q i
E PairToPairDistance 1 _ % 2
S_ ] (]
ETrace Lengh (Open Space) - o
£ Trace Spacing 2 (C10) | _ 0
Trace Spacing 1 (C7) _ -2
Trace Spacing 0 - . .
‘ ‘ = 4. Structure used for optimization
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Correlation Coefficient (R-value) with Output
0 100 200 300 400
lterations
[Sensitivity analysis results on for an end-to-end channel] [Optimization results on the stripline guided informed by the sensitivity
analysis]
]
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B [TO1 SO02] Distributed Capacitor Characterization for Advanced Packaging, S. Pandi, Amazon

v C4 Solder bumpdi|Ae] T7|H Ed5 SFH2= F=0ot7| ?/4f], O0|2A =2 Z2E S 0|t 22 E Shunt-
Through 53 7|gi& H&5t0] JU|EL Sl ™ 8= M=

IPD Block

[Internal construction of the IPD capacitors] [Probe setup]
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B [TO1 SO02] Distributed Capacitor Characterization for Advanced Packaging, S. Pandi, Amazon

v 3%el MAEI|EGD EM) AIBR01MIH AR XF FIHE H@
Foa FoofAol mEA SH0| £ £F0 =

v If7[X| -_rL_’EOﬂH S7t X3 2.
f

=
Yok Fht=7t 0| S0t

EAESLE C4 BIO| Ofsf X|HEIH, BT OISEIAS AT Z2 ESLO| 2
= 42 Sof HI BZO| KU ¢

—

0|'J

Node 1 Node 2 Mode 3 MNode 4

N 4E3
"2 see Power ( ) ( ) oco 5 —  Measurement
[I Ground [l _je 1E3—
M1 Q. = Simulation
Ec
=
Capacitor Ee N 5 1624 e Simulation with
equivalent circuit o ‘E — zero bump
i 50 o~ inductance
aps *F NET
=92
= B — Measurement > S o 1E1-
o o 8 ©
"i— m—— Simulation oo £
- 1E2— S E
5N s =
ET » % i
p
S 1E1- 0 E
@ ©
e o
£ D —
2signCon 2026 A& A7) E 1E-1 I I | | I :
E E
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3
=
I
N

[Self-impedance at the solder bumps [Self-impedance with zero bump inductance]

(measurement vs simulation)]
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B [TO1 SO02] Distributed Capacitor Characterization for Advanced Packaging, S. Pandi, Amazon

Capacitance (pF)
£ ¥ g

Figure 8a: Linear fit of the capacitance with temperature

Capactance (oF)
g 8 3 § 8 8

Votage (V)

Terry

o poratur (€)
Figure 8b: Capacitance variation with V and T

[Temperature and Voltage Dependence of
Capacitance in DSC]

Hotof el g7 St
T st 2 3710

>

MO

= HMdEH o= Bt §E4& EO0|H, E9]
2k Ak ZBFO| 02
O OO OOo AN O
H KEESR), 71’8 QAEHEHAESHE Z3tSts S7t Bl 2
‘d(Power Integrity) Si440| 7}t ZWE ZHS HA|
l;‘l = %f;‘l
C=C{V) Number of cells R=R(V) * Number.of cells

R2
g R=(Resistance of bump + loop resistance of metal layers + ESR of silicon capacitor) * Number of cells

L1
; L=(bump inductance + ESL of the silicon capacitors) * Number of cells

[Equivalent unit cell model]
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B [TO1 SO02] Distributed Capacitor Characterization for Advanced Packaging, S. Pandi, Amazon

v' Summary

v = g7 ALZEEY| 2 E0M /s 1S Y ME SS9 UEAZ|7] ?6) 24td 22[2 AIAH(DSO)2

— L= | O [ ]
I EME Foi4, MY, 25 M SYHoR £4
v 57 7|5 GO|E|9f 3D EM A|B20|M 7to] £ AN S S6) HIAEQ YmEHA SM1t 7| 245
FRHOZ FYSAUCH, S3| C4 YZI} ESLS XSt B 222 ol

v WY 9 LE o|EHS BiYYt HUE Tre| M DU =B 24, H-If7|X-EE S8 6} (Co-simulation)
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B [TO5 S1] Power Integrity Design of a 56Gb/s Si-Photonic Optical Link for Memory Applications,

D. Oh, Celestial Al
v' Al Training [O|E{ et 2& I 7[7} 7|Sta+=H 22 S7tet0]| Waf, Accelerated computing 28 0| A= Memory
capacity?t Bandwidth?t =2 H=0| &[= Memory Wall =&|7} &4

v 7|& Fe[He] £H(Copper loss)it AHE| MefE =28 = U= Co-packaged optics 7|#Fe| IO H = O 22|
2 =9l PFM(Photonic Fabric Module)0| A| 2t

v S{{E Ot7|EM = 7|& Electrical interconnectl| otAE B0 LG = & MY S4S HS5HH, GPULT Al
Accelerator(XPU)7t CH 2 Disaggregated memory pool01| gotdo=z A4

Optical: High bandwidth low power

COMPUTE LIMITED ERA 2 MEMORY CAPACITY AND SCALE-UP BANDWIDTH LIMITED ERA Card

Connector

Electrical: Low bandwidth high power Motherboard

[Electrical Interconnect2t Co—packaged
Optics LinkS "X L E4]

Training and Inference Accelerator

[IAI ZHE &Z49 Memory Capacity
% XPU Bandwidth 2HA]]

Photonic Fabric Memory Module

[Memory Modulet XPUZ} ZEHEl Optical
Memory System O}7| &l K]
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B [TO5 S1] Power Integrity Design of a 56Gb/s Si-Photonic Optical Link for Memory Applications,
D. Oh, Celestial Al

v Si|E A|AHIL 9|E 20| X A AQF EAM(Electro-Absorption Modulator), GeSi #AE7|& 28310 $54S
XE|otH, EICRt PICE TH7|X| LHOf| ZIE5HA Sgiet & 83 o7 [HNE 5%

v SiE OF|HIME H
openings &% 22t Az FEM

Hu
Il
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L=
o>
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ot
lo
m
<
D
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oHXxl 2= =9l
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= g8t X9 £ fMuIt| die”? f HAE 7Y =2d =0 o|xeh 1P 2o
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¥ I EAM Driver ' TIA = ]
. ] ]
Grating 4 x . PIC
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7 v -
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Board Package Die
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+ Plane model + PTHs extreme high frequency

Bump, Via.
Pane

)

= IP2IP coupling Bump, PTH,
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o Mm

Impedance (Leg)

s 5 [
[PRBS13 Data Pattern0| &% 56Gb/s —"\/"\M

I optlcal Eye Dlagram] ~10 MMz [MUIti-die/IP gl'go“ [[I‘E 1GHz Frequency (Log)
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B [TO5 S1] Power Integrity Design of a 56Gb/s Si-Photonic Optical Link for Memory Applications,
D. Oh, Celestial Al

v Multi-PHY 40N 2™ M55 A7
& 2H(Combined)dtH Se|f-lmpedanc %

v SEX|2ETXQE RXK & ME CHE Power domain 7+0]| Power rail2 3/5tH 0|23t IP 7+2| Coupling noiseZt
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B [TO5 S1] Power Integrity Design of a 56Gb/s Si-Photonic Optical Link for Memory Applications,
D. Oh, Celestial Al

Summary

v Al 2EIO| HOYBIEZ QIBH Memory Wall E&52 S| 2517| {6, Copper loss 80| DO = A MTHZ F2i5|

56Gb/s Si-Photonic Optical Link (PFM) 7|2t T 22| Of7|EI X E H|A|

v' Single-ended signaling@ £ &&I6t= &3t 2Xto| PPE 42 2|dl, Board-Package-Die K| E Ot EM Multi-
die/IP 42| 7HdE 1 24St= ZEX 2l PDN(Power Distribution Network) &4 74 H=%

rr

v' Data pattern®| 2|4 (Phase) 2441} Xf| A& 2 PI(Power Integrity) 2 A& XE510], Supply noiseE X|Az}tst
KEMICH 22| O Z2|A 0|0 Mot ME[HS =t
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Bl [T06 S5] IBIS-AMI Modeling for Bi-directional D2D Links With Clock Forwarding & Echo

Cancellation, S. Parker, Marvell Technology

v

Chiplet 7|gF A|AEI0|| E 2| A& E|= Bi-directional D2D @3 &= Short-reach®f Single-ended signaling=
EZOZ 5lH, Pad U A LlSH= 2T Near-end echo?t 8 Signal Integrity 2HE 0| A 1A &
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Bl [T06 S5] IBIS-AMI Modeling for Bi-directional D2D Links With Clock Forwarding & Echo

Cancellation, S. Parker, Marvell Technology

v 2 HHE2 S2H2 Hybrld S-parameter 222 E3l| Near-end echoE ZA}SH, PythonO A AFEl

LMS(Least Mean Squares) € 112|& 7|8+9| FIR FilterS IBIS-AMI 220f 2T Sgtet
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Bl [T06 S5] IBIS-AMI Modeling for Bi-directional D2D Links With Clock Forwarding & Echo
Cancellation, S. Parker, Marvell Technology
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Bl [T06 S5] IBIS-AMI Modeling for Bi-directional D2D Links With Clock Forwarding & Echo
Cancellation, S. Parker, Marvell Technology

Summary
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B [TO7 S4] 400G Channels for Al Applications: Passive & Active Copper Cable Assemblies to
Enable Scale Up/Scale Out, A. Shaji, TE Connectivity

v Al I HPC I ZEE ZItZ 28l 400 Gb/s per-lane =7t LM O|HA, oA 0 =25t PAM4E CHAE PAM6
2 AM8J-f €2 -T'-If Modulation &fA10| M2 HER| D QS

v SHX|2t OSFP & 7| Pluggable 1/0 EHE £ 400G LHYZ 0] A Mating stub X Co-planarity?t 22 7|+
SHA | QF MZtst Crosstalk, Insertion loss2 213}l Signal Integrity(SI) OFZl =HE20f| X|H A Q1 H|2F0| AS

0.10 Coplanarity e
Solder joints not consistent due to the
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(a) (b) (c)
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Figure 7: Coplanarity Issue in Conventional Surface Mount Pluggable Connectors

[7I& SMT Pluggable HYE{ O A L’ d5}= Co-

[Eye Diagram (a) PAM 4 (b) PAM 6 (c) PAM 8 Modulation]
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B [TO7 S4] 400G Channels for Al Applications: Passive & Active Copper Cable Assemblies to
Enable Scale Up/Scale Out, A. Shaji, TE Connectivity

v 71 HAo| FE[H otAIE 5=5H7] fI6, 212 40| 2 Host PCB 2t 2= 22[510] ASIC Substrate0f 24
A ZASH= 400G CPC(Co-Packaged Copper Connector) O}9| Bl X 7F K| o
v’ CPC 7|1} XFMICH Pluggable IOE Z %8t Cable Assembly 125 ME3IH, M7|H DiscontinuityS x| A3t
Insertion loss& A A &0 400G A|~HQ| AMZ[E= :EHEFE = UAS
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PadonSubstrate @ e e e
Figure 15: 400G 10 to CPC 250mm Cable Assembly Channel Setup
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B [TO7 S4] 400G Channels for Al Applications: Passive & Active Copper Cable Assemblies to

Enable Scale Up/Scale Out, A. Shaji, TE Connectivity

v' Passive DAC(Direct Attached Coppen 2| =& H2[(Reach) A E =
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Figure 29: PAM 8: BER vs Cable Length. Tx SNR = 38 dB, ENOB = 7 bits
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B [TO7 S4] 400G Channels for Al Applications: Passive & Active Copper Cable Assemblies to
Enable Scale Up/Scale Out, A. Shaji, TE Connectivity

Summary
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B [T10 S03] Modeling & Measuring Large Signal PDN Crosstalk & Ground Bounce with a Multi-
Phase VRM System Using a Fast Multi-Domain BGA Step Load, B. Dannan, Signal Edge Solutions

v Al HHO[HME A|ARCS| NE PDN 2HE0M L/ lSH= Large-signal Crosstalk & Ground Bounce P& &
24
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Layers Top and L5 Victim Power Rail =9
Layers Top and L4 o1 ,-:P‘f;. N ";
e all SRR
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B [T10 S03] Modeling & Measuring Large Signal PDN Crosstalk & Ground Bounce with a Multi-
Phase VRM System Using a Fast Multi-Domain BGA Step Load, B. Dannan, Signal Edge Solutions
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TEH AAEZS XEY

-

=]
=

>
Ot

v' Ground Bounce= FZ &3 = Return pathl| QIEHEHAQ} Aggressor 72| di/dt7t &= A&}

=
A YOl MY HE HAO= Yo

L
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B [T10 S03] Modeling & Measuring Large Signal PDN Crosstalk & Ground Bounce with a Multi-

Phase VRM System Using a Fast Multi-Domain BGA Step Load, B. Dannan, Signal Edge Solutions
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B [T10 S03] Modeling & Measuring Large Signal PDN Crosstalk & Ground Bounce with a Multi-
Phase VRM System Using a Fast Multi-Domain BGA Step Load, B. Dannan, Signal Edge Solutions

Summary
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B [TO1 S06] Supercharging SoC Power Integrity with Silicon Capacitors, L. Vassalli, Empower
Semiconductor

v AlY IMs HREYMHPOS HHMo 2 A M LT (Power Density)7t 2350 L2} 7|& MLCC 7|8t M5 ME
| E 2 3 (Power Delivery Network, PDN)Ol SHA 7L EglLt U=
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- \ Over 2x Lower Impedance with 40% less Component Count
2om \ Ceerr
— O e PO 10uF // 1uF // 0.1uF // 10nF // 1nF MLCC
gl — g, DECI008 3.3V DC 85°C
e i
i -
| 3
>2x delta
tm 10pF MLCC // 2x EC1001
o0y 3.3V DC 85°C
0 ) . * R
o0 don,< 1MHz OMHz 100MHz 1GHz
Frequency
Figure 7. PDN impedance comparing network of MLCCs vs Bulk MLCC + Silicon Caps
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Figure 1. Impedance vs Freq comparnison between oniginal PDN with MLCCs vs with Embedded Silicon Capacitors
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B [TO1 S06] Supercharging SoC Power Integrity with Silicon Capacitors, L. Vassalli, Empower

Semiconductor
ot 9l 2% B30 = QI EA(Impedance)?t

v BT HIEDH ZHS =23 Ag|=2 -IlLHAIE1(S|I|con Capaciton) = &
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Figure 4. Silicon capacitors can look like typical MLCCs as well as take on a variety of other form factors
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B [TO1 S06] Supercharging SoC Power Integrity with Silicon Capacitors, L. Vassalli, Empower
Semiconductor
v HE|E AHIAHE Z2 A ErOI(Dle)Er 78 71kz EAO|E (Landside) - 7| K] 7|2 L 201(Core)O
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B [TO1 S06] Supercharging SoC Power Integrity with Silicon Capacitors, L. Vassalli, Empower

Semiconductor

Summary
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B [T03 S03] Optimizing Host Output (TP1a) Equalization & Signal Tuning for Linear Optical Links
in 106/112 Gb Linear Pluggable Optics Systems, H. Wu, Altera
v' 7|& DSP(Digital Signal Processor)& H|H3I0] M3 AH|Qt X|H A|ZHS THE =91 106/112 Gb MY E2{10{=
&h(Linear Pluggable Optics, LPO) A|AEIQ| = QJ0| Al & O|O|E MlEf =tZ 0| A HEAH 71t
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1in HEB ¥

1n b 1in
20 dB total loss (ASIC die to module die)

) : | Optical fe Optical ]
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Figure 1 Link block diagram of Linear Optical Interconnect. Cited from 100G-DR-LPO Figure 1. £_7 + | BT Fiter ,D fl (9-4ap FFE) ]‘
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HCB
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Figure 3 Measurement Setup for TP1a. Cited from 100G-DR-LPO Figure 4.

(MY &st QY ECS| A3 E5 Clojoja™) [TP1a S MH 9 42 GHz BT ZE M E]




| 3. DesignCon 2026 xt= 294

B [T03 S03] Optimizing Host Output (TP1a) Equalization & Signal Tuning for Linear Optical Links

in 106/112 Gb Linear Pluggable Optics Systems, H. Wu, Altera
v QFEHQILPO A& HRi= fIBiA = TP1a0lN Q5= 30 i 8 &+ A 72 Y HE TF(Voltage
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B [T03 S03] Optimizing Host Output (TP1a) Equalization & Signal Tuning for Linear Optical Links

in 106/112 Gb Linear Pluggable Optics Systems, H. Wu, Altera
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B [T03 S03] Optimizing Host Output (TP1a) Equalization & Signal Tuning for Linear Optical Links

in 106/112 Gb Linear Pluggable Optics Systems, H. Wu, Altera

Summary
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Bl [T04 S05] Beyond Roughness Measurement: A Novel Method for High-Frequency Electrical
Characterization of Copper Foils., T. Devahif, Circuit Foil Luxembourg
v DFO Yol M BZAM(Signal Integrity) “47f o =™ HE 7| (Surface Roughness)E &8s gLt 7|&E
717122 &4 ZXEEHVLP) 82| O/M F= ﬂf‘%*&% o detot ot ==
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L

00N 5 um Scheme ofsphericalnodules on copper surface with the actual profile detected
by most roughness measurements in dotted lines
SEM picture showing the trace left by a needle-profilometer with 2 pm tip
diameter on the treatment of an HVLP2-grade copper foil
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Bl [T04 SO05] Beyond Roughness Measurement: A Novel Method for High-Frequency Electrical
Characterization of Copper Foils., T. Devahif, Circuit Foil Luxembourg
v S%l7[(Resonaton)E E&%t 53 A2 5 HHO| **'”fo 7:'E|0P04 o 2t F oMl 2 HH
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Bl [T04 SO05] Beyond Roughness Measurement: A Novel Method for High-Frequency Electrical
Characterization of Copper Foils., T. Devahif, Circuit Foil Luxembourg
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Bl [T04 SO05] Beyond Roughness Measurement: A Novel Method for High-Frequency Electrical
Characterization of Copper Foils., T. Devahif, Circuit Foil Luxembourg

Summary
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B [TO5 S4] Enabling High-Speed Die-to-Die Interfaces with Wallstrip: A Study on Insertion Loss &
Crosstalk Metrics with a Novel Transmission Line Structure, S. Newberry, Chipletz

v 20{9o| HXl(Moore's Law) THH 2 2E Q8| DS HEE A|AHL CHY CLHO|(Monolithic Die)oj| Al CHE
HeEl(Chiplet) *E22 M2t 50|04, 0| & Soff H|& HZt =2 &4 &2

o T= oo
v 7|& QIHEX(Interposer) 7|t 20| StAFE HOl 77| 7|EH(Organic Substrate) L O|A| L X[ 2L E S 28|
& E=H(Insertion Loss)t AEZAEF(Crosstalk)E 7MY MHE2 CHO| ZH(Die-to-Die) Y HIEO|A HAH @+
Sl

= Fine Pitch
1€ .
EE TR TR RN R R R R RR RN pBump Rou‘llllg \

Package Substrate
Il =N =N =N =N =
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———— uBump
Package Substrate
I =N =N =N =N =

PWB
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Figure 1: Flip-chip attachment of a traditional, monolithic die through an organic package substrate. Figure 3: A device in which the chiplet dies are attached with a pbump interface directly onto a package

substrate without an interposer. The substrate integrates fine-pitch routing in its upper layers to
accommodate high-density, die-to-die interconnect.

I = -- = [IE{ZX] 210] pBump AEI|O|AE Ea||
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B [TO5 S4] Enabling High-Speed Die-to-Die Interfaces with Wallstrip: A Study on Insertion Loss &

Crosstalk Metrics with a Novel Transmission Line Structure, S. Newberry, Chipletz
v EAEE (Wallstrip)2 &l S &1 (Signal Trace) 1t J| & & (Reference Trace)= =& 2 2 LI&tol BIXIGHK &AFoE
PSS

J|l =M™ (Reference Plane) 810l & Z& & B0 MH =8 &S £& M (Signal Integrity)= &2 ot= &
& 2 (Transmission Line) ++ £ &

v N2 78X (Dielectric)2t =X E &%l 7|& 00|32 AEE Q| YU[EHA(Impedance) 582 FAISHHA
SEE +7f0| Ntz mi7|X| et Zo M ZNUE 2282 7t St XX tE HE] KA

DIELECTRIC
MEDIUM

‘ {i SIG‘:EP‘

Dileetic = B [T
Medium
(©)
(@) (b) @ L . ____
Figure 5: Evolution from microstrip to Wallstrip beginning with (a) traditional microstrip, (b) cutting the

Figure 4: Wallstrip transmission line structure including (a) dimensioned cross-section, (b) isometric view
reference plane and (c) rotating the entire structure. Note that the reference trace may be of variable width

of straight section and (c) example of routed section including trace bends and simulation ports.
when compared to the signal trace.
[ (@) X|5=7t EAIE T, (b) B 77t0| §2 REE [(a) 7|E O0|ARZAER, (b) 7|EH HT, (o) ©H X 3|Ho
(c) 3 Trace2} *lEEﬂOlH ZEJ} 2ot 2feE #Z 0AE 2o E 0|0jx|= Opo|3 2 AER0AM & AERC 29| Fl3t a3, 7|
£ wallstrip & M2 X ] F=ME AMBM | 7}%;519_ Z2 718 & 9l
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B [TO5 S4] Enabling High-Speed Die-to-Die Interfaces with Wallstrip: A Study on Insertion Loss &

Crosstalk Metrics with a Novel Transmission Line Structure, S.

Newberry, Chipletz
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Figure 21: VTF Loss (a) and XT (b) for the Wallstrip and silicon bridge configurations with 2mm channel . . . . - . . o .
length. Vertical axis units in dB; UCle specification limit shown with dotted line. Figure 23: Plot comparing thee;’/\e[;a;];;lt};rzn:cigéz(:/r;rt;;(ilgz ﬁ?gﬁ i:‘ r]]"ﬁl;]:]sg({l}t:scnbmg the width of a 40 mV
|5 4| = 2 al Al = 5 S = it o el 2
[2mm #'d ZO|E 7H8 HAEY U Ma|@ BEX| 749 [ Zo| st (2 40mv 00| H7ZS MHSHH WAED
o CF SEA A Al O = o
(a) MY HE (VTR &4 A (b) AR2ES 2|2 HEX| 19S vl
: UCle




| 3. DesignCon 2026 xt= 294

B [T05_S4] Enabling High-Speed Die-to-Die Interfaces with Wallstrip: A Study on
Insertion Loss & Crosstalk Metrics with a Novel Transmission Line Structure, S.
Newberry, Chipletz
Summary

v 185 EE(Chiplet) Ot7|ElX{ Q| s MOl CtO| ZHDie-to-Die) 54 d& SIS {8 771 7|EH(Organic
Substrate) 2t 0| & A E & AEE(Wallstrip) 2H2 8 7[=2| S

v BiE PEE SIESI0f ST AIZ0H IO AEHES SuYO, )
£Al(Insertion Loss)2 Z0|10 XY =2 HE|E & 59% AXSt= M5 23
v IS =4 (Layer CountIR| D2f8t M2 X|EQ! 2128 BIKE oI U BDRA) S BI0|

CHH| 50% eHetEl =X & HSSIEE, &= O[T A2 A Al UK 28 & S+ &

X Of

L- O




| 3. DesignCon 2026 xt= 294

B [T06 S8] A Comprehensive Electrical Loopback Methodology for 224 Gb/s PAM4 1.6T Ethernet

Port Validation, J. Yang, Ruijie Networks
v 1.6-TbE A|AHIO| 224-Gb/s PAM4 23 B3t 7|(SerDes)= =M S2| A K Al(Channel Loss) $HA|0f & 3|
Ao 7|’< = EEOILP T2| 71|0I =(DAC/AEC) 7|8t AT &4l 2 =2 H[&1 M= 24 -d(Signal Integrity)
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v LYot S AE K9 SHF0|ME Late|n 2 7h591/0 ZE 2 %% T=2AHSt7| 2/5lf, =52 (Passive), S
2| E2}0|H{(Linear Redriver), 2| EFOIU'I(Retlmer) 7|8to] M7| X 2 IEH(Electrical Loopback) HIAE SR E & ¢
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Figure 2. OSFP 1600G Active Loopback Module (Wandtec Optronics Co., Ltd)

Figure 1 IEEE 802.3dj D2 Asymmetrical link insertion losses
[IEEE 802.3dj D2 H|CHHE &3 MY &4 [OSFP 1600G YE|E = o & (Wandtec Optronics Co., Ltd)]
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B [T06 S8] A Comprehensive Electrical Loopback Methodology for 224 Gb/s PAM4 1.6T Ethernet

Port Validation, J. Yang, Ruijie Networks
v AlE 7t 7|-)\-i(|S|) HEE 22510 =53 E

— = = o

xHu X=X M2 EO|L} 40dB OIMOI Lé s

v X2 28 oiEl(com) 24 At =592 =4
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[Channel configuration illustration]
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Figure 10. Insertion loss (IL), insertion loss deviation (ILD), integrated crosstalk ratio (ICR) and
the voltage-based noise probability density functions (PDFs) for Channel 4
A A S| o
(M2 49 Y £ J“'(IL), Y &4 HX(LD), s ARAES H|E
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B [T06 S8] A Comprehensive Electrical Loopback Methodology for 224 Gb/s PAM4 1.6T Ethernet

Port Validation, J. Yang, Ruijie Networks
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Figure 11. Schematic of simulation model for channel insertion loss with linear redrived LB freq, GHiz

Figure 13. Cascaded simulation results of 6-inch ISI, MCB and redriver LB
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B [T06 S8] A Comprehensive Electrical Loopback Methodology for 224 Gb/s PAM4 1.6T Ethernet

Port Validation, J. Yang, Ruijie Networks

Summary
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B [TO7 S7] Top Side Interconnect Enabling for PCle 7.0 & Beyond, D. Liu, Alibaba Cloud
Computing
v 7| PCle 2t2 82 I7|X[0|M & d2[E 0{2f|0[(BGA) X 22| 2|2 7|E(PCB)E HAl= 1HEOXA
I T E(Pin Field) @O =2 Crosstalk®@} HHA} —’.-_*—*E'(Reflectlon) =M ==

v Olg{et HHEZ E2I5H7| o 0% *._|§7f 7|EHS HX|IX| QT Interposerd THOIM 22| THF|X|
HYEH(NPCO)E &9l End Point 7| 7|2 & AHAZE|= Top Side Interconnect OF7| Bl A | ot

End point dewice

NPC connector

Pinfield via Open-fieldvia Figure 2. Top side interconnect architecture.

Figure 1. A conventional PCle platform topology.

[7|& PCle E3E EEZX]] [Top side interconnect architecture]
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B [TO7 S7] Top Side Interconnect Enabling for PCle 7.0 & Beyond, D. Liu, Alibaba Cloud
Computing
v AN 78 M 28 E ZASHY] 5 HE M0 OfCIE|E SE(mSAP)2 M8t H|AE EE(Test Vehicle)&
AASHD, =249 01005 W F(AC) HINAIE & 1mm &5 74l E{(Coaxial Connector) Hi X|

I

v Aot i 7[X| 2FE0|ME Stub 21HE WXt YO EHA(Impedance) 2 €K& XAz = JAEFE NEHE
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Figure 4. Test vehicle component placement. —Two AGIMeEEhioles
Figure 7. NPC connector pinout.
A E C Hix= —
[EBIZE 2= 55 thX] [NPC H4E| T I 3 Xtalk 57 setup]
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B [TO7 S7] Top Side Interconnect Enabling for PCle 7.0 & Beyond, D. Liu, Alibaba Cloud

Computing
v T G99 HAE 21 7|E 1 AHYH 8

| 2 A4 E EZEX|(Topology) Ci{H| LEO|F[AE(Nyquist) I

O A A2 AEF (Crosstalk) 20| 10~15dB O] & A= T El M= FAM(Signal Integrity) 25
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ZE0{=0] =41 Bl S41 QFHISE D=0 A A
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[Frequency response of end-to-end channel performance:
(@)1 H4UE EZEZX| . ATt Channel differential insertion loss
(b) 1 HYE| EEZX| Cf MTFPower sum of differential crosstalk]

A4t M £&4l(Insertion Loss) 37 A4 OtE L 0|=7}
Tt O}O| LHH|(Top Eye Width)7} 7| & CiH| 20~30% SFAEl

[ b——
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Figure 20. Time domain channel metric of insertion loss fit at Nyquist, integrated reflection noise and
integrated crosstalk for 1 connector topology and top side interconnect for both Tx and Rx directions.

Top Eye Width (Ul)
0 Al A
TR SE

top o

Figure 21. Top eye width for conventional 1 connector topology and top side interconnect for both Tx and
Rx directions.

[Top eye width for conventional 1 connector topology
and top side interconnect for both Tx and Rx directions]
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B [TO7 S7] Top Side Interconnect Enabling for PCle 7.0 & Beyond, D. Liu, Alibaba Cloud

Computing
Summary
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Bl [TO7 S15] Investigating PN Gap Anomalies in Backplane Cable Tray Design, Z. Qian, Cisco
Systems

v 12 X5 A (Differential Signaling) S Al PRI N G2 7+9] 14~35 GHz LS L ©HY FEHSingle-ended)
T = - o _
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Figure 1 Quantification of P-N Gap under the magnitude imbalance envelope Figure 2 Comparing S-par performance between PN gap sample and un-gap sample
[Quantification of P-N Gap [Comparing S-par performance
under the magnitude imbalance envelope] between PN gap sample and un-gap sample]
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Bl [TO7 S15] Investigating PN Gap Anomalies in Backplane Cable Tray Design, Z. Qian, Cisco

Systems

v PN @2 Fh7t S0l M2l Skew 5-80] B = BHH
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Figure 4 Calculating Skew value and comparing result with P-N Gap and Un-Gap
samples

[Skew 2t A4t S PN 74 S} HE ME 7ol 2t B[]

511 Common Mode Voltage ‘£0|

J 1 1 / . 3

© ] " ]

A RN T (i
AN A ANAR AN »
Vv v v v Vv v | i3

Sample with P-N Gag Sample without P-N Gap!

Output for Sample1 Output for Sample2
Sl AN
i1 "[‘ll\l f (

|

A

i q
§ i

............... x4

Common Mode Voltage ~ Differential Mode Voltage

: | N ‘: fi I‘ ’,~ I‘“‘ f ‘
L.A,,l:l-‘l.l‘,'}lil
,;.4!x|y‘jll'iﬂ
it et | | \ (L '] [ 1]

TR TR VAR TR VAR,
voy-y ¥y

—_ ! e, !

Figure 6 Result of trans simulation

[Transient A| 20| M Z1h

RE =
—= o

Y
| I(x:\um(:
ML




| 3. DesignCon 2026 xt= 294

Bl [TO7 S15] Investigating PN Gap Anomalies in Backplane Cable Tray Design, Z. Qian, Cisco
Systems
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Figure 12 the statistical result of Harness level Cable
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Bl [TO7 S15] Investigating PN Gap Anomalies in Backplane Cable Tray Design, Z. Qian, Cisco
Systems
Summary
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B [TO8 S06] Jitter Decomposition Methodology & 4-Phase Skew Characterization for High-Speed
DRAM Interfaces, B. Lee, Samsung Electronics
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Fig. 1 Waveform comparison of DRAM 4 -phase skews and DCD

Fig 3. Overall jitter analysis flow chart.

[DRAM 4%t Skew®t Duty AFO|2 il = (DCD)2| It H|id] [Overall jitter analysis flow chart]
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B [TO8 S06] Jitter Decomposition Methodology & 4-Phase Skew Characterization for High-Speed

DRAM Interfaces, B. Lee, Samsung Electronics
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Fig4. Comparison of conventional and the proposed R]J separation method
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HEZl Deterministic Jitter

(a) Period Jitter FFT
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5]
0
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Fig 5. Period jitter FFT results of D] and R].
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B [TO8 S06] Jitter Decomposition Methodology & 4-Phase Skew Characterization for High-Speed

DRAM Interfaces, B. Lee, Samsung Electronics
v Azt (2 =X EfOI':” Q5 E Ht¥Sl= Absolute JitterE &-83H0], XLt CHH 0| ES = Power Supply-
Induced Jltter(PSIJ)E =L

v G el BEirrmE SOl 4 AL, Q B, QB)E &S M dotl B LEMS HAL2EMN, &&

G ,
LEEATI(Oscilloscope) FJ L2 ZE & LS| 0131—8 L& 44t AT (4-Phase Skew)2| 20d2 FEs}
1ee13 (a) Absolute Jitter FFT . (a) iFFT Result of 4-Phase Skew

T N « ‘f'"“ﬁ' "'W‘W\‘W A

2 4 6 8

(d) Random Jitter (RJ) FFT
le—14

°
-2
2
-4
0 -6
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Freq (Ghz) ° 1 2 Timews) ?
Fig 6. Absolute jitter FFT results of PSIJ, R], and etc.

Freq (Mhz) ° 1 2 Time(us) *
16-14 (c) Power Supply Induced Jitter (PSIJ) FFT (b) iFFT Result of 4-Phase Skew After Offset Removal
- le—12
r 1 -
Q
2 & { : { 1 B m—
] ) Q8
0.0 05 1.0 15 2.0 2.5 3.0 2 18 & 8 Ritk hh & A B N " "' {1 & 4 o 31
anin 6i.8 Al 18 I J 1 NN Tl A8
Freq (Ghz) u"» 1l | I Uy & '. JTT
5 | ) A
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il i o i
f { i ) i

Fig 7. Absolute jitter FFT results based on 4-phase skews.

[PSLJ, RJ S2| Absolute Jitter 1% FE2|0f| H2HFFT) Z1H [Absolute jitter FFT results based on 4-phase skews]
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B [TO8 S06] Jitter Decomposition Methodology & 4-Phase Skew Characterization for High-Speed

DRAM Interfaces, B. Lee, Samsung Electronics

Summary

v LPDDR5 DRAMO| A £ HIO|HE HIEHSZ X QHEl X|E 23l|(Jitter Decomposition) &2 S X
ZA™A™ X|H(D)), F2 XEHR), B 353 SE X EHPSU) U 44 AT (4-Phase Skew)2| 7 ==

v 10Lt'== DRAM (i AICHS &4

it
=
B0 24 WHBO BN Y

1 — T

v ollgd 24 HAs g #2271 O SEOA = A E 178 FZDLL) 7|2he] DDR5 & ArMCf B 22| SIEH 0fA
2 450 Wi HAE XS g2 HE8E MY
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B [T09 S09] SE MIMO Signaling: Can it Save 400G?, H. Shakiba, Huawei Technologies Canada

v 400G+ OO0 £= 9= ?loll tHH=(Bandwidth) R E S =&l
= 1 A

X| 0 MAUE (Wire Density) S E85t= Y
& ChSingle-ended, SE) T YEH(MIMO) A= & Of o

Mo
12
>t

v 7|E X5 K< (Differential Channe)OlAM & 7§2] EtY ot MSE ME817| o), MSE XH MAst= 2H
M & (Direct Transmission) HAINH At5 3 & EE(Common-mode) 8222 #HIS| MESH= ZE

MZ(Mode Transmission) 24! Hjuw 24

. Composite Channel {H)
iny why = Snlz;&z,‘ outy
s=fiy== 'S‘_-‘ a
;
hi =5 o/
12 ZSIZS & Zp MM
(54 Equidizer
_I,'ﬂ'.rj\.
ha1 = sslzs ez #i2
o 4 - S
ing » haz = 543lzs 82, —»@—> out;
Figure (3) Thru and cross-coupled transfer functions of the MIMO channel Figure (8) Mode transmission of two SE signals over the MIMO channel

[MIMO *{'22| A2 5l WX Zgh MY

g

£ [MIMO X2 S & F SE 4z RE HE]




| 3. DesignCon 2026 xt= 294

B [T09 S09] SE MIMO Signaling: Can it Save 400G?, H. Shakiba, Huawei Technologies Canada
v e FEhHSingle-ended, SE) S 2=H(MIMO) &2 fISi M= 2E - EQ (Stripline) 0 Zddt= Xta
& E (Differential-mode)2t &35 2 E(Common-mode) 72| F& EYUX|E %|A3pStn A 7t
A2 (Coupling)= &2tct= 22| *E 24 2

v EAN T|X[Pitch) S7F X R8N FH &2 S
+3H(Intra-pair Crosstalk) ! QI& X d 22 H
=02 A%t Mode Transmission 24 4

of Z|XztE &2t A1, Thru T& 850 7/fdE[n S & LY
O ¥ 7t 52H(Inter-pair Crosstalk) & & 2t0| Differential Signaling

=
o

Channel Example 3 - Direct Transmission Method o Channel Example 3 - Mode Transmission Method

Magnitude (d8]

Figure (15)  Thru and cross-coupled transfer functions for the optimized wireline
channel example in direct and mode transmission methods

L Al — {_'_ Channel Example 3 - Direct Transmission Method Channel Example 3 - Mode Transmission Method
D2 eser gt | [0 oS e ae... g0 b ied »
GHz G
Common-Mode (Left) and Common-Mode (Green) and fw W\ )
Stripline Differential-Mode (Right) Field Differential-Mode (Red) i el x l‘
Distributions Transmissions § £21
3 -0
s
Figure (12)  Stripline and its common-mode and differential-mode field distributions wie s oo w0
a”d transmissions Figure (16)  Power sum of inter-pair crosstalks for the optimized wireline channel
example in direct and mode transmission methods
=] ol i Hi3iT O A .
[ZEZEQI YU 0 ZE BEQ X3 BEO| EHE B O M) [Thru and cross-coupled transfer functions

Power sum of the inter-pair crosstalks]
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B [T09 S09] SE MIMO Signaling: Can it Save 400G?, H. Shakiba, Huawei Technologies Canada
v AlS 29l oiohsie AZ(Thyy) —-—7|9f =Y A L} +3}(Crosstalk) “*HE EHEtStE WX 28 (Cross-coupled)
27| 2 g 4-E/-MX| D EXRE S7|(FFE) —_r”‘QI LHH|Y MIMO 27| 223 HE

v XY 22 OE(COM) AlS230|M Bt At | XSHE Y =AM 448Gb/s SE MIMO PAM4 2HA10| 448Gb/s
XS PAM4 S DX} PAM(Higher PAM) #A]0| OFEl £X| & Ao|et 20l

Channel (H) Overall Noise (r,) MIMO Equalizer (G)

COM [dB]

U

sample 1 D (440G

[ Examplo L BHff | 224G)

[ Example 2 Diff (224G)
Examphe 3 D (224G]
Example 3 55 MIMO {446G]

-
o
T

1 1 1 1 1 1 1 1 1
PAM4 PAMG PAME PAML12 PAM16

Overall Noise (nz)

Figure (22)  COM simulation results comparison between SE MIMO and differential

Figure (18)  MIMO equalizer with butterfly architecture in a wireline receiver R .
- o signaling

[PSI), RJ 59| AL} X|E| 0% FEE2|0of H2KFFT) Z1H [Absolute jitter FFT results based on 4-phase skews]
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B [T09 S09] SE MIMO Signaling: Can it Save 400G?, H. Shakiba, Huawei Technologies Canada

Summary

v LS =280 2|ESt= 7| E A& PAM4 Bl 0K PAM A2 M= Of SH|(SNR) Haoh LHHZE oA Z Q15|
KFAICH 400G A|AEI0 HE Al ME &2 24 oA HE

v = AF0M =43 SE MIMO PAM4 Ot7 |51 = CHY = S7t §lO| HIO|H HE&S F HIZ SSAI7IH, 7|E
200G A|ARIO| 8t =2Hd (Backward Compatibility) = X|

v HE ME(Transmission Line)2| 28 2tz A 2t LiH|d MIMO &2t7|(Equalizer) 2| ==} éiiH(CrosstaIk
Cancellation) 7|2 & HASHY tHY ST MEO| 28 &g FUY
Z2MOZ XA

= 2ad5t= ety =2| A S (Physical Layer)
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B [T10 S07] A Novel Off-Board Vertical Power Supply Solution, Z. Wang, New H3C Technologies

v' 1000AS Et5t= CHHF AILEOM 7|2 8 M8 HEg P42 JF MY ZSHDC R Drop)2t €
—’E*'(Thermal Loss)= HMAIZ|E2, O|E S| Zot7| Sl =& H -S-E.L(Vertlcal Power Delivery, VPD) =& 23

v A= XHE|E ASIC EE(ASIC Board), C|HEE HI§A|E{(Decoupling Capacitor) H&2| & &% 720
H E (Capacitance-Carrier Board), 1 =8 Z& EE(VRM Board)E G2 22|38t 35 MHE |7C| Tz K¢t

mn

ASIC Board W
L_Asc |
e XO NSNS TS EENS TSN Yo N 2 | o
peor =
Capacitance-Carrier Board
VRM
Board

Socket

1(b)
Fig. 1. (a) and (b} are previously reported VPD solutions.

Fig. 3. Top side and bottom side of the assembled prototype device

[Typical VPD Of7|ElX]
[ZEE Z2EEY] TX]|Q| Top
side and bottom side]

[Proposed vertical power supply solution]
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B [T10 S07] A Novel Off-Board Vertical Power Supply Solution, Z. Wang, New H3C Technologies

v

1300A°] 8t M2 (Load Current) ZZ0|A 20 M2 3L (Core Power Rail)2| EI2 Mt Zts12 A|22|0| M3t
A, 58 X HelQl 3% O|UHE 55

8 8 7i2[0] EE0| 0402 WiZ[X| A7|2] HF M2t HINAE(MLCCO)E T BIX|SHY 2MHz CH7HX|
0.16mQ O|ste| | & YI|HA(Target Impedance) =&

eq—b‘ 000 MHz

ma
freq=2.000 MHz
mag(Z(1.1))=4.433E-4

1
freq=40.00 kHz
mag(Z(1,1)}=1.605E-4

mag(Z(1.1))=1.1256-4

’;eaq-d 000 MHz
mag(Z(1,1))=3.014E-4

.rFE

1E3—

mag{2(1.1))
3
=

fraq, Hz

8(a) Fig. 10. PDN simulation result of ASIC core power network.

[ASIC 20| TY HE{Io| HY 2= U MR EE] [ASIC 20| ¥ L Ef|32] PDN AEd0] Z1H
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B [T10 S07] A Novel Off-Board Vertical Power Supply Solution, Z. Wang, New H3C Technologies

_

21, =

& HH(Thermal Deformation)2 A|Eg{|0|M 8l HAESI

v 12 2[EZ22(Reflow) 38 T LMS=
Aol 20| 5|2 X} O|LHQl 148um ==2 2 EX|E =0l

J2|E 02 0|(BGA) ¥ 9|
2 HE5104, ASIC &

15HS

v 12| 7| S(Copper Pillar)f AHM H& & (Solder Preform)E 2l
SHEIF HE 7H9| & ZQIE(Solder Joint) A% BHX|

0z
OH

_

sto|E2|E Al

2000000
0000t ee

12(a)

[+]
Q
o
o
o
o
o
(4]

I |
Fig. 13. Solder ball hot tear defects.

0000000

Fig. 14. Solder joint diagram at BGA area on ASIC board

[Solder ball ZE Of| A [ASIC HE9| BGA €Y & ZQIE C}0|0{1H]
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B [T10 S07] A Novel Off-Board Vertical Power Supply Solution, Z. Wang, New H3C Technologies

Summary
v &2 AF0M 24T 30 22|d 2 M SZ(VPD) OF7 |HIN = MUt Mol F2|H 228 Sl 1™ F
A|¢E+I9| & £ 4(Thermal Loss)S S0|1 OI4} 8|2 7|BH(PCB)S| HE 2RHA 243}
2™ 2E(VRM)I} CHEFe| ME M2ta HIfAIH(MLCOE HEo| M8 2L HiXZ2E2M, W F(AC)
YO EHAZ X OS5tz SA|0 £=2f M ZF 2 -d(Reworkability) ZHE

A M ZSHDC IR Drop) X M3 ME HERII(PDN) A|=80|M, & &(Warpage) HHAEE 3l 1300A
729 I1ds A|AHI| S 24iH(Mass Production) 382| M& 7f"”8 US
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B [T12 SO07] An Experimental Study of PCle Transmitter Equalization Preset Measurement Methods

for 64 and 128 GT/s PAMA4 Signaling, C. Bil, Intel

v' PCle 6.0
Z4l(Channel Loss) 37t Al StAE
HEAO| THOH 27

v o= szl

De-emphasis = 20log,, Vb/Va
Preshoot = 20iog,, Ve/Vb
lovet 1.8 hmcton of e L vt st a7 | BOOSY = 20009, VD

he booSt levet of the Tx duning ful swieg

Figure 1: Definition of Tx Voltage Levels and Equalization Ratios

[Tx et e 3 53} H 29| "ol

sl HAE2H0|AHA I E+(Compllance Pattern)| X #| H|E X2kt Transition)S
Me|sto] HA SEH(Pulse Response)2 FEoH1, XA ;S
3 E (Linear Fit Pulse Response, LFPR) 7|2t Wl &

1| &l (Step-based AC

Hd M& LAHMMSE)E M= =X

=ot= d

IE HIHE M

p(t): P = "'JQX;UHX;J

r(thR = Ynnnoxf(ﬂ'] X;r)_‘l
" Linear Fit |

A
T
X~

=~

" Linear fit | —

(<] '
{] ) - Pulse T
Response &

Ol 7.0 #A0|M M£7|(Transmitter, Tx) Preset 32 X7} +/- 0.5dBE =AZ0f w2}, k<
HOo|L 7|& ®AF(DC) U AH J|Ht nE

Fitting) 578

Moz
o A
==

ok 1o
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B [T12 SO07] An Experimental Study of PCle Transmitter Equalization Preset Measurement Methods
for 64 and 128 GT/s PAMA4 Signaling, C. Bil, Intel
v 64 GT/s PAM4 A= 2t Z0A M2 CHE QA E AT I (Oscilloscope)E WAt F78o Auf, M g
SEHLFPR) A0 AB 7|HE W& 10| El(Step-based AC Fitting) CHH| 21 & 2 (Run-to-run) HEME 0|1
S A ZH(Nominal VaIue) HAIE =4

v o] ZX|(TID)2t HAE &F M MIAHTSP)7F &gt {34 =7 HIO|HO|M &7 O|&X[(TSP1)E M 2|5t
HZF HX}Standard Deviation)E &4t 21}, LFPR 24 M A| A8 7|dh gfA] C{H| HZ 0| ZAE 2 =0l
IEEEEEE — = :: Standard Deviation of Preshoot1 vs. Preset, removed TSP1

P e _LLLLLL - -~
CEleeibRes EITnibic

TLHHLLELFL.EfﬁnnlLLlLL

S — - aecdeddf®as reperrLrLLLa
S | PR G | pePamrh P hadkhhn 1711 I i'. SLLLeLLLa

= bhkbhbLhbhe -3 LelLlL.

_L—h
Proset '

Preset
- Salrts S ALLTSP's Removed TSP1
LrrifErIELIEIRLEL Removing TSP1 data results in similar trends for TID 4520
compared to other TID's

Figure 13: Preshoot-1 standard deviations for all TSPs, 3 vepetitions by TID s — TSP removed

Figure 5: Preshoot-2/presh 1 and De-emphasis for scope I and 2
[ME CIE QAZAT T M [2E TSPO| CHSt Preshoot-1EE HX}
Preshoot-2/ Preshoot-1 X de-emphasis ] TID'E 33| 85 - TSP1 M A E]
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B [T12 SO07] An Experimental Study of PCle Transmitter Equalization Preset Measurement Methods
for 64 and 128 GT/s PAM4 Signaling, C. Bil, Intel
v 128 GT/s H|O|E| & = (Data Rate) 2tE0M =2|H 22 A= BIISH7| ?ldh, *2
&4 (Channel Loss)= 0dBO| Al Z|CH 28dB7tX| S7tA|7|= H|E 0f|2] 2{|0|E HIAE(BERT) 7|2
5 2 P

= r
Ok i

Ht = 1= C|ATHA| A (De-emphasis) & & Z4H0]| A Ei
£ fX 2

=0
|15t &4 SHE0 M2l Run to Run BH&d

Vbt
Ve Ot o st

PCle 7.0 compliance pattern

BERT3 W Scope 5
2 Sigtest-AC1it - red

2dB s b

e, o™
And ‘fgfgEITiYIiYeIgIiogIaaEEge—
28dB channel SESESENENE ARG AR A

TRl LRI R Rl ElLEL L ELS
| S R 00 B R O R A R

Figure 17: De-emphasis for BERT3, across channel loss for various analysis, using scope 1

[Experimental setup at PCle Gen7] [De-emphasis for BERT3, across channel loss for
various analysis, using scope 1]
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B [T12 SO07] An Experimental Study of PCle Transmitter Equalization Preset Measurement Methods

for 64 and 128 GT/s PAMA4 Signaling, C. Bil, Intel

Summary
v PCle 6.0 ¥ 7.0 A|[A”IQ| & 7|(Transmitter) Equalization Preset 58 Al 8 F&|= +/- 0.5dB2| §1& 2ALE
S5 Qo MY Xt BA SE(LFPR) HHEC| Hs H7H TH

S5 MH HEZHO|AA IfEH(Compliance Pattern)s &3l Pulse Responses
7|9t wmF 1| & (Step-based AC Fitting) &4l CHH| Run-to-run Had X 34

CASH SA17| &K, LA 2 A A I (Oscilloscope), High-loss Channel 2tE0 M2 4F HO|HE Sl BE
M Xt(Standard Deviation) Z A& &5

E=E E7t 4o|e &= FH| 2t HXLE %2318l 0F St= &= PCI-SIG YA R 4=z 2& ‘d(Interoperability)
HAEQ 34 HF WHES Z2785t= 7|& X HE &8
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B [T13 S03] Multimode Resonance Suppression & PAM4 Eye Decomposition for 212.5-Gbps OSFP,

K. Song, University of lllinois at Urbana-Champaign

v
OE

nE 0
0Z0

_
=%

Channe)E A% X 2| E| M= FZ-d(Signal Integrity) X5}

Plane 2-G2

Al
1
1
.
Line G-Res n ¥ Line G-Res.,,

(11

(a)
(d

TX3/TX:

1
x
H i

i

———r
e |
S———]

TXITX2 -

Acrossy,, Acrossg,,
(b)
Fig. 1. OSFP connector mated with the Host and Module PCB in a C2M interface: (a) side view and (b) top
[C2M AE{HO| 20 =XE 5 B& PCBY ZoHd
OSFP HYE: (a) THE X (b) HE]

Z=I}==(Resonant Frequency)O| Al H I} Z=2| Of| 4 X[7} QI ot

[Differential excitation Z=710j|A{

12.5 Gbps M& £ & X|ASl= OSFP HYH &40 A AZ XtE 2 E(Signal Differential Mode, SDM)Qt 41
B E(Signal Common Mode, SCM) 7t2| 2|4 = Y X[(Phase Mismatch)2 I8 ®X| &%!(Ground Resonance)

A 7+ W AZ2AEF XY E(Crosstalk
ojojo = Xt
HOICZ X8

Inter-channel Interference by Resonance Perturbation
(V/m)

60 1E4
L
- a0 1E3
2 &
£ g7
& <
20 204 1E2
W0 10
. __ _ 1€1
00 05 10 15 20 25 30 35 40 %.0 0s 10 15 20 25 30 35 40
Distance [mm] Dxstance {mm]
ki ™ P | wea | bad bid | maese | kad | | bad 1E0
1 I 1 i3 L1l i i1 il ]
(a) (b)

Fig. 4. Complex E-field contours plot along the monitor line Acrossy,, and AcTosSgreom show energy
coupling from the signal propagation path into adjacent ground structures and crosstalk channels at resonant
frequencies under differential excitation at (a) Tx1 Host port and (b) Tx2 Host port.

ZF FOH Al M3 ofLix|7} Ol
HGND X A2AET A2 2 AYE|E E-field 2E]

> Tx1/Tx2 ZEO|M M= Mt 5 £ FatolM FH X2
U X|7} = ME|0] ARAE 7} LMSS HOE
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B [T13 S03] Multimode Resonance Suppression & PAM4 Eye Decomposition for 212.5-Gbps OSFP,

K. Song, University of lllinois at Urbana-Champaign
v Ct&E 2E 43 ZA%H(Multimodal Mutual Coupling)g 2t3t5}7|
M| ™ E(Add-in Dielectric Segments)S A sl0] 2 EX0l

el A= Mot =20 =7t RTA|
2 77T 2 (Effective Permittivity) X Of

v Signal Differential Mode2| Phase VelocityS &AA|7] 24 S LXIE H X7 (Phase-matching Condition)d||
TPUAH QESHD Crosstalk M 2Z29| O HX| EALS A F|

é/"ig Add-i
" ol e
& <
2 3
S Add-in
2N & =15

o (V/m)
T8 ‘ln
) ¢

1€3

1€2

1E1

(a) (b)

Fig. 8. OSFP connector with add-in dielectric segments incorporated (a) within the differential signal pair in
the top layer, and (b) both within the differential signal pair and between signal and ground conductors in the
bottom layer.

7S 100 125 150 5 200
Cuatance [mm 1E0

(d)

[Add-in dielectric & £|X|0f| [}Z differential pair X al EM
GND 7t A% 7x ®3h = Xtalk 53]
> MSM LHE 5 GND AO|0]| dielectric2 F7tst0{ MA 2=t > 3% FoM EFE AXE oUX| 7 HEEH QX M
coupling £ MO GNDZE coupling0| 37}

[Differential excitation =AM {|X|/Fut=0f [}E E-field &=
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B [T13 S03] Multimode Resonance Suppression & PAM4 Eye Decomposition for 212.5-Gbps OSFP,
K. Song, University of lllinois at Urbana-Champaign

v H7|% Anti-node ¥ X[0f| It Anti-nodal AirbridgeE HiX|5t0] M X| & & (Ground Cavity) Wi 31} (Standing
Wave) @82 Holst X ST ZEEGM)E =2|H 2 KT

v Eye Diagram= Binary Transition2 2 Lt&+= Eye Decomposition MethodologyS &30, &5 Rise Time, Jitter,
Damping Ratio 5 MF d& X|&#2| /i =X =&

Waveform (V)

77300.0 300.2 300.4 300.6 300.8 301.0
Time (ns)

(a)

Bit Transform (V)
dbbs00 0
O S
Bit Transform (V)
S
=
Bit Transform (V)
Liidoooooe
22382335

l l Altbrides 0 23 30 75 100325150115
[4-3-ff-d——F §-3-3-3] Time (ps) Time (ps) Time (ps)
(b) (©) (d)
(c) (d)
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WM x Mo o2 A7 EY f g transient S5 EAS
[Airbridge J"'-"?"-Oil 2 differential pair2| E-field &% he B0l S AT B9 waveform 3 transient S 5]

U FTZH coupling H2H

> AirbridgeE Sdll M2 ZE 7t MA 2= & H|ofslo] 5 Felo >FZE Y 7 Mz I3 HEO| HA5IH transient SEHOI
coupling & ST IS ket detE S el
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B [T13 S03] Multimode Resonance Suppression & PAM4 Eye Decomposition for 212.5-Gbps OSFP,
K. Song, University of lllinois at Urbana-Champaign

Summary

v 212.5 Gbps OSFP U4 E{ 0| A] &M St= ground resonance, crosstalk, mode-conversion noise?} 2l2 £47d
XotAlZ|= HAHLES &4

o

v FEM 7|8t multimode field 242 Sl %! Ol X[ 7t ground cavityOll =X Z|}LCH7t aggressor/victim X E 2
MEH L= HAE Y

v O|E AX|St7| 28l add-in dielectrict anti-nodal airbridge & 7tX| 7|2 & M85 20, £3] airbridge &A!0|
ST AKXt crosstalk M0 o @2t 452 E

v EBEHOE eye decomposition 4= Sl rise time, jitter, damping ratio, eye width/height 7§ S =203
KEMITH 25 A EO| ST M 274 HEES HMA|
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M [T13 S09] Printed Circuit Board Via Plate Mode Loss and Influence of Via Design Parameters, H.
Wolf, Mayo Clinic
v 0GHz 0|2l 150t 2t F0 M= =g &3 S(PTH) B|OLO| A TAL7| o X|7F M 8l EX| oz =45 =
HH D C 2A1Plate-mode Loss)O| 24

0| HA2 PCB WHO| EIITHE SESH0l &Y 242 SIIAIZID, #AF 27 ZUE HB3 3D HA
RYYS Sof 24 HHLSS 24

Launch /_,— Signal Via Barrel N
' e
I f" En lost thr late-
Perfedt Electrical g me::l‘ﬂnssleu::g‘ meded
m:m;m\ L. I through pl.:}xslwemms
n':o-wnlz:luv‘ngn:!l o~ -~ = = 1 ’!(
h g ——— r 7
= E— NG
== 1 m—p
ViaBamel ~o = S ]
= B 1
\~ I
. 1
ll_ ST e
N, N !
§ ™ o, o
dold ZA  [pcB LHE o x| Fmt HZQt AlE2|0|M [FI}4=(10GHz / 60GHZ)0l [}2 PTH via
] T8 245 LIEFH THH Jx] CHHO| E-field &% H| ]
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M [T13 S09] Printed Circuit Board Via Plate Mode Loss and Influence of Via Design Parameters, H.
Wolf, Mayo Clinic
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