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Data Center Chips in 2024: Top Trends and Releases

Now that Nvidia has announced its Blackwell GPUs, Intel, AMD, hyperscalers, and Al chip startups prepare to launch their

own data center chips in 2024. We break down all new and upcoming releases.

Wyli aular but
@ Wylie Wong, Regular Contributor © 14 Min Read
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New Data Center Developments:
August 2024

by James Walker

HBM Chip Shortage: A New Bottleneck
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https://www.datacenterknowledge.com/data—center—chips/data—center—chips—in—2024—top—trends—and-releases
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Al, Data center {0 [I}= Issue(1)

1) Cable 4= (Server, Switch, Storage 2t 1= HIOIE| &S 28t cable)

— DAC (Direct Attach Copper) : Passive, Copper cable, 3m 0|2t 22 2 Ll AHS A/AX 2t S A
- : Active(dlS SZ 3|2 T &), Copper cable, ~10m, & 2+ &

: ZH R, electrical < optical H& 3|2 L&, &= Y¥m, HOIE &E 2t H&

IEINIETYe — Copper 7|8t cable® loss 1, EMI 9& =0t —> & J|8F D= QI H0|A M (PAM4, QSFP-DD S)

— AOC Cable LH DSP chipset L&t S| oll& 2R
- 100GHz Ol &t && Al S-G pitch 200um Olat & & : 2L+ ball pitch 600~800um, Pad = 1000um =&

— Differential pair €4 & 2= &2, Via, Component pad?l size ¥ anti pad size @& 11 2

Centralized Cable

T

A
)

|

SR 1

¥ Epa

B HpA

[ Fiver Cable
. Copper Cable
Switch

[ Data center W Cabling 01l ]



Next Gen High Performance Integrity : Advanced Silicon/Package/PCB Interconnection Design

B 1. Advanced Silicon/Package/PCB SPGTI Design 7|==¢st
Al, Data center L0 [[}E Issue(2)

2) PCB HZ 22Xl
— low loss substrate A& 2R Dk 3 &=, Df 0.002/
— PAF Megatron series HIE SXHIE HEE SHOIA CH2E2 EAF DT AIE A

[ 2& PAI Megatron6, 7 Datsheet ]

00

[ EH E}' E Alv E M —_ 853 2 K D ats h e et ] Property Units Test Method Condition Typical Value
Dsc A d 185
. . Glass Transition Temp (Tg) c S fecove
Basic Laminate Property DMA As received 210
Property item Typical Value | Unit Test Condition IPC-TM-650 Thermal Decomposition Temp (Td) ¢ TeA As received 410
. Without Cu Min IPC TM-650 2.4.24.1 As received >120
N/A C DSC 2.4.25 T
THERMAL ) With Gu Min IPG TM-650 2.4.24.1 As received >120
Te 180 < TMA 2.4.24 X - axis ppm/C IPC TM-650 2.4.24 <Tg 14 -16
215 “C DMA 2.4.24.4 CTE :al Y - axis ppm/C IPC TM-650 2.4.24 <Tg 14 -16
CTE, X/Y-axis 12/13 ppm/C < Tg, TMA 2.4.24.5 Z-axis ppm/C IPC TM-6502.4.24 <Tg 4
- — CTE :a2 Z - axis ppm/ C IPC TM-650 2.4.24 >Tg 260
CTE, Z-axis 4045 ppm/C < T, TMA 2.4.24 Volume Resistivity MQ - cm IPC TM-650 2.5.17.1 C-96/35/90 1x10¢
Thermal 185~205 ppm/°C >Tg, TMA Surface Resistivity MQ IPC TM-650 2.5.17.1 C-96/35/90 1x10°8
Z-axis Expansion 1.8 % 50~260°C 2.4.24 ELECTRICAL | Dielectric Constant @1GHz - IPC TM-650 2.5.5.9 C-24123/50 Eay
N (Dk) 12GH: - *Note 1 C-24/23/50 3.35
Td 420 °C TGA (5% W.L) 2.4.24.6 @ 126K o
- Dissipation Factor @ 1GHz - IPC TM-650 2.5.5.9 C-24/23/50 0.002
T288 >60 Min Clad 24241 (Df) @ 12GHz - “Note 1 C-24123/50 0.004
=60 Min Etched ’ Water Absorption % 1PC TM-650 2.6.2.1 D-24/23 0.14
Thermal Conductivity 0.46 W/m.K ~ ASTM D5470 PHYSICAL Peel Strength 10z (H-VLP) KN/ m IPC TM-650 2.4.8 As Received 08
Flammability - uL C-48/23/50 94V-0
- 1 GHz 3.11/2.93 2.5.5.9
. Typical Value
3.00/2.84 - C-24/23/50 Cavity Resonator : s
(RfC: 55/;?0%) 10 GHz / 123/ Y Property Units. Test Method Condition R-5785(GE) R-5785(GN)
3.00/2.84 SPC method Eglass | Low-Dkglass
Electrical DSC As received 200 200
Df 1 GHz 0'0014/0'0012 2.5.5.8 Glass Transition Temp (Tg) C ™A As received 190 190
0.0019/0.0017 - C-24/23/50 Cavity Resonator DMA As received 710 Ll
(R/C: 55/70%) | 10 GHz Thermal Decomposition Temp (Td) [ TGA As received 400 400
0.0015/0.0013 SPC method THERMAL Time o Delam Without Cu Min IPC TM-650 2.4.24.1 | As received =120 =120
. (T288) i ¥ i
Water Absorption 0.07 9% E-1/105+D-24/23 26.2.1 With Cu Min IPC TM-650 2.4.24.1 | As received > 120 >120
X — axis ppm/C | IPCTM-650 2.4.24 <Tg 14 -16 14 -16
Peel Strength CTE :al Y — axis ppm/C | IPC TM-650 2.4.24 <Tg 14 -16 14 -16
Physical i
Y {LP) Hoz 0.6 kN/m As Received 248 7 axis ppm/C | IPCTM-8502.424 <Tq 2 2
- CTE :02 7 - axis ppm/C | IPCTM-650 2.4.24 >Tg 280 280
Flame Resistance V-0 : €-48/23/50 uL-s4 Volume Resistivity MO-cm | IPCTM-B5025.17.1 | C-96/35/90 1x10° 1x10°
Above typical values are tested under specified constructions and not intended for specification. Surlace Resistivity Mo IPC TM-650 2.5.17.1 | C-96/35/90 1x10° 1x10°
Dielectric Constant | @ 1GHz - IPC TM-6502.5.5.9 | C-24/23/50 3.63 3.37
ELECTRICAL
@13, 14GHz - “Note 1 C-24/23/50 || 3.60 @3tz | 3.31 @acH:
Dissipation Factor @ 1GHz - IPC TM-6502.5.59 | C-24/23/50 0.002 0.001
(DF) @13, 14GHz - “Note 1 C-24123/50 || 0.0034 @1aGhz | 0.0023 @14cHz
Water Absorption % IPC TM-650 2.6.2.1 D-24/23 0.06 0.0
PHYSICAL Peel Strength |10z (H-VLP2)| kN/m IPC TM-6502.4.8 | As received 08 08
S FIarmaniy = Tr o R VA TV
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Packaging Issue : Package 202 0I5 &AlH|R

- HBM £ packaging 22 £Jt2 J|% 3J| &I} —> Warpage 2X| &M

— package S0l S AKX 2 Al 24 HIS 20U PCB levelfll A 23 A& 3|
- 0|=2 d& A2 AL System level simulation2 Sol & = &3t £ M3 HE

0

F—> Sl S

3D Hybrid Bonded
Architecture compute S504
density and perf/W

HI

- &9
2D packaging CH D1 E 20l chip XA BHXI

2.5D packaging | Silicon interposer ¥ 0il (421 chiplet i Xl

3D packaging TSV(Through-Silicon Via) J|&= 2 DieEs =& M=
3.50 packaging | 2.5D + 3D Hybrid. 28 = £& 85 2d82= HH A HA

2.5D Architecture for
10D-IOD and HBM3
integration

Large module on
substrate
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Interconnection issue

— Co-Packaged copper channel(CPC) : PCB Trace =2 3t6H0, I XA =& HOI=SS HZ 8= 24
- AAL HIZE Al NAF 23, EFAF AIRIS Al B

- ~110GHz i< low loss S4 2+

— Twinax cable + GSSG 2% pin HHE Al2 (SIdIA 2 R)
- Twinax cable skew HIHHE S —» HX FLE R

=)

[ MAF 224G architecture, near ASIC cable, board—to—board connector, backplane cable Ol Al ]
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Interconnection issue

— Mear Package Connector /N0 * 9 Foreson [
— 0.8mm connector (145 GHz) ' ;
— 1mm connector (110 GHz)

Stripline

287 (40 GHz) ‘.,-‘ al -

www.with-wave.com

Product Demo | Paladin HD2 and Active Cable Backplane | DesignCon 2025

This demo showcased exiended architecture efficiency for next-gen sysiem designs by enabling longer reach co

Paladin HD2 and Active Cable Backplane : 224Gbps

8
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Interconnection issue : 224G Long-Reach SerDes for UALink

UALink Overview :

— UALink: Ultra Accelerator Link

— Industry consortium: AMD, Intel, Broadcom, Microsoft, Meta, Cisco, HPE, Google &
— Purpose: 115 Al Jt5D| 2t QIE{AHYE H&E35t

- Z ™ J|=: NVLink, CCIX, CXL, PCle

— 224G SerDes= XHAICH Al AIARI HZ 0| sHA

- UALInkS 0=/ XH/&83#E3H R28E /8t 2+ D=

- MENSREY/BES J|lsl 80 2N S

s 24 24

— Modulation: PAM4 (2bit/symbol)

— Equalization: FFE, DFE, ML—-based

— FEC: BER 1e—-13 Olot &

— Channel € Al: Trace, Via, Connector, Packaging
— Power Efficiency: 2= QIEHHIO|A 2| DHAI




I Next Gen High Performance Integrity : Advanced Silicon/Package/PCB Interconnection Design

B 1. Advanced Silicon/Package/PCB SPGTI Design 7|==8f
Interconnection issue : PAM4

> 25GbpsOlA 50Gbps 23 £ 2 MeSIHA AT HAL NRZO|A PAM4E HEtE

> PAMR2E 2709 Mt ot AFR3SH= NRZ(Non-Return-to_Zero) A0 2 2+ Al=0| 1H|ES MEtst

> PAMAE 47H9| M 2= AtESIQ] StLIC| MEZ 2H|EE MESHX| B SNRO| HOIX|11 @ 50| Z7te
1 Symbol/UI Eye Diagram
— . ,
ol I e &) e PAM?2
0 : 1 —on 1 (NRZ) PAM4
e | o/ ARET o 0 Mg P 2= 2 (0,1) 4 (00,01,10,11)
2 Symbol/UI +— iUl —»
; - vA 10 HEG Al2 , ,
e /_1/_1/__\ . . - 2 1 bit /symbol | 2 bits/symbol
1 1/3VA 01
0 oo [~ o
: . = o | ==2 A =g 7| tju) 26
GREY Coding E” Ol E-'I =
(A (6) M8 H0F | PCle Gen 3~5 100G

[PAM-2 / PAM-4 encoding & eye diagram H| 2]
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Interconnection issue : FEC

> FECE 41 BIOJE{0] 37t YEE Cioto] MBshs BlOJE HMe AAHOR, 24 S0|A XS §l0| 28 AX|
U +HE 2+ A i FE 7IEE oo

O L ZT &2 SNR(Signal to noise ratio)O| ZAgH0f 2l ™Xt S7t5tH, FEC 2 Y 0| M E8E|H O 2 HE
=

> SMUFOAM JAZHIO|HO| X2 HIEE F7t06t0] QAT E FEQEE MESIH, =MFM= =4El IEQ/EE
CZgstol o8 25
A
1060 | . Coded ™S e b Digital dy;ds;..., di (n.k) ) R | il
Bit-error information Data bits Encoder Code bits Modulator
rate | source l rmm‘mm
gl [ e et e S e S e
I : Channel
I I
I | A 4
I - -
' : . D|g'tal, L dudyds ink) [y Uplzealn Demodulator
I | information ¥ Data bit ~ Code bit
| | N 2 Decoder
3 12 7 » sink estimates estimates
Signal-to-noise ratio (dB)
[SNR of systems with and without FEC] [How FEC Works]
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Interconnection issue : FEC for 200+ Gbps Ethernet

>

5G/6G HE® A & Al/ML application?| & 22, 2 bandwidth, high speed communication?| T2 serial lin
data &= X|&XMO 2 TItstl Y2

IEEE 802.32 200 Gbps, 400 Gbps, 800 Gbps X 1.6 Thps O|H U S 2[5t task forceE TE5IF D, SH = lane &
200Gbps & & =t

_

200 Gbps O O|HYH A|ABO M= K2 SNR 2t

L
=2
R
0
>
>
0

|3l FEC(Forward Error Rate)7} E4=%

-0

0 0
ETHERNET SPEEDS 2 e — et |
2 \ :;E ‘Pjs‘xnthgecodmg N :;E 3154wm precoding
3.2T TETBE - \\\ -5
1.6T T \\ \\\
400G : -_,_-_\ ~— #BOOGHE E -8 s -8 \\\
:"'f 100G wmb"' \O? i s -0 s -0
o 40G - ()| 50GHE g 12 \ \ ] £ n \\\ .
o 1WGE, % @=6e | | 0 Thee————d \f -\ -------------------------- \( \A ———————————————————
g 10G {0 mﬁhL@ i 14 ~14
g o | Qe "\ 1\
2 e 100Mb/s \-’J 18 \ \ \\\
= Ememeh - \ \\ ks \ \\
O 100M — o) : )
E?,':‘,’;;, 5 16 17 18 19 20 2 2 2B 4 e TR T T R TR T T N
10M —+4—CF SNR (dB) SNR (dB)
1980 1990 2000 2010 2020 2030 2040
Initial Standard Completed 2-way IEFE 2IECIY 4-way DERE QIH2IY

Ethemet Speed 43 In Development 4 Possible Future Speed

[Post-FEC BER & HI1]

Ref) https://iebmedia.com/technology/industrial—ethernet/ethernet—celebrates—50—-years-with—2023-roadmap-and—demo 12
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PCle Gen7 A =2 W5}

« PCle Gen6 — PCle Gen7 (PAM4, 128Gbps)
Pad to Pad Channel loss budget : 32dB @16GHz — 1510 /=) G S

- Y= SII2 2ol spec A0 X2 Add in card(AIC) £ El Baseboard components MKl €A 40| 2 &
- Signal Integrity, Ground—mode resonance, Balance signal performance and mechanical reliability

« PCle CEM Connector 8= TJI &<

| AIC trace 50mils(1.27mm) |
+

| AIC Connector 28! £ pad |
+

| Connector X+l |
+

| Baseboard® Connector 28! £ pad |
+

| Baseboard trace 50mils(1.27mm) |

[Figure 1 The architecture of the PCle CEM connector]

13
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PCle Genb6 and Gen7 connectors?| A|=g{|0|M Ziu} H|w
« CEM(Card Electromechanical) Connector 2 1| & A guideline : 850hm £ 10% (76.5~93.5 ohm)

— Genb connector : rise time 10ps XAHOUNAMHE TOR YLIEA 72 ~ 96 ohm ==2 LIEIE, Gen7 J|= 0|
— @Gen7 connector : 81 ~ 89 ohm 2 20|, Genb connectortil HIGH IL, RL 4 K=
— HIOIE & SO0 et Aust AdOEA H 224 St

PCle - Differential Impedance
Risetime = 10 ps (20-80%) 5 PCle - Differential Return Loss A . i PCle - lehrnnﬂ:vl Insertion Loss

Return Loss (dB)
L W a
Insertion Loss {dB)

'—P(_lu(anﬂﬁmnﬂﬂ Pair fx H. rd Side (Min = 71,68, Max hlll
|=——PCiz Gen7 model - Pair Tx1-Card Side (Min sum Max ana?| pec Expec
u#.[r_ﬁ ; \.05 1:1 i | 5 1..! ‘[1\7 5 el 30 3 30 ; “l} V-S 2 % E 3-5 l:) e ;U
Time (ns) Frequency (GHz) Frequency (GHz)
[Figure 2 Impedance comparison of Amphenol’s [Figure 3 Return loss comparison of Amphenol’s [Figure 4 Insertion loss comparison of
PCle Gen6 connector vs. Gen7 connector] PCle Gen6 connector vs. connector] Amphenol’s PCle Gen6 connector vs. connector]

BER e—04 e—06 e e—04 e—06

eye height top 53.49mV 41.54mV 16.69mV 54.37mV 43.17mV 19.67mV

eye height mid 52.85mV 41.88mV 19.00mV 52.98mV 42 .27mV 19.79mV

eye width top 0.235Ul 0.180UI 0.070Ul 0.270Ul 0.205Ul 0.095UI
eye width mid 0.292Ul 0.222Ul 0.101UI 0.306UI 0.237UI 0.113Ul
pkeh off 0.070Ul 0.070Ul 0.070Ul 0.075Ul 0.075Ul 0.075Ul
vref top 92.2mV 92.4mV 92.2mV 91.3mV 91.1mV 91.5mV

[Figure 5 Seasim result comparing Gen6(left) and Gen7(right)]

14
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PCle Gen7 Add in Card Design

« Gen7 AIC £H2 = B3

(1) Gen62l &#&l 2H2 Gen7UH A= S XI(GND plane for shield, fingertip south via, lateral ground bar &)
(2) Blind viaZ 0| 8&! top layer2 GND2 JI& 2t layer GNDQF & — 25GHz 0| IL &= HH

: :i-\ /lm‘""ﬁ';\

Signal layers: B s siucting con
Layer 2 and Layer & Layer! GND jayer io L ayara s Lateral GND bar

pS N D g

[Figure 6. AIC design of PCle Gen7 CEM connector]

PCle - Differential Insertion Loss

0
0.5 -
—
[13]
=
@ -1
@
=}
-J
|~
o
E A5+ .
"]
=
2

~———PCle Gen7 with blind via in AIC

~——PCle GenT7 without blind via in AIC

— PCle Gen7 Spec Expectation

'2.5 1 I 1 1 ' ' ' '
0 5 10 15 20 25 30 35 40 45 50

Frequency (GHz)

[Figure 7. Insertion loss performance with and without blind via in AIC]
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PCle Gen7 Baseboard Design

« Gen7 Baseboard/Motherboard & H|2| =L B3}

(1) Gen72 Gen6 footprint R XIoISHA DFIU s A 2Q

(2) GND pad & 2012 /= via 20l pad S0l = GND viag D} * Loss, TDR 23 <ol &6t Field
— Return path2l Inductance 24, Ground mode Resonance 22 &1l solver &2 => ANSYS HFSS

— 25GHz Ol &t THEO0IA IL s He

PCle - Differential Insertion Loss

05}

A5F

Insertion Loss (dB)

== PCle Gen7 with center via in baseboard pad
= PCle Gen7 without center via in baseboard pad
——PCle Gen7 Spec Expectation

L L 1

-25

A I A I '
0 5 10 15 20 2% 30 35 40 45 50
Frequency (GHz)

[Figure 8. Addition of extra GND via in baseboard] [Figure 9. Insertion loss performance with and without center GND via in baseboard]
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Next Generation Advanced Ch. Trends :

Signal :

Power :

Ground :

N Thermal :

ANSYS Electronics JH & 2&F .
— Icepak : workflow, Meshlng, Enhanced Physics Ji&

— lcepak : System Level Thermal Integrity Solutions and Workflow => Chip to
system thermal (RHSC—-ET, Mechanical FEM, HFSS , ROM/CTM workflow)

- |lcepak—Slwave : Package on PCB and PCB Assemblies => PCB/PKG Thermal

— Mechanical in AEDT : Thermal & Structural (Enabling easy—to—use conduction—
only thermal and linear steady—state structural analysis)

18
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synorsys  IENARE]  cadence —

"Energy Efficient Computing Systems: Architectures, Abstractions, and
Modeling(Al 2810l &) to Technigues(Z 3,718 ,88) and Standards"

1.Architectural Trends: The evolution from single—core to multi—core and domain—specific
architectures, driven by the end of Dennard scaling and the limits of Moore's Law.

2.Energy Efficiency Techniques: dynamic voltage and frequency scaling (DVFS), power
gating, and thermal management across CPUs, GPUs, memory, and Al accelerators.

3.Modeling and Simulation: Reviews tools and frameworks used for power, performance,
and thermal modeling, essential for optimizing future computing systems.

4 Verification and Standards: importance of standards like IEEE 1801 (Unified Power
Format) for specifying power intent in design, and the need for holistic approaches
encompassing hardware and software. the complexity and multi—disciplinary nature of
designing energy—efficient systems, stressing the importance of cross—layer optimizations
and industry collaboration in addressing future challenges in computing systems' energy
efficiency.

* Source : Energy Efficient Computing Systems: Architectures, Abstractions and Modeling to Techniques and Standards 19
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Next Generation Advanced Ch. Trends :
< 2um width, space

Signal : VTF loss, XTALKS

Power : Effective Imp.

Ground : Common GND Interference

Thermal : Reliability

Technology Scale 0l & R(f),L(f),C(f),G(f) ?

Rx Maodel

Tx Model Interco nnect

i
[ |
i
L)
:
L}
i

Rax

Cox

E _ —(R+jwL) (R+jwL)

It v JRHwL)(G+jwC)

: Al ¢
AV, = RAIT 4 |.-.\”

. Alt
A\ .mlpllllgr._ M —m

o (R+jwL)
A (GHjwO)

3 . ‘

* Smaller size & Narrower space

20
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High-Precision, High-Speed, and Reliable Si/Pl Analysis

EM simulation ACVS: Channel simulation/reporting Report
SAMSUNG sk @LG  KAIST B \
®GAONCHIPS Quaitas Telechips ey | l' =

StepSystem CoColink (¥imeritech [5] SEMIFIVE = —

umtemn |

o £ Reportjng =T
S-parameters| . i Lmane =
M ] BT S - >".‘ — —

» Automation of system simulation
with SIMNX® engine.

» Reporting: charts and measurement.

» Applications: DDR4/5~, HBM3+, PCle,

» ANSYS Slwave, UCle, C-PHY, etc.
HFSS, etc. S-parameters with 1000+ ports,
K j 100GB+ file size

I Expanding automation coverage for recent applications I

K> Customized report /
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. 2. A =IE 0 ﬂ E?_I' SPGTI Aiﬂ : Chiplet 1
ol Al Bl
iR
Tech. Issues and Why ACVS ? P |/ =
Tech. Issues : » Huwin ACVS Basic S| (FEXT) and Eye/BER report results correlation example for Jitter analysis

FEXT

— Adv. Pkg/PCB/Interconnects

— S—parameters

- Impulse Response

~ Jitter = [T X Nl - |
— X-talks oo LLLLLELILILLTTLLUTILL ‘ —— | = SR
B RL’TDR/TDT ACYS Basic report example of Good ¢h, ACVS EYE/BER report example of Good ch,
_ "_ ?ﬂt‘yaﬁﬂ:‘;:ﬁ(r Emit{far end cross—tak Pass With less Jitter noise

- Skin Effects A

oAt g One click_ .

— Full Ch. Auto verification

X

Advanced Channel Verification System {CVS Basic report example of Bad ch, Over ACVS EYE/BER report example of Bad ch,
we FEXT Emit{ far end cross-tak summation) With more Jitier noise caused by FEXT
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ACVS : UCle VTF 248 Qot 2= AH

L ]
> S RA MY N3
>

> Report At& dd 7|5 M

UCle & Tx/Rx RLC Termination =71 &

StA

2 Limit line 58 AW X|&

Verification Items Select

Set as default

Channel Loss

Channel Setting

TDR/TDT

X-talk Option

Import ||

Export

VTF

Limit Line Enabie

Net Group Byte v
RLC preset | Default \

R(Q) L(nH) C(pF) Set All C(pF) L(nH) R(Q)
25 ‘ 0 ‘0.25‘ Left [S]portname | M) | Right[S] portname 0.2 ‘ 0 | 1e9
25 | 0 | 025 » 02 | 0 | 1e9
25 0 |0.25 » 02| 0 | 1e9
25 0 |0.25 » 02| 0 | 1e9
25 0 | 025 » 02 | 0 1e9
25 | 0 | 025 » 02| 0 | le9
25 0 | 025 ‘ 02| 0 | 1e9
25 | 0 |025 » 02| 0 | 1e9
25 | o |o02s <:| 02| 0 | 1e9
25 | 0 | 025 <:| 02| 0 | 1e9
25 | 0 | 025 <:| 02| 0 | 1e9
25 | 0 |0.25 || CHO_RDQSO_T_B_Dram_PKG <:I CHO_RDQSO_T_B_Controller || 0.2 = 0 | 1e9
25 | o |02s <:| 02| 0 | 1e9

CHO_RDQS0_C_B_Dram_PKG

CHO_RDQSO0_C_B_Controller

‘ Basic-S| (Channel loss/TDR/TDT) 4 Memory analysis (Eye/BER)
‘ SerDes analysis (Eye/BER) v
VTF Results
VTF Loss VTF Crosstalk
Do oom
T ‘ £O0E0
= 10000 . E
H V\/\ 3 asoom0 .
§ 2000 Win COUTOT BIE 511 % A A A R e el L DOUTE T DIESL T
e S oo |5 oo ——— v oo, 1011
Josco LAl '.‘?__‘_ Cho_ Dm0 C piE 106,11 - CHo,DINDC DIE 108,11
a0 s00 00 1500 e ao0 s00 P 1500 nm
Freg. [GHz) Freq. [GHzl
VTF Channel Setting
R () L(nH) | C (P Left [S] pDrt name Right [S] port name C (ph L (nH) R Q)
25 0 0.25(CHO_DOUTO_T | T1_Serial_ PKG |CHO_DOUTO_T. P16_T1_PCB_Borad 02 0| 1.00E+09
25 0| 0.25|CHO_DOUTO_C_B 315_71 Serial_PKG |CHO_DQUTO_C_BGA_P15_T1 JL Borad 0.2 0| 1.00E+09
1.00E+09)] 0] 0.2|{CHO_DINO_T_BGA_M16_T1_Serial_PKG  |CHO_DINO_T_BGA_M16_T1_PCB. Borad 0.25 0 25
1.00E+09] 0] 0.2|CHO_DINO_C_BGA_M15_T1_Serial PKG  |CHO_DINO_C_BGA_M15_T1_PCB_Borad 0.25 0 25
VTF X-talk Option
- VTF Crosstalk Option : Aggressor@Rx -> Victim@Tx (UCle standard)
- VTF Crosstalk Calculation : 10log{sum(|x-talks|*2))
L

O
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History & Success Story : ACVS flow

» Over 10 years, delivering the finest SI/PI solutions, ensuring trust and satisfaction among our clients.
» ACVS provides the capacity for handling of large-size S-parameters (HBM) and efficiency by new developed SimNX solver
» Compared to conventional circuit simulators, ACVS flow provides fast and fully automated analysis and reporting

kG Deci - Simulation Eng’r
esigner R&R
TAT : 8weeks Tweek TAT : 8 weeks fweek

Manual circuit .
Manual circuit

. . P Pass
PKG design —» mso%smg —> S'rsnll;st'é)gsiagd — simulation and — Signoff
; Eye/BER reporting
I reporting !
Improvement ﬂ4______________________f?i_'__:
iteration

Conventional Circuit Simulation based Flow

=> Time consuming, human error, 1 AT 16weeks

< >

PKG Designer R&R Simulation Eng’r
TAT : 4weeks 2h. R&R 2~5h.

ACVS TAN: 1Tweeks
. 30 EM . Pass ACVS Pass .
—>
PKG design modeling ‘{ Srléglolr?;ﬁ]s;;c H Eye/BER reporting ]—' SIgnoif
Improvement | fal _______Fail_i

iteration .
# of iteration : 3~4 Powered by Huwin ACVS Flow
=> TAT 5 weeks w/o error

# of iteration : 3~4 Before
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Cases study: LPDDR5x (Transient simulation) 1160-ports Ch. model r il = i =
v’ 6.4Gbps, step->UI/32, sim. Hawk-eye Fast option setting e | e -
v" Tx/Rx IBIS models: Non-linear model (Rising/falling waveform, pull-up/pull-down I/V data) -~~~ = -

v" Simulation environment: AMD Ryzen 32-Cores, 512GB RAM —a

# Nt Cannection Editar 1 X — Logs

I@ (BasicSl) 20250302093523_ACVS_Eval_v2025.1.2.2.PCPro.Beta.xlsx

@ (Memaory-1BI15) 20230302093523_ACVS5_Eval_v2025.1.2.2.PCPro.Beta xlsx

2 a @ £33] (Memary-IBIS) 20250302093523_ACVS_Eval_v2025.1.2.2.PCPro.Beta_Fullxlsx

= g b [] PCB_CH_sample_1595.51160p -

. B ~ & [%] ACVS_Results_20250302093523.henx

= S [] Profile_ACVS_Results 20250302003523.ini

-

o oo XX

»os M_A_CPUD_SA_DQS DRD_J1A_12

bos M_A_CPUD_SA DG5S DPO_J1A 11

iu‘- sl_a_CPU0_SE_DG0_, [ 14 ]

.::- ;.m — Channel_PCB  |— ::{

z: -~ WL

0q 1A W Kul W

2 Solution type Conditions Analysis time

: 1160ports S-parameters

ogs - 5305 _DHO KU1 B30
B A Conventional Can not handle the

e g M_A_CPUD_SA_TI08_XU1_6aK NA
o0 " solver large Ch. model
Hytel ] A ) Lisd Cl Q10_XU1_HTa
||,a‘-~|:n .:lc -: AI\' - |-| g : r,( " a ||'|J|'- : . xlul w-: . BaSiC Sl: 6h
Bytel5a aQ | A_A EPID_SA D012 J1A T M_A_CPUD 54 D12 KU1 DT ACVS _auto Settlng Memo IBIS . 2h
=M [ » | LPDDR5x CH1/2/3/4 (s1160p) “auto reporting Iy 1Bl L,
(File Size : 111.5GB) 2m.
° ° ransient simuiation comparison
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OjM] HIM Ms BEM2 2|8t SI/PI A|E0]E] 7= 714t

ro

oA e 2 4 2 HM2| OlE iy SI/PIY Hs BY 7= 7Y PAM-n 24 3 &3 7|& /g
v SAE AFRA O 32 M0 M 1A BE Y ¥ IL/RL/X-talk, TDR, VTFS SI 84 45 24 05 v PAM-n Eye-diagram AS20|M 2 =5 9.5 s
¥ S-parameter & K2 7|5 Y Y 1zl S7RILIC 25 S PI%Y 45 ¥Y 28 ¥ Chart 44 3 2% %2} Reporting 25 i
I Ve rrai i st e e ——
I ‘W—ﬂf —— > — ] 8 B —
E B fanlily £ v o ' L g —
e =) Rt Tk ¥t Firnabn B rrmabian
-: e . =i = I

Ol Ui A 7 2E(+GUI) 2 o si 3.;1;; M 2N 0F p PAM-n Eye A|S20|# 2! ZH 28 7t
E=g] = = i o~ =
S I.jﬂ; 7|5 ) PI S 45 BN DF oL ¥4 #3} Chart Y Report 44 28 7§
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O|M| HIM SXS 9|5 ZHf £X U De-embedding 7|& 74t

2|t 80GHz LY De-embedding(DE) 7|& & um OJA| Ui 2T & 918 Text fixture 7 80GHzCHY 4& HWIHE #18H 110GHz 53 83 7=

v DM Bid 45 HILE 18 S 71d d& v JHYE DE 71Y HES ?I8 Test fixture 2R v’ 80GHz DE 98 2 E 9|t (i ojx HR
v OJM 7= % 80GHz Y £ & DE 7| MY v i 53 HALE 2 4B017| fIg M A= N v 110GHz th= £ Diff. pair 5 &3 7%

(o] (o] =] [a] Ha] Lal
il L (- i f cn cx
z (o] 2 ) =] =] o]
o =] =1 & I ] =l
: ~ P ) Gl s Gl
"=~ Discontinuiy (=] o cw 1 (2] (]
bl“l)\’l‘n l.";c B '
_ . _ = w g (a1 %
Fodure ouT Fodure I [;1-: “ >< Vl_ L
flesrie iy == el & B B8
L | i ]
€m0 i - — “El - " . ' ' @ -----
— ”"‘{ml% ouY Hm —17-,\ E Matrix nverse
| =@ &
Colication Piaies Efflecive Now Measuroment Plases L |
80CGHz L{YZ De-embedding 7|& 7§ 2~5um 0| 4| M M8 DU Test fixture 71 7L Z|ch 80GHz thge] ¥ UIHE 918t 110GHz /3 82 3%
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OjM| HIM SH = g5t 2| 3 2l De-embedding 7|= 7|&t
110 GHz Measurement Setup: Instruments and Accessories

Accessories

Instruments

[Keysight N52258 (900Hz~50GHz)]

[DC to 110GHz 1.0mm calibration kit]

[1.0mm 110GHz cables & connectors]




I Next Gen High Performance Integrity : Advanced Silicon/Package/PCB Interconnection Design

W 2. AlS0|M E5F SPGTI M7 :

ML7 |4 =[X M| 20t S8t AI=20]E 7|= J& X Multi-physics =4 #i} 2=

MLZ|% =3 47| F3HE BSshs ST AlE0lE 7Y Multi-physics #4] T} 31 £ 24 YW E 7=

v AX 42| 232 2E| EM model M4 9! S-parameters £Z 7|& ¥ ¥" Thermal/Warpage/Electrical 24 HAt 1%
v DM HiM KD AJAS 7 A/2 4 /Reporting BAF S8 X153} 7|2 Y ¥ Multi-physics 452 Uit 2|5 47 Wy2 72

Tnterposer n Datalled Unpout
XX X X ) & & ¢

S Extract power nevwork of chip « /IR Co-slivdanion of
‘ E 1 Packege with caupling witects ehip/packnge

)

'

1

1

|

|

ML 7|8t o 3D EM model 42
A 21X2t H|o|E ; ;
(04l 6N dimension ®®) . tTmmmmmmeeees EM Simulation

— e — 4 (2, <Muli-physics
¥ ' o | symgaz,
™

& { |
e
T
| e !

— J Thermal/Warpage/Electrical £4 ZX} 314 8!
ML7|¢H £|% M7 23} S& AIZ2|0]e] 7|& 7Y B ZE BO AN HA =8
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SnpView.com

A High-Value, Professional Signal Integrity Simulator—Free to Use Online
» Basic charts: dB/phase, real/img, smith chart, group delay, passivity

» Advanced charts: TDR, TDT, Eye-diagram (w. EQ, Jitter, Noise)

» Advanced functions: PerfectCal® (lite), Snp Heal

» Powered by SimNX

2024/01/31 Open ChannelView W S— m
- oEe
S (] O
e =8 g e85 e Visitors
™ Ry
© T, Qermin 000 iy 0@ ¥ 500~1000/day
..... o m .
o
= e Powered by \isim
pervan o e Engaru oy prres JE2L 4 o B v
Mocuaiin [T pie O [— ot e ey A m 5
mmmmm ® = SR T 8
: . : 0 L v
. I|' ,'.I,'\ [\
wafla a1
SnpView.com Jonl
b -| l |] IJ”
User top rank - I
P =

Taiwan, US

I (except KR)
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SnpView.com/CV => Channel View oA 7]

Lumped component ‘44 S AZA

MLCC ¥ 7|E} S-parameter ¢ 2Z

MA| ®H'E A|A"-Ql IL/RL, TDR, TDT A4t
A K2 A AEO| Eye-diagram ¢4t

RLC T{Z|X| g¥ &, Tx/Rx Driver model, Jitter, EQ

YV V V V V

3D component capacitorE 8%t HFSS

single-ended  Differential
% @ Eye-diagram
—® [ BT e =

©) ©) C)
@
_— _— 1 pF
= o [S] ) [S] °® Le O
; @ filename.snp T filename.snp TR i R @i
[ B
Basic TDR 10T Eye
Data rate 32 Ghps Mask @ On () Off Dinver Iitter EQ
PRBS 30000 | bits Mask shape
© Diamond () Rectangle [Tx]
IgnoreBits 1000 bits () Hexagonal
Modulation & NRZ ) PAM4 Mask width1 03 u Z VDD 11 VN
tritf mode Linear Exp.
nsbie 51 [0 impedince. (B g 112Gbps PAM4 Eye
Mask height 0 mv v Package On off Rising time SRS posd
] na ohn Falling time ] posn
L 0.0087 rad
< i, ¥ Apgly
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B 2. A|I=80|M =5 SPGTI &7 : o S = e .
» FIOb: ~110GHz |
= = > P/N Z0| Xl Omm, 0.6mm, 1.2mm, 1.8mm
Skew 0'" 2|°._|' Si °:|Q °gt -E—A:'l = stripline !
length ;
.. o 2 = I
‘:’ 7EI Ol 60mm Ol_l St”p |Ine9'| P/N 7EI Ol -ulj Xl-Ol" [[|-: :ACBI Name Type =% Thickness {m,, % b, Cunducti\t?f)(.ltﬁg Dielectric,,, Loss tangent
> Return loss S92 €5(5 28 2UEHX) oo Gieme G Lo i o
> Insertion loss= WXI7F S5 Y2 FhOi0 Al S 7 2hAl N S R R
L3 METAL 0,085 ODE,, 595901E+07 o, 2938 00044
1] 1]
=10 104
] B Jh . .”"I i i)
-20 | | .“I| -20
|| 1) [ | 1! [
. Dttt | c
1 L 1 | Return loss 1| Insertion loss
Aty Hxk 0.0mm | ®AE 0.0mm
il Il HAL 0.6mm HXL: 0.6mm
<o 4L} ' HXE 1.2mm 4o EHXE 1.2mm
{ XL 1.8mm HX}: 1.8mm
'50 T T T T T T T T T T T T '50 T T T T T T T T T T T T T
4] 10 20 30 40 50 [14] 70 B0 a0 100 110 1] 10 20 30 40 50 [14] 70 B0 a0 100 110
Freq [GHz] Freq [GHz]
50Gbps(0.0mm) 50Gbps(0.6mm) 50Gbps(1.2mm) 50Gbps(1.8mm)
— —— i - ———— —————
= = By 71 oo B S,
SN T NN\ NS\,
0-21 —-#-,’3!'?!1 e ,’z'!'?,‘s ] 02— ;"-O:..‘.!}' — :-‘:O:!i - — ’3‘?{3* — ’3‘?@;
g " = A PR VY Y )
i (D i e ¥ VO LA ¥ i/ & Vi,
> o Ly !.Eg( > o L -‘rbf"’S - SR »-'3-?3‘
. 9 S04 o0y &0 0 0
Rt T\ Tt f\ 3 PRt 0, SRt A £ T =
~0.21 s v ~0.2- o ‘o 0.2 % 'O‘ h % foﬁ.«
e .5 < 5 )__o'\' ] ).._q\' ’ N .‘\ ’ I J\(
- i St S St S —_—
] 2‘0 4‘0 6‘0 1] 2‘0 4‘0 éO él 2‘0 4‘0 6‘0
psec psec psec
]
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Skew 0] o|5F S| 95k B2 A

75Gbps(0.0mm) 75Gbps(0.6mm) 75Gbps(1.2mm) 75Gbps(1.8mm)

-0.4

04 = = - '
NI IO

s O‘L: = ¢ ;:-.,- k: £ _* 7 ‘:{ £ ;:‘u_‘i’:{ £F ;?
N "& ) [ A’*\ [ %

I

T T T T T
a 20 40 0 20 40
psec psec psec psec

100Gbps(0.0mm) 100Gbps(0.6mm) 100Gbps(1.2mm) 100Gbps(1.8mm)
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Xtalk test: ACVS S-Tools => S-Designer, S-Correction

< S-Designer: AF&XF7t RSH= Insertion loss, Return loss, Xtalk T#42| S-parameter 4

> SA/MZE ?le & M2 A2 452 U=

% S-Correction; EM Sl

S
> ME A" &4

& Touls

SDedgnar |
Select angeri lolder

= .
4
[Target Specificathan]

. Point 1 ’
Frequeacy 1 SMHz LR
Insertion loss | o di
Return bosy ¢ 20 dB
PESHEXT 4 20 dB
PSFEXT m db
i - Paint 3 -

Frequenty H e M2
Insertion lass = dB
Relumboss | = dif
PINEXT H 5 dB
PSFEXT i ={dB
Point 3
Fréquency | ses Ma = I-'
Insertan o 16 dB |
Remumboss 5 d6 8=
PSHEXT ¥ L dB
FEFENT 5 dB -
Lines: -
L]
Run

incertion lose

HF AR S}

Scvedider

Causality / Passivity 27

| SeCeomroction

Lo g e

Crhveva L ITCho D koo CH0_PRG_J0GHELAER

Correction option
Causality n

Reciprocity

Passivity B

Results

Causality error 40535 dB

Passivity [max) PEEETEN

Toeal error 188 4R

Causality erpe

o o
m -~ o
T\

i Sl B 7 Y
" /_.1,,-
o
&
' .
Faguaney (GHE]

Foaguary [T
Tital wrrey
n e P
ISP, Vene B A
L

e

sl

g
(o] Pt

g
] Pmmars

Crgmat
[ it
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Xtalk test: ACVS S-Tools => S-Designer, S-Correction

< S-Designer= ‘4=l S-parameter Z 1} H| W (PSNEXT2} PSFEXTE 22+ -10dB, -20dB, -30dB, -40dB O|5t2 A7)

0
=10 4

-20 1

Y1

-30 |

-40

50 b

=10 4

Return loss
Xtalk: -10dB
Xtalk: -20dB
Xtalk: -30dB
Xtalk: -40dB

1 2 30 40 50

Freq [GHz]

—
60

—
70

N - v—

PSNEXT
Xtalk:
Xtalk:
Xtalk:

-10dB
-20dB
-30dB

Freq [GHz]

Y1

-10
=20
-30
1| Insertion loss

-40

-50 1

=10

0

Xtalk: -10dB
Xtalk: -20dB
Xtalk: -30dB
Xtalk: -40dB

10 20

—
30

—
40

Freq [GHz]

—
50

—
60

—
70

‘so e0

100

PSFEXT
Xtalk: -10dB
Xtalk: -20dB
Xtalk: -30dB
Xtalk: -40dB

Freq [GHz]
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Xtalk test: ACVS S-Tools => S-Designer, S-Correction

DS

% PSNEXT2t PSFEXTZ} -10dB O[3t eye S ZAx}

Case1l : Forward / 2”15 / X-talk On / New Spec #1 / 32 / General Casel : Forward / 2715 / X-talk Off / New Spec #1 @Profile / 32 / General
Tx IBIS Model Rx IBIS Model Tx IBIS Model Rx IBIS Model
Undefined : PAM4_tx_v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns] Undefined : PAM4_tx_v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
(typ] [Internal 1V] Undefined : pam4_x@[GC:Inf, PC:Inf] [typ] [Internal 1V] (typ] [Internal 1V] Undefined : pam4_rx@[GC:Inf, PC:Inf] [typ] [Internal 1V]
================== AM| Set‘[ing ================== ================== AMI setting ==================
BER Eye density ) BER Eye density )
0.000 0.000
-2000 2000
-4000 v ; 28 VA S TN -4000
8000 2 8000
grwmo —— BER CDF j - — : . 2 "_ lA - armooo —— BER COF j
12000 ai T R 12000
14000 o S < 14000
-16.000 — -16.000
000 10.00 2000 3000 4000 50.00 60.00 70.00 80.00  90.00 " 000 10.00 2000 30.00 4000 50.00 60.00 70.00  80.00 90.00
Time [ps] . N - - - - . - . » Time [ps]
T [pe]
[User Mask] Width:0.00 ps (+0.00 ps), Height5.19 mV (+0.00 mV), Result: Fail
[Point mask] Width:0.0ps, Height:5.2 mv

ERETT S
[User Mask] Width:8.00 ps (+3.84 ps), Height:65.19 mV (+25.74 mV), Result: Pass
[Point mask] Width:8.0ps, Height:65.2 mv

— EJ_—'

XtalkS HHESH eye Z1t XtalkE BFASHA| G2
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Xtalk test: ACVS S-Tools => S-Designer, S-Correction

< PSNEXTZ} PSFEXTZ} -20dB O[S eye {4 Z .t

Tx IBIS Model

Casel : Forward / 2715 / X-talk On / New Spec #1 / 32 / General

Rx IBIS Model

Tx IBIS Model

Casel : Forward / 2215 / X-talk Off / New Spec #1 @Profile / 32 / General

Rx IBIS Model

Undefined : PAM4_tx v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
[typ] [Internal 1V]

Undefined : pam4_nx@[GC:Inf, PC:Inf] [typ] [Internal 1V]

Undefined : PAM4_tx_v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
[typ] [Internal 1V]

Undefined : pam4_nx@[GC:Inf, PC:Inf] [typ] [Internal 1V]

000 1000 2000 3000 4000 5000 6000 7000 8000 %0.00
Time [ps]

16000

0.00 10.00 2000 3000 4000 50.00 60.00 70.00 80.00  90.00
Time [ps]

====zz=z=z========z== AMI sefting ================z== ================== AM| setting ==================
BER Eye density @ BER Eye density B
0000 0000
2000 2000 > W
4000 4000 ’ \ = \\r X
ano [TTTTTTHS o i arn [T e = B =
Ersooc o E 5000 \ 2 >\.‘°-€w.-?-%
B 0000 —— BER COF i B 1000 —— BER COF 3 — . o ‘2 ° 2 "
12000 i 12000 - -~
14000 14000 - -
16000

[Point mask] Width:7.2ps, Height:40.4 mv

[User Mask] Width:7.20 ps (+3.36 ps), Height:40.43 mV (+13.92 mV), Result: Pass

[Point mask] Width:14.6ps, Height:137.1 mv

[User Mask] Width:14.56 ps (+7.04 ps), Height:137.10 mV (+55.88 mV), Result: Pass

XtalkE HtH

5t eye Z1t

XtalkE StESIX| %2 eye 21t
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Xtalk test: ACVS S-Tools => S-Designer, S-Correction

< PSNEXT2t PSFEXTZ} -30dB O|SI L eye sS4 Zt

Tx IBIS Model

Casel : Forward / 2215 / X-talk On / New Spec #1 / 32 / General

Rx IBIS Model

Tx IBIS Model

Casel : Forward / 2215 / X-talk Off / New Spec #1 @Profile / 32 / General

Rx IBIS Model

Undefined : PAM4_tx_v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
[typ] [Internal 1V]

Undefined : pam4_x@[GC:Inf, PC:Inf] [typ] [Internal 1V]

Undefined : PAM4_tx_v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
[typ] [Internal 1V]

Undefined : pam4_x@[GC:Inf, PC:Inf] [typ] [Internal 1V]

000 1000 2000 3000 4000 5000 6000 70.00 8000  90.00

Time [ps]

000 10.00 2000 3000 4000 50.00 60.00 70.00  80.00 90.00
Time [ps]

================== AM| Setting ================== ================== AM| setting ==================
BER Eye density & BER Eye density @

0000 0000
2000 & 2000

4000 4000 °

f— o .

6000 == g a oo [T a

E 8000 / z E 8000 / z

N 8 o 3 o

Erm.om: —BERCF J « ﬂrmmo = BER CDF J -
12000 12000
14000 14000
16000 16000

[Point mask] Width:10.9ps, Height:80.1 mv

[User Mask] Width:10.88 ps (+5.28 ps), Height:80.06 mV (+22.13 mV), Result: Pass

[Point mask] Width:12.6ps, Height:103.6 mv

[User Mask] Width:12.64 ps (+6.08 ps), Height:103.59 mV (+34.42 mV), Result: Pass

XtalkE 2t

St eye ZADt

XtalkE ZFEOHX| 2 eye 21t
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W 2. AlE20|M S5 SPGTI & :

Xtalk test: ACVS S-Tools => S-Designer, S-Correction

# PSNEXT2} PSFEXTZ} -40dB O|8tL M eye 84 Z

a

Tx IBIS Model

Casel : Forward / 2215 / X-talk On / New Spec #1 / 32 / General

Rx IBIS Model

Casel : Forward / 2215 / X-talk Off / New Spec #1 @Profile / 32 / General

Tx IBIS Model

Rx IBIS Model

Undefined : PAM4_tx v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
[typ] [Internal 1V]

Undefined : pam4_rx@[GC:Inf, PC:Inf] [typ] [Internal 1V]

Undefined : PAM4_tx_v1@[PU_Z:50.00, PD_Z:50.00, RT:--ns, FT:--ns]
[typ] [Internal 1V]

Undefined : pam4_x@[GC:Inf, PC:Inf] [typ] [Internal 1V]

000 1000 2000 3000 4000 5000 6000 7000 8000 90.00
Time [ps]

000 1000 2000 3000 4000 5000 6000 7000 8000 90.00
Time [ps]

================== AM| sett]ng ================== ================== AM| Setting ==================
BER Eye density @ BER Eye density &
0000 0000
2000 2000
4000 4000
E 6000 6000 T e
8000 v/ A E 8000 = .
80000 —— BER CDF i 5 B om0 [ ——BER COF f ]
-12.000 -12.000
14000 14000
16000 16,000

[Point mask] Width:16.2ps, Height:175.7 mv

[User Mask] Width:16.16 ps (+7.84 ps), Height:175.73 mV (+76.94 mV), Result: Pass

[User Mask] Width:16.16 ps (+7.84 ps), Height:180.72 mV (+82.01 mV), Result: Pass

[Point mask] Width:16.2ps, Height:180.7 mv

XtalkE gt

=

ot eye A1}

XtalkE BtESHX| B2 eye
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B 2. AISZ0|M E5 SPGTI M :

Next Generation Advanced Ch. Trends :

Signal : Ansys AEDTEIectro—ThermaI—Mechanical

~

Power :

Ground :

Thermal :

Displacement
[meters]

Max 0.000014

.mg Displacement

0.000010
-~ 0.000009

- 0.000007
0.000006
l= 0.000004
e 0.000003
' 0.000001

0.000000

Min- 0.000000
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W 2 AS30[M S5t SPGTI MA :

How to Simulate Low Voltage, High Power 2000 Amps to a Dynamic Digital Load

7 _ AVmax Ripple i L 7 D X Vin X 5%
arget AlMax Transient Load D X lin_max X 50%
J|& Targe impedance P=VinXlin = DVip X ljm 2 Vin
D - D 'lm max >< 10%
the ideal DC-DC converter equation (D X Vin )2 10%
Pmax

« 1A= Power Integrity (PI) £HE Il Power Delivery Network (PDN)
Ol Electromagnetic (EM) simulation0] & == D(the duty cycle of the DC-DC regulator)
11248t Targe impedance
o MFIF =AM =&8AZ EH I 2HES0 et MSEQI rules-of-thumb
1t data sheet examples@t 2 2= [ 0| & S20HAl 23 Target Impedance vs. DC-DC Step Dawn Vout

e 2000 A2l &FJ} 100002 PCB PDN=S =1t
Watts (W)2| 8 &40 &M

Qﬂ
2
[N
o
o
3
<
10
)
o
=
o
©
=
=
o
o

100m

Al/Chiplets
1600 W

« 2000A transient load stepper2 &€ ZFE 2tX|6}D]
cooling)2 otk 2= &2 =] 766 &

e ET Al2dI0I& S8t 0 8T8 BHOHAMN E&ES cooling solutionsS Z &6}
1) CHeFst thermal management strateg|es°| So BOIF 2

Vout (V)
S Figure 2. A plot showing how target impedance decreases with the output voltage of a DC-DC requlator for a_given

application where the power is held constant As the output voltage drops the current increases proportionally, but
target impedance decreases exy
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H 2 AIE80|M S5t SPGTI M
PCB Layout and Thermal Design for High Density Modular Power Systems

Figure 1: In this test board from Vicor, a PRM™ regulator and two VTM™ current
multipliers mounted on a high-density PCB supply power to a load module that simulates
a high-performance computing processor. In operation, a cold plate or heat sink would be

mounted over the VTMs and load module, and another heat sink would be mounted on

the PRM.
- NMSHOZ PCB= 25 &% 2 Hid HEHOZ FHIEULLEH Vds Z2RE N Al Z2MMHL 22 UL 7
ol = PCB dl0|0t=20] ¥ =0l OIXl= S&0| I 2
« Voltage-regulation 7 AF&t I} DS B2 transient slew rates= QIGH A|AE! L2 2= M2 A6 L M =42 4
s 283&o g2 013
]
42

https://www.signalintegrityjournal.com/articles/2597—pcb-layout—and-thermal-design—for—high—density—modular—-power—systems
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B 2. A|S0|M E5t SPGTI M :

PCB Layout and Thermal Design for High Density Modular Power Systems

Figure 2. Conduction to and through the PCB is an important part of high-density thermal
management, and requires the use of equivalent circuits to determine the most effective
thermal paths (a), (b). Good thermal design optimizes both conduction and convection
heat transfer modes (c).
« N AAE EH0A € 222 S2E= € 2 §80A =8 S)|lz 28822 85 Mg

}

rr

P\

oli

3

ol

AMHE 2882 & MTHMIZ 86t flof £ =D HAHSFH PCBOI T
X Ol

* Thermalmodel2 22 WE &AM = &=ot= e ¥ 2 impedance pathsE A Z0tH, 0| 2 Soll & Hl Al
el HE &E LU Thermal viaE AIE0HH € 2= B S S 2 UsHeE &= USB

https://www.signalintegrityjournal.com/articles/2597—pcb-layout—and-thermal-design—for—high—density—modular—-power—systems
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B 2 AS80|M E5t SPGTI MA :

PCB Layout and Thermal Design for High Density Modular Power Systems

ki \ u/

p
!! T

e ©

iCopper weight in ounces{Thickness in mm [mils]  |mQ/square at 25°C
0.5 0.02 [0.7] 1.0

1 0.04 [1.4] 0.5

2 0.07 [2.8] 0.25

........

Figure 3. Impedances in the discrete components of the PDN between a voltage regulator

and the CPU load, particularly at high frequencies and large load steps, can seriously

impact the effectiveness of a power design. Dielectric thickness in milginductance

3.1 [100pH

[pH/mil
B2

Figure 4. The squares methods of estimating power piane resistance and inductance.

o NUT HFEE M A|ABINAMPCBLHSIPDN R I EHA= R SRt =& Y
o NS ZFEE AMAEO0A PDN2 Voltage-regulation = 1t CPU LR 2| AIA X &E AOIHl (e A2 #4
e 1000A Ol&tol 1) M= TZNAME EHE [H= layer &=, Power & GND layer &4, /22| &H S E &St PCB

stackup and floor plan= AI& Ol E2|6t= X0l S

https://www.signalintegrityjournal.com/articles/2597—pcb-layout—and-thermal-design—for—high—density—modular—-power—systems
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B 2 AS80|M E5t SPGTI MA :
PCB Layout and Thermal Design for High Density Modular Power Systems

L w § «—fl W
=3 o Jg om | me
- \ { v oy )

- ~ N

e :' ( ‘ (3] @]
.i R B
g SRE ' @'
55 4 ojo
ke i
¥ & b
,q.(\ I)'o- @ Q

-i-

Figure 6. Parasitic capacitance in a PCB is a function of the area shared by two planes, the Figure 7. Capacitor selection and via placement are critical for achieving low-impedance
distance between those planes and the nominal dielectric constant of the material. filtering of high-frequency switching noise.

o NUE M A[AEIZ2 )11} Switching noiseE Z EH & 01| floll & S6tH &1 8=l Decoupling capacitor )t 2 2

« S 2ESR Y HEHEG| =2 self-resonant frequencyE 2= capacitorJt = 2 0t 4, capacitor 8t AHXI2CH 0l 8t S 40|
Hsg=US

e S2ESRY ESLE £ AGH)| RIol AE inductor & HI|6IS A capacitorE 112iotd, 3 L HI0I2 M =SEHHIXIE
S ofl loop inductanceE %[ A~ 3toll OF &

https://www.signalintegrityjournal.com/articles/2597—pcb-layout—and-thermal-design—for—high—density—modular—-power—systems
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B 2. A|S0|M E5t SPGTI M :

PCB Layout and Thermal Design for High Density Modular Power Systems

Current

a plating
y copper, typically 1.7p0-cm {0.67p0-In)
ty of plaed coppes can be higher then pure Copper, consult with peb veni

Figure 5. Via resistance can be estimated with simple geometry-based rules-of-thumb. Figure 8. Appropriate capacitor selection and placement using high-performing via
arrangement makes 1000A load steps at 10,000A/us possible.

« Q=Y advanced processors= Z228I0| SIiole 87 == & M HatE @F A& C =z Qo DA&s &
g 2 A= PON 4= =2&st BHH

e Z UPDNAEAHE et 2a BEH U F=H Iz, N2 235 M€ D UK J|=0] 25

° _JIK_D-II

2l 2 X 0l BH XI = Decoupling capacitor= ripple2 & 2~ Al 9|

aly

11, Ct2 capacitor = £ 6t = PDN2 £ 2 £ Decoupling &

https://www.signalintegrityjournal.com/articles/2597—pcb-layout—and-thermal-design—for—high—density—modular—-power—systems
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B 3-1: A Novel ThermoFlow Uniformizer Applied Immersion Cooling System (TFU-ICS)
for Highly-Dense Multi-GPU-HBM Based Compute Module for Al Supercomputer

« Al vHAFHE= =8 712 GPUZ &N, Al GatEe| 712 8 4H| 7t 424 2471 4
=Ig=

% TFU(ThermoFlow Uniformizer) #+£&

o
i
0
s
40
>
4
1
of
fe)
oz
1M
[0
oy
ot
ot
F]

%ol Wzt Axol
S

Fluid flow

¢ A & A& & & @ i 4 A e e——————————————mmmm———————
, — 1
v I Coolant outlet ! t $ 4
/ i
7 ] | [Tttt
, 1
Rack / é 3 ! t f
WRRERENRERRYE, O | Tt E 2 Fluid \"h‘:l\n\.*f :
R U i justing the area of coolant flow
S V7 . 3 Boosiing thefee sreamvelocty
TN L S
\ ! = =
\ ; 3 :
v : 5 i
\ P ' E :
\ { = i
\\ PR Ty T el : Coolant inlet™ ™ ™====-____ H
YA 4 1 T :
HENE N

=)

\ Cooling performance) o G TaLe) i = v Obstacle of coolant flow ;
\\ (Power consumption), (Power density) \ > Boosting the velocity within boundary layer |
Top view Cross-sectionalview . TTTTTTIITTmmm I e .
*Proposed compute tray = 2 Compute module + 1 ThermoFlow uniformizer
[TFU-ICS Al supercomputer 7 X] [RH 25 MO 2]
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B 3-1: A Novel ThermoFlow Uniformizer Applied Immersion Cooling System (TFU-ICS)

for Highly-Dense Multi-GPU-HBM Based Compute Module for Al Supercomputer

wi/o TFU (only ICS)

w/ 1-stage TFU

w/ proposed 2-stage TFU

85
||
- == sy TFUEZA XN Y2 8 22 &
5 —60 == o =
2 IHsEHH, DYUE FE X
© 1 ’ l-i- -
1 B H B HE OHENO2 & M2 Jhs
1 & i -
= EL___ISE o [ iy - 1
.-10 =
GPULINk routing case A | i
1 R e 1
Interposer ! 3 ,
| 1
| 1
| 1
| |
| 1
Routing on " Routing on : Routing on
v Interposer M1 & M8 : v Interposer M1 & M9 (trace crossing) ! v Interposer M1
Y PKG M1 : v PKG M1 & M3 (trace crossing)
i @ operating temp. : B @ operating temp. : - @ operating temp.
X | . | s
: 024 i 15.8ps : 0.2 Lo 11.6 ps =
. e T T T S _— (58.0 % of 1 Ul) H H
= S 01 FE e et e IS 011 e Equalization 10| = S XA
O ) H— e - _— ) ™ - ~ - -
oop = = oo e Ol Fye HPE S3f B &
3. :;6.01_;::%; TS |13 0.1 --,Aﬁ _
R - — — s R T 2 IJts
o 1029 | (067 %ofvDD) | ! 02T T (3.40 % of VDD)
0.3+ . . . |1 .03 — . 1 03 —i ;
0 10 20 30 401 0 10 20 30 401 0 10 20 30 40
Time [psec] ! Time [psec] ! Time [psec]

* Eye mask specification: 1) Eye-height: 15 mV, 2) Eye-width: 0.3 Ul
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B 3-2: Fast Design and Simulation of Photonic Computing Chip with Chiplet based
Heterogeneous Integration

* Al RY QHTE FEHYRY, B 22)/QEHUEE HTIHOZ A0 BS B0 WM

o B 7\U QM 4 HY TXE B8

of
2.5D Heterogeneous Integration

High Amplitude Amorphous High Amplitude High Amplimude Crystallue Low Amplitude

[OFDIEIX AIAES REE]

Optical Interface
: Side View

s

1 i i

i - vy [

i ¥ ]

i I

' m !

1 "

: Fiber array asassses gn S8 | :

: [ Sinerposer VNN

Si Interposer : ROLI |
\, 1 ]

] ]

: ;

Substrate

---------------- SracacacSEaracacac =i

Substrate

[OFJI8H AIAE A K]
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B 3-2: Fast Design and Simulation of Photonic Computing Chip with Chiplet based
Heterogeneous Integration

Probel Probe2 Probe3

Npaeoe Kwedt pewte
Eye Diagram Eye Diagram Eye Diagram

P S — — — y an
o4 ) \/ : /\/ :

01

Veltage(v)
i
g
oltage(v)

) Ve et s
FXe o
‘ ITL o 052 ke
03 a—) —d % o an
f i 32 apt
M 2 U s
0% ; -
° 2 w 7 100 125 150160 o D

[12.5Gbps serdes simulation topology and result]

Current Density(A/mmA2)
Voltage Drop

1130
8'3 mv VST TR LA DR DAY -
' 1000
VAV DYDY e
6 mv 800
' 600
400
200 -
0
mmmm 100 um s 100 UM

[0.9V Power region and PI-DC simulation result]
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B 3-3: Chip-On-Board & Modified-SAP Design for the 100G PAM4 & Bevond Active
Cable & Optical Transceivers

< 800G H|O|E M&= ?lofl Z|atho| AlZF X[Hiar M 4B S5 4= 0|58 7|20 28

< Package®} interposer’t 22 QIEE dieE A2 253t SI EHE 2510 S|E AIE AT

dieO| HE5I0] B E 2HE 2=t
Host side: RX1-RX6 PCB: Megtron7, Dk:3.3, Df:0.0015@1GHz

RX5 RX3

o Die cast_upper_ZAMAK3
7

RX6
-~ Die cast_Heat-sink_AL, 180W /m*K
A RX4

—— THERMAL

PAD_DSP_14%14%1.66MM
Sl RX2

DSP_12%12%(2.34)MM

= Diw cant_ofhom ZAMAK Line Side: TX1-TX3; RX6-RX8

P P P
0.8w

[T I Silicon a.0ow
CEETCIT M Silicon 0.02w

U14(DC-DC) Silicon 0.01W
UB(DSP Silicon 9TW
Silicon 0.5W

Prolimatech PK-3

uscy) |

Thermal conductivity 11.2W/{m.k)
housmcose LIS Thermal canductity 11330
ZAMAK3 Thermal conductivity 113.3W/(m.k)

TX2 TX1 TX3 RX8
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B 3-3: Chip-On-Board & Modified-SAP Design for the 100G PAM4 & Bevond Active
Cable & Optical Transceivers

o o . 112G Paddle Card with KGD(Known Good Die) vs PKG
VR /7\? -

<000 A "‘T‘\ \ ',\‘ :.'4@":\-"!.“\..'

e P

g A :,,,:,;;',‘\0'{1,;@,;?"‘? i\ W; W J\ |

| - 1 Al A 'd |

| il Mg,;\"’ ‘,’J, i i
| R ; .

.00 10.00 20,00 i~ .00 40.00 50.00 <0000 0.00 2000 R 3m 4000 ax

KGD IL vs PKG IL

KGD RL vs PKG RL

Simulation KGD vs PKG(Line Side)

0007

T T 000t | — G
| — | ‘
' = e Z ‘

. B | N

L4A)

o R

200 | VT
= | ) 'r"

inn-i \y \

|.nni
00t T

Lo 10.00 W B 000 5000
Freq [GHe]
KGD IL vs PKGIL

Thermal Dissipation Simulation with
ROt BLAs ERGRI, Thermal Paste and Copper Plate
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B 3-4: Development of a co-packaged Application Specific IC with direct drive optical
engine chiplets

< Al HW BAMSHFLOPS)2 M E|DOoLE R & CIHAHUE Y=2 S & 27X ol
AN A|AE OF7|ElN Mzto| 2ot

a

*

< ASICI} :'5* I 212 StLEQ| substrate 2|0l Co-packagingdtd SI, Power Efficiency, LatencyS 7415}
1, A8 Y AIHAHEE & A

ODIN-AOE

Engine Substrate A e
Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth ___ — =sssssssssseem RN AN LGA Socket

1000000-] HW FLOPS:  60000x / 20 yrs (3.0x/2yrs) L 3
DRAM BW: 100x / 20 yrs (1.6x/2yrs) ¢ ® TPUVA Host-PCB
0o Interconnect BW: 30x / 20 yrs (1.4x/2yrs)
c
5 10000 [ Typical Optial Enging Copacking Application]
o
L ]

b HW FLOPS
T o © HBM2E
.g 100~ Itanium 2 - DRAM ‘o e = e
E GDDR4 Ll MVLink 4.0
E R1 GDW NVLink 1.0 hole=0
L N e PCle 2.0 ele3
§ Pentium Il Xeon pcte 1.0a Interconnect BW

0'0]1995 " 1999 ' 2002 ' 2005 = 2008 ' E‘ R20r11 " Ta0a T 20170 2020 0 2023 Co-packaging

YEA
Amir Gholami, UC Berkeley, https://qgithub.com/amirgholami/ai_and_memory_wall Year Substrate
[Interconnect bandwidth vs Compute HW FLOPS ] [CPO substrate with 8x OEs]
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B 3-4: Development of a co-packaged Application Specific IC with direct drive optical
engine chiplets

< Full link simulation2 &3l Retimer §/0|= 112G PAM4 X &0| I X ¢

‘Q % PRBS31Q BER (Odin®8P-ELS direct fiber loopback)
. . ; 1E-6

Optical

Eng ine Odin"EP-EL5
RF Line Optical iy
— To PIC Engine '
[T [T [T [T [TL6A Socket & |
LGA Socket & A8 * — P 5
@ ° o *? ? °
1E-9 ® VL . . *e
ASIC RF Line ° Vs
e To LGA Implemented as an 1E-10 .
analog LTI model
1E-11
0 5 10 15 20 25 30
ASIC SerDes Port Number
' ' ! ! ! [BER Test 2]

3 3
1074 ; = 800G Pluggable Module with 0din"8P-ILS Version Odin*8P-ELS Version
F 7.860-06 3 5nm DSP Retimer (this paper) (this paper)

Consumption Efficiency Consumption Efficiency  Consumption Efficiency

g oF o 1 e W (p3/bit] Wl Ei W] (p3/bit]
s [ ; 4.480-08 . T
E 1.33e-08 E Optical Engine 3.6 4.5 2.25 2.81
T 3 ELSFP Laser 0875 1.09
1010 5 E OE + Laser Total 3.125 3.9
overall 14 17.5 3.6 45 3.125 3.9
10712 E ]
oo
[BER for different electrical channel loss] [Power Efficiency Comparison]
]
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B 3-4: Development of a co-packaged Application Specific IC with direct drive optical

engine chiplets

% 200GE T™& A|, SerDes 22 Fx7t 7t% OHX| 28X

% UCle (Slow-Wide I/F)= ASIC HA Hofof| = S2|5lLt, X|AS Tt

ASCI w/7.2T SerDes
I/F

0 OE
7.2T 7.2T
2T/mm 2T/mm

ASIC w/7.2T UCIe
Adv Pck I/F

[200G Electrical Interface comparsion]

Energy Utilization [pJ/b]

Comparisons of Next Gen Scale Up 8x 200G Local Compute Links

10 15 2.0 25 3.0 :
Bandwidth Edge Density (Tx plus Rx BW) [Tbs/mm]

00 Retimed ¥  1600G-OSFP-DR8-Fully-Retimed
¥ 1600G-OSFP-DRB-Tx-Retimed (a.k.a. RTLR, TRO, LRO)
17.5 - ¥ 1600G-0OSFP-DRE8-Non-Retimed (a.k.a. LPO)
¥ 1600G-0OSFP-Cu-Link-3.0m-D5SP
¥ 1600G-0SFP-Cu-Link-1.5m-passive
158 B 1600G-On-Board-Cu-Link-3.0m-DSP
B 1600G-On-Board-Cu-Link-1.5m-passive
125 | Txretimed _ SerDes-100G-4-row-(16-lane)
AEC {  SerDes-200G-2-row-(8-lane)
+ ¢ SerDes-200G-4-row-(8-lane)
10.0 i i - - -
7.5 4 - !
Non-retimed SerDes alnhe \
5.0 - * =
b +
35 Hyperscaler Scale Up Target Region (CPO)
Energy Utilization = 5 pl/b
Bandwidth Edge Density 2-4Tbs/mm
Passive
004 ¥ : :
0.0 0.5 as 4.0
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B 3-5: Modeling and Parameter Extraction of 224G PCB Under Variable Temperature
and Research on The Influence of Temperature on Sl

< EZ o950 HO|H £Eo| ETCZ AL ME AH|7F ZOrX|L PCB 227 A8 =0ty
o 227 =00 Wef PCB &L &40 A HoIH, Ol MSHZ9 YU[EHALL 245 Bl
A7 A AH OrRI0| Zagt
Al Compute Architecture Example
l L eyORETem | Copper foilof| IHE roughness

m— Ethernet

s ACC loCal (NVLink)
= Acc remote (InfiniBand)
m— NMemory I/F (CXL/PCie)
. HBM I/F (Very wide I/F)

Back-e:\f; (;omputn e L0Cal connection (D2D)

Insertion loss of die to die < 40dB@56GHz

susohig e 1m Cable+2xConn e;\\ pod sirinb . . .

e “ i T cain Copper foil roughnessOf| [[t2 insertion loss

T ~ T T
P i
3.6" PCR Trace " 3.6" PCB Trace E \-%\\ ———  rough=1.000
g 0] it rough=1.500
224Gbps-PAMA End-to-End Loss: ~40 dB @ 56GHz b o rough=2.000
TPD-TP5 Loss: 2BdB % 15—

B rough=2.500

Thermal plateE O| &%t PCB 2=0f & J¥ ZH =t

LBLANL I L Y LA LA L L
10 20 30 4 50 [} 70

freg, GHz
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B 3-5: Modeling and Parameter Extraction of 224G PCB Under Variable Temperature
and Research on The Influence of Temperature on Sl

< Zt 2Z 2] insertion loss2t phase ZEZE 0| &3}10] Dk, DFE ==&
» Megtron9, HVLP4 copper foil, special brown oxide treatment

250 E 2t 80]0{ 2] Insertion loss
Loss @53.125GHz (dB/in)
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4 Saa | i Ll 0000895
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~ ° ] E M
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L7 -0.957 -1.11 -1.174 -1.213 -1.254 " 318 30 st or_ el o J—
L9 1014 108  -1.149  -1204  -1.246 316 e = oo ] TR
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= =) St o 3.12—_ 150 realer sl  ——— ]
Z=0 2 2 2 0[02] Skew X 3104e, b [ [ —
| Skew(ps) | 30°c | 60°c | 90°c | 120°C | 150°C | 3.08| - —_——— ] 79 tma e
04348 02628 0.5247 05229 05112 3.06] a 60, tand_final
01615 02699 02745 02962  0.2802 2 06] Ll
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H 3-6 : Study of TDR impedance and loss based on modified Cannonball huray roughness

model on a 1.6Tbps optical module PCB

= ME=MZH A TDR 7|8 o EHA B XM

—— 1=

> 1.6T Z2= AL, DSP > Optical ZZ0|A 130
- 3dB Bandwidth > 70~100 GHz 4l= 2Z

- DJordJewc—Sarkar(D—S) 2

=
C}Ol 7<_|./\I'|O U -” HO:| |_X |-_'—
>>Ehe FhateHo 2 ®HN Y o= 7ts
100
5 4
20
(=]
T 85
=
80 [ \/\,W\/‘/\—\—/\/\/./\/\/\/\IV\/\/\/\/
75 == TOR measurement
~— Dkz Core 3.66 PP 3.59
= Dkxy Core 4.07 PP 4 05
—— Dkz Core 3,656 PP 3. 59 Dkr 3.08
10 T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000
Time/ps

[ The impedance test curve of a stripline]

Gbaud/s O| At @
e =9

3.20 1

Re(Er(f))
w
-
w

Bit Rate/
(Gbits™
1 2001

1.6 T@PM-16QAM

20 % M‘O GRPM-QPSK
......
00 g
- 3 0 1 A
400 GOPS-QP!
1.2 T@PM-64QAM 3 nm DSP
800 G@PM-16QAM
400 GOPS-QPSK
800 GOPM-160AM 3 "M DSP
400 - 400 GOPS-320AM
DSP

300 Camm-ara
P

2.0 x, 16 nm
LS 200 GE@PM-16QAM
100 [~ 28 nm DsP
100 G@PM-QPSK
64 nm DSP
; ; —t : : —
2012 2015 2018 2020 2023 2026 2030 ¢
DSP: Digital Signal Processing PM: Polarization Multiplexing  PS: Probability Shaping
QAM: Quadrature Amplitude Modulation QPSK: Quadrature Phase Shift Keying
[ZTE.2023]

[Evolution process of DAC/ADC Signal Baud Rate]

Real Part of Er(f) vs Frequency

— Re(Er(f)) Set 0
— Re(Er(f)) Set 1

Set 0 : 59GHz
Set1 : 14GHz

3.16
3.14
3.12 4
10° 10° 107 10° 10* 1083 10%
freq/Hz

[Simulated D-S models]
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H 3-6 : Study of TDR impedance and loss based on modified Cannonball huray

roughness model on a 1.6Tbps optical module PCB — ——
HE7| 22 : Cannonball-Huray 7§ g Y i v
. "".'\\_ R: 2 ym v ’\\‘&9;2,”/
> ME A0 Z=Q0le THAHAT|(R S| o1& ;
3
V\MW \
> MEA AEI| EHRUVCE TH 24 05817|7t 0] e YOV VNV
- Sdr (Developed Interfacial Area Ratio) ’—.‘78 oz P UF Ths s
[Contact and non—contact measurements of the
Sdr 7|8t EHo 2 &4 oS St roughness Rz parameter]
))’;’) A I P PP P P
Sdr=75.75% Sdr=34.586%
—> Sdr0| =248 EH HE I Bt
[Cannonball model at different Sdr values] [Surface morphology (magnification factor of 5000X)]
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B 3-7 : The Influence of Copper Crystal Structure on Signal Integrity

PCB transmission loss
> Total transmssion lossE Z0|7| 3fA{= Conductor loss& & 0 Ofgt

» Conductor loss 0| = DC loss2t AC lossZ L&
- DC Loss : 2| ™A CHHAG| 2 &4
- AC Loss : Skin effect2 QIst &4

Transmission loss (o)

Dielectric loss (o) Conductor loss Radiation loss (o Leakage loss (o
Gr=ag + 0 + A + 0 | (etc) (orR) g (o)

aT:Transmission IOSS DC loss AC loss

ap: dielectric loss , |
ac: conductor loss , DC resistance

o radiation loss , | I
: | | | |
o : and leakage loss

Etching Crystallographic
morphology orientations
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B 3-7 : The Influence of Copper Crystal Structure on Signal Integrity

> TElo 230 Ml FASEe £4 0| HatE

> Etching2 2738 #+20f w2} Cr2A T4 E

Effect of crystal structure on etching
morpholoqgy of copper

7

(=]
i

160.0 1800 2000

N
\\3

NN
N

(¢)

N

N

* Protection layer

1 IElecrtfn.)pla\ted Cu 4 -
nterface
5 P s 4 Cu substrate ’
ZAR vl 76 ‘kﬁhﬁ m “““’—‘ 001 101
H’I'E(ZZO) MP(ZZO) VLP-C(ZOO) VLP-F(l 1) ? SR 2, 8 um
Surf. Coat. Technol. 2020, 386, 125471

Current density (mA/cm’)
= o

N\

N
N

\\

Corros. Sci. 2013, 74, 223-231.

—
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B 3-7 : The Influence of Copper Crystal Structure on Signal Integrity

] Ab
o

Zy 7% Y BB s

0%
FIII

> SEM % HE7|(Sdr, Rz) 24 Z1t, Annealing AZ2 2 HE 7| H3It QS
- B™FAXTt ERPOPHEPE HE AHEY|o Bot= OjO|g -> AC =4 2 M Z

> AX™ 31X HG0| 9|t Insertion Loss Y& 0-50 GHzO| A M 3HA

» 50-100 GHz O|&f ==of LHHOM 0| HZE 7580 =&

’ % 5 W a0 ’ :a‘ AR e
Ea %ﬁmﬁt 2 I R ' fERris
N \\‘\ bl \ |
45— A5 |
20— 20— | \
2 25 \\
PP TR RS e  R prha L S A - i '
& : + SRR . f":'» I I T T ! ! ! ! — "n I %W 5 % & ®» % 4 45 w0
Si e , N a3 a - ) § - ) ..r -: g 10 15 gl‘i 25 30 s 40 45 50 . h
Wt e O e | - BE T |
S R T AN S B S R = \\ sivoemnam | 3 \\\ ' m&%;m}
F{vléz-‘f‘ T R :_HV\/LP-.Z-’.Zb & Cae Ay 10 '“’—E S~ I
45 \\ 15— \ .
Surface morphologies of the samples of o \H ol . |
copper foils by SEM observations at 0° . | S 3 ey
25 i | I I L : \ '25_: T T
Copper ]
fg: RTF2-1 | RTF2-2 | HVLP2-1 | HVLP2-2 0 SR S S A S S ey s e MNP SN SR S A S Rt S AR AR A
Insertion Losses of RTF2 - 1 and RTF2 - 2 at a Frequency of 50 GHz with a Line Length
Sdr (%) | 11.476 | 10.981 | 10.945 | 11.358 of 16 Inches. The Line Widths and Spacings Are (a) 4.2/6.8, (b) 4.6/13.4, (c) 5.7/5.3, and
Rz (um) | 1.924 | 1.877 1.890 1.899 (d) 7.2/10.8 mil Respectively.
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B 3-8 : CAMM: The New Standard for Memory

RS2t DIMME AFEM 2L} 2023E = JEDECZ LGA(Land Grid Array) 2419] CAMMRE ZHEE
=2| 7oty IARE O] 7tsotil 4 2 o2 FHH|E| LR 2= &

7 7
0’0 0’0

CAMM Interface

11200 *lncomp.\unm
10400~ r’: 0NNOCor
sewo-| o= CAMM Shield (optional)
8800 —f
6000
7200- CAMM “Module”
e ::xs: CAMM CAMM
g e rvenl.eu smgs
E 3200 * CAMM Connector
2 ¢1<r}'\“ o
® ; .o ,/‘//
o = Motherboard (MB
0 Wt
g ] i o L
1666 P DDR4 DDR5 DDR6
1200 y 3 Bolster Plate
o] paiboRs
800 * D b

I | [ | l} T T T T T
2010 2011 2012 2013 2094 2015 2018 2017 2018 2019 2020 2021 2022 2023 2024 2025 2025 2027 2028 2029 20%
Year

Breakdown of DDR bit shipments by interface DIMM Interface
generations ~ historical (2015-2020) and forecast (2021-2026)
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B 3-8 : CAMM: The New Standard for Memory

«» JEDEC Standardization

» DC CAMMs

= Ground shields(PINK)

= Mounting holes for DDR5(BLUE)

= Mounting holes for LPDDR5(GREEN)

» SC CAMMs
= Ground shields(PINK)
. Mountmg holes for DDRS(BLUE)

> ~ - - - -
- - - - - - - - _ - - --~-<-------<---<—-----

LPCAMM

Ground pins instead of shields
Mounting holes for DDR5(BLUE)
Mounting holes for LPDDR5(GREEN)

cLGA XA
—

o
> Hol ] RS '—H—'T'—Oﬂ A &
>

o2 2RO M PCB HET

Qg sooiMmM U CAMM

cLGA® Signal Contact

b

Ground Shield

T A A g A AL A

Pag M — P p—
Ground Shield BEE
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B 3-9 : Innovative Interposer Solutions for HBM3/4: A path to 12.8Gbps

s Al/ML AEE SI7t2, DY E M Z2|(HBM)S &&= X 1/0 = 57t (HBM3->HBM4)
< 7| & Siinterposer A2 Cross talk ¥ IL X|St2 1 MES0| X<
Signal
. : . ! Gro:wd . . " . .
o [ Li/ens ool e GsG 7

[DIESiEeHZEN *X]

Write Mode

S.NO Parameters Write Mode [formula
a Si-Interposer Conventional
b Speed (Gbps) 8.4
¢ |1Ul(ps) 119.05
d PHY Tx Jitter (PS1), RJ, DCD) (ps) 17.67
2 e |Simulated EYE width in ADS (ps) 40.00
f Interposer induced jitter (ps) 79.05 c-e
S ) O g JEDEC min EYE spec (ps) 35.71
0 20 4 & 80 100 120 140 160 180 200 220 240 h Total margin available(ps) -13.38 c-d-f-g|
time, psec
5 Read Mode S.NO Parameters Read Mode JIE0IAI 0IE >TME ds
“M a Si-Interposer Conventional
S==— ) C b Speed (Gbps) 8.4
= ' ; ' ¢ |1Ul(ps) 119.05
0z ‘ d  |RxPathlitter (PSIJ, RJ, DCD) (ps) 56.93
01 A A R e Simulated EYE width in ADS (ps) 58.93
00— 8 t 5 C f Interposer induced jitter (ps) 60.12 c-e
WM g Min EYE (internal ) spec (ps) 11.00
= M D I h Total margin available(ps) -9.00 c-d-f-g

Lo e o (L L L )
0 20 40 60 80 100 120 140 160 180 200 220 240

time, psec

[8.4Gbps Conventional layout EYE]
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B 3-9 : Innovative Interposer Solutions for HBM3/4: A path to 12.8Gbps
< Novel Crosstalk Shielding T+Z& X2t (=&l/=E GND + stitching via)

< VTF(Voltage Transfer Function) 7|8t {2 &4 X[& A& - IL, PSXT, ICR

% |Sl, Crosstalk, Rise-Fall degradation2 £ Jitter &5l -> EYE closure &9l 24

05

GND Grid /

C=s

L3 S = 3
SR
g ,,,'1 ~ GND Stitching

R L A O O O ) O P 7 G [P T
0 20 40 60 80 100 120 140 160 180 200 220 24C

u | P via ‘02-'I‘I'I'I'I'I‘I‘I‘I'I'I' time, psec
GND Grid 0 20 40 60 80 100 120 140 160 180 200 220 240
Ground Signal Ground time, psec
IRl T o X A | [Conventional vs Novel Eye Hl 1]
| |

L3 e )\ //' | ‘

0 I il 4 l
s % ‘ ¥ — /.- /"'_/

i 1 = s
L1 | s ‘ s ol r ; |

‘ ‘ l j g):; Ground

stitching vias

[ Xl 2t5t= Novel Shielding X &E]
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B 3-10:

Innovative Layout Optimization Methodology and Via Routing Pattern to Enable

UCle 36Gbps in Organic Interposer (1/3)

GSG 7=

X H2lt ARAET X ,7:|'
> Organic Interposer= Via 37| ¥ trace =/7t4
> DOpO|A2 f= TE LY Via A

o=z QI8
EE ool M= A2l 710

— 2D+3D EM7|Hl S}O|E 2| E SI-P| XMt B E K| QF

3|z; I%%Eail%géﬁ s¢j
i mmma Iy
id ilaﬂaumh_

g|:uu[*,_\

[GSG Routing %

388.8um

**tttt:f§§siesss}

B iR

UCle x64 OI0|3E HIZ 4]

| GSG 228 I{E HE0| ({2
I Cross talk & UCI 11243 O] 2hA

VIA blocking the
signal trace path

Il

| Micro Bump
| closetoDIE
- edge .- s

Micro bump farthest
from DIE edge

[Innovative Via fanout and routing pattern]
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B 3-10 : Innovative Layout Optimization Methodology and Via Routing Pattern to Enable
UCle 36Gbps in Organic Interposer (2/3)

Via Fanout & Routing T & & A

> Vias= OF0[3 2 /= ALO|0f HX[3}0] A= &= (Signal Passage) 2t
> GSG 2280l 7tset ¢z 82 74

> RX/TX Al=& g0[0| |50 7k |3}

Micro Bump
close to DIE
X — edge ) DIE-0 DIE-1
% ‘| Signal passage -1 @\;e\a\a X
Signal passage -1 00 ,9\5\9

/

Y : y / 0
i Micro bump farthest / / ¥
/ / e} o
2 from DIE edge @’4//6 p z /92/7/5”/
¢ Micro Bump Signal passage -2 Q\_@/ [0}
l . thet = " R \
ayer assignments s B
Ay = g\%\@ o N v‘r%\'e\o

for every alternate T~ Signal passage -2

signal passage = / Signal passage -3 @)@
V/ o /7
" Miero bump farthest e/é//6 o ﬁf/y;,@

(5}
from DIE edge @/
Signal passage -4 000 0
Micro Bump @\ \
close to DIE R ~ \
ANNE= e0% 0
/ - \9

T edge T

| Signal passage -3

Signal passage-5 9 000
(0]
7
llllll / /
0d 0o a/s‘ )

" Micro bump farthest g
from DIE edge
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B 3-10 : Innovative Layout Optimization Methodology and Via Routing Pattern to Enable
UCle 36Gbps in Organic Interposer (3/3)

Via Fanout & Routing T & & A
> Viag2 Oi0|3 = = ALO|Of| HIX|SI0] 4= &= (Signal Passage) 2t
> GSG 2tR 80| sttt Mz &2 4

> RX/TX A= & 80]0] 2[5t 7hd %A} )

os

06

04

Micro

Bumps

......

EE @ O W W Uor
I N N N O N N . L1
H I N N E N O N . L2
I W N N O N e s . L ]
H I N N N O N N - L4 +d  vrr Lc;s;-\—"‘*~
I I N N P N N N . . 5 b _TX EUC|€3GGSDEC

Signals £
4 H HEN I NN b N N N - 3 1

..............

Rx

e VTF Loss (dB) VTF Crosstalk (dB)
Signals . .

VTF crosstalk
UCle 36G spec

12

20—rrrT

[Cross-sectional view of GSG inside micro bump field] | S S % Ris i "’ e M ‘i -

freq, GHz freq, GHz

— UCle 36G 7|& P&
— VTF Crosstalk : -40dB 0|38} SX|
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N 3-11

: PSIJ Based Integrated Power Integrity Design for HBM Using Reinforcement

Learning: Beyond the Target Impedance

< 1% /0 A|ABIO| A& PSlJ(Power Supply Noise Induced Jitter)7t HA| X|E{S| =8 €I210| &

’:’ 7|_7|:_
Mo Z a2t pSI) 7|8t A x| A3 2R

@ Huge transient current (1024 1/Os)
(:‘D Higher speed IO operation

= longer clock path problem ‘,‘ | ||'|_BT|'§'1_| R PSIJ 11
B S SO
I:I'qgl LI
FTRRIED o CII N

1024 1/O Channels @ Compact size and power efficiency

P/G plane

ll LT

@ Mo scaling dnwn af packaga technology

Slllcon Interposer

Reinforcement
Learning-based

oh

— M3IX & A M,
HOIEOARE

Cl24 B XI2 &A= 2o PSIJ

Design Guide

r

9| Target impedance 7|8t Pl 2A e == £F57| IfZ0 PDN+Channel+I/O DrivegE &¢&

0!59 Current

oise Current oise Current
patlern #2 pattern #3 ™

paltern #1
Power Distribution Network (PDN) F'DN |mp9dance
(De-cap Assignment) Z(f)
S -
®
- - 5
Tx circuits Jitter amplification
(/O driver stage and size) S [ ”
@ L m
r = N Psu
Channel Jitter sensitivity
(Dimension) H(f)
p
®
-
— Jitter tracking
R it =i
X circuits 8(F)

[PSIU & SEX]
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B 3-11: PSIJ Based Integrated Power Integrity Design for HBM Using Reinforcement
Learning: Beyond the Target Impedance

RL(Reinforcement Learning)% 2t823510 HBM I/O QIE{HO|AQ| PSUE %X|ASISIHAE M
H2 REHOE ABSI= & A ==

- PSI) 7+ 484 : PDN QI EA, 1/0 Driver Jitter L, RfE =40 2 Jitter B, Rx & Jitter
Tracking & &

1

9

1 T T 1y : LA et YA
83 N @05K episode | | ] = f 0 67MHz |- @ 0.5K episode
T 07| o7MHz, —— @15Kepisode | ! = —— @1.5K episode
= o6t 2  —— @50K episode : (\"‘7 —— @50K episode
s fp L SRR | S 42 MHz il
N 05 ; S o1} f3e MHz
= ~6:GHz = AN s
S 04 i : g AR
= : De-cap number ! Q
B 03| 42MHz! £
E  |30mHz £ ‘ * S
{ () — N
& LI 5 ‘% 001! \ s 16 B AL T o RN, 8
T 02} fAN\ o ¥ : g 3 - \\/‘_" [---- @0 5K episode i
2 N / \ \\ R W il = 145 ! | —— @ 1.5K episode | | 6
o —————— ! P4 [ | —— @ 50K episode -
o #8 E - 1.2 L { é
0.1 = - 0y 11 | O SN s 2
0.1 0.1 1 10 20 0.01 01 1 1020 5§ &
Frequency [GHz]A = o = Freayency [GHz] 8 o8 P g o) N ,..(.r 1
[Episode =01l I}2 PON QIEiA =4 & ol /) 1 |5 I AT
028 ; 14 g | il l g . ; ‘ :
« Low frequency range magnitude | @ wastfreq = 04t H # 1 A i 4t i ; i !
+ High frequency peak | SGHZ n bl i J J i
%‘ 02} s 0.2 / \ iaf N NG v j | 8t !
213 w:3.0u, £:2.5u, h:3.0u, ’ 7 NAY b A
g ol i o“ St —A/'\/\} i . .,
Z o5 S 0.01 01 1 10 20 6 1 2 @B & 5 @& 7 8
= T % m 3
= ’ \2.600/2.66u | £ 12 | wnogy v296, 551 ; Frequency [GHz] Time [ns]
c = CMOS size 1 — power = ‘( H o8 4
T gqf N 2.87u/2.89u g = w:2.27u, £2.4u, h:5.690n. R =
@ O g = [ZI X35 M/& X 2]
L. - 1
- £ 14 / 0/
= et \ = Channel width T - rop%fng t
‘loss constraint : < 6.0 dB__~ . \j’
0 . — 1
0.01 01 1 10 20 0.01 0.1 1 10 20
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B 3-12 : Off-Chip Design Method for Improving Signal Integrity in Multi Branch Parallel
interface of Non-Volatile Memory (1/2)

SSD(Solid State Drive)2| Architecture
> 1% SSD A|AHEIOM ZAIEZ 2|2 NAND ZF E 3 QEH I 0| A(1P-2P, 1P-4P) ALE S 7t
— HE| 2HX| £x0| AtstZ QIs) SI/PI 22X &4 -> Reflection, Cross Talk, Noise
> 1p-4pT=0| A Eye Margin 5 &
> 7|& HA2 branch 20| HE2 90:10~93.72 ZE3I0 stub2 %A=} St2{U K| 2t BEALELO| O] H 22X

u
BETEY Flash Flash | ...
Package 0 Package 1 ;
b H B h o
T oor P ry ry —
=L " Channel 0 R i
bl L :
Toggle, OnFi Controller | :
Fcle Controller » . j Fiash package 0
Channel 1 I | ackage 0
. - ; 1 Package 1
Flash Flash
Package 0 Package 1 . . ;
I : : .Junct:icn 0
Driver oDt Driver oDt [1P-1P, 1P-2P topology]
1P-4P " Branch 0 Lé‘ Branch 1 kE‘Branch 2-5
i i Package 0
Controller package 1
Channel D
Package 2 F-Chip : Frequency
boosting interface Chip
Package 3
CTT LTT PLLTT —/ ! P
(Center-Tapped Termination) (Low-Tapped Termination) (Power-Isolated LTT) Microstirp or stripline Junction @ Junction 1
in S50 PCB
[SSDS| Arichitecture] [1P-4P topology]
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B 3-12 : Off-Chip Design Method for Improving Signal Integrity in Multi Branch Parallel
interface of Non-Volatile Memory (2/2)

Voltage[V]

Voltage[V]

Proposed Method

>

>

RCB(Reflection-Controlled Branch) Method

- HEIX| Z0| H82 5050 S o2 XAEI0] HEAFDF ZEF A|ZF H|Of

Zotets 71H ODT XA 3t
4 3}stE +Virtual Environment + Simulation DB

4

a0

(=]
=

Eye margin [¥%UI]

(93
[=]

#4.8Gbps  2Gbps

778 782 80.0
746

732 738

63.8

43.1 434

376 39.3 381

329 321

B

a0 T0 G0 50 40 30 20

20 30 40 50 G0 70 a0

Conventional method (93:7)

RCB method(80:20)

RCB method(70:30)

RCB method (50:50)

@100p _@200p _@300p @400p
RCB method(90:10)

0.4 0.4
0.3 0.3
0.2 oL 2R
: 0.2= \
N
0.1 0.1
0 43.4%U1 0 &=
0.1: - . 0.17 = e N1
@0 @1309 @200p @300p @400 @0 @160;) @200p  @300p @400p @0 @1‘00p @200p @300p @400
time[s] time[s] time[s]

[1P-4P topology]

2Gbps0ll Al Eye Opening2
59%0I A 81% Ul

A
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B 3-13 : Navigating the Complexities of Silicon Interposer Design (1/4)

Ht= & OF7| &K (Architectural)2| X3}
> Past : Single Die 7|2t Ot7| &K

> Future : Advanced Packaging + Chiplet/Heterogenous Integration + Networking (Co-design &=

S 7ISER 2 £20tn 2 O12 3 LC AFBSH: WEoE A
1. Compute/Caore
2. Analog/SRAM
3. HEM, Memory
4. AlfAccelerator blocks
5. Advanced power delivery
solutions Heterogeneous
Chiplets across process nodes for best cost/PPA Pracess
ﬁ optimization ﬁ
. . Next gen power
ch;'ley {16 niiate dell\'e
Single Die, integrated Advanced Pa‘:kaging
Max Die Size 800mm? +
Sore e e Chiplet / Heterogeneous
Integration
ComputeDiearea  Smaller Chiplets stay +
ﬂ:s;nmdn-ﬁ within MFG/PKG limits Networking
Moore’s law still alive - delivered through Chiplet/Heterogenous Integration - Requires
Advanced Packaging and Chiplets Architecture, Packaging & Manufacturing Co-Design
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B 3-13 : Navigating the Complexities of Silicon Interposer Design (2/4)

Bandwidth = # of data signals * Speed of Signaling ¥ Lever 1: Change ubumpTi

i

Levers for optimizing across vectors: L _g:l i = pER R=l RS ;
Scaling ubump pitches L I = _'- e - =
Increase number of routing layers Z m O __.._ Jmom. ]
Scale routing layer density /"-[:l .:}F’. G}""E

*
Lever 2: # layers

Metal thickness of routing layers Ground Signals

Shields
Details of Routing Channel #1

Dielectric thickness

D b0 l anaac< in i .Lﬂ‘l._- OTrnnNcor
: Al LS ARIRLE

=2 S| X
» Crosstalk, Insertion Loss, Eye
,_ : Margin X{5}
IrlleDrig:%ser ~ & ) - > Routhing pitch, X{'2 Z 0|, Tx/Rx
pich y =48, GND 80| & Bt

Training

# of Route
Layers
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B 3-13 : Navigating the Complexities of Silicon Interposer Design (3/4)

3-step simulation approach
> Multi-block flowZ HBM & 1k Mg O|¢} CHEZ X HE ==
> 64 30 B &4

Interposer Channel: SI/Pl Simulation Strategy

Solution space
exploration

Optimize
Solution

=
l Fast simulation ] l I Long runtimes '
 GEEEETR High accuracy

Goals

2D Channel 7 2D Channel I 3D Channel
Madel I Maodel Model |

Linear Tx Model l Circuit Tx Model I Circuit Tx Model
Simple Rx Mode! I 8IS Rx Model I IBIS Rx Model

| |
I Mixed-Mode I 3D EM Tool
l Simulations '

Mixed-Mode
I ' Simulations
| |
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B 3-13 : Navigating the Complexities of Silicon Interposer Design (4/4)

da =/4t2 1bA| 8L Oj2f e
SZ4% 2flojorR0fl CHl Si/pl R FEI AT AlZt St
A, go|ofR-2H Mot £ ZX

=
I _I_'_ I [ —

P I
Hybrid Solver + Al 7|8t Xt53t S & EHR

m

YV VYV

* ODM and CM Design
Reviews

*Limited SIPl Resources

Not all nets are extracted or closely
reviewed for S|

* Manual steps and
consumes SIPI
resources for repetitive

* Coupling/Noise between PDN and

3| interfacks i idantiiod later inthie 155KS.

design cycle. (during EMI/EMC lab
testing)

* Translation runtimes
and scale limit the ability
of the SIPI team to
validate changes and

i HOW'S iT GOING, |=gee
OLD TIMER 7

* Increased design risk (simple Si
issues may lead to a board re-spin or
Sl performance inconsistency, etc. )

Layout Database
[ Trorsoon |
EM Solver |
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H 3-14 : Beyond 200G Challenges Towards 400G Systems: Investigating OIF and IEEE

compliant Channel Design with COM-MLSE Equalization. Implementation,

Measurement and Correlation. (1)

L

Dala | | Analog
Data in —. FFE DAC  Lpilriver
F‘ | outeut /
TX
uP + DSP [
Controls Coefficients

'Analog\ | cne |

—

| mpu( 7 VGA
L

DFE ——»

\ slicers | para ot

+Data P

Dec |

‘»{ MLSD

—p Data Out
J

Y ‘ Y

RX Analog domain

Digital parallel data path

Detection (MLSD).

Recently stepped up to the Maximum Likelihood Sequence

~0.5 4

-1.0 4

~0.5

-104

MLSD sequence 2, Error? = 0.04

MLSD sequence 3, Error? = 0.03

10 4

0.5 1

0.0

1.0 4

Q05 4

0.0

~0.5

~1.0 9

4]

5 10 15 20 25 0 S 10 15 20 25

MLSD sequence 5, Error? =0.03 MLSD sequence n, Error? = 0,00

104

05 4

0.0 4

w— Recewved signal
—— MLSD guess

5 10 15 20 25 o -] 10 15 20 25

- J|Z&9 Equalization J1¥ : FFE, DFE — SerDes OI2|E'H 0l Al BERES &EFAI91J] AKX E
- 28t FEC(Forward Error Correction)

— MLSD Equalization : Viterbi Algorithm & &

o
N =X B

otod Ol ™

- J}® IbsH =2 GIOIE ARAS 23

—_—=

XN
_I

A H| BJL, latency SMIOF 24 &
A=20| &M A=S0 &= 2= ISIHE =S 0|2
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H 3-14 : Beyond 200G Challenges Towards 400G Systems: Investigating OIF and IEEE
compliant Channel Design with COM-MLSE Equalization. Implementation,
Measurement and Correlation. (2)

[200G E2E Channel Design — Simulation and Measurement Correlation]

PKG TX 1m Cable
i + XConnector
e SMT T\ ST
TPO Package Connector Connector

R

224G PCB C| X9l @A 224G OSFP/QSFP Connector

224G 3| X| CIXHl 24

- Advanced material — Skip—layer Design — Soldering
— Skip—layer routing — Smooth copper (HVLP type) - X8 L =0 2 Alignment H3t
- Finer BGA pitch - Ultra—low loss dielectric material - 28 Stubl 20|

— Thinner cores — skew 40| H

Diftecential Return Loss (a) 373 Ditterential Insetion Loss (b)  *427
. s s

Mode Conversion ;
Case 1- traditional skew

compensation

o

Differential Insertion Loss (a) Ansys
000

— Case1

5

&

'
-y
o

4 | == Case 2
= Case 3

A
e

-50
0 5 10 15 20 25 30 35 40 45 50 55 60
freq, GHz

hlsallia|

c_ase 3-_ﬁsg-mmetric-0u;| BEr;
technique (TW = 0,35mm)

==

-10

= -

o -204 )

] Case 2- Asymmetric Dual Bend 5 47

8 technique (TW = 0.3mm) g o
?ﬁ’ '30‘ 3 6

© ]

Vosicy

?\;\ \

Freq [CHzl

R RS S = T T T {
0 1 20 30 40 S 60 70 80

56.00]
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H 3-14 : Beyond 200G Challenges Towards 400G Systems: Investigating OIF and IEEE
compliant Channel Design with COM-MLSE Equalization. Implementation,
Measurement and Correlation. (3)

224G 2| Xl & PCB &3

- Probe : parasitic A3t 8™ (=204 SG 50um pitch, GSG 500um pitch AIZ)
— Calibration : E-cal £= De—embedding 7|8 &&

— Symmetry and Probe ment : Probe calibration Al HEE O 2 =8 2R

Mode Conversion (a)

|| e Good calibration
|| wm  Poor calibration

dB(SCD21)

8.8 5 88

Poor calibration

- ~i -
Na? oy
[T

Port 2

(¢) Package measurement
freq, GHz

Package and PCB cross-section

Co—Modeling £ 2~

1) I3IXI YL PCBE4 : &2t £, &Z/H2, ol factor
2) Copper Roughness 22 &

3) AI%E’"O'@ E% ?‘E‘ . JTH?III, ﬁajﬂ, PCB %92 'E‘al Package, Socket and PCB co-simulation
4) S4E DY : Cascade HEOIH 2 2t S4 23S { J

} Socket

i i } PCB breakout

81



| 3. DesignCon 2025 xp= 294

H 3-14 : Beyond 200G Challenges Towards 400G Systems: Investigating OIF and IEEE

compliant Channel Design with COM-MLSE Equalization. Implementation,

Measurement and Correlation. (4)

[200G Package & E2E

Package Measured vs. Simulation

Loss Ripples: Causad by impedance mismatch (package traces
at 85 ohms vs. measurement equipment at 100 ohms)

Difierential Insertion Loss and Phase Delay 0
L110
1100
)
80
L70
60
PD differance = ~6ps. 50
—{40
ka0

ad

T

m— Measured results
= Simulation results

— T 20
0 5 10 15 20 25 30 35 40 45 50 55 60 65
freq, GHz

dB(SDD21)
w-'qb:nzn-h(:ul'})%m

- IHIIX &L E2EESHZ U2 AlIZdI0IE 21
— MLSE Equalization & Al 1~1.5d8 0| & COM JH!;

EF 22 AIZe0l@ 209l Hlw]

E2E Channel Measured vs. Simulation

Module stub length and other channel building blocks adjusted for
accurate correlation.

dB(SDD12)

[Challenges Toward 400G System]

Nyquist Frequency
PAM-L lﬂgZ(L) [GHz]
4 2 112
6 ~2.50 89.6
8 3 74.66

— 400G PAM4= 1.33ps 0I12t2] skew XiclJt ZR6tLE, MHE S
JHAISI

- MLSDQ &lt= S84dE &

Differential Insertion Loss

[dB]
%]

0 10 20 30 40 50 60 67
freq, GHz
&4 &ol |

Data Rate [Gb/s] 112 224 448
Number of PAM levels 4 4 4 6

Bits per symbol 2 2 2 2.58
Signaling rate [Gbaud] 56 112 224 179.2
Unit interval [ps] 17.85 8.92 4.46  5.58
Fundamental frequency [GHz] 28 56 112 89.6
Required SNR at slicer [dB] 18.42 18.42 18.42 2204
SNR penalty [dB] 0 0 0 3.62

1), A

e C/OM W0 MLSD

8
3
149.32
6.69
74.66
24.56
6.14

=5

a2z

24

16

B

0

g1t pcb A E 2=
8= SItZ 010 . 400G=

COM with and without MLSD

Channel #

. COM W/ MLSD

400G AVAILBLE BUDGET FOR CABLING SOLUTION FOR

- == COM_spec

0l (COM Base i A &Kl BN HE ER)

COMMON CHANNEL

W Budget for cabling salution

2 -PCBTL

2 - PCBuia

22 - COM Class A Package [ TL = 12mm)
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B 3-15: PCI Express & PAM4: Balancing Silicon and interconnect interdependencies for

128 GT/s (1)

PCle 7.0 Advances in Technology

Version 0.7: Foundation from Prior 6 Generations

Data Rate: 128 Gb/s with PAM4 Signaling

Maximum First Bit Error Rate (without accounting for

burst errors): 1e-06

Target Channel Reach: Like PCle 6.0 (47-14” system
routing and 2"-4" AIC routing in 1-conn topology)
Pad-to-Pad Channel Loss: -36dB. JTOL is NOT defined yet

Ref Transmitter : 4-tap Tx Equalization scheme, Link margin sensitivity to tap
coefficient resolution and Tx presets to be studied

Ref Receiver : Reference CTLE proposal & ADC-based Rx Architecture (Rx FFE
with 24 post-cursor taps and 4 pre-cursor taps + 1-tap DFE) (h1/h0 < 0.5 to limit
DFE burst error)

Reference Package Models for Root Complex (RC) and End Point (EP) will be
defined

Improvements
Required

Root Complex reference
package insertion loss
and reflection

Connector insertion loss
and return loss

PCB loss
Via insertion & return loss

Xtalk reduction
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B 3-15: PCI Express & PAM4: Balancing Silicon and interconnect interdependencies for
128 GT/s (2)

[22T X Al=20]d 2+ At ]

Comprehensive Simulation Capability ) Selected Eye ___ Selectad Gontour and Bathtub Overiey
— SER (Up to millions per minute) . | U T Ty AT IE
- Eye measures RS e = et - =. " ':::::::f‘—s%:::_::;{ e
+  Bathtubs £ R <> o e 5
. Mask tests B~ < =, " o e o A
— Diagnostics for design development ) .. .1 B T O - A I 2

+  Waveforms

* Linearity

+  Skew

« Jitter
— Models

« Channel, Pre and Post layout

« Tx and Rx, IBIS-AMI, PAM capable, Standard Spt:--
— Statistics, Swept Measurements;

« for design space exploration and case studies

- HAZSERE4 2R

- Eye Diagram, Jitter, Mask Test S Jt=dl{Of &

— Channel, TX, Rx, IBIS-AMI & 224 S&

- ZH&Es XD AEYI0I1d &R

— Statistical 2} Bit-by-Bit AIZ2dI0|&8 S C} 2R
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B 3-15: PCI Express & PAM4: Balancing Silicon and interconnect interdependencies for

128 GT/s (3)

CEM Interface 6.0 =2 7.0

= Still backwards compatible

= Expect most changes to occur at the edge card pad
= Shorter pads will improve insertion and return loss

= Ground vias moved into the pads move resonances

= First order “Loss Budgets"” are no longer working

= Channel noise detracts a penalty from otherwise
maximum length calculations

= Gap\Penalty near 4 dB!

= Pathfinding is ongoing... PCies | POeS | POe
Target 28 e n
o i ¥
$Cie 0 Cacd with Samtvs POIE Diffasential FD FEXT PoworSur: PCH 6.0 Card with Samios PCIE-G5 30(0%-X-05 A-XX XX PCB 1.35 dbinch{ 1.1 dokineh (1.0 dabineh
H : i S80H: | @166H: | @160
RC Package 5 &3 B
. Gen6 : » \ias, Caps 1 L4 1395
' connectors Connectar s 13 )
i | - g Card 85 a5 E5
g % ! - i Reflection & % 7 A
2.9 | !, — | crosstalk Penalty
\ 4
i \ - Total 85 £ a2
-
1
a0 < e v; | )
[BAGT/S 3 ‘
- " " » a - Q'
Fevcumncy (Gi|

CEM(Card Electromechanical Specification) 6.0 —» 7.0 J&# =
- J|& loss budget &2#4!10| RE06IX SS
- IHEE R, GND Vial |AXl 8 S H4YH 2 HHOIAS

3t (IL, RL W A)

Guidelines for System and Cards

= Considering system and card budgets from
PCI-SIG

o IL, RL, and crosstalk

o Frequency domain mask + integrated metrics

o Clarity for ‘What is good enough’

« Design aid and simulation only — not measurable

Root Complgse ======seseesemeehecaennaannn
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B 3-15: PCI Express & PAM4: Balancing Silicon and interconnect interdependencies for
128 GT/s (4)

Current Goals of Optical PCle Scope of PCle Cabling Efforts

Scope of PCI-SIG Spec

= Define optical link extension with
technology neutrality

PCI-SIG Cabling
Efforts

-

SOC(RP) PCle:icr:r
= Take advantage of recent 5 B/

PHY Logical enhancements o o

A

om.ca@
Interconmect

= Form Factor Flexibility

SoC PCle Link
; (EPISWIEh) | * oyl
= Standardize PCle module | Tl _ _ _ _

management The success of optical PCle will depend on the broad adoption of PCle cabling

Tx eR Optical
SOC(RP) chl;:l;*
MgmlI/F
— PCle 7.00l Al J1= Copper 2|8t9] M2 Insertion Loss & Crosstalk, Jitter 2H 2

- PCI-SIG0I Optical Work GroupQil Al Optical PCle £ & =H|

- J|IZ& PHY SXI5lH A MZ2 Optical interface & A&

- CIOIEH&IE & AI/ML 21 Z2H0IA A 2 PCle °|EIJHIOIA A HE
- 8 £33 2210| 2K AUS. E=s A

Rx eTx©
Clc Llnk

(EP/ Switch) rc

MgmkI/F

Need to define functional
“what, where, how...”
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B 3-16 : Direct to Substrate 200G-PAM4 Co-Packaged Connectors: Is
— Co-Packaged Connector(CPC) : PCB Trace = A 31610, IHI|XI0A 2E HOIES A

48" | 60" |
SMT OSFP NCC OSFP CPC IOSFP
Compare a" Salutions with 1-meler 'LOT]%ETD;E a(;:l rW ' 12”-»33}(32‘ 31::32'?& U ‘ ‘ ‘ Fome i Impedance - Differential - Risetime = 6 ps (20-80%)
-v-w'w_"“.". .": ; Insertion Loss - erent - -me! o= 0 108 - / - '— -
o :&E:&mm ':’ : f—(:\krﬁﬂ 0o Reduced CPC fetufn |OSS Minimal CPC reflections
- St CPC to BP 1-m g» g
i. \ PO OSFP 1-m ia- LP(, to BP 2-m ul” ‘ “.M 8
- | 3% ‘ | | .s
= Thru-package channels )/' f | §-
» SMT and Cabled OSFP 1-n4|eter ‘ :' 52 NCC PCB Via T DTy Ty oy e g
- LR R R P - 80 Zz&ﬁeanu E%EEEE%EE?:EE?:}E;E&E%&wu.vm;
At 1-meter, CPC topology offers Longer reach with CPC is within 10 S ol L | S 1= B ‘ 0 s
improved loss & ILD the -40dB loss budget treaseney (04) T {ns)
.A = AL ()
- JI&E LA0AM PCB Trace2 £4&!0] 06| 563~56GHz LHHUIM al2&. 1m0l 8& HddS

- Package core, solder—ball, PCB via S BtAl & Crosstalk St 29! I T =]
- CPC YAI2 MIIXIOA =& OSFP/QSFP St HZE = US
- JH8 A S22 Shielding 6t S| &858, 2m 0|& AS AS JIs

(NCC : Near Chip Cabled, OSFP : Octal Small Form—Factor Pluggable)
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B 3-16 : Direct to Substrate 200G-PAM4 Co-Packaged Connectors: Is it a Reality? (2)

[Cable Assembly Measurement]

- 1.85mm Test points
—  Fixture De—embedding bandwidth 65GHz
-  2X-THRU Impedance Correcting methodE€ & &35t via—cable-via 4 &

Differential Return Loss Cordeation

e Differential TDR Correlation (Risetime 10ps 20/80)

i - Measurement
b 105 - Measurement-
] W PINS  Cable Model
5 S 100t I Solder
|n° 0 » 0 8
Frequency (GH2) 5
‘ Diferentel osstalt coneleton: A cor E o5 | 93 OhM trace 93 ohm twinax cable
% e C1_S1 Fly WD _FEXT_3£27 'uz.' IEZE A28 u;? e —C1 7 1[:,_,» 8 3t }!)9‘] -
g I g !
2 30 | §~so : 90
;"-0 ! Eu 1 = Simulation Model Thru
3 Measurement § " ———C1_SI_Fly_HD_IL_SF27_6F27_SF28_6F28_VP_230821_121710_ded_seq.s4p
Zsof S0 . PCB\JPkg Solder . €1_S1_Fly :-lm IL_SF31_6F31 mf 6F32_VP_230821 1.;!1.52d ded_seq.sdp
Su 8 50 &50 0.05 0.1 0.15 0.2 0.25 03
Time (ns)
70 70
mﬂ 10 20 30 40 50 @ ‘mﬂ 10 20 30 a0 50 0
Frequency (GHz) Frequency (GHz)
- IL, RL, Crosstalk, TDR & =2 &S0 A AIZ2dI01&8 Z21t2 &5 Z12t SALE &0l
- YT 9 shielding effectdt Crosstalk £ A 3I5IASE 2
—
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B 3-16 : Direct to Substrate 200G-PAM4 Co-Packaged Connectors: Is it a Reality? (3)

Channel Measurements:

= Package-to-Package connectivity by CPC
= Total loss including package is ~ 22dB
= Results: < 1e-13BER, pre-FEC

= CPC to OSFP
mector\ Device
o OSFP 112G-Rated Connector
o 1-meter 224G DAC Cable
o OSFP 224G SMT Connector
o BGA Device

= Total loss ~ 40 dB
= Results: < 1e-9, pre-FEC

- CPC AZ Al &€ Hel Sote
- B2 HS4H2 z238 ol=

- ERL IRL ¥ COM S AIAH

22dB at 53 GHz

=]
3

External OSFP DAC Copper Cable
=
3

~~~~~

4 8" 16"

Internal Reach Chip to Panel - One Side (both sides equal)

g

A
-

— Connector, Solder, PCB Jt&
(ERL : Effective Return Loss, IRL : Intergrated Return Loss)
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B 3-17 : Genetic Algorithm-Driven IBIS-AMI Optimization for Robust 200G SerDes
Design (1)

[Transmitter model block dlagram] [Receiver model block diagram]

Multi-tap FIR Swmgs al ng Nonl nearity Intrinsic noise o i ics, Tcoil, ESD .
e 1 s | H—— DSP constellation

MW‘W"‘ . ."%g T T 7 ‘ AMI s » m =SNR

1

1

1

1

[— 1

‘ l \

U ; v
. m »» l FFE}f DFE/MLSE [—4—, Decision

I

1

|

|

1

1

]

1

]

\‘\ CDR

CTRL

(vco )

AFE 4mm | —) DSP

[Amplifier stage modeling]

[ EQ parameter optimization p00|] (a)  Amplifier modeling during adapiation
Block EQ Parameter 1006 2006 I.rll
permutations permutations “ .'II ||
X FIR ~4,000 ~15,000 .'. / pulse
Mid-Band Boost ~4 ~10 L —— \ Noise propagation noise rms
RX AFE CTLE ~25 ~500 | — w
VGA (is self-adapted) ~1 ~1 (b) _Amplifier during transient (after adaptation]
X FFE anchor point ~15 ~15 : .- Distortion _ :
DSP DFE 1=ttap ratio ~6 ~6 ; a1 i
FFE roaming ~3 ~6 / waveform
Total || 36 million 6.75 billion | — 1 |
- AlY D= ZEL SANH D& 45 BE0| BAH

- TXFIR, RX AFE( TLE, VGA), X DSP(FFE, DFE) S 0 EQ Iet0le &0l &M
— 100G SerDes2 H<= 3,6008t JtX|l X8, 200G SerDes2 A 672 Il 0| &2 EQ parameter & &+ A
- IBIS 249 &Elég'g 0|10, W8 AL 10| =X O| SerDes EQ &3 2 = UY X+
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B 3-17 : Genetic Algorithm-Driven IBIS-AMI Optimization for Robust 200G SerDes
Design (2)

- J|& 24! (Brute Force, Hybrid Search) 2 HAHZ0| IR 2

- M2Z22 24! (Genetic Algorithm) & &

: non-Linearity 2 & Bt 30 Waveform2 AIE2dI01& StHA = E2 EQ &3 (ISI 2EH+3ZEI| IS A= =LA 3})
: Fitness function2 SNR % BER & D504, Brute CHH| 99% A AF A2+ &t

[Genetic algorithm diagram] [New cost Function]
4,[ Initial population ] =) EQ registers Use small PRBS waveform to calculate the FOM ..,
linear
! a.j)gpgt;;:buls} a1l Linear TF v =px
g [ Fitness Function ] =) Pulse SNR @ !' | / "\ . = *:-— PXXX
.-:a: E o fu | - oam'?_ Y= f\raveform before DSP \ R,
( Cross-over ] o - : ‘ 1 / I im = : YJUI"V\M_ ‘
[ Mutation | } Genetic manipulation iter st . s il - —— o
— Selection | ' N:i_: oty oqualzes New optimization FoM
Optimal solution | ’ ‘:%

[New cost function results across loss] [Low loss lab comparison]
10° T 10
wxg }ﬁimi&iniﬁhﬁ&'—:—\-&mh&ni T mna=tend) | : 10-2| 1ab slow comer | ;
107} 8 Spuise- hiisbd” aciaptatin { 10| 1BIS modol with transiont FoM S8y 1,_1 new cost function
10"‘{ 1 S e | I 04
104} ame long reach !

sf .
ig_:’ i adaptation/performance w=

I | 5554
107§ . {
1lo(.)1v" Y | -
m“; ; 0 e -
,g]‘j,r 1 e '-N\/
107 1 31
0} | -:
i Better low/mid loss performance 1 32
0702 4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 e Y N N NG T S E -

loss (dB) Total Measiired bUmp-to-Bump Loss (dB) Loop back with lowest ISl trace
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B 3-18 : IBIS-AMI Modeling and Simulation of DMT in Preparation for 448Gbps
Applications (1)

[DMT signaling scheme]

Ty
Ty

Bit to QAM . 2N-point CP

mapping - IFFT Insertion

CP 2N-point +  QAM to bit
Removal FFT *  mapping

Th-1

- 224Gbps OIMOE ZIIotH A PAM4, PAM6, PAM8 2/ DMT(Discrete Multi-tone) Signaling 0 =5
- ZFI= e 2 e JHQ sub—channel2 LIS 8 &6HH, sub—channel € SNROI et &M HAYA HZ IS
- |BIS-AMI E% &6t DMT 82 — XtAIGH 400G+ SerDes AlAEY

1)Tx : Bit loading & &, IFFT B &, CP(CycIic Prefix) &2, DAC 2& I}

2)Rx : ADC 2& FJI, CP MAH, FFT HE, FDE(Frequency domain Equalization), Bit recovery 2 QAM Decoding

[Sub—channels in DMT link] [AMI Simulation flow of DMT link]
1011 S
% j—> 5= W\Jﬂw i Pasihn
E — . ; RX DLL
- 1IN Channel N i ADC
Bn-gg,\,\-x ¥ \_ﬁ~—'|7 i S v, Cp,;gm,al .
CP insertion Wlt‘i&»-"—\f / "-—analgg,_.-/' EQ
DAG Z ? QAM:-to-

b L !

1

L r ) y
Combined analog channel is

represented by impulse response

N-1

0 15 30 45 60 75 ] 105 120 135 150
Frequoncy (GHz)

92



| 3. DesignCon 2025 xp= 294

B 3-18:

IBIS-AMI Modeling and Simulation of DMT in Preparation for 448Gbps

Applications (2)

Uniform QAM16 | Uniform QAM32 | Uniform QAM64 With bit loading
Overall BER 1.76x104 2.61x10° 9.37x10°? 3.42x10°
Actual data rate 152.44 Gbps 190.56 Gbps 228.67 Gbps 200.08 Ghps

Table 3. BER and data rate at 100 GHz

sample rate with uniform QAM order and with bit loading

Uniform QAM16 | Uniform QAM32 | Uniform QAMG64 With bit loading
Overall BER 8.72x10* 6.88x10* 1.67x10? 3.64x10*
Actual data rate 182.93 Gbps 228.67 Gbps 274.40 Gbps 242.96 Gbps

Table 4. BER and data rate at 120 GHz sample rate with uniform QAM order and with bit loading

<10%
10

BER

C N R S T R

65

7 85
7.5 3

75
ADC Resolution Bits i DAC Resolution Bits

Img

Img

KIRIARRARGNEEANE
THI “

4.5

log10_BER

Band
17 7-bitDACand 6-bit ADC T 7 9-bit DAC and 8-bit ADC

- = sub—-channelll uniformst QAM16, QAM32, QAM64 orderg & &
- 1OOGHz & 120GHz sample ratetil Al 25 bit loading=
- ADC&DACZ2| Resolution bitJ}

()
ss4=

S H88 320t BE

= Mo

SNROl =2lotd BER &
- IBIS-AMI 2E &&= Soll DMT JIet AIAEIS & & X[ X 3} JP“

25

2} bit loadingES & E&t 3 Hl

w
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B 3-19 : Intra-pair Skew Electrical Delay Compensation for PCle 6.0 (1)

[Source skew structure] [Running skew examples]
; f ga&mH I I5dmi: | e ‘...... J <
000 000O pe
= f -
20 E Umal.E I I
' mi
s 1 Banl “ | N s
. . . . . A I § * S0-degree bend generates about
Pin-field Region (IC, connector, etc) Main Routing Region E E E o s pa sk (ackup

— Intra—pair Skew : XIS &A1& HOA P, N ZE2 2t 20| XI0|12 ZM5t= Al2H XH0|
- 2 pin—field2t main routingll A 2SI, CIOIH & S8 == Eye—-diagram 4 s2
— Physical length 248t & A< Electrical Delay 2 836t Xl £2&. Electrical Delay 2&0| &2

Eye-height
111
[PCle 6.0 2—connector add-in card topology] i = = = = -
-!; 2.1 -“-‘-‘--‘"‘1‘_\_“‘_\_““
: Connector ; : =T
— | — ™ E — 2 & \
l——-l—l—_: — : 25_1 0 \\
Skewf[ee Inject | | Skew free + saw- H Add-in | 41 uon .
| : skew : tooth structure | Skewfreel card a1
cPU | | ! i | ©op 2
! 1 : H 1 a 2 10 15 20 25 30 35 40 45 50 55 €0 65 T0 75 B0
? Eye W|dth
M N T T =
013 -‘\_\‘H‘t """ e S U N
o o T
0.

— PCle 6.0 2—connector EZ2X|0lA AIESdI0|1& XI&H
— Electrical delay 2 & 0| Eye—diagram &s0| JI& £3
— PCle 6.02] Eye mask2l 2f 12% & S

Eye-width (U1}
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B 3-19 : Intra-pair Skew Electrical Delay Compensation for PCle 6.0 (2)

Effective Intra-Pair Skew EIPS : intra—pair skewE frequency domain0fllAl E46tH & gt = Helole N8
- 2t === 0l A 2l Attenuation, Phase shift, Dispersion @& 112 otE
BIPS= ) W(d-df)- Iskew(ldf - PCB I RAME, loss, Tl FMH S2 & EtE otg

- 22|& 20| EAS Saw-tooth bump S22 &HXI2H EIPSEHS HIZ HEZ56)| 03

@ [Saw-tooth structure]

skew in length in mil EPM of Compensation Structurel "
5 ] nS (bump height)
EPM(EIPS Per Mil) & CC(Compensation Coefficient) '8 =& —
- o2 20I(mil) electrical delay Hl&F g8 =D}

- Saw-tooth X9 X[& 20| Z2H5l= H= &
— HE skew 2MME M, 24 FXE L0IL F=I16HOF St=Xl A &6h= J[E0] &.
e = :”""""'/ e .a; ::::::::& o A-Pndiction;rt.:fihr

i j
fonr : 783, : — . : ;
g 4 L = ; 3 205582] 281
St o 3 | H
o ¥ Ve . 0o I
s o o woe === " 8- |
e A0 P+ 01 A 3 _ :
4+ Reagorne EPM sswteoth 255 P n womomoo momom m T
Al oy Prdisnd - v 28 : ¢ o
= e i ko Dkeere Dipp Teare
2% - -
3ot P | —| . 3
L s ; ¢ 26 4 Summary of Fit
2 ol N - - = -n = DR R R &
2 e - : | = ? 24 A RSquare 0.993932
3 o P Pue - joe RSgquare Ad) 099072

T e | o N 24 26 28 3 32 34 Root Mean SquareError 0038416

T T e AR CC Predicted RMSE=0.0384 RSq=0.09393 Mean of Response 2eea21
L e Ll il ] _ MValue=<10001 Dbsarvations (or Sum Wats)

- £ =& EPM, CCE 0/&3dt0 Saw—-tooth /X (3W2S, 3W2.55)2 X & £F 32 47 Jts
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B 3-20 : Intra-pair skew in 224G DAC cables, mitigation and operating environment (1)

Concentricity =
Twinax DAC cable skew2| =2 &0l u U

Min Wall ey
Max Wall R ' ’
axvwa

o oW J

1) Conductor 34 H& ZAXl Max Wall Min Wall
2) g E i-“ _?_J}“ E g % % /5[ il. OI Figure 2: Definition of concentricity Figure 6: Longitudinal Wrap Figure 7: Helical Wrap
3) Shield 2% Low Skew High Skew Medium Skew
- RZE B YT skewlll HEH A& ( ) ) L 5
_j A \—\ y A
O ——
Figure 3: Examples of concentricity/eccentricity position and rotation Figure 8: Non-uniform tightness Figure 9: Deformation of Thickness
SDDZ1 Shew TDT Coupling T23/T41
::: ::::::"::' o:: - Design 1(7.2% Coupling)
1 Devign 3 (21.6% Counling) 018 - ~Design 2 (13.4% Coupling)
0 Bl T I N =D et S ' i Dasipn 3 (2Lo% Canping)
;" ’)1 § 0.14 II.- \
N 2 o2 !
4 Design 1 7.2% 1.09ps 2 \
s Design 2 13.4% 0.73ps £ 008 i \
% woow W :'*-::‘EHIIW LU A S Design 3 21.6% 0-34p5 - :: / \
0.02 \\'-\__:: .
Figure 28: Skew vs Coupling % Figure 29: Skew vs Coupling % 0 < e——
) 2 . Zcomm — Zdlff/z Relative Time {ns]
Percent Coupling = - 100
2 Zomm + Zdiff/z Figure 30: TDT Coupling for Figure 29

— Tight coupling — Skew 24 €1t — MX 2389 8tHIE 20% ==2| Coupling0| ==




| 3. DesignCon 2025 xp= 294

B 3-20 : Intra-pair skew in 224G DAC cables, mitigation and operating environment (2)

Difterential to Common Mode deita BT Coupling 723/741
S0021 Skew % b e
] : | :;: Desige B{4503 Solta
3 pfl t:l.n Devge C{78ps dellz)
: —_ :: L = 014
e = 0.4 ju ’
E ARy Design | Diff to Com Made | TDT Skew Ju b
a / delay delta i L 2 o
4 — Devign A [20ps deka Z a0 | Y
$ il 8 s bl Design A 20ps 1.80 ps a0 :":: e
- Drsign € (TS daly 40 eaign i s
=) ) Design B 45ps 0.80 ps » " p———
a w 20 0 :‘w'::lm' [ " 3 0 100 Design C ?5p5 056 ps ] 0 n 0 I: mm“ &0 » &0 » 100 €1 o0s Ll D:L“m :_:”M, e1s L+ 52 (E]
Figure 31: Frequency Skew vs Delay delta  Figure 32: TDT Skew vs Delay delta  Figure 33: Delay delta for Figure 31/32 Figure 34: TDT Coupling Figure 31/32

- Differential to Common mode delay delta 2t0] 2% Frequency domain0l A2l skew= peakOll 2% & = 2F4)
— Time domain 0| A 2| skew 3 A ZA

12

ey Exampie of Skew vs Thermal Conditions 3 meter 30 AWG cab AT AL Eal Rl 2m 1126 Cable Bend and Terslan
meter (e of Skew vs Therma 53 meter .
" - Temperature | TDT Skew - 1 o
‘ 13 Tot T v Test 1 :
3, 1 LT T
. w Taa1 20268 H ': &

- e 25¢ 1.86ps " passs h\\“““x "
i \ N 75C 1.98ps ; o | A A - i i ‘\’_\
VINY [N N \ ¢ i i L
§ PN 85C 1.79s 1, i, i S

| oC 1.53ps " -
-20C 1.28ps .
1 i "*’:W » 0 » “w -40 C = | .ZOPS ° 0 » " ’m-:”w] » » » ™ o 5 mn 15 mqw:nﬂum Fil £ £ % = 0 £ - % e

Frequuacy {4}

Figure 39: Skew vs Temperature Figure 40: TDT  Figure 41: Skew thermal stability = Figure 42: Skew with Bend & Torsion Figure 43: SDD21 Loss with Bend / Torsion

Qul™MO=Z MA20|Lt D& (25~80°C) 01IkI_I skewe 2 X 918, H2(-40°C) HdM= Mz =522 Qldl B 2
St=&t Bending2 skew UﬂIEDP M X WA0| F=IHelH skew?t insertion loss S}
— Cable__l A L HEX LU HgEs lEJOI = 4=
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B 3-21 : Investigation of Pin Field Crosstalk Degradation due to PCB Manufacturing
Variation (1)

Crosstalk0ll &S 0|X= HMX L 3 22 (=2 pin YT, 21F
1) Antipad 27| (Antipad 2J1Jt 242 crosstalk =J1)

2) Differential pair trace 2+ Alignment 2l (1mil shift 4.5mV — 7.1mV)

3) Breakout traceE et FI|E 22 HiXIE antipad2l AJ|2 JH== (antipad 3J(0F &1 H=Il HS55 2 4A)
4) PCB HIX HHS4 (PCB HMIEAIOICH B X — HY SAH 2 Soll AIZdI0IA0 BHH)

- HXHSHS 06 AIS2dIoIE SHg 2t 22X SH oA 2R

0

AlS 2t coupling &01)

[ Antipad size B13}10]l (2 crosstalk level simulation ] [ Differential pair trace 2t alignment ¥ 3} simulation]

a
=10

— 26-mil diameter antipad l

L 22-mil diameter antipad f +
5 5 32-mil diamater antipad

E 1
E 2 - : L18
da | h’_t.n A
i R W i 3 :
k... T EO———_ L o — Original 1
* Lhi S v ) \} _____________ s b DP shiftleftby 1 mil |
41.2 Ta 16 I} z Slight trace . ak S . . S
Enlargfe antipad Ties e overhang \/V: 13 14 15 fsm (¥ 1€ 15
@Lisalz @LisaL2l 2 Tisioward DP shift left by 1 mil t"”" x?
(a) (b) @ @
= T H A = = o . .
[ Breakout traceE et B XIE Antipad JH== B30l HE 4Dt X &2 simulation Z 1t ]
Case #1 Case #2 Case #3 Case #4
F — : .| antpad diameter |# of antpads |Remaniog | TOFEXT, Tr=40 ps (0-100%)
5 ==: :#: ﬁ “No antipad" area Coupling Type Figure Case Number L= s [Py oved |l it reskmy | oo e 1)
i foreasee e where antipads are 120 ||| e g i
being removed within 1 ~ Case 2 0 % 18 77.5% 5329 78.2%
s this shaded area L18-L20 broadside 1 i
Case #3 1] 26 45 43.8%  3.587 42.1%
I L18 Case #4 0 26 69 13.8% 1578 18.5%
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B 3-21 : Investigation of Pin Field Crosstalk Degradation due to PCB Manufacturing
Variation (2)

High Resolution 3D X-rayE€ 0| &8t PCB &4 = Simulation0f] 2t
— via f X|, antipad 37|, core prepreg SN S M EZAIE E=H X} 24
=& E 88 BXIE Simulation 0l CHAl HE0td cH&olH SHZ 02 & X &

Ill|0

[ 47H2] PCB HIZ=AHOIA HI’%F PCB2| 3D X-ray, =& Z 1}, Layer mis—registrations ]

Vendor A, Material M1 Vendor B, Material M2 Vendor A, Material M1 o Vendor B, Material M2 t
L1811 P3 P| Ovarhang left P3 P1 L19-120 | | L1&-L19 ”3 P1 Ovevag right P3 P| u9 L20 =
®3
o i = S S 40 Gerber Design (1) Vendor A/M1 (3] Vendor C/M3
Face E Artipmd sl Az |
) Right P1P2 P LeMtP3PA Tl - - S ol dm o mm o mis-registration
> __‘] s> i . aBmils Ireae. T istration m— e, o Al
LeftP3P4 ; Right P12 e T - - Foirlins el  wm T Prepre 195 mils
an v - = Prepreg 1Bmils 00 ey
P4 P2 P4 P2 p.: P2 P4 P2 ) B " T S
Vendor C, Material M3 Vendor D, Material M4 - Vendor C, Material M3 | Vendor D, Material M4 (2) Vendor BfM2 (4) Vendor D/M4
118-118 m P1 _Overhang left _P3 m L1920 L1819 _P3 P1 _Qvochang right _P3 P1_ 119120 ' ‘ ' e At Ansiond
- - - sy e R e
T - J -
: = E [ T ,._:.;,‘.‘ mis-registration _'" ;:msvreg;:;;-:;m}
1 | frovies - " ] +i20mis 0.5 mils ’ ore  0.43mils
y. j‘... Right P1P:-'|‘ ; TW - e mil pm:,.! 2 g;nm‘[ ;: i kot i
\ ] LeftPaps |
meam—l Right P1P2
" R ]
= T H St Qi i A =X~ 2A ]
=4&=E S8 BX BHE 8 Simulation 212 SE 21 Hl W
Differential Crosstalk Smgle ended Left-side Single-ended Right-side Differential Crosstalk Single-ended Left-side Single-ended Right-side
e 1073 = -
4.19-3 . . i [ T ] 0.01 4 2202 ) 5 001 v T T PR 3
4t
gt 0.005 2 2t
i S 2t i =
20 ; s So g
o 0
8 £ g B 3 8
£ .2 2 o i 2 S
2 e i ’ Simulation Simulation a |
o a Simulation | 0005 S g -2
g 4l -2 x & 4 =
14
B 4T A 20 - 4
j Measurement
. . Measurement ~ Measurement Mcasnraniait o .___Measurement; 0015 M 8 L
0 05 7 15 2 0 05 1 15 2 umso obr 1 I“_ 2 0 05 1 15 2 0 05 1 15 2 0 05 1 15 2
Time (ns} Tirme (ns) .JTima () = Time [ns) Time (ns) i Time (ns)

99



| 3. DesignCon 2025 xp= 294

B 3-22 : Next Generation 224 Gbps-PAM4 Chip-to-Chip/MR SERDES, Package,
Channels, and Link Simulation and Analysis (1)

IEEE 802.3dj & OIF-CE|-224G
— CLASS A (“loss optimized”) : maximum package |.L 6dB(Ethernet) or 6.2dB(OIF-CEIl), 33mm
— CLASS B (“radix optimized”) : maximum package |.L 9.5dB(Ethernet) or 10dB(OIF-CEIl), 45mm

[200+ Gbps Reference Package model] [ Distribution of C2C/MR(Medium Reach) Channel IL]

15 20 25 3 10 15 0
IL at Nyquist Fereq (dB) IL at Myquist Fereq (dB)

[bump—to—bump IL of MR test channel at 212.5 Gbps] [bump—-to—bump IL of MR test channel at 212.5 Gbps]

— Package IL2 Class A 0lA ~12d8B, Class BOHIAl ~19dB &~ &2
— 35dB IL limit target Class AlHIA = ~90% & = 0| X| 2, Class BUHIA= 50% ==&
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B 3-22 : Next Generation 224 Gbps-PAM4 Chip-to-Chip/MR SERDES, Package,
Channels, and Link Simulation and Analysis (2)

—  Waveform—Domain Analysis € Soll & Xl GIOIE IHE 0l A A
— & Z X0l BER Bt Jts, JeiLt COM Analysis & &E8 F&8HS

jtter 2 non-linear distortion Bt

- COM=3dB ¢! IHL"OHA'I Waveform—domain 24 0T 2 S8t Eye-openingdt ¥ & BER &0l
- COM=<3dB & &< Waveform—domain AI2dI0|& FII&Ho=z B
COM Analysis Results
9 COM: Die-to-Die IL at Nyquist Freq & Sim: Die-to-Die IL at Nyquist Freq
gw = < & & & gm v ¢ & & &
:‘35 & 0 o0 && && && % ﬁ& oog °°° && && &&
mwo%’ co’os &g & & WP 00%s & g & &
(4] 50 - 100 150 o 50 g 100 150 e sm
_COM: COM Results Sim: DFESE - ﬂyﬂbm':‘;"!:"
8 é st 0 & 09
g% ¢ Ry LS O - % M% _____
S T W BT -
3 P il ¥ % % ifm
"o 50 i 150 0 50 i 100
COM (dB) vs. Sim DFE SER, sorted by COM (dB)) gCOM((!B)QII 40g10(Sim DFE SER), mean(diff)=. Qi’ltd(dlmﬂoﬁ
: 00 O CNM0NNEN®
RS AL
? 0 %0 ot 0.7
Z 6 ¢ 4 ® ot % -
W 2
- C E 5 oo rga COM, 56°6 SERypud
::: : & ' °° % s =2
E;': 22&0 o ° _ CONog10(8kn OFE SER)
Iﬂmlm
38 S &
0 ogiO(OFE SER)| | 0
-« 0 1 { 56-8)
“o 50 100 150 4 o0 1 2 3 4 5 e 7 8 9
CHud COM (d8)

[ OIF-CEI-224G—-MR COM results and link simulation SER result of 145 |IEEE 802.3dj CR/KR/C2C test channels ]
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B 3-23: Solving a Key Signal Integrity Bottleneck Issue to Continue Scaling PCle 7.0
over Copper Channels (1)

[ Pin field via stub 20| ¥50l T2 3D model It simulation Z 1} ]

2~ 10
@ @ 3
_— —— ——] = ——'ﬁ"] = —— S 4 T 2
| / - 4 o
— S 8 | 10mils stub 2 =10 mils stub
3 : > I N R i Via stub f;esonance & o — 6 mils stub
! | & S 3mils stub effect § 7 3 mils stub
! - 0 mils stub 0 mils stub
— a — 8 < 40~
Ly . Insertion loss { Return loss
: stul :
: BT T S e R S e B e e RS AR Ry L
0 10 2 ) 40 0 60 70 0 10 20 3 40 50 60 10
— froq, GHz freq, GHz
(C)] )
10— - D - 2
Stub Length Impedance Insertion Loss (dB) @ 32 GHz Return Loss (dB) @ 32 GHz [ Via barel 10 mils stub 0
{mils) {Ohms) 1 \ = $ e 0 mils stub
mi . i \ mgm::s s:ug 30 -~ 6mils stub |
10 70.5 0.79 9.2 5 00 g oo 4 — = —
= J ' 5 40 pee e /\“
) Via stub to /=2
6 73.3 0.62 10.6 & L. N e /—
o
3 78.6 0.46 12.6 & 9 Lead-intrace -!é 50~ lower layer) ‘
79.0 0.42 13.2 H . g
-E B0~ - n
20 dBIPTe7_pndels via_Gemils_stub_spar S{1.4))= 44 478 |
| a}d’ﬂ«-l penfiefd_va_Omels_stub_spar S{1 4))= 46 867 |
= L4l I CET S .. [Viato trace cros talk
450 470 400 510 530 S50 570 560 610 630 €50 5 ‘o 2% 0 “‘o o ‘10' . ',:0' o ',o
time, psec freq, GHz
© (@)

—  Pin field via stub2l 21010} #OFXIS (128G Nyquist frequency = 32GHz)
1) Insertion loss2 24 + StubZ QI8 20| AU oz ols&
2) Return loss2l 2t4A
3) YUME A9 via stubZ Q18 capacitive dip 24
4) Via to trace coupling2 2t4& — Crosstalk 24
—PCle7.0 S 0IA 10mil2 via stub Z 012 3mil A=K Z0|H &1, 3mil~0mil tXI= © 0]4a 2 0IH0| &

010
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B 3-23: Solving a Key Signal Integrity Bottleneck Issue to Continue Scaling PCle 7.0

over Copper Channels (2)

[ 3D model via stack geometry and simulation cases ] 1 v
S — 8114126
Case Pad Size | Anti-pad 8 .| iz : g "]
(mils) Size £ . e £ e
(mils) 3 ) 2 40 _:ﬂ:g;
1 8 ] "
2 8 14 26 0 SRR AR AR ® % [ 0 2 % o e
freq, GHz freq, GHz
3 8 14 22 (@ {b)
4 7 14 22

Via pad®t anti-padQ| 30| &3 2R
Via pad & anti-pad 32|10t 2 =X

FEXTE '-—*OP"

— Drill AOIZE S0l= A2 44 I Hol ¢
— Ct2FBt parameter=0] A0 R 2Z6HH S E’“

[ Pin field routing =# = H|l 12

2-2-2 (TW-IPS-TW) 2-2-2 shift-left

Pathfinding case 1 Pathfinding case 2

223
-30
5 40
lﬁ Hls |:| H g . ]

e - -0
a ( I &0
]

I I antipad I I
-0

4] 10 20
r—- —— - »l-l -
3 3 3
Basellne mcdei Baseline model - I ntra— palr I' %

Impedance (Ohms)

- Vi caoaemve dip

Magnitud (dB)

1

simulation ]

SHORT VIA (LO3) FEXT

—1.3.3
—_—2-2-1
——2-2-2 Shift Left

30 40 50

FREQUENCY, GHz

Z (o Differential & AFOI2

1

1 T T

o a0 @0 0 80 0 50 0 00 €0 650
time, psec

(c)

o

LONG VIA (L14) FEXT

A2GH:

10 20 30
FRECILUEACY, GHz

22g 8

40

—33-3

—122-2
— 2-2-2 Shift Left

50

60

5 ->FEXT N Jts
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B 3-24 : Design and Verification for High-Speed I/Osat 10 to 112 to 224 Gbps and
bevond with Jitter, Signal Integrity, and Power Optimized (1)

- 224CGbps 1= /0 €Ml Jitter 24, Equalizer 8 &, HIE Jlz, AI2dI0l8 Z&t g4 & S8 201 2R

.

RJ
reduction
with LCO

. Adaptive (plug and play)
. _ R [l ro ] Teaall changes over time
Adaptation applies to Lo r --= el |__I I ! Iinrl?:mnitoring ; i
CTLE, DFE im::\ndually, ; I —— 2 Sy J ! Fixable with Fixable with
or together (PO m— FIEREN Plug and play solution DCD/PW.J DFE to a point, CDR to a point
or other means

2 E; Fixable with Control at the
equalization source
Flexible PLD interface to enable link monitoring usage to a point

- RJ(Random Jitter)2l 3 S22 XO=Z MAH SIIE. SHE TL I BER B £ 2R
— DCD(Duty Cycle Distortion) 2 PWJ(Pulse Width Jitter) 22 High/Low Pulsel HIHZ o2 Qlst 22X XA 2R
- Jittere S&0I 2t EQ €3, Power & A, Signal path &3} S Ct20HH S E R — Jitter mitigation 8 2R
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B 3-24 : Design and Verification for High-Speed I/Osat 10 to 112 to 224 Gbps and

bevond with Jitter, Signal Integrity, and Power Optimized (2)

[ 448 Gbps Package 1]

Propagation Constant - Comparison b—iA A

(Package BW depends on

ball pitch

» 112G (PAM4): < 1mm
» 224G (PAMA4): < 0.8mm
» 448G (PAMA4): < 0.5mm

WPackage ball pitch of <= _ _
0.5 mm is available today Hfgher order modes

005 2000 4000 60,00 000 100.00 120,00 140.00 o Clock
[ ]
Cut-off frequency of BGA ball pitch
Cutoff
58GHz 72GHz 90GHz 115GH:z
Frequency
224G | 448G
Modulation PAM4 | PAMG | PAMA PAME PAMS PAM16
Nyquist Freq, GHz | 56 GHz | 44.8GHz | 112 GHz 89.6 GHz 74.67 GHz | 56 GHz

PAM4= OIF-CEI-56/112/224G, Ethernet 53/106/212G0IA & S&J2M, 56Gbps 0|F &

=1 )]
0.5mm 0|3} ball pitch, advanced materials/stack—up(e.g., skip layer)2 448Gbps-PAM4 &

B
s

224Gb/s

modulation &

-
.
-
-
-
o
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B 3-26 : Balancing Current Density to High-Power ASICs in Lateral Power Delivery

Designs (1)

- 1= ASICO &3 AH| SJI2 PCBOIA Current density 228 22X 24 (cornervialll 882 <) =8)

— Power via 8 & £ 38l= Overheating & Electromigration 24 |

- D8 I8 N7 2ULE SXol= A2 PCB & packagel &3 £AS X|AS0IN AAHLS SAANRL = US

L16
L17
L18

Corner balls have higher-resistance path from VR
] :o eeseveese
Center balls connect to all power layers sescesenne noo

VR \ ASIC VR

) A W O] (@)

R— i —

[ Concept diagram of partially disconnected coner vias] [ VDD power plane voltage gradvlent ‘& 'current denS|ty ]

Corner viag (21 Power plane = XNl ™ layer2t HZ6t= B
Corner via feedingtl = pathl M&ES SIGAIHA 8F/E SOIE g Al

0l 3 LI Xl power rail0fl CHet 22l& T Al 20| It — 5 decoupling capacitor 0l Ci 8t inductance 2t
reSIstance ZE It — cornerlil A= ASIC ball field2] PODN &0t&l= S&E0| US = US
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B 3-26 : Balancing Current Density to High-Power ASICs in Lateral Power Delivery
Designs (2)

- Via drill2 diameter =0 & =0|= &8 AIE JIs — FIIE 22 Webbing UHIE SIAIZ = QU

= T AA
[ Typical via barrel resistance ]

99 mil long via barrel resistance vs drill diameter

0(0

[ Webbing width increase with smaller drills and antipads ]

e Wide Webbing

Narrow Webbing

- =0gst dFLEE 2= power plane @ A2 lumped equivalent circuite 2 HEol)| HdH S
PCB artwork, Package artwork, die bump current mapO| Ok 2Xt2 DC Simulation JIs

= \/DD via “South Via 3"
ales 7.9mil zone == VDD via “North Via 1" )
= . 9.8mil zone i ~— VSS via
10.1 milzone . Il Test point - (layer 5)
15.6 milzone = Test point - {layer 5)
= 21.7milzone

- == Test point + (layer 9)
™ Test point + (layer 9)

Layer 16 . Layer 16 (disconnected)
Layer17 w= Layer 17 {disconnected)
™ Layer18

I | ayer 18 (connacted)

- Via2| diameterE€ <9 LIS HIZEZEC&Z Z2 =5 &) ot corner vias2 Jt2& ™ power plane 1t HZ&
- ViaQl diameter& =0|= &A1 corner viag &3 Power planell HZ5l= 2HHE Soll &8 87 24 Jils
]
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B 3-27 : Determining the Requirements, Die vs. Package vs. Board: Multi level Power
Distribution Network Design

<+ X2 H(Die), TH7|X|, EE(PCB)2| M 24 ZZ10| HO[s|& | et PIE E&5I7| €8t PDN A4
7t SESE

< 7|F Target Impedance 7|8t PI A &4/0| OtLl, 2 Ti7|X| & E =2t 2{X[0f| X[X=}=l PDN

A7t 2T

Package Caps |—| Package Caps
Ee‘g_f?_ Die 1.1-‘:_:- Die
PCB Cap , Package Package

PCE .
|| = LS

PCE Cap PCBCap Example Die Current
: - Moise propagation and filteringl Packagel Sdicanl
PCEB Cap . [ S Enroeh
- Noise propagation and filtering = b ”_| i l
.- ' E‘l:m L @
W'?“ H“P:xm N0 : : g ] ."""' I"" — -.%
W g Lt Lo ¢ VRM ap |~ Noise propagation an dfvli tering3
JRI 3 e i 21 Caj T :e @ 2 i > :
L L PR - ol S e == _rrw,—l_‘—nv"""" b piad Em f : kPJ N
LR — branpens . L |
e e Naise propagation and filtering2 [ | Package i:ﬁ‘* d A \'L
& . — = :: - 3 Time{ns)
s
POL(Single—load PDN) Multi-Load PDN CHOl dE &7 S 4
—— CFY 25}2HA Target —— 2t 230tk 9|X|, A2 —— 15 2A SH A &2 L3
impedance 7| &€ & Hi K| 7F Stet Qo EHA A HF7t “”OP01 PDN01|*'|

W= So X REOoF T

ol71 &L === N
I- | TlE |- = |-I:| 7I-'(‘5|. gtl Pl _Il?__x-” I:II-AH
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B 3-27 : Determining the Requirements, Die vs. Package vs. Board: Multi level Power

Distribution Network Design

< PDN & £ flat target impedance 7|=0| Ol |X|/Fut4 7|dk Sk

DUT1

=HojdeE A3

Same Layer
Decoupling

Backside
Decoupling

POL converter
Down Here

POL T+

Impedance magnitude [Ohm]
1.00E+01

1.00E+00
1.00E-01
1.00E-02
1.00E-03

1.00E-04
1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8

Frequency [Hz]

m——measured =——simulated

Impedance magnitude [Ohm]

1.00E+01
1.00E+00
1.00E-01 4
1.006-02
1.00E-03

1.00E-04
1E+2 1E+3 1E+4 1F+5 1E+6 1E+7 1E+8

Frequency [Hz]

— measured  =—simulated

1.00e+01

1.00e+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1E+2

1.00E+01

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04
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Impedance magnitude [Ohm)]

1E+3 1E+4 1E+5 1E+6 1E+7 1E+8

Frequency [Hz]

m——measured =——simulated

Impedance magnitude [Ohm]

1E+3 1E+4 1E+5 1E+6 1E+7 1E+8
Frequency [Hz]
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B 3-28 : High Efficiency Timing Aware Power Integrity Analysis Methodology for Digital

Integrated Circuits
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* Data
e i Fit
5 Processor power trend data
107! 2 1 1 Z 1 i 1 3 1
1970 1980 1990 2000 2010 2020 2030
Year

® The power consumption of the processor has been increasing rapidly
® The importance of Pl is becoming increasingly prominent and requires more attention

~2012

~2002

~1997

PDN Analysis Only

"ihmel Impedance Analysis

= PDN & Power Noise & Timing Ana

-

.

= Timing-Aware Power
PDN & Power Noise Analysis . Integrity Analysis

bmmm]\‘mi-----------::‘-)rii'-----

TlmeDomamAnalys:s e
Lumped Model Time ’_,—"“;\;
Domawm Analysis S ‘\:“' note cow
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The development history of power integrity methodology

® The development of P| analysis methods has gone through three stages, namely target
impedance analysis, transient power noise analysis, and time-aware P| analysis

® Timing-Aware Power Integrity Analysis is the new approach method we introduced here

Coubamtoasl b (Tdy)

PO i S

Hui Lauaich path !

R B e T i PR B
b [ = 5 | UFFLD
= S R :.

{..E. _______ K

Thweli | UFF0 [race -
£ Coptas ot

Ian.rx

Timing-Aware Power Integrity Analysis

il
i 1
|
|

Clock and data path

Sampling jitter

® Timing-aware power integrity analysis is a method that evaluating power integrity by timing path analysis
® To evaluate the supply power integrity quality that we focus on, we should analyze all the timing paths in the

supply power domain to confirm whether the timing margin is enough

=& 282 Target impedance analysis, Transient

Simulation Analysis Based Lumped model & Distributed Model

= gH

St 2 1 Timing Aware Power Integrity Analysis2| & &

* Accurate Timing Margin Assessment
PSl) (Power Supply Induced litter), DCD (Duty Cycle
Distortion), and RJ (Random Jitter) 22 24

*  Dynamic litter Library (DJL) Utilization

* Power Noise Impact Quantification
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M 3-28 : High Efficiency Timing Aware Power Integrity Analysis Methodology for Digital

Integrated Circuits

> Timing Aware Power Integrity Analysis= OFcll 30t X E
* Accurate Timing Margin Assessment
PSIJ (Power Supply Induced Jitter), DCD (Duty Cycle Distortion), and RJ (Random lJitter)
» Power Noise Impact Quantification 114
« Dynamic litter Library (DJL) & S

[w]

Aot lHE &

st A A

i

kv

Random Jitter - ijup& RI%E . Power Supply Induced Jitter - PSUSLHW& PSI o1

LR .[- itk N i
Jhter -
'|‘II { ] ‘ ) lPJ “I' il Rige; = Z (R" ) \/.L B
"IW;MI 'm%li ;Ill,'ilu |:i|||ll Ikl'lriilllla l'I‘ witatheal dfis tritution Si:‘tup| IHEM i S — .
1 o |
= | __\
i il Note: l:nnhl:nn- PSIT cruskivty
Sample of RJ ,r:‘rtcrg[;?nil:,; Ft,:?hmm' number of standard cells m —\ 1

® RJis caused by thermal noise of semiconductors and generally Gaussian-distributed PSI) Evaluating Flow
® This result of total RJ is peak-to-peak amplitude, we need to transform it to RMS value because RJ is unbounded L
® PS( is the jitter caused by power supply noise

® We compute PS1J with the inputs of noise spectrum on supply rail and jitter sensitivity of circuit

. - ~y KV )
Duty Cycle Distortion - DCD.), Power Supply Induced Jitter - PSIJg; i | 7§ o
T b DCDY = T:ulseL - Tl?ulses s PSI Tramsfer Fumction - Amplitade - Freq Dotain - ETVE TR - ey Do -
‘ 2 Ll RN 18w IR ARV
‘M i m.m ). | o g;} Gl Pat Semiiniy " \\ 1 g 1% }
' : - kv N kv | e VA Ll
‘ } ‘ DCDyyq = )~ DCD; LAt o, w w' e e
‘ i=0 Fiexp ( & Frwqurncy (Flij
e r Amplitude - Frog Domain S T HOLD - TIE - Fr|ﬂ1 Domain
Note: i ==t A g l . i
i SR\ g [ gLl
Waveform of DCD THuser, TEPresents the longer pulse in one cycle ;: Tt Pt s \ | f‘:»"‘r
Tpuises TEpresents the shorter pulse in one cycle %n — - YAVAY:Y ~ Eml{ [
w " w w W

® We stimulate a clock code pattern to the circuit, then monitor the output to get the DCD jitter

Prapueny (1) Ersquescy (s

® Asample of PSU result is showed, left figure is the jitter sensitivity curve, right fiqure is the PSLJ in frequency domain
® |Lis the difference between STA and TAPIA, TAPIA consider the frequency response characteristics of Pl, while STA
reserve a fixed margin for PI
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M 3-28 : High Efficiency Timing Aware Power Integrity Analysis Methodology for Digital

Integrated Circuits
> Z2&8
e Timing Aware Power Integrity Analysis Methodology= power noiseJ} CIAIE 3 Z 0 OIX
Dynamic Jitter Library (DIL)E & &0t EtO|Y A== M+ 4

rr
0Q
00
[0
0&!
S
_O'j
I

. . . [ sk A =24 = = XN S SEAOOI2=2 35
« Timing Aware Power Integrity Analysis Methodology= UtE St & HE SNt D HESS EL2 S = USS &0
Overall flow —— Benefits Over Traditional Methods
3 Libs : .
i | STA veports
® Step 1 Get corresponding DJLs DAL @ i e e b
® Siep 2 Obtain all standard cells in the timing : [ i 15 i \\I P RE
paths and all nets delay from static timing E 140 ! Satisty nolse spec | R
analysis (5TA) reports b cilly _>E - : [ g X .-
® Step 3 Get the PSLJ sensitivity, DCD, RJ and TR RO N £ s e r— g
delay time from DJLs __54@)_{ stand et ‘ I 2 : ! H
® Step 4 Calculate the original setup and hold by | 4 : : I
time margin without considering the effect of v ‘ ‘ : oo : ;
jitters : s ! i 00mV -
It : A A4L2 Loas ] iV L090mY
® Siep 5 Calculate the PSIJ- : altio SR, 5 p—
® Step 6 Calculate the total jitter i :muﬂ S
¥ SRR Eveime ingl sl fnng SRR SRS USSR ... SN Power noise reduced with More power is consumed when
analysis result. = 7] more on die decap supply voltage increased
:"..:_::f e ® The approach of TAPIA can avoid over design and reduce product costs

Overall flow diagram
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News about Al in Data Centers

their data centers

Ls

ol

M A2
e ®M2g Ay
EEERE

Google, Amazon (AWS), Microsoft, and Oracle are all investing in Nuclear Power to power

= Oracle is building a gigawatt data center powered by 3 small nuclear reactors

= A gigawatt data center using 85% of its peak demand = 710,000 U.S. households or 1.8

million people

= |mplies data centers will consume more power than small cities

An Amazon Web Services data center in Ashbum, Virginia. US, on Sunday. July 28, 2024,
Nathan Howard | Bloombers | Geiry Dniges

on 0N

i

FA

= U2 M, Google, Amazon (AWS), Microsoft, Oracle t &

SOl &4

The Power Demands of Al in Data Centers
= According to Goldman Sachs:

* ChatGPT query needs ~70x as much electricity to process a Google search

= By 2028, it is expected for Al to represent ~19% of the data center power demand
= At CES 2025 - Nvidia launched the Blackwell GPU
= Nvidia DGX B200 chassis with QTYx8 B200 Blackwell GPUs will consume roughly 74.3kW!!

* That means 60kW of rack power and thermal headroom to handle

Saecn ALK oo 10 e 180% eowes 1 AN Catir prame demare | Goksnan Sscrs

Power supply architecture for Al servers

Power tray Al OAM Server tray
400 V. Vol < 100x50x50mm
230 bac P> 700W
54V
n>97% | n>88%
9 1BA Pol VR
oe-oC be.oc
SiC, GaN, Si SiC, GaN Si, GaN Si
Power tray
OAM, >700W
s LA
Courtesy 10 Aytesyn,
Nwidia, Inspur, Vicor

r|6

Jl
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» Lateral Power Delivery(Horizontal) vs Vertical Power Delivery(Vertical)

Lateral Two-Stage Architecture: DCX 4:1 -) VR

VR modules

Nvidia H100 Al card

GPU/ASIC

VR modutes

Stage 1: Fixed-Ratio DC transformer (DCX)

Q Fixed ratio voltage conversion, X:1 transfer DC
voltage like a transformer (DCX)

0 4:1 DCX input 40-60V, output 10-15V, typical
size: 23mm x 17mm x 8mm (OCP
standardized)

0 5:1,6:1,8:1,10:1, 48:1 are also available

O Vanants of LLC topologies, non-isolated, ZVS
soft-switching fer high efficiency.

7.6mnd

17$ 22.8mm

Stage 2: Voltage Regulator (VR)

O High dynamic response requirement: >10A/ns

O Muiti-phase BUCK topology. using coupled or
non-coupled inductors

J DrMOS and multi-phase BUCK controller from
the same vendor

Q Trans-Inductor VR (TLVR) BUCK is trending due
to better dynamic (but also issues)

AMD MI300x Al card

Lateral Power Delivery(Horizontal)

o High-volume mass deployed in Google's data center,

e We are highly committed to the technology and call
for industrial collaboration to overcome challenges
o Electrical design innovations to catch up with ever-

Vertical Power (VPWR) at Google

» Vertical power is the POR solution for TPUs and
hlgh power custom ASICs at Google

In IEEE APEC 2024°, we published industry’s first 1kA  Top water cooling
mass-deployed VPWR solution

Delivering 1000 Amp to ASIC in z-dimension with ~70%
reduction in distribution power loss (~7% of ASIC TDP)
Many side benefits (e.g., substantially shorter SerDes 1000 Amp
channels) Verticai Power

1

with single-digit DPPM after >1 year Bottom side

*Gan, Houle, et al. "
Machne Leaming AS
Conference and Exposit

tical Power Delivery for 1000 Amps
024 IEEE Applied Power Electronics
(APEC). |EEE. 2024

increasing current demands
Multi-physics and manufacturing challenges
Quality, reliability, and supply chain resilience

Vertical Power Delivery(Vertical)
ds A 24U SE SOt

2t ZH 2
Decoupling capacitor Hi X| Al &t

- & Jl= &8 Jis o My g
=2 HmA 2t¢s & 28 HeII EHE2CEM
gkAtE dynamic response
UESE DE LIRS °I°P HI =
NS RFAE0] XJFQOH el 8 =4 St HstE M2
or PCB &M XJF L Al -.—"‘ X o} 1|0116H *-E—I{l

Iotdd =Xl

VRM X
=2 -’F—HP-’.‘-Oilkl_I crosstalk I}
Al -0fl st 24
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> Vertical Power Delivery(Vertical) 11&iot= 0| =
« I?R Losses 22
o 2AMH WH2HDouble-sided Colling)
« VRMUNIHFZOHEH S

Benefits Concerns

Possibly reduce I°R losses Cooling both sides of board
Vertical current increased crosstalk

Higher density reliability/efficiency

VRM control loop stability

Limited current, room for growth

Double-Sided Cooling

Unless the board is immersion-cooled,
cooling manifolds are required on both
sides of the PCB, adding cost, weight, and
complexity.

The cooling could be achieved through the
board and out through the ASIC, but this
will make the ASIC run even hotter than it
already does.

Vertical Reduces I°R Losses

LTM9790 Vertical Power Delivery Module

Does it? This is very difficult to say since
there is little, if any, data provided for any of
the vertical solutions currently on the market
(though in secret).

The trend for lateral parts is the efficiency
declines rapidly with reduced size.

VRM Control Loop Stability

Assume a 33ul, 1500A, 16 phase board
switching at 1MHz. Further assuming an
aggressive 150kHz control loop bandwidth.

The capacitance at the aggregate module
must be >32mF or 2mF/module. ESR must
be below 1mOhm per bulk capacitor. How
can this be achieved?

A plane inductance of 1nH per bulk capacitor
is required. How can this be achieved?
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B 3-30 : Thermal Analysis and Optimized Design for Power Ground Vias of PMIC in
DDR5 DIMM

» Introduction & motivation
« AINH Z OOl dEH UM DRAM =R It SEHXH O 2 S}
« DDR5DIMMEH= CHEXMOI M&E == ?of PMICIE DIMME] PCBOIl &1 & & =
e PMICS ESEE MF SIl=PMICL AR CIEHO M ADBE SIHAHASEZE &S
e PMIC2| PGND IHE 2 JH &G LE Ground HIOFE =Dt6H0 PCB &l 0|0t 2 & dt= 210l &2

Al Server, Data Center and Memory Wall PMIC in DDR5 DIMM

o = From the DDR5 DIMM, the PMICs have begun to be directly mounted on the PCEB of the DIMM for a more
Mod stable power supply.

= The number of DRAM pach 1 > Power cor ption of the les 1

= The MRDIMM doubles the data transmission channels and consequently doubles the data wanster rate compared (o the RDIMM.

= Explosive increase in demand for the DRAM in the Al server and Data Center RAMY: Ciynamnic f
= Alarge number of memory products, such as DIMMs, need to be installed in a limited space.

As the demand for increased DRAM capacity continues 10 grow, the number of DRAM packages mounted on a single DIMM
has been increasing

41308 Memory Wail Registered DIMM (RDIMM) Multiplexed Rank DIMM (MRDIMM)
= [erp—
Tronaformar Size 4002y PIrE— g
o] 0 ey e W 3
i o . F
: L/ g
8
H [e————
H S -
3 e . 0 2
l — — o, 18 &
.
'
2 — g
I _ H otal Dutput a
2 ,.....’ o e et Current
> ly 28GB PAACS000
1
T e e o sro IS e - romn [l maamiel | nasay | Ussawa
[Ref] A, Gholami. Z, Yao. S. Kim C. Hooper, M. W, Mahoney and K. Keutzer. *Al and - 256 GR PMICS020 Four % h MLAE Rk
bl Ru) | (o EwmmerMic) | aarisy | UPRIA

Memary Wall," in IEEE Micro, vol, 44. no. 3, pp. 33-39, May 2024

Power Ground (PGND) Current of PMIC Heat Generation due to DCR of PGND Vias

* During converting 12 V to 1.1 V (ar 1.8 V) with the PWM or CCM, approximately 90% of the total load = In terms of thermal issues, it is necessary to improve the PCB layout by modifying the PGND pattern
current flows to the PGND due to a long turn-on time of the low-side FET. of the PMIC or adding ground vias.
PR v  bodis v l Thiz & perature rises due 10 v eating can diminish the hent
Synchronous Buck Converter = gL « Although a large amount of current flows to the PGND, dissipation efficiency, therehy potentialy incroasing the: opesating
= temperatures of the PMIC and power inductors.
. ) the PGND pad of the PMIC on the ROIMM is not
e genral ) ng‘lt;‘:;r"m” ; connected to the ground plane on the same layer but is /—) E:f’;“"e“‘:\f !
IR o |l £ B B instead connected to the ground plane on the next layer = Malfupetioiit
- g Vo only through ground vias. i Thermal shutdown 1
p < — PMIC -
» Due to the size limitations of the PGND pad for the PMIC Ind Cap.
2 =
o “E' Mw'—;r and signal lines on the ather layers, an insufficient F o
o 4 ! number of PGND vias are embedded GND
0 Ttemt i * =) = ' The ground current can flow intensively through only the DCR of 1
High DL leva LS et e ane ly throug ¥
. E i o PGND vias, resulting in heat generation due tothe D¢ PGND Vias e PGND GND
: T i T ol resistance (DCR) of the vias. Current
LS FET T g GND
Current : } M I next DIMM preducts including MRDIMM, the current
In the mut.-channel PMIC, the synchronous huck comverters of all capacity of the PMIC is expected to gradually increase. GND
GND

channels share a common power growund.
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B 3-30 : Thermal Analysis and Optimized Design for Power Ground Vias of PMIC in

DDRS5 DIMM

> PCB=%

Ol OIXl= IHE & HIOtS| Z &

&= 2 Ansys Q3D & Icepak= = &t Thermal Analysis &I &t
Pattern 1 : Top & Bot Layer01| S 2 TraceE A= &R
Pattern 2 : Top Layer2t QI & &t L2 Layer0ll & = TraceE ItAl= B8R

Pattern 3 : Top Layer= DDR5 DIMMZ2| PGND Il =2t = Alet IHEl, LI = LayerOfl & 2 TraceE A= <

0|I
—

Temperature Test PCB Pattern 1 - Top: Wide Trace, Bottom: Wide Trace
= Three patterns with different copper patterns and the number of vias » Temperature measurement setup
> The Paltern 1 consists of wide traces on both top and bottom layers. (# of vias: 1. 4, 14, 20, 30) = recorder GP20) and wire (TT-T-30-K)
> The Pattern 2 includes wide traces on both the top layer and an adjacent inner layers. (¥ of vias: 1, 4, 14, 20, 30) o Wifcarod hions (FRKB T i

s Inthe Pattern 3, the top layer features a pattern similar to the PGND pad of the DDRS DIMM's top layer, while the inner layer
contains a wide trace, (# of vias: 4, 4 (center), 14, 20, 30)
< Thermal Conductivity >

* FR-4 epoxy = 0.294 W/im/*C
« Solder mask = 0.26 Wim/°C

Simulation Model
Real PCB of PCB

BC Power
M R

DC Current Wide Trace DC Power

Londer Wl - 12t Sapply
Pattern 2 - Top: Wide Trace, Inner: Wide Trace Pattern 3 - Top: DIMM PGND-Like Pattern, Inner: Wide Trace

= Temperature measurement setup and five cases of the Pattern 2 * Temperature measurement setup and five cases of the Pattern 3
o FormeDcCWemdSOA,mnmecmmrmckmsyﬂozandlr'ewmoovnxxuwumaumthe ThePauevn3hasaDimPGNDl«epanemmmeloplayerammelhicknessdlozmh(ounammuaoes
P fise is ap 5 °C. which s calculated from the g o The pattern on the top layer was desig of the die of the four buck converters in the PMIC of

DDRS5 DIMMs, in order to mimic the cmemﬂow of the PGND merging from four directions.
o Due to the small size of the DIMM PGND-fike pattern, the traces that allow current to flow out should be quite narrow.
Fluke T2

T =
e, o =
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B 3-30 : Thermal Analysis and Optimized Design for Power Ground Vias of PMIC in

DDR5 DIMM
> PCB2L0l 0|Xl=

pattern & vias & &

=2/ =<

e Via=JtSII&0l 2k DCRO| PCB

« A= 2 Ansys Q3D & IcepaksS EOFThermaI Analysis &1
st =SS5 2

e Pattern 3: 52 tracell A LA Bl= &€ > Viallld 2 M6t= &, Via 2=t

Pattern 1 - Top: Wide Trace, Bottom: Wide Trace

= Simulated DCR and temperature comparison between the measurement and simulation

The DCRs mean the resistance from the source port to the sink port. The difference in the DCRS is only due to the variation

in the number of vias.
> As the number of vias increases, the DCR decreases, leading to a reduction in the PCB temperature

o The temperature results of the measurement and simulation exhibit an error below 5% across all cases.
- The measured and simulated temperalure results can be considered reliable data,

mal DCR ra Temperature
4 384 125
3.9 105 102._3
3 85
25 )
2 194 65 511 2
147 139 45 < 39.6 384
Sl Bawe o I O e e i
. B wm 54 HEN EEN mEN
Vial Viad Via 14 Via 20 Via 20 Via 1 Via 4 Via 14 Via 20 Via 30
= Q30 ®Meas. w/ GP20 ®Meas. w/ Ti32 8 Simul

Pattern 3 - Top: DIMM PGND-Like Pattern, Inner: Wide Trace

= Simulated DCR and temperature comparison between the measurement and simulation

The d and si results for the five cases of the Pattern 3 have a slight discrepancy.
(The absolute value of the lempe«auxe was oo high, and it is presumed that the discrepancy occurs because the accuracy
of measurements with the infrared camera Is relatively lower than that of measurements with contact method.)

, Inthis structure, the discrepancy in terms of the DCR or temperature is not significant when more than 14 vias are added in
comparison to the number of vias added. If the number of vias s limited due 1o the structure of the product board, it seems
necessary 10 insert at least 14 vias to reduce the impact of heat generation caused by the DCR

(ma] DCR el Temperature
95 z 275
.9 5 -
9 225 200 08 195 195 194
8.5 842 84 gag 175 s E g =
8 125 i1 10 10 94
I il nil
7 25
Viad Viad4 Via14 Via20 Via 30 Via 4 Via 4 Via 14 Via 20 Via 30
(center) (center)
Q3D ®Meas. (center) ®Simul. (center) ®mMeas. (max) @ Simul, (max)

X| SH

-—

ol
—
G 10|10 Y&t stol

Pattern 2 — Top: Wide Trace, Inner: Wide Trace

» Simulated DCR and temperature comparison between the measurement and simulation

Compared to the Pattern 1, the Pattern 2 has a shorter via length, which reduces the DCR of the vias.
= The heat g by the vias . leading to a lower PCB temperature.
- The temp difference two p is more significant when the number of vias is smaller.

As the number of vias increases. the DCR decreases, leading 10 a reduction in the PCB temperature

[ma) DCR ra Temperature
2.5 55
221 50
2 1.96 45
0 37 8 37.4
15 1.52 149 1.46 35 -
1ii: I i
1 25
Vial Via4 Via 14 Via 20 Via 30 Via1 Via 4 Via 14 Via 20 Via 30
® Q3D sMeas. w/ GP20 ®wMeas. w/ Tiz2 @ Simul

Pattern 3 — Top: DIMM PGND-Like Pattern, Inner: Wide Trace

= Measured and simulated thermal images of the five cases
The heat generated by the narrow traces is more dominant than that generated by the vias, and the highest temperature is
observed at the midpoint of the traces.
The heal generated by the vias still has an impact, resulting in temperature differences depending on the number of vias.
Measured Thermal Image Thermal Simulation Result
4 Vias (Center) 4 Viay 4 Vias (Center)
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B 3-30 : Thermal Analysis and Optimized Design for Power Ground Vias of PMIC in
DDR5 DIMM
> PMICS| PGND Viall & 24
e PGNDH|OI==E =2lHPMICE2E I 24
o PMICO =ICH 307H2] PGND HIOFE F=JI6t= A0l PMIC 25 240 S S

PGND Patterns of PMIC EVB Temperature Measurement Results

= Three patterns of the PMIC EVB according to the number of the PGND vias

* Measured temperature graphs for the PMIC, board, and power inductors
MRDIMM : Total 304

The temperature was found to be highest in the PMIC, followed by the board and power inductor. 1 SWAISWE - 17A
4 PGND Vias 14 PGND Vias 30 PGND Vias o MRDIMM : PMIC > BRD > Inductor C (10A) > Inductor A (8.54) > Inductor D (34) e
5 RDIMM : PMIC > BRD > (Inductor A (5A) - Inductor C (5A) - Inductor D [54))
RDIMM : Tctal 20A
4 PGND Vias 14 PGND Vias 30 PGND Vias 1. SWAISWS: 10A
= 2.SWC: 5A
- 3.SWD: 5A
ces
==
E%
£
Ro——— ——— ': s— PMIC
E Remove ||Ik‘ll\\= % G
= Inductor A
£3
=z e Indluictor C
~~~~~~ a<
E '_'< s Inductor D
@ :PGNDVia < —_—
Temperature Measurement Results Efficiency of PMIC
= Saturated temperatures for the PMIC and board = Efficiency according to the number of PGND vias

Measured Temp. & Volt. & Curr,

o For both the PMIC and board, higher total lead current results in higher temperatures, while an increased number of » Reducing the number of PGND vias increases the temperature of the PMIC
PGND vias leads (o lower temperatures thereby decreasing its efficiency
v Since increasing the number of PGND vias up to 30 provides a temperature reduction effect on the PMIC, it is advisable = Py=Viyxhy
to insert as many vias up to 30 as possible if feasible = Pouy = Vpp % Inp + Vopg % Tppg + Vep X dpp
= Po= P = Poyr
Total Load =20 A Total Load =30 A b
Il (ROIMM Condition) rd (MROIMM Conditian) - = ,;;5;1 % 100%
200 200

BIC & 8 FMIC
o S || N ot et Full Load Condition of RDIMM Full Load Condition of MRDIMM
| Rawi FL
i ) b ARrr ‘-“"f\m (SWAB =10 A, SWC =5A, SWD =5 A) (SWAB = 17 A, SWC = 10 A, SWD = 3 A)
120 2°%C1 2°C | 120 e # of PGND Via Via 4 Via 14 Via 30 Via 4 Via 14 Via 30
s ol =
o b”f"‘\_ Y 2 v Py 291w 29w 289w answ 439W 138w
- i . 65 pee
60 I it 5 I d 60 I I I Pour 2524 W 25.23W 2516 W 3461W 34.5W 34.48W
Zﬁ . . . ;3 Py 386w 026% . 377w 00F% T 374w 98w 0BT gqw 01FT 93w
4Vias 14 Vias 30 Vias 4Vias 14 Vias 20 Vias Efficiency 86.74% © |  871% ¥ 8706% 77.78% " 7859% | 7872%
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B 3-31: Multiple Pulses-Based Decision Feedback Equalizer (MPDFE) for PAM4

> Introduction

. MBS ST EIIQ =S HE SHAIG: PAMA) D 2 Q5H AN &S

« J|Z2| Decision Feedback Equalizer (DFE)= t=H2! Linear Fit Pulse Response (LFPR)0f| J| Bt

SPCle EE2 M =T S €N DFE & £=JF SI1ol12, NRZO Al PAMAZ W
Sl

= O

e &= DFE 2EE 9ol LIS LFPRS

TRADITIONAL DFE STRUCTURE

= There is a single set of DFE tap values.

= The tap values can be derived from the
single LFPR.

e
—

e,
\ 4

||I \\ iy

'l

AifarDEE

s - . 1 ——

L] el Eed an i =] -1} L) 0 15 o an
Time (U Time: (L

Single LFPR Pulse with DFE applied

The DFE tap values are
determined to minimize the
amplitudes of the post
cursors samples al the Ul
centers.

=

— h(t) —

System Pulse Response

Before DFE

&0l 0 A

X S0l B E s ENE 2

PN
(]

[}

ol= M 2 & DFE 72 & 2l MPDFE (Multiple Pulses-Based DFE)E Xl ot
LFPR DEFINITION

Linear Fit Pulse Response (LFPR):

Estimate of a system'’s pulse response,
based on a sample of the system’s output
when transmitting a complex data pattern,
using a least-squares technique

DFE OPENS THE EYE DIAGRAM

The DFE reduces the
amplitudes of the post
cursors samples at the
Ul centers.

After DFE

120



| 3. DesignCon 2025 xp= 294

B 3-31: Multiple Pulses-Based Decision Feedback Equalizer (MPDFE) for PAM4

» DFE(Multiple Pulsed-Based DFE)
- JIZEDFES S LFPROIAM M= & & 8t MIEE AIE
* PAM4 &lS = 2 symbolOtCH A 2 CHE normalized pulses& JFQ
* MPDFE= LtS LFPRS AFE0HH 2 &1 =0/l CHet JHE LFPRE &0t O B2 &l 2 S capturing
« MPDFE= A E=S Sdote= et 012l E 2= tap M E G Al 2t DFE tap=S &1 &4

PAM4 MULTIPLE LFPR PAM4 MULTIPLE LFPR DE-NORMALIZED

03— — = The normalized PAM4 multiple LFPR can be =T

* Hypothesis: The PAM4 transmitter physically ’ [ Symbal 0 puise | " ——— Symbai 0
: ; Symbel 1 pules| denormalized: 018 g
produces symbols or symbol transitions using ) Symbal 2 pulse | | | Symbol 3
[+ L8 o | Symbol 3 pulse | " —_— [
multiple circuits that may not match exactly. h ; Psymo_un_nermalized Psymo 3 ol || .
* PAM4 multiple LFPR models the transmitter § paf '| Psymi_un_normalized = — lpsyml j; S Y
symbols. %, \ T i 3 éc’. o —|'. ; =~ ]
& \ [
* The mismatch between the normalized 2.0 | b Poy _unisimaisie = §psy = -nos ¥
\
symbaols can be observed. B Yo 24| i
4 o oo _ f
Psym3_un_normalized = Psy 3 s}
0.08 . ! ! 02 . L ' - :
o 5 10 15 20 25 a0 a5 an 45 50 o 5 10 i5 20 25 a0 a5 40 45 50
Time (Ul)
. i S .
o i i L AT P i = Applying the MPDFE taps fo the symbol —
through the delay blocks pulses yields zero residuals at the Ul E———pr—
9 y ) . . 6] i Y = centers of the post DFE pulses for the e |——— Symbal 2 after MPDFE |
* The pradafined set of taps Ie dertved from o un-normalized symhbol 3 and symbol 2. ooa i
multiple LFPR. anal!
.04
003
- El El 0.02
oo
ds Syimbol 0 |
diy symbel 1 ~Ham 9 = 1 e |
s |I o
i dia Symhbal2 Detacted symbal 1y € [0,1,2,3) it J
diy Symibol 3 : |
% 2 25 3 as 4 45 5 35
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H 3-31

: Multiple Pulses-Based Decision Feedback Equalizer (MPDFE) for PAM4

e J|I&E

° /\IE.LHAI-IEAl U|/\-||E-|O-|| II»E/\

=2 "o

* MPDFES| Eye diagram2 J| &
DFEQ} S AFSH HI A £ & &, MLSE(Maximume-likelihood sequence estimation) 2 CF & 4 2 S.
St lol ==

DFE BASED ON MULTIPLE LFPR

e MPDFEE J|E&
e MPDFE= HIZ

= Applying the MPDFE taps to the symbol
pulses yields zero residuals at the Ul
centers of the post DFE pulses for the
ur-normalized symbol 3 and symbol 2.

> Results : MPDFE(Multiple Pulsed-Based DFE)2| & &
DFE= Hlx*ﬁgi/\'g‘éﬁﬁglkl UILEIE Ol &z Al S 2 A,

O-|O

DFEE Ct Ul & E1 Trace Jt= 1] Vertical eye opening/t 2.
I ds &a Jl=.

DFE vs. MPDFE

b.or

n0s Som 2 e WPDFE MPDFE eye diagram
sashh T ' has thinner traces for the
i 4 symbol levels at the Ul
) £ 00 center and has greater

s Z vertical eye opening

o 3 than DFE eye diagram.
not

o — —

0.01

0z 48 o8¢ 04 4.2 o a2 04 08 os 1
1 — Time (U0

R F 2 25 3 5 [} 4.5 3 55

Time (LI

DFE MPDFE

COMPARE MLSE WITH DFE AND MPDFE

Equalizer type Computational
complexi

= The Maximum-likelihood sequence
estimation (MLSE) equalizers provide

optimal sequence estimation given the MxL
channel characteristics. ML
MLSE M

= MLSE equalizers are optimal if the
channel characteristics are known or
accurately estimated,. and MLSE
equalizers are long enough to fully cover
the range of the channel response.

80 160
-EEEE- 40 80 160
MLSE 1.04E6  1.10E12  1.21E24
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B 3-32 : Perspectives on Managing Intra-Pair Skew in Copper Cable Assemblies for
High-Volume Deployments

» Introduction
high-performance copper interconnectsOll CHet A& =2 S0, ot XlBt performance variability and link performance

degradationt 2= K| ETH
« HOI=22 S2l& HE 0 2ol £ MBt= Intra-Pair Skewe 8 S0l St &2 0IXe 24

Skew assessment flow of a +112Gb/s cable

Motivation and goal
assembly

Correct port \ Differential-mode to common- \\ Effective Intra-Pair \\ Skew over
& Skew (EIPS) /< Freguency /

- -

Intra-pair skew impacts mode conversion and noise arising from mode conversion

and crosstalk

methodology to assess/control the intra-pair skew in cable-based [ configuration
| V' 4

tion/implementation)

mode insertion loss ¥ 4

&

2 9

A &

T @ Z

% £

L "

= 0

100 o
( 10 0 30 40 o 10 20 10 0 0 0 10 0 0 0
Frequency (GHz) 0 0 0 40 Freguency (GHz)
Froquency (GHz)

20
Frequency (GH2)

Amphenoi's measured Paladin HD2® (PHD2) to PHD2 - 26 AWG topology data against different masks

The multi-segment cable-based link used in this work
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B 3-32 : Perspectives on Managing Intra-Pair Skew in Copper Cable Assemblies for

High-Volume Deployments

> Skew B BtHZ=E 2 o &2 2ot

verification of accurate port configuration, application of the SCD21-SDD21 mask, utilization of the EIPS (Effective Intra-Pair

Skew) mask, and application of the SOF (Skew over Frequency) mask

EIPSE= skewZ Q18 SCD21 H 3t 2F 1 random bit stream 2| power spectral density (PSD)E Z &} &l
CIH, SOF= st == HYUHMN SE = skew profiledt AlZ201& ZUHE Bl Wot| &2
=

o
Checkpoint 1: Correct port configuration Checkpoint 2: leferentlal mode to common- mode
insertion loss ' ——2 e~

220 mm data; 138 data
220 mm data: All 154
s passed (100%

It - 104 ()

Inscrwn loss (d8)

' x w - 0 0 20 L bl
Frequency (G, Froquency (Gl Fragency (i)

220 mm iength data, set A 500 mm length data, set A 1000 mm length data, set A

3

it B 30 w
Fraquency (Gltz)

Frogaoncy (GH2)

220 mm length data, set A 500 mm length data, set A 1000 mm length data, set A

TE0108y  A266CHx < £ = A0CHx

@

- 1Lad (umy

Inscrtices ks (4B)
ILod - ILdd (@B

thed

Pl P2 0l
Sdp " 10 3 ) TR R i
i3 b O A o 1 Hesqueney Gilte) " Freduency (GItE) ke I d g LN 0 " Ml'lc\mr_:’\ .
Odd-even port canvention 220 mm length data, set B 500 mm length data, set B 1000 mm length data. set B 220 mm !Pnﬂx‘h data, set B 500 mm |;;nm;\ data, set B 1000 mm lenath data, set B
Checkpoint 3: EIPS mask Checkpoint 4: Skew over frequency (SOF)
z 70
t 3
Vs i 73
0 20 W 0 " 0 0 () n 0 K o w » o 0 e % " x 0 an
Fregquency (GHe) Fregoency ((Hz) Frequency (Gitz) Froquency (Gitz) ™ it Frequency (Giz)
220 mm length data, set A 5 1000 mm length data, sat A

220 mm length data, set A 500 mm length data, set A 1000 mm length data, set A

A 2.5ps

EIPS (ps)

» w ] 3
Frequency (GHz) Frequency (GHz) Froquency (GHz)
220 mm length data, set B 500 mm length data, set B 1000 mm length data, set B

m ® 20 P » ;.
Froquency (GHlry Frequency (GHz) Frequency (Glz)
220 mm length data, set B 500 mm length data, setB 1000 mm length data, set B
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B 3-32 : Perspectives on Managing Intra-Pair Skew in Copper Cable Assemblies for

High-Volume Deployments

> 4=

= -
e Intra-pair skew performance of copper cable segments= S HE L Z 0ISII=sst HS,EIPS Y H gt &2 Soll & &
HAE2E5NnROo2 MY IS
. CTLE(Contmuous Time Linear Equalization) & FFE(Feed-Forward Equalizer)2t & 2 equalization technologies= H 0|2
skewo| FIH4 O|EX SHS S2510 A5 ZH MOIE SUHOZ 2518 4 US
Data 220mm 500mm 1000mm 1
Checkpoint (ps) (ps) (ps) i ‘
Median EIPS, set A 1.20 1.49 1.48 " ‘
Avg. EIPS, set A 1.31 1.51 1.44 \
Std. Dev.. set A 0.72 0.55 0.55 Il
Max EIPS, set A 3.54 3.32 3.43 Hivieriesti
Min EIPS, set A 0.22 0.27 0.22 atsis - F—
Median EIPS, set B 1.16 1.11 1.21 . :
Avg, EIPS, set B 1.26 112 1.21
Std. Dev., set B 0.74 0.44 041 : - .
Max EIPS, set B 3.42 2.56 2.81 L b ;
Min EIPS, set B 0.21 0.27 0.31

Table-2: Summary of EIPS statistics for the data set used in this study, across lengths.

0 10 e e R L RS —

Figure-18: Cascaded Cable Skew (EIPS) distribution.
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B 3-33 : Practical implementation of insertion loss correction and delay

>

characterization of test fixtures used for 200 Gb/s per lane conformance

Introduction — Test Fixtures and Insertion Loss

Ethernet PHY specifications& transmission medium 1t
1% 0lHY! conformance testing il = test fixture Jt Z

T TP3 '.—PF::
e 1775d8 02 i 17.75 4B 3
H » L » £ Host
res - HCB HCB ] Receive
Transmit » = > 8 4q
>z - o L
) \JI
13.85 dB |3i!<jB 36dB 13.95dB

Hast Channel Host Channel

Host Channel insertion loss includes PCE, device
package, and mated connector

Figure 1—802.3dj/D1.3 CR Host Test Points TP2 and TP3 and reference IL at 53.125 GHz

™! P2

I
1
1] 9.75 dB

HIRLES

mes 18| N <2 3.5dB
=
._‘I.Q
I \ 5 &>
. MCB | HCB
' " 9 - —ope
1 =
2.7 B 3848

Mated test fixtures
Reference IL at 53.125 GHz

Figure 4—802.3dj/D1.3 Mated test fixture reference IL at 53.125 GHz

TP2/TP3 Test Fixture Reference IL - Host
Compliance Board

GHz
/] 10 20 30 40 50
0
1
2
@
53
4
5
6
~——100GBASE-CR4 Clause 92 litfref{f) equation 92-34
~———162B.2.1 TPZ or TP3 test fixture HCB IL
Figure 5—TP2/TP3 (HCE) reference insertion loss
IEEE 8023 Clause’ Type Ghis GBd GBdi2 TP2TP3 - HCE Reference
ijem Annex Insertion Loss
B02.3hj oz 1MGEASE-CRA 5 ZSTHIZANEE | 128906 92.11.1.2 - EQ (92- M)
001 2 f{GHz) 25 @ 125006
GHz - L35 4R
BOZ 3by 110 Z5GBASE-CR 5 ZSTRIZANEE | 12.8906) 110B.1.1- 92.11.1.2 - EQ) (92- 34)
001 £ 0Ghe) €25 @ 12 K906
GHz - L35 4R
80231 1Z0E | 200GAUI4 CZM 50 26.5625FAM | 13.28 120E.4.1-
AAGAULE C2M 92,1112 BN (92- 34) - 001 £
NGHz) <16.5615 @13.28 CHz
-1.38 dB
BOZ. 3ed 136 S0GBASE-CR 50 26.5625/PAMA 13.28 136B.1.1 and 110B.1.1 -
1MGEASE-CR2 02.11.1.2 EQ [92- 34) —
EDOGEASE.CHA 0.0 = NGHz) <16.5625 @& 1328
SOGALIL-1 CZM GHz - L3§dB
L0GALLZ C2M
Bi2.3ck 162 I0GEASE-CR1 100 51Z5FAMA | 26.356 16ZB.2.1 and 1200.5.4
Z00CBASE-CR2 162B.2 EQ) 162B-1 -
ADOGEASE-CRA 001 £ MGHz) £ 50 @ 26.56 GHz
100GAUT-1 C2M -25dR
Z00GAUL-Z C2M
AAGAULA C2M
A0Z.3djDI.3 179 2MCEASE-CRI 200 106,25 F AMA 53,125 17T9R.2.1 and 120C.5.4
AMNGBASE-CR2 179 B.2 EQ 17981
SDOCEASE-CRA 0.01 =1 (GHz)s 67 @ 53125
1LETBASE-CRE GHz - 38dB
HOGALL-T CZM
200GAUL-Z C2M
AAGAULA C2M
AOOCAUT-R C2M
LETAUL-16 C2M

Table 1 — IEEE 802.3 TP2/TP3 (HCB) reference insertion loss
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B 3-33 : Practical implementation of insertion loss correction and delay

characterization of test fixtures used for 200 Gb/s per lane conformance

» Partial De-embedding for Insertion Loss Correction

« De-embeddingO| & test fixture2| F &= MHol= Jl=
e Partial de-embedding2 2x-thruE AIE35I0] £ £ =202k Xl A
e AT EQNZ de-embedding plane Z& 0] JISotH Al AEJIEZ R
e SFG solution} synthetic transmission line solution & JtX| 2 =S A2
€51 1 ely "
2xCalTrace et d ey &, 4 el Y
porti (o) (o) port2 g - < - a
p O rt 3 o 0 po rt4 % Figure 9—2x-thru signal flow gr:[::

Figure 7— 2xCalTrace and de-embedding plane

2xCalTrace

(o
(o)

port2
port4

port1

port3 (o

Figure 10— 2xCalTrace and bifurcation plane using partial de-embedding

=]
- -
A
A

=21 |mpulse Response

0.5 1 15 2

200%

o~ I Pe v
= T T T T
=

I

0%

Figure 11 —A diagram showing the impedance of the 2x-thru (top) and the impulse response of the
2x-thru (bottom). The diagram shows the key points described in the text.
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B 3-33 : Practical implementation of insertion loss correction and delay

characterization of test fixtures used for 200 Gb/s per lane conformance

» Validation and C2M Conformance Testing

* Eye diagram1t Pulse Fit response HI W E Soll 7= 4
=

e  Partial de- embeddingS artifactE 2 MAII X £ S
e 200Gb/sC2M EtH0UIA coM 242 ol &E =
* Insertionloss B &= & 2 1HE &0l

QSFP-DD-HCB,,, T1_QSFP-DD-400G-HCB,,,.... T2 QSFP-DD-400G-HCB, ...,

$0C:0d8 £0C:008. OCd8
0C?:-

Figure 17— Eye Diagram Comparison at TP1A — T1 De-embedding

QSFP-DD-HCB,,, T1_QSFP-DD-400G-HCB, s T2_QSFP-DD-400G-HCB s
£OC.04B £OC: 04 §0C:008
2D02:-1.508 20C2:1,568 E0C2.1 G4R

Figure 22— Eye Diagram Comparison at TP4 — T1 & T2 De-embedding

HCB,, Pre-cursor IS|_ratio: 2.7%.
T1_HCB .y, Pre-cursor ISI_ratio; 2.9

Figure 30— PFR Comparison at TP1a (T1_QSFP-DD-400G-HCBgsemt vs QSFP-DD-HCB 1)

= ERL
5: .II ‘ :.m; .l. ‘
ol— 2 s ]

G b

Eye Height

\\l'

VEC IdB

Figure 44— COM, ERL, VEC and Eye Height results of the nominal, long HCB, and partially de-
embedded model.
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B 3-34 : Information Classification: General

Transmitter Power Spectral Density Noise Impact for 200 Gb/s PAM 4 per lane

» Measuring SNDR and Impact of Channel Loss

« SNDR(OIZSHEZS X A=HIE)2 LEIHOZ HAE III*01|A-I§ Hol= S| ds= S43tot= (I =+
. X S0l= SNDROI T &40 20l LEIH SXCI0 2 U cOM AIRO| ZABI 0D IEATIS, =5
AS AZE0 L0220 HZ2 = 24| =0l SNDR2 M E ﬁ/\'OI SOtetoll et 22
 SNDRE Ol HIAE EQIE ZEX54H=2 S4J| =0|X S0l 2/ &0t COM(ME &S OHY) ALl =t d s 2
1 ¢ —
0 \
@ 60 ~
. 2 ILdd 201 d8 @Fng ILdd 889 0B @Fng ILdd 12.008 @fFng
| ol iktaseniEmags icen
- Interconnect Test : v Lad103dB@Fm  1ea7670 @Fra  R4412908 GFF
H T“""“‘“"‘j‘ (15, ) point_JRSNORH e s rE
; G M B arm  Waateich @iy  Ledrsra® Gem
10| Lad107dB@Fm N85 1T2GB BFrg  RAI98GH GFma
L e R
Transmitter [ Inten:onnect 9 itcuzswsng l::zéuﬁﬁf’: = =
i i) b3 '-‘“’9’320‘ 1‘”42)“’"’" ) 80 100 120
GHz
Fig. 4. Evolution of the assumptions for an accurate characterization of the SNDR Fig. 6. Procedure for the assessment of the losses on the calculation of SNDR.
” ® SNOR_RX
2s
|
Nsiey :
» ’..:.o
st} A =
% 305 54
% -
»| ®
205} -
Noise OUT | ») S
85 :
2

Fig. 5. Procedure for the assessment of the losses on the calculation of SNDR.

& 10 2 4 1 18 20 2 4 20

oBloss atFnq

Fig. 7. SNDR value extracted at the end of the different channels in Fig. 6.

Y
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B 3-34 : Information Classification: General
Transmitter Power Spectral Density Noise Impact for 200 Gb/s PAM 4 per lane
> SNDR Correction and Role in COM
» channel loss dependency= ol Z0tJ| ?I0H, SNDR A& Al A1S MEO 2
= 80| Ml et
e 0Ol2fet 22 SNDR= =2t M
e COM2 MY, sS4 & =417

o M

Transmit path H,, ()

(i o S L W
Transmitter - Channel ; ! Tmnsmi“ef 1 . .
Broadband Transition L with L) Receiver l_ Referred Noise, T
AWGN filter e filters | |Power Spectral P & SHOR RXconscd
Source packages | | Density (PSD) ) »
L ______________ - L3
3-
Fig. 8: Noise path simplification ae
s -.l :
EF LR L
7/ o 3| s " g
l N\ & '] .
0.08 —\——— . ; ' g .
| ——PR end of channel (Rx) o s o
htn (n) “}\\\ QQ —& PR sampled end of channél (Rx) & ®
! N £
0061 i\ R ] % .
T\ R
1Y N 5 .
5 004r | \\ | L]
i1l
RN - o
002+ ||
1 11 ~ 285
oy S
0 VA\WL ! 1 2 e " L i i A i i i L =
; : B ] 12 14 .} k| 20 u 4 . 2
4 2 0 2 4 6 8 10 diHoas atFaq
Y Fig. 10. Original and after correction SNDR.

Fig. 9 Sampled System PR

—
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B 3-34 : Information Classification: General

Transmitter Power Spectral Density Noise Impact for 200 Gb/s PAM 4 per lane

» Importance of Noise Spectrum and Conclusion
c COMESE2LRMSTOIZHE AHEH LHE0 et Fets &3
« I2FI0 02 ESEEcomaie 24
«  COMOII M SNDR2! broadband Gaussian noise JI& 2 Al2dI0/& U & X =& 2t EL X E 04D
* high-speed data rates 1} spectral efficiency= | oll Transmitter noise spectrum (PSD) 1! &
e SNDR,COM, H&td HIAE ZZ=0l transmitter noise spectrum= S&ot= &0l 22

Random | lewet
ook

Transmitter :
Pt anciete A i Referred Noise !
|n LPSD (noise OUT)
i m o 43 R
+ Hadf - —»|DFE -
[ .‘.: ° AL = 43
a-fl ()
L
Scaled Broad -
Bend Noioe 3.9 56 GHz 112 GHz
8.6
o 84
o |
S
B 80y
Fig. 11: Transmitter Output Noise Spectral filtering keeping RMS constant 7.5 [
0} — 16 56 GHz 112 GHz
125 L =
50
£ 15
-100 | s
s 120 GHz BW filler 18 GHz BW fiter W 105
e 60 GHz BW fiter 12 GHz BW filter -
B 200 54 GHz BW fiter 8 GHz BW filter 95 | 56 GHz | [112 GHz
= 48 GHz BW fiter 4.5 GHz BW filter o4 02 0304 05 4 2 34567 4y 20 3040 60 459 200 300 500
250 42 GHz BW fiter 3 GHz BW filter : o
39 GHz BW fiter 1.5 GHz BW filter BT Moise Filter Frequency (GHz)
300 } 36 GHz BW firer 0.6 GHz BW fier
33 GHz BW fiter 0.45 GHz BW fiter
ey 30 GHz BW fiter 0.3 GHz BW filter
24 GHz BW fiter 015 GHz BW filter Figure 13 COM, VEC, and EH vs. Butterworth 3dB Cutoff Frequency
10! 10° 10’ 10° 10°

GHz

Figure 12: Butterworth Filter Noise Filter Response with Cutoff Swept from
150 MHz to 120 GHz
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B 3-35: Channel Embedding/De-Embedding Methodology for Rx Stress Testing Using
Fast Edge Tx Waveform of BERT

» Challenges in Receiver Compliance Testing

- HEotdE D5 XHNE o 2UHE £42 2 2Hez =8| Ngd HAES F2
« BERTE &) g d HAES Ms AAZ E0| AAE
« OFXI2HBERT &l &Ml & 2|2 T™xE AMtSotH Ot S MO 2oL 2 IHE &= US
« BERTTxZt &Ml 22|22 x 2t =&KX Hels ot ol 22 = M Alote A0l &2
Spec compliant test signal Quick recap on receiver compliance test

*A 14ps/22ps TTC of H59454-14/HL9454-22 by HYPERLABS wras used as an example,

= Atime transition converter (TTC*) has an effect of low-pass filter which slows down the Tx rise/fall = Receiver test setup using BERT
times.

= The s-parameter of TTC was measured by the Keysight NT055A 50GHz TDR.
= The exported touchstone file (*.s4p) will be used for Infiniisim embedding function for the next slide.

= Bit Error rate tester
- Data rate (Frequency)

- Pattern

- Amplitude / Offset
= Time Transition Converter (TTC)
- ISI trace (or Variable ISI)

= R replica trace (for BGA application)

= Skew matched paired cables

Figure 2. Time-transition Figure 3. differential return loss Figure 4. Measured differential return - External (Rx2Tx) loopback mode w/ Equalization ; :
converter measurement of TTCS using Inoss of TTCs .{ P q Figure 1. Example connection diagram of MIPI MPHYS5.0 Re CTS
Keysight N1055A 50CGHz TDR (Adaptation)
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B 3-35: Channel Embedding/De-Embedding Methodology for Rx Stress Testing Using

Fast Edge Tx Waveform of BERT
» Utilizing TTC and Simulation for Realistic Signals

e TTC (Time Transition Converter)= Tx & S 2| rise/fall A|2tS
«  Keysight2| Infiniisim S/W= TTC s-parameter I} 2 = &
« U= TTCE HE 2 HB0IH O et e &4 X 24(-2dB, -4dB, -6dB
S Rx I X Ss= Lot

e Infiniisim &£= ADSE AI=Z0t(d TTC, HIA E T

AMI simulation using embedded test signals

= Anather case study of Tx rise/fall time will be checked by 51 simulation using measured waveforms.

* The transmitter will be BERT.
= Embedding TTC/test channel/Rx package can be done by Infiniisim S/W ar ADS.

Figure 17. Tx_Waveform_AMI setup when
embedding channe! effects using ADS

Figure 16. Tx_Waveform_AMI setup when embedding
channel effects using Infiniisim SiAW

HIE/ClI S8 E

= This example is to verify that the BERT Tx

=Fc= NS S EH 2 UE IS
o)

MIPI reference EQ out with embedded test signal

waveform with triple cascaded TTCs be
conformed to the MIPI MPHY 5.0 criteria of Test

1.1.7, which is HS-TX G5 Differential AC Eye.

. - [:(

Figure 45. A MIPI reference channel 1 simulation setup
using measured waveforms and MIP| reference EQ

Figure 45 BERT Tx w/ trighe TTCs - MIPY CHI — Fgue TTCs - MIPI CHY
MIFt REFPKG. REF EQ wf CTLE praset 1 MIPI REFFKC REF EQ wf CTL prosat 2

Figure 49. BERT Txwi inple TT1CS— M&?I CHI
MiPt REFPKG- REF EQw CTLE proset 4

Flgure 43. BERT Txw/ tiple T1Cs - ME| CHl -
MPI REFPKG REF EQw/ CTLE preset 3

133



| 3. DesignCon 2025 xp= 294

B 3-35: Channel Embedding/De-Embedding Methodology for Rx Stress Testing Using

Fast Edge Tx Waveform of BERT

» BERT-Silicon Tx Correlation and Target Channel Rx Testing
«  A2|3 Tx rise/fall AI2H0| BERTTXECH gl BRIHES
 BERTTx0 & &=4= FItot(H &2l 2 x4 = AlStrise/fall A 2tS 2t= = US
« S H interconnect channelZ Rx HIAEE £=85l)| It B X 2R
« channel loss, CDR settings, and test patternsE 111 &t target channel J| 2t Rx JTOL (jitter tolerance) 23S 2

Tx eye comparison between BERT and silicon What to be considered when replacing BERT Tx
to the silicon Tx
= As shown with the case study of Figure 57, the Tx rise/fall time of BERT is the fastest one amang the = By adding the -2dB TTC to the BERT Tx output, the waveform will be correlated to the silicon Tx output
four candidates when setling the Tx EQ (de-emphasis/pre-shoot) as 0dB. al BGA balls.
= This symptom of slow rise/fall time can be easily found in most silicon applications’ Tx waveforms which = What to be noticed is that the device Rx needs to withstand total -12.55d8@ 11.64GHz.
data rate be equal or more than NRZ 20Gbps. r T

CEEEESREEE
o \\//,-\\/ 7=
. /ji\i(::"/%\\
wew [ e A A At HA
PR oA oRoMoRo® % oe P m o3 % MmO KB oD P v o®m B M MW R oE D
MBC40A BERT Tx T ey terminated T ey terminated Tx eye terminatad
at Tx packege, Case A at Tx package, Case B at Tx package, Case C

Figure 57. Tx eye performance comparisons at the location of Tx balls of BGA (@23.2960Gbps)

10 Bhes sdicnn T
Figure 63. A typical calibrated channel setup of MIPI MPHY reference channel 1 (CH1)
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B 3-36 : Beyond 200G: Brick Walls of 400G links per Lane

» Brick Walls of 400G per Lane

e AI/MLOHZECIAHOIE 200 Gb/s Ol & 2| HIRIE IOl E
e 400Gb/s=2| MEE2 M, interconnect, Xl

X BLAI Al

-4 O /T =<

/L=

System topologyl| £& = & 2

=
* Insertion Loss Z| 2~ 3t & Impedance K| H= 11=5 copper interconnect & H| 2| =X 1Kl

« J|& QSFP/OSFP Y H = LD=F1HHIM S8 2K

Traditional C2M Interface

Insertion Loss - Return Loss - Differantial

0 an &0 &0 100
Frequency [GHz)

2

3 Reflective Problem Regions

== == = =] — 11
56 Ul of 10Ghps bits pipelined in Dk = 3.6 PCB
Stripline is a 33" Dachplane Wire

g |

-
n

112Gbps PAMS T
224Gbps PAMAER
448Ghps PANAT

g

Differential Impedance {Ohms|

@
w

500ps = 014 x 17.3ps Ul RoundTrip

Abies b x 00 ape kg
o 100ps 200ps 300ps 400ps 500ps
Time {ps}
+ By 448 PAM4 Ul = 4.4ps, physically short
C2M topologies of inches in length have
pipelined bit counts on the order of
yesterday's rack scale backplanes.

=2 01021 A O|l2
=2 =2—="T Mo

Response

+ Edge card connector beams require PCB -

pad and metal beam stubs to overcome
mechanical tolerances and provide wipe.
— These stubs limit achievable BW rolloff and
create standing wave emitters that increase
radiation and ultimately crosstalk

QSFP Pad Size versus datarate

B0GHz Wavelengths into Microstrip

T on Dk = 3.0 PCB Substrate
.E —— 03Th ———] -
L -

W 0.6 mm
L=L6mm
106G NRZ.

Pad Area {mm s0.) Versus Data for QSFP Pad

-
b

QSFP Pad Size (mm sgq.)
mom o
»

o

T T

o 100 200 300 400 500
Data Rate {Ghps)

Simple scaling of the QSFP Pad to
data rate suggests higher order
modulation is required if edge card
contact pitch and geomeltries are
not physically shrunk.

Edge Card Connector Beam To PCB Interface

Insertion Loss - Differential - Zref = 45 Ohm

n m I 40 = &0 m @ 100
Freguency(GHz]

Quarter wave stub brick wall from
QSFP spring fingertip and PCB pad at
F_stub

Shorter ‘blue stub’ is occurring to the
right of F_stub
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B 3-36 : Beyond 200G: Brick Walls of 400G links per Lane

» Radiation and Resonance at High Frequencies
o &0l mm-wave HE 2 =2 EUH=™M M PCB IHE O =2 Radiati
 PCB & XI™H2| antipad= slotQHHILIH & S &6 1
e Striplinel 2% ZAH Ot LHE N IR X H &

2! Resonancel| & CI0| & &= Y S

>-,-
N
I B
U= Yo
0F
Y
ol
He
> O
- >
0
>
i
10
T

PCB Via Antipads as Slot Emitters

Excite the slot emitter by couplingto it
from our 80GHz PCB Dipole Wires

PCB Striplines as Dipoles

(Dk, tand) = (3.0, 0.0019)

1.0mm x 125um Copper Bar
(trace) as a BOGHz Dipole

Currant Current  250um
Null N Shab

HiZo transformed  Current »

) ‘ oo 2o T Buak
Choose Values to make a ©
b e bte Aati at BOcHts H M (1o
L - Peak Antenna Gain is
e =?5?‘m +0.25dB over theoretical
Technology 1 A 3 ”:‘ 9 halfwave dipole emitter
Featre PTH HO SLP g (+2.2dBi)
P (mm) 0600 0400 | 0250 ¢
D (mm) 0.400 0.300 | 0.175 . jwﬂl full wave slot radiating ellm-':! > i o iracoki & dbani ki
G [men] 0100 | 0400 | 0075 e s +  Ask PCB interconnect radiation Questions.
ef 3.000 3000 | 3000 i "
S e e o | 1o | = ERRAAT % - then you act like a halfwave dipole...are you any good
Fr 5615 7306 | 11387 e rtices’ me: % aniiiad ‘ ~—— ati?
PTH - Single laminate PGB Technology vertices' of the racetrack antipa = “ W e = "« By 250um trace width, standing half wave resonators
SDL=HIOL dencly iercimect (sack inser drls) have a VSWR=2 BW of 35% at ~2.5dBi antenna gain!

PCB Via Antipads as Slot Emitters

SetmTop |

Perimeter = 3.6mm Feature Deseription L COnCEpI of a eripIine modal
Fr = 48GHz S T CH P perimeter requires specifying a
) plane o ground plans spacin
fmm) |1 T STRARTETRRS e field strength rolloff due to open
Stripline trace width for 50 Ohms 5E side boundaries.
Slot OHifve
Slotted Array Antenna - '\::: f"'"f‘” n!l:!!":":nm ¥ »  Measure the stripline modal
~ o ! . "
5 with4/2 P AR M e perimeter for E-field 40dB and
ment spacing ~60d8 dawn from pesh E-field magritude. | 60d B down from peak.
St Width PL00 In fractions of B0GH: wavelength - H-field produces identical
: results
Efficient resonant PLOG in fractions of B0GH2 wavelength R R Lo R
slot apertures = Terminating the stripline in Z-
w [pmn pio00]  P100 P1000 P00 P1000 P00 P1000 axis interconnect becomes
~EO0uM Pitch — mj| (mm}(mm)| (mm) | [S3GHz &) | 53GHzA) | (B0GH2A) | {BOGH2 A} | {106GH2 A) | {106GHZA) | highly radiative when the modal
= frontbert 0.500[0.250] 2.94 | 3.99 1.20 1.34 151 1.77 2.40 cotents srcead wislenath
PTH PCB 0250[0125]1.71] 2.25 1 102 103 138 2 E )
: ] "t 0.150{0.075[ 111 145 | 033 0.4 050 X 0.67 dimensions.
= Constructive interference from multiple emitters is o oW  [oaoofoosolose] 105 [ w30 033 0.45 0.8 059 3 - Implies a forced space
possible inside PCB component footprints when the *  Principle is exploited for high gain | Ferimatar Sai]_ bamain transformatian
signaling pitch exceeds a half wavelength. directional emitters in leaky Decreasing > 1004 | Highly Radistive
waveqguide arrays. Line Width o i S i
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B 3-36 : Beyond 200G: Brick Walls of 400G links per Lane

» Towards 400G and Beyond
° '_-.:o EL||U'IIO| tl:iI I:II-/\I (PAM6 %)S 424 Gb/Sj|' é|-j|_xl I:II-tH Ol =l A OIQ
* co-packaging twinaxcable and silicon topology= Channel Loss 2 Radiation —r-Hl 2ot s
* 212Gb/sPAM4 0| &2 2 SX0ol= S¢l MHE= 8ot)| I otERIH E AZEYH SHUMH FIOHAAIER

PCB Reach Bounded Chanel Topologles

(A) Reach limited PCB C2M Interface
(traditional topology)

Edge Card Connectors

nnnnnn

(B) Reach extended Cabled C2M Interface

ttt

33AWE, 920
Lergth: 250mm. 375mm, SO0

(C) Reach Extended Co-packaged Cabled
C2M Interface

|

Phy Rt 220
2 Lengeh 11mm

(D) Reach imited PCB C2C Interface / shorter direct silicon to silicon path

=/ through orthogonal board orientations
(E) Reach extended Co-packed Cabled C2c ~ PCB €2€C  GPU/Accelerator Node

Intarfara
Fig. 3.2. Orthogonal Board System Concept
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B 3-37 : Cascaded Package to PCB Channel Simulation Method Considering Different

High-speed 3D Interconnect Models Extended to Higher Bandwidth up to 75 GHz

> Overview of High-Speed Channel Simulation and Cascading Methodology
« JUEME MM ASOIE2 SELHI 2 AI2dI01E A2 Z ol 0HedsS0l =
. 3DFEMAIEE1IO|@9§I4X1I Mg 242 - A0l ol 2 2K

e Cascade ZHHE2 ML

=

= 2ot IHEXHOZ AIZd0lEot ) Z2UE 2

ol MMl ME S &0t

+ Cascade 222 [ 75 GHz 01 &2 DTHZ RH'2 AIB01HS XIR5H0{ D= CIOIE HEE BIto Mgt

i )
To imterposer ki M

_______ Interconnects
—*  Sigml path

& silicon die " EI lé .

Package

Buiki-up
layers

U Core layer |

Rouwting

Region

B ¢
22

Build-up
bavers

Solder Rn]l\lﬂ "_) [ T PCB

L

PCB Middle-layers

B ——

Fig. 1. Anexample of high-speed digital channel. The signal goes through from silicon die/interposer and
the package substrate and then to the PCB. C4 bump and BGA solder ball work as the interconnect between

die, package substrate and PCB

Extermal port wave External port wave
i 4 ! T :
1 Y ' ] 1 -2 i ) i
R E bau! iy ¢ E bgue :
[] i i
LW W W LW
] i i ] i
[ i | i i :
' i (n+m) i (mtp) :
' Ports | . Pons :
E i Network 1 | | Network2 | :
: : | : '- :
W i ' 1 : — :
: “‘"'!? l YW “'i""zn"' | PO

- =1 ! =2
i b ! ! Gout  Din | LT ;
H . ! i
# i - (] i

Intemal port wave

Fig. 2. Diagram for Cascading an {n = m) port network to an (m + p) port network.
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Cascaded Model
PCB + half solder ball

B 3-37 : Cascaded Package to PCB Channel Simulation Method Considering Different

Package + solder ball

| 3. DesignCon 2025 xp= 294
High-speed 3D Interconnect Models Extended to Higher Bandwidth up to 75 GHz
IHHM DY 2HEH S 06K cascade &

Package to PCB entire model

» Inter-Connection Cascading for Discontinuous Interfaces
e C4 bumpﬂ solderball2 CtE YUIHAE JIKNEZ H&
=26t cascade ot= A2 0| 2{et 2 HESHE R
o] AZ= HEtotH 222 = 1] ofOFet

Cr23| =2
Die, Package substrate, PCB 2

Differential pair

GIND solder ball ; _7 E
eSO

Wave

Fig. 3. Simplified solder ball-reference plane structure. A differential pair of signal solder balls surrounded

)
Fig. 6. Proposed cutting and cascading methodology for inter-connection. Cut at the half - solder ball to

minimize the wave discontinuity

.(.‘.:},.

I T i

(3]
Fig. 7. United and cascaded model comparison for (a) Differential insertion loss, (b) Differential return
loss, () TDR impedance when rise time is 6.25 ps. Results show good match in frequency domain for both
differential insertion loss retumn loss up to 85 GHz. Slight but negligible impedance mismatch shows at the

(a)

by 8 GND solder balls. Top and bottom are the reference planes
2 i T S
Gapemtiouily A YV ‘__1.\ vl { 2 : " Siscottiory $iscoetinuity -"‘--.,\‘ G = c—: - " Sacontimaity
L "JJIHIH(‘ oo s oo
(a) (b)
Fig. 4. Simulated wave discontinuity at the top/bottom edge on the differential signal solder balls at 75
GHz for (a) E-field, (b) H-field solder ball
139




| 3. DesignCon 2025 xp= 294

B 3-37 : Cascaded Package to PCB Channel Simulation Method Considering Different

High-speed 3D Interconnect Models Extended to Higher Bandwidth up to 75 GHz

» Applications of Intra-Connection Cascading and Summary

* Package substrate LH £ 2| Trace, via & 2t AlE2 CI A2 LIS H&E S H=3tot(d Al%ﬂlOl/\:' sd= =Y
. Cascade g =2 EHQ_C.’_ S AZdOIES HLe S =0/, HE I, 1= THE Al=d0l8, 25Xl
olZ = KI&oHXBH 2HS XN EUMN fHEe 2 2HES ZHE ZdE = US= 7Y
------ +  [nterconnects

= Signal path

1A ot FIXE
e BN et NEXE

Elgctncal cable
== Do pert FEXT

1o the other end
= =D ek NEXT e ottt [ — T e TTTT -
{

: e 3 Iy H &
£ KM To interposer * / C4 bump ; ]
& silicon die Build-up

: ' Trace Fhmungli
b c) 2 ; 1
®) ( ¢ Core laver H Region % Core layer

A1

."l I". Huild-up
Fig. 16. Cut the design into solder ball part and die part separately to do crosstalk troubleshooting. (a) / '_-' \:|- layers

Complex value of surface current plot on the solder ball part at 66.8 GHz (source excitation at solder balls)
(b) Complex value of surface current plot on the die part at 66.8 GHz (source excitation at die) (¢) FEXT
plot and NEXT for both solder ball and die in frequency domain

Fig. 17. Co-package copper connection.

TABLEIL.  TiME AND MEMORY USAGE FOR BOTH METHODS r— -'m|'| FHH” “.I?r“T”ﬁ"'r"a“ﬂ R o npwlgﬂflzfﬁ:?:ﬁ‘_’wm“ 1 i::i“.:;'_'-- M:\ _ﬁ [
Method Time Max. Memory Usage = il | \ ” [ i I| | o e | ; 1 !m“_ukl:llm“ - tlf'_
3D full-wave whole channel simulation More than 75 h | 388 GB i o = 5" |f"u———L—_f
3D full-wave simulation on C4 bump part 15h 6 min 131 GB N D A | ) O ‘ et
3D full-wave simulation on middle part 15 h 44 min 170 GB '"-l-'{'—- {vb"] 5 -‘(:;:]
2D crnss-su:tu:fn 3“33'_"]5"" on middle part 6 min _ 60 MB Fig. 18, Eval Ll.'}li-LE: on the co-package copper application from die to CPC connector at one end regarding (a) Insertion
3D full-wave simulation on solder ball part | 6 1 18 min §4.4 GB and retum loss. (b) FEXT and NEXT, (¢) TDR impedance when rise time is 6.25 ps.

[0
>
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B 3-38 : Differential Skew Mitigation Technique Results

» Differential Skew Mitigation in High-Speed Interconnects

1= OIEH HIO] A (112 Gbps PAMA4, PCle Gen 7)= strict channel skew toleranceE J+ &
Fiber weave skew= PCB MZ 2| H|7#E& S&=2 Clof 22HGI effective dielectric constant differences between

= O g}

differential lines& =&
JIES] AR 2t3F Jl=(image rotation, angled routing) 2 cost increase, routing complexity, or space constraints 2t 22 &

S|
(]

aligning the trace pitch to the underlying glass fabric fiber-weave pitchot= skew 2t 3t J|= AN

Ply 4
Pre-preg
— Ply 3
=1 e Resin Fill & Differential Pair Route
- — ] Ply 2
Core
— A Ply 1

Glass Fiber Bundle

Ground Layer

Ground Layer

0.379 mm
1035 Weave Bundle Pitch

Figure 1: PCE Stackup Cross-Section Showing Fiber Bundies

Glass Reference Weave Pitch

Style Thickness Warp Weft Average
1035 0.028 mm 0.385 mm 0.373 mm 0.379 mm
1078 0.043 mm 0.469 mm 0.469 mm 0.469 mm

Table 1@ Glass Weave Properties (IPC-4412C, Appendix B, Table B-1)

Qe e T L bt S o e B e bR T SR e S L SR T LI o
- L L] . L] " L L] - L Ll . L] a Vemdn

m e L . - weary. v n - WaE W Dracilon
& [ 3 B L Hwrial

Figure 72 Diffovential Skew at 85 L an 5-inch Delta-I Coupeon,
1| |

Ll ol L)
: =

i ’5555!!5-’1’?555”55.535555.!!!Fﬂ?mﬂ’fﬂﬂ'ﬂ!.E!E!m‘:;!!!d’ﬂ":'!!!!’“f!!!&i’ﬂﬁai!ﬂﬂ’i.!ﬁ#'ﬂ?ﬂim’ilﬂﬂ:

™ L] m .y L] Wy L il ™ Wew  Wass Disciion
a ] 3 B i vl

Figure 8 Differential Skew at 8582 on {0-inch Delia-L Coupon,
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B 3-38 : Differential Skew Mitigation Technique Results

» Weave Pitch Alignment Technique and Test Setup
 Differential pitch equal to weave pitch= 0 &2 E 0l A =2 JFS0HH 6HX loss reductionil = 2l
« 1035 glass weave= high resin content, smaller pitch, availability from various vendors S2| 0| & 2 JI X B £ & &4
* Delta-L coupons= AtE0t0{ Ct2ret PCB M= 2 Ml & S X 2| skew ¥ insertion lossE S &

HSIO Layers Orientation  Delta-L Panel Measurements
(8) @) per Panel  “™®  per Material Fab
L3, L5, L8 L11 Warp
L24, L26, 130, L32 Weft i 4 o

Table 3: Coupon Quantities for Each Material

: , o Fabrication Vendor A
Figure 2: Delia-L Differential Pair Layout - Mamrial La]ﬂil'laﬁﬂl'l Gia&'i T}"pﬂ Thiﬂkﬂﬁﬁﬁ

A Core 1035x2 RCG8 0.10 mm

Fabrication Vendor Material Vendor Material Model Panels Pmpreg 1025%x2 RC74 0.12 mm
A Same material B 4

o = ; B Core 1035x2 RC66 0.10 mm

D D 4 Prepreg 1035x2 RC75 0.12 mm

A A 4 C Core 1078x1 RC74* 0.10 mm

B g g : Prepreg 1035x2 RC76 0.12 mm

= = ; D Core 1035x2 RC67 0.10 mm

Tahle 2 Material Mairix P‘mprﬂg 1{}35);2 RCTS ﬂ. IE mimn

Table 4: Fabrication Vendor A Stackun Details
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B 3-38 : Differential Skew Mitigation Technique Results

» Measurement Results and Conclusion
* Routes with 1035 weave alighed= +2 ps 0] Bt2| skewE £ &
* Routes using 1078 weave= Z| U 7-8 ps 2| skew = £

i 1 |
i
i
i I|I ||| L
e e Al B T A T R R D S T AT ST R AT RS T AN TN AT AR e
:- [ - —p - e - . L] g xnnm-
L L] L3 » L] L]
Figure 2: Delta-L Differential Pair Layout Figure 8: Differential Skew at 50 L) on 3-inch Delta-L Coupon,
"
Fabrication Vendor Material Vendor Material Model Panels % g | ‘
. \TLl
A Same material B 4 i *
vendor C 4 } ]
-
D D 4 4 | |
A A 4 A T 1 8 i e A e e S S A 2 S S R 1 2 A S A AR S A AR = S A ) e
s e ——— —_—— J— T E S—— T—"— . =T
BE B B 4 a [ 3 [ t pasasial
D D 4 Figare 10: Difforential Skew at 90 K an 10-inch Delta-L Cougon.
E E 4

Tahle 2 Material Matrix
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B 3-39 : How understanding anisotropic materials and tolerances could increase

performance at 112/224Gbps and beyond

» Discrepancy Between As-Designed and As-Fabricated Hardware

AS DESIGNED (simulated) VS AS FABRICATED (measured)

Sample correlation for 70GHz
Platform

Simulation done based on best
available information for sign-off ina

As Designed & 2= S & & Ol JI 8 (datasheet, & &, ECAD &l 0| Ot=, PCB M| Z= Al stackup =)0l I Bt

As Fabricated Ot == 0l &, &= L 2tA, 4010 B& S2 JIotetS 2842 Eg

As Designed 1t As Fabricated 2t 2| Xt0| = insertion loss OF & 0| S &= 0| XIH, PCB materlal anisotropyE = 2 Ot Hl 1A
As Designed @} As Fabricated 2t2| XtO| &, anisotropyl| S &f, Al DBt THE A8, A X0l (2 HIIE s HeE
=48

DIGITAL TWIN CHALLENGES

It is unrealistic to assume what we simulate
and what we fabricate are identical

Digital Twin is challenged by 3 factors

8" Stripline, Full Path

Measured TDR of multiple launches on platform

=

; s ] 2 . 1. As Designed inputs differentfrom as
typical design process “ , R fabricategd boars
Very good correlation on return loss & ﬂb’hﬁm“n i 2. Distribution of parameter variation not 520
Insertion loss suffers due to T captured 5008

uncertainty mostly in surface
roughness

How much insertion loss margin are
you willing to allocate to such gap in
your system budget?

AD Simulated

T
30

Frocuency (Hz)

Hausdorff Figure of Merit

&0

T
50

T
o

| [ 0106z | 0-356Hz | 0:506Hz

$

624

61.8

63.3

3. Many physical effects are not modeled
Matching a specific channel we term

microscopic Sl the variation in
distribution of the channels is what we

term macroscopic Sl
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B 3-39 : How understanding anisotropic materials and tolerances could increase

performance at 112/224Gbps and beyond

» Impact of Manufacturing Variations and Material Properties
« CIXIE E&J2 As Designed 2! & 1t As Fabricated £ = 2
2o HHAS= HAS
« OIOIEHAIE0 M= otLt2l symmetric Dk gt = Jt
o HlOt= &gt =& MI|E2 A2 Z =& Dk gt
HE SHSIIBCZ AZANENSE

| XtOl, ItetOIy Hst 2% 0|18, =cl& st

MATERIAL FITTING ASSUMPTIONS

Dieb_ectrics Roughness Thickness

Soldermask
Microstrip

Tachyen 100G 3.8mil prepreg r effective: air, soldermask and pp
Stripling

DO eeton 1006 Resinarea o affecive: p, rsin and coe

- e — Surface roughness MS
e s Surface roughness SL

Cross-section
— Assumed height from x-section report
(test strip)
— Separated core and prepreg Dk

— Different surface roughness for outer
layers vs inner layers but not
distinguishing between drum/rough
sides

Materials

— Djordjevic Sakar 1GHz, Df from
datasheet. Bulk isotropic

— Huray Cannonball
Optimize parameters to measured

complex IL to 50GHz for both SL and
MS simultaneously
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B 3-39 : How understanding anisotropic materials and tolerances could increase
performance at 112/224Gbps and beyond

» Material Identification and Anisotropy Effects
« HISEHEZ2 U HIHAEAS SIHAIHA FHE SIHAIFIEZ, S H DkEH ALE0LH CrosstalkE =2 = US

ANISOTROPIC RESONATOR VARIATION WITH GEOMETRY

+ Via hanging offtrace has beendiscussed as a potential way to identify anisotropy® *  Why is the bulk Dk model so far off (1 GHz)?
p— — Afield plot shows significant field density around bottom pad and
— plane clearances — extra capacitive loading...
e — o i - T
SN NN~ * We can explore sensitivity of the manufacturing variation
I NN x/ S using a digital twin
» \\\/ /’x; \'// = With typical production tolerance on pad, clearance and drill
2 \\ "‘/‘f “‘ \//‘ [ we see more change with geometry than by A (only 0.2 GHz
\( ‘ /V B Lot shift with 5% anisotropy)
\4‘

)\.A.A.Nu y,.u
[

L T W pntipad | Pad onouter | Pad onouter
low o Drill offsat layers low layars high
high bound ye RIS
Resonance frequency from bulk isotropic material fit was off by 1 GHz from measured (12.4 vs 13.4GHz) bound bound bound
+  Bothisotropic Dk and anisotropic Dk pulls resonance further away roughly by 1.5% per 5% increase ResonancetreniGHE] (i) 1237 L Lk o 12.75 LA

Macroscopic Slfactors influence the resonant frequency A to nominal simulation case GHz 0 -0.58 -0.04to -0.07 0.28 -0.4
A to nominal simulation case % 0 47 1.2 0.3tn-0.6 LR 32

ANISTROPY AND FAR END CROSSTALK (S41)

foc t(ll Viato lupimmuum In e hprean 2015, suntl.u ‘o

- Anisotropy increases the in-plane capacitance — so increases crosstalk
— Using only an isotropic material Dk underestimated the crosstalk
— Also sensitive to inhomogeneous Dk, less to geometry
— Fruitful area for future exploration HauBHaHE i e ol Bt

| [ o-106Hz2 | 0-35GHz | a-50GH:z
94.3

S 5

Hausdorff Figure of Merit

B"" 1 RAVAVAIN [ oiochz | osschz | osocH:z
Isotropic Material AR | Isotropic (AF) an.3 876 88.5
| _ .
| Anisotropic
12% (AF) 78.2 59.4 65.8
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B 3-40 : Innovative Design of 224G BGA Pinmap and Via Structure

» Challenges and Initial Solutions
* High-speed serial signal rate J} 224GbpsOll =&, 448Gbps=E & & S
« Datarate SJIZ system channel2| higher bandwidth 2} lower crosstalk 2 -
« Traditional BGA desigh2 bandwidth StH| 2t crosstalk & Ml 0 & &

Classifications of FEXT (Far-End Crosstalk) Impact of Shielding Structures

= Based on the different relative positions of the two differential vias, crosstalk can be

classified into three categories (pitch = 0.8mm, diameter of via = 0.15mm) ¥ Shisiding'Smichires: (Gase)

= Though shielding slot gives better improvment than shielding vias
= Shielding vias is prefered due to less process difficulties
* Number of Shielding Vias: (Case8, Case9)
= Adding one shielding via improves the ICN nearly as much as adding three

~ Shielding vias should be prioritized on the shortest coupling path

T'he mmpact of shielding structure

JCN_FEXT

o 1 151m o o 5.
- 31o% 3 >
S TRy . g - ey ; _'" i 2 2
B . . . . Cot G - - 3% ()
Two differential vias Two differential vias Two differential vias o - — —
ISheking v Ve 1 S2ardding vim 3 Shicldnz voe

“
in the same row in the same column in diagonal positions
-

Comel
Shaeliine abe
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B 3-40

Innovative Design of 224G BGA Pinmap and Via Structure

» Innovative BGA Pinmap Design

Combinatorial Approach

P/N &S 2F Hel ¥ signal/ground via 2+ 42l JF 28 A

A~ 5tH bandwidth = Ot

CH2 S BGA via HHE (same row, cqumn diagonal) il CH St crosstalk &= 47 &I &4

Shielding ground via & slot /2 &

= crosstalk & 2 0l significantS JH &1 S 1t

Via-pad offset= & & St novel BGA via pattern2 high bandwidth, low crosstalk, high density & &

= Based on the study in previous slides, various BGA via patterns are analyzed using a combination approach
* The PS-FEXT (Powersum Far-End Crosstalk) of Pattern 3 and Pattern 4 is relatively small

o2 1930
WVIOF XTI 30 1 e
Pattern 1. Case 3, Case 7, and Case 8
= \
Feass 3
A pMCF EX .38 451 31
Pattem 3 : Case 1, Gase 7. and Case § Pattem 4 : Case 4, Gase 7, and Gaze 10

Optimization
= Two approaches: (1) increse the diameter of ground vias from 0.15mm to 0.2mm; (2) optimize the via pattern

» For Case4 with significant crosstalk advantages, supplementary analysis is conducted in an orthogonal manner

Pattern 3-1. Increase the ground via diametar of Patlern 3

Patiern 5: The frst cahogonalization of Cased Pattem & The second orthegonralization of Cased

ctim pa

ICN_PS-FEXT of BGA Via Patterns

= After increasing ground vias diameter and optimizing
differential vias arrangement, the crosstalk of Pattern
3-1 and Pattern 4-1 has significantly improved

= |n the orthogonal design, the diagonal crosstalk of
Pattern 6 is larger than that of Pattern 5

N_F k\lu,u Smm

A Recommended Novel BGA Pinmap

= Patterns: Apply Via-pad Offset Design

» White circles indicate BGA pins

o Add a ground via in the same column after offsetting

o Use Case 1 between the same rows

» Add a shielding via on the shortest coupling path diagonally
= Achieve A Balanced Performance:

»High bandwidth: 80 98GHz

o Low crosstalk: 0.89mV

» High signal via density: Number of differential pairs

in 10 rows x 10 columns is 15

» Good soldering reliability: Pitch of BGA pin is 0.9mm

Pattern W

L

Via-pad offset desige

Lip*0 Gmm =0 Gmn

N_PS FEXT: D BT
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B 3-40 : Innovative Design of 224G BGA Pinmap and Via Structure

» Innovative Via Structure for Higher Speeds
*  Future 448Gbps 0| & 2| system bandwidth & impedance continuityl| F=ItN Ol SFA @ 1
* Innovative via structure= ground via2t2| JH 2|l E = 0| 1 flexible® impedance tuning JtS
¢« 2 P2 A= bandwidth (Z CH 92GHz) &4 & impedance continuity 2} reliability JH &1
*  224Gbps system0il BGA pinmap & & & 7%, crosstalk ICN 2 97% 2t A~ &2 COM 2 17% St €4

An Innovative Via Structure
Eg:'_s_:'l‘-'-“ = 4«

= |In the PCB process, the ground-to-signal via spacing, is
restricted by the CAF process, cannot be reduced all the way,
limiting via-pad offset structure bandwidth

= An Innovative Via Structure for 448Gbps and Higher Data Rates:

= Reduce the distance between the ground vias and the signal via walls

= Enhance PCB CAF performance: Air vias for isolation —

o Increase the signal via pitch can further enhance solder reliability

A 224G system ball to ball passive link with an insertion loss of 28 dB o: Bandwidth:80.50GHZ - 91.616H=

3
FEXT1 i ~'°""""V" e KB Tipin > OOCON e Tament > Baw Colbln 3 NACCOMamd Tacoc > ICB Tiade f.:_.d- )
£EXT2 F L BoAa e | s v % 00 it e i e k% Sk | [ o Adjust distance S to modify signal via impedance .
s e - S i : ; s T Z ™7
FEXT3 1. SEmermeve Lo rcn e~ 00 oMt ormt |t ole {0 oM Gt |57 Terin 3% SERERTTT = Compatible with traditional processes g i ; 1
FEXTA 7, "-{ Bkugeamsis | o pchseatx 5 /o0 coNmu fonat —> | Bow b == o oM md Vot | > 300 Tobtn — 3 SETITmee 3 Eg 'S'} ik
> AR (L e e Bl ki ot s <5 2 2
FOTS s i) A i > 1 g * Improvements: $ i
[P = L - ¥t =81 61GHz
SRR s e > ey wecoumiiua ) " S Ez e ornmive_sinchure=-3.004 Tl
o g
5 !
& '
“w

-
1 freq=809

= TDR: 8500 — 900 B BGHz
R —— = ERL: 20dB — 23dB i S . ! . !
Conventional Pattern % p:rcentage RS S PR S S IR SR R i YA R s o A e
L i e, nbac

ICN_PSFT :
(only BGA) 31.38mv 0.89mv 97.2%
(zalfBN 51? esn,?:;te) 1.54mv 0.04mv 97.4%
COM 2.93dB 3.45dB 17.7%
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B 3-41 : Insertion Loss of Mechanically Roughened Conductors

» Introduction & Test Structure
o MEStHESE M2 =49 & JHAl JHE: Conductor roughness, lossy dielectric coatings.
* Conductor roughness Jt&: HH S 30| 8 A MU B2 E 2 BH=.
* Lossydielectric Jt&: 2 K& DEO| & =42 SIHAIZ.
« StSfA Xl 8t OI JIHE LHOLZ0HASIAIZ & HED[IDF A &40 0 Xl= gaF St

Figure 4: Conauctor cross sections for the Smooth ile'ﬁ')‘ and Diamond (right) conductors.

Figure 2: Conductor roughening process.
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B 3-41 : Insertion Loss of Mechanically Roughened Conductors

» Measurements & De-embedding
« =& =1z H:30kHz — 1.5GHz ¥ 10MHz — 40GHz.
e Teststructure: 3}t & X 2l £ Z| A 3}t Stripline X
« YUY =& S8 ZLEQ YUIUA RH L XA S Hak M.

o =2 CYHIY R4 : Connector delay, launch inductance, launch capacitance, mounting nut cavity

Measurement Port Equivalent Circuit
Cover PIaIJ
Port Port
| Cover Plate Connector Wire  Stripline Stripline Method:
M 1. Adjust port model to match beginning of TDR trace.
Threaded Rod 2. Convert S parameters to generalized matrix
I BSeoo (ABCD) matrices.
[P ) | Connectar 3. Multiply by inverse ABCD matrix of port model.
———— Connector  Dielectric | ar | Dielectric Flanges 4. Convert back to S parameters.
Mounting Nut
. o Cavity
— ir . y
MNAANTT] adjustment
q -2.20E-12 1.60E-10 0.00E+00
(___hreaded Rod _ | I - 0.00E+00 3.80E-10  0.00E+00
Nut ‘ 1 0.00E+00 4.10E-10 0.00E+00
— D - -7.00E-13 2.70E-10 0.00E+00
Cover Plate Cover Plate 1 0.00E+00 5.70E-10 0.00E+00
R 7.50E-13 5.60E-10 0.00E+00
1 -5.60E-12 3.70E-10 1.50E-13
Figure 7: Coaxial connector edge mounting — 2 -7.60E-13 3.30E-10 0.00E+00
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B 3-41 : Insertion Loss of Mechanically Roughened Conductors

» Conclusions & Recommendations
e SHEYY A MMNH2 P2l Tl ol & =412 2fF 28H
o JIHE AHEIIQ Fak: et TIHE 242 &g =4 X0l= AKX £ 2
«  Work hardening 7t = &: Rolling Bt & 0l M & 24 St Work hardening0| &=4&! SJt2| & ¢l
o HE AME: 1= UI0IE &5 & Z 0l Rolled, annealed copper AFE £ PCB M= Al &

ol Aol
LN =]
St 22 SR

I ion
002 Wsation Loss
[— Co«u mmuqn
Smacth
Ctamond
Cross diraction
Propagation directon
-
s
©
B
g 0.1
g
= 1
A oL
U S ) e
5 T NS
01+
.02 % : L 02
0 05 1 15 z 25 3

Frequency (MHz)
loss, starting at 30kHz

=
w

Figure 10: Magnified view of low freq

Return Loss

o 5 / %, ) i W A N b
(i \\/ i \{l/ \f \f' “:ﬁ;.’ \\% oer
¥ §/

Insertion loss (dB)
& b
w E

8 ¥ i,' : ] o7
= | | Measured Smooth
© Maasurad Smooth (low fraguancias)
S X 08 Measured Diamond
£ [ Conivougn | ——Measured Damond fow roquencis)
= | 4 L
Z 60/ Mo - A ki - 09 LINPAR Hammerstad (RCC=2)
\/| e 25 LINPAR Hall -
" y Smooth 22 all-Huray (RCC=3)
70 .:," 1o Diamond 11 A - i
‘ | Diamand 22 10% 107
| Cross direction 11
80 ) { Cross direction 22
¥ | “ Propagation direction 11
' L Propagation divection 22
&b { e b i b
0 05 1 15
Frequency (GHz)

Figure 11: Low frequency return loss

|
10°
Fraquency (Hz)

Measured Data vs. Conductor Roughness Calculations

Comparison of measured and simulated insertion loss
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B 3-42 : PATH TO PCIE GEN 7.0: CHALLENGES AND DESIGN CONSIDERATIONS FOR
NEXT GENERATION INTERNAL CABLING (1/2)

PCle Gen 7.02 224

> A/ML, HPCOIA &2 HHZ D 2 NHAIZ 27 3
> 128GT/s (PAM4 &5 A1), J|& NRZ CHHI & 26§ S0} .
> A3 224 RN 22 (BER<1e-06) AIC

routing ~ 2"-4"
Root Complex Chip

gjﬂ -T,_a:l A}Q HOST AesCap ‘ CEM Connector
> AS g3 A
- 23 J|4 S, BtAL HIOH 24, A2AE

Baseboard routing ~ 4"-14"
> W A0S =2 = [PCle Pad to Pad Channel]
- PCB UiHl ¥2 ¢tls &4

Length = 5in

Loss Budget Allocation for PCle Channel

100%
90%
80%
70%
60%
50%
40%

Insertion Loss, dB

56— ‘ .
30% 26.5GHz 326H
20% . J
10% 8~ PCB Loss [100G]
0% | PCB Loss [200G] 53.125GHz
Gen5 CenB Gen? Cable Loss [100G+]
“10 I!lllllll[llll]llllIIIIIIV!II'IXII[lIl‘
B RootComplex (RC)  MAdd-in-Card (AIC) B System (Host) 0 10 20 30 40 50 60 70 80

freq, GHz
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B 3-42 : PATH TO PCIE GEN 7.0: CHALLENGES AND DESIGN CONSIDERATIONS FOR
NEXT GENERATION INTERNAL CABLING (2/2) : Retum Loss

Signal Integrity(S)2 =2 2l

> PAM4 3 2AE 2

- J|ZE PCle Gen 6 & 32| XtH % X 2=
> 88X 3& 22X

— BHAF AlS0f| 2lolf 2& & A 2r A ]
> PCB J|gt CIE{HI Ol A SHAH L L A S AN A AN A

- PCBIHE AH > Als BHAF & ARl &4 =J} PO

Powersum FEXT
Near-End Crosstalk

10 = ) |

20 -20; /-\
i Contact 1 &

-30— £y

e — \ /\)‘/V\) stub 1 AN

-50—- f’HWI /\/ U/\j x,\f"';’ "/4

60—
70— A '\’_,l

80—/ /
90— — N

SDD11(dB)

:I:

188

PSNEXT(dB)
PSFEXT(dB)

-105”“& 1 “‘\\_f—\ e
e, B B
-40-]
50

PSFEXT(dB)
SDD21(dB)
w
|

-60—
70—

-80—
-90— 4 \ ||
-100 LN L I L L AL -6 ||||:|-|||||||||-||||-|||||i||||||:-||-
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 B0

freq, GHz

154



| 3. DesignCon 2025 xp= 294

B 3-43 : Reduced Order Geometric Macro Model of PCB Fiberglass Spatial Variation for

Skew and Impedance Prediction (1/2)

PCB %EI’.S%(Fiber Weave) # X

> Warp 282 81t 220l F
2ASHA THIIEHI o0l2 2lall X,Y E’>§>
HE(0K) L AS I et XIS AlS 2t
Skew 2

> SKclds %‘2‘
HE2 H A

L0, 2k=2He| 22t9)
DR/Skew Al2dI0

OII
=) mio
_i

Ansys
s

-~ Fill

Warp

Four unique dielectric regions.

Fill and Warp glass overlapping
Fill Glass

Warp Glass

Resin only

2.9 Dk

3.26 Dk

2.8 Dk

2.53 Dk

Impedance (£2)

100 Impedance - Differentiol - Risetime = 5.15 ps (20-80%)

-
&

8

85
004 002 o 0.02 004 0.06 008

o1

1565
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B 3-43 : Reduced Order Geometric Macro Model of PCB Fiberglass Spatial Variation for
Skew and Impedance Prediction (2/2)

Seld s 2 (Elliptical Fiber Bundle + Waveguide J| Bt

> 2 ER US EIREoZ RHAFIH S& SIS TS

> S OHK SEo=2 Ao 2US(REe BHa DY), SYSH(A4A
X EHR)
> Skew?@} Pitch Mismatch 2t A

Imm

E0oll worst—-case 0= JIs

Port

/

Alternating Sum long pieces of &£ = 3, 4.5 25um long end piece, & = 3.75

Differentiol Skew - Differentiol

Pten_OmaCrhies 4lp
S N 1 028mi0Mset g
2 05 TemiON et 140

Skew per Inch (ps) vs Pitch Mismatch (%)

TTTTTTATARANNNN
[ 3 53 ¥y

Differential Skew (ps)
&
w
w tn

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%
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B 3-44 : How Interconnects Work: Crosstalk Anatomy and Quantification (1/5)

A2 A E(Crosstalk)
> Slgnal degradation2] & ¢Ql
S L THe S+ & S4 &4
- %ul@ﬁ SUX, WX SHSH0 [HE BEAIEA
- 32 AE

Crosstalk Types

= Local coupling:
o Coupling in closely routed signal traces — the most common source of crosstalk
o Local coupling between viaholes and between viaholes and traces due to proximity
o Local couplings of traces through cutouts in reference planes

o Common to differential mode interference and crosstalk due to modal transformations in
differential pairs (bends, asymmetry in routing, fiber weave effect,...)

= Distant coupling and multipath propagation:
o Through parallel planes (PDNs)
o Through split-planes (slots)
o Through surface dielectric layers (surface and leaky waves)
o Through PCB enclosure (box resonances)
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B 3-44 : How Interconnects Work: Crosstalk Anatomy and Quantification (2/5)

Crosstalk & &3} g8

Power Sum XTalk (PSXT)

* Preliminary evaluation of xtalk can be done with Power Sum Crosstalk (PSXT) (OIF-CEl and IEEE
802.3 standards):

2
PSXT; =10 - 10g (2 jeq,,IS:;]") (dB] - total PSXT (MDXT)
PSNEXT; = 10 - log (z P— j|2) [dB] - Near-End PSXT (MDNEXT)

PSFEXT; = 10 - log (3 jegppyr|Stj|) [d8] - Far-End PSXT (MDFEXT)
Insertion Loss to Crosstalk Ratio (ICR)

* Insertion loss to crosstalk ratio or ICR metric can be used to evaluate and quantify the
impact of the crosstalk:

ICRI'J:]LI'J—PSXTI' [dB] ICR at port /
IL;; =20 -log(]S;;(f)]) [dB] insertion loss at port i (negative)

PSXT; = 10 - log (Z |Si,j|2) [dB] power sum crosstalk at port i (negative)

JEQxT

Integrated Crosstalk Noise (ICN)

= Integrated crosstalk noise (ICN) metric accounts for the signal spectrum and filtering properties of
a transmitter and a receiver as follows

Oxri = \/ anxsxr + JFZEXT
2
onexr =2 Af - D Wit (fy) - NXT(f), NXT(f) = EjEﬂNEXTISi.jl
2z
orpxr = /2 - Af - L Wee(fi) - FXT(£) ., FXT(£) = ZjenppyrlSijl
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B 3-44 : How Interconnects Work: Crosstalk Anatomy and Quantification (3/5)

Crosstalk 42 &

> Trace 2t B € HEE 20| 4
> JIE EdI0lA ¥ via fence &Y

SractandMek < 318 778,27 el dre2 Znacd2 153
Elemactt 173529, Mavices: M 2083535 €M 32, Fnat 4,00,
Angpar: Mubgart

£1 Pomeion{CoPace] 8 16 Gz Ta825 pe: Poal;

M0, Mues 137700 (W/e 2]
ors|
128
-
ars

P3, NEXT
-35dB

P1, 1V

za:«m}mn Sinberionine.

DBMaoribud=l51 [dB]

O 255 e e
i f/f — %\,,M%E =
| D M@’“\Uﬁxw/—ax =V a WY
AN/ ANAYIIA g@f‘* J; R
. NARBARA
v g v W 16 mil—o
Wl , | {7 s2mi-o
w1 ki P A H T 1 232::—&

20Dec 2024 150805 Sinbetian Inc

e e

——% DspAL:

Peak PFD at 16 GHz right below traces

P4, FEXT
-41dB

P2,
500hm

P3, NEXT -62dB

0 View Mode iress £ LEGI

Shuctued Mesh: X318, V-7, 2:7, 2, dV=2 42152
Elemerta; 1720620 Novices. SM. 2033.336 TN 32. Finad: 6,00 I
Anabysiz: Mtipne

11 PorvedFlomOtPie] ok 16 GHz; T-626 oy, Posk;
Min=. Mae=135000 A/n"2)
o=

125
25
315
Rl

£
P1,1V
4

20Dz 2024, 14:36:47, SimbedianIno.

Ve Mods [z <E> taLail)

SRS

Frequency, [GHz]

£ BS[.2] — BS[H4L

+ CshE: L B

04l 0:E0.2]:
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B 3-44 : How Interconnects Work: Crosstalk Anatomy and Quantification (4/5)

Crosstalk M2 &

> AZRASO MZ J|Y
— Coplanar X ¥ & & 22X AIE
- 2HdI0| =X

Tabbed: 8 mil traces,

24 mil apart, 8.5 by

7.5 mil tabs (40 mil Ty

total width) N
D 3D S 10V o o €1 U3 P4, FEXT

P3, NEXT
-26dB__g*

Instantaneous PFD at 16GHz right
below traces (in substrate dielectric)

B
D 0. VIV S o

X0 Vs Mo s 1 1)

1 oo D] 016 GHe 152000 Ina 8 02627,
12 PowrFon{Cufiunal 816 Ghie 1425 p0iior o 02047,
Wi Mae-1 20000 Wt

Soxhaed M RAT7. Y0 23, Sk WY O R20ETH @ nand) 112
Flarvact: 242 208 Noabicac. SV 2U7S00 030 24, Tt 4, DI04
]

1]
1®

240w 3004101 % 2ot OA B

4

—

=2CL
=

b
e

34 (T2 @ | Dl MMWD, D 3

1 4T-00009 1 G PO Dl WL

Shvctrwd Mask X 318, 39,7 10 nd ol rmaen 78 WE
Flewects 124020 Mancox SV 1 408240 CM 16 Finad §.00 0
Ressbyuix Nudtcon

Stnctued Moch X318 Y.39, 210, dat, dYed dZmaen28 1 (2
Elenents 124 100 Marscar $M 1 258280 OV 16 Fnat 2 DO 0
Anghysic Mot

2 PoneflonCuPane) 8 15 6HE T-525 0 st ot Q27T
Minl]l M1 4320 W/m"2).

08
-0
x
o

1 FowadlonTuPlane) o 1564z T-625 pe st o 067471
Minsl, Msa1750 (W "2}

Instantaneous PFD at 16GHz right

Instantaneous PFD at 16GHz right above the traces (|n the air)

below traces (in substrate dielectric) \
240w 2024 18 -30dB

0 View Mode (peess £ e ESU 24 Dec 2024105 X). Sivbesian Inc 30 View Mode (oemss <E3 1o Ech)

P2

P4, FEXT
-26dB

Instantaneous PFD at 16GHz right
above the traces (in the air)
P3, NEXT

30 Vi dhoro s <5 b L)
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B 3-44 : How Interconnects Work: Crosstalk Anatomy and Quantification (5/5)

Crosstalk M2 &

=1

+1
Odd Mode (ﬁ

)

>
>

s AMS M2 Y HEAH |2 even/odd mode
=&, 9 1

Shccrmd Mot 415 7154, 262 Sl 15, ol T4 ]
Sumass 155 755 Mances 4 1 RFL21G 4§ Fo 4 06

e

m-« e m e Ty Pus

.:'".ﬁﬂlii e

20 25249117 et

3 ViewMude et 6 WESL

V2

Even Mode

Shetond b UM CISUZ DL S AN Dt

Shrenk wr:nm IR OL L 00K

20e0 226 10088, Swiaimie

PMC
ot Zamzio Peak PFD at 10 GHz Lo o ST T, Pt W A L DT
: 2 , DD: 0; 3 5 E. Pigrect | LOveShot_ 10l ABC 3DTF_Fiolde FiProjectl. MSL0veiSkol_Smi ABCIZLZDTE Fiekls;
" 8mil traces, 10mil slot, MEE[%H — 2::::} —Qﬁ_j 3?5111! = Erssllﬂll
3 po  20mil to solid plane a) Increase trace separation? e’ TR S — R R
iy Nope P —
' dd \ | | |
5 < P4 -15.5dB i 20 W
i.m P11V B} Ml sht rangers ~RGpe- s /;_f;f ﬁ;_‘;f_:s
a0 i I
40 c¢) “Stitch” planes with AC caps? |
: & - Maybe :
~-P3-15.5dB e : \ :
d) Place solid plane closer? = NG i N —
-~ Yes / /
e) Switch to differential lines? — \ Pa T
; Yes \/
=l o bt L =
25Dec 2024, 131559, Simberizn Inc. 30 View Mode [prass <E> to Ed). f) Keep plane soIid e The Best! ,5 . = ;;; 2.5 ‘J,D

25 Do M24, 142845 Smbenan Ina

k= A0
Frequarcy, |FHz|
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B 3-45 : Via Design for 112 Gbps and Beyond: Theory and Reality (1/2)
NEEHUML via €A

> 112~224Gbps D% SAUAE viadt A5 HAF 2 32 AS0| =Q K010 &
> RIZAHE Stack up HZ Al BHAL, 24, HEZ0| ZIH& R
> JIZ HIOH &N AX PEA OIAXOI QED X0| LA TR o)

Via &2 844l :

Localization

Dissipated Powerg & &5t &4 &% I} - Distant decoupling & XI
Stitching via BH X|

BEAF =481 s B4 2 S8 2 &G

VVVYVY

Nstv=6 (+)

PML - green curves ! ! ]
PMC - blue, red, black and brown

0 0 20 k1 “© 50 80 7 (] 0 100 10 12
01 Oct 2024, 121155, Sarbenen Inc: Fraquency. [GHa|
— A3, —— BS(3 CS[1L3);—— D303 2 ESN3: —8 FSN3 &s(1.3]
HS{1.3)

Vespses Fower, W) . . . L [ B [ R R R
0 i " - ' " . , ; Nstv=6 (+) of
' 11 ‘ 'Nstv=2 (<> |
PML —green curves L : f ‘ M | - \ : =
Wl PMC-blue red brown / | .l i 1 ! _ ol ’ Ll gats o Tt
[ I - | Nstv=2 (<;>)\\ Nstv=6 (+)
34 ! ! ! | ! | ! | 24 - 204 —_
02 3+ ’ N+
, PML - green curves | ol PN/IL - green curves
T ' PMC - blue, red, brown f PMC —blue, red, brown
ol |
044 5+ — - ‘
‘u 10 £ 0 ,f., ) @ 0 0 ) 100 10 133 125 25 37',5 50 625 7'5 815 100 n25 125 25 375 50 85 7 8;5 1l00 ‘.1'25 125
V102 B4 RS 1K Sirbevan = . " R Fraquency. [GHd 30 Sep 2024, 14:3447, Sirberian Inc. Frequency. [GHz] 01 0t 2024, 06:35:15. Smberian| Frequency, [GHz)
> ASHY).— 83.1) S B 1 DS £S1). ———+ FSMI] 5 ASIR1]: Bsi21); & ezl & DiSR1): ol it mberian ma-sn‘u‘ & — g
——+ ES21}; ===+ Fsf21]; ———t ESp)
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B 3-45 : Via Design for 112 Gbps and Beyond: Theory and Reality (2/2)

)
Waveguide J|8F &N gtAl
A 2Planes-20mil Mullivialbl] 3DML: B:4Planes-20mil Mullivialbt) JDML: C:5Planes-Smil MultVia(6f) 30ML:

> SICW (Substrate Integrated Coaxial Waveguide 5o cnanges P et
—Antipad (22 & LX), DFTOIM BHA = -

2 planés, ' '
H=20mil Reflection Loss

T

Nstv=6, Dvia=8mil, Dst=40mil,

_+_§I' Dap=35mil, Dk=3, LT=0.001
= = — BT
- M= St % Stackup B30l Z2o1& o,

> SITW (Substrate Integrated Twinax Waveguide-~— 5~ —
—Differential 5100l =& = i%ﬁ%’ﬁi

—JF0F S8 AT & noiselll 2 . N
“‘(\CQlénes. ==

-

-

% 4 planes Efganﬁs'
Ha5mil H=20mil =
an e 0m and e 006 + + + + + + + + + + +
22 Dk 2004, 12 5401, Sirbesin Inc B Teee. ] 1] 10 20 0 40 50 80 0 80 S0 100 10 120
A I =281 sl 22 0ct 2024, 1251:17, Simbetian Inc. Frequency, [GHz)

A 4Planes-20mi Muitviale) 30ML: B:TwoPlanes. MutiVialBl-40|. 3DML: CEPlanes-20md Mulivia{Sf 3DML: D-8Planes-Bril Mutivial3fl J0ML.
E:SPlanes-Smil Multh/ia(&] 30ML:
DBMagritude(S). [d]
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LT=0.001 217 — — i =1
Simbeor 3DML, ABC v W& | ' - ;
40+ . ) y p

i ——— AT N, ., DRI ME A5HEL Ao
7 Pranes. .ﬁ'p;%ngf., & Pianes] st "X L/ NYN AL Target impedance 85 ohm Q!0
e e e ) | | NE ot X oz 9x
|/~ 8 Planes, | | <
‘“‘ o H=8mil
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.-l 5Planes, & Planes,

 H=Bmil | Hetmi TDR T ] ' T

nmgg“xm_”: \ am ot s Lol o o o 10 20 30 40 50 =] 70 €0 a0 100 110 120
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—— AZeeDIDY] BV D], ——= CZowd1 D] ———+ DI 01); 22 Dct 2024, 15:21:13, Simberian Inc. Frequency, [GHz]

e b ——— ASmmiD1.01); —=) B:Smm{D1,01): ———F C:Srerf01.01); == D:Smn[0101): —— E:SmenD1.01):
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B 3-46 : Accelerating Chiplet Placement and Routing Optimization with Machine

Learning (1/2)

& 3(Chiplet) BHXl & Hi& X R3O R A

> & £=2 3II & HBM S& Sot= X2 e 2l =
gd 2 SIHAZ

> UCle 2IEHHIOIAONIA SIE =XIGHHA XXM &3l i
XIE &0toFe

< AMD MI250 Architecture > < Chiplet-based AMD MI300 Architecture >

(@ Integration of
More HBMs

" i~ (@ Increasing
B :
Interposer Size

=1 o —

(3 Further Chipletization of
GPUs and CPUs

V100

A100

Model P100 H100 B100
Year 2016 2018 2020 2022 2024
Process 16 nm 12 nm 7nm 4 nm 4nm (4NP)
#of EM 56 EA 80 EA 108 EA 144 EA 192 EA
Core type of SM FP32, FP64 +FP1aTensor | fraaeiensor |, 'Fei::rTl\j::nocrw by
Accelerator
FP32 10.3 TFLOPS 15.7 TFLOPS 19.5 TELOPS 73 TFLOPS 0.9 PFLOPS
Leg;‘gr 125 TFLOPS 312 TFLOPS 1080 TFLOPS 1.8 PFLOPS
P:ﬂ?nlfna Tensor 624 TOPS 2160 TOPS 3.5 POPS
INT8
fem Tensor FP8 2160 TFLOPS 3.5 PFLOPS
FP6 3.5 PFLOTS
FP4 7 PFLOPS
L2 Cache 4MB 6MB 40 MB 60 MB NIA
Capacity | 16GB HBM2 32GB HBM2 80GB HBMZE 96GB HEM3 192GB HBM3e
Memory | Bandwidth 720 GBIs 900GB/s 2039 GBIs 4110 GBIs 8000 GBIs
# of HEM 4EA 4EA 6 EA 6 EA 8EA
Max Power 300w 3oow 400W 700 W 700w

Conventional Selution

E e e

Chiplets 1

Interconnections |

Future Solution
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B 3-46 : Accelerating Chiplet Placement and Routing Optimization with Machine

Learning (2/2)

ML J|Et = 3} J1Y — heuristic Hi XI/HH & 2 0e|S

> Reward Function : OIOIEH && £ J|BHQ| Sl-aware &4
> Heuristic Placement : Manhattan Hel J|8t {IX| &3

> Routing Optimization : Datarate & =9 114

U =—2

datarate

SV Eye Aperture \,' N\
IR 4 Eye Mask Height ) R

Voltage [V]

S T T T T T TR T Tt T R AT
0 20 40 60 80 100 120 140 160 180 200 220 240 260
Time [psec]

[Eye Aperture, Datarate]

tion (SigNy, ¢ = 7, tand = 0.001)

Silicon Dioxide(Si0,, £ = 4.1, tarng = 0.001)

t 3 5] [E] (5] [5] Lil IS:_||E

('T=] [=] (=] [=] [=] =] =]

Silicon Substrate:

(8, &= 1.9, o(bulk) = 10 Sir)

Parameter Value
# of Metal Layers [EA] 4
# Wire Density [EA/mm] 400
Channel width (w) [um] 2um
Channel space (s) [um] 2.86 um
Metal thickness (t) [um] 15
Diglectric thickness (d) [um] 15
Si Substrate thickness [um] 100

|
388.8um |

== |
:E'—‘:-'_—'::: |
== 64DQRX) == |

E========2 | d
== 4 DQTX): == |
SSTECSToIS |
Routability: o221 i
|

< UCle Bumpmap >

< UCle Advanced Channel Model Stack-up >

[UCle stacup X1

For each chiplet, generate the action score map and find the optimal position.

‘ Rotation 0 degrees

| 90degrees

180 degrees ] 270 degr

(1) Action
Mask

= B8 O  B

(2) Manhattan | *
Distance Map | - |
Chiplet6
Placement
(3) Action
Score Map
(4) Best Action |
Candidate Map | -

[Manhattan He2l JlEt 9IX| Seis]

165




B

DesignCon 2025 AX}l= &7

B 3-47 : Deep Reinforcement Learning Based Design Optimization of Power/Ground Ball

Map in BGA Package in 3D ICs Considering Multiple Power Domain Environments

(1/2)
3D-IC =0 A2l PI2 X

> 3D0-IC 2X0UAY & =& B=EO =2 0I5 PONO| S &6 XD, &S 2t 0| SOt
> MPD(Multiple Power Domain)UlAd A2 CIE & HH0| ETHEISEZM PDN 2 &,
switching noise &
> &8 2 O212E 2 X2 2728 22 SSN(Simultaneous Switching Noise) 244
—-> SSN SA9 & Xiss 2R
St > St+1
oo cvrocoe 000 POoOoOOOOPOEOE OO O
®L O 9@ L®:® Ve O @ 010000
9® ¢ ® 1 ®* ® " ® @O 0% " & @ -9 00
1® 9@ ® ®® e ®" @ ® ®® " @
®® ° @ e e ®e - ® 1 e e
®t @ ® @00 e e ®: e @ ® ¢ ® 9
‘..5 ®® 6 O Eee® ®e - ® e 6 i ee®
® 0 @0 @® ® e e 00 @® ® @
o@® ¢ @ C olree ®e @ ¢ ‘9@
oL e @® ®® e ®: e D € @ ®® e
‘0.5.5.50505.. 0 0@ 99 00
0@ 9@ 10> ® 8 ©:® 9 ®:®:9®":®
200000 OOO OO O ve0000eOOD OO O
Package 3 k
Substrate N J= Domain 5 9
IEEE EDS
] T Y o
- N et - = =
= ..:;E W H[13.8 W
Power current Ground current ~ L Frequency [Hz] L4 Frequency [Hz]

* Calculate SSN including package region

[3D-IC MPD +Z= % MPD &H4] [SSN A|lAF HEAL GI H A Sha= H O]
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B 3-47 : Deep Reinforcement Learning Based Design Optimization of Power/Ground Ball
Map in BGA Package in 3D ICs Considering Multiple Power Domain Environments

oL DI 3 S mmmew wemse
> Power/Ground B9 ZA 2E stgs SHEA Y | o o EEAEE
E/3 I=2 5N S5 7E “afef o Sz o.ovs WD oetts
> SSN H&ZE S& Sl &4  EEmEEw ﬂrt = I_}:E . Smwums SRS Etu
_mEw L 'E“* - mEmmmEmE - EEm
Execution time: 544.4 s Execution time: 42526.4 s Execution time: 26913.8 s

e e e e e e e e e e ee e eeseseeeeeesseeeeeeeseeeean

[J1:Power1 [J:Power2 [1:Power3 [J:Power4d [1:Power5 [1:Ground

1073 ey ey e ey 1.08+ = 1073 1.08
o ] @ Power domain 1 . ; — i
@ Power domam 1 S ] @ 0 N @ Power domain 3 = @ Power domain 3
107% g)n 1.04+ 10 ! ED‘ 1.04 4——+—4——1—11+1
S ] ] = S IEE o
1075 = ] ‘ e U Lkl | = ]
% S 1.00 et ooy — ‘E frm— 'i‘ ; | S 1.00 ~-'W\/M'f’w
© 1078 > ] »110°¢ et | 55 '
7] B 061 ‘ \ [ 8,
107 EXAE 10°7 L 2! 096 i —
A ] [ ); a
-8 - N 0'92 L% B2 U5 DM BRUNT. B =2 O B B LR R —8
10 0. 24T 1T T I T 11 =
10° 10° 10° 107 10° 10° 10% 0 4 800 30 360 2N 10* 10° 10° 107 10° 10° 10% o 40 80 120 160 200 Core 3 7t
Frequency [Hz] Time [ns] Frequency [Hz] Time [ns] A
(@) © o= Pl 2t
O x| =l
10—3[ SRR e R R j 198 P, d in2 1073 r S ——— ﬁ._1 1.08 .9"7|' Trxl =
ik i CPower domain 2 | E ] @ Power domain | @ Power domain 4 5 ] @ Power domain 4 <
! o 1.04- 1074 ’ ] [ g
. : : N | o 104 T
71075 { S ] 2‘10‘5 i & ‘
23 \ Y ‘ { S 1.00 At sttt A et g 1
Z 2l /V}l { > 4003 z, | >° 1.00
“»10 > - | |
a ! = @ 1078} 1 . |
i | & 0.967 “wo| . = !
1077 | ! = - 1 8 0964 -
I ; 7z 107 | ] =
. . ] ' . 3
1078 L 0.92 T T T I T I T I 17 |
104 105 106 107 108 109 1010 0 40 80 120 160 20( 10™ ld';k_l;)s 106 107 108 10° 10%© 0.920 T |0- T -sbv T -2|o- T |0- T -200
. 4 1 16
Frequency [HZ] Time [DS] Framianae [H-1 .
Time [ns]
m— (b) (d)
mmm ; Random search === : Genetic algorithm === ; Proposed method |
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B 3-48 : Flow Model Can Give You Optimal and Di

verse Design Guidance for TSV Array

Placement in HBM (1/2)
HBMS2| TSV HHY HiXIE {8t X =3}

> TSV (Through Silicon Vias)= &2 £Z0=2 HAGI)| IS0 TSV 2t S| 22X &M
> XS ASe S AlS TSV 2429 2HH0| AlS = 2L Eye Opening A Z 0|0 &
> S| ZHEFIE /st EH A

- TSV 2t x| A 2+ &Y
— Ground TSVe| /Xl e XS
— Return path = = g}

'Worst Rx signal
* | O Ground TSV
Best signal s (O Single-ended signal TSV
/ Differential signal TSV
/
I Werst signal
u : /
F GPU ' g 44
Z 2 TSV Array L/
L I asswr L L 2
DRAM AR SR nmatimed
................ [
H Logic die T
PHY : 2 &/l
Ty } ARETTRE
= T st [ S \ L 77
|:] e
= l || H Silicon Interposer = DRAM die

[Signal degradation in different TSV Placement]

168



| 3. DesignCon 2025 xp= 294

B 3-48 : Flow Model Can Give You Optimal and Diverse Design Guidance for TSV Array
Placement in HBM (2/2)

L 1.0

Challenges in TSV Placement Optimization = ==
> JIZE AIDIEH 2= g 8| = . = s
. . & &
— Reinforcement Learning (RL) o S o

— Genetic Algorithms (GA) )
— Random Search (RS) 24 2

HPS-GFN : Generative Flow Network for TSV Optimization " 0 s

Time Time

0 0
& ™)
= =
710 - 2 10
o Q
-l = ] .
§ — HPS-GFN g —HPS-GFN
820+ [ ___pre g0 [ ppe
e —GA el —GA
T | e RS = RS
-30 T T 1 -30 T T T
0.1 1 2 6 10 20 0.1 i 2 6 10 20
Frequency [GHz] Frequency [GHz]
10 10
Prob.o B | | —nrsoen Proh. 3 ——HPS-GFN Prob. 9
" —DRL —DRL
—GA
09 | e =10 — e RS

D WD T3V D : Single-ended signal TSV . : i')Jl'fcrcnm1 ;ignal TSV :

FEXT Sum [dB]

FEXT Sum [dB]

=30 — -30 —
-0 I | = 1 1
0.1 1 2 10 20 0.1 1 2 6 10 20
Frequency [GHz] Frequency [GHz]
344 (mal state)
Nomalized Flaw igh
e 169
m— 2 —a m AT m L
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B 3-49 : Foundational Model Approach for SI/Pl Analysis Using Large Language Model

Techniques (1/2)

Transformer 7|8t SI/PI ol & 2 &
> 3 e A=A IIE / &= Y THE 2 Impulse Response
> Impulse Response 0| = : Eye Diagram, Ber =& J|Bt &4
> Latent space 24 : Via X E R=2EO=M 22| X BtH
> 1= =8 EDA NssE Ils

o N

epret M '
Positional
Input | Encoder Encoder
5 —> Embedding and —> —
UL | Leyer Encoding Laved Layes2 5} "
! g B e 5ic 2
o BBl BB o |
= 2 8 >
nel Input Chunk § & g 5 S a
| -
f . Positional o
‘ Il Input Encoder Encoder
| | % Layer Em;‘é‘;‘:jﬁ:m Layer1 Layer2
i

LY. - 4

Channel Output Chunk

Channel 1d: 102 Channel Id: 113 Channel Id: 127 Channel Id: 131
L —— Smulation 230 —— Simulation “® — Ssmudation | 230 — Sirailation
== Model === Model === Moded === Model

200 2 200 200
150 4 156 150 150
100 4 100 100 100

ol 0 S0 5] 1

o T T T o T T T T 0 v v v v &l v — v —

a 50 o] 150 a0 250 ] ] 1040 156 200 50 0 50 00 159 200 250 3 50 100 150 200 250

Fig. Base model architecture with a transformer encoder stack (in gray) and a generation head (in blue).

ol 5t A =2f Impulse
Response H| Il

A
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B 3-49 : Foundational Model Approach for SI/Pl Analysis Using Large Language Model

Techniques (2/2)

Fine—tuning & Transfer Learning
> Via X B34, =

160

75

2,

1754

150 1

125

100

EJt, PAM4 B1X, CTLE equalization X4 B30I & fine tuningBtC 2 =2 & T &Y

Base model Full fine-tuning Last two-layer fine-tuning
Channel 1d: 115 Channel Id: 115 Channel Id: 115
' — Simulation — Simulation — SAmutation
~== Model J40 -~ Modal 320 - Model
120 1 120 4 o >4
- - Viagd tis Zu
dl
o
80 1 804
€ 60
*® 40 4
. CTLE 20l CH &
. —
1 = | Transfer Learning 85
50 100 150 200 250 ¢ W B 20 3 6 S0 100 150 200 250
Channel Id; 124 CTLE: 0 Channel I1d: 124 CTLE: 1 Channel Id: 124 CTLE: 2 Channe! Id; 124 CTLE: 3 Channel Id: 124 CTLE; 4
L — Smutation | 2731 — Sovgation | 2731 — Simulation | 423 — Sreanien
—- Mozt --- Made! - Model —-- Model - Mode
200 4 200 200 200
s 175 178 ] 175
159 150 150 4 350
125 125 125 125
100 100 100 4 0
M
7S 1 79 - 7% 4 s
5 04 50 =
v v v v - — e ———— - ¢
10 150 200 250 % 0 130 200 1% o 0 100 150 200 250 0 0 108 10 200 250 % 100 150 200 250
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B 3-50: Impedance Profile Prediction and Classification for PCB -based PDN
Decoupling Using Autoencoders

e ZU LIEKIA(PON) €S S4

[ B

> 1= |CHIA2 PODN2 SI/PIE RAIGt=E al R4
> RS YLHA EHE ?e dBHol 0|= EME 243

> EM AIEdI01&8S A2 AIRHAIZE0IE S0t &= 8)

PDN2 &2 2K
> =2 oM HI8
- PON QIIHAE 0I=51)| 2IoH S&E FEM 28 L
> CIOIE THAIS & 2R3 2=
- 2t2to| 22 PCB CIXHRI0) CHoH M2 2 EM AlEa3I0lE B L
> CIHBY HAIEIS BRI 0124 S

- ED4E ATHA SHS UHEs HN3 B

o=

~ 10%¢ : : : —
3 3
= = PDN Impedance
Decaps % 10! =TI Impedance
=
IC %é :
Package = 107 L
B
Lh]
— =
PCB 3 1071
""" =
= I : :

10° 10" 10% 10%
Frequency (MHz)

—
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B 3-50: Impedance Profile Prediction and Classification for PCB -based PDN

Decoupling Using Autoencoders

Hel e (MLS &8 PON &

> QIBXs I8t = PDN &3 Ji5st
> 213 MFY(ANN), IS /2 (AE) &2

— ANN1 AEs= 2 PCB It 20| E J|BtS Z PDN I E A 0
— AEs= latent spaceE® FE06I0d & HE

Neuron

Input §°°°°77 - /!’ ----- E

Vector ; i !

rm E

Artificial Neural : ; ;
Networks (ANNs) il i1 :
> :1\ : .

e :

Input Hidden Output
Layer Layer Layer

Latent
space

Autoencoders (AEs)

»
»

lapoou3
Decoder

ol

FA
=

J

Output
Vector

Weighted

Connection

| Measurements |- \/‘/w
i i
PCB ! : : | PDN
i EM Simulations |...;
= Parameters | » Impedance
=
ML Predictions
Self-Impedance Prediction
e
' Stage I (AE) Training AE Hyp. Latent
I Set Tuning Space
! Impedance Logarithm x *
Ul “Profiles >+ Sandardiz- {—p| ML Dataset Validation LI 1 frainingt—| Trained |
= a2 (lmpedance) Set AE
@334 ation
| v
Testing - ‘ AE
: et - AE Testing —» Accurscy
Bl e _.._.u__..__.__ e
| Stage Il (ANN-AE) . T e
i 3 -
v
! PCB Preprocessing ML Dataset ——— —T
! | Parameters |+ Standardiz- —»  (PCB @ \"lh,;;{;t“m TANN liii“;d L
1] Coige--2) ation Parameters) i m$mg =
I %
Testing ANN ANN
| set [ ] Testing Accuracy
i
: <
ANN-AE < ANN-AE [ Trained
! Accuracy Testing | ANN-AE

-EE WS W WS W W WS WE G N W MR W NN WS WS W WY NN WH N W OEE M B W WS W W W oW W s we we w

PDN Design process Flow chart
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Switched Conductor

B 3-51: A Field-based Perspective on High-speed PCB Design
M XD ZHEM Fields) 2l1gtelPCBEAH 0l |

> JIE 2 EH0ME &6t 0ls0l =82 IR,
2H HUXl=E X1 F0| 28t
> PCB &3l Al Hi&0| Ot S22 EHIst=

Continuous Dielectric

The field stays put because the switch is open  Continuous Conductor

The Rules of Triplets , |

You only need 3 components to use to contain EM energy ‘
o Conductor

o
=y
OfH
0

Switched Conductor

' = Continuous Dielectric

mn

The field starts moving as the switch closes. Continuous Conductor

o Spaces (dielectric) SPACE
O COﬂdUCtDr Switched Conductor
You only get 3 components to use to build electronic systems W “ H‘ HH\ “
O CDndUCtOTS 4_ C:Jntunuous‘nlem
o Spaces (dielectric)  SPACE _ Switch  SPACE WHHII\IMHWH H \IH|
o Switches
You can only do 3 things with Electromagnetic Field Energy e peee SN n——
o Store it The field keeps moving.
o Move it Switched Conductor
o Convert it to kinetic energy W M w H'
on‘tlnuous Dle ectrlc
‘ || ” (LA
— The field stops moving. Continuous Conductor
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B 3-51: A Field-based Perspective on High-speed PCB Design

€ = AN E ?et 88 & A5 2

> AS 224 (S)

-t Ez= s il RAEME S e =2 UEM0FE

- 45 £ SIHE=S PCB W2 #£=0| SHHIU SEE ot 3
> &g 224 (P)

~PDN &3 NI, &2 S0 ASl HE Dl OISt~ 545

- ASIE AT EOIRAE, 0l KIR(IIAIE) 0| A58 JHSI0F &
=2 HE AS

ot o

;I _'_II-IQI.

—
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B 3-52 : Novel Method for Improving Differential to Common Signal Integrity Results for
112GB/224GB

s ﬁli(Differential signaling) 2 P E HE(Mode conversion)
> XS ds=E 1D Oole 85(112G/224G)0l A Ali’““(EMI) A8 BER Z
> DC BES 20 22X |,r:: OgA 228, PCB feld , H

!:_

Mixed Mode S—Parameter & Differential to Common Mode conversion (D2C) :

Y

- Diff 1 Diff2 -
Side 1~ DUT |P Side 2 Vdiff = Vp—Vy
= Comm 1 Commzj
Vp+Vy
Veomm = >
F’;:a[;l ;gﬁ:ifiﬂg E;Eil:r:rtlnd signal. lv‘;':lir“-srr.iner s
\  rbosbucong P line | Vp

N line

Spe21

D-for differential
L-for common

Any signal on a differential pair has a differential component and a common component.

Diff In - Diff Out Comm In - Diff Out . . . . .
spbp11 | sppi2 | spcit | spciz The differential component is the voltage difference between the lines.

sDD21 | SDD22 | sDC21 | SDC22

DiffIn- Comm Out |Comm In-Comm out . . . . .
scpi1 | scpiz | sccii | scciz Ideally, for differential signaling, the common component should remain constant.

SCD21 | sSCD22 | SCC21 | SCC21

The common component is the voltage average of the lines (bias voltage).
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B 3-52 : Novel Method for Improving Differential to Common Signal Integrity Results for
112GB/224GB

S| 2 Mode Conversion | A&tE {8t JI0| = 2t2l
= Physical length matching

o Adding length matching segment to compensate length
mismatches

o Many application notes
= Electrical length matching
= Symmetrical design

o Keep structures symmetrical for both lines; Traces
widths, VIAs, reference planes, voids etc.

= Fiberglass weave:
o Set pair's geometry to align with the weave'’s grid
o PCB rotation (10-15 degrees)

177



| 3. DesignCon 2025 xp= 294

B 3-53 : Energy Efficient Interfaces for the Next Generation of Al Compute
Al A A

> A2 &g HAH(Matrix Multiplication)S D8t 2 S8 &
> 8 Al T2 S 22 EE(Tie)Z2 Us

Al Aaol S B ghal 2ol

> Al compute &= &4t 2t
— Bandwidth & Connectivity JH& —> 1= DRAM(HBM2, HBM3) AlE
— Latency &4 —> PCIE 5.0, NVLink 4.0
- UK SE4 &4 -> B Dl HA I 24

o

0

-

-

(0]
>
E

OOk

Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth

7 ﬂ Hl.OCI
Matrix i Loooooo  HW FLOPS:  60000x / 20 yrs (3.0x/2yrs) ca s o
S i DRAM BW: 100x / 20 yrs (1.6x/2yrs) e ® TRPUwd
Mlﬂtlphcatlon B .: = o Interconnect BW: 30x / 20 yrs (1.4x/2yrs) i @
c o 40 ' ]
= e ®
C=AxB g 10000 e GX5808 o
- B k o ™ d e @ * ® *
®
Cij =Z Ay *Byj ot HW FLOPS ® o @
I=1 O a0 @ HEMZE
(o)) 100 ; L HBM2 e OO
k - .u Ilan:m? DRAM HEM .. ® & °
1 — GODRS
! & + 5] GDDR4 UP.'m' °e® ® NVLink 4.0
- S @
E e GDDR3 A ® R Eh PCle 5.0
S 1 ° L A PCle 3.0
= Pty i ' Interconnect BW
m - - my 2
_ 0.0l T T T T T T T e e T e
1996 1999 2002 2005 2008 2011 2014 2017 2020 2023
Partitioned into tiles e
- s Amir Gholami, UC Berkeley, https.//github.com/amirgholami/ai_and_memory_wall Year
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B 3-53 : Energy Efficient Interfaces for the Next Generation of Al Compute

Al 328 28 AIHTIOIA = & 2ot

>

>

>

1S 2 HXSA QIEHBIOIA &

- ZI0H 448G LIOIE & 8 Jis
el JEt HZ A Z(Optic) 2329 M

- & 222 WHA &8 A8 SO}
XEAICH Q1B HIOIA A H &8t

- H& AHl (pd/b EHRINAMS = =S}
- B2 TEHZA VS REE &
- 2535l 42 Soll WA 0|8 2= g

Xl

5184 dp x 200G copper cables

Local accelerator link

ASIC Substrate | RLA

connector

SerDes R Pluggable Optics i
L Asic | madule P E ';.-—

| Host PCB

e

Electrical Channel

Pluggable

Replaceable modules:

» Non-retimed (LPO, LINEAR)
Tx-retimed (RTLR, LRO)

* Fully-retimed

On-board OE

On-Board Optics

» Increased density
+ Shorter electrical channel
» Replacement requires card removal

Host PCR

Electrical Channel

Co-packaged

Highest density
» Shortest electrical channel
* Replacement requires repair of ASIC's package
* Configured during ASIC packaging

| |_10x 1U Compute

Trays

- Swich Trays

| 8x 1U Compute

Trays

Scope of PCI-SIG Spec

PCle Link

SoC

(EP/ Switch)

PCle Link

“ >

PCI

1
Mgmt I/F|

Optical

Intercol

(@Ct
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B 3-54 : The Expanded Role of SI/Pl in GenAl Data Center Development (1/2)
GenAl2| H&F

> GenAlZ QIst g}
-2 Al 22 852 918 GPU/ASIC 2+
- ANAE AHl 887 23 -> 2000A 0|4 PON € 2R
- X% OIHHIOIA & SoC 2t S481& Bt
> S| 2A
- e 20| O € HOIE & &4 > XIH/2IZ 2 A
— SerDes &= I —> dI0|02 S&E T S}
> Pl X
- i~ WO Al E &8 27
- IR Drop, dl/dt £4&!, L 0|X HEZ 2H &3t

Design chalienges vitigation

SoC 10 explosion High scale-up SlI: longer end-end channel, higher data rate Flyover cable, retime, CPO
communication BW Layout: more Serdes to escape & route

SoC Power explosion  High power compute di/dt: larger transient, bot cap ESL for thicker PCB  VPD, TLVR, embedded caps,
chiplet Power loss: IR drop, plane cheesing liquid cooling

Cooling: high thermal load

Large multi-chiplet High SoC perf. SMT & reliability: PCB & SoC warpage Lidded package, VPD,

SoC Chiplet modularization ~ Power loss: center chiplet barricaded by embedded caps, liquid cooling
Reticle size neighbors' PTH vias, VR to load distance

Layout: component fit, routing, SI/PI isolation
Cooling: SoC-top coplanarity

Rack accelerator Large scale-up domain  Smaller/thinner HW: layout, cooling, structure Clamshell SMT, VPD, novel
density explosion Power loss: smaller power comp DC:DC, noise isolated
Coexistence: noise coupling, sim & test stackup/floor plan
Large training cluster LLM size & training Simultaneous switching: data center power Cap trays, power throttle algo.,
complexity Silent data corruption: HW fault detection error tolerant Al models,
Fault tolerant system: more complex system failover/fail-operational HW & SW
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B 3-54 : The Expanded Role of SI/Pl in GenAl Data Center Development (2/2)
M OIF|E8l X el ¥}

> N 0P| EdE
— Two Stage OF2| &l H (54V->DCX->VRM)
— One Stage OF2|&! N

Lateral Two-Stage Architecture: DCX 4:1 =2 VR

Stage 1: Fixed-Ratio DC transformer (DCX)

O Fixed ratio voltage conversion, X:1 transfer DC
voltage like a transformer (DCX)

O 4:1 DCX input 40-60V, output 10-15V, typical
size: 23mm x 17mm x 8mm (OCP standardized)

O 5:1, 6:1, 8:1, 10:1, 48:1 are also available

Q Variants of LLC topologies, non-isolated, ZVS
soft-switching for high efficiency.

Nvidia H100 Al card

4

Stage 2: Voltage Regulator (VR)

d High dynamic response requirement: >10A/ns
Multi-phase BUCK topology, using coupled or
non-coupled inductors

DrMOS and multi-phase BUCK controller from the
same vendor

Trans-Inductor VR (TLVR) BUCK is trending due
to better dynamic (but also issues)

VR modules

Alcard VR modules

a
GPU/ASIC D
a
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B 3-54 : Use of Thin Film Resistors in Organic Substrates for Modules & Chip

Packaging” (1)

- J|& IC Packaging ¥ Module packaging &4
— mSAP &2 & &6l Organic substrate 2| 0 &

Manufacturing Process- mSAP Overview

= Seed Layer Preparation Methods:

> Direct Metallization

o Etching Down of 9-18 micron Foil

o Sacrificial Carrier Foil Method (preferred)
= Process Steps:

o Seed layer creation

Carrier Foil
* 18 um carrier
+ 3 um seed layer

o Photoresist application and patterning
= Trace plating (12-15 microns)
= Photoresist stripping

< Quick etch for seed layer and resistor
material removal.

;27 Imaging/etching steps to define resistors
* Note: Needed when using embedded

resistors 2" Imaging/Etching steps

Thin film Resistor& J| & L embedding Al & &

— SMD Bt N&E AKX A2 20 A3 JIs
- J|E HOO B2t EE

- J|E ML Y8 (MSAP) 8 Jis

— High—density packaging Jts

— Signal integrity Ji &

A2 g NE AKX SH6tvia X2
| thin film resistor& & LH &5}

= Resistive Layer Deposition:
o Electroplating Deposition
o Sputtering Deposition
= Material Selection:
o NICr selected for optimal properties
o Low temperature coefficient of resistance
= Carrier Foil Method Benefits:
o Stable, fiat surface
o Precise control
o Easy handling
o Sub-micron thickness capability

Resistor/Conductor Foil Formation
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B 3-54 : Use of Thin Film Resistors in Organic Substrates for Modules & Chip
Packaging” (2)

[ Test Vehicle Design ] [ Experimental Result ]

= 6-layer (2+2+2) substrate design » Target: 100 ohms resistors b e B g e e
= Materials Used: = Key Findings: /B 2 B

o Core: Panasonic R-1515V (low CTE) s Sussesiien i reitis — s

o Build-up prepreg: AGC fastRise™ HF > Good material adhesion s Pr—————— po— ey s

< Copper layers: 18um, 9um, and 3pm (after o Orientation affects resistance values and - S e T T =

carrier removal) thicknesses tolerance 1IN — pemtiend
= Resistor material on layer 2 (100 OPS NiCr) o Perpendicular resistors (to etcher direction): - s
better tolerance ; 2
ovreas
o Overall tolerance: +/- 20-25% (Target- 15%) — o i Gmm  mmmeymen

o LT R Ly

e

Note: For the size resistors used in this study made using the
standard subtractive process, the tolerance can be > +/- 30%

ANE 21

- 6& J|E0IA thin film resistor & &

- 20~25% AIHSPIE LIEIH (target 15%)
— Orientation0fl it g+ 3 2r A

JN&0| 2REH ALSE

- I Z MOl material characterization

— thermal cyclingt 22 &J| &lg|d A&
- 40GHz Ol&te] D=T}H0jl CHEE AIE S
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