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: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon Interconnect Technology

224G Ultra—low Loss PCB Solution

Enhancing End-to—End 224G Systems by Optimizing Metaconductors for Package Performance
PCI Express & PAM4: The Pathway to 128GT/s and Challenges of Building Interoperable 64GT/s Capable Systems
Mitigating crosstalk through the placement of Power—Ground Capacitors for DDR5 Memory

EMI and Intentional-EMI Attacks against Power Delivery Network of Crypto/Information Devices
Correlation methodology for 128 GT/s operation of PCle ® 7.0 DSP—-based I1BIS-AMI models
m-TL Circuit Model of 5/6G Connectors for Fast Resonance Crosstalk Analysis

Using Fast Multipole Methods to Speed Up S—Parameter Transient Simulation

E-Tube : RF Plastic Dielectric Waveguide for Terabit High—Speed Interconnect

: Survey on Correlation & Simulation Methodologies for PCB Structures Through 67GHz

A Novel PCB Footprint for Double—Sides press—fit Stacked Optical Module Application

DDR5 System CA Margin Risk and Mitigation

Vertical Conductive Structure (VeCS ) Technology: Simulation and Measurement
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B 5to 6Gen =8t : <10um X &, 50um =0|

Cloud computing, Al, 5G, loT TSVto TSV : 1:2.5to 1:4 (diameter to pitch)

HBM, TSV
Advanced Silicon/Package/PCB/Connector/Cable 0.1~0.5um

1Gbps—NRZ to 224 Gbps—-PAM4

Technology Scale 01| OE R ,C(f),G(f) ?

Modulation vs. Channel vs. FEC
Return path —> Cross—talk % %
Design Optimization —> Characterization v

V(z) =V,te 72 — = R+ jwD)I(2)

I(2) = I,te 72 4D - (6 +jwOV (2)
Trise : BW/5 => Z0 matching 0| 2 2adl| Xl= Hel
10Gbps => 20ps => 0.5mm d‘;—(zz] = — (R +jwL)I(z) = —(R + jwL) I,*e"Y? = — yV,*e 1%

32Gbps —> 6ps => 0.15mm
56Gbps —> 4ps => 0.1mm S /A (.57170 I (R+jwL) _ [®HwL)
' 0 1" j j (G+jwC)

-y \/(R+}WL)(G+JIWC)
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M 5to 6Gen =& : Chiplet Al
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Huwin ACVS :
Advanced (Al) Chip Verification System

HBMS3

UCle

PCle Genb

EM (ANSYS) & XS 3t
Eye—diagram X & &t 98t Tx/Rx 2 &

A2, =220, FFE7IEHGIST) 53 TAAY E8 e =2

de ABER| 24 T7L D72 88 2 2SR U8

HimjAzt S WM FE B2 o ALY Al PIes| H7 el AR, ZRBH, FF 7= (CIsT
=0t FHAAAE :ngaq /‘H=a*§ ZTI51AH ECh AHD20] A NPUNeural Processing Unit) S 7i2d} 1, CF
[ A oo Eet 12X = Eﬁlf“#ﬁ!éil

* Source : https://www.hellot.net/news/article.html?no=78002
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B 5to 6Gen S8 : 6G HEQZ

REAICH HESZ(6G) 4 7I& Tt Are &

6G = *l | El-:'- Huwin :

Hera NAE 7|5 H%*(ﬂ agolo s

(2l 2l 200G/400G/800G X&)

0_>|:

HIMWMS <soms Huwin ETRI %

o gl S A

[=LI/MAZIZE] 112G5/224Ge #iE2 2l 22 7|2 e s s @ T2F2)+ T2 S TS 5o

o g o

> :‘f>.o

= 224Gbps £S5 7ts5t7 ot Cable 3 # S22l 4 E (Paladin HD 224)50] 20239 =5 & 7HE [0 AX Y0 g%
7t835tH, 224Gbps £=E 7SOt St PCB MEO| 7HE S 71X 280 M 112Gbps= =LHE= EAH S i -
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B UCle: Standard Package [ Advanced Package

UCle for advanced packages (silicon interposer, silicon bridge or RDL fanout)
UCle for standard packages (organic substrate or laminate)

UCle Protocol Stack

Protocol Layer

PCle 6.0 (2568 Flit), CXL 3.0 (256B Flit)
CXL 2.0 (68B Flit), Streaming (raw)

Die-to-Die Adapter

Protocol arbitration/muxing, CRC/Retry
Link management, Parameter negotiation

Physical Layer

Link initialization, training, Power states
Lane mapping and remapping,
Scrambling, Lane reversal

Sideband Electrical / AFE

Diel Die2

16Gbps
DDR

+ Valid

Din

> Serializer

(2GHz)

Clock pairg MI26t1] 2% single—endded

"'If b2
*b3 [—.

b3—+ ' #b3
Q4L

L | L.. | Adv. PkgOll= Redundant pin0l Z 45t
> -

Ppo—n—e
B

=
0 <

2 Ut pin failAl0ll Rerouting & &

Redundant
sbr- - -
Link
.

Fig. 5: The Physical Layer tests each die connection to determine failure
and re-routes signals to a redundant pin.
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H UCle :

Table 1: UCle 1.0 Characteristics and Key Metrics

Characteristics / KPIs Standard Advanced Comments
Package Package

Advanced Package Characteristics
Data Rate (GT/s) 4,8,12,16,24,32 Lower speeds must be supported -interop (e.g., 4, 8, 12 for 12G device)
ﬁ Width (each cluster) 16 64 Width degradation in Standard, spare lanes in Advanced
Bump Pitch (um) 100- 130 25-55 Interoperate across bump pitches in each package type across nodes
Standard PaC kage Channel Reach (mm) <= 25 <=2
Target for Key Metrics
B/W Shoreline (GB/s/mm)  28-224 165-1317 Conservatively estimated: AP: 45u for AP; Standard: 110u;
B/W Density (GB/s/mm?)  22-125 188-1350 Proportionate to data rate (4G - 32G)
Power Efficiency target 0.5 0.25
: (p)/b) -
Chiplet 1 Adapter+PHY & X delay
Low-power entry/exit 0.5ns <=16G, 0.5-1ns >=24G Power savings estimated at >= 85%
Latency (Tx + Rx}) < 2ns Includes D2D Adapter and PHY (FDI to bump and back)
55um bumps 55um hUI’TlF]S S . i ] . ) ~ —
s @ @& S Reliability (FIT) 0 < FIT (Failure In Time) << 1 FIT: #failures in a billion hours (expecting ~1E-10) w/ CXi Flit Mode
L | L ] - - L -
(ald]] I '£ Advanced Package Die-1 Die - 2
= [ L e -
i x16 |<-->| x16 | cr-ox16|<-->| cl-0x16]|
FUPURLL  pesiiieee Sideband
. E = s 40um bumps CL-0x16 |<-->| CL-0x16
> 5 sideband | rwocic | xga | V2C N e N T P T
55um bumps (x4) X Track
X Standard Package CL-0x16 | <-->| CL-0x16
Chiplet 2 ' '
o o CL-1x16 |<-->| CL-1x16
Fixed Sideband Data Cluster X e |
beachfront CL-2x16 | <->| CL-2x16
CoWos or EMIB or FoCaS or : ; CL-3x16 |<-->| Cl-3x16
LOWOS valid ¥16 | <--> e
similar tight-pitch tech Sideband FW-CIK [ x16 !
(x4) Track

(1, 2, or 4 Clusters can be combined in one UCle Link)

Figure &: Cluster Width; 1, 2, or 4 Clusters can be combined in each packaging option to deliver higher bandwidth
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B UCle: Standard Package [ Advanced Package

Golden Dig
aNeNsNaNoNsNsNaMsNsNoWalal

Galden Die

.'I'.I.I’...'.'lﬁ.‘...l..'.‘l’.
=
1:111:1111111111111111

'..Ill.'.'.l.

(3 €3 (2 €3 €3 £33 €3 €0 €2y £ {3

Standard

VO OOhOO0BCORAOOOO0OOC0OEC0EOO0H (

Packago Substrato

Package Package Substrate
higlémﬂmkfmn ool Package Reference Known Good Packzge
Standard Laminate) . ser, S| Bridge, FO/RDL, etc..)
t | UelerHtModdes Siiterposer
o DUT Die I
g ; ~ E T P -
a DUT logic channels - : I S
® embedded H
g i s CoWodl : 5 DUT logic | - ; ¥
‘» — LUC0TT0000TRLAC0O0C0000DD0DOO D! L] _
j‘: Package Substrate : —
= [1  |Golden Die ; .
- logic i
3 - SR | UCle PHY Reference
(3 (0 &) @ & 1= ) ll.l.-l-.l.l 0 1 ﬂo N me ) oY manﬂek
% Silicon Eridge ‘L‘=’l Fanout intarposor |o.g. FOCoS-B) H. Sliicon nrldnp ; ' . Modules > S
> LR embedded
G
<

Figure 4: UCle Compliance — both standard and advanced packaging

(b. Packaging Options: 2D and 2.5D)

The unit of construction of the interconnect is a cluster which comprises of N PCle PHY have a power EfﬁCiency of NIOpJ/b
single-ended, unidirectional, full-duplex Data Lanes (N = 16 for standard . .
package and 64 for advanced package), one single-ended Lane for Valid, one tOday WhICh Can be |OW€ I"Ed by up to 20X Wlth

lane for tracking, a differential forwarded clock per direction, and 2 lanes per the UCle based designs due to their Shorter

direction for sideband (single-ended, one 800 MHz clock and one data). The

advanced package supports spare lanes to handle faulty lanes (including clock, channel reach.
valid, sideband, etc) where as the standard package supports width

degradation to handle failures.

Sideband-> 1 data, 1 clock (SDR operation)
2 % Single—ended
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H UCle :

Figure 5-1.

Figure 5-2.

Standard Package [ Advanced Package

x64 and x32 Advanced Package Module

~

Multi-die Advanced Package Module

~

& type2 5 clock= HI2I8t12 25 single—ended pin

NS

Standard Package Module

-~

Die-1 { Mainband | Die-2
S e W~
——64/32 DataA-»|
——2 Clock—-»| =
——1 Valid—i—|
.. —i—1Track—{—h s *Adv pkg Py "I
L} .
- x| x| [fei-6a32 Data—+—{ | x| . x64 —> 64 data + 4 redundant pin
E 2 Clock——| g x32 —> 32 data + 2 redundant pin
= 41—1 Valid =
1 o
(1 Track—
——SB Data—->]
R| T| [——5B Clack—>{ [ T|R
x| x| [*+—SB Data—}—| | x| x
1_:_53 Clock—i— i-36. Standard Package x32 interface: Signal exit routing
A K
:sidebandl: Layerll T 0 X 2 3 Jirkuvid] 12 |13 | 14 ) 15| 15 [ 14 | 13 | 12 | vid | trk 3 2 1 o R
boSeTEe LagerleuduleI 41 5|6 | 7 |ckpjckn| 8 | 9 | 0] 11| 11| 10| 9 | & [cknfckp| 7 | 6 [ 5 | 4 |Modulel
Layer3 Rx 0 b 2 E] trk fvid] 12 | 13 | 14 ] 15| 15 | 14| 13 | 12 [wid| trk | 3 2 1 o T
LayernlMudulez 4| 5| 6| 7 |ckpjckn| 8 | 9 |10] 11|31 |10| 9 | & [cknfckp| 7 | &6 [ 5 | 4 |Module2
Sideband m itedatash m2redatash | mitwcksh| m2recksh | m2twcksh| mlrecksh| m2tedatash mirkdatash |Sideband
Multi-die Organic Package Module \
i-37. Standard Package cross section for stacked module
[ A
]
+- ///
Crange - TisiZ @ L talkking to §
*Std pkg Orange - Tx signals on Die 1 talking to g

x16 => 16 data only

Blua - Tx cignals on Dia 1 1alking
Blus - Tx signals on Dis 2 talking

Layer

i

Brown — VO
Green - ¥55

P=D+L+2S
P,=D+3L+4S
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B UCle: Advanced Package

IMPLEMENTATION NOTE

_ o Huwin Memory module: Single-ended AMI| (DDR5/GDDR6) Next wave
Figure 5-15 shows an example circuit setup that can be used to generate the T forsifpl
statistical eye diagram shown in Figure 5-14. RTX is the Transmitter impedance and Basic principle
RRX represents the Receiver termination. CTX, CRX represent effective Transmitter » Extracing All X-talk responses
and Receiver capacitance, respectively. For crosstalk, the 19-largest aggressors need » Wave synthesis using all X-talk responses
to be included. Transmitter equalization (TXEQ) is enabled at 24 GT/s and 32 GT/s. v" Computational load 1
The eye diagram was generated using a two-step process. 1 Rising/falling

. . . . | A , response

1. Generate ISI and XTALK channel step response using circuit setup shown in T /T - insertion + X-talk

Figure 5-15. ) _ S
[SimX engine] =
. Use the generated channel response in a signal-integrity or channel-simulation ¥ Boosting analysis speed” 3 i

tool to generate a statistical eye diagram (see Figure 5-14) f \ / \
Other equivalent methods may be used, depending on the signal-integrity or channel- M T

simulation tool. E I

A M '

Figure 5-15. Example Eye Simulation Setup P o 1

R i

Tx Model Interconnect Rx Model Y :

]

R: C R C
™ % ™ R {} R V, 7 Waveform
Agg#tN 1, N

R : Victim (} Vu_vic
VJ_ : Cnx%&m
I Aegfl 1) = LYo
- = i Rux cmﬁg Rex *Eye dlagram =4 JI0l&
T T Z 3 2PE2=Z AE Step responseE ==
2 2 2. é!% AMEd0IE ol

10
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H UCle : Standard Package [ Advanced Package

Voltage Transfer Function (VTF) based metrics are used to define insertion loss and crosstalk. VTF
metrics incorporate both resistive and capacitive components of TX and RX terminations.

Figure 5-16. Circuit for VTF calculation

Insertion loss

R,

U’S

Victim

Aggressorl

Aggressor2

Rex

Aggressorl9

interconnect Vv,

v

™| L{f) is the frequency dependent loss and L{0) is the DC loss. For unterminated channel, L{0) is
effectively 0.

L = 2000g10| =)
V.0
‘R'r
L(0) = 20log10{ st

T O -

f

Crosstalk \

interconnect

VTF crosstalk is defined as the power sum of the ratios of the aggressor Receiver voltage to the
source voltage. 19 aggressors are included in the calculation. Based on crosstalk reciprocity,
VTF crosstalk can be expressed as:

_f‘

Vailh)

Fa L}
|
XT(f) = mlogwi Eio
b
= Sl‘

Reciprocity0l &3t Vai/Vs & H &HE
(Vai/Vs = Vs/Vai)

11
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B UCle: Standard Package [ Advanced Package

5.7.2 Advanced Package

Table 5-10. Channel Characteristics

Data Rate 4-16 GT/s 24, 32 GT/s

VTF Loss (dB) L(fy) > -3 L(fy) > -5

VTF Crosstalk (dB)? XT(fp) < 1.5 L(fy) - 21.5 and XT(fy) < -23 | XT(fy) < 1.5 L(fy) - 19 and XT(fy) < -24

1. Based on Voltage Transfer Function Method (Tx: 25 ohm / 0.25 pF; Rx: 0.2 pF).

fy is the Nyquist frequency. The equations in the table form a segmented line in 2-D map of loss and
crosstalk, defining the pass/fail region.

fy = fundamental freq. (ex. 4Gbps —> f, =2GHz)

Figure 5-17. Loss and Crosstalk Mask
Loss Spec Crosstalk Spec

fu Freq (GHz) 5 I Freq (GHz)

Insertion loss @ DC = |

H &k gl L(0)
XT(fy) /

]
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M 5to 6Gen Tech. Issues : Advanced Package

Tech. Issues :

|
— S—parameters *
— Impulse Response AV coupiing
- Jitter
— X-talks
— Return path e 4 Al ¢
_ RL,TDT AV “,"’ = RAI + I'—:\-lwl
- “_ ) . ;'\'t
— Skin Effects AV couping 1= M 37
- PAM4 |
— Hardware Security * Smaller size & Narrower space
— Full Ch. Auto verification
BF-TZA BF-NN BFL-NF 13
(HVLP 1) (HVLP 3) MVLP5) | Lys | =e=BETZA(HVIP1)
100 : BF-NN (HVLP 3)
— PARGAR L At e - 5 oot g e
————— i E S
A adiinesadd | ey o w
:r 1.05
NV S pvoramgw Y | —_— i 1
f (GHz)

* Source : SLIDES_Track04_Finite element modelling of copper_Wittmann.pdf , DesignCon2023
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M 5to 6Gen Tech. Issues : Advanced Package

Tech. Issues :

— S—parameters

— Impulse Response
- Jitter

— X-talks

— Return path

- RL,TOT

-IL

— Skin Effects

- PAM4

— Hardware Security
— Full Ch. Auto verification

» Huwin ACVS Basic Sl (FEXT) and Eye/BER report results correlation example for Jitter analysis

FEXT

Eye density : Output Point BER

00T Jamy

fowy Hou

ACVYS Basic report example of Good ch, ACYS EYE/BER report example of Good ch,
Safisfy the FEXT Imit{far end cross—tak With less Jitter noise
summation)
FEXT
Eye density : Output Point BER

ACVS Basic report example of Bad ch, Over ACVS EYE/BER report example of Bad ch
the FEXT Emit{ far end cross-tak summation) With more Jitler noise caused by FEXT

14
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B HBMS3 : Advanced Package

. Advanced Package 22 9|%t Eye-diagram/BER 2 2 & 7{%L
- ACVS Transient solver (SimNX) 7§ M
-> HBM3 IBIS model Z4F X & it 289 /M 7= 7

HBM3 Capacitive
IBIS model Load
® Isl ®
@ o —\s

Ouiput Thming Reference Loaid

Tabde 80 — Transmb Db Currve) § et ing
C Namimal iy R iﬁ% =4 S| 1o
e T i b 2 |
o & I 1) E3 |
EX W 3 c T
A I 1] 1.2 i

WOTE €= Crura - O whiere Chusas =2 50 pF

-0. 1 I 7lﬁ'7'l7:_ﬂ T T T T {I T T T T _1] T T T*'T,'i T T ex

7§l ACVS Transient solver (SimNX) Z1} HS
) > A 2 o Z

02.1

018 5
— 015 Snciide
i‘ 01.2
& 009 e
2 006 E :
00.3 g°
00.0 oo
-00.3 .
-00.6 1
0 002 004 006 008 0.4 012 014 046 018 02 022 024 026 028 03
Time [ns]
HBM3 Driver strength 14 mA At 0 00z 004 006 DO8 D01 042 04 016 048 02 022 02 02 028 03
-> Solver &t Of 77 24 Time [ns]
_o HFAF O OJAF & iy
> 24 3 A H= Kot 2H HBMS3 test 4] ALE| (ACVS)

» Tx 14 mA, Rx capacitive load =71 (6.4 Gbps), 24t 0|7 S§Z
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B CEI-112G

Module

Connector AC
Coupling ModulelC

Chip Interconnect e
\ Cal .
Line Card Host IC _— \.i:ﬁrl:l_ﬁ: Fiber

PCB design guide

112Gbps PAM4 Chip to Module interface :

S| = =3l (& —=> PCB trace, Vias, AC coupling Capacitor, Connector, copper Cable
=> Electrical spec. : Ch. Loss, Impedance, Eye Height/Width

=> 3D EM &4 2 Sall Electrical Spec.
=> Cost effective & H| &2 Rloll &

ror M0

OLRGIESE ZES &) & 2S00 24
JH&E A& L interconnection &HJI Il SR E

Eve Mask

e —————

e e M
e |V .
AVupp
-

l
\

LCRR e
l;
B
Yo\
V|3
o

Y
//ij'
4l
\fi

3@'
Vi

O

v
8
\

!

S0D21 (dB)
5 y

£
)

:
\

40 I L
0 5 10 15 20 25 30 35 40 45 50

Frequency (GHz)
Ch. Loss (SDD21 of end-to—end limit) : PAM4 signal Eye Parameters : )
* ~80GHz 3D EM 24 £8t Loss, Impedance X X3 83 T Qs * PAM42] 2 NRZ CHHI noise margin 0l 30%0I& Z2A6t22, cross—
talk, reflections, power noise £ %43 ot=5 & AI5t04OF &.

16
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B CEI-224G

> SerDes |0 HFZ2 2018 100~112Gbps 0l 0|21, WSSl Z0I= 40UXINK 3.
> CEI-224G : 2020 OIF Q3 OIE 0l A XHAICH 224Gbps & T2 RE 501 => 20228 Q1 OIF HIA &l T2 HE A|

8t (CEI-224G-LR : Backplane or Passive Copper Cable, 1000mm of host and daughter cards 2 connectors)

— — m Up to 50mm package substrate

CEI-224G-XSR | -— Chip B I 1e-15 or lower (FEC is allowed)
2.5D Chip-to-Chip Chip to Co-Pkg Optics Engine

200mm of host, 20mm of module

. Pluggable
Chip DEESNSS W~ © 1 connector
le-15 or lower (FEC is allowed)

CEI-224G-VSR

Chip to Module

500mm of reach
1 connector

CEI-224G-MR
le-15 or lower (FEC is allowed)

1000mm of host and daughter cards
2 connectors

CEI-224G-LR
1e-15 or lower (FEC is allowed)

OIF CEI-224G New Project Starts (20223 Q1)
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o
B CEI-224G
> 224G 2 PCB ME L HUH SS2 &M ME =FOZ HEI US. => D= ML SI AI2dojE &
&9 1T otE DFE L& Eye AIE2dI0|EE Z&0IH A JIsSoHO0E otH, & HEIE =2lJ| foH SI &
H s8 & A=Y 0ld &30 Y,
> S22 2UE ottt A 220 =F2 IHE SI AI2dIoIE € £33 (~100GHz) 28 D=2 BRot1 U2
O, 2 2 oLt MAH =D =2 Y SIS ATEQN IS ERoID US. = HFEXNK UHNE S
ol 200Gbps = & & &3 ¢E§%|0'|(PAM4/PAM8 e 8 E FIN2 e RS2,
i 112+/224Gbps i
ps %
ZS-SGGbps . Ege low loss(+)
o 4 i
: 1o e
a <10Gbps Low loss
[ Df@10GHz:0.009~0.006
Mid loss
Df@10GHz:0.015~0.009 ¥
"
2007 2010 2017 2020 2022 Year o : - =
PCB High—Speed Material Evolution 224G HE A= 3DEM A X AH J|=0| R SRE.

18
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r°l-

B ANSYS Electronics Enterprise

3D EM 2EEl/24 2 PCB SI/PI :

ANSYS Electronics Enterprise :

=> Electronics &4 {8t S& Ul & Solvers I3 | X

- 3D EM : HFSS(High Freq.), Maxwell(Low Freq.)
- PCB EM SI/PI : Slwave

— RLC Extraction : Q3D Extractor

- Thermal :
- Circuit

lcepak

é' Slgnall Power/ Thermal Integnty Workflow

DI = e 1

m“fnqm;

. A AVE Y
wave SOIvers ir

" The flexibility of the state-of the-art 3-D full
ANSYS HFSS allows Samtec to target subcomponent and syster
modeling. Engineers can perform large connector
modeling for customer system simulations and
extract large sections of packages for deep

analysis of potential issues.??

ANSYS HFSS-modeled electric field within
Samtec MEC5-DV connector and cable
assembly

>

Tx Package
Transmitter Model, including PCB Trace Connector BOR Connector
PCB footprint :
Rx Package
Connector BOR PCB Trace Model, including
PCB footprint

Motherboard Component Board b

Receiver

Components that typify a simple, standard 28 Gbps high-zpeed channel

Source: “Deep Channel Analysis for High-Speed Interconnect Solutions”, Ansys Advantage 2017

19
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B Standard PCB : ~100um width/space

2BPCB HES 3=

0.1~100MHz Ldc -> Lac

>
> 1GHz : 40ohm/meter X &

500

4735

E ~ 500 E
;450 | = Li{Signal_1 Sicnal_1) 1 00 MHZ %

T [Setup! : Sweep2 r -
490 7] jseu ~400 _!
= - r.-fgtﬂg.,neltl JSignal_1) : g
.E’ Setupl - Sween? &
= 9
T 425 - 300 2
-‘,E,’ ] / R()(f) I %
O 1 - 7
- ] 0.1 MHz 7200 &

400 '\
| ~100

375 4 T e s e A ey e 0
' 0.0001 0.0010 0.0100 0.1000 1.0000 10.0000 100.0000
Freq [GHZ]
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B Standard PKG : <50um width/space

2ot PKG IHE 2 3=

> 1~1000MHz Ldc -> Lac
> 1GHz : 250hm/10cm X &

520
500 | |sut: Sweme S| CHAH O i
] A () i
1 [sorm Sveega Lo(f) 175 _
= 1 [ £
480 -1.50 5
= =,
S 1 GHz =5
S -1.25 !
= 1]
& 460 - 5
N % -1.00 &
-] |
: (f) T
=
2£ 1 MHz Rolf f075 §
- &
\ -0.50
420 i
\_—0.25
400 +——————— . . 00D
| 0.0001 0.0010 0.0100 0.1000 1.0000 10.0000 100.0000

Freq [GHZ]
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B Standard Silicon Interposer : <5um width/space

0.04
. 002
0.00

Niin: 0.000

Standard Silicon Interposer I
Bl &3

» 0.1~100GHz Ldc -> Lac

» 1GHz : 500hm/1cm N & 100 MHz

B[T]
Wax 0 196

020
B
0.18
0.14

012
0.10

| 008

460 - 25.0 By
] 100 GHz .0-&'1
002

440 -22.5

—— LiSigna_1 Signal 1)
4 |Setupd : SweepZ L (f)
R(Signsl_1 Signal_1) O SI [:H /él' [:H g

Niin: 0.000

T
)
=
=)

420
1 [Selup : Sweep2

T T
T ] £
400 17.5
=50 S
! 1 =
S 380 150 ! B[]
2 1 c |[Waxai9s
0 1 2 020
1360 - L1252 g 018
[} 1 I 8
g 100 MHz S S
= =
0 340 r10.0 @ 0.12
] © 0.10
] o | 008
320 r7.5 008
] 0.04
] 002
300 R 0 (f) 5.0 . 00
] 1in. 0.000
280 | —————————} | | 2.5
- 0.01 0.10 1.00 10.00 100.00

Freq [GHz]
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B Advanced Silicon Interposer : <1lum width/space

Advanced Silicon Interposer
IHE ol B

> 1~600GHz Ldc —=> Lac
> 1GHz : 700 ohm/1cm X &

700 _
] \ 600 GHz i
650 — |seunn Swewr l-() (f) L 2_100
: Sefupl I:er‘svi\?::‘l’{ Staral 1] Sl [:H jél- [:H gd
] - 95 E
E 600 — )
= =,
= - 90 7
| -]
& 550 - 5
\—l — 85 2’
g 1 GHz 5
@ 500 - )
- -80 &
450 - R O(f) Lo
] 100GHz
400 — ey e ———— —————1 70
. 0.01 0.10 1.00 10.00 100.00

Freq [GHz]
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H Silicon Interposer Basic Sl check : IL, RL, Cross-talk, TDR, TDT

Silicon Interposer 2] A2 &2 20|20 %< Loss & Cross—talk 0| 2

> TOR Ol R Ol &&t J|2DI
> TOT 0l R 0l 28t voltage DC level 24

0000 Eoo Q000 0.000
—— —Ta
Ll Cross—talk
-1.000 T L N 5000 -1 0000
3 T
h\‘ _.""J nl— __4-'____-"'"—‘—'-""#""_-—_
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-2000 \ 7 * II_ -10.000 —at -Z0000
et ] 9 -
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= .ao0o - 2 500 e E -aoco0 -
. \_ E‘ E
£
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\- £
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75000 040
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B £l o 3
§ o A e oo [TLILY DT
2 55000 / 2 020 f
E oo S TrD 5 i
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40.000 0050 j
35000 Qoo gl
0000 _Dosn
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S| &4

Bl PCB Trace Etching Effect

PCB Trace & A == 3} :

- PCB EM SI/PI :

“« ->{ x/.

[e—w2

Slwave 0|2 PCB Trace Impedance &

wi

Etch Factor (F) =

Etchback (x) = wl — w2

wl — w2
t

Layer: Copperl

Shape:  Trapezoid

|| Fip Crizntation
Witdth Lacaton
0 wide Ecige | Canter Lire
() Narmow Ecge

Formuz (Trapezoid Only)

OWwi=\idth - 0.85 = Thickness

w2 = wl — Etch_Factor * t

* Etch Factor & & Al PCB trace 2 Impedance
Il ~58 BE 98s $oUZ PCB 2X 9
parameter & &6t PCB trace 2
impedance € &0 & & Al trace width 2t

space 2| X & g2 HEE.

PCB Trace design issues

* PCBtrace 8| 2& T X 1Ne{otd H&SH Im

#
|

;

1[
i

:
i

a,b,cdH B

—-> Slwave 0| & Trace 248 &

e

<“—>

s

pedance £l &4

stz0 gt fH ER

ol W

=

width/ space = & 3}

=

3D view controls

[ Ignare layer thickness  Units: mm

8 show layer name

[) set conformal coat [ Enable dynamic update

Layer spadng : ‘

Font size : ‘
Reset View No, of layers : 10
Trace computation settings
Selected layer name Copperl
Trace cross section Trapezoid
Frequency | 28GHz

Analyss  Synthesis
Single Ended Nets  Differential Nets

Top reference None
Bottom reference Copper2
Trace vadth 0. 106 7mm

| Define CPW ref. planes(edge-to-edge):
|Leftplane spaang  ©.05mm
[_JRight plane spacing

20
56.1473chm

0.05mm

e}
[ Computezo | Apply  Applytoal

Single ended Z0

3D view controls
[_)1gnore layer thickness  Units : mm
B show layer name

") set conformal coat || Enable dynamic update

Layer spadng : .
Font size : fh

Reset View No. of layers ; 10

Trace computation settings

Selected layer name Copper1

Trace cross section Trapezcud
Frequency 2SGH2 v |

Analysis  Synthesis
single Ended Nets  Differential Nets

Top reference None
Bottom reference Copper2
Trace width 0,1067mm
Trace pitch _0.226 imm

[ Define CPW ref. planes{edge-to-edge):
|| Left plane spading 0.05mm
(D Right plane spacing  0.05mn
Zdiff
95.8979chm
Zcomm
31.8270hm
. _____________________________________|
[Compute 2(difficomm) | Asply

Differential Z0
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Bl PCB Trace Etching Effect :

PCB Trace & A == 3} :

% PCB Etching Effect 0| 2|3l 50hm’3 = TDR Impedance Xt0| &
% Etching 1212 HEJO| A Slwave= 2 850hm, HFSSE & 820hmE
loss & 28{&|0 & O Fete.

LIEFH => HFSS 7} radiation

TDR(Tr:6ps)
95.0 ,
1 i —- Siwave_Rectangle
1 | — Siwave_Trapezoid
9257 HFss A M : Rectangle ~~ HFSS_Rectangle
000 ] Slwave Al : Trapezoid (Etching Effect) — HFSS_Trapezoid
87.5 |
E i i ———
5.85.0 1 :
s :
82.5 -
] i i /1
il : s 1
80.0 l.l'."\‘“\/\.’—\/-nf"--‘""—!‘:m “““““““““““““ '!
1 1 i i
] ll ! i N
_| N =~ e -
77.5 J ""/\\fi\v/ﬁ\v’ \/;\\,/{ E@,m_ ~ ~
?5.0_""I""I""I""I""I"i"l""l""l""I""
0.950 0.970 0.990 1.010 1.030 1.050 | 1.070 1.090 1.110 1.130 1.150

Fime{ns] :
1.0600
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B PCB Trace : Microstrip-line vs. Strip-line

r°l-

PCB Trace (Microstrup—line vs. Strip—line) : HFSS &4

< Microstrip 1t Strip 2| 4% TDR &%, delay ¥ loss 7F XtO| &

TDR(Tr:10ps)
95.0
ws: TDR:
w,.  Microstrip-line
Strip-line
e
_8?'5 Differential line @ L1 (Microstrip-line)
%85 o Trace width: 0.115mm
T Trace pitch: 0.224mm
B2.5
80.0
775
— L1 _layer
75.0 ! ! ! . .
0.95 1.00 1.05 1.10 1.15 1.20 1.25
Time [ns]
4]
-1
< TDR :
Microstrip-line < >
2 Strip-line e o Differential line @ L2 (Strip-line)
. 3 Trace width: 0.0835mm
. —" Trace pitch: 0.224mm
— B(SIDIf_L1_CUTDIf LT_IN) -126
— EflustIrf L2 IO"JTJ:I)iI‘f LZ: INJJI ? 74 _
2% 20 40 60 B0 100
S— Freq [GHz]
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B PCB Trace, Differential line 2| Cross talk : Slwave vs. HFSS
' ial li : . Hl S L 25 e S
PCB Trace (Differential line ) : Slwave vs. HFSS Hlw }‘_’I‘ = :

% Trace 7t cross-talk 3 IL, RL 2 Slwave @t HFSS Z1} FAtg e
=> Trace T7t2 Slwave £, Via & TZt= HFSS £ Hybrid 24 7ts

Return loss Insertion loss
¢ RIL - 0
nL . T T

—  B{SIDIF_NET1_I_siwave Diff NET1_I_sinave)]  -36.32 — dB(S{Diff_MNET1_OUT siwave Diff MET1__swave)]  -3.06

H FSS — <BiS{0iff NET1_M_HFSS.Diff MET1_IN_HFSS)) -23.88 — dB[S{0iff_MNET1_OUT_HFSS Diff_MET1_IM_HFSS)) -4.22
=10 - 2
=20 4
T -30 T 6

] IL :
“ *1  HFSS

0 w1 Slwave
-60 1 T T T T -12 T T T T
[v] 20 40 60 B0 100 o 20 40 60 B0 100
Freq [GHz] Freq [GHz]
MEXT FEXT
] ]
ARk BOHT)
= dB[S{DIM_MNET2_IN_siwave DIT_NET1_IN_siwaval)  -47.98
10 N EXT . — dBIS{DiF NET2 IN_HFSSDIF NET1 W HFSS)) 6554 10
«1 HFSS »]
« Slwave ol
S S
-40 -40 .
-J_WM il “ﬂ FEXT :
1 | A
St ’ | s  HFSS
o w0 Slwave e
— dB(S(DIM_METI_DUT_giwave DIF_NET1_IN_siwavs]) -24.15
— ES(DIM_NETI_DUT_HFSSOif_NET1_M_HFS5)) 2346
-70 T T T T -70 T T T T
[v] 20 40 60 B0 100 o 20 40 60 B0 100
Freq [GHz] Freq [GHz]
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Bl PCB Connector Pad Effect :

Connector—-PCB interconnect & A x| & 3} : Connector — PCB interconnect design issues

* Pad contact 0l 2|8t stub, pad £ & impedance, Ground reference
plane 2 void &3 S = &3 ZQE

- 3D EM : HFSS(High Freq.) Ol Connector pad 2&

_ S Tl <« b cHHBE->0.1mm B9 30 EM 24 2 TDR &OI510| 2 N3 S4B
TDR impedance X & &} -

120.00
110.00 -
] &l target
100.00 - P p— -y
00,00 A , 2 H layer 8
T ) Ma,bHE, LS layer &
5 ]
@ 80.00 -
g 80007 S Mab 5y
: ]
£ ] MY HA 5 EL
8 2000 EJ:" u_-r'a Fd
] Original design
60.00 -
50.00 -
40-00 ] T T T T [ T T T T T T T T T T T T T T T T T T T T T T T T
0.90 0.95 1.00 1.05 1.10 1.15 1.20

Time [ns]
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Bl Via Pad, Antipad Effect :

Via interconnect £ ==&} : PCB via design issues = o
— * via size ¥ anti pad £ H 0l 2|8t TDR Impedance §& 2R &,
— 3D EM : HFSS(High Frea.) 0| Via & . Retum loss
TDR impedance % = 3}
PN - —1—
,° S 50 1 A7 zHg £ 2 MAE
/ \
! \ =
- — __
1 'l A 70 -
n I 0 20 40 - o 60 80 1C
I / : TDR(Tr:7ps)
1 M ” -7~ y/ 120 i S e
I - i ore ||
I ,>\~_—’ \\l b ‘—‘le.:‘:ﬂ
| \I 110~
v 1
A 4
l_ b | 100
\ 1
\ / 3
,g_. 20 N
- L ‘\‘\';'IA
"(\ul'fo -.\'«“ e
b "_ e \"."Zs'/’
A W4 a, b, c FY 70 -t i /ll)'\\\t—_‘l"’#h t\i‘
a7 =g F 20 W& ‘lf\'
60 s . — : =
0.950 0975 1.000 1.025 1.050
Time [ns]
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Sig. Via =% GND via 0l 2|8t TDR (Slwave vs. HFSS) :

- 3D EM : HFSS(High Freq.) 0|2 24 : 5Al2t (32cores, 512GB RAM)

TDR NET1 HFSS(Tr:6ps)

120

HFSS P -~ — Oif_METI N FFES H
110 w GND Via I \\ — [Liff_hET1_IN_H-SS_ wolia
w4 W/0o GND Via 1 \ w GND Vi
a

Y1 [ohm]

‘' \/ 7 Slwave ¥ HFSS 25 =8 GND via
~_~ Ol I35l TOR B 5t= oS,

'

e e TDR ZIDF Slwave & HFSS Jt O+=

TDR NET1 siwave(Tr:6;

120

Slwave o~ => Slg Vla %'-C-’- HFSS =4 Qe
"1 w GND Via 4

ol W/o GND Via 1

Y1 [ohm]

w/o GND Via

31

60 | - - .
1.000 1.025 1.050 1.075 1.100 1125 115

Time [ns]
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B Sig. Via =8 GND Via ¢&t EM :

Sig. Via =¥ GND via 0l 2|8t

- 3D EM : HFSS(High Freq.) 012 24 : 5Al2F (32cores, 512GB RAM)
NEXT Net1~Net2

NEXT M : w GND via, &M :. w/o GND via

HFSS vs. Slwave f\f S

0

-10 1

C R *Tahal S

V)

-20
-30

40

-60 ]

=70

-80 A
A s

- =2 NEXT/FEXT 2 'ﬂ._rm % Slwave Jt HFSS 2Ct 10dBEE 3 S e,

— = B[SOl e s -
——

-90 ]

o => Sig. & 28 Via B HFSS 24 Lot
JFEXT M : w GND via, 4 .w/o GND via
{HFSS vs. Slwave ~ AN

A"

-70
-80
dB(S[0if Net2 OUT via shwave Ditt Mt IM via stwave 1 E0E7
s == dB(E0F MNei2 OUT wovia siwaee Oif Medl N wovia sive)) -23.18
-90 - — dBISOif Met2 OUT wia HFSS, DM Matl M wia HFSSY) E5E7
- —— dB{SOiff Me12 OUT wovia HFSE,Diff Metl IN wevia HESSH) -41.24
——— ] -
qg00o+r— -
0 20 40 60 80 100

Freq [GHz]
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B Sig. Via £ GND Via

Sig. Via =8 GND via 0l 2|8t NEXT/FEXT => Slwave 2&! 0|2 Al Eye/BER Z 1}

Siwave wo Via: Forward /2*15 / X-talk On / Serial 16000

Siwave Via: Forward /2"15/ X-talk On / Serial 16000

Tx IBIS Model

Rx IBIS Model

Undefinad :Tx_Undefined@{VDD: 1V. Source R: Bohm, Trf: 30ps. C comp:

Undefined : Rx_Undzfinad@[Lead R: 50ohm, C comp: (pF]

Logrommn

—_— it

Eye density @il

Vottige [¥]

v
:
D
2
()

Siwave wo Via: Forward /215 / X-talk Off / Serial 16000

Tx IBIS Model

Rx IBIS Model

Undefined :Tx_Undefined@[VDD: 1V, Source R: 50chm, Trf: 30ps, Ccomp:

Undefined : Rx_Undefined@[Lead R: 50chm, C comp: OpF]

aimi
aiab b T -

- 1

Lagiomat;

1000 = EH (I T T —

Er

RIF

Eye density

Mote: EyeWidthMargin =14.2500ps, EyeHeightMargin =24.0723 mv

X Ctalk off (ACVS)

TxIBIS Model

RxIBIS Model

Undefinad : Tx_Undefinec@DD: 1V, Source R: 50ohm, Trf 30ps. C comp|

Undzfined - Rx_Undefined@[Load R: 50ohm, C comp: 0pF]

BER

i
£ L]
g Ligti —_—n
12500
s
16800

om  sa oa ew  sa o e dne

Eye density

Mote: EyeWidthMargin =13.2500ps, EyeHeightMargn -19.8402 mv

Siwave Via : Forward /215 / X-talk Off / Serial 16000

TxIBIS Model

RxBIS Model

Undefinzd :Tx_Undefinec@[VDD: 1V, Source R: Ebohm, Trf: 30ps, C comp:

Undzfined : Rx_Undefined@[Load R: 53ohm, C comp: OpF]

BER
E.alﬂll T T T
o .
12800 |
0 - — -
B0

Mote: EyeWidthMargin =14.5000ps, EyeHzightMargn -24.1061 mv

Eye density

=
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B Sig. Via =8 GND Via ¢&t EM :

Sig. Via =8 GND via 0l 2|8t NEXT/FEXT => HFSS 22! 0|2 Al Eye/BER Z 1}

HFSSwo Via : Forward /2*15 f X-talk On / Serial 16000 HFSS Via : Forward /215 | X-talk On / Serial 16000

Tx IBIS Model Rx IBIS Model TxIBIS Model RxIBIS Model
Undefinad :Tx_Undefined@{VDD: 1¥. Source R: 5bohm, Trf: 30ps. C comp: Undefined : Rx_Uindzfinad@[Lead R: 500rm. C comp: OpF] Undefinad : Tx_Undefinec@VDD: 1V, Source R: 50ohm, Trf 30ps. C comp: Undzfined : Ry_Undefined@{Load R: Bhohm, C comp: OnF]
BER Eye density i) RER Eye density ! j¢_|
i i
-atn a0
4w T

& -amn [T g a0
§ 0800 1 — L § -0

HF5S wo Via : Forward /215 [ X-talk Off / Serial 16000 HF5S Via : Forward /115 / X-talk Off / Serial 16000

Tx IBIS Model Rx IBIS Model TxIBIS Model RxBIS Model
Undefined : Tx_Undefined@[VDD: 1V, Source R: Sbohm, Trf: 30ps, C comp: Undefined : Rx_Undefinad@[Load R: 50chm, C comp: 0pF] Undefinad : Tx_Undefinec@[VDD: 1V, Source R: 50chm, Trf: 30ps, C comp: Undefined : Rx_Urdefined@[Load R: 50chm, C comp: OpF]
BER Eye density 1< BER Eye density i}

anmn pe= r— amh 11 e

& o [T T | Ll L] ] e s qn LTI | n s

g el ) SHARRRITIATEAR 2 £ o . —— i =

OO [N RT AR ANN] RTNNNAARRINANI INNTNN R S —_— £ oun |11 , §
e b | il IENE NN ANE . . ETT R : =
o0 - ._‘_ B0 - i - - =
000 - 16

um em om oo o Lm cu o um o em oM om  od wn o i

Mote: EyeWidthMargin =14.7500ps, EyeHeightMargin =28.5102 mv Mote: EyeWidthMargin =14.7500ps, EyeHzightMargn -28.4916 mv

X-talk off (ACVS) X-talk off (ACVS)
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Bl PCB Resonance Effect :

PCB =& HA -

- PCB EM SI/PI : Slwave/HFSS 0| PCB Ground 2 3& &9l 2 GND via £t 2& I A

S AXI0 GND via =I16t0 OtER +=F

BT 1 7 S ey S e oy i : . "'”b-no 1000 2000 3000 000 5100
0.00 10.00 20,00 30,00 40.00 50.00 . : Freq [GHz]
Freq [6Hz]

PCB S&0il /&t SI 2H &tol Slwave/HFSS 24 S& 91X &0l & +F PCB S&I0il /&t S| 2Xl oHZ 3
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Bl PCB Signal Return Resonance Effect :

PCB signal return path &=X[ 6 & :

125 2500 3750 50.00 G250 75,00
F [GHe]

PCB signal return path A&l &0l

1250 200 1750 5000

return path 22Xl =& & 21 i

&3

62.50

75.00
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B AC coupling Capacitor : PSR, Lt} SiAl oisk

r°l-

Casel:
-ldealC g2t B E
- PSR 40| &3

AC coupling Capacitor L @HE ASF : RL

- 3D EM : HFSS(High Freq.) 0|2 24 :

Return loss

Case? :
— Capacitor 3D Component & &
— PSR dll0oI &3

| Casel,2 = S &E.

Capacitor
3D component

Cased :
— Capacitor 3D Component & &

— PSR dl0o|I &&
der & & &

-2815 |

0 20 40 60 80 100
Freq [GHz]

<5

Case4 :

- Capacitor 3D Component &

PSR &0l + metal mask &8
Capacitor PAD & metal & PSR

Capacitor + sold.'e“fmg
3D component

aseb : Reference A&
— Capacitor 3D Component &2 &

. — PSR &0l => Capacitor = PSR Kl A
2Solder @4 & &
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B AC coupling Capacitor : PSR, Lt} SiAl oisk

r°l-

Casel:
-ldealC g2t B E
- PSR 40| &3

AC coupling Capacitor 22 &l0| ME Y&k : IL

- 3D EM : HFSS(High Freq.) 0|2 24 :

Insertion loss
" Case? :
. — Capacitor 3D Component & &
- PSR 20|01 &3
-1.0
F-1.51 \\x
L2 2% U2 HIXE. N
0 . \ N /L ‘ Capacitor
mei 05 VAN N ' 3D component
s = " Case3 :
S e e e e e e e e e D — Capacitor 3D Component & &
0 20 40 80 80 100

— PSR dl0o|I &&
der & & &

Freq [GHz]

Case4 :

— Capacitor 3D Component & &

PSR 1010 + metal mask Sps

5. paC|tor PAD & metal XHS PSR

>

Capacitor + sold.'e“fmg
3D component

aseb : Reference A&
— Capacitor 3D Component &2 &

a. - PSR &0l => Capacitor & PSR XMl H
pSolder 84 HE
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B AC coupling Capacitor : PSR, Lt} SiAl oisk

r°l-

Casel:
-ldealC g2t B E
- PSR 40| &3

AC coupling Capacitor 22 &0 [E Y&k : TDR

- 3D EM : HFSS(High Freq.) 0|2 24 :

TDR(Tr:10ps)
” LT Case?2 :
Casel 2 = 2 =iat ~ ez w0 | — Capacitor 3D Component & 2
95 — T o™ — Case3 8344 | _ PS E”O'Oti gx'i
—— Cased B84 .24 R o
== Caseb 84.00 |
— PCB_WOCGP i B0.33 |

90

Y1 [ohm]

85 %,

Capacitor
3D component

80- Cased :
— Capacitor 3D Component & &

— PSR dl0o|I &&
der & & &

Case3,4,6 = UM E L XIE.

1.00 1.02 1.04 1.06 1.08 110

Case4 :

- Capacitor 3D Component &

PSR &0l + metal mask &8
Capacitor PAD & metal & PSR

<5

Capacitor + sold.'e“fmg
3D component

aseb : Reference A&
— Capacitor 3D Component &2 &

b - PSR &0l => Capacitor & PSR XA
pSolder 84 HE
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B AC coupling Capacitor : Slwave vs. HFSS

AC coupling Capacitor & & : Slwave vs. HFSS

- 3D EM : HFSS(High Freq.) 0|2 24 : 72 (32cores, 512GB RAM)

oooooooooofmoooooooooo—

O000GCG000C00,00CG0000000

Ideal capacitorgE &

¢t Slwave

Insertion loss
o
24
+1 |Insertion Loss :
s | Slwave
+1 HFSS
1 o '
< Slwave = IL, RL 8fA Z 1t HFSS A1} CHH|
|=20 0 => Slwaver £ INE 8! 2| 3D +
A - > - > " > — I I ol b I I
: < Pad & £& 3D #+X S0 [}E Ref. plane
Return loss TDOR(Tr:6ps)
o a5
] 90
85
80
| *m_ TDR :
] Return Loss : . Slwave
. Slwave i\ HFSS
1 HFSS = dB(SIDiH_IM_siveava Diff_IN_sweve)) Ym_':g:m 60_:
—  dB(SIDI_IN_HFSS_ deermp Dift_IN_HFSS Aseamp)) 1118 ]
60 0 ZI(J 4|l] ﬁIO S;U 100 5?.(‘!}0 1.l]|20 1.l]|40 1.l]|ﬁ[] 1.l]|80 1.1I(JD 1.1l20 1.1I4(J 1.1|60 1.1IB(J 1.2|l]0 1.2|2(J 1.2:40

Freq [GHz]

40

Time [ns]
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B AC coupling Capacitor : Slwave vs. HFSS T LXK

Ideal capacitorg &%t Slwave

AC coupling Capacitor & & : Slwave vs. HFSS

- 3D EM : HFSS(High Freq.) 0|2 24 : 72 (32cores, 512GB RAM)

< Slwave 2| Ideal Capacitor 0| 8%t EM 0= = 2ot Eye

Eye-diagram

3D component capacitorE &3 HFSS

Eye-diagram

psec

112Gbps PAM4 Eye (ACVS) :
HFSS 3D Component
capacitor H-& Ref. plane %Xl ; - - -
Mot 4 112Gbps PAM4+Eye (ACVS) :
Slwave Ideal capacitor H& £

- => Ref. plane Z[H3} E7f 41
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H 2EAM Ol My E|x 5] ups

1

PCB Power Ground Pl &4 & x| A3} :

— PCB EM SI/PI : Slwave 0|2 Power Net 2| IR Drop (H e 2X), 82 2% 2 |mpedance 24 £ 21 & 2 Q.
— Powe Net 2| Impedance JH& S 2 Power noise 0fl 218t 2l JH & &,

Power net 2 &g 2L, IR Drop &

FQ

1.000

0.100
Il 1752 | 752V [ 1.816V _
Parasitic Ryc=0. 19 _ '§
(60mV Drop) Parasmc Rpe=0.08 /-
(26mV Drop) S 1
1.842V 0.010-
] N
Power net 0| decap &It ¥ Impedance Z 1 {4
Power net & &2t 2, IR Drop &9l 0:004 ] | | .
0.01 0.10 1.00 10.00 100.00 1000.00
F [MHz]




J 2. Aiza01M 35t 51 47

B EAM O My E| X 5] HpY

lcepak :

— Electronics thermal management
— Airflow, temperature, heat transfer in |C packages, PCBs, electronic assemblies, power electronics

oooooo
PR

CTot. Wro. | @ Compo. Y Selecti-

Selected Nets v % Results

Does ebecnd
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Electronics Enterprise : 3D Layout Design Mode for IC workflow

* |C/Semiconductor Applications

IC Components
Interposers — SI/PI HESS

|C Bus

System — IC/Package

Electronics Desktop
RaptorX
IC Mode

HFSS-PI
(PSI)

Q3D
Extractor
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Electronics Enterprise : 3D Layout Design Mode for IC workflow

A specialized 3D Layout Design Mode for the IC Workflow

2023 R2

System assembly
* |C-mode on General

* Select physically connected with IC-mode on General

Point-based Terminal Port

Pin Group dialog

Arc reconstruction

JICI TN 30 0GP0 003 2 M

Speed optimizations

New GDS exporter
Enhanced GDS import logging and progress bar
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Electronics Enterprise : 3D Layout Design Mode for IC workflow

HFSS Parallel Adaptive Refinement in 3DL IC mode

* Parallel adaptive mesh process

1. Automaticpartitioning for adaptive refinement

2. Refine domains independently

3. Evaluate fully coupled system using Mesh Fusion HPC distributes components
to networked processors and memory

* Simplified initial meshing
Initial Meshing & Adaptive Mesh Refinement
* Extra level of distribution during adaptive refinement

* No compromise for frequency sweep

Adaptive Meshing Interpolating Sweep
Auto 48 cores Initial Mesh

Time Mem (GB) e Mem (GB) @ Frequency Sweep using Mesh Fusion s-matrix-only Solve
Conformal 01:16:29 14:12:05 822 52:47:04 844/894 "
Component Adapt 00:22:46  02:55:55 142 05:57:00  113/128 (LSS N
P P / frequencyl frequency2 frequency3 frequency4
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B ANSYS Helic RaptorX solver : Fast PDN PEEC extraction solution

PDN GDS file 7> Linux, ANSYS Helic Ul => RaptorX

@ Windows, ANSYS Electronics Ul => RaptorX

Electronics Enterprise : 3D Layout Design Mode for IC workflow

* |C/Semiconductor Applications

- IC Components

- Interposers — SI/PI HFSS

- ICBus

- System — IC/Package
r = = = Electronics Desktop
I RaptorX I
—_——-——d IC Mode

HFSS-PI
(PSI)

Q3D
Extractor
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B ANSYS Helic RaptorX solver :

Fast PDN PEEC extraction solution

Pin1_PDN net

- Tech file Includes dielectrics loading effects in nm CMOS \ )
Df[f)ségn (iRCX, ITF, o~
ICT, etc) 0 0 0 0 07 0 2 0 0 i 1
| Meshing Engine !
! |
v v } ¢ ¢ ;
Layout pre- J‘» Layout shrink + Processed Layout meshing ‘
GDS/OA = processing > sbNet ; LDE* biasing Layout Geometry (polygon processing) Mesh file I
|
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Meshing frequency:
global or per-net

* RLCk Parasitic Extraction: Low GHz range physical RLCk netlist suitable for :
- electromagnetic parasitic extraction of dense routing => PDN routing
- large number of ports

Netlist Reduction

Extraction mode

per net metal v \ 4

engine

RLCk extraction ||
engine

File

—
Process

C d
i v pe l v

Physical .
* Layout Dependent Effects Reduced_ Order S-parameter & Compact Model Physmal_ RLCk
Netlist RFM (VeloceRF) netlist

* Meshing Differs
Meshing Cofnplexity

net

Fast EM Golden EM

Resources Required }

« Extraction Resources Required Differs

physical circuit model I:>

L1M

LN1

RN1
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ZDNESIMHE MHSEH £2HE (ACVS) HE 25 SI/PI 24 &, Training

ACVS : Advanced Channel Verification System

ACVS N

! 1 / )
| ” : \

‘ a v » B = —1—]

SO

Automal!on

a

’.—'_ﬂ

» ANSYS Slwave, —
\ HFSS, etc. /

N,

OH
Il

ANSYS Electronics , EMCoS Simulation S

|
T TRHIrE

Electromagnetic
Electrical s

Power
Electronics
EMC/EMI
Filters

PCB
Simulations
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B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon

Interconnect Technology , Leon Chen (AMD Inc) 2|

Intro :

— high—density, high bandwidth, low power consumption => 2.5D IC w adv. Pkg tech
— crowded signal and power, tight timing and voltage margin => NEXT/FEXT noises and optimized design

— efficient simulation and verification

Silicon
Interposer

-+ Package
Substrate

BX Channels
TX Channeals

— 506G/ 112G PAM4

> Adopt a hybrid simulation (3D + 2.5D) method for PCB to save simulation time
> Evaluate the SerDes TX and RX channel’s crosstalk at both 14 and 28 GHz which is
Nyquist frequency for 56 and 112 Gbps PAM4

Si-interposer Package design PCB design
design (*.gds) (*.mem) (*.brd)

Import design files into a simulation platform
and EM modeling

¥ ¥

Hybrid full-wave

Full-wave 3D EM simulation EM simulation
_ (3D +2.5D)

S-parameter analysis

¥

1) Individual and cascaded crosstalk analysis in frequency
domain 2) Channel simulation in time domain

50



| 2. DesignCon 2024 x1= 294 x1= 274

B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon
Interconnect Technology , Leon Chen (AMD Inc) 2|

Launched vs. Cascaded Methodology :
— 80% simulation time saving, 2.1% delta PSFEXT, 0% delta PSNEXT

RX-RX Launched vs Cascaded TX-TX Launched vs Cascaded TX-RX Launched vs Cascaded
5\ _— F oY
ais] ]
& = T
—~ = =
< > .
= [ w
% Cascaded % 7
o ascade & E
Launched
1 | | [ | | 1 | 1 | 1 | 1 | | ] | | | 1 | i | i J | J | [ | l 1 | 1 | 1 | 1 1 | 1 | i | | 1 | ] 1 l 1 | 1 | | | (]
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
Frequency Frequency Frequency
Vietim Y 4 N\ _RX Channel 0 7 \_RX Channel 0 ¢ N
Energy out = | [ |
(RX-RX) — | RX Channel 1 | |_RX Channel 1 | —
(TX-RX) RX.CI 12 RX Cl 12 Aggressor
_— | Energy in
3 | RX Channel 3 | | RX Channel 3 | | £ (RX)
j— Si- Package PCB —
= Interposer TX Channel 0 |  S-parameter TX Channel 0 | Spaameler | 2
— E;b — | S-parameter — i
Aggressor a__ | | TX Channel 1 | TX Channel 1 | A
Energy m = — |
(TX) - | TX Channel 2 | | TX Channel 2 | -
— — Victim
E— —] | TX Channel 3 | | TX Channel 3 | — - Energy out

~— ~— — (TX-TX)
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B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon

Interconnect Technology , Leon Chen (AMD Inc) 2|

Hybrid Full Wave EM Simulation :

» Hybrid simulation
o 3D: Vertical part (e.g., vias)
o 2.5D: Horizontal parts (e.g., traces)

= Comparison
o 84% runtime reduction

» Slwave with HFSS region (7.2 hrs)
< HFSS 3D (45 hrs)

o Correlation factor
» Insertion loss: > 0.99
* Returnloss: > 0.92
« Crosstalk: > 0.86

» Limitation of 2.5D-only approach

o Slwave-only has a large difference in
IL/RL/crosstalk compared to HFSS 3D

[ s ap B ap a7

S region 2

dB{5{13,9))
dB(S(5,1)}

dB(5{21,17))

dB(S(17,17))
uB§$e9.9}J
d 110

dB(S{11 .9%}
RERIERY)

dB{S(19,17))

Insertion loss from BGA to connector for RX and TX

]

i FEE S (A - i S S | |

1 VIR i vl"'".i'l. i

1HFSS 3D il W | Mo,

1 STwave only . Ui ' l‘rluf“l

1 SIwave with HFSS region l"}_ ] '"l.'ilﬂJ

: ‘-Iﬂ 1|!'| ZID ?5 SIB 3'5 4'1‘ ‘If’ 5-0 6 5' |IU ‘lﬁ 7ID 5!'5 3'0 3'5 4q 4'5 50

fraq, GHz freg, GHz
Return loss at BGA side for RX and TX

AT .

freq, GHz

freq, GHz

$(23,21))
dB{5(15.13)}
dB(S(7,5))

dBf

freq, GHz freq, GHz
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B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon
Interconnect Technology , Leon Chen (AMD Inc) 2|

Crosstalk Optimization : Si Interposer

» TX’s minimum channel-to-channel distance is larger than RX’s
o PSFEXT TX-TX when TXO is the victim shows a 24% lower crosstalk level than PSFEXT RX-RX when RXO0 is the victim

o With increasing the channel-to-channel distance, PSFEXT is gradually improved

» Without a ground guarding, it could affect ~5% penalty in the PSFEXT

TX3P TX2P TXI1P TXOP - -
H “A H C
e ; 33ser=r e > —_ ~F
i i % % - Without ground guarding
TX3N TX2N TXIN TXON e = F e
= L
e wE
7 . &
~ e -9 — VictimR X0 -
e = VictimTX0 o
RX3N RX2N RXIN RXON e il ol e BTl ola oy Eo Dol oe s Ve dow b od g 1g Ly
i I
i by (] 5 10 15 20 25 30 35 40 45 50 0 100 200 300 400 500 600 700 800 900 1000
RS : Sl Frequency (GHz) channel-to-channel distance (um)
RX4P RX2P RX1P RXO0P
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B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon
Interconnect Technology , Leon Chen (AMD Inc) 2|

RX-RX below 28GHz

Crosstalk Optimization : PCB 5 —
C lﬂ: *-.\j "
* The channel 1 and 2 are on the n™ layer and arranged in the different column of BGA map. = / ’\
= As the channel 2 traces pass the vertical via of channel 1, EM fields can couple to the o N * * e
vertical vias through the dielectric layer f; T .
= Changed RX trace routing layers from (n"” and n+2) to (n", n+2, and n+4") B — Cascaded
vl - Board
ﬂ_‘ =
- —— PKG
- . - : I e— [nterposer
Original design Optimized design C
1 1 L L
— -X dB (1.52X) dB i ~(1.51 X) dB {(1.36X) dB Victim Channel
RX1 RX2 |* RX3 | rRxt e rx2 |« RX3
_ -(1.47X) dB ; -(1.35X) dB
e I | L 1 | — Ll i —
Victim: RX Channel 0 Victim: RX Channel 1 Victim: RX Channel 2 Victim: RX Channel 3
2 33 3F 33
E = EF -
> 2 2 RE
= —— Original i ol : o
4 —— Optimized g & &
e b b b e b b by Ly :||||||||||||||||||| E‘['|'|']‘|'|'|-II|' E||||J|||||||1|||||
5 10 15 20 25 30 35 40 45 50 5 70 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 S0
Frequency Frequency Frequency Frequency
]
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B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon

Interconnect Technology , Leon Chen (AMD Inc) 2|

Crosstalk Optimization : PKG

= TX and RX traces are formed on the n" and n+2t" |ayers as a stripline
» Solid ground planes are placed on the n-1th, n+1t, and n+3t" layers

= The via’s anti-pad can create an inevitable path for energy to pass through

Original Package Design
: n-1% Ground Plane _ n-1* Ground Plane

n+1% Ground Plane

n+3t% Ground Plane n+3% Ground Plane

Optimized Package Design

~ n-1% Ground Plane
|
n+1® Ground Plane

n+3% Ground Plane

AB(E Fiski)

E2.4000
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B 2-1: Crosstalk Noise Optimization For Robust 112G PAM4 Design in Stacked Silicon

Interconnect Technology , Leon Chen (AMD Inc) 2|

Crosstalk Optimization : Entire Channel Simulation in Time Domain

Time domain simulation

112G PAMA4 signal with 500mV,,;, is generated by TX AMI model

o Transmitted PAM4 signal to RX AMI model through the Si interposer, package, and PCB S-parameter models

Cascaded result of PSFEXT RX-RX
o Crosstalk noise affects 6.6% eye height and 5.2% eye width degradation

Cascaded result of PSNEXT TX-RX

, o _ Dol betaasi FEXT RX-RX NEXT TX-RX
No influence on the optimized design il sind vls crosstalktioms Original | Optimized | Original | Optimized
> Very low crosstalk effect in the time domain design desion desion design
: = §
Without Crosstalk i st Eye He%ght at BERO [%] 6.2 0.0 0.0 0.0
_ Eye Height at BER1 [%] -8.0 0.0 0.0 -1.3
" -~ - : : — Eye Height at BER2 [%] 5.8 0.0 0.0 1.0
i E o . o = ), =9 ; ) =i [l
= : : . BER2 3 — - a > =
= ; - Eye Height, 2, " Average [%] 6.6 0.0 0.0 0.7
% 00 5. BERIwwsZ T PEyc Widthowe 0 — - .
$ e 08 z : = Eye Width at BERO [%] 6.6 0.0 0.0 0.0
S o s % e ~~2ma | Eye Widthat BERI [%] 38 0.0 0.0 0.0
O [ N U [ — Eye Width at BER2 [%] -5.2 0.0 0.0 -1.5
o 10 20 X 40 50 60 ] 0 Eli} 40 50 o 5. : . .
Time [ps] Time [ps] Average [%o] 2 0.0 0.0 0.5
]
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B 2-2: 224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

PCB High—Speed Material Evolution Acceleration :

112+/224Gbps 224G PCB Material

Hi2Ghps - Dielectric Target
25-56Gbps
P ‘ Extreme low loss(+)
» ' Extreme low loss Df@10GHz <0.0010
8 Df@10GHz:0.001~0.002
2 10Gbps Very & Ultra low loss Less Improvement
i Df@10GH2:0.002~0.006 20-30%
o -
[
Q <10Gbps |owioss ; "
P Df@10GH2:0.009~0.006 Dielectric Df
Mid loss < 0.0006
Df@10GHz:0.015~0.009 @10GH:z
2007 2010 2017 2020 2022 Year

++PCB High-speed material evolution cycle become more and more shortly, faces huge challenge.
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B 2-2: 224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

Dielectric Resin Structural Formula and Df :

PTFE
* PTFE: Polytetrafluoroethylene Df@10GH: +'é —l-]— ow POE coc Rate/Gbps
A - A~ FL " H(, H ‘H I‘ A
* Df-0.0001@10GHz o A T L F;
BCB R \
8 by P-BCB
Extreme S| Performance 0.0003 -1 "‘D f\ i o
 Difficult in multilayer Production (/T ‘ ‘Z{ | PHPS
0.0005 _4 w ! e - _— . r;w:ifozj;r»?j’:iﬁkjw;,(M:l»f\lw.,}: 220G
oDV ‘ LT L L
0000714 L  SEBS ney : { FB —
bve ‘ _ _ ) l P 112G+
0.0009 | e S .
> ‘ ~ - BRERA 1126
* Modified PPO:; Y, . PPO ‘_Q}{_}‘{%_)n\j}m';ﬂﬁn}_ L1, TAIC tea
* Df-0.0006@10GHz — o e SMiA e
* Good Sl Performance 0.005-0.008 Hﬂ}iﬁ%{{iﬁk g tjmi’;w e R e 2
. & = F g '- ;\ -_‘!I |r : LA ; 4 1
 Good Multilayer Production ’ CHA 106
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W 2-2:224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

Reinforcement Material Types & Df :

PTFE/LCP Fiber
Low Df & Dk
R&D stage

Lz-glass/Q-gIass for 224G

Glass c
Fiber Apacity

ages MU imted DO
Small

L2-glass limited high
qty.

* Low Dk glass
* used in 56G/112G widely

Df (10GHz)

0.0002

0.0018

0.0028

0.0066

Dk ( 1OG HZ) VIV 31 CA T Wi A B REC T NSRS i) e
2.0 3.0 3.7 4.4 46 66

v
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W 2-2:224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

Copper Foil Roughness & Skin Depth :

e Rz<2.3um

RTF *Rz<3.0um X -‘ ‘ =2

e Rz<2.1lum

Ky
»

sAVANPE - R:<1.3um o

HV L P *Rz<2.0um

HVLP 3 e Rz<0.8um

HV L P4 eI Rz<0.5um

++The skin depth can reach to 0.282um, even smaller than HVLP4’s roughness.
++ PCB oxidation process cannot go beyond 224G skin depth, considering loss performance improving, need lower
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B 2-2:224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

Conductor Roughness Effect on IL :

Roughness Effect on IL
102%
100%
98%

7mil prepreg/ 6mil core Impedance: 92Q  Pitch (W+S): 14mil

94% [l TSR AR

i roughness oz LU R
material thickness design roughness 0% N N |
RZ=0.5um (HVLP4) 88% RN SRR ._

Dk 3.0 18um 920 RZ=0.8um (HVLP3) Rz 1.0 Rz 0.8 Rz 0.5

Loss

Df 0.0009

Copper Foil Roughness
RZ=1.0pm (HVLP2)

++Copper foil roughness Rz reduced from 1.0um to 0.5um, loss reduced of over 7%.

++The 224G high-speed material in this paper, chose new attempt: modified PPO resin (Df <0.0006 @10GHz) without glass+
HVLP4.
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W 2-2:224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

Brown Oxidation & Copper Foil Roughness :

Common PCB Brown Oxidation

Prepreg

Copper Foil

PCB Low Profile Brown Oxidation

Original copper foil roughness Rsai=1.035

) ’Chemically
bonding film

Flattening + No-etching roughness Rsai=1.013

++The copper foil roughness can reach to Rsai=1.013<C original foil roughness and insure the bonding force by chemical bonding.
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W 2-2:224G Ultra-low Loss PCB Solution , Scarlet Wang (Shengyi Technology) 2|

Rsai

Brown Oxidation & Insertion Loss :

Rsai of Copper Foil after Different B/O Treatment
1.20

e —
1.15
1.10
]
1.05 ° =
———

1.00
0.95
0.90

M riginal Copper foil Il Normal M Low etching

B Very low etching [l Non-Etching [ Flattening

IL Change (%)

6% -
5% -
4% A
3% -
2% -
1% -
0% -
1% -
_2‘% -
-3% -
A% A
_5% .

IL Change with Different B/O Treatment

Original
Copper foil

5%

Normal

Low etching Verylow
etching

0%

4%

Non-Etching Flattening

++ Flattening + no-etching roughness Rsai=1.013, IL performance better than original copper foil and any other

previous PCB oxidation process.
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B 2-3 : Enhancing End-to-End 224G Systems by Optimizing Metaconductors for
Package Performance , Montserrat Benito-Villafranca (Marvell) 2|

Channel Operating Margin (COM) :
Co
e e
Dielectric
Material

Die (Cdie/T-coil) PKG transmission line/vias
.......... 1. [;%%]H[?EE]H mh';;H“g E,.........;;.;j.;;;;;;;;.;;...........;;.‘;:.1.;;.....3;.;.;.;;.....1.;;.;}:;;%“ )
............... S I — i
Termination C4bump BGA
Metaconductor
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B 2-3 : Enhancing End-to-End 224G Systems by Optimizing Metaconductors for
Package Performance , Montserrat Benito-Villafranca (Marvell) 2|

. - . " }|
Metaconductors : Problem Statement => Coplanar Solution I
\ Co 25nm
Diff | ti L Cu 150nm
. i | nseruon LOSS \
ﬁ;::\ 224 COM Reference Package P —
e : N
43} 4
-5—_ :l'l "
Il suck-out at low freq. Dielectric

Magnitude (dB)
VONO
Lololyd
T oS
i
gs:.
<

5 T\
15— Semi-Reference PKG - Metaconductor Spair Cu/Co ¥ Current distribution at 2.6GHz (p trace)

-18 — T T T 1 1 1T T 1T T 17
0 10 20 30 40 50 60 70 80 90 100

freq GHz

Diff Insertion Loss

224 COM Reference Package

DUT COM (dB)

20dB Backplane Channel with

-2.35dB
reference package

20dB Backplane Channel with the
semi-reference package with meta-conductor -0.2dB
(version 2)

Magnitude (dB)
i3
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B 2-3 : Enhancing End-to-End 224G Systems by Optimizing Metaconductors for
Package Performance , Montserrat Benito-Villafranca (Marvell) 2|

......

Takeaways and Conclusions : E CU/Co Metaconductors in package model suppress skin effect

g Enhanced performance in end-to-end 224G high-speed links and
interconnects [IEEE 802.03ck ]

c? Reduced & Flattened IL — more restrained pulse response — |S| reduction

Q Lower tap values for DFE equalization — decrease likelihood of burst errors

- We have introduced a new metric to study 224G end-to-end channels by incorporating Cu/Co metaconductors on
coplanar packages. The foundation design of alternating Cu/Co structures produced a severe IL suck-out at low
frequency, which negatively impacted the overall performance. To address this issues, a novel solution has been
implemented to eliminate the IL suck out.

- COM results have demonstrated that the implementation of coplanar metaconductor technology may provide benefits
in end-to-end 224G Ethernet systems. The weighting factor assigned to packages in the allocated end-to-end channel
insertion loss budget can be as high as 40% of the total channel loss. Consequently, the benefit of reducing and
flatting the IL profile on packages can have a significant impact on reducing the pulse dispersion response.

- Future work includes analyzing the impact on current equalization schemes, specifically FFEtx and DFErx.
Additionally, finding alternative ferromagnetic thin film or different thicknesses to produce negative permeability up to
60GHz that will enhance the PKG performance.
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building
Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2]

PCle 7.0 : What is coming => Modeling , Simulation Challenges

Physical Form Factor Updates — CEM Card

= Rev 6.0 of the PCle Card Electromechanical (CEM)
form factor specification reached its 0.7 maturity

= Data Rate: 128 Gb/s (PAM4)

» BER: 1e-6

» SNDR: 34 min (same as PCle 6.0)
= RLM: 0.95 min (same as PCle 6.0)

= Channel: 4” — 14” (similar to PCle 6.0)
o Loss -36dB to -40dB

= Tx equalization (Proposed)
o 4-tap FIR

» RXx equalization (Proposed)

= CEM 6.0 introduces updates to edge finger PCB layout
for the Add-in Card edge finger geometry to improve
signal integrity extending to 64.0 GT/s

= Largely extends connector baseboard footprint and
Add-in Card geometry updates introduced in PCle
4.0 and 5.0

| = Early pathfinding is underway for 128 GT/s PCle CEM 7.0
PCle CEM 6.0 edge finger design

o Reference CTLE (6poles, 3 zeros, gain range 0 to -20dB)
o ADC based Rx Architecture (FFE with 24 post-cursor and 4 pre-cursor taps, + 1-tap DFE)
o h1/h0<0.5

* Rx eye mask (TBD)
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building

Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2]

CEM Add-in Card edge finger geometry updates :

= CEM 6.0 Edge finger region introduces the “Low North” and narrower, 0.5 mm fingers
o Moves the geometry on the upper end of the edge finger region |[South] by 0.5 mm

o Edge finger lengths are reduced by 0.5 mm, but the 1.8 mm stub length remains

unchanged
Edge finger [ : e
e : GROUND PLANE North side geometry
wosmm S0 M | | | (METAL 2) __ lowered by 0.5 mm
] OO | Ol ONO | RO 101 OEORO 101 OROKO)
I k l..,. e - B Al e ety et ‘__-(' ‘--‘__ 4 by _\__.'l. ‘ .-.....-.
I T g % %"'Z" % %% : % % i
&2 8 o = < & = - =5 & E = = & % ) =) O|
S ¥ oo e N N PN NN R AN RNEN RN EN G & Nominal
= ? i v é ik R °N® 2 i connector
. l (ORONONONONORONONORON ROEO! il
et S Sl Nl Wl Nl o position
) -
@ CHAMFER REGION
v o o
]
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building
Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2|

Cable Pathway to Gen 7 128GT/s :

insertion Loss - Differential
T

T T T T

@ T — Measured Insertion Loss — Same Length

Current-Gen Next Gen Cable

Cable

Co-extrusion for lower loss
and reduced skew

Magnitude (dB)

-10 -

Even lower loss

" “ !
BETLE R
Hyper-low Skew e S T

No wrap resonance | !
-15

‘ . o E Y ' ’ ° ? Ftequency((siqu) l ® ?
Next Gen bk &% 32 GHz

33 AWG
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building
Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2]

Integrated Return Loss (IRL) :

The Problem ; . . Polv\:erw?ightinglj Functlion . ; !Example F\:l. and Effect of W(f)
= Connectors\Cables slightly osf (f) : ;m
exceed RL limit 0s} :
= System still works M :16 1 " * W(f)
S06f 18 «f
= False negative = : lg.
= 3 GHz E
The Solution A 14«

= |RL approves excursions that
would still “work”

= Return Loss is filtered by — T | s L P S ¥ S |
W(f), and then integrated Frequency tG;zJ ) Frequency (542
= Like ICN for crosstalk e R (f1+ (f;-/ff)‘*)) ((1+ (f;-/fr)BJ) RLaug(fi) = (IRLyy (f] + |IRLy (F)1) /2

N
| 1 —_—
iRL = dB EZ W () RIZ,q (f2)
May appear in CEM 6.0 and internal\external cable 5.0 and 6.0 4
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building

Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2]

Receiver Validation Evolution :

. |raes.0 PCle 6.0 128 GT/s (TBD)

Max data rate

Channel loss range

Add-in card loss

Reference CTLE

Reference DFE / FFE
Eye width (RX test)
Eye height (RX test)

Lane margining

32Gb/s
34 t0 -37dB @ 16GHz

9.5dB @ 16GHz

4 poles, 2 zero, DC gain range
-5to -15dB

3-tap DFE
9.375 ps
15 mV

Timing and voltage

64GT/s (32Gbaud PAM4)
30 to -33dB @ 16GHz

8.5dB @ 16GHz

6 poles, 3 zero, DC gain range
-5to-15dB

16-tap DFE
3.125 ps (top eye)
6 mV (top eye)

Timing and voltage

128GT/s (64Gbaud PAM4)
~ 36dB @ 32GHz

~9dB @ 32GHz

6 poles, 3 zero, DC gain range
0 to -15dB (gain)

~ 28-tap FFE & 1-tap DFE
TBD
TBD

Expected
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building
Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2]

128 GT/s (PAM4) Stressed Eye :

LAN 70 GHz Scope

64 GBaud PAMA4 Source

= Source: PAM4 PPG = Scope: Real Time Oscilloscope

o ~65 to 70 GHz with lower BT filter expected
» Post Processing: Seasim 2.0.96

o GILEFFE/DFE

o §j, R, & Crosstalk (DMI) to be explored

o Instrument noise compensation likely

o 128 GT/s (64 GBaud PAM4) — Step Response
o Tx EQ Presets: Genb Presets?

= Channel: ~ 36dB @ 32 GHz
o Available Variable ISI boards
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B 2-4: PCl Express & PAM4: The Pathway to 128GT/s and Challenges of Building
Interoperable 64GT/s Capable Systems , Pegah Alavi(Keysight Technologies) 2]

PCIl Express Specifications are Accelerating :

* [nnovation is Accelerating
since PCle 3.0, with PCle 6.0

and CXL 3.0 Arriving Quickly Innovation is
inal
and PCle 7.0 planned for frecalerating] s |
2025 r””lf,tlzgzwzz
20 ;7 2019 SRR
. PCle 7.0
128.0 GT/s
2010 . .
- O Y gy
/ _PCle. XL
e 16 0GT/s 20 GT/s 64GT/s 2022
/p;ew CXLTE1.1/2.0
0GT/s 32GT/s 2019/2020
AC Coupling :
"E'I. C?p p LEL) CEL 3 Mezzanme
Pkg Via Pkg Via Pkg Via Connector Via

Riser & Add-in card Connectors  Backplane with 2+ Connectors
GP

Mezzanine .Gpu
Conneclor

Add-In Card

Rise-In Car

Backplane

Connef;n::_r\"h

AC Coupling Cap

E— ) Orthogonal )
Pkg Via Connector  Backplane Via
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B 2-5: Mitigating crosstalk through the placement of Power-Ground Capacitors for

DDR5 Memory , Pratik Khurana (Achronix Semiconductor Corporation) 2|

Crosstalk Failing the Specification :

= Power-sum Crosstalk @5600 Mbps for signals routed on L03 layer.

= Power-sum crosstalk for DQ24 to DQ29 as victim and multiple other aggressors.
= Spike @300MHz in PSNEXT and PSFEXT.

-10 1

S
NS
(@)
<
e
I~
8
W
-
o
<
= e
™~

(]

(=]
W
(=]

Magnitude [dB]
) L 1]
=)

o
o

Magnitude [dB]
Y i
(=]

—VIC= DQ_24. (SE), soll\) —VIC= DQ_24. (SE)-
—VIC= DQ_25. (SE) —VIC= DQ_25. (SE)
~VIC= DQ_26. (SE)| 5

&
(=]

N VIC= DQ_26. (SE)
—Vic= - (SE)" 60, —VIC= DQ_27. (SE)
PSNEXT —VIC= DQ_28. (SE), PSFEXT L ic= 00,25, (85)
75 . j | i , =VIC= DQ 29, (SE) 7 —VIC= DQ_29. (SE)
o ¢+ 2 3 4 5 6 7 8 9 10 "o 1 2 3 4 5 8 7 8 9 10
Frequency [GHz]

Frequency [GHz]

Figure. Power-sum Near-end Crosstalk. Figure. Power-sum Far-end Crosstalk.
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B 2-5: Mitigating crosstalk through the placement of Power-Ground Capacitors for
DDR5 Memory , Pratik Khurana (Achronix Semiconductor Corporation) 2|

Proposal: PWR-GND capacitors at DIMM

» Placements of PWR-GND capacitors on right side of DIMM connectors for both Single and
Dual-DIMM configuration.

= Twenty-two 0402 Capacitors are used of 0.1uF value.
SoC pad DIMM-1

50C Pad DIMM-1  DIMM-2 ] m
. e - SRS
| m
jin]
» m
{pm o
|m =
| @ | o
" m
| m | o
- m
| m o
= | o
PWR-GND " PWR-GND
Capacitor Capacitor

Figure. Dual-DIMM Configuration. Figure. Single-DIMM Configuration.

v
|.u'nm e
BAr 21
ASTHEOTY

AMEDY

av
SESTIEQTV oo
AT 221
3 .

Figure, Voltage distribution across layer 02 at 300MHz. Figure. Voltage distribution across layer 02 at 300MHz.,
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B 2-5: Mitigating crosstalk through the placement of Power-Ground Capacitors for

DDR5 Memory , Pratik Khurana (Achronix Semiconductor Corporation) 2|

Results :

Eye Height [mV]

Write Cycle

27
260
S s
~ E .
i = 740
190 - -
[ ] [ ] = a3
1]
o | = z
17 With power-ground capacitors at 5oC pac only b
& =@~ With power.ground capacitors st SaC pad only
== witn power-ground capacitors at Sol pao and LIMM Lol Pl
150 —l—  with pawer-zround capacitors 2t SoC pad and DM
00

» Full wave EM- Extraction using lumped capacitors have significant effect.

» |Improvement of Power-sum Near-end and Far-end Crosstalk after placing the PWR-GND

Capacitors near DIMM connector.

» Spikes at lower frequency around 300MHz have suppressed.

Magnitude [dB]

—VIC= DQ 24. (SE)/|
—VIC= DQ 25. (SE}|

VIC= DQ_26. (SE)|
-60

PSNEXT —Vio- 50 7 s}

—VIC= DQ_28. (SE)|
2 4 6 8 10

—VIC= DQ_29. (SE)
Frequency [GHz]

Figure. Power-sum Near-end Crosstalk.

Magnitude [dB]
1 L 1
o

—VvIC= DQ_24. (SE)!
—VIC= DQ_25. (SE)

VIG= DQ_26. (SE)
—VIC= DQ_27. (SE)
—VIC= DQ_28. (SE)

PSFEXT —vic- DQ 29, (SE)

0 2 4 6 B 10
Frequency [GHz]

Figure. Power-sum Far-end Crosstalk.
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B 2-6 : EMI and Intentional-EMI Attacks against Power Delivery Network of Crypto/Information

Devices , Youngwoo Kim, Sejong University

Unprotected PCB PDN => EM information leakage issues

Secret Key Extraction
O—‘ Faraway from
! Cryptographic IC

Tamper Resistant & Secured EM Field
Coyplagraphic IC Radiation
From PDN
: PDN Current Containing
i ; Information
4 H + + <

-:. ’ Decoupling Capacitor 4° -:.

<EM information leakage from the PCB PDN=>

Magnetic-field Intensity [dBmA/m]

Since operation frequency of the cryptographic device is relatively low, current in the PCB PDN
resembles the chip current.

As a result, radiation from the PCB PDN can cause EM information leakage issues

% . | ‘ Test Point: TP,

° 10 ‘ Initial round Last round

9 Ry R, By Ry Rs Ry Ro Ry Ra Ryp

E 0 ek

§ ol | = 41.7 ns

'% 10— i

=P, 200 400 600 800
Time [ns]

< Crypto-activity is clearly visible >

Number of Retrieved Subkeys [Byte]

—
./ ! i
H U
M y - -5 3
Nf v | | —— Extraction at TP,
A/J - Extraction atTPcss
20 30 40 50 60 70 80 90 100
Number of Waveforms

< Key extraction test>



I * Chip level EMI : APPREL measurement (Huwin)

B Chip level EMI near field scan measurement (time & frequency) and simulation

6.00000 ns

357 Single Vector probe solution from 9kHz to 50GHz

3
'8
g
8
k.
3
.4
4

178 High resolution scan (>0.01/0.07 mm) based on system,

full 360 degree Vector probe rotation
0.0

|m\  Vector Near Field source => HFSS, EMCoS Simulation Jts

O [ A d aye 1 n P i Playe pro cla: JM deqrees.
. 1 (300w, SvapF. 40000, REW . F8905Hz, ATT. 10046, = PRs, ol ey, Fove g 0T DSP
= MaxHold Trace MamF‘on( Trace ]
i
1000+ ( |\, L

oB oz oN

b3

Start 0.000 ns

Plot: 6.000 ns 42.67 |mV| Stap: 25.000 ns

}
13 LARAASIRRARAE

llllJll}lll{lll%lll{lll{lll llllllLA%llJJlJI;l=llL%l

|
1
2 4 6 8 10 12 14 16 18 20 22 24
ns

o

Reconstruction dlpole
By Near—field data measured at 4 mm 78
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B 2-7 : Correlation methodology for 128 GT/s operation of PCle ® 7.0 DSP-based IBIS-
AMI models , Adrien Auge (Alphawave Semi) 2]

PCle 7.0 PAM4 Transmitter modeling & &35 :
Transceiver modeling

* Analog e . T P =
| ) J e = &1 Ly + LPF (3)
. s o e s e -
3
]
» Equalization | e ‘ FIR filter applied to the symbol pattern =
Ho Hw H amem = T Green = EDA modulate the source
" Jitter ' 1 o A . = model modulate the symbol stream
. - _ z
=~ Vin 1] = = 4 >
= Non-linearity (1) Vour = atanh( . ) » - / — s :L’,_
2 3
SNRdB = e B E
rms _ swmg = e D
= Noise (2) Vioise = 100 $ S b

(*) input that WI|| be tuned to achieve desired behaviour correlation

@ Analog: post-layout parasitic simulation

@ Linear EQ: FIR filter &
® Non-linearity: tanh()=
@ Noise: RMS noise

Sl =&

°|'9"5|'°4 43 37| compression
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B 2-7 : Correlation methodology for 128 GT/s operation of PCle ® 7.0 DSP-based IBIS-
AMI models , Adrien Auge (Alphawave Semi) 2]

PCle 7.0 PAM4 Transmitter modeling &

0I>l

Test setup

25
uuuuuuuuuuu

= Scope/
5 VNA

k“/\\ reference plane . | R .
High- speed’cable 0 = B e e ST

Fetarn Loss Gecope

== lab

[ RN e

Equalized TX eye

2

@ Passive channel (fixture+cable): bare substrate pkg0| &350 &%
@ Analog model + Passive channel 2| Return loss =1} H| 1l (Return loss)
® Waveform &2 ZiIZ 5 E Linear + Non-linear + Noise Il20|E ==
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B 2-8: m-TL Circuit Model of 5/6G Connectors for Fast Resonance Crosstalk Analysis,
Yulin He (University of lllinois at Urbana-Champaign) 2|

S7t2d 5
[] [

) £ Ay [P oo /| L™ L [ Lo
- 4 0405_\‘75‘_V¢4'©6——¢<7"7V" N

Connector2 1D model MAHdES S&t SI 4= = Hg 55 A -

Connector model Baseline model

R S

\‘%, Len= 15mm Generalize ~
- "
é\\ 4

Product

7 AL — il
an ¥ m > V — DDRL
bl P o ‘ FE — DONEMT
oy IV —— DDFEXT
f-2
%]
- -
X 5 X
g, GH2

er results (single-ended return Ioss, insertion loss) of FEM Pscudo-cavity and dPBTI1
cquivalent circuit on (a) S-G-S awr-bridged resonator and (b) S-G awr-bridged resonator, ports at 5-G-5
a ctively

@ Connector?| 3D Baseline model M4: 37 210l 12}

@ 3D Baseline model2 £ E| 1D distributed TL model 4’d: & %I-> Short stub, TL parameters ->
2D Sf{M ZADp HHY 7|Ef-> fitting circuitsS 37}

® 1D model2 R H 2 X|x2}st ZutE 3D BHO| MEs10 X|F ds &2l -> £ 7M

|
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B 2-9 : Using Fast Multipole Methods to Speed Up S-Parameter Transient Simulation,
Raj Raghuram (Aurora System) 2J

S—parameterE 0| & &t Transient =42 £& A :

Fast Multipole Method

ion RF /CFX it
Convolution ] / LI- (o] Vector Fitting
Fili"ld imlpulsa response and most accurate in +  Fit each s-parameter component to a Laplace T T N 1
principle. ational function. g Ata(t- B W L
: : rafional function J. v(Oh(t-1)dr = J V(1) Z—Ai(ef@le“ it=1) 4 g )Pk ilt=Ty gy
2;1?;3::%:?”3;&123'90?5 ;’: Esri:;llglt?owsww Fast once fit is done. Does not get slower as 0 0 =1 2
proceeds. simulation proceeds.
Causalitybii:an be an issue. Passivity usually . Causality guaranteed, but passivity is a N 1 T N 1 Ty
not a problem. rablem. T O L +.ro T T !
P =Z§Af(e;9[€ﬂ i(t) J U(T)E’A il-1) dr +Z§Ar(e J@r.e;{ ilt) J TJ’(T}E’A i(=1) dr
Ir';giaé::g;pvm‘{gmeégpgm elrm I:I!IBS?OFM Initial setup involves fitting and passivation. =1 1] ) i
Shlfdoah]a with hundreds of ports. ’ Passivation can take days with 100s of ports.
Delays modeled well « Delays not modeled well

Basic idea is to somehow speed up the integration over the tail end of h(t)

@® Convolution WA|o] EHFH: ME A4t (I

@ Impulse response 20| =H
Application0f 2 FH=tE vs £ trade off

® Fast Multipole Method& 0| &35}0| & 4t SFE 7M.
Convolution EiA1 12| &2 -> TAE, O(n*2)-> O(nlog(n))
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B 2-10 : E-Tube : RF Plastic Dielectric Waveguide for Terabit High—-Speed Interconnect
, Ha-11Song(Point2 Technology) 2|

> E-tube= AlI/ML H[O|H MlE 50| oot TH| HZH| M=22 UH
HFAICHH| 5, H| &, T8 SHOAM 3 M7t E

> Fhot0f SEAQ &4t AKX A §40| ¥
> PCB IfEIO|AM ofat A= Y A0l 7t
> 3m 2x 112Gbps 7Y E G|O|H S412 A|lZ2 0|4 B7t41} BER<10e-108 THET

EE LU E SE
E
=

LB Data Out

LB Data b i
PAMA 1120bps

PAMM 112Gbp3 |

HE Data In
PAMA112Gbps

&, HB Dato Out
PAMS 112Gbps.

356K 17saHz
0dbEm
T __ddEm 3m E-Tube link
T SRS £dom
SR Cospling ereeesny [r—— Y
‘ - e " SNR0f24dB (@ Rx output)
- No skin effect - low channel loss for high data rate signaling e S 1055 Coumbmg o — BER < 1e-10
— i foss Pr—
- Plastic straw, No optics - very low cast el
LSteBm .
- Vertical coupling, Small footprint — high port density = — Py —
utpat E-TUBE Ao-MWT output
Data Data
HE HB Eye
Pattes % moniter
generator| Data i !
2ch) |LB E-Tube LB | pattern
Clk checker

Metal

0.6 St
> !
— Dielectric 1.3 Dielectric
P———

« Dielectric core laminated with thin copper film

+ Chip-to-E-Tube interface
- Core with the metal cladding at the top and the bottom (frequency-independent group delay) - RF T/Rx (bottom), LB/HB Microstrip-to-Waveguide Transition (top) and ground plane (middie 5 Eye diagram (PAM4 1 12Gbps w/ PRBS15 )

- Siotcoupled Microsirip-to-Waveguide Transition

=~ Frequency-independent loss of 6dB/m and group delay of 4ns/m

- LB output (left), HB output {right)

-  BERofless than 10-' is estimated from the eye diagram results
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B 2-11: Survey on Correlation & Simulation Methodologies for PCB Structures Through
67GHz ., Robert Branson (Samtec)

> Jd=tol pCB M0 ERot =2 QXS mpepsti 0fF HhFet si 4 Zit= 5 Z 12t XtO|2 LiEfLE
0, =9 12 Afg2 ofefiet &5

Dielectric Modelling: M| HEE LIEILHD &<, 2f|0|0{ &
Conductivity: PCB= & T2|ELCF &2 conductivityE A&
Via conductivity: Ot%| B2 H7F O| RO X[X| U2 #FO| Y=
Etching: PCB MIZ=ALO]| 2t AE =0 QI EA HAIF 2t

Copper utilization: Zt 2|0]0{2| =X H| 0 2} prepreg &

VVVYVYYYVY

Correlation depends on the three categories below:

Manufact Variation

‘Fabrication Tolerances

= Backdrill Depth

* Impedance
Variation

*  Misregistration

e 2 * Thickness
TWBottom U TWTop

Copper Utilization %

100 )

Thickness = Nominal Thickness — Foil Thickness = (l
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B 2-11: Survey on Correlation & Simulation Methodologies for PCB Structures Through

67GHz , Robert Branson (Samtec)

> 24X Q02 ofefet 25

> Copper temperature; = = 0f| 2t A AHE

> Dielectric temperature: 2= M &40 0] 2 X|T Ot% A7t Hes!
> Humidity: k&= R0 UM &40 Feo| I X| T Fetot ZH0| 022
> Lifespan: A|Ztd} 2= Hat0f M2l =X B8 &850 R8s £40| L
éManufacturingE Design of Parametric Characteristic

I Information § Experiments i  Sweeps i Data

DOE 20 AI8E QIXS2 &2l0|E S HE (Backup) 250
E7|E[0] QASLICt L80] B0t o= defetLict

DOE(Design of Experiment) of characteristics
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B 2-11: Survey on Correlation & Simulation Methodologies for PCB Structures Through

67GHz ., Robert Branson (Samtec)

> 2 29 aa0) 012 41 5 Z3t Kol

Magnitude (dB)
i O ik G A B =

L]
b LI

Magnitude (dB)

Characteristic Best-P1

| a)rer—by—Layer with on

Low Effort

I.er—b:,r—Layer with

Dhisctiniod=ling Manuf&':tm'ermﬁmmtian Manufacturer Information
Via Conductivity Pure Copper
Copper Utilization |}mpiemented Not Implemented

__ Differential nsertion Loss - L2 BOR Channel

—— Megsurement
— Rt PrACtice s Sk latin
Lo Etfat Smvultion

i i i i
10 wn a0 L] 50 &0
Frequency (GHz)

Differential Insertion Loss - L2 5MA Channel
- 4 il

—— Measaroment

o Best-Practices Simu attion |

| = Lowr-Effurt Simulation

Magnitude (dB)

E & & 4 & & & & & b o

10 n E] a0
Frequency |GHz)
Differential Insertion Loss - L11 SMA Channel

10 20

ant
— Recr-Practiees Simularian
—— Lw-Eifort Simulution

Differential Phase Delay - L2 BOR Channel

430 = I
= Meacurement
| ——Fesz-Prartices Sim farian |
e |—— Low-Effirt Simlation
g %
=
=5
& 400
2
s __.—l—'-"--'-
30
£
- L L L L
o 10 0 0 a0 s0 1]
Frequency [GHz}
Differential Phase Defay - L2 5MA Chonne/
430 [—— Neasurement
e Bt Prartices Simwlation
| —— Lovw-Effet Sirmilation
A430
Aan E—
a
Zaw 1
#
= I
Laoo
200

0 0 0 E 0 = 2
Frequency (GHz)
Differential Phase Delay - 111 SMA Channel
anr i y e g
[ Measurement |
| === Besr-Pracrires Smifation
. | Low-Eifort Srmulation | |

£ an
Frequency (GHz) 86
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B 2-12 : A Novel PCB Footprint for Double-Sides press-fit Stacked Optical Module
Application , Shuxiang Li, Yuanzhi Xu. (Cisco System Inc.) 2|

Belly-to-belly architecture Optical module

I
Main board '

Optical module

10,00

0ba BT 1000 1500 an 25000 T aohe Tashn i
"
Figure 2-7, Positive lane with broken reference plane e B
o1 R = e _
e - sDD21 X =g
=T i Kok = (blue: pre-optimization2) b Ta
v \/TRN  Pre-optimization2 1 .| {red: post-optimization2) L
) {f” SCD21
5 | (blue: pre-optimization2)
ol \f Postoptimization2 N\ | - {red: post-optimization?)
| s — 5 gl T . T L
4\1“0) a0 5.00 1’00 15%0 F!!’?}q;?‘ﬂ] aslo 4000 iy e e 2 T I 2
s Optimization2 process of adding GND Single-ended TDOR and insertion loss Insertion loss and mode conversion
Figure 2-8. Positive lane with integrared reference plane
QIHFE{Ql TLxO| TOIR HHHO 2 ol m| B A Eo1&0] 2|3t p/N P/N net?| L7 E2| viaE F71310] P/N net2| Ju|HAE 7o| FUSHA %3151 SDD21, SCD21 §48 7|
23 S48 LED 2958 2300 AME 2
]
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B 2-12 : A Novel PCB Footprint for Double-Sides press-fit Stacked Optical Module
Application , Shuxiang Li, Yuanzhi Xu. (Cisco System Inc.) 2|

BLUE: Conventional
RED: CGT

Test board Cne kind of horizontal crosstalk

= 8= (same row)

/ \‘ oir3

H

\ -
/\\\ i -] Ty . \ (;?’\.\ﬂy
S dve' L AP AP
wne \ o, . i e
\ \-,_.\/ | S
/ Dif2  DHta i Host side NEXT " Line side NEXT
: QY A S SR A 250 AR R R AT T e SRR AR AR R
B e o oirs. o i It::f.lrz - ) 3 -w.-uur 3 -
Single-ended TDR curves BLUE Conventional model RED CGT model s e o
% )
4 I
3 Hist side FEXT Line|side FEXT
A T

..,,|.f:-|,- . . ) . M EH:
Horizontal crosstalk comparison

The other kind of
harizontal crosstalk
(different rows)

‘ertical crosstalk

o)

Host side NEXT

o~
=
-w

Line side NEXT

S EEEaRE b ow

2 i
Host side FEXT - Host side FEXT
¥ A Ferrr e T Pl A i i g
"= Vertical crosstalk comparison " ™S Heeizontal crosstalk comparison”
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B 2-13 : DDR5 System CA Margin Risk and Mitigation , Xiang Li (Intel Corp.)

—_— . - H —_
» Dummy viaZ AZAE H4YE T RFUS| YO Z CA1_B net| S%I0| EHilst
= OI-I— L= o | = X A 1 A= re) OF—- XTLA (@)
> AREOHK| = AHUYE Tl 40|E WA 78, STUFLt+E AI8oHK| = Fht=7HK| =¢
io L TxXO S
> RFU*.L'(#ZZO) = NAHot= EEZ2 N ote
N : GF removed
g £ _E;: ::: - ......... . Floating GH
E.m :93{4 14) _ ________ . __________
RFU (220) 22‘(: 1:: .
3 4 [] 10
/ Xm'
Ao
5 Cul pin 220
Bassline Remove dummy via
Add tape over GF (220) ﬁemove GF
Figure & Inscrtion loss of CA1_B at different rework conditions
e - B2 net0] 20|12 B +Y V4R TAFLLE HOHY
= Floating SMT pad
CAO_B
DIMM GF#220, connector pin#220
and SMT pad #220 all regnoved DIMM GF#220 floating, connector pin#220 removed and
L \ / motherboard SMT pad#220 floating.

g i ’ Y P
H -  — AT
= - N P CRE A

| - -
e

— 54(1.13)

Mag [dB)

DIMM GF#220 and connector ping#220 No DIMM GF#220 , connector pin #220
floating; Motherboard SMT pad#220 floating floating; motherboard SMT pad#220 floating
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B 2-14 : Vertical Conductive Structure (VeCS ) Technology: Simulation and
Measurement , Chaofeng Li, (EMC Lab, M S&T)
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B 2-14 : Vertical Conductive Structure (VeCS ) Technology: Simulation and

Measurement , Chaofeng Li, (EMC Lab, M S&T)
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